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Introduction

The novel coronavirus disease 2019 (COVID-19), which 
was identified in Wuhan, China in December 2019, has 
spread to countries all over the world (1-3). In Japan, the 
cumulative number of patients was 67,865 on August 
31, 2020 (4). The daily number of newly diagnosed 
patients has changed over time. The first COVID-19 
case in Japan was identified on January 16, 2020, and 
subsequently, the daily number of patients began to 
rise (the first surge), and reached its first peak on April 
10, 2020 (4). Although the daily number of patients 
decreased after the initial peak, it started to increase 
again since the middle of June (the second surge), and 
reached its second peak on August 7, 2020 (4). Although 
the daily number of patients decreased after the second 
peak, it started to increase again in October. As of 
December 2020, Japan is in the middle of the third surge 
of infections (4). Although a prior study (5) compared the 
characteristics of COVID-19 patients between the first 
and second surges in the United States, little is known 
about the differences in characteristics, severity, and 

mortality of COVID-19 patients between the first and 
second surges.
 Osaka Prefecture is the largest metropolitan area 
in the western part of Japan, with a population of 8.8 
million, and a total area of 1,905 km2 (6). It has the 
second highest number of COVID-19 patients in Japan 
next to Tokyo (4,6). The present study aimed to assess 
the difference in characteristics, severity, and mortality 
of COVID-19 patients between the first and the second 
surges of infections in Osaka Prefecture, Japan.

Methods

Study design

This study was a retrospective observational study 
conducted from February 1 to August 31, 2020. Publicly 
available data on laboratory-confirmed COVID-19 
patients in Osaka Prefecture, Japan, were collected 
from the Osaka Prefecture website (7). Since we only 
collected anonymous data, the necessity of obtaining 
informed consent from the participants was waived (6). 
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This study was approved by the Ethics Committee of 
Osaka University Graduate School of Medicine (approval 
No. 20089).

Official data collection of COVID-19 patients in Osaka 
Prefecture

Details on the data collection have been previously 
published elsewhere (6) and are available on the 
Osaka Prefecture website (7). In brief, the following 
information on COVID-19 patients is available on the 
website of Osaka Prefecture: sex, age group at the onset 
date, city of residence, onset date, date when the patient 
showed positive results in the laboratory test, date when 
a patient's condition became severe (for patients whose 
condition turned severe during the observation period), 
and date of death (for patients who died during the 
observation period) (6,7). We defined onset date as the 
date when any symptoms appeared (6); onset date was 
missing for patients who did not present any symptoms. 
The date when a patient's condition became severe 
was defined as the date when a patient met any of the 
following criteria: i) received mechanical ventilation, ii) 
received extracorporeal membrane oxygenation (ECMO), 
and iii) was admitted to the intensive care unit (ICU) (8).

Definition of group

We categorized COVID-19 patients in Osaka Prefecture 
who were confirmed as COVID-19 between February 1 
and August 31 into two groups according to the date of 
the positive laboratory test result: patients who showed 
positive results in the laboratory test between February 1, 
2020 and May 22, 2020 (the first surge) and patients who 
showed positive results in the laboratory test between 
May 23, 2020 to August 31, 2020 (the second surge). 
The Japanese government declared a state of emergency 
in Osaka Prefecture on April 7, 2020, and it lifted the 
state of emergency in Osaka Prefecture on May 21, 2020 
(9). The end of the first surge was defined based on the 
following two reasons: i) patients whose samples were 
submitted for laboratory tests on May 21 (the end of the 
state of emergency) were reported on May 22; and ii) 
the number of newly diagnosed COVID-19 patients was 
zero on May 23 for the first time. The end of the second 
surge in this study was defined as the final day of the 
present study.

Endpoints

The outcome measures in this study were increased 
disease severity, and all-causes of mortality. All patients 
were followed-up for 30 days from the onset date.

Statistical analyses

The baseline characteristics of COVID-19 patients were 

compared between the first and the second surges. Sex, 
age group at the onset date (0-59, 60-69, 70-79, 80-89, ≥ 
90 years), and city of residence (Osaka City, other cities, 
unknown) were compared between the two groups 
using the chi-square test. Days from the onset date to 
the date when the patient showed positive results in the 
laboratory test (days to test positive) were summarized 
by interquartile range in each group, and they were 
compared between the two groups by applying the 
Wilcoxon rank sum test. We also categorized days to 
test positive by quartile, and analyzed the distribution of 
age groups according to the four categories.
 We compared the severity of the condition of 
COVID-19 patients between the first and the second 
surges. Patients with missing information on the onset 
date or the date when the patient's condition became 
severe (for patients whose condition became severe 
during the observation period) were excluded from 
this analysis. The Kaplan-Meier method was applied 
to compare the cumulative probability of developing 
severe disease stratified by age group at the onset date 
(aged ≤ 69 years or ≥ 70 years), and the difference was 
compared between the first and the second surges by 
the log-rank test. The multivariable Cox proportional-
hazards model was applied to compare disease severity 
between the two groups, where sex, age group at the 
onset date (0-59, 60-69, 70-79, 80-89, ≥ 90 years, 
unknown), city of residence (Osaka City, other cities, 
unknown), and days to test positive (categorized by 
quartile) were adjusted. We also stratified the study 
population according to age group at the onset date 
(aged ≤ 69 years or ≥ 70 years), and applied the 
multivariable Cox proportional-hazards model in each 
stratum.
 We also compared the mortality of COVID-19 
patients between the first and the second surges. 
Patients with missing information on the onset date 
or the date of death (for patients who died during the 
observation period) were excluded from this analysis. 
The Kaplan-Meier method was applied to compare 
cumulative mortality stratified by age group at the 
onset date (aged ≤ 69 years or ≥ 70 years), and the 
difference was compared between the first and the 
second surges by the log-rank test. The multivariable 
Cox proportional-hazards model was applied to 
compare mortality between the two groups. Variables 
adjusted in this model were the same as those adjusted 
in the multivariable Cox proportional-hazards model 
when we compared severity between the two groups. 
We also stratified the study population according to age 
group at the onset date (aged ≤ 69 years or ≥ 70 years), 
and applied the multivariable Cox proportional-hazards 
model in each stratum.
 All analyses in the present study were conducted 
using STATA version 16.0 MP software (StataCorp LP). 
All tests were two-tailed, and we considered p-values < 
0.05 as statistically significant.
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Figure 2 shows the Kaplan-Meier curves for disease 
severity among patients aged ≤ 69 years (Figure 
2A) and ≥ 70 years (Figure 2B); 7,122 patients were 
included in the analysis of severity. The log-rank test 
revealed that severity was significantly lower in the 
second surge than in the first surge in each stratum (p 
< 0.001 and p = 0.03, for patients aged ≤ 69 years and 
≥ 70 years, respectively). Table 2 describes the number 
of patients, number of events, and adjusted hazard 
ratios (HRs) with 95% confidence intervals (CIs) by 
the multivariable Cox proportional-hazards model for 
severity. Severity was lower in the second surge than 
in the first surge (adjusted HR: 0.51, 95% CI: 0.39-
0.67). In the stratified analysis, severity was lower in 
the second surge than in the first surge among both 
patients aged ≤ 69 years and those aged ≥ 70 years (HR: 
0.51 and 0.64, for patients aged ≤ 69 years and ≥ 70 
years, respectively). Supplementary Table S2 (https://
www.globalhealthmedicine.com/site/supplementaldata.
html?ID=11)  describes HRs and 95% CIs for all the 
variables adjusted in the multivariable Cox regression 
analysis on severity. Higher severity was observed 
among male than among female (adjusted HR: 2.70, 
95% CI: 2.01-3.65). Significantly higher severity was 
observed among patients aged ≥ 60 years compared 
with those aged ≤ 59 years, except for that among 
patients aged ≥ 90 years. Severity was similar regardless 
of the city of residence or days to test positive.
 Figures 3(A) and 3(B) show the Kaplan-Meier 

Results

A total of 8,541 patients were confirmed as COVID-19 
positive between February 1 and August 31, 2020 in 
Osaka Prefecture, Japan. The first and second surges 
consisted of 1,780 and 6,761 patients, respectively. 
Figure 1 presents the number of laboratory tests 
and COVID-19 patients recorded per day in Osaka 
Prefecture, Japan. In the first surge, the daily number of 
newly diagnosed COVID-19 patients reached its peak 
on April 9 (92 cases per day). In the second surge, the 
daily number of newly diagnosed COVID-19 patients 
reached its peak on August 7 (255 cases per day).
 Table 1 describes the characteristics of COVID-19 
patients in the first and second surges. Although the 
difference in the distribution of sex was not statistically 
significant (p = 0.08), the proportion of male was 
higher in the second surge than in the first surge. The 
proportion of patients aged 0-59 years was higher in the 
second surge than in the first surge. The proportion of 
patients living in Osaka City was higher in the second 
surge than in the first surge. Days to test positive was 
significantly lower in the second surge than in the first 
surge (p < 0.001). Supplementary Table S1 (https://
www.globalhealthmedicine.com/site/supplementaldata.
html?ID=11) describes the distribution of age groups 
according to four categories (Q1-Q4) of days to test 
positive. The proportion of patients aged ≥ 70 years was 
highest in Q1 (15.9%), and lowest in Q3 (8.9%).
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Figure 1. The number of laboratory tests and confirmed coronavirus disease (COVID-19) cases per day in Osaka 
Prefecture, Japan.
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Table 1. Characteristics of the study population according to surge

Variables

Sex
    Female
    Male
    Unknown
Age group at the onset date
    0-59
    60-69
    70-79
    80-89
    ≥ 90
    Unknown
City of residence
    Osaka City
    Other cities
    Unknown
Days to test positive

  First surge
  February 1 - May 22

  n = 1,780

   804 (45.2%)
   976 (54.8%)
     0 (0.0%)

1,292 (72.6%)
 161 (9.0%)
 176 (9.9%)
 117 (6.6%)
   33 (1.9%)
     1 (0.1%)

   737 (41.4%)
   876 (49.2%)
 167 (9.4%)
    7 (5-10)

  Second surge
  May 23 - August 31

  n = 6,761

2,864 (42.4%)
3,895 (57.6%)
     2 (0.0%)

5,531 (81.8%)
 419 (6.2%)
 415 (6.1%)
 307 (4.5%)
   89 (1.3%)
     0 (0.0%)

3,627 (53.6%)
3,075 (45.5%)
   59 (0.9%)

  6 (4-8)

p value

  0.08

< 0.001

< 0.001

< 0.001

Figure 2. Kaplan-Meier curves for severity among patients aged (A) ≤ 69 years and (B) ≥ 70 years.

Table 2. The results of Cox regression analysis on severity

Variables

(i) All patients†

    First surge (February 1 - May 22)
    Second surge (May 23 - August 31)
(ii) Patients aged ≤ 69 years 
    First surge (February 1 - May 22)
    Second surge (May 23 - August 31)
(iii) Patients aged ≥ 70 years
    First surge (February 1 - May 22)
    Second surge (May 23 - August 31)

Number of patients

1,436
5,686

1,194
5,074

241
612

HR, hazard ratio; CI, confidence interval. †In this model, sex, age group at the onset date (0-59, 60-69, 70-79, 80-89, ≥ 90 years, unknown), city 
of residence (Osaka City, other cities, unknown), and days to test positive (categorized by quartile) were adjusted.

Number of events

  95
149

  50
  71

  45
  78

Adjusted HR (95% CI)

Ref
0.51 (0.39-0.67)

Ref
0.51 (0.35-0.74)

Ref
0.64 (0.43-0.93)
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curves for mortality among patients aged ≤ 69 years and 
≥ 70 years, respectively. A total of 7,118 patients were 
included in the analysis of mortality. The log-rank test 
revealed that mortality was significantly lower in the 
second surge than in the first surge in each stratum (p 
< 0.01 and p < 0.001, for patients aged ≤ 69 years and 
≥ 70 years, respectively). Table 3 presents the number 
of patients, number of events, and adjusted HR with 
95% CI by the multivariable Cox proportional-hazards 
model for mortality. Mortality was lower in the second 
surge than in the first surge (adjusted HR: 0.37, 95% 
CI: 0.25-0.56). In the stratified analysis, mortality was 
lower in the second surge than in the first surge among 
both patients aged ≤ 69 years and those aged ≥ 70 years 
(HR: 0.36 and 0.38, for patients aged ≤ 69 years and ≥ 
70 years, respectively). Supplementary Table S3 (https://
www.globalhealthmedicine.com/site/supplementaldata.
html?ID=11)  describes HRs and 95% CIs for all the 
variables adjusted in the multivariable Cox regression 
analysis on mortality. Higher mortality was observed 
among male than among female (adjusted HR: 1.99, 95% 

CI: 1.32-3.02). Higher age was significantly associated 
with higher mortality. Mortality was similar regardless 
of the city of residence. Lower mortality was observed 
in the highest and the second highest quartiles of days to 
test positive compared with the lowest quartile.

Discussion

The present study targeted 8,541 COVID-19 patients 
between February 1 and August 31, 2020 in Osaka 
Prefecture, Japan, and compared the characteristics, 
severity, and mortality of patients between the first and 
the second surges of infections. In the second surge, the 
age group at the onset date was younger, the number of 
days to a positive test was lower, and the severity and 
mortality were lower.
 In this study, both severity and mortality were lower 
in the second surge than in the first surge, even when 
we adjusted for available confounding factors. We 
speculate that this result could be explained in part by the 
following four factors: i) advancement in treatments for 
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Figure 3. Kaplan-Meier curves for mortality among patients aged (A) ≤ 69 years and (B) ≥ 70 years.

Table 3. The results of Cox regression analysis on mortality

Variables

(i) All patients†

    First surge (February 1 - May 22)
    Second surge (May 23 - August 31)
(ii) Patients aged ≤ 69 years
    First surge (February 1 - May 22)
    Second surge (May 23 - August 31)
(iii) Patients aged ≥ 70 years
    First surge (February 1 - May 22)
    Second surge (May 23 - August 31)

Number of patients

1,435
5,683

1,194
5,074

240
609

HR, hazard ratio; CI, confidence interval. †In this model, sex, age group at the onset date (0-59, 60-69, 70-79, 80-89, ≥ 90 years, unknown), city 
of residence (Osaka City, other cities, unknown), and days to test positive (categorized by quartile) were adjusted.

Number of deaths

50
60

  8
  8

42
52

Adjusted HR (95% CI)

Ref
0.37 (0.25-0.56)

Ref
0.36 (0.13-1.00)

Ref
0.38 (0.25-0.59)
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COVID-19; ii) behavioral changes and awareness among 
citizens at higher risk of developing severe disease; 
iii) lower number of clusters at nursing homes; and iv) 
attenuation of SARS-CoV-2.
 As of September 30, 2020, there are few drug 
therapies and no vaccine for COVID-19. However, 
the treatments for COVID-19 patients have improved 
over time. Several drug therapies have been approved 
in Japan. Remdesivir, a nucleotide analog prodrug that 
inhibits viral RNA polymerases (10), was fast-track 
approved in Japan by the Ministry of Health, Labour, 
and Welfare on May 7, 2020 (11). Dexamethasone, a 
steroid drug, was also fast-track approved in Japan by the 
Ministry of Health, Labour, and Welfare in July 2020 (12). 
Clinical trials for other potential drug therapies including 
Favipiravir, are also in progress (11). Intensive care for 
patients with severe COVID-19, including mechanical 
ventilation and extracorporeal membrane oxygenation 
(ECMO) (11), has also been improved. Based on the 
results of clinical studies on COVID-19 patients and 
improvements in treatments for COVID-19, a guide for 
the clinical management of patients with COVID-19 for 
front-line healthcare workers is now available online 
(11). Several scientific societies have also published 
guidelines for treatment of COVID-19 patients (13), 
and evidence on clinical care of COVID-19 patients has 
been accumulated. We speculate that improvements in 
treatments for COVID-19 patients may have resulted in 
lower severity and mortality in the second surge than in 
the first surge.
 Behavioral changes and awareness over time among 
Japanese citizens at higher risk of developing severe 
disease may also have resulted in lower severity and 
mortality in the second surge. The three Cs, namely 
closed spaces, crowded places, and close-contact settings 
(4), have been gradually recognized as important 
for the spread of the COVID-19 pandemic, and new 
lifestyles termed as the "new normal" lifestyles including 
maintaining social distancing and using hand sanitizers 
have gradually become established among Japanese 
citizens. In particular, a previous study (14) reported 
that such behavioral changes and awareness were more 
frequently observed among elderly people compared 
to young people. Elderly people are reported to be at 
higher risk of developing severe disease and that of death 
among COVID-19 patients (6,15-18). Therefore, we 
speculate that behavioral changes and awareness among 
citizens at higher risk of developing severe disease may 
have led to the lower proportion of these citizens among 
COVID-19 patients, which may have resulted in lower 
severity and mortality in the second surge.
 Fewer clusters at nursing homes in the second 
surge than in the first surge would also be associated 
with lower severity and mortality in the second surge. 
Previous studies (19,20) reported that mortality from 
COVID-19 was high among residents of nursing homes. 
Such residents are generally frail (19), and they are 

speculated to be at higher risk for developing severe 
disease compared with elderly citizens who do not live 
in nursing homes. We speculate that there were fewer 
clusters at nursing homes in the second surge based on 
experiences in the first surge, which would have resulted 
in lower severity and mortality.
 Lower severity and mortality could also be explained 
in part by the attenuation of SARS-CoV-2. Previous in 
vitro studies on SARS-CoV, which was responsible for 
the SARS pandemic, showed that deletion in SARS-
CoV genome led to lower efficiency of SARS-CoV 
replication, which could have resulted in milder clinical 
illness (21,22). Such a mutation was also reported in 
SARS-CoV-2, and was reported to be associated with 
a milder infection (23). Although the effect of mutation 
on the COVID-19 pandemic is yet to be elucidated, 
mutation in the SARS-CoV-2 genome may have resulted 
in lower severity and mortality in the second surge. 
Further genome and virus studies would be needed to 
elucidate the attenuation of SARS-CoV-2 in Japan.
 In our study, the proportion of elderly patients was 
lower in the second surge than in the first surge. This 
result could also be explained in part by two reasons: i) 
behavioral changes and awareness among elderly people 
who were at higher risk of developing severe disease 
(14); and ii) an increased number of laboratory tests for 
patients who did not present any symptoms in the second 
surge, especially among younger citizens.
 Days to test positive were also significantly lower 
in the second surge than in the first surge. As we have 
described in a previous report (6), the laboratory testing 
system for COVID-19 was not widely adopted in Japan 
in the first surge. Therefore, it is speculated that it took 
longer for COVID-19 patients to be detected as positive 
in the first surge. However, by May 2020, the laboratory 
testing system became more available. Although the 
maximum number of daily tests was below 1,000 in 
the first surge, this number was approximately 3,000 in 
the second surge, as shown in Figure 1. It is speculated 
that widespread use of laboratory testing systems led 
to earlier detection of COVID-19 patients. However, 
fewer days to test positive was not associated with lower 
severity and mortality, as shown in Supplementary 
Tables S2 and S3 (https://www.globalhealthmedicine.
com/site/supplementaldata.html?ID=11). In addition, 
higher mortality was observed among patients in the 
fewest category (Q1) of days to test positive compared 
with the highest (Q4) and second highest (Q3) 
categories. The proportion of patients aged ≥ 70 years 
was highest in Q1 (Supplementary Table S1, https://
www.globalhealthmedicine.com/site/supplementaldata.
html?ID=11). In Osaka Prefecture, when elderly facility 
residents and clusters among elderly patients were 
suspected to be infected with COVID-19, laboratory tests 
for such residents were conducted as soon as possible. 
We speculate that such residents, who were at higher risk 
of developing severe disease, underwent laboratory tests 
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rapidly; even though, some proportion of these residents 
developed severe disease or died subsequently.
 Previous studies have compared the characteristics 
of COVID-19 patients between the first and the second 
surges. A previous study conducted in Texas in the 
United States (5) compared the characteristics and 
outcomes of COVID-19 patients between surge 1 (March 
13, 2020 to May 15, 2020) and surge 2 (May 16, 2020 
to July 7, 2020), and found that patients in surge 2 were 
younger and had lower in-hospital mortality in surge 2 
(5), both of which were consistent with our findings. A 
previous study (24) in Wuhan categorized patients into 
three groups: group A (January 21 to January 25), group 
B (January 26 to January 31), and group C (February 1 
to February 10), and found that all-causes of mortality 
significantly decreased over time (24); this was also 
consistent with our findings. A recent study in Japan (25) 
compared characteristics and severity between the first 
and second COVID-19 waves in Japan, and concluded 
that the proportion of severe cases on admission was 
lower in the second wave. Further studies are needed 
to examine changes in the characteristics of COVID-19 
patients over time. Especially, from November 2020, 
since Japan is in the middle of the third surge of 
infections (4). In Osaka Prefecture, as of December 5, 
2020, the daily number of newly diagnosed COVID-19 
patients was the highest ever on November 22, 2020 
(490 cases per day) (7). Future studies will be needed to 
compare severity and mortality between the first, second, 
and third surge of infections.
 There were several limitations to the present study. 
First, we did not have information on patient age (not 
age group) at the onset. We could not adjust for age in 
the multivariable analysis. Instead, the age group at the 
onset date was adjusted, which could have resulted in 
residual confounding. Second, we could not compare 
causes of death among COVID-19 patients between the 
first and the second surges, because this information was 
not publicly available (6). Third, we could not include 
patients with missing information on the onset date/date 
when the patient's condition became severe/date of death 
in the survival analyses. Finally, information on patient 
characteristics such as medical history, comorbidities, in-
hospital treatments, and health status was not publicly 
available, and we could not adjust for these factors in the 
multivariable analysis (6).
 In conclusion, in Osaka Prefecture, Japan, severity 
and mortality were significantly lower in the second 
surge than in the first surge, among COVID-19 patients. 
It was also concluded that the number of days to test 
positive was lower in the second surge than in the first 
surge. Further studies are needed to analyze the severity 
and mortality in COVID-19 patients. Although the results 
of this study cannot explain why severity and mortality 
was lower in the second surge, greater advancement 
in treatments for COVID-19, behavioral changes and 
awareness among citizens, and effective measures to 

prevent clusters at nursing homes are needed for disease 
control. In addition, intensive and careful treatments are 
needed for elderly and male patients, who are at higher 
risk.
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