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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) causes coronavirus disease 2019 (COVID-19). 
COVID-19 spread throughout Japan from January 
2020. The number of COVID-19 patients increased and 
decreased due to individual infection prevention and 
some political policies such as a state of emergency (1-4).
 Some mutated strains such as Alpha and Delta 
variants including B.1.1.7 (Alpha variant) and B.1.617.2 
(Delta variant) are likely to induce severe symptoms (5-
7). In Japan, an epidemic of the Alpha variant occurred 
from March 2021 (Weeks 9–13, Wave 4). An epidemic 
of the Delta variant was reported from July 2021 (Weeks 
27–30, 2021, Wave 5).
 Development of vaccination against SARS-CoV-2 
was initiated around the world after the emergence of 
COVID-19 (8). Vaccination in Japan started from 17 
February 2021 (Week 7, 2021, Wave 3) using BNT162b2 
mRNA (Pfizer Inc., BioNTech SE) and mRNA-1273 
(Moderna, Inc.). Clinical trials proved the vaccines' 
efficacy for preventing infection against Alpha and Delta 

variants (9). Therefore, the object of this study was 
evaluation of the severity of Alpha and Delta variants 
while considering vaccine effectiveness.
 Japan's National Hospital Organization (NHO), an 
organization of regional core hospitals and 140 medical 
facilities with about 52,000 beds, represents about 3.4% 
of all beds in Japan (10).The NHO provides a database, 
the Medical Information Analysis Databank (MIA), 
which contains medical claims from 60 representative 
NHO hospitals, including data related to the numbers 
of inpatients and outpatients, diagnoses, medical 
interventions including oxygen administration and the 
use of respiratory ventilators, in addition to outcomes 
such as discharge and death (11). Representative 60 
hospitals were the hospitals whose data on medical claim 
were available as MIA data at the beginning of this study. 
They locate in each region and we regarded and assumed 
that they are representative of patients in each region. The 
database does not include data related to the vaccination 
history or causative strain. COVID-19 had a significant 
impact on the medical setting for outpatients and 
inpatients (12-14). The number of patients of COVID-19 
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increased rapidly from July 2021 (Weeks 26–30, 2021, 
Wave 5) because of the spreading Delta variant. In the 
period during which the Delta variant spread, nationwide 
demand for medical resources such as hospital beds and 
respiratory ventilators threatened to exceed the capacity 
of medical resources allocated for COVID-19 patients. 
Therefore, asymptomatic patients and some patients with 
mild symptoms were not hospitalized during that period, 
even though such patients had been hospitalized earlier 
during the pandemic. In other words, the COVID-19 
patient criteria for hospitalization changed to reflect the 
outbreak scale and the available capacity of medical 
resources. For that reason, when examining COVID-19 
pathogenicity, the fraction of patients with severe 
symptoms or cases of fatality beyond the hospitalized 
cases might not be appropriate to evaluate pathogenicity 
because the criteria for hospitalization were not constant. 
The criteria were not based solely on medical necessity. 
To avoid inconsistency in the data, the number of 
hospitalizations had to be adjusted. Therefore, this study 
specifically examined patients who required oxygen 
therapy.

Materials and Methods

Data source

This study used MIA data from the NHO such as the 
number of inpatients with oxygen therapy, ventilation, 
and deaths from 1 January 2020 (Week 1, 2020, Wave 

1) to 21 November 2021 (Week 46, 2021, Wave 5). All 
MIA data for patients were counted based on the week of 
admission.
 Additionally, we used background COVID-19 
patient data nationwide, including the number of newly 
confirmed patients and deaths, published between 1 
January 2020 (Week 1, 2020, Wave 1) and 21 November 
2021 (Week 46, 2021, Wave 5) from the Ministry of 
Health, Labour and Welfare (MHLW) (15). Hereinafter, 
we designate data from MHLW as "national data". Data 
related to vaccine administration (such as the number of 
people receiving at least one dose, which means one or 
two doses, and those who had received the second dose) 
were published by the Cabinet Secretariat (16). For the 
study period, the third and subsequent doses were not 
available. Data related to the Alpha and Delta variants 
were referred from a monitoring meeting in Tokyo (17).

Definition of waves

As of November 2021, Japan experienced five waves, 
which mean movements of the number of COVID-19 
patients shown as Figure 1. In this study, the COVID-19 
outbreak waves in Japan were classified by the number 
of newly confirmed patients from the trough of the prior 
wave to the trough of the current wave (4). That method 
clearly distinguished five waves through the end of 
November 2021: the wave 1 extended from week 1 of 
2020 through week 23 of 2020; the wave 2 lasted from 
week 24 of 2020 through week 39 of 2020; the wave 3 
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Figure 1. Newly confirmed COVID-19 patients in national data and new COVID-19 hospitalizations in MIA data. Notes: 
Bars show the numbers of newly confirmed COVID-19 patients in national data (left scale). The line shows the numbers of new 
COVID-19 hospitalizations in MIA data (right scale).
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have also demonstrated that Alpha and Delta variants 
are associated with increased severity and higher 
fatality rates (5-7,18,19). Therefore, we expected to 
find a positive association among severity, fatality, and 
vaccination, and a negative association for the proportion 
of Alpha and Delta variants.

Statistical analysis

We applied ordinary least squares regression, with 
dependent variables of the severity rate among patients 
with oxygen therapy and the fatality rate among patients 
who had received oxygen therapy. Vaccination coverage 
and the proportions of Alpha and Delta variants were 
used as explanatory variables.
 Statistical analyses were also performed after patient 
data were divided into those for age groups, with patients 
who were 65 years old or older and patients younger 
than 65 years. First, we identified the optimal period 
from infection to hospitalization for all ages, and by age 
classification, by outcome, severity rate, and fatality 
rate. Then, we discussed estimation results under the 
optimal period for each category. We adopted 5% as the 
significance level. All statistical analyses were conducted 
using software (STATA SE 17.0; Stata Corp.).

Ethical considerations

This study was approved by the Ethics Committee of 
Mie Hospital (Approval No. 2020-89). Permission to use 
MIA data was obtained from the NHO (Registration No. 
1201003).

Results

Figure 1 presents the number of newly confirmed 
COVID-19 patients from national data and the number of 
new COVID-19 hospitalizations from MIA data. Figure 2 
presents the number of fatalities attributed to COVID-19 
from national data and the number of fatalities from 
MIA data. The number of newly confirmed COVID-19 
patients from national data was shown by the diagnosed 
week. The number of new hospitalizations from MIA 
data is shown by the hospitalized week. The numbers 
of fatalities from national data and MIA data are shown 
by their death and discharge weeks. Vertical lines in 
Figures 1–5 represent periods between waves. Figure 
1 shows similar trends obtained from the number of 
newly confirmed COVID-19 patients and the number 
of newly hospitalized patients. Figure 2 also shows that 
the number of fatalities from national data presents a 
similar trend to that of the number of fatalities from MIA 
data. Correlation between them was 0.8830, which was 
inferred as significant. The wave 5 showed the greatest 
number of newly confirmed cases (Figure 1). The wave 
4 showed the greatest number of fatalities (Figure 2).
 Figure 3 and Figure 4 respectively portray the 

was recorded from week 40 of 2020 through week 8 of 
2021; the wave 4 occurred from week 9 of 2021 through 
week 24 of 2021; and the wave 5 was from week 25 of 
2021 through week 46 of 2021.

Design

Associations between the severity or fatality rate among 
inpatients with oxygen therapy and the vaccination 
coverage and/or the proportions of Alpha and Delta 
variants were examined. Additionally, we sought to 
ascertain the most appropriate length from infection 
to hospitalization by adjusting the delay in the timing 
of vaccination coverage two weeks prior and the 
proportions of Alpha and Delta variants. Specifically, we 
examined no delay and 1–4 or more weeks' delay. For no 
delay, vaccination coverage was recorded for two weeks 
before hospitalization; the proportions of Alpha and Delta 
variants were measured the same week of hospitalization. 
For 1–4 weeks' delay, the vaccination coverage 3–6 
weeks before hospitalization or the proportions of Alpha 
and Delta variants were measured at 1–4 weeks before 
hospitalization.
 The study period for analysis was from the first week 
of 2021 (Wave 1) through the 46th week of 2021 (Wave 5) 
because vaccination against COVID-19 had not started 
and Alpha and Delta variants had not emerged before the 
study period.

Definitions

Patients were limited to hospitalized patients with a 
COVID-19 infection confirmed by PCR test or antigen 
test and those who received oxygen therapy during their 
hospitalization. It is noteworthy that the timing of oxygen 
therapy did not matter: only that it was administered 
during their hospitalization. Furthermore, comorbidities 
did not matter for the patient definitions or outcome 
measures presented below.
 The severity rate among patients was defined as 
the number of patients with ventilation during their 
hospitalization among patients who were admitted during 
a week, by the number of patients administered oxygen 
therapy who had been admitted during the same week. 
The timing of ventilation use did not matter: only that it 
was administered their hospitalization. The fatality rate 
among patients was defined as the number of fatalities 
among patients who were admitted in a week, divided by 
the number of patients administered oxygen therapy who 
had been admitted during the same week. The main or 
direct cause of death does not matter: only that they had 
been diagnosed as COVID-19-infected.

Hypothesis

Results of earlier studies have demonstrated that 
vaccination decreased severity and fatality rates. They 
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severity rate with ventilator usage among patients with 
oxygen therapy and the fatality rate among patients with 
oxygen therapy for all ages, and by age classification. At 
first glance, all lines were declining in the latter period of 
the study period when bottom from wave 5 to 6. Figure 

5 shows vaccination coverage with at least one dose in 
the entire population, younger than 65 years old, and 65 
years old or older, in addition to the proportions of Alpha 
and Delta variants in Tokyo. The proportions of the Delta 
variant showed a similar increase to that of vaccination 
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Figure 2. Fatalities with COVID-19 in national data and in MIA data. Notes: The blue line denotes the number of fatalities 
with COVID-19 in National data (left scale). Orange line denotes the numbers of fatalities by hospitalized week in MIA data (right 
scale).

Figure 3. Severity rate among inpatients administered oxygen therapy. Notes: Blue, orange, and gray lines respectively show 
the severity rate with ventilator use among inpatients with oxygen therapy in the entire population, younger than 65 years old, and 
65 years old or older. Severity was defined as the proportion of ventilator use. All data were sourced from MIA data.
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coverage for patients 65 years old or older.
 Table 1 presents coefficients of determination using 
proportions of Alpha and Delta variants and vaccination 
coverage in the hospitalized week, or 1–4 weeks before 

hospitalization for all ages and by age classification. The 
findings indicate the highest coefficients of determination 
for three weeks before for severity and one week before 
for fatality for all ages.
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Figure 4. Fatality rate among inpatients administered oxygen therapy. Notes: Blue, orange, and gray lines respectively 
represent the fatality rate among inpatients with oxygen therapy in the entire population, younger than 65 years old, and 65 years 
old or older. All data sources were MIA data.

Figure 5. Vaccination coverage with at least one dose in Japan, in addition to proportions of Alpha and Delta variants 
in Tokyo. Notes: Yellow and light blue lines respectively represent the proportions of the Alpha and Delta variants. Data of the 
proportions of the Alpha and Delta variants were published by the Cabinet Secretariat. Blue, orange, and gray lines respectively 
represent vaccination coverage with at least one dose in the entire population, younger than 65 years old, and 65 years old or 
older. Data of the vaccination coverage were published by the monitoring meeting in Tokyo.
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 Among inpatients 65 years old or older, the highest 
coefficients of determination for the severity rate and for 
the fatality rate were the same: one week. Conversely, 
among inpatients younger than 65 years old, although 
the highest coefficients of determination for the fatality 
rate were the same week with hospitalization, it was six 
weeks for the severity rate.
 Table 2 presents estimation results obtained from 
multivariable analyses of the association between the 
severity and fatality rates among inpatients with oxygen 
therapy and vaccination coverage or Alpha and Delta 
variant proportions for all ages and by age class. Each 
estimation result was obtained under the optimal period 
for each category shown in Table 1. For patients of all 
ages, at least one dose vaccination and the proportion of 
Delta variant were found to be associated significantly 
with the severity rate. Also, the proportion of Alpha 
variant was associated significantly with the fatality 

rate. The results were mixed: the negative sign of the 
proportion of Alpha variant was unexpected from the 
hypothesis defined in Method. However, the negative 
sign of at least one dose vaccination and the positive 
sign of the proportion of Delta variant were expected. 
For patients younger than 65 years old, the proportion 
of the Alpha variant and Delta variant showed negative 
association with the severity rate significantly, which 
were unexpected. For all age patients, at least one dose 
vaccination was negatively associated with the severity 
and fatality rates. The proportion of Delta variant was 
positively associated with the severity and fatality rates.

Discussion

All COVID-19 patients, including asymptomatic 
patients, be admitted mandatory to medical facilities 
through March 2020. Subsequently, asymptomatic 
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Table 1. Coefficients of determination obtained using proportions of Alpha and Delta variants and vaccination coverage in 
the hospitalized week, or 1–4 weeks before hospitalization in all age and by age classification

Length of delay in vaccination coverage and Proportion of Alpha and Delta variants

All ages with oxygen therapy
     Severity rate
     Fatality rate
Among patients younger than 65 years old
     Severity rate
     Fatality rate
Among patients 65 years old or older
     Severity rate
     Fatality rate

Note: The highest coefficient of determination for the severity rate among inpatients younger than 65 years old with oxygen therapy was 0.2779 
when vaccination coverage and the prevalence of the mutated strains were measured six weeks before.

0

0.33
0.17

0.17
0.07

0.21
0.36

1

0.37
0.49

0.18
0.05

0.42
0.52

2

0.40
0.47

0.23
0.06

0.40
0.51

3

0.43
0.47

0.24
0.07

 0.40
0.49

4

0.42
0.48

0.25
0.07

0.38
0.48

Table 2. Results of multivariate analysis of the association between severity/ fatality and vaccination coverage or 
proportion of variants among inpatients with oxygen therapy for cases of vaccination coverage two weeks prior and the 
proportion of Alpha and Delta variants measured several weeks before their hospitalized week determined by Table 1

Variables

All ages
     At least one dose vaccination 14 days prior
     Alpha variant
     Delta variant
     Constant
Younger than 65 years old
     At least one dose vaccination 14 days prior
     Alpha variant
     Delta variant
     Constant
65 years old or older
     At least one dose vaccination 14 days prior
     Alpha variant
     Delta variant
     Constant

Notes: Vaccination coverage and proportions of Alpha and Delta variants were measured three weeks before the hospitalized week for severity 
rates for all ages. These lags for inpatients younger than 65 years old were zero for severity and six for fatality. For inpatients 65 years old or 
older, these were one for both dependent variables. The severity rate was defined as the rate of patients who used a respiratory ventilator during 
their hospital stay among all infected inpatients who were hospitalized the same week. The fatality rate was defined as the rate of inpatients who 
died among all infected inpatients who were hospitalized the same week. The study period was from week 1 (Wave 1) through week 46, 2021 (Wave 
5). The parts highlighted in yellow are significant except for constant terms.

Estimated coefficient

 -0.40
 -0.03
  0.18
12.21

  1.55
 -0.16
 -0.21
14.59

 -0.12
  0.02
  0.18
11.54

p value

0.00
0.10
0.02
0.00

0.07
0.00
0.01

  0.000

0.00
0.50
0.01
0.00

Estimated coefficient

  0.03
 -0.05
 -0.12
12.57

 0.16
-0.01
-0.08
 2.27

 -0.14
  0.00
  0.18
16.69

p value

0.79
0.04
0.09
0.00

0.10
0. 73
0.14
0.19

0.00
0.89
0.03
0.00

Severity Rate Fatality Rate



GHM Open. 2023; 3(1):28-36.GHM Open. 2023; 3(1):28-36.

(34)

patients or patients with mild symptoms who required 
no oxygen therapy were admitted optionally based on 
medical criteria for high risk of exacerbation. They were 
allowed to stay at home if the number of COVID-19 
patients was increasing (20). Furthermore, in cases of 
an explosive increase, the criteria of hospitalization for 
asymptomatic patients or patients with mild symptoms 
who did not require oxygen therapy were probably 
affected heavily by the scarcity of medical resources 
or social situations such as support for their staying at 
home and recuperation at home, aside from pure medical 
criteria. Under these circumstances, we evaluated the 
pathogenicity of Alpha and Delta variants and vaccine 
effectiveness in 2021.
 Because the criteria of hospitalization for patients 
with COVID-19 might have differed for the wave 5, 
we defined the severity and fatality rates for inpatients 
with oxygen therapy. From a medical perspective, the 
criteria for oxygen therapy might be less affected by 
social situations such as scarcity of medical resources 
than by criteria for hospitalization. Because the number 
of inpatients with oxygen therapy was not published 
in general, we had to use database covering several 
hospitals and thus covering a sufficient number of 
inpatients potentially to evaluate of the severity of Alpha 
and Delta variants and vaccine effectiveness.
 As shown in Table 2, the severity and fatality rates 
for patients 65 years old or older showed negative 
association with vaccination coverage and positive 
association with the Delta variant. Findings indicate that 
vaccination reduced the severity and that the proportion 
of the Delta variant increased severity, which findings 
are consistent with those obtained from earlier studies (5-
7,18,19).
 However, some results were not consistent with those 
reported from earlier studies. For example, the proportion 
of the Alpha variant and Delta variant were negatively 
associated with the severity rate for patients younger than 
65 years old. However, no report of the relevant literature 
has described a study of lower pathogenicity for Alpha 
and Delta variants.
 Some results in severity and fatality were not 
consistent. This difference might indicate that patients 
who finally died became more severely ill even in a few 
weeks than patients who eventually survived, but who 
received oxygen therapy.
 For patients younger than 65 years old, the 
proportions of Alpha and Delta variant showed 
significantly negative association with the severity rate, 
which means that the Alpha and Delta variants had 
less pathogenicity for patients younger than 65 years 
old. These results were unexpected. In Table 1, the 
highest coefficient of determination for severity was 
six weeks before. It might be too long a period from 
infection to hospitalization for inpatients with oxygen 
therapy. Overall, coefficients of determination among 
younger patients were lower than they were among 

older inpatients. In this sense, the estimation for severity 
among younger inpatients might not be credible. This 
might be the reason that these results for patients younger 
than 65 years old were unexpected. Furthermore, one 
potential reason for the lower pathogenicity of Alpha 
and Delta variants might be differences of the age 
distribution of patients with oxygen therapy between 
waves for which the original strain was dominant and 
ones for which Alpha and Delta variants were dominant. 
One potential reason for the lower pathogenicity of 
Alpha and Delta variants might be differences of age 
distributions of patients with oxygen therapy among 
waves dominated by the original or Alpha and Delta 
variants. The proportion of inpatients younger than 65 
years old with oxygen therapy in the wave 3, which was 
dominated by the original variant, was 28.0%. Their 
proportion in the wave 4, which was dominated by the 
Alpha variant, was 43.9%. However, their proportion in 
the wave 5, which was dominated by the Delta variant, 
became to be 78.7%. Consequently, the proportion of 
inpatients younger than 65 years old with oxygen therapy 
increased. If the severity and fatality rates were lower for 
patients younger than 65 years old than for patients 65 
years old or older, then the results of the Alpha and Delta 
variants would not be significantly positive for patients 
of all ages and for patients younger than 65 years old. 
Whichever might be true, because the results were those 
of mixed association among Alpha and Delta variants 
and pathogenicity, more sophisticated analyses using 
more data must be done to reach a definitive conclusion.
 An earlier study investigating the effectiveness of 
vaccination against Alpha and Delta variants showed 
that vaccination reduced hospitalizations or deaths. 
Moreover, its effectiveness for patients 60 years old or 
older was lower than that for patients younger than 60 
years old in test-negative design (19). Another study 
presented that the case fatality rate was decreasing, and 
Japan achieved high vaccination rate (21). In our study, 
the vaccination coverage for all ages and for patients 
65 years old or older was found to be significant, as 
shown in Table 2. These findings might depend on the 
vaccination strategy pursued in Japan. Vaccination for 
healthcare workers started on 17 February 2021 (Week 
7, 2021, Wave 3). Later, vaccination for patients 65 
years old or older started on 12 April 2021 (Week 15, 
2021, Wave 4). The proportion of that age group who 
had at least one vaccination was about 80% by July, as 
presented in Figure 5. The severity and mortality rates for 
patients 65 years old or older appears to be declining in 
Figures 3 and 4, possibly because the starting vaccination 
was in the same period as the Delta variant emerged, as 
presented in Figure 5. For all ages, vaccination coverage 
with at least one vaccination was only 40–50% by late 
August, when the Delta variant emerged. Vaccination 
coverage was not associated significantly with severity or 
fatality for patients younger than 65 years old, probably 
because vaccination had started for patients 65 years 
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old or older. Most patients younger than 65 years old 
were not vaccinated at that time. Results might reflect 
vaccine effects for patients 65 years old or older. The age 
distribution of inpatients and of confirmed patients came 
to reflect more patients younger than 65 years old, for 
whom the severity and fatality risk were lower than for 
other patients.
 Definition of severity as extracorporeal membrane 
oxygenation (ECMO) using instead of ventilator using 
in this study might be possible potentially. However, 
limitation in capacity of ECMO system in a hospital 
might be tight especially in the latter study period. If so, 
severity should be downward biased during capacity of 
ECMO system was insufficient. Therefore, we avoided 
the definition of severity by ECMO using.
 This study has three limitations. First, as explanatory 
variables, we considered only the vaccination coverage 
and the proportions of Alpha and Delta variants. Other 
factors such as treatment must also be considered. For 
example, some types of drugs (22) such as remdesivir 
(23), dexamethasone (24), baricitinib (25), casirivimab/
imdevimab (26,27) and sotrovimab (28) were approved 
for COVID-19 in the study period and more widely 
administered in the latter period. These drugs may 
decrease severity and fatality and thus create lower 
severity and fatality in younger patients during the 
mutated variants strain dominated. Unfortunately, we 
cannot use some information of the administered drug 
in this study. Pathogenicity of the mutated strain and 
vaccine effectiveness controlled drug administration 
remained as the next challenge.
 S e c o n d ,  a l t h o u g h  w e  c o n f i r m e d  t h e 
representativeness of fatality cases from MIA data, the 
exact numbers of patients with oxygen therapy and 
ventilation in Japan have not been published. Therefore, 
the representativeness of case severity could not be 
confirmed.
 Third, the only targets of this study were hospitalized 
patients, for whom "severity rates" and "fatality" might 
differ from people of the general public. This point must 
be interpreted carefully because MIA data did not include 
patients who were not hospitalized.
 Even in controlling inpatients' condition as necessary 
for oxygen therapy, we confirmed that vaccination 
reduced severity and fatality, and that the Alpha variant 
and Delta variant might increase severity and fatality 
among inpatients 65 years old or older, as earlier studies 
have shown, though such a controlling patients' condition 
had been never examined.

Acknowledgements

We acknowledge Mr. Masaya Nakadera and Mr. Masato 
Koizumi, who prepared the database, and thank all 
hospitals for submitting patient data.

Funding: This work was supported by the Ministry of 

Health, Labour, and Welfare (grant number 20HA1005).

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

References

1. Sawakami T, Karako K, Song P, Sugiura W, Kokudo N. 
Infectious disease activity during the COVID-19 epidemic 
in Japan: Lessons learned from prevention and control 
measures. Biosci Trends. 2021; 15:257-261.

2. Karako K, Song P, Chen Y, Karako T. An average of 
nearly 200,000 new infections per day over a six-week 
period: What is the impact of such a severe COVID-19 
pandemic on the healthcare system in Japan? Biosci 
Trends. 2022; 16:371-373.

3. Karako K, Song P, Chen Y, Tang W, Kokudo N. Overview 
of the characteristics of and responses to the three waves 
of COVID-19 in Japan during 2020-2021. Biosci Trends. 
2021; 15:1-8.

4. Song P, Karako T. The strategy behind Japan's response to 
COVID-19 from 2020-2021 and future challenges posed 
by the uncertainty of the Omicron variant in 2022. Biosci 
Trends. 2022; 15:350-352.

5. Ong SWX, Chiew CJ, Ang LW, et al. Clinical and 
virological features of SARS-CoV-2 variants of concern: 
a retrospective cohort study comparing B.1.1.7 (Alpha), 
B.1.315 (Beta), and B.1.617.2 (Delta). Clin Infect Dis. 
2022; 75:e1128-e1136.

6. Twohig KA, Nyberg T, Zaidi A, et al. Hospital admission 
and emergency care attendance risk for SARS-CoV-2 
delta (B.1.617.2) compared with alpha (B.1.1.7) variants 
of concern: A cohort study. Lancet Infect Dis. 2022; 
22:35-42.

7. Fisman DN, Tuite AR. Evaluation of the relative 
virulence of novel SARS-CoV-2 variants: A retrospective 
cohort s tudy in Ontario, Canada. CMAJ. 2021; 
193:E1619-E1625.

8. Chen Y, Cheng L, Lian R, Song Z, Tian J. COVID-19 
vacc ine research focusses on safe ty, e ff icacy, 
immunoinformatics, and vaccine production and delivery: 
A bibliometric analysis based on VOSviewer. Biosci 
Trends. 2021; 15:64-73.

9. Thompson MG, Burgess JL, Naleway AL, et al . 
Prevention and attenuation of Covid-19 with the 
BNT162b2 and mRNA-1273 vaccines. N Engl J Med. 
2021; 385:320-329.

10. Ministry of Health, Labour and Welfare of Japan. Survey 
of medical institutions. https://www.mhlw.go.jp/toukei/
saikin/hw/iryosd/20a/ (Accessed February 10, 2023). (in 
Japanese)

11. Kanazawa N, Tani T, Imai S, Horiguchi H, Fushimi K, 
Inoue N. Existing data sources for clinical epidemiology: 
Database of the national hospital organization in Japan. 
Clin Epidemiol. 2022; 14:689-698.

12. Sato K, Mano T, Niimi Y, Iwata A, Toda T, Iwatsubo T. 
The impact of COVID-19 pandemic on the utilization of 
ambulatory care for patients with chronic neurological 
diseases in Japan: Evaluation of an administrative claims 
database. Biosci Trends. 2021; 15:219-230.

13. NHK WORLD-JAPAN. Tokyo's COVID-19 cases hit 
all-time high despite state of emergency. https://www3.
nhk.or.jp/nhkworld/en/news/backstories/1725/ (Accessed 
February 10, 2023).

www.ghmopen.com



GHM Open. 2023; 3(1):28-36.GHM Open. 2023; 3(1):28-36.

14. The Japan Times. Japan changed i ts COVID-19 
hospitalization policy: Here's what you need to know. 
https://www.japantimes.co.jp/news/2021/08/06/national/
suga-covid-19-hospitalization-policy-explainer/ (Accessed 
February 10, 2023).

15. Ministry of Health, Labour and Welfare of Japan. 
Published database on the number of patients diagnosed 
as COVID-19 2023. https://www.mhlw.go.jp/stf/covid-19/
open-data.html (Accessed February 10, 2023). (in 
Japanese)

16. The Cabinet Secretariat. Vaccination against SARS-
CoV-2. https://www.kantei.go.jp/jp/headline/kansensho/
vaccine.html (Accessed February 10, 2023). (in Japanese)

17. A monitoring meeting in Tokyo. Conference material, 
ht tps: / /www.bousai .metro . tokyo . lg . jp / ta isaku/
saigai/1013388/index.html (Accessed February 10, 2023). 
(in Japanese)

18. Chia PY, Ong SWX, Chiew CJ, et al. Virological and 
serological kinetics of SARS-CoV-2 Delta variant vaccine 
breakthrough infections: A multicentre cohort study. Clin 
Microbiol Infect. 2022; 28:612.e1-612.e7.

19. Nasreen S, Chung H, He S, et al. Effectiveness of 
COVID-19 vaccines against symptomatic SARS-CoV-2 
infection and severe outcomes with variants of concern in 
Ontario. Nat Microbiol. 2022; 7:379-385.

20. Ministry of Health, Labour and Welfare of Japan. Revision 
of each measure (surveillance, measures to prevent the 
spread of infection, medical system) in case of increasing 
in the number of COVID-19 patients in a region. https://
www.jvnf.or.jp/newinfo/2019/20200301tsuchi.pdf 
(Accessed February 10, 2023). (in Japanese)

21. Karako K, Song P, Chen Y, Karako T. Trends in managing 
COVID-19 from an emerging infectious disease to a 
common respiratory infectious disease: What are the 
subsequent impacts on and new challenges for healthcare 
systems? Biosci Trends. 2022; 16:381-385.

22. Shao Y, Chen J, Lu H. Update: Drug treatment options 
for coronavirus disease 2019 (COVID-19). Biosci Trends. 
2021; 15:345-349.

23. Mozaffari E, Chandak A, Zhang Z, Liang S, Thrun M, 
Gottlieb RL, Kuritzkes DR, Sax PE, Wohl DA, Casciano 
R, Hodgkins P, Haubrich R. Remdesivir treatment in 
hospitalized patients with coronavirus disease 2019 
(COVID-19): A comparative analysis of in-hospital all-
cause mortality in a large multicenter observational cohort. 
Clin Infect Dis. 2022; 75:e450-e458.

24. RECOVERY Collaborative Group; Horby P, Lim WS, et 
al. Dexamethasone in hospitalized patients with Covid-19. 
N Engl J Med. 2021; 384:693-704.

25. Marconi VC, Ramanan AV, de Bono S, et al. Efficacy 
and safety of baricitinib for the treatment of hospitalised 
adults with COVID-19 (COV-BARRIER): A randomised, 
double-blind, parallel-group, placebo-controlled phase 3 
trial. Lancet Respir Med. 2021; 9:1407-1418.

26. Su J, Lu H. Opportunities and challenges to the use 
of neutralizing monoclonal antibody therapies for 
COVID-19. Biosci Trends. 2021; 15:205-210.

27. Weinreich DM, Sivapalasingam S, Norton T, et al. 
REGEN-COV antibody combination and outcomes in 
outpatients with Covid-19. N Engl J Med. 2021; 385:e81.

28. Gupta A, Gonzalez-Rojas Y, Juarez E, et al. Early 
treatment for Covid-19 with SARS-CoV-2 neutralizing 
antibody sotrovimab. N Engl J Med. 2021; 385:1941-
1950.

----
Received April 16, 2023; Revised June 12, 2023; Accepted 
July 13, 2023.

Released online in J-STAGE as advance publication July 16, 
2023.

*Address correspondence to:
Shingo Mitsushima, Center for Field Epidemic Intelligence, 
Research and Professional Development, National Institute of 
Infectious Diseases, 1-23-1 Toyama, Shinjuku-ku, Tokyo 162-
8640, Japan.
E-mail: mitsushi@niid.go.jp

(36)

www.ghmopen.com


