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Abstract 

Background:  We aimed to elucidate differences in the characteristics of patients with coronavirus disease 2019 
(COVID-19) requiring hospitalization in Japan, by COVID-19 waves, from conventional strains to the Delta variant.

Methods:  We used secondary data from a database and performed a retrospective cohort study that included 3261 
patients aged ≥ 18 years enrolled from 78 hospitals that participated in the Japan COVID-19 Task Force between 
February 2020 and September 2021.

Results:  Patients hospitalized during the second (mean age, 53.2 years [standard deviation {SD}, ± 18.9]) and fifth 
(mean age, 50.7 years [SD ± 13.9]) COVID-19 waves had a lower mean age than those hospitalized during the other 
COVID-19 waves. Patients hospitalized during the first COVID-19 wave had a longer hospital stay (mean, 30.3 days 
[SD ± 21.5], p < 0.0001), and post-hospitalization complications, such as bacterial infections (21.3%, p < 0.0001), were 
also noticeable. In addition, there was an increase in the use of drugs such as remdesivir/baricitinib/tocilizumab/ster-
oids during the latter COVID-19 waves. In the fifth COVID-19 wave, patients exhibited a greater number of present-
ing symptoms, and a higher percentage of patients required oxygen therapy at the time of admission. However, the 
percentage of patients requiring invasive mechanical ventilation was the highest in the first COVID-19 wave and the 
mortality rate was the highest in the third COVID-19 wave.
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Conclusions:  We identified differences in clinical characteristics of hospitalized patients with COVID-19 in each 
COVID-19 wave up to the fifth COVID-19 wave in Japan. The fifth COVID-19 wave was associated with greater disease 
severity on admission, the third COVID-19 wave had the highest mortality rate, and the first COVID-19 wave had the 
highest percentage of patients requiring mechanical ventilation.

Keywords:  COVID-19, Wave of infection, Respiratory infection, Hospitalization

Background
Coronavirus disease 2019 (COVID-19) was first reported 
in Wuhan, China, in December 2019, as an outbreak of 
pneumonia of unknown origin, and with subsequent 
rapid spread of infection worldwide [1]. The first case of 
COVID-19 in Japan was identified on January 16, 2020. 
As of September 2022, the country has experienced 
five waves of COVID-19, with a cumulative number 
of approximately 20 million individuals infected with 
COVID-19 [2]. Epidemics in each country vary in sever-
ity according to behavioral restrictions and mitigation 
strategies [3, 4]. In addition, the COVID-19 situation has 
become more serious with therapeutic advances, mutant 
variants, and vaccination [5–7]. Therefore, elucidating 
characteristics of each COVID-19 wave is important for 
preparing for future epidemics.

Each COVID-19 outbreak in different regions world-
wide has unique characteristics [3, 4, 8]. Similarly, each 
COVID-19 wave in Japan exhibited unique characteris-
tics. The first COVID-19 wave (2020/1/16 to 2020/6/13), 
in which the first emergency period was declared, was 
characterized by a lack of preparation of the health sys-
tem, with many infections observed in nursing and 
medical facilities [9, 10]. In the second COVID-19 wave 
(2020/6/14 to 2020/10/9), after the first emergency was 
declared, it became apparent that the virus was hid-
ing in the pleasure quarters of large cities and the infec-
tion began to spread. In the third COVID-19 wave 
(2020/10/10 to 2021/2/28), there were more infections 
than those in the first and second COVID-19 waves 
as a result of the approach of the Japanese government 
encouraging economic activities and gradual relaxation 
of immigration restrictions [11]. In the fourth COVID-19 
wave (2021/3/1 to 2021/6/20), the Alpha variant (B.1.1.7), 
which had a high infectivity and severity rate, became the 
main strain of the virus [6, 12]. A previous single-center 
study comparing the fourth COVID-19 wave to the first 
three COVID-19 waves also showed that the fourth 
COVID-19 wave was more severe and resulted in a medi-
cal crisis in the city [13]. In the fifth COVID-19 wave, 
the Delta variant (B.1.617), which was associated with 
increased susceptibility to severe disease, became the 
main strain, causing a collapse of medical care systems 
[5, 12]. Figure  1 shows the number of infected people 
in Japan during each COVID-19 wave [2]. Notably, the 

country’s medical situation changed dramatically in each 
COVID-19 wave with advances in treatment and com-
mencement of vaccination [14–17]. Although previous 
studies have compared each COVID-19 wave [3, 4, 10, 
13, 18], the authors could not find any study character-
izing Delta waves in Japan. Moreover, there are no com-
parisons on how the symptoms, severity, and outcomes 
changed in each COVID-19 wave and according to avail-
able therapeutic agents. This study aimed to determine 
the severity and patient characteristics of each COVID-
19 wave using a Japanese nationwide registry to prepare 
for the possibility of another pandemic in the future.

Methods
Study design and settings
The study design and setting have been previously 
described [19]. This study utilized secondary data from 
a database. All patients infected with COVID-19 were 
recruited through the Japan COVID-19 Task Force [20], 
which was established in February 2020 as a nationwide 
multicenter consortium in Japan to collect and analyze 
clinical information of and specimens from patients with 
COVID-19 at more than 100 facilities nationwide with 
the aim of overcoming COVID-19. This retrospective 
cohort study was conducted between February 2020 and 
September 2021. This study was approved by the Ethics 
Committee of Keio University School of Medicine (ID: 
20200061), and written or oral informed consent was 
obtained from all participants. The study was performed 
in accordance with the ethical standards set out in the 
1964 Declaration of Helsinki and its later amendments.

Study population
Data of consecutive patients aged ≥ 18  years diagnosed 
with COVID-19 via polymerase chain reaction (PCR) 
testing or COVID-19 antigen testing at 1 of the 78 par-
ticipating hospitals in Japan were registered in an elec-
tronic case record database by physicians at the affiliated 
research institution. Participating facilities include a 
wide range of hospitals in Japan admitting patients with 
COVID-19. The exclusion criteria were as follows: (1) 
non-Japanese patients with COVID-19, (2) unknown 
date of first positive COVID-19 PCR test result, and (3) 
patients with COVID-19 not hospitalized. Of the 3421 
patients who met the inclusion criteria, we excluded 93 
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non-Japanese patients, 49 patients with unknown first 
PCR-positive result dates, and 18 patients not hospital-
ized. Finally, 3261 patients were included in the analysis 
(Fig. 2).

Data collection
The following patient data were obtained from elec-
tronic case records: first PCR-positive result date, age, 
sex, body mass index, number of days in the hospital, 
comorbidities, and clinical symptoms (disturbance of 
consciousness, fever, malaise, cough/sputum, dyspnea, 
nasal discharge/pharyngeal pain, gastrointestinal symp-
toms: abdominal pain/diarrhea/nausea and vomiting, 
and taste and smell disturbances) during the course of 
infection. Similarly, we obtained data on laboratory and 
radiographic findings, complications after hospitaliza-
tion, medication (ciclesonide, favipiravir, remdesivir, 

baricitinib, tocilizumab, and steroids), disease severity on 
admission, and worst condition during hospitalization.

Disease severity was determined considering oxygen 
requirement: low-flow oxygen therapy, high-flow oxygen 
therapy including high-flow nasal cannula oxygen therapy 
(HFNC) or non-invasive positive pressure ventilation, 
and invasive mechanical ventilation (IMV) [16, 21]. All 
laboratory and radiographic tests were performed within 
48 h of the initial visit or admission according to clinical 
care needs of patients. A team of clinicians reviewed the 
collected data. If core data were missing, we contacted 
the clinician to collect the data. Missing data regarding 
patient background were assumed to be unknown.

Statistical analysis
Considering the first PCR-positive result date, the 
enrolled patients were classified into first–fifth 

Fig. 1  Number of newly diagnosed COVID-19 cases between January 2020 and September 2021 in Japan in each COVID-19 wave. The first case of 
COVID-19 in Japan was reported on January 16, 2020. Remdesivir was approved by Japan on May 7, 2020. Dexamethasone was first published in 
the Clinical Practice Guide on July 17, 2020. Baricitinib was approved for use on April 23, 2021
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COVID-19 wave groups and clinical characteristics of 
the patients were compared among the five COVID-19 
wave groups. Categorical and continuous variables are 
presented as number (proportion) and mean ± standard 
deviation (SD), respectively. Data were compared using 
the χ2 test or Fisher’s exact test for categorical variables, 
as appropriate, and analysis of variance followed by the 
Tukey–Kramer method or Kruskal–Wallis test for con-
tinuous variables, as appropriate. Statistical significance 
was set at p < 0.05. Statistical analyses were performed 
using the JMP 16 program (SAS Institute Japan Ltd., 
Tokyo, Japan) and R version 4.1.3 (only for Fisher’s exact 
test). Visualization was performed using GraphPad Prism 
9 (GraphPad Software, San Diego, California, USA) and 
the R package ggalluvial.

Results
Baseline characteristics of study participants
Baseline patient characteristics are shown in Table 1. The 
mean age of the 3261 patients with COVID-19 included 
in this study was 56.9 ± 17.4  years; 67.2% were men. 
The frequency of each comorbidity ranged from 4.1% to 
34.6%. Hypertension (34.6%) and diabetes (21.2%) were 
the two most prevalent comorbidities.

Comparison of characteristics among first to fifth 
COVID‑19 waves
Baseline patient characteristics for each COVID-19 wave 
are shown in Table 2 and Additional file 5; Table S5. The 
numbers of patients per COVID-19 wave enrolled in 

the study were 211, first COVID-19 wave; 837, second 
COVID-19 wave; 1,197, third COVID-19 wave; 552, 
fourth COVID-19 wave; and 464, fifth COVID-19 wave. 
There was a significant difference in the mean age among 
patients hospitalized during the five COVID-19 waves 
(p < 0.0001). The mean age was the lowest in the fifth 
COVID-19 wave. In addition, there was a significant 
difference in the number of hospitalization days among 

Fig. 2  Flowchart describing patient selection. All consecutive patients with COVID-19 aged ≥ 18 years who were hospitalized during the study 
period (between February 2020 and September 2021) and recruited through the Japan COVID-19 Task Force were included. After excluding 160 
patients, 3261 patients were enrolled in this study

Table 1  Clinical characteristics of Japanese COVID-19 patients

Data are presented as mean ± SD or n (%)

BMI body mass index, COPD Chronic obstructive pulmonary disease

Characteristics All patients (n = 3261)

Age 56.9 (± 17.4)

Sex, male 2190 (67.2)

BMI 24.8 (± 4.8)

Number of days in the hospital 15.8 (± 1.5)

Comorbidities

 Hypertension 1114 (34.6)

 Diabetes 685 (21.2)

 Prior cardiovascular disease 329 (10.1)

 Cancer 216 (6.7)

 COPD 134 (4.1)

 Asthma 228 (7.2)

 Hyperuricemia 329 (10.2)

 Chronic liver disease 136 (4.3)

 Chronic kidney disease 227 (7.2)

 Smoking, current or former 1412 (47.0)
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patients hospitalized during the five COVID-19 waves 
(p < 0.0001) with the highest number of hospitalization 
days recorded in the first COVID-19 wave.

Laboratory data and imaging findings are shown in 
Additional file 1: Tables S1 and Additional file 2: Table S2, 
respectively. There were significant differences in labora-
tory data such as C-reactive protein and D-dimer levels 
during the five COVID-19 waves (p < 0.0001). Specifi-
cally, the C-reactive protein and D-dimer levels were the 
highest in the first COVID-19 wave compared with other 
COVID-19 waves.

A comparison of the number of clinical symptoms 
observed in each COVID-19 wave is shown in Fig.  3A. 
There was a significant difference in the number of symp-
toms during the five COVID-19 waves (p < 0.0001). In 
the fifth COVID-19 wave, patients exhibited more symp-
toms than those in other COVID-19 waves. There were 
significant differences in symptoms observed during the 
five COVID-19 waves, such as fever, malaise, cough/spu-
tum, dyspnea, and gastrointestinal symptoms (p < 0.0001) 
(Fig. 3B). These symptoms were most frequent in the fifth 
COVID-19 wave.

Comparison of medications prescribed per COVID‑19 
waves
A comparison of medications used in each COVID-19 
wave is shown in Fig.  4. Significant differences in pre-
scription rates were found among the five waves for all 
six drugs prescribed for hospitalized patients (p < 0.0001). 
Ciclesonide and favipiravir were used more frequently 
in the first COVID-19 wave; however, their frequency of 
use reduced subsequently. In contrast, remdesivir and 
steroids were used more frequently in the later COVID-
19 waves. Baricitinib was administered from the third 
COVID-19 wave, and tocilizumab was more commonly 
used in the fifth COVID-19 wave.

Comparison of severity of COVID‑19
Figure 5 and Additional file 3: Table S3 show the change 
in severity of the COVID-19 waves at the worst patient 
condition during hospitalization and at admission. On 
admission and during the worst in progress, there was a 
significant difference in the percentage of patients requir-
ing oxygen therapy during the five COVID-19 waves 
(p < 0.0001), with patients in the fifth COVID-19 wave 

Table 2  Clinical characteristics of Japanese COVID-19 patients by infection waves

Data are presented as mean ± SD or n (%)

BMI body mass index, COPD Chronic obstructive pulmonary disease

Characteristics First wave (n = 211) Second wave (n = 837) Third wave (n = 1197) Fourth wave (n = 552) Fifth wave (n = 464)

Age 57.4 (± 20.3) 53.2 (± 18.9) 61.4 (± 16.4) 57.7 (± 16.4) 50.7 (± 13.9)

Sex, male 111 (52.6) 558 (66.7) 818 (68.3) 371 (67.2) 332 (71.6)

BMI 23.8 (± 5.8) 24.4 (± 4.6) 24.7 (± 4.7) 25.3 (± 5.0) 25.6 (± 4.8)

Number of days in the 
hospital

30.3 (± 21.5) 13.9 (± 13.1) 16.2 (± 13.8) 15.1 (± 10.8) 13.5 (± 7.8)

Comorbidities

 Hypertension 61 (29.3) 238 (28.9) 483 (41.0) 196 (35.8) 136 (29.4)

 Diabetes 40 (19.3) 153 (18.6) 300 (25.3) 112 (20.5) 80 (17.3)

 Prior cardiovascular 
disease

16 (7.8) 78 (9.4) 137 (11.5) 62 (11.3) 36 (7.8)

 Cancer 17 (8.1) 41 (5.0) 95 (8.1) 46 (8.4) 18 (3.9)

 COPD 9 (4.4) 32 (3.9) 58 (4.9) 27 (5.0) 8 (1.8)

 Asthma 19 (9.5) 45 (5.6) 82 (7.0) 46 (8.5) 36 (7.8)

 Hyperuricemia 18 (8.8) 73 (8.9) 139 (11.7) 51 (9.3) 48 (10.4)

 Chronic liver disease 7 (3.5) 37 (4.7) 37 (3.2) 38 (7.0) 17 (3.7)

 Chronic kidney disease 13 (6.9) 45 (5.8) 104 (8.9) 39 (7.3) 26 (5.8)

 Smoking, current or 
former

76 (40.4) 380 (49.3) 496 (45.1) 236 (46.4) 224 (51.3)

Fig. 3  Comparison of clinical symptoms. The total number of eight clinical symptoms per COVID-19 wave of SD is shown A. In addition to analysis 
of variance, all COVID-19 waves were compared using the Tukey–Kramer method (fifth COVID-19 wave vs. first, second, third, and fourth COVID-19 
waves: p < 0.0001). A comparison using analysis of variance for each of the eight clinical symptoms (disturbance of consciousness, p = 0.0291; 
fever, p < 0.0001; malaise, p < 0.0001; cough/sputum, p < 0.0001; dyspnea, p < 0.0001; nasal discharge/pharyngeal pain, p = 0.0256; gastrointestinal 
symptoms, abdominal pain/diarrhea/nausea and vomiting, p < 0.0001; and taste and smell disturbances, p < 0.0001) are shown in B 

(See figure on next page.)
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Fig. 3  (See legend on previous page.)



Page 7 of 15Lee et al. BMC Infectious Diseases          (2022) 22:935 	

including the highest percentage of patients requiring 
oxygen therapy. In addition, during the worst in pro-
gress, there was a significant difference in the percentage 
of patients on high-flow oxygen therapy and IMV during 
the five COVID-19 waves (p < 0.0001). The fifth COVID-
19 wave had the highest percentage of patients on high-
flow oxygen therapy, while the first COVID-19 wave had 
the highest percentage of patients on IMV. In addition, 
there was a significant difference in the percentage of in-
hospital deaths, with the third COVID-19 wave including 
the highest percentage of in-hospital deaths.

Complications after hospitalization are shown in 
Table 3 and Additional file 6: Table S6. There was a sig-
nificant difference among the COVID-19 waves in 
complications, such as bacterial infection, heart fail-
ure, and thrombosis, during the five COVID-19 waves 
(p < 0.0001), as these were more common in the first 
COVID-19 wave than in other COVID-19 waves. Patient 
characteristics of in-hospital deaths were compared 
for each COVID-19 wave; there were significant differ-
ences in diabetes (p = 0.0201) and asthma (p = 0.0059) 
comorbidity; however, no other significant differences 
were found (Additional file 4: Table S4, Additional file 5: 
Table S5, Additional file 6: Table S6).

Discussion
In this study, the clinical characteristics of patients with 
COVID-19 were assessed for different epidemic waves of 
COVID-19 infection. To our knowledge, this is the first 

study to compare the detailed clinical characteristics of 
different COVID-19 waves over a long period of time. 
It is widely accepted that patient, viral, and social fac-
tors contribute in complex ways to the epidemic status 
of COVID-19 [22, 24]. Particularly, social factors may be 
diverse from country to country. The Japanese pandemic 
has been affected by changes in social policies at different 
time points, such as an increase in the number of peo-
ple eligible for PCR testing, changes in admission and 
discharge criteria, and acceptance of patients presenting 
with mild symptoms of the disease [18]. Therefore, it is 
postulated that the clinical characteristics and outcomes 
of patients may differ between COVID-19 waves; how-
ever, no previous large-scale multicenter studies have 
examined this in detail. Consistent with this hypothesis, 
this study revealed highly distinctive differences in clini-
cal characteristics among the five COVID-19 waves over 
1.5 years.

The first COVID-19 wave had the highest percentage 
of intubated patients during the early stages of infection. 
The second COVID-19 wave had the largest proportion 
of young patients and the smallest proportion of patients 
requiring administration of oxygen. In the third COVID-
19 wave, the number of infected patients increased more 
rapidly than that in the first and second COVID-19 
waves, and the percentage of deaths was the highest in 
this wave. The fourth COVID-19 wave was dominated by 
the Alpha strain, which was more severe. More patients 
had required oxygen from the time of admission than 

Fig. 4  Comparison of medications prescribed per COVID-19 waves. Data are presented as n (%). p values were calculated using the χ2 test
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Fig. 5  Comparison of COVID-19 severity in each COVID-19 wave. The percentage of COVID-19 severity on admission and the worst condition 
during hospitalization: low-flow oxygen therapy, high-flow oxygen therapy (using high-flow nasal cannula oxygen therapy or non-invasive positive 
pressure ventilation) using invasive mechanical ventilation, and hospital death data are shown for each wave. The vertical axis of each wave shows 
rates of 0–100%

Table 3  Complications after hospitalization by COVID-19 waves

Data are presented as n (%)

Complications after hospitalization First wave (n = 211) Second wave 
(n = 837)

Third wave 
(n = 1197)

Fourth wave 
(n = 552)

Fifth wave (n = 464)

Bacterial infection 44 (21.3) 68 (8.2) 148 (12.6) 54 (9.9) 38 (8.3)

Fungal infection 3 (1.5) 4 (0.5) 17 (1.5) 2 (0.4) 0 (0.0)

Heart failure 15 (7.3) 12 (1.5) 24 (2.1) 5 (0.9) 12 (2.6)

Cardiomyopathy/Myocardial infraction 2 (1.0) 1 (0.1) 9 (0.8) 5 (0.9) 4 (0.9)

Thrombosis 18 (8.7) 7 (0.86) 57 (4.9) 13 (2.4) 5 (1.1)

Liver dysfunction

 Mild 40 (20.7) 162 (20.6) 317 (30.0) 164 (30.2) 167 (36.5)

 Moderate 23 (11.9) 65 (8.3) 105 (9.3) 59 (10.9) 81 (17.7)

 Severe 14 (7.3) 30 (3.8) 40 (3.5) 17 (3.1) 27 (5.9)

Kidney dysfunction

 Moderate 25 (12.9) 65 (8.3) 165 (14.6) 79 (14.7) 89 (19.6)

 Sever 11 (5.7) 18 (2.3) 55 (4.9) 18 (3.4) 20 (4.4)

 Hemophagocytic syndrome 7 (3.9) 8 (1.1) 11 (1.1) 6 (1.2) 2 (0.5)
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that in first–third COVID-19 waves, causing a medi-
cal crisis. The fifth COVID-19 wave was dominated by 
the Delta strain, which was even more severe than the 
Alpha strain. The number of patients requiring oxygen 
therapy on admission was the highest during this phase. 
However, partly owing to advances in treatment and ben-
efits of vaccination, a smaller percentage of patients died 
or required IMV during the course of admission, and a 
larger percentage of patients were able to survive up to 
the point of administration of low-flow or high-flow oxy-
gen therapy [15–17, 21, 25, 26].

Previous studies reported the characteristics of patients 
with COVID-19 to the fourth COVID-19 wave in one 
prefecture in Japan [10, 13, 18]. However, the present 
study investigated differences in disease severity between 
different COVID-19 waves up to the fifth COVID-19 
wave in multiple prefectures in Japan. In the first COVID-
19 wave, the rate of the required IMV was higher than 
that in other COVID-19 waves. There are several possible 
explanations for this finding. First, there was no estab-
lished treatment for COVID-19 during the first wave [15, 
27, 28]. Second, the high incidence of nosocomial infec-
tions may have led to severe conditions in the elderly, 
with many risk factors [9, 10]. Third, the use of HFNC 
was avoided because of the risk of causing nosocomial 
infections by generating aerosols and dispersing the 
virus [29]. In the fourth and fifth COVID-19 waves, the 
number of patients requiring oxygen increased because 
of the effects of variants with a higher rate of severe dis-
ease manifestations [5, 6]. Meanwhile, there were fewer 
cases requiring IMV and fewer deaths in the fourth and 
fifth COVID-19 waves than in the third COVID-19 wave 
owing to the accumulation of evidence on the develop-
ment of treatment methods and vaccination. It is note-
worthy that in the fifth COVID-19 wave, which consisted 
primarily of the more virulent Delta variant, final severity 
of COVID-19 was reduced despite poor blood test results 
and severity of illness on admission. This indicates the 
effectiveness of the COVID-19 treatment and vaccina-
tion [15–17]. Furthermore, with each successive COVID-
19 wave, the use of HFNC also increased in response to 
previous reports, and unnecessary IMV use is thought to 
have decreased as well [15–17, 21, 25, 30].

In this study, the mean age in the fourth COVID-19 
wave was lower than that in the third COVID-19 wave 
[5] [12]. Also, the proportion of patients with severe 
disease was lower in the fifth COVID-19 wave than in 
previous COVID-19 waves. These differences may have 
resulted from the high vaccination rate among the Japa-
nese elderly population. A previous report from Scot-
land showed that there were fewer severe cases and 
hospitalizations among elderly patients who had already 
been vaccinated at least once [31]. Japan implemented a 

policy of prioritizing vaccination of older adults at high 
risk of severe disease. The first round of vaccinations of 
the elderly population began on April 12, 2021, and by 
the end of July 2021, approximately 80% of older adults 
had received two doses of a COVID-19 vaccine [14]. This 
reduced the numbers of patients with serious illness and 
of hospitalizations among the elderly in the fourth and 
fifth COVID-19 waves [26].

In this study, ciclesonide and favipiravir were used 
more frequently in the early COVID-19 waves, while 
steroids, remdesivir, and baricitinib were used more fre-
quently in the later COVID-19 waves. Currently, COVID-
19 treatment is advancing rapidly [30]. Drugs such as 
ciclesonide and favipiravir, which were experimentally 
found to be effective, were used in the initial COVID-19 
wave of infections [32, 33]. However, their use declined, 
as validation showed no clear effects [34, 35]. Thereafter, 
the efficacy of medications such as steroids, remdesivir, 
and baricitinib was reported [15, 16, 21, 25], and the use 
of these drugs increased after the third COVID-19 wave. 
Tocilizumab has also shown therapeutic efficacy [16]; 
however, its use was not as widespread as that of other 
drugs, partly because it was not approved for COVID-
19 treatment in Japan during the fifth COVID-19 wave. 
These shifts in treatment are likely to have influenced 
patient outcomes in the different COVID-19 waves. 
Moreover, thrombosis and co-infection have been associ-
ated with the worst outcomes [36, 37]. Recently, appro-
priate antibiotic use and prophylactic anticoagulation 
have been recommended, particularly in severe cases [36, 
38, 39]. In this study, there were fewer cases with throm-
botic and co-infection complications in the later COVID-
19 waves than in the first COVID-19 wave. However, no 
data were available on whether prophylactic anticoagu-
lation or antimicrobial agents were used appropriately. 
Nonetheless, appropriate antibiotic use and prophylactic 
anticoagulation may have reduced these complications 
in the later COVID-19 waves. Furthermore, the charac-
teristics of patients who died did not differ significantly 
among the different COVID-19 waves. These results may 
indicate that the characteristics of patients who died 
remain constant despite advances in treatment, and these 
patients may have required further therapeutic inter-
vention. Future studies are warranted to investigate this 
hypothesis.

The percentage of patients who required oxygen 
therapy was low in the second COVID-19 wave. This is 
because PCR testing capabilities had improved com-
pared with that in the first COVID-19 wave, allowing for 
early diagnosis and treatment. In addition, there was an 
increase in the number of young people infected, and the 
elderly, a high-risk group for severe disease, had refrained 
from leaving their homes [10, 11, 40]. However, in the 
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second COVID-19 wave, no vaccine or treatment was 
established. In addition, the mortality rate was not sig-
nificantly different from that in the first COVID-19 wave 
in the group of patients who required oxygen. From the 
third COVID-19 wave onward, the number of patients 
increased more rapidly than that in the first and second 
COVID-19 waves, and the health system became strained 
[11]. The third COVID-19 wave had the highest per-
centage of patients who died without IMV. This may be 
because the third COVID-19 wave included the highest 
average aged patients and the largest number of elderly 
patients, which may have led to a policy of not using IMV 
even when respiratory failure was severe and ventilator 
management was necessary.

Our study has several limitations. First, the ratio of 
the actual number of infected people to the number of 
patients enrolled in this study was different, and there 
may have been a selection bias. The largest number of 
patients was registered in the third COVID-19 wave, but 
not the fifth COVID-19 wave, which included the largest 
number of actual infections in Japan. In the fourth and 
fifth COVID-19 waves, the number of infected patients 
was high, and a medical crisis occurred, which made the 
registrars very busy. It is considered that the registration 
of clinical data did not continue [13]. Second, this study 
only included hospitalized patients; therefore, it does 
not reflect the overall picture of COVID-19 in Japan. 
This applies in particular to time after the third COVID-
19 wave when the number of hospitalized patients with 
mild disease decreased in Japan as a whole. Third, the 
direct impact of the vaccine on disease severity could 
not be examined in this study because it was not known 
whether the patients had been vaccinated. Vaccination 
has been reported to prevent hospitalization and devel-
opment of severe symptoms [26]. This may explain dif-
ferences in outcomes between COVID-19 waves after 
vaccination became widespread in Japan. Fourth, this 
study does not consider confounding factors. Previ-
ous reports showed that several comorbidities affect the 
severity of COVID-19. Although viruses and vaccines are 
confounding factors, the failure to adjust for these con-
founding factors is a limitation of our study, as a variety 
of other patient background factors may also affect the 
severity of COVID-19 [41–45]. Fifth, we could not adjust 
the data by willingness to accept mechanical ventilation 
or the decision not to use mechanical ventilation ventila-
tor. Therefore, we may have underestimated the propor-
tion of patients who were severely ill. Further studies are 
required to confirm these findings.

Conclusions
We have identified the diverse clinical characteristics of 
hospitalized patients with COVID-19 in each COVID-
19 wave up to the fifth wave in Japan. We found that 
the characteristics and severity of hospitalized patients 
with COVID-19 changed with changes in social condi-
tions and use of therapeutic agents in Japan. In the fifth 
COVID-19 wave in which the Delta variant was the pri-
mary source of infection, many patients required oxygen-
ation; however, compared with those in other COVID-19 
waves, fewer patients had severe outcomes, such as IMV 
use or death. These findings may help the Japanese health 
system respond to future COVID-19 waves.
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