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To determine the characteristics of pediatric patients
0-19 years of age who died after onset of SARS-CoV-2
infection in Japan during January 1-September 30,
2022, we reviewed multiple sources. We identified 62
cases, collected detailed information from medical re-
cords and death certificates, and conducted interviews,
resulting in 53 patients with detailed information for our
study. Among 46 patients with internal causes of death
(i.e., not external causes such as trauma), 15% were
<1 year of age, 59% had no underlying disease, and

OVID-19 has spread worldwide since December

2019. Among the mutated variants, some were
designated by the World Health Organization as
variants of concern because of their transmissibility
or virulence (1). On November 26, 2021, the Omicron
variant was designated as one such variant of concern
(2). The first case caused by the Omicron variant was
detected in November 2021 in South Africa, and the
variant quickly spread worldwide, including to Japan
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88% eligible for vaccination were unvaccinated. Non-
respiratory symptoms were more common than respira-
tory symptoms. Out-of-hospital cardiac arrest affected
46% of patients, and time from symptom onset to death
was <7 days for 77%. Main suspected causes of death
were central nervous system abnormalities (35%) and
cardiac abnormalities (20%). We recommend careful
follow-up of pediatric patients after SARS-CoV-2 infec-
tion during the first week after symptom onset, regard-
less of underlying diseases.

(3). In Japan, the proportion of the Omicron variant
among detected in SARS-CoV-2 isolates rose sharply
in late December 2021, reached almost 100% in Janu-
ary 2022, and remained almost 100% throughout our
study period (4).

In Japan, public health centers and hospitals
mandatorily registered the number of COVID-19
cases and the characteristics of those cases at diag-
nosis (e.g., date of symptom onset and severity) on
the Health Center Real-time Information-sharing Sys-
tem on COVID-19 (HER-SYS), a national surveillance
system. Public health centers next conducted epide-
miologic investigations based on information in HER-
SYS. HER-SYS did not require mandatory follow-up
of the details of the clinical course (e.g., medical in-
tervention, hospitalization, and death) and therefore

"Preliminary results from this study were presented in Japanese
as a government surveillance report at https://www.niid.go.jp/niid/
jal2019-ncov/2559-cfeir/11727-20.html.

2These first authors contributed equally to this article.

3SMembers of the COVID-19 Fatal Pediatric Cases Database
Group who contributed data are listed at the end of this article.
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could not collect accurate information about severe or
fatal cases.

After the Omicron variant was first detected, in
2022, the number of pediatric COVID-19 patients in-
creased dramatically. According to national data, by
December 2021 the number of SARS-CoV-2-positive
patients 0-19 years of age was 240,000 (0-9 years,
84,000; 10-19 years, 156,000); during January-Septem-
ber 2022 (the Omicron variant period), the number
increased to 4.8 million (0-9 years, 2.4 million; 10-19
years, 2.4 million) (5). The trend of increasing pediat-
ric patients, including those hospitalized as Omicron
began to spread, was also observed in South Africa
(6,7). Although the number of reported deaths among
patients 0-19 years of age was only 3 in 2020-2021,
starting in January 2022 the number increased as the
number SARS-CoV-2-positive patients 0-19 years of
age increased (5).

In general, SARS-CoV-2 infections in children are
considered to be less severe than those in adults, and
deaths among children are rare (8). Few studies have
reported the details of fatal cases in children after
SARS-CoV-2 infection, such as clinical courses lead-
ing to death and causes of death, especially during
the Omicron variant period. Therefore, we aimed to
determine the characteristics of fatal cases in children
after SARS-CoV-2 infection during that period. How-
ever, we could not determine the exact number or the
details, including cause of death (COD), based on the
national surveillance system. Thus, we identified fa-
tal cases in children through multiple sources and de-
scribe the overall characteristics and clinical courses,
categorized by suspected COD, for pediatric patients
after SARS-CoV-2 infection during the Omicron vari-
ant period. Our field investigation was conducted un-
der the stipulations of the Infectious Diseases Control
Law; therefore, ethics approval was not needed for
our study.

Materials and Methods
In Japan, the Ministry of Health, Labour and Welfare
(MHLW) and the National Institute of Infectious Dis-
eases conducted an enhanced epidemiologic investi-
gation in cooperation with academic societies (Japan
Pediatric Society, The Japanese Society of Intensive
Care Medicine, and the Japanese Association for
Acute Medicine). They investigated fatal cases after
SARS-CoV-2 infection in patients 0-19 years of age (fa-
tal pediatric cases) under the Act on the Prevention of
Infectious Diseases and Medical Care for Patients with
Infectious Diseases (Infectious Diseases Control Law).
To determine the actual number and character-
istics of the cases, we collected information on fatal
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pediatric cases from the MHLW, local governments,
public health centers, HER-SYS, academic societies,
and the media. A case was defined as a fatal case oc-
curring after SARS-CoV-2 infection in a young patient
0-19 years of age whose date of symptom onset or
death was during January 1-September 30, 2022. The
diagnosis of SARS-CoV-2 infection was based on PCR
or antigen test results. Because our study was based
on a public health response requiring rapid results,
the study period was set until the end of September
2022. We collected cases without considering the du-
ration from day of symptom onset to day of death
because we assessed patients, including those with a
long-time course, from symptom onset to death.
During August-December 2022, the research staff
of the National Institute of Infectious Diseases col-
lected epidemiologic data from local health authori-
ties, and 2 or 3 staff members, including at least 1 pe-
diatrician, visited the hospitals where the patients died
(field investigation). We also obtained descriptions of
epidemiologic investigations conducted by the public
health centers. We collected data on the characteristics
of the patients from medical records and death certifi-
cates of the hospital where the patients died and from
records of epidemiologic investigations conducted by
the public health centers. We collected information on
patient age, sex, body weight, height, gestational age,
physical handicap, SARS-CoV-2 vaccination history
of parents and patients, underlying diseases, clinical
courses comprising data on the diagnostic examina-
tion, date of symptom onset, date of admission, date of
first consultation, date of cardiopulmonary arrest, date
of death, symptoms/findings, out-of-hospital cardiac
arrest, suspected infection source, pathogen detected
in blood culture, imaging findings, treatment, and sus-
pected COD. We did not perform additional testing to
determine the suspected COD, which we classified as
internal or external; we defined internal COD as death
caused by disease excluding trauma and external COD
as death caused by trauma. Our classification was in-
tended to distinguish between internal and external
COD for which the association with SARS-CoV-2 in-
fection was considered low (e.g., death caused by in-
cidental trauma after SARS-CoV-2 infection). We also
divided the internal COD into central nervous system
(CNS) abnormalities, cardiac abnormalities, respirato-
ry abnormalities, other, and unknown. We determined
those categorizations by comprehensively reviewing
medical records, death certificates, and our physician
interviews. Next, we conducted descriptive epidemiol-
ogy of the characteristics of the patients and calculated
the median and interquartile range (IQR) for the num-
ber of days from symptom onset to cardiopulmonary
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arrest and for the number of days from symptom onset
to death. To test for goodness of fit in selected variables,
we performed y? or Fisher exact tests. To compare in-
tervals between symptom onset and first consultation,
cardiopulmonary arrest, or death among different ini-
tial CODs, we next performed the log-rank test. For all
statistical tests we used R 4.3.1 (The R Foundation for
Statistical Computing, https://www.r-project.org).
For some cases, we could not describe the details of pa-
tients because of privacy reasons.

Results

We identified 62 cases. Symptom onset or diagnosis
of the first fatal pediatric case occurred in epidemio-
logic week 1 of 2022 (January 3-9), and subsequent
cases occurred continuously (Figure 1). The number
of cases increased on week 28 (July 11-17) and peaked
during week 33 (August 15-21). The number of fatal
cases seemed to be in line with the reported number
of COVID-19 patients of all ages (9).

Of the 62 cases, we could not conduct field inves-
tigations for 5 (8 %) and were unable to obtain permis-
sion to publish data from the hospital for 4 (6%). We
thus describe the remaining 53 cases. Among suspect-
ed CODs, 46 (87%) were internal and 7 (13%) were
external. The 46 internal COD cases were further di-
vided (Figure 2).

Fatal Pediatric Cases with Internal CODs
Among the 46 patients with internal COD, most were
5-11 years of age, but deaths per 100,000 persons were
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highest among those <1 year of age (Appendix Ta-
ble, https://wwwnc.cdc.gov/EID/article/30/8/24-
0031-Appl.pdf). Seven patients were <1 year of age (3
were <6 months of age), which was the highest num-
ber by age. No underlying diseases were noted for
27 patients, whereas some underlying diseases were
noted for 19 patients. At the time of investigation, 24
(52%) patients were eligible for vaccination against
SARS-CoV-2 because they were >5 years of age.
Among them, 21 (88%) had received no vaccination,
but the other 3 (13%) patients who were >12 years
of age had received first and second vaccine doses,
and their dates of symptom onset were >3 months af-
ter the date of their last vaccination. The suspected
source of infection for 21 (46%) patients was within
the family.

Before hospital admission, nonrespiratory symp-
toms were more common than respiratory symp-
toms (Figure 3). The most frequent suspected CODs
were CNS abnormalities (e.g., acute encephalopa-
thy), followed by cardiac abnormalities (e.g., acute
myocarditis) and respiratory abnormalities (e.g.,
acute pneumonia). We did not find any instances of
multisystem inflammatory syndrome in children.
Among patients without underlying disease, the
most common suspected COD was CNS abnormali-
ties for 11, followed by cardiac abnormalities for 5;
there were no cases of respiratory abnormalities.
The number of deaths confirmed in the emergency
department before the patient could be admitted
to hospital was 19, and the number after admission
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Figure 2. Patient selection in study of fatal SARS-CoV-2 infection among children, Japan, January—September 2022. CNS, central

nervous system.

was 27. Forty-six percent of patients died of out-of-
hospital cardiac arrest. The proportion of out-of-
hospital cardiac arrest caused by CNS abnormalities
was significantly lower than that not caused by CNS
abnormalities (p = 0.02), whereas the proportion of
out-of-hospital cardiac arrest caused by cardiac ab-
normalities did not differ significantly from that not
caused by cardiac abnormalities (p = 0.26).

We collected data on blood examinations, drugs,
and treatment for 27 hospitalized patients (Tables 1,
2). We excluded patients with external COD, those
who died before they could be admitted, and those
with out-of-hospital cardiac arrest (because the results
of blood examinations in patients with cardiopulmo-
nary arrest were extreme and reflected cardiac arrest
and not a disease condition). D-dimer levels were
high. Among patients for whom blood cultures were
positive, we determined that for 1 patient, the patho-
gen detected from blood culture potentially contrib-
uted to death, whereas for the remaining patients, it
was difficult to evaluate whether the pathogen affect-
ed death. Autopsies were performed for 7 patients, of
which 2 showed no abnormalities, 2 showed evidence
of pathology, and 3 showed inconclusive evidence.

CNS Abnormalities

Of the 16 cases, CNS abnormalities were observed
most often among patients 5-11 years of age, where-
as none were observed in patients <1 year of age (Ta-
ble 3). The most frequent clinical sign/symptom was
fever, followed by disturbance of consciousness, sei-
zure, nausea or vomiting, and headache, which are
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typically associated with acute encephalopathy. Di-
gestive symptoms (e.g., stomachache and diarrhea)
developed in a few patients. Acute encephalopathy
affected 12 (75%) patients, intracranial hemorrhage
in1 (6%), and other conditions in 3 (19%). Among
the 12 patients with acute encephalopathy, hemor-
rhagic shock and encephalopathy syndrome (HSES)
was suspected for 5 (42%), encephalopathy with
acute fulminant cerebral edema was present in 1
(8%), and unclassifiable encephalopathy was pres-
ent in 6 (50%).

Among 11 patients for whom time from symp-
tom onset to cardiopulmonary arrest was <5 days,
6 (55%) had cerebral edema and 3 (27%) had rap-
idly progressing cerebral herniation. Of the 5 pa-
tients for whom the interval was >10 days, 4 (80%)
showed a flat electroencephalogram in the first 4
days after symptom onset. Of the 16 patients who
died of CNS abnormalities, 2 died before and 14
died after hospitalization.

Cardiac Abnormalities

The most frequent symptom was fever, followed by
nausea or vomiting, loss of appetite, consciousness
disturbance, and cough (Table 4). Out-of-hospital
cardiac arrest affected 67% of the 9 patients with car-
diac abnormality, higher than the 19% of patients for
which the suspected COD was CNS abnormalities,
although no significant difference was noted in the
number of days from symptom onset to first consul-
tation between the patients who died of cardiac ab-
normalities versus CNS abnormalities (p = 0.1). The
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number of days from symptom onset to cardiopul-
monary arrest and death for all patients was <7 days,
whereas no difference in intervals was noted between
CNS abnormalities (p = 0.6) and cardiac abnormali-
ties (p = 0.1). Clinical acute myocarditis was detected
in 8 of the 9 patients.

Fatal Pediatric Cases with External Causes of Death
Of the 7 patients with an external COD, 2 were <5
years of age and 5 were >5 years of age. External
CODs included unexpected accidents such as drown-
ing and suffocation but not traffic accidents, fires, poi-
soning, or disasters. Some patients were suspected of
experiencing consciousness disturbance before the
external COD.

Discussion

In our descriptive study, to present the overall char-
acteristics and clinical course after SARS-CoV-2 in-
fection, we investigated not only internal CODs but
external CODs. Our study included 62 fatal pediatric
cases for which dates of symptom onset and death
were January 1-September 2022. The most common
patient age was <1 year, similar to the trend reported
for a prior study in the United States (10). More than
half of the patients whose COD was internal had no
underlying disease, and most were unvaccinated.
CNS abnormalities comprised the highest number
of suspected CODs, followed by cardiac abnormali-
ties. We observed that nearly 80% of the patients died
and 85% had cardiopulmonary arrest within 7 days

Fatal SARS-CoV-2 Infection among Children, Japan

Fever

Nausea, vomiting
Disturbance of conciousness
Seizure

Loss of appetite

Bleeding

Difficulty walking

Headache

Diarrhea

Nonrespiratory symptoms

Stomachache

General fatigue

Cough
>0 oug
8 g Dyspnea
©
£a
o & Sore throat
(%]

Q >
e v Rhinorrhea

0 5 10 15 20 25 30 35 40
No. cases

Figure 3. Distribution of symptoms before admission or death in
outpatient settings in study of fatal SARS-CoV-2 infection among
children, Japan, January—September 2022 (n = 46). Data account
for multiple symptoms in some patients.

of first symptoms, regardless of the suspected COD.
That finding was consistent with that of a previous
survey of deaths among children and young persons

Table 1. Results of blood examinations, drugs, and treatments after hospitalization for 27 patients in study of fatal SARS-CoV-2
infection among patients 0—19 years of age, Japan, January—September 2022*

Blood examinations at admissiont No. patients Median (IQR) Reference range
Leukocytes, no./uL 12 9,200 (6,270-14,450) 4,100-16,300
Neutrophils, % 11 65.7 (32.6-76.0) 18-94
Lymphocytes, % 11 27.0 (11.4-32.3) 18-82
Hemoglobin, g/dL 12 13.4 (12.8-14.5) 11.5-14.4
Hematocrit, % 12 41.2 (38.9-44.6) 34.5-43.0
Platelets, 10%/pL 12 19.4 (15.0-25.7) 18.0-51.0
PT-INR 5 1.32 (1.23-1.60) 0.75-1.15
Fibrinogen, mg/dL 6 186 (144-244) 200-400
D-dimer, ng/dL 5 39.3 (27.3-79.7) 0.15-1.0
Albumin, g/dL 10 4.6 (4.1-4.8) 3.64.7
Total bilirubin, mg/dL 7 0.31 (0.30-0.80) 0.3-0.9
Alanine aminotransferase, U/L 12 47 (25.5-274.5) 9-28
Aspartate aminotransferase, U/L 12 61 (42-322) 24-38
Lactate dehydrogenase, U/L 11 397 (254-738) 175-320
Creatine kinase, U/L 10 83.5 (62-201) 46-230
C-reactive protein, mg/dL 12 0.31 (0.11-0.47) 0.0-0.3
Sodium, mmol/L 12 137 (135-142) 137-144
Potassium, mmol 12 4.5 (3.7-5.3) 3.6-4.7
Glucose, mg/dL 9 171 (138-236) 70-200
Blood urea nitrogen, mg/dL 12 15.9 (13.8-19.5) 6.6-19.6
Creatinine, mg/dL 12 0.61 (0.42-1.38) 0.25-0.34
Lactate, mmol/L 9 4.8 (4.2-9.7) 0.5-2.0

*Reference ranges are for persons 6 years of age. IQR, interquartile range; PT-INR, prothrombin time international normalized ratio.
TExcludes patients who died before admission to the hospital and those with out-of-hospital cardiac arrest.
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Table 2. Results of examinations, drugs, and treatments after hospitalization for 27 patients in study of fatal SARS-CoV-2 infection
among patients 0—19 years of age, Japan, January—September 2022*

Result

No. (%) patients

Pathogen detected in blood culturet

Streptococcus spp. 2(7)
Escherichia spp. 14)
Fusobacterium spp. 1(4)
Chest CT findingst
Ground-glass opacity 5(21)
Consolidation 5(21)
Pleural effusion 1(4)
Brain CT findings§
Cerebral edema 14 (40)
Loss of gray-white matter differentiation 7 (20)
Intracranial hemorrhage 3(9)
Hydrocephalus 3(9)
Congenital abnormalities 3(9)
Drugt
Inotrope 16 (59)
Steroid 14 (52)
Antiviral 12 (44)
Treatmentt
Mechanical ventilation 23 (85)
Extracorporeal membrane oxygenation 5(19)
Targeted temperature management 4 (15)
Blood transfusion 13 (48)
Immune globulin 4 (15)
Dialysis 3(11)
Plasmapheresis 1(4)

*CT, computed tomography.

tIncludes multiple pathogens, drugs, and treatments.

FIncludes multiple findings; 24 cases involving chest CT are included.
§Includes multiple findings; 35 cases involving head CT are included.

in England after SARS-CoV-2 infection during March
2020-February 2021, which reported that the time in-
terval between a positive SARS-CoV-2 test and death
in 84% for those dying of COVID-19 was within 7
days (11). Several patients in our study were trans-
ferred to the hospital soon after rapid illness progres-
sion and received intensive care but did not recover.
Follow-up of pediatric cases in an out-of-hospital set-
ting is crucial for the first 7 days after symptom onset.

We found more patients without than with un-
derlying disease. Earlier reports, before the advent
of the Omicron variant, indicated that deaths caused
by COVID-19 tend to occur in those with underlying
disease (11,12). A study conducted in South Korea,
which included the Omicron variant period, showed
that more than half of the patients <18 years of age
who died had no underlying disease, which was simi-
lar to our finding (13). In addition, the proportion of
nonrespiratory symptoms was higher than that of re-
spiratory symptoms (Figure 3). The COVID-19 regis-
try survey conducted by the Japan Pediatric Society
during the very early Omicron variant phase (January
1-February 20, 2022) reported that among 1,058 pedi-
atric patients with COVID-19, respiratory symptoms
such as cough and runny nose were common (14),
which differed from our findings, possibly because of
differences in illness severity or in the study period
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and population. Our study showed the value of con-
sidering nonrespiratory symptoms (e.g., neurologic
and digestive) as critical signs during the Omicron
variant period.

Regarding vaccination, among the 46 case-patients
with internal COD, 52% of the patients in our study
were eligible for vaccination; among them, 13% had
received 2 doses of vaccine. All vaccinated patients
were >12 years of age. In Japan, vaccination against
SARS-CoV-2 for those >12 years of age started in June
2021, that for children 5-11 years of age started in Feb-
ruary 2022, and that for those 6 months to 4 years of
age started in October 2022. Thus, in our study, pa-
tients >5 years of age were eligible for vaccination
before disease onset. The percentage of children 5-11
years of age who had received >1 vaccine was 22.5%
as of September 30, 2022, which was higher than the
13% of children in our study who had undergone vac-
cinations (15). Prior studies showed that COVID-19
vaccines for children 5-11 years of age could prevent
severe COVID-19, including that caused by the Omi-
cron variant (16-18). Although the lower proportion of
persons vaccinated in our study population compared
with the general population might have affected their
deaths, we could not evaluate the effect of vaccination
because we collected data on fatal cases only. Further-
more, caution is necessary when applying the results
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of our study to the general population because of the
low proportion of vaccinated patients.

Among the 16 patients with CNS abnormalities, we
collected data for 12 with acute encephalopathy. Among
them, 5 patients had HSES, and 1 had encephalopathy
with acute fulminant cerebral edema, which might be
remarkable. In general, the most common type of en-
cephalopathy is acute encephalopathy with biphasic
seizures and late reduced diffusion, followed by clini-
cally mild encephalitis/encephalopathy with a revers-
ible splenial lesion and HSES (19,20). HSES is a rare type
of encephalopathy with a high mortality rate. It is as-
sociated with cytokine storms with disseminated intra-
vascular coagulation and multiple organ failure at the
time of initial examination (21,22). In a prior study, en-
cephalopathy with acute fulminant cerebral edema was
reported to be relatively common among COVID-19
patients, and a type of encephalopathy in which initial
examinations (e.g., blood tests and computed tomogra-
phy of the head) showed only minor abnormalities and

Fatal SARS-CoV-2 Infection among Children, Japan

then rapid progression was reported (21,23). Other re-
ports, which might include this particular encephalopa-
thy, suggested that encephalopathy results in severe
sequelae or fatal outcomes (23-26). The Japanese Soci-
ety of Child Neurology and the Research Committee
on Acute Encephalopathy conducted an epidemiologic
investigation that suggested that acute encephalopathy
associated with COVID-19 had a poor clinical outcome
and was more severe than acute encephalopathy associ-
ated with other viruses (23,27). In our study, frequency
of out-of-hospital cardiac arrest was significantly lower
among patients who died of CNS abnormalities than
among those who died of causes other than CNS ab-
normalities, whereas the intervals between symptom
onset and cardiopulmonary arrest or death did not dif-
fer between patients who died of cardiac abnormalities
or CNS abnormalities. Illness of pediatric patients who
died of CNS abnormalities was assessed as less severe
at the time of arrival, but both conditions worsened rap-
idly. For some patients, electroencephalogram was flat,

Table 3. Characteristics of 16 patients for whom central nervous system abnormalities were suspected of causing death in study of
fatal SARS-CoV-2 infection among patients 0—19 years of age, Japan, January—September 2022*

Characteristics Value
Age group, y

0 0

1-4 5(31)

5-11 9 (56)

12-19 2(13)
Sex

M 8 (50)

F 8 (50)
Underlying disease

Yes 5(31)

No 11 (69)
Vaccination

None 11 (69)

Ineligible 5 (31)
Symptoms/signs

Fever 14 (88)

Disturbance of consciousness 13 (81)

Seizure 11 (69)

Nausea/vomiting 8 (50)

Headache 6 (38)
OHCA

Yes 3(19)

No 13 (81)
Days from symptom onset to first consultation

— 16 (100)

>3 0

Median (IQR) 0.5 (0-1.0)
Days from symptom onset to cardiopulmonary arrest

04 11 (69)

5-9 0

>10 5(31)

Median (IQR) 2.0 (1.0-12.0)
Days from symptom onset to death

04 9 (56)

5-9 0

>10 7 (44)

Median (IQR) 3.5 (2.0-14.5)

*Values are no. (%) patients except as indicated. OHCA, out-of-hospital cardiac arrest; IQR, interquartile range.
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Table 4. Characteristics of 9 patients for whom cardiac abnormalities were suspected as cause of death in study of fatal SARS-CoV-2
infection among patients 0—19 years of age, Japan, January—September 2022*

Characteristic Value
Sex
M 2 (44)
F 7 (56)
Underlying disease
Yes 4 (44)
No 5 (56)
Vaccination
None 4 (44)
2 doses 1(11)
Ineligible 4 (44)
Symptoms/signs
Fever 7 (78)
Nausea/vomiting 4 (44)
Loss of appetite 3 (33)
Disturbance of consciousness 2 (22)
Cough 2 (22)
OHCA
Yes 6 (67)
No 3(33)
Days from symptom onset to first consultation
— 7(78)
3-6 2 (22)
>7 0
Median (IQR) 1.0 (0-2.0)
Days from symptom onset to cardiopulmonary arrest
— 4 (44)
3-6 5 (56)
>7 0
Median (IQR) 4.0 (2.0-4.0)
Days from symptom onset to death
— 4 (44)
3-6 5 (56)
>7 0
Median (IQR) 4.0 (2.0-5.0)

*Values are no. (%) except as indicated. Age distribution could not be shown because it could lead to the identification of specific persons. OHCA, out-of-

hospital cardiac arrest; IQR, interquartile range.

which meant irreversible neurologic damage, within a
few days after symptom onset. The irreversible neuro-
logic damage might be one of the reasons why patients
with neurologic complications are at risk of dying.
Therefore, clinicians should be aware that COVID-19
may cause acute encephalopathy that leads to irrevers-
ible neurologic damage and that acute encephalopathy
can rapidly progress to death even if the patient receives
intensive care.

Among the strengths of our study is that we de-
tected fatal pediatric cases for which outcomes were
not reported to HER-SYS because we could collect
cases from multiple sources. In addition, we could
describe the details of the cases by suspected COD,
which were not collected by HER-SYS. The insights
provided by our study differ greatly from those that
would be obtained from a database study.

The first limitation of our study was that we might
not have captured all characteristics during the Omi-
cron variant period because it concluded while the epi-
demic was still ongoing. Second, we did not examine
the causal relationship between SARS-CoV-2 infection
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and death. Through review of medical records, death
certificates, and our physician interviews by pediatri-
cians, we were able to determine whether SARS-CoV-2
infection was an underlying COD. We determined
that SARS-CoV-2 infection contributed to most of the
deaths. However, there were a few cases in which
underlying disease potentially contributed more to
death than did SARS-CoV-2 infection. It was difficult
to accurately evaluate the extent to which SARS-CoV-2
infection affected death in cases for which autopsies
or examinations such as imaging and blood examina-
tions could not be performed. Therefore, determining
whether SARS-CoV-2 infection was the underlying
COD was challenging. Third, cases might have been
underreported because case detection was based on
voluntary reporting. If a physician determined that
there was no association between SARS-CoV-2 in-
fection and death, the case might not have been re-
ported. Encephalopathy or carditis might be more
likely to have been reported, whereas reporting of
deaths caused by trauma or exacerbation of underly-
ing diseases after SARS-CoV-2 infection might be less
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likely. However, the study conducted in Korea showed
similar epidemiologic trends, such as in the number
of deaths and the age of patients, which support the
results of our study (13). Fourth, collection of all data
was not always possible because of missing data. Last,
diagnosis, examination, and treatment might differ be-
cause they were conducted at different hospitals.

In conclusion, the most common COD among fa-
tal pediatric SARS-CoV-2 cases in this study was CNS
abnormalities, followed by cardiac abnormalities. For
pediatric patients, clinicians should pay attention
not only to respiratory signs/symptoms but also to
nonrespiratory signs/symptoms. In addition to ad-
dressing signs/symptomes, clinicians should carefully
observe pediatric patients during at least the first 7
days from onset of COVID-19 regardless of under-
lying diseases because most pediatric patients who
died rapidly progressed to death within that period.

Members of the COVID-19 Fatal Pediatric Cases Database
Group: Hiroshi Komatsu (National Hospital Organization
Maizuru Medical Center, Kyoto, Japan), Hiroyuki
Matsuura (Toho University Omori Medical Center,
Tokyo), Ryosuke Fukushima (Fujisawa City Hospital,
Kanagawa, Japan), Daisuke Tamura (Jichi Medical
University, Tochigi, Japan), Masao Murabayashi (Numazu
City Hospital, Shizuoka, Japan), Hironobu Yamaga (Naga
Municipal Hospital, Wakayama, Japan), Kotoko Matsui
(Juntendo University Faculty of Medicine, Tokyo), Hideki
Kawamura (Kagoshima University Hospital, Kagoshima,
Japan), Hidetoshi Igari (Chiba University Hospital, Chiba,
Japan), Masashi Kasai (Hyogo Prefectural Kobe

Children’s Hospital, Hyogo, Japan), Cho Yoshiaki
(Okinawa Prefectural Nanbu Medical Center & Children’s
Medical Center, Okinawa, Japan), Meiwa Shibata (Tokyo
Metropolitan Children’s Medical Center, Tokyo), Kenji
Dohi (Showa University, Tokyo), Mineji Hayakawa
(Hokkaido University Hospital, Hokkaido, Japan), Hiroshi
Imai (Mie University Hospital, Mie, Japan), Hijiri
Watanabe (Kumamoto Rosai Hospital, Kumamoto, Japan),
Kazuma Yamakawa (Osaka Medical and Pharmaceutical
University, Osaka, Japan), Hiroaki Takada (National
Hospital Organization Disaster Medical Center, Tokyo),
Takayuki Yamanaka (Niigata City General Hospital,
Niigata, Japan), Atsumi Uemura (National Hospital
Organization Nishibeppu National Hospital, Oita, Japan),
Kenta Ito (Aichi Children’s Health and Medical Center,
Aichi, Japan), Kentaro Ide (National Center for Child Health
and Development, Tokyo), Kiyoko Amo (Osaka City
General Hospital, Osaka), Akira Watase (National Hospital
Organization Tokyo Medical Center, Tokyo), Makoto
Shinba (Shinshiro Municipal Hospital, Aichi), Yoshiyuki
Sugishita (Tokyo Metropolitan Government, Tokyo).

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 30, No. 8, August 2024

Fatal SARS-CoV-2 Infection among Children, Japan

Acknowledgments

We express our sincere gratitude to the Japan Pediatric
Society, the Japanese Society of Intensive Care Medicine,
the Japanese Association for Acute Medicine, local
governments, public health centers, the Japan MHLW,
Kazuhiro Muramatsu, Hiroshi Kurosawa, Shinsuke
Mizuno, Hiroaki Kise, Eiju Hasegawa, Shotaro Matsumoto,
Hyogo Prefectural Amagasaki General Medical Center,
Iwate Medical University Hospital, Okayama University
Hospital, Yamagata Prefectural Shinjo Hospital, and

St. Luke’s International Hospital for their cooperation with
this investigation.

The availability of data is restricted for privacy reasons.
The data were used under the stipulations of the Infectious
Diseases Control Law and therefore are not available to
the public.

A.O. reports a relationship with Nobelpharma Co., Ltd.,
that includes speaking and lecture fees, a relationship with
Nippon Shinyaku Co., Ltd., which includes speaking and
lecture fees, and a relationship with Eisai Co., Ltd., which
includes speaking and lecture fees. T.K. reports a
relationship with Merck Sharp & Dohme Corp., which
includes speaking and lecture fees.

About the Author

Dr. Mitsushima is a pediatrician and researcher at the
Center for Field Epidemic Intelligence, Research and
Professional Development of the National Institute of
Infectious Diseases. His specialty is the epidemiology of
infectious diseases.

References

1. World Health Organization. Tracking SARS-CoV-2 variants
[cited 2024 Jan 4]. https:/ /www.who.int/activities/
tracking-SARS-CoV-2-variants

2. World Health Organization. Classification of Omicron
(B.1.1.529): SARS-CoV-2 Variant of Concern [cited 2024 Jan
4]. https:/ /www.who.int/news/item/26-11-2021-
classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-
of-concern

3. Meo SA, Meo AS, Al-Jassir FF, Klonoff DC. Omicron
SARS-CoV-2 new variant: global prevalence and biological
and clinical characteristics. Eur Rev Med Pharmacol Sci.
2021;25:8012-8.

4. National Institute of Infectious Diseases. Mutated strains
of SARS-CoV-2 [in Japanese] [cited 2024 Jan 4]. https:/ /www.
niid.go.jp/niid/ja/from-lab/488-flu/12054-flu2-1-2.html

5. Ministry of Health, Labour and Welfare. Visualizing the
data: the data on SARS-CoV-2 infection [cited 2024 Jan 4].
https:/ /covid19.mhlw.go.jp

6. 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;6:294-302.
https:/ /doi.org/10.1016/52352-4642(22)00027-X

1597


http://www.cdc.gov/eid
https://www.who.int/activities/
https://www.who.int/news/item/26-11-2021-
https://www.niid.go.jp/niid/ja/from-lab/488-flu/12054-flu2-1-2.html
https://www.niid.go.jp/niid/ja/from-lab/488-flu/12054-flu2-1-2.html
https://covid19.mhlw.go.jp
https://doi.org/10.1016/S2352-4642(22)00027-X

RESEARCH

10.

11.

12.

13.

14.

15.

16.

17.

18.

1598

Chiwandire N, Jassat W, Groome M, Kufa T, Walaza S,
Wolter N, et al. Changing epidemiology of COVID-19 in
children and adolescents over four successive epidemic waves
in South Africa, 2020-2022. ] Pediatric Infect Dis Soc. 2023;
12:128-34. PubMed https:/ / doi.org/10.1093 /jpids/ piad002
Pierce CA, Herold KC, Herold BC, Chou J, Randolph A,
Kane B, et al. COVID-19 and children. Science.
2022;377:1144-9. PubMed https:/ /doi.org/10.1126/
science.adel675

Ministry of Health, Labour and Welfare. Published
database on the number of patients diagnosed as COVID-19
[in Japanese] [cited 2024 Jan 4]. https:/ /www.mhlw.go.jp/
stf/covid-19/ open-data.html

Flaxman S, Whittaker C, Semenova E, Rashid T, Parks RM,
Blenkinsop A, et al. Assessment of COVID-19 as the
underlying cause of death among children and young
people aged 0 to 19 years in the US. JAMA Netw Open.
2023;6:€2253590. https:/ /doi.org/10.1001/jamanetworkopen.
2022.53590

Smith C, Odd D, Harwood R, Ward ], Linney M, Clark M,
et al. Deaths in children and young people in England after
SARS-CoV-2 infection during the first pandemic year. Nat
Med. 2022;28:185-92. https:/ / doi.org/10.1038/s41591-021-
01578-1

Bertran M, Amin-Chowdhury Z, Davies HG, Allen H,
Clare T, Davison C, et al. COVID-19 deaths in children and
young people in England, March 2020 to December 2021:
an active prospective national surveillance study. PLoS
Med. 2022;19:e1004118. https:/ /doi.org/10.1371/journal.
pmed.1004118

Shin E, Choe Y], Ryu B, Kim NY, Lee H]J, Kim DH, et al.
Pediatric deaths associated with coronavirus disease 2019
(COVID-19) in Korea. ] Korean Med Sci. 2023;38:€21.
https:/ /doi.org/10.3346/jkms.2023.38.e21

Japan Pediatric Society. Interium report of a survey of the
clinical course of pediatric coronavirus disease 2019
(COVID-19) cases using the database in Japan: third
report, 28 March, 2022 [in Japanese] [cited 2024 Jan 4].
http:/ /www jpeds.or.jp/uploads/files /20220328_tyukan_
hokoku3.pdf

Cabinet Secretariat. The reports vaccination against
SARS-CoV-2. 2023 [in Japanese] [cited 2024 Jan 4].

https:/ /www kantei.go.jp/jp/headline/kansensho/
vaccine.html

Jang EJ, Choe Y], Kim RK, Park Y]J. BNT162b2 vaccine
effectiveness against the SARS-CoV-2 Omicron variant in
children aged 5 to 11 years. JAMA Pediatr. 2023;177:319-20.
https:/ /doi.org/10.1001/jamapediatrics.2022.5221
Cohen-Stavi CJ, Magen O, Barda N, Yaron S, Peretz A,
Netzer D, et al. BNT162b2 vaccine effectiveness against
Omicron in children 5 to 11 years of age. N Engl ] Med.
2022;387:227-36. https:/ / doi.org/10.1056/ NE]JMo0a2205011
Piechotta V, Siemens W, Thielemann I, Toews M, Koch J,
Vygen-Bonnet S, et al. Safety and effectiveness of vaccines

19.

20.

21.

23.

24.

25.

26.

27.

against COVID-19 in children aged 5-11 years: a systematic
review and meta-analysis. Lancet Child Adolesc Health.
2023;7:379-91. PubMed https://doi.org/10.1016/
52352-4642(23)00078-0

Hoshino A, Saitoh M, Oka A, Okumura A, Kubota M,
Saito Y, et al. Epidemiology of acute encephalopathy in
Japan, with emphasis on the association of viruses and
syndromes. Brain Dev. 2012;34:337-43. https:/ /doi.org/
10.1016/j.braindev.2011.07.012

The Japanese Society of Child Neurology. Guidelines for
the treatment of pediatric acute encephalopathy 2016 [in
Japanese]. Tokyo: Shindan to Chiryo-sha; 2016.

Nukui M, Kawawaki H, Inoue T, Kuki I, Okazaki S,

Amo K, et al. Clinical characteristics of acute encephalopathy
with acute brain swelling: a peculiar type of acute
encephalopathy. Brain Dev. 2018;40:792-8. https:/ /doi.org/
10.1016/j.braindev.2018.05.004

Levin M, Pincott JR, Hjelm M, Taylor F, Kay ], Holzel H,

et al. Hemorrhagic shock and encephalopathy: clinical,
pathologic, and biochemical features. ] Pediatr. 1989;
114:194-203. PubMed https:/ /doi.org/10.1016/
50022-3476(89)80783-8

Sakuma H, Takanashi JI, Muramatsu K, Kondo H,

Shiihara T, Suzuki M, et al.; Japanese Pediatric
Neuro-COVID-19 Study Group. Severe pediatric acute
encephalopathy syndromes related to SARS-CoV-2. Front
Neurosci. 2023;17:1085082. https:/ /doi.org/10.3389/
fnins.2023.1085082

Lan SY, Lin J], Hsia SH, Wang HS, Chiu CH, Lin KL;
CHEESE Study Group. Analysis of fulminant cerebral
edema in acute pediatric encephalitis. Pediatr Neonatol.
2016;57:402-7. PubMed https://doi.org/10.1016/
j-pedneo.2015.11.002

Glaser CA, Honarmand S, Anderson L], Schnurr DP,
Forghani B, Cossen CK, et al. Beyond viruses: clinical
profiles and etiologies associated with encephalitis. Clin
Infect Dis. 2006;43:1565-77. https:/ / doi.org/10.1086/
509330

Krishnan P, Glenn OA, Samuel MC, Sheriff H,
Foster-Barber A, Sejvar J], et al. Acute fulminant cerebral
edema: a newly recognized phenotype in children with
suspected encephalitis. ] Pediatric Infect Dis Soc.
2021;10:289-94. https:/ / doi.org/10.1093 /jpids/ piaa063
Kasai M, Shibata A, Hoshino A, Maegaki Y, Yamanouchi H,
Takanashi JI, et al. Epidemiological changes of acute
encephalopathy in Japan based on national surveillance for
2014-2017. Brain Dev. 2020;42:508-14. https:/ /doi.org/
10.1016/j.braindev.2020.04.006

Address for correspondence: Yuuki Tsuchihashi, Center for Field

Epidemic Intelligence, Research and Professional Development,

National Institute of Infectious Diseases, 1-23-1 Toyama,

Shinjuku-ku, Tokyo 162-8640, Japan; email: yuuki@niid.go.jp

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 30, No. 8, August 2024


http://www.cdc.gov/eid
https://doi.org/10.1093/jpids/piad002
https://doi.org/10.1126/
https://www.mhlw.go.jp/stf/covid-19/open-data.html
https://www.mhlw.go.jp/stf/covid-19/open-data.html
https://doi.org/10.1001/jamanetworkopen
https://doi.org/10.1038/s41591-021-01578-1
https://doi.org/10.1038/s41591-021-01578-1
https://doi.org/10.1371/journal.pmed.1004118
https://doi.org/10.1371/journal.pmed.1004118
https://doi.org/10.3346/jkms.2023.38.e21
http://www.jpeds.or.jp/uploads/files/20220328_tyukan_hokoku3.pdf
http://www.jpeds.or.jp/uploads/files/20220328_tyukan_hokoku3.pdf
https://www.kantei.go.jp/jp/headline/kansensho/
https://doi.org/10.1001/jamapediatrics.2022.5221
https://doi.org/10.1056/NEJMoa2205011
https://doi.org/10.1016/
https://doi.org/
https://doi.org/
https://doi.org/10.1016/
https://doi.org/10.3389/fnins.2023.1085082
https://doi.org/10.3389/fnins.2023.1085082
https://doi.org/10.1016/
https://doi.org/10.1086/
https://doi.org/10.1093/jpids/piaa063
https://doi.org/
mailto:yuuki@niid.go.jp

