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Background. There is limited understanding of the characteristics of patients with coronavirus disease 2019 (COVID-19) re-
quiring hospitalization in Japan.

Methods. This study included 2638 cases enrolled from 227 healthcare facilities that participated in the COVID-19 Registry
Japan (COVIREGI-JP). The inclusion criteria for enrollment of a case in COVIREGI-JP are both (1) a positive severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) test and (2) inpatient treatment at a healthcare facility.

Results. 'The median age of hospitalized patients with COVID-19 was 56 years (interquartile range [IQR], 40-71 years). More
than half of cases were male (58.9%, 1542/2619). Nearly 60% of the cases had close contact to confirmed or suspected cases of
COVID-19. The median duration of symptoms before admission was 7 days (IQR, 4-10 days). The most common comorbidities
were hypertension (15%, 396/2638) and diabetes without complications (14.2%, 374/2638). The number of nonsevere cases (68.2%,
n = 1798) was twice the number of severe cases (31.8%, n = 840) at admission. The respiratory support during hospitalization in-
cludes those who received no oxygen support (61.6%, 1623/2636) followed by those who received supplemental oxygen (29.9%,
788/2636) and invasive mechanical ventilation/extracorporeal membrane oxygenation (8.5%, 225/2636). Overall, 66.9% (1762/2634)

of patients were discharged home, while 7.5% (197/2634) died.
Conclusions.

We identified the clinical epidemiological features of COVID-19 in hospitalized patients in Japan. When com-

pared with existing inpatient studies in other countries, these results demonstrated fewer comorbidities and a trend towards lower

mortality.
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Coronavirus disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has
become a global public health crisis [1, 2]. In Japan, the first
case of coronavirus disease 2019 (COVID-19) was reported
on 16 January 2020, and COVID-19 was classified as a desig-
nated infectious disease on 1 February [3]. “Three pillars” of
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COVID-19 countermeasures including the early response to
clusters have been formulated [4, 5].

The number of cases increased in late March, triggered by the
influx of infected patients from overseas, and a state of emer-
gency was declared on 7 April. In May, the spread of the di-
sease began to be temporarily controlled, and the declaration of
a state of emergency was lifted on 25 May. With the reactivation
of social activities, the number of infected people has again in-
creased since late June of 2020 [6].

In Japan, as of 7 July 2020, there have been 19 816 cases and
979 deaths, with fewer cases and deaths than in Western coun-
tries [6, 7]. The number of cases may be affected by the number
of tests conducted: there were 6.0 tests performed per 1000 pop-
ulation, which was approximately 5-10% of tests performed in
the United States or European countries [6, 7]. A total of 7.73
confirmed COVID-19 deaths per million in the population is
about 2% the death rate of the United States, less than 1.4%
that of Italy and Spain, and less than 1.25% that of the United
Kingdom [6-8]. The poor prognosis of COVID-19 may be
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related to a complex combination of factors, including number
of patients, infrastructure of medical facilities, resources of
medical personnel, and patient background. To determine the
reasons for these differences in mortalities and to improve the
management of COVID-19, a complete picture of the COVID-
19-affected population in Japan is needed.

A nationwide COVID-19 inpatient registry, “COVID-19
Registry Japan” (COVIREGI-JP), was started on 2 March 2020
[9]. Using data from COVIREGI-JP, we conducted this study
to identify the clinical epidemiological characteristics of in-
patients with COVID-19 in Japan.

METHODS

Study Design and Patients

This was an observational study. Healthcare facilities that vol-
untarily participated in COVIREGI-JP enrolled the patients.
Research collaborators in each facility manually input the data
into the registry. The research collaborators received funding from
the research grant for each patient enrolled. The inclusion criteria
for enrollment were as follows: (1) a positive SARS-CoV-2 test
[10] and (2) inpatient treatment at a healthcare facility. Some eli-
gible inpatients might not have been registered in COVIREGI-JP
by the principal investigator’s decision (eg, patients participating
in other clinical studies whose data registration in COVIREGI-JP
was deemed inappropriate, patients who refused to participate in
the study by opting out, etc). If a patient had a history of multiple
COVID-19 hospitalizations and met the aforementioned inclu-
sion criteria, each admission was included in the registry.

Data Collection and Case Report Form

We modified the case report form of the ISARIC (International
Severe Acute Respiratory and Emerging Infection Consortium)
to enable the collection of clinical epidemiological informa-
tion and treatment data in Japan [11]. The study data were
collected and managed using REDCap (Research Electronic
Data Capture), a secure, Web-based data-capture application
hosted at the JCRAC (Joint Center for Researchers, Associates
and Clinicians) Data Center of the National Center for Global
Health and Medicine [12].

Dataset

We used data from cases for whom all of the following major items
as of 7 July 2020 had been entered: demographic and epidemio-
logical characteristics, comorbidities, signs and symptoms at ad-
mission, outcome at discharge, supportive care, history of drug
administration, and complications during hospitalization. We did

)

not treat parameters with the option “unknown” as missing values.

Definitions of Severity at Admission and Respiratory Support During
Hospitalization

Severity at Admission
“Severe disease at admission” was defined as participants
meeting 1 or more of the following criteria: requiring invasive

or noninvasive mechanical ventilation, requiring supple-
mental oxygen, oxygen saturation (SpO,) of 94% or less on
room air, or tachypnea (respiratory rate >24 breaths per mi-
nute) [13].

Respiratory Support During Hospitalization

“Respiratory support” during hospitalization was defined
as follows—no oxygen: patients who were never supported
with supplemental oxygen during hospitalization; oxygen:
patients who were supported with noninvasive mechanical
ventilation or supplemental oxygen (including high-flow
oxygen devices) during hospitalization; and invasive me-
chanical ventilation (IMV)/extracorporeal membrane oxy-
genation (ECMO): patients who were supported with IMV
or ECMO.

History of Drug Administration During Hospitalization

Information on medications with antiviral effect against
SARS-CoV-2, immunomodulatory and/or immunosup-
pressive effects against COVID-19, antibiotics, antifungal
drugs, neuraminidase inhibitors, and anticoagulants was
collected. These medications were included in the analysis
if they were administered at least once during the hospital-
ization period. If more than 1 drug was used in a patient,
each drug was counted separately regardless of whether
they were administered concurrently. If 1 drug was admin-
istered during different periods of hospitalization, it was
counted as “1”.

Statistical Analysis

Continuous variables are described as medians and interquar-
tile range (IQR). As the number of missing values differed for
each parameter, the number of cases in each parameter’s se-
verity/respiratory support category was used as the denomi-
nator for calculating the percentage. All statistical analyses were
conducted using R, version 3.5.1 (R Core Team).

Ethics

This study was approved by the National Center for Global Health
and Medicine (NCGM) ethics review (NCGM-G-003494-0).
Information regarding opting out of our study is available on
the registry website.

RESULTS

Data from 2638 cases from 227 facilities were included
for the analysis. The available numbers of cases were dif-
ferent depending on each parameter due to the missing data.
Nonsevere cases at admission (68.2%, n = 1798) were more
than twice as prevalent as severe cases (31.8%, n = 840).
Among the 2636 cases, respiratory support during hospital-
ization comprised patients who received no oxygen (61.6%,
1623/2636), patients who received oxygen (29.9%, 788/2636),
and patients who received IMV/ECMO (8.5%, 225/2636).
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Respiratory support during hospitalization at each category of
severity at admission was as follows; nonsevere (no oxygen,
1463 [81.5%]; oxygen, 302 [16.8%]; IMV/ECMO, 31 [1.7%]),
severe (no oxygen, 160 [19%]; oxygen, 486 [57.9%]; IMV/
ECMO, 194 [23.1%]).

Patients’ Demographic and Epidemiological Characteristics

More than half of the cases were male (58.9%, 1542/2619),
and male cases were more prevalent in severe categories
(Table 1). The median age of the whole cohort was 56 years
(IQR, 40-71 years), which was higher in severe cases (67;
54-78 years). The numbers of cases in each age group in
each respiratory support category during hospitalization
are shown in Supplementary Figure 1. The majority of
cases (95.9%, 2528/2635) were Japanese, and most of the
non-Japanese cases were East Asian (48/106), followed by
white (22/106), South Asian (18/106), and Latin American
(7/106).

For exposures within 14 days of admission, contact with posi-
tive or probable COVID-19 cases comprised 58.3% (1537/2638)
of cases. Cases with a history of presence in a healthcare fa-
cility where COVID-19 infections were managed represented
11.5% of cases (304/2637). Healthcare workers comprised 8.3%
(176/2133) of cases.

Condition at Admission and Comorbidities

Compared with nonsevere cases, severe cases tended to
have a higher temperature, heart rate, and respiratory rate
on admission, and were less alert (Table 2). Pneumonia
was much more prevalent by X-ray in severe cases than
in nonsevere cases (86.9% [623/717] vs 52.1% [679/1303],
respectively).

Overall, patients with severe disease on admission and those
who received supplemental oxygen or IMV/ECMO during hos-
pitalization tended to have more comorbid conditions than
patients who did not have severe disease/received no oxygen.
In particular, patients with underlying cardiovascular diseases,
diabetes mellitus (DM), chronic obstructive pulmonary di-
sease (COPD)/chronic lung diseases, and obesity were more
frequently categorized as severe cases than those without these
comorbidities. Additionally, 3.7% (95/2593) cases had an im-
munosuppressive status.

Signs and Symptoms at Hospital Admission

Of the 2113 cases, 6.9% (145) reported no symptoms, which
accounted for 9.3% (132) of nonsevere cases and 1.9% (13) of
severe cases (Figure 1, Supplementary Table 1). Approximately
half of the patients had fever, cough, and fatigue. Compared
with nonsevere cases, severe cases tended to present with fever,
fatigue, cough, and shortness of breath. Conversely, dysgeusia
and olfactory dysfunction were more common in nonsevere
cases than in severe cases.

Supportive Care and Outcome

Of the patients who were designated as severe at admission,
26.3% (221/840) required admission to the intensive care unit
during their stay (Table 3). A tracheotomy was conducted in
14.4% (32/222) of patients who received IMV/ECMO. Of the
patients who received IMV/ECMO, 13.8% (31/225) and 15.2%
(34/224) required ECMO or renal replacement therapy/dialysis,
respectively.

The majority in the no-oxygen group (1249/1621 [77.1%]),
more than half in the oxygen group (442/787 [56.2%]), and
approximately one-third in the IMV/ECMO group (69/224
[30.8%]) were discharged home. Seven cases (7/1621 [0.4%])
in the no-oxygen group, 115 (115/787 [14.6%]) in the oxygen
group, and 75 (75/224 [33.5%]) in the IMV/ECMO group died
in the hospital. Approximately 10% (17/146) of patients who re-
ceived IMV/ECMO had a tracheotomy at discharge and 43.6%
(65/149) needed oxygen. Self-care ability and walking ability
were worsened in more than half of the patients who received
IMV/ECMO upon discharge (84/149 [56.4%] and 72/125
[57.6%], respectively).

History of Drug Administration During Hospitalization
The most common medications used in this cohort were
favipiravir, and ciclesonide (only available as an inhalant)
(Figure 2, Supplementary Table 2). Favipiravir, lopinavir/
ritonavir, and hydroxychloroquine were more frequently used
as the severity of the disease increased, while ciclesonide
was used in half of the patients regardless of the severity of
the disease. Steroids (excluding ciclesonid), nafamostat, and
tocilizumab tended to be used more commonly in patients who
received IMV/ECMO; this trend was particularly pronounced
with steroid treatment (no oxygen, 1.7% [27/1605]; oxygen,
13.5% [106/783]; IMV/ECMO, 43.3% [97/224]). Ivermectin,
remdesivir, and interferon were rarely used in this cohort.
Antimicrobials were used in more than half of the patients
who received oxygen (58.5%, 456/780) and in the majority of pa-
tients who received IMV/ECMO (92.8%, 207/223). Antifungal
drugs and anticoagulants were used in 9.4% (21/224) and
47.6% (107/225) of the patients who received IMV/ECMO,
respectively.

Complications During Hospitalization

Acute respiratory distress syndrome (ARDS) was the most
common complication in patients who received IMV/ECMO
(70.2%, 158/225) (Supplementary Table 3). Bacterial pneu-
monia was also prevalent (6.9%, 181/2633), but methicillin-
resistant Staphylococcus aureus pneumonia (n=13) and
Pseudomonas aeruginosa pneumonia (n = 10) were much less
common. Diagnosed deep-vein thrombosis (0.9%, 19/1873) or
pulmonary embolism (PE) (0.5%, 11/2046) accounted for less
than 1% of all cases. Bacteremia accounted for 7.1% (16/225)
of patients who received IMV/ECMO, and gastrointestinal
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Non-severe cases on admission

Severe cases on admission

Symptom O Yes [ No [ Unknown [ Yes [ No [ Unknown
Fever(z37.5) [ 799/988/9 | | 60212326 |
cough [ oweierao] [ siamse |
Productive cough [ 2614901148 | [0 186/239/88 |
Bloody sputum | 5/817/69 | [] 15/454]44 |
Fatgue [ ] 638/1039120 | [ 438/278/124 |
Shortness of breath [ | 2561430102 | [ 406/363/71 |
Diarrhea [ 198/1505/94 | [] 123/625/91 |
Sore throat [ ] 26111332204 | [7] 101/543/196 |
Headache [ | 27411345179 | ] 82[583/175 |
Dysgeusia [ ] 372/1172/254 | [ B0/541/219 |
Olfactory dysfunction [ ] 328/1187/282 | [ [69/538/233 |
Runnynose [ ] 160/1505/123 | ] 57/658/125 |
Confusion | 23173140 [] 53/728/59 |
Arthralgia / Myalgia [ 1131462220 | [ 50/608/182 |
vomit [ 60/1560/177 | [] 40/657/142 |
Wheezing | 14/1608/8] | [] 35/697/106 |
Chest pain  [] 56/1527]213 | [] 33[628/179 |
Abdominal pain [ 44/1559M194 | ] 18/B56/166 |
Seizure | 2/1335/30]] [ 5/649/38 |
Conjunctivitis | 51308/71l | | 2/623/67 |
~ Rash | 9/1239/187 | | 2/600/92 |
(children undC:re1S; I)rl]g;?:ll)r;cgi) | 0/532}’54 | | 0*195/43 |
[ I I I 1 [ I I I 1
0 0.25 05 0.75 10 0.25 05 075 1

Proportion Proportion

Figure 1.
severity at admission.

Signs and symptoms observed/reported at hospital admission and associated with the presented episode of acute illness. The proportions are shown by

bleeding accounted for 5.4% (12/224) of patients who received
IMV/ECMO.

DISCUSSION

This is the largest study to date describing the clinical epidemi-
ological characteristics of hospitalized patients with COVID-
19 in Japan. Although this study did not capture all hospitalized
COVID-19 cases due to voluntary participation, the dataset
represents approximately 13% (2638/19 816) of the number of
confirmed COVID-19 cases in Japan as of 7 July 2020 [7].

Our findings related to demographics showed that severe
cases tended to be males, patients with past smoking history,
and older patients, which are consistent with existing reports
of risk of severe disease and death in patients with COVID-
19 [16-18]. Although the median age of our cases (56 [40-71]
years) was comparable to or slightly lower than existing inpa-
tient data [17, 19, 20], 12.9% of the cohort was aged 80 or older,
reflecting the long life expectancy in Japan [21]. In patients
aged 60 years or older, the proportions of severely ill patients
increased; however, the proportion of patients who received

IMV/ECMO was lower among patients aged 80 or older than
patients in their 60s and 70s. This might partly be due to the less
aggressive treatment approaches for this population.

As more than half of the inpatients had a history of close con-
tact with confirmed or suspected COVID-19 cases, the strategy
to target clusters of patients with a history of close contacts
was considered beneficial in terms of identifying the risk of in-
fection. Although this does not necessarily imply healthcare-
associated transmission, presence in a healthcare facility where
COVID-19 infections have been managed was found in 11.5%
of the cases; therefore, healthcare-associated facilities also seem
to be an important target for controlling the spread of COVID-
19. The proportion of healthcare workers in our cohort is higher
than in other reports (3.8-5.1%) [22]. This may be partly due to
different patient populations (eg, cases other than inpatients)
included.

Comorbidities were also studied in this patient population.
Cardiovascular disease, DM, chronic lung disease/COPD, and
obesity were more prevalent in severe cases, consistent with
previous reports [2, 17, 20]. The frequency of cardiovascular
complications, DM (16.7%), and obesity (5.5%) was lower than
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No oxygen Oxygen IMV/ECMO
Medication [ Yes [No [l Yes [No [ Yes [INo

Favipiravir | | 381/284 | | 499/124 | | 188/21 |
Ciclesonide | | 364/287 | | \ 318/305 | | | 95/111 |
Steroid (excl. Ciclesonide) | 2711578 | [ 106/677 | | | 97/127 |
Nafamostat [] 20/443 ] [] 65/424 | | [ 36/141 |
Lopinavir and ritonavir | 16/629 | [] 34/581 | | [ 39/167 |
Hydroxychloroquine  [] 56/592 | [] 67/549 | [ ] 37/170 |
Tocilizumab | 2461 | [ 16/473 | [] 13/164 |
Ivermectin | 4/459 | | 5/484 | | 31174 |
Interferon | 0/646 | | 11614 | | 1/204 |
Remdesivir | 0/644 | | 0/614 | | 1/203 |
[ I T T [ I I T 1T T I T 1
0 025 05 075 10 025 05 075 10 025 05 075 1

Proportion Proportion Proportion

Figure 2.

History of drug administration during hospitalization. Medications with antiviral effect against SARS-CoV-2, immunomodulatory effect against COVID-19,

and/or immunosuppressive effect against COVID-19 were included. Proportions are shown by respiratory support during hospitalization. Ciclesonide is available only as an
inhalant. Abbreviations: COVID-19, coronavirus disease 2019; excl., excluding; IMV/ECMO, invasive mechanical ventilation/extracorporeal membrane oxygenation; SARS-

CoV-2, severe acute respiratory syndrome coronavirus 2.

that reported in the United States (DM, 28.3-34.7%; body mass
index >30 kg/rnzz 39.6-48.3%) [17, 23], in the United Kingdom
(DM without complications, 20.7%; obesity, 10.5%) [16], and in
an inpatient cohort in China (DM, 19-20%) [2, 20].

In this study, fever, cough, dyspnea, and fatigue were more
likely to be present in severely ill patients, whereas olfactory
dysfunction and dysgeusia were more likely to be present in
those with nonsevere disease. The incidence of fever, cough,
dyspnea, and fatigue was lower in our study than in the existing
inpatient studies but this could be influenced by the phase of
the epidemic and admission criteria in each country [16, 23].
Different prevalences have been reported on olfactory and taste
disturbances [24, 25]. These symptoms have been increasingly
recognized in Japan as symptoms of COVID-19 since the end of
March [26], which could have influenced the testing and identi-
fication of patients who presented with these specific symptoms.

In this cohort, which included the early phase of cases of
COVID-19 in Japan, favipiravir and ciclesonide were the pre-
dominant antiviral drugs administered. Patients who received
IMV/ECMO tended to be treated more frequently with ster-
oids and nafamostat. In Japan, as of 29 July 2020, some steroids
(prednisolone and dexamethasone) were indicated for severe
infections, but only remdesivir is approved for the treatment of
COVID-19 (approved on 7 May 2020). All other drugs (listed
in Figure 2) were used off-label. Regardless of whether or not
the drug was used, inpatients with COVID-19 could be enrolled
voluntarily in this registry. However, favipiravir users were more
likely to be included in the registry because healthcare providers
are encouraged to participate when they contact the Ministry of
Health, Labor, and Welfare about the provision of favipiravir.
The preliminary report of the Favipiravir Observational Study
in Japan included more elderly and more comorbid patients
than that observed for this registry [27], and reported higher

in-hospital mortality (11.6%). As favipiravir users were more
likely to be included in this registry, data of patients in this co-
hort may have been slightly more severely skewed than those
of the general Japanese population hospitalized with COVID-
19. As noted in the Methods section, patients enrolled in other
clinical studies may not have been included in this registry. It
is also important to note that we did not count concomitant
therapies in the current analysis. Evaluation of the efficacy of
antiviral and immunomodulatory agents is outside the scope
of this study and requires further studies. Anticoagulants were
used in less than half of the patients who received IMV/ECMO;
however, their use is expected to increase as the evidence for
anticoagulation therapy is being recognized.

In our inpatient cohort, the mortality rate was 7.5% of cases,
and 33.5% of the patients who received IMV/ECMO. The mor-
tality rate in this study was lower than those in previously re-
ported inpatient cohorts (approximately 15% to >20%) [2, 16,
17, 19, 20, 28]. Additionally, mortality was lower even among
intubated patients [16, 17, 20]. As some of these studies included
patients with an undetermined outcome during hospitalization,
the quantification of mortality may be even higher. The lower
rate of mechanical ventilation than in previous studies [16, 17,
19, 20] and the lower number of severe cases at admission than
in a study using the same criteria for severity [13] suggest lower
overall severity of hospitalized patients in Japan. Some of the
studies with significantly higher mortality, especially among
mechanically ventilated patients [17, 20], may reflect the im-
pact on healthcare infrastructure (eg, unavailability to intubate
in a timely manner) due to the rapid increase in patients in the
region. The reasons for the relatively lower mortality in Japan
might be due to factors such as a lower number of comorbid pa-
tients or a lack of a drastic increase in patient numbers during
the period of patient enrollment. Approximately 70% of the
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patients in our cohort had nonsevere disease on admission, and
they would have been managed as outpatients in other coun-
tries. This may have also contributed to the low mortality ob-
served in our cohort compared with that in other countries.
Further investigation into the factors associated with severity of
the disease would be necessary to expand on this.

Although this registry does not include the information on
the exact cause of death, cases of patient death despite no ox-
ygen use during hospitalization had underlying diseases: 5
patients had malignancy (3/5 were metastatic tumors) and 2
patients were in their 80s and 90s with dementia.

Some caveats with regard to the interpretation of the results
of this study are warranted. Although this study covered a large
number of inpatients with COVID-19 in Japan, there may have
been some selection bias in their inclusion, as noted above, and
also due to the manual input of the data. Thus, the study results
may not completely reflect those of the general Japanese pop-
ulation hospitalized with COVID-19. Deep-vein thrombosis
and PE were quite low compared with existing reports and were
likely to be underreported as they were based on diagnoses of
each institution [29]. Future validation using objective indica-
tors such as D-dimer is therefore necessary. Although the data
center provides a data-input manual, an input check function,
and inquiries to institutions, the accuracy of the data may be
lower than that of clinical trials. In addition, due to the nature
of the registry, data are updated daily, and it is possible that the
findings using this registry may diverge from the presented re-
sults in the future. National policies for COVID-19 are in flux,
and changes to regulations such as discharge criteria (ie, from
mandatory SARS-CoV-2 negativity to criteria based on the
days from the disease onset) were made during the collection
of these registry data, which may have affected the duration of
hospitalization [30, 31].

We reveal the characteristics of diverse clinical epidemio-
logical features of COVID-19 in hospitalized patients in Japan.
Compared with existing inpatient studies in other countries,
these data show that the patient population with COVID-19 in
Japan had fewer comorbidities, and there was a trend toward
lower mortality.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
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