
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



International Journal of Infectious Diseases 132 (2023) 84–88 

Contents lists available at ScienceDirect 

International Journal of Infectious Diseases 

journal homepage: www.elsevier.com/locate/ijid 

Short Communication 

Characteristics and clinical effectiveness of COVID-19 vaccination in 

hospitalized patients in Omicron-dominated epidemic wave – a 

nationwide study in Japan 

Hiromu Tanaka 

1 , Shotaro Chubachi 1 , ∗, Takanori Asakura 

1 , 2 , 3 , Ho Namkoong 

4 , 
Shuhei Azekawa 

1 , Shiro Otake 

1 , Kensuke Nakagawara 

1 , Takahiro Fukushima 

1 , Ho Lee 

1 , 
Mayuko Watase 

1 , Kaori Sakurai 1 , Tatsuya Kusumoto 

1 , Katsunori Masaki 1 , 
Hirofumi Kamata 

1 , Makoto Ishii 1 , 5 , Naoki Hasegawa 

4 , Yukinori Okada 

6 , 7 , 8 , Ryuji Koike 

9 , 
Yuko Kitagawa 

10 , Akinori Kimura 

11 , Seiya Imoto 

12 , Satoru Miyano 

13 , Seishi Ogawa 

14 , 
Takanori Kanai 15 , Koichi Fukunaga 

1 

1 Division of Pulmonary Medicine, Department of Internal Medicine, Keio University School of Medicine, Tokyo, Japan 
2 Department of Clinical Medicine (Laboratory of Bioregulatory Medicine), Kitasato University School of Pharmacy, Tokyo, Japan 
3 Department of Respiratory Medicine, Kitasato University, Kitasato Institute Hospital, Tokyo, Japan 
4 Department of Infectious Diseases, Keio University School of Medicine, Tokyo, Japan 
5 Department of Respiratory Medicine, Nagoya University Graduate School of Medicine, Nagoya, Japan 
6 Department of Statistical Genetics, Osaka University Graduate School of Medicine, Suita, Japan 
7 Department of Genome Informatics, Graduate School of Medicine, the University of Tokyo, Tokyo, Japan 
8 Laboratory for Systems Genetics, RIKEN Center for Integrative Medical Sciences, Kanagawa, Japan 
9 Medical Innovation Promotion Center, Tokyo Medical and Dental University, Tokyo, Japan 
10 Department of Surgery, Keio University School of Medicine, Tokyo, Japan 
11 Institute of Research, Tokyo Medical and Dental University, Tokyo, Japan 
12 Division of Health Medical Intelligence, Human Genome Center, the Institute of Medical Science, the University of Tokyo, Tokyo, Japan 
13 M&D Data Science Center, Tokyo Medical and Dental University, Tokyo, Japan 
14 Department of Pathology and Tumor Biology, Kyoto University, Kyoto, Japan 
15 Division of Gastroenterology and Hepatology, Department of Internal Medicine, Keio University School of Medicine, Tokyo, Japan 

a r t i c l e i n f o 

Article history: 

Received 19 February 2023 

Revised 9 April 2023 

Accepted 14 April 2023 

Keywords: 

Disease outbreaks 

Immunization 

Inpatients 

SARS-CoV-2 

Omicron 

Delta 

a b s t r a c t 

Objectives: COVID-19 was severe in the Delta variant-dominated epidemic wave (fifth wave) in Japan. The 

clinical characteristics and effectiveness of COVID-19 vaccination are not fully understood in the Omicron 

variant-dominated wave (sixth and seventh waves), especially in hospitalized patients. We investigated 

the relationship between vaccination and disease severity in the Omicron-dominated wave and compared 

these variant-dominated waves. 

Methods: The nationwide COVID-19 database (Japan COVID-19 Task Force) was used to compare clinical 

characteristics and critical outcomes in patients hospitalized with Delta (fifth, N = 735) vs Omicron- 

dominated waves (sixth, N = 495; seventh, N = 128). 

Results: Patients in the sixth and seventh waves had a lower incidence of critical outcomes and respi- 

ratory outcomes, and a higher incidence of bacterial infection, although the mortality rate did not dif- 

fer significantly between waves. In the sixth and seventh waves, 138 (27.9%) and 29 (22.7%) patients 

with COVID-19 were unvaccinated, respectively. Multivariable analysis adjusted with previously reported 

factors revealed that the proportion of (1) critical outcomes and (2) respiratory outcomes decreased in 

a frequency-dependent manner. Thus, (1) (the number of vaccinations): 1-2 times: adjusted odds ratio 

(aOR) 0.37 (95% confidence interval [CI]; 0.20-0.69); 3-4 times: aOR 0.25 (95% CI; 0.11-0.58); and (2) 1-2 

times: aOR 0.43 (95% CI; 0.27-0.66); 3-4 times: aOR 0.36 (95% CI; 0.21-0.60). 
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ntroduction 

The SARS-CoV-2 pandemic remains a serious problem, and 

hile it continues to acquire mutations, the use of new 

ntiviral/anti-inflammatory drugs and vaccination is evolving. From 

021 to 2022, the major viral mutant strain changed from Delta to 

micron, involved in the fifth to seventh epidemic waves in Japan 

Supplementary Figure S1). Vaccination commenced in February 

021, sotrovimab and molnupiravir became newly available as an- 

iviral drugs, and early administration of remdesivir to prevent 

isease exacerbation became available in the middle of the sixth 

ave. We compared clinical information on the first five waves in 

apan and reported the high severity of the fifth wave, which was 
Table 1 

Comparison of patient backgrounds and outcomes among fifth, sixth, and seventh epidem

Parameters Total (n = 1358) Fifth wave (n =
Backgrounds 

Age 57.4 ( ±17.7) 50.9 ( ±14.2) 

Sex, male 916 (67.5) 526 (71.6) 

Body mass index 24.9 ( ±6.4) 25.6 ( ±5.0) 

Smoking, current or former 628 (48.3) 346 (49.4) 

Medical history 

Hypertension 508 (37.6) 213 (29.1) 

Diabetes mellitus 303 (22.4) 146 (20.0) 

Cardiovascular disease 199 (14.8) 56 (7.7) 

Malignancy 124 (9.2) 33 (4.5) 

Autoimmune disease 110 (8.1) 29 (4.0) 

Chronic obstructive pulmonary disease 63 (4.7) 19 (2.6) 

Asthma 110 (8.2) 55 (7.6) 

Hyperuricemia 134 (10.0) 73 (10.0) 

Chronic liver disease 57 (4.3) 28 (3.9) 

Chronic kidney disease 145 (10.8) 37 (5.1) 

Outcomes 

Severity 

Critical 276 (20.3) 206 (28.0) 

Dead 43 (3.2) 19 (2.6) 

Oxygen support 

Invasive mechanical ventilation 124 (9.1) 97 (13.2) 

High-flow oxygen 138 (10.2) 106 (14.4) 

Low-flow oxygen 514 (37.9) 296 (40.3) 

Not requiring oxygen support 582 (42.9) 236 (32.1) 

Complications 

Bacterial infection 183 (13.6) 80 (11.0) 

Heart failure 43 (3.2) 16 (2.2) 

Cardiomyopathy 14 (1.0) 5 (0.7) 

Thromboembolism 23 (1.7) 14 (2.0) 

Liver dysfunction 

Mild 431 (32.4) 273 (37.8) 

Moderate 165 (12.4) 132 (18.3) 

Severe 53 (4.0) 40 (5.5) 

Kidney dysfunction 

Moderate 219 (16.5) 126 (17.5) 

Severe 86 (6.5) 30 (4.2) 

Macrophage activation syndrome 12 (1.0) 5 (0.7) 

Treatments 

Remdesivir 895 (66.1) 563 (76.9) 

Sotrovimab 147 (20.6) 1 (1.1) 

Molnupiravir 56 (8.0) 0 (0.0) 

Corticosteroid 766 (56.6) 552 (75.2) 

Tocilizumab 183 (13.6) 154 (21.0) 

Baricitinib 223 (16.5) 185 (25.3) 

Data are as N (%) or mean (SD). 

85 
ed with COVID-19 with Omicron infections showed a lower incidence of

ith Delta infections, and COVID-19 vaccination may contribute to prevent-

by Elsevier Ltd on behalf of International Society for Infectious Diseases. 
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ainly caused by the Delta strain [1] . Although there are limited 

eports on the clinical characteristics and vaccine effects in hospi- 

alized patients during the Omicron epidemic in 2022, we aimed 

o compare clinical characteristics and outcomes on hospitalized 

atients from the Delta- vs Omicron-dominated waves and evalu- 

ted the association between vaccination and disease severity in 

he Omicron-dominated wave. 

ethods 

The Japan COVID-19 Task Force collects clinical information on 

atients with COVID-19 from multiple centers in Japan [2] . New 

nformation on vaccination frequency was collected from patients 
ic waves. 

 735) Sixth wave (n = 495) Seventh wave (n = 128) P -value 

63.5 ( ±18.4) 72.0 ( ±16.6) < 0.001 

309 (62.4) 81 (63.3) 0.002 

24.3 ( ±8.2) 22.8 ( ±4.5) < 0.001 

220 (45.6) 62 (52.1) 0.300 

224 (45.4) 71 (56.8) < 0.001 

118 (24.0) 39 (30.5) 0.018 

106 (21.6) 37 (29.1) < 0.001 

68 (13.8) 23 (18.1) < 0.001 

68 (13.8) 13 (10.2) < 0.001 

36 (7.4) 8 (6.3) < 0.001 

41 (8.4) 14 (11.1) 0.405 

46 (9.5) 15 (11.8) 0.734 

26 (5.3) 3 (2.4) 0.266 

79 (16.2) 32 (22.7) < 0.001 

< 0.001 

62 (12.5) 8 (6.3) 

20 (4.0) 4 (3.1) 0.360 

< 0.001 

26 (5.3) 1 (0.8) 

27 (5.5) 5 (3.9) 

165 (33.3) 53 (41.4) 

277 (56.0) 69 (53.9) 

70 (14.3) 33 (25.8) < 0.001 

20 (4.1) 7 (5.5) 0.062 

8 (1.6) 1 (0.8) 0.268 

9 (1.8) 0 (0.0) 0.289 

< 0.001 

125 (26.0) 33 (26.0) 

30 (6.2) 3 (2.4) 

12 (2.5) 1 (0.8) 

0.002 

67 (14.0) 26 (20.5) 

44 (9.2) 12 (9.4) 

6 (1.3) 1 (0.8) 0.643 

239 (48.5) 93 (72.7) < 0.001 

145 (29.5) 1 (0.8) < 0.001 

39 (8.1) 17 (13.4) 0.002 

178 (36.1) 36 (28.3) < 0.001 

28 (5.7) 1 (0.8) < 0.001 

33 (6.7) 5 (3.9) s 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 1. Relationship between vaccination and disease severity of COVID-19 among hospitalized patients in the sixth and seventh (Omicron) epidemic waves in Japan. (a) 

The comparison of the number of vaccinations between in the sixth and seventh waves. (b) The comparison of the rates of critical outcomes among three groups based 

on the number of vaccinations. (c) Multivariable analysis for critical outcomes based on the number of vaccinations. aOR; adjusted odds ratio, CI; confidence interval, Ref; 

reference. ∗∗; P < 0.01, ∗∗∗; P < 0.001. 
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ince the sixth epidemic wave. A consort diagram is shown in 

upplementary Figure S2. We extracted 1414 patients hospitalized 

ith COVID-19: 56 patients with insufficient clinical information, 

35 patients in the fifth (June 21, 2021-December 16, 2021), 495 

atients in the sixth (December 17, 2021 to June 24, 2022), and 

28 patients in the seventh (June 25, 2022 to September 26, 2022) 

pidemic wave were analyzed. We performed a multivariable anal- 

sis adjusted for previously reported factors of age, sex, body mass 

ndex, smoking history, hypertension, diabetes, cardiovascular dis- 

ase, and chronic kidney disease [3 , 4] to evaluate the relationship 

etween vaccination and (i) critical outcome, defined as conditions 

equiring the support of a high-flow oxygen device or invasive me- 

hanical ventilation (IMV) or death, and (ii) respiratory outcome, 

efined as conditions requiring any form of oxygen support. Data 

ere compared using the chi-square test or one-way analysis of 

ariance. 

esults 

Comparison of clinical backgrounds, treatments, and outcomes 

f patients between the fifth, sixth, and seventh waves are shown 

n Table 1 . In the sixth and seventh waves, the proportion of older 

emale patients with lower body mass index increased, and with 

 higher proportion of comorbidities including hypertension, dia- 

etes, cardiovascular disease, and chronic kidney disease than in 

he fifth wave. Critical outcome decreased from the fifth wave, 

ith an increasing bacterial infection and renal impairment as 

omplications of COVID-19. Compared with the fifth wave, fewer 

atients in the sixth and seventh waves required IMV or high-flow 

xygen support. There were no significant differences in mortality 

mong groups. Remdesivir was more frequently used in the fifth 

nd seventh waves. Sotrovimab was used in 29.5% of patients in 

he sixth wave, and molnupiravir in 13.4% in the seventh wave. 

he use of corticosteroids, tocilizumab, and baricitinib was signifi- 
86 
antly lower in the sixth and seventh waves than in the fifth wave 

 P < 0.001). 

The relationship between the number of vaccinations and sever- 

ty of COVID-19 among patients in the sixth and seventh waves is 

hown in Figure 1 . In the sixth and seventh waves, 138 (27.9%) and

9 (22.7%) patients with COVID-19 were unvaccinated, respectively. 

 Figure 1 a). By contrast, the proportion of patients who received 

hree or more doses of the vaccination increased from 73 (14.8%) 

n the sixth wave to 74 (57.8%) in the seventh wave. Comparing 

y vaccination frequency, the proportion of critical outcome de- 

reased as the number of vaccinations increased from never, 1-2 

imes, to 3-4 times ( Figure 1 b). A multivariable analysis revealed 

OVID-19 vaccination was significantly associated with lower criti- 

al outcome in a frequency-dependent manner (the number of vac- 

inations): 1-2 times: adjusted odds ratio (aOR) 0.37 (95% confi- 

ence interval [CI]; 0.20-0.69); 3-4 times: aOR 0.25 (95% CI; 0.11- 

.58). The incidence of the respiratory outcome was significantly 

ower in the sixth and seventh waves (Supplementary Figure S3A) 

han in the fifth wave, and a multivariable analysis showed an 

ssociation between COVID-19 vaccination and a lower incidence 

f the respiratory outcome: 1-2 times: aOR 0.43 (95% CI; 0.27- 

.66); 3-4 times: aOR 0.36 (95% CI; 0.21-0.60) (Supplementary 

igure S3B). 

iscussion 

To the best of our knowledge, this is the first study compar- 

ng clinical characteristics and outcomes in hospitalized patients 

rom the Delta- and Omicron-dominated waves and evaluating the 

ffect of vaccination on disease severity in the recent Omicron- 

ominated wave. Vaccination against SARS-CoV-2 is known to pre- 

ent severe disease [5] . In this study, some hospitalized patients in 

he sixth and seventh waves were found to be unvaccinated, and 

ultivariable analysis suggested that a lack of vaccination was as- 
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ociated with the critical outcome and the need for oxygen sup- 

ort. Further, the incidence of critical outcomes decreased as the 

umber of doses of vaccine increased to three or more, suggesting 

hat increasing the number of doses of vaccine may have a protec- 

ive effect. This result is consistent with the reported booster effect 

f a third vaccination [6] . The increase in the number of vaccina- 

ions may have contributed to the decrease in patients with crit- 

cal outcomes in the seventh epidemic wave. Because vaccination 

gainst the Omicron strain began in Japan on September 20, 2022, 

lmost all the patients in this study did not receive this new vac- 

ine. Therefore, the vaccination may have limited efficacy during 

he Omicron-dominated wave [7] , and the introduction of new an- 

iviral drugs also might affect favorable outcomes. 

Although there were fewer cases of critical outcomes and pa- 

ients requiring IMV or high-flow oxygen support in the sixth 

nd seventh waves compared with the fifth wave, there was no 

ignificant difference in mortality rates by wave in this study. 

micron strains are reported to be associated with lower disease 

everity than Delta strains [8] . Results of a previous study re- 

orted that the sixth wave had lower mortality rates than the 

fth wave, with similar results in the older patients group [9] . 

onsidering this difference in mortality rates between the previ- 

us and our study, it is possible that the participating institutions 

n the present study were mainly large hospitals that prioritized 

evere or critical patients with comorbidities. In addition, fewer 

neumonia on chest computed tomography were reported during 

he Omicron-dominated wave [10] , suggesting fewer cases of se- 

ere pneumonia requiring IMV or high-flow oxygen device sup- 

ort. Therefore, in this study, the severity of COVID-19 pneumo- 

ia was lower in patients during the Omicron-dominated waves, 

s seen by the lower incidence of the respiratory outcome. In con- 

rast, the number of hospitalized patients with underlying dis- 

ases increased in the sixth and seventh waves, which may con- 

ribute higher rate of complications, such as bacterial infections 

nd renal insufficiency during the disease course. The use of sotro- 

imab in the sixth wave, and molnupiravir and remdesivir in the 

eventh wave, mainly in mild cases, may have prevented disease 

xacerbation. 

There are several limitations of this study. First, although the 

umber of patients in Japan was greater in the sixth and sev- 

nth waves than in the fifth wave, the study has the largest num- 

er of patients in the fifth wave, indicating selection bias. This 

s caused by the extremely large number of patients in the sixth 

nd seventh waves, which led to a decrease in enrollment in this 

tudy due to occupied medical facilities. Second, while many mi- 

or cases in the sixth and seventh wave were untreated and re- 

olved with rest at home, patients with underlying background 

iseases and other comorbidities were selected and admitted to 

he hospital, making them eligible for this study. Therefore, the 

atients in the sixth and seventh waves are considered to have 

ilder illnesses in fact than those included in this study. How- 

ver, even with this bias, we observed differences in the inci- 

ence of respiratory outcomes between strain waves in this study. 

he patients in this study were hospitalized; therefore, the pro- 

ortion of patients receiving antiviral therapy was high relative to 

he actual number of patients in the clinical settings. The propor- 

ion of unvaccinated patients is also expected to be even lower, 

ut we believe these biases further strengthen the results of this 

tudy. 

onclusion 

Patients hospitalized with COVID-19 during the Omicron- 

ominated waves had a lower incidence of critical and respira- 

ory outcomes. COVID-19 vaccination might contribute to prevent 

nfection-induced respiratory failure. 
87
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