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In Japan, antiviral agents for COVID-19 were freely available until September 2023 as part of national policy.
This study evaluated changes in these agents’ prescribing patterns and the patient outcomes following the policy
shift. We conducted a multicenter retrospective study at four hospitals in Japan’s Okayama and Kagawa prefec-
tures from January 2022 to March 2024. The study period was divided into the public-expenditure phase
(January 2022 to September 2023) and the post-expenditure phase (October 2023 to March 2024). We extracted
the hospitalized patients’ clinical data from the electronic database. The study’s primary outcome was the anti-
viral prescription rate; the secondary outcome was in-hospital mortality. Among the 302 hospitalized patients
(median age 85 years), 52.0% were classified as having a mild condition. Of the patients with mild conditions,
37.7% were diagnosed in outpatient settings prior to hospitalization. During the public-expenditure phase,
47.4% of the patients received antivirals as outpatients, mainly molnupiravir (80.9%). In the post-expenditure
period, 80.0% of the patients were prescribed antivirals, mostly molnupiravir (91.7%). The antiviral prescrip-
tion rate was significantly higher after the policy change. The overall in-hospital mortality was 15.8%, with no
significant difference between the two periods (17.0% vs. 10.5%). Despite the termination of government fund-
ing, antiviral prescriptions remained frequent at community hospitals located in highly aging regions of west-
ern Japan such as Okayama and Kagawa prefectures. Mortality remains high among the elderly, highlighting
the need for continued antiviral therapy and booster vaccinations.
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oronavirus disease 2019 (COVID-19), first

( : as cardiovascular disease, chronic obstructive pulmo-
reported in Wuhan, China, is a respiratory

nary disease, chronic kidney disease, diabetes mellitus,

infectious disease caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), [1,2].
COVID-19 can progress to severe and fatal pneumonia
in elderly individuals with underlying conditions such
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and cancer [3-6]. Messenger (m)RNA vaccines for
COVID-19 were developed in 2021 and have demon-
strated promising effectiveness for preventing severe
cases, with efficacy rates ranging from 67% to 95%
[7-10]. Even during the surge of the Omicron variant of
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COVID-19, intensive care unit (ICU) admissions for
this disease were reduced by 70-80% due to the wide-
spread use of vaccines [11], and the hospitalization-
to-infection ratio was less than half of that observed at
the peak in 2020 [12]. However, with the emergence of
COVID variants that are capable of evading vaccine-
induced antibodies, the efficacy of the available vac-
cines has waned over time following immunization
[13,14]. High-risk populations thus remain vulnerable
to developing severe disease, underscoring the impor-
tance of effective treatments for COVID-19.

Several antiviral agents for the treatment of COVID-19
have been introduced to the market, including remde-
sivir as an intravenous treatment and ensitrelvir, mol-
nupiravir, and nirmatrelvir/ritonavir as oral medica-
tions, in accordance with current treatment
recommendations issued by the Infectious Diseases
Society of America and the Japanese Ministry of Health,
Labour and Welfare, as described on their official web-
sites (IDSA, https://www.idsociety.org/practice-guideline/
covid-19-guideline-treatment-and-management/,
accessed September 17, 2024; MLHW, https://www.
mhlw.go.jp/content/001248424. pdf, accessed September
17, 2024) [15]. The clinical efficacy of remdesivir has
been well established through a series of clinical studies,
and a meta-analysis of randomized controlled trials
demonstrated that remdesivir reduced the mortality
rate in patients hospitalized with COVID-19, with an
adjusted odds ratio (OR) at 0.88 (95% confidence inter-
val [CI]: 0.78-1.00) [16]. Ensitrelvir can alleviate clini-
cal symptoms, but no study has yet corroborated its
efficacy in preventing severe disease [17]. Molnupiravir
has been shown to reduce the risks of hospital admis-
sion for COVID with a relative risk (RR) value at 0.67
(95%CI: 0.45-0.99) and death with an RR value at 0.43
(95%CI: 0.20-0.94) in adult patients with mild or mod-
erate COVID-19 [18]. Nirmatrelvir reduced the risk of
hospitalization or death by 88.9% in high-risk,
non-hospitalized patients [19], making it the first-line
oral therapy for outpatients with COVID-19 (IDSA,
https://www.idsociety.org/practice-guideline/covid-19-
guideline-treatment-and-management/, accessed
September 17, 2024; MLHW, https://www.mhlw.
go.jp/content/001248424. pdf, accessed September 17,
2024) [15].

In Japan, these drugs were available free of charge as
part of the national policy combatting COVID-19 until
September 2023. Following the widespread distribu-
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tion of vaccines and the official declaration of the end of
the COVID-19 pandemic (WHO, https://www.who.
int/director-general/speeches/detail/who-director-general-
s-opening-remarks-at-the-media-briefing---5-may-
2023, accessed July 29, 2024), the country’s public
expenditure system was discontinued. From October
2023 onward, the national policy was revised: partial
copayments were introduced based on the recipient’s
income level, and financial support for inpatient care
was reduced, including a decrease in the copayment
ceiling reduction under the high-cost medical expense
benefit system from 20,000 JPY to 10,000 JPY (yen).
Our research group hypothesized that treatment prac-
tices for COVID-19 patients in Japan may thus have
changed, and we conducted the present study to inves-
tigate the shifts in the prescribing patterns of the anti-
COVID-19 drugs from before to after the September
2023 modifications to Japan’s government policy for
COVID-19 treatment. We also examined the clinical
impact of COVID-19 on patient outcomes by calculat-
ing the hospitalization and mortality rates.

Patients and Methods

Study design and setting.  The study was con-
ducted at four community-based hospitals in two of
Japan’s 47 prefectures: Okayama and Kagawa:
Watanabe Hospital (88 beds, Niimi City), Kasaoka City
Hospital (99 beds, Kasaoka City), Takahashi Central
Hospital (160 beds, Takahashi City), and Marugame
Medical Center (300 beds, Marugame City). These
hospitals are located in areas with some of the highest
percentages of individuals aged 265 in Japan (41.4%,
41.0%, 38.3%, and 29.0%, respectively) (e-Stat, https://
www.e-stat.go.jp/stat-search/files?page=1&layout=
datalist&toukei=00200521&tstat=000001049104 &
cycle=0&tclass1=000001049105&tclass2val=0, accessed
September 10, 2025). The hospitals were selected
because they are affiliated with general medicine
departments that have been collaborating with our
research group and expressed willingness to participate
in the study.

The study period was set from January 1, 2022 to
March 31, 2024 and was divided into two phases: (i)
during the public expenditure system (from Jan. 1,
2022 to Sept. 2023) and (ii) the post-expenditure period
(from Oct. 2023 to March 2024). The study period
ended in March 2024, corresponding to the end of the
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Japanese fiscal year. This provided a practical time point
for evaluating the short-term impact of the policy
change implemented in October 2023.

Inclusion criteria and data collection. The
enrolled cases were only those of the patients who had
been newly hospitalized with a diagnosis of COVID-19
during the study period. We collected the following
data from the patients’ medical records in an electronic
database: age, gender, date of disease onset, visit(s) as
an outpatient before admission, the prescription of an
antiviral drug at an outpatient visit, the number of days
from the onset to hospitalization, the disease severity at
the time of hospitalization, vaccination history, and
treatment outcomes (hospital transfer and overall in-
hospital mortality). We defined the period from the
onset to the hospitalization as the number of days from
the development of symptoms to the patient’s admission
to the hospital.

Clinical disease severity was classified according to
the guidelines provided by the Japanese Ministry of
Health, Labour and Welfare as follows: mild (SpO2
>96% on room air, with no or mild respiratory symp-
toms), moderate I (SpO2 93-96% on room air, with
dyspnea or pneumonia), moderate II (SpO2 <93% on
room air, requiring oxygen therapy), and severe
(requiring ICU admission and/or mechanical ventila-
tion) (MLHW, https://www.mhlw.go.jp/content/
001248424. pdf, accessed September 17, 2024). The
patients’ vaccination status was based on self-reporting
and was categorized into the following five groups: no
vaccination, 1-2 doses, >3 doses, vaccinated with an
unknown number of doses, and unknown.

Outcome measures.  The primary outcome of the
study was the prescription rate of antiviral drugs at the
time of the outpatient visit among the patients who were
subsequently hospitalized for COVID-19. The study’s
secondary outcome was the in-hospital mortality of the
included patients. Transfer cases were excluded from
the prognosis analysis because their prognosis could not
be followed up.

Statistical analyses.  Continuous variables are
presented as medians and interquartile ranges (IQRs)
and were assessed using the Kruskal-Wallis test and the
Mann-Whitney U-test as appropriate. Categorical vari-
ables are reported as numbers and percentages and were
assessed using the x’-test or Fisher’s exact test, or the
two-proportion Wald test. For key study outcomes such
as the outpatient antiviral prescriptions and in-hospital
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mortality, effect sizes are presented as risk differences
(RDs) and odds ratios (ORs) with 95% confidence
intervals (Cls), in addition to probability (p)-values.
The data were analyzed using EZR software, a graphic
user interface for the R 3.5.2 software (The R
Foundation for Statistical Computing, Vienna, Austria)
[20]. All p-values <0.05 were considered significant.

Ethical approval.  Ethical approval for this study
was obtained from the Institutional Review Board of
Okayama University Hospital (No. 2406-029). The
requirement for informed consent was waived due to
the retrospective nature of the study and the use of rou-
tinely collected, fully anonymized data.

Results

A total of 302 patients were hospitalized and treated
for COVID-19 during the study period, comprising
162 men (53.6%) and 140 women (46.4%) (Table 1).
During the earlier period under the public expenditure
system, 245 patients were hospitalized, including 132
men (53.9%). After the cessation of the publicly funded
system, 57 patients were hospitalized, of whom 30 were
men (52.6%). The overall median age of the patients
was 85 years (IQR: 76-90 years), with no significant
difference between the patients in the public-expendi-
ture and post-expenditure groups. The median number
of days from symptom onset to hospitalization was
comparable; 1 day for both patient groups (IQRs: 1 to
3 days). Overall, over half (52.0%) of the hospitalized
patients were classified as having a mild condition,
followed by moderate I (29.1%) and moderate II (17.5%).
There was no significant difference in the distribution of
disease severity between the public-expenditure and
post-expenditure patient groups.

The vaccination history was unknown for 54.6% of
the patients. Among the patients with a known vacci-
nation history, 16.8% had never been immunized. The
proportions of never-vaccinated individuals in the
public-expenditure and post-expenditure groups were
17.6% and 8.3% and the proportions of those who had
received three or more vaccine doses were 78.6% and
63.6%, respectively. Among the 302 hospitalized
patients, 114 (37.7%) were diagnosed with COVID-19
in an outpatient setting prior to hospitalization, with
40.4% during the public-expenditure period and 26.3%
in the subsequent period.

The prescribing patterns of antiviral drugs in outpa-
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Table 1 Baseline characteristics of hospitalized patients with COVID-19
Entire study period During the PE system Post-expenditure period P-value
Period 2022/01/01-2024/03/31 2022/01/01-2023/09/30  2023/10/01-2024/03/31
(27 months) (21 months) (6 months)
Number of the patient 302 245 57
Sex, male, n (%) 162 (53.6%) 132 (53.9%) 30 (52.6 %) 0.88
Age, years (median [IQRY]) 85 [76-90] 84 [75-90] 87 [80-90] 0.10
Days from onset to hospitalization 1[1-3] 1[1-3] 1[1-3] 0.45
Severity at hospitalization 0.37
—No symptom, n (%) 4 (1.3%) 3(1.2%) 1(1.8%)
—Mild, n (%) 157 (52.0%) 122 (49.8%) 35 (61.4%)
—Moderate 1,n (%) 88 (29.1%) 75 (30.6 %) 13 (22.8%)
—Moderate I, n (%) 53 (17.5%) 45 (18.4%) 8 (14.0%)
—Severe, n (%) 0(0%) 0(0%) 0(0%)
Vaccination history —
Unknown, n (%) 165 (54.6%) 120 (49.0%) 45 (78.9%)
Known, n (%) 137 (45.4%) 125 (51.0%) 2(21.1%)
Never vaccinated, n (%) 23/137 (16.8%) 22/125 (17.6%) 1/12 (8.3%)
At least one dose, n (%) 114/137 (83.2%) 103/125 (82.4%) 11/12 (91.7%)
—1-2 doses —19/114 (16.7%) —18/103 (17.5%) — 1/11(91%)
—3 or more doses —88/114 (77.2%) —81/103 (78.6 %) — 7/11(63.6%)
—unknown number of doses — 7/114 (6.1%) — 4/103 (3.9%) — 3/11(27.3%)
Diagnosed with COVID-19 in
outpatient settings prior to 114 (37.7%) 99 (40.4%) 5 (26.3%) 0.05

hospitalization

PE, public expenditure. Continuous variables are denoted in median and interquartile ranges.

tient settings are illustrated in Fig.1. During the pub-
lic-expenditure period, 47 of the 99 patients (47.5%)
diagnosed with COVID-19 prior to hospitalization
received antiviral medications, most commonly mol-
nupiravir (38 patients, 80.9%), with nirmatrelvir/
ritonavir, sotrovimab, and remdesivir prescribed to
three patients each. In the subsequent post-expenditure
period, 12 of the 15 patients (80.0%) received antivi-
rals, including molnupiravir (11 patients, 91.7%) and
ensitrelvir (1 patient, 8.3%). The proportion of patients
who had been prescribed antivirals as outpatients was
significantly higher in the post-expenditure period
(p=0.026), with a risk difference of 32.5% (95%CI:
7.9-57.0%), and the OR of 4.43 (95%CI: 1.14-17.2).
The patients’ clinical outcomes are presented in
Table 2. The number of transferred cases was four
during the public-expenditure period, whereas none
were recorded in the post-expenditure period. The
overall in-hospital mortality rate was 15.4%. The mor-
tality rate was 16.6% (40/241) in the first period and

10.5% (6/57) in the second period, with no significant
between-group difference (p=0.31). The risk difference
was 5.8% (95%CI: —-3.4% to 15.0%), and the OR was
1.66 (95%CI: 0.67-4.13).

The mortality rates by age group were 7.7% (3/39) in
the patients aged 20-69 years, 10.2% (6/59) among
those in their 70s, 17.5% (21/120) in their 80s, 19.2%
(14/73) in their 90s, and 28.6% (2/7) in the patients aged
2100 years. The causes of death included COVID-19 in
32.6% (15 of the 46) patients, aspiration pneumonia in
15.2% (7/46), senility in 10.9% (5/46), choking and
bacterial pneumonia in 6.5% each (3/46), and heart
failure in 4.3% (2/46). Other causes comprised lung
cancer, myocardial infarction, upper gastrointestinal
bleeding, exacerbation of interstitial pneumonia, and
acute kidney injury, one case each. In the remaining six
cases, the cause of death was not specified. The charac-
teristics of each of the four hospitals, along with the
facility-specific prescription and mortality rates, are
presented in Table 3.
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a) During the public expenditure system

No prescription
N=52 (52.5%)

Antivirals
N=47 (47.5%)

b) After ending the public expenditure system

No prescription
N=3(20.0%)

Antivirals
N=12 (80.0%)

Fig. 1
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Remdesivir
N=3 (6.4%)
Molnupiravir -
Sotrovimab
N=38(80.9%) N=3 (6.4%)

Nirmatrelvir/ritonavir

N=3(6.4%)
Molnupiravir Ensitrelvir
N=11(91.7%) N=1 (8.3%)

The prescribing patterns of antiviral drugs in outpatient settings during the study period.

Table 2  Outcomes of COVID-19 patients

Entire study period During the PE system Post-expenditure period P-value
Transferred cases 4 4 0 —
Overall in-hospital death 46/298 (15.4%) 40/241 (16.6%) 6/57 (10.5%) 0.31

PE, public expenditure.

Table 3  Facility characteristics

Watanabe Hospital Kasaoka City Takahashi Central Marugame Medical

(n=40) Hospital (n=135) Hospital (n=87) Center (n=40)

Number of hospital beds, n 88 99 160 300
Age, years (median [IQR]) 88 [82-91] 83 [73-89] 86 [79-91] 83 [75-87]
Diagnosed in outpatient settings, n 10 60 37 7
Outpatient prescriptions, n (%) 6(60%) 26 (43.3%) 26 (70.3%) 1(14.3%)
Overall in-hospital death, n (%) 7(17.5%) 29 (21.5%) 8(9.2%) 2(5%)
Age at death, years (median [IQR]) 87 [85-89] 87 [82-93] 89 [84-95] 72 [69-74]

Discussion

We investigated the changes in COVID-19 treatment
and consequent patient outcomes following the termi-
nation of public financial support in Japan. Our search
of the relevant literature identified no prior assessments
of the impact of changes in a public subsidy on clinical

practice for COVID-19. Contrary to our expectations,
our analyses revealed that antiviral drugs for the treat-
ment of COVID-19 were prescribed significantly more
often in the post-expenditure period (80% vs. 47.5% in
the public-expenditure period), with molnupiravir
being the most commonly prescribed drug. The overall
in-hospital mortality rates were comparable between the
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public-expenditure and post-expenditure patient
groups; however, the rates remained surprisingly high
at >10% (17.0% and 10.5%, respectively).

The results of this study demonstrated that the pro-
portion of outpatients receiving antiviral treatment for
COVID-19 increased even after the discontinuation of
the public expenditure system. Due to the small sample
size, definitive conclusions cannot be drawn from this
study. However, one plausible reason for this preferable
shift may be the prevailing influence of clinical guide-
lines and recommendations among general practi-
tioners at regional hospitals.

In addition to the prescribing proportions, the fre-
quencies of each antiviral drug selected as treatment
also warrant discussion. Molnupiravir was prescribed
in 80.9% and 91.7% of the outpatients during the public-
expenditure and the post-expenditure periods, respec-
tively. The clinical effectiveness of molnupiravir in
reducing the risk of hospital admission and death has
been corroborated [18]. In addition, molnupiravir does
not require renal dose adjustment and has fewer con-
cerns regarding drug-drug interactions, making it rela-
tively safe to prescribe to elderly individuals in outpa-
tient settings. However, according to a randomized
controlled trial, molnupiravir does not reduce the
severity or mortality rates in high-risk populations who
have completed three doses of a COVID-19 vaccine
[21]. Molnupiravir is thus not recommended for clinical
use in European countries and Australia. In the United
States, molnupiravir is positioned as an alternative
therapy to nirmatrelvir/ritonavir, rather than as a first-
line treatment [22].

The Japanese practice guide also defines molnupira-
vir as a second-line COVID-19 therapy for patients with
underlying risk factors (MLHW, https://www.mhlw.go.
jp/content/001248424. pdf, accessed September 17, 2024).
Nirmatrelvir/ritonavir is currently the global standard
first-line drug for vulnerable patients with COVID-19
(IDSA, https://www.idsociety.org/practice-guideline/
covid-19-guideline-treatment-and-management/,
accessed September 17, 2024; MLHW, https://www.
mhlw.go.jp/content/001248424. pdf, accessed September
17, 2024; WHO, https://iris.who.int/bitstream/handle/
10665/373975/WHO-2019-nCoV-therapeutics-2023.2-
eng.pdf?sequence=1, accessed September 18, 2024)
[22]. Its cost-effectiveness for patients aged =60 years
was suggested by a recent simulation study conducted
in Japan [23]. Collectively, these findings indicate that
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nirmatrelvir/ritonavir, rather than molnupiravir,
should have been prescribed more frequently, but this
was not reflected in the real-world practice examined
herein.

Our findings confirm that the high mortality rate of
COVID-19 among super-aged populations remains a
significant concern. A reported all-cause mortality rate
of COVID-19 among people aged >80 years who
received three doses of vaccine was 2.6% [24]. In our
present patient population the in-hospital mortality rate
exceeded 10%, highlighting the persistent threat posed
by COVID-19. The high age of our study population,
with a median at 85 years, could be the most strongly
associated factor contributing to the increased mortal-
ity. Older individuals often have underlying medical
conditions as well as physiological and anatomical
problems [25], and they therefore have a high likeli-
hood of developing secondary complications after hos-
pitalization such as aspiration pneumonia, resulting in
the higher overall mortality [26].

To mitigate the mortality risk of COVID-19 in
elderly populations, vaccination coverage continues to
be crucial. A newly developed mRNA vaccine exerted a
surprisingly high preventive efficacy, with a vaccine
efficacy at 91.3% (95%CI: 89.0-93.2) over a 6-month
period [27]. However, with the emergence of new
COVID variants that evade human immunity, the
effectiveness of the original vaccine has waned over
time. Currently, even the XBB variant-targeted vaccine
has exhibited limited efficacy in reducing hospitaliza-
tion rates or preventing emergency outpatient visits
following booster doses [28]. The most updated mRNA
vaccine targeting the JN. 1 variant can elicit a stronger
neutralizing response compared to earlier vaccines [29],
raising expectations for its potential effectiveness in
humans. Vulnerable patient populations, including
those at advanced ages, may achieve improved out-
comes with these updated vaccines.

Several limitations of this study must be acknowl-
edged. As this was a retrospective study, there were
instances of missing data, particularly regarding the
patients’ vaccination status, which was self-reported
and unavailable in 54.6% of the cases. The number of
study participants was limited, particularly in the sub-
set of patients diagnosed in outpatient settings during
the post-expenditure period, which reduced the study’s
statistical power and limited the precision of estimates
for risk differences and odds ratios. A multivariate
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analysis and adjustments for potential confounding fac-
tors such as age, disease severity, and vaccination status
could therefore not be performed. In addition, the
calculated data may not accurately represent the overall
population.

Another study limitation is that the specific subvari-
ants circulating during the public-expenditure and
post-expenditure periods were unknown, and the
potential impact of these variant differences was not
considered. Moreover, the study was conducted in
small-scale hospitals, and severe cases might have been
transferred to higher-level medical institutions, which
underestimates the severity of COVID-19. The post-
expenditure phase spanned only 6 months compared to
21 montbhs in the public-expenditure phase, resulting in
an imbalanced observation period. This was due to the
study’s design focusing on the impact of the termina-
tion of public expenditure support for COVID-19.
Lastly, the number of outpatient-diagnosed cases
during the post-policy phase was extremely limited
(n=15), which restricts the study’s statistical power and
the generalizability of comparisons between the two
phases. Despite these limitations, the implications of
this study are significant, especially in a world facing an
aging population and an ongoing battle against
COVID-19.

In conclusion, our analyses revealed that anti-
COVID-19 drugs were frequently prescribed to patients
with COVID-19 at regional hospitals in Japan, even
after the termination of public financial support.
Molnupiravir has continued to be the most commonly
prescribed drug throughout the study period, despite its
lower recommendation in clinical guidelines. The mor-
tality rate remains undeniably high among super-aged
individuals, underscoring the critical role of appropri-
ate antiviral therapy as well as booster vaccinations in
the mitigation of severe outcomes.

Acknowledgments. The authors thank the staff of the participating
hospitals for their assistance.

References

1. Huang C, Wang Y, Li X, RenL, Zhao J, HuY, Zhang L, Fan G,
XudJ, GuX, ChengZ, YuT, XiaJ, Wei Y, WuW, Xie X, YinW,
Li H, Liu M, Xiao Y, Gao H, Guo L, Xie J, Wang G, Jiang R,
Gao Z, Jin Q, Wang J and Cao B: Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet
(2020) 395: 497-506.

Impact of Policy Change on COVID-19 Antivirals 61

Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X,
Huang B, Shi W, Lu R, Niu P, Zhan F, Ma X, Wang D, Xu W,
Wu G, Gao GF, Tan W and China Novel Coronavirus Investigating
and Research Team: A Novel Coronavirus from Patients with
Pneumonia in China, 2019. N Engl J Med (2020) 382: 727-733.
Fauci AS, Lane HC and Redfield RR: Covid-19 - Navigating the
Uncharted. N Engl J Med (2020) 382: 1268-1269.

Liang W, Guan W, Chen R, Wang W, LiJ, XuK, LiC, AiQ, LuW,
Liang H, Li S and He J: Cancer patients in SARS-CoV-2 infec-
tion: a nationwide analysis in China. Lancet Oncol (2020) 21:
335-337.

Wang D, Hu B, Hu C, ZhuF, Liu X, Zhang J, Wang B, Xiang H,
Cheng Z, Xiong Y, Zhao Y, Li Y, Wang X and Peng Z: Clinical
Characteristics of 138 Hospitalized Patients With 2019 Novel
Coronavirus-Infected Pneumonia in Wuhan, China. JAMA (2020)
323: 1061-1069.

Zhang JJ, Dong X, Liu GH and Gao YD: Risk and Protective
Factors for COVID-19 Morbidity, Severity, and Mortality. Clin Rev
Allergy Immunol (2023) 64: 90-107.

Heath PT, Galiza EP, Baxter DN, Boffito M, Browne D, Burns F,
Chadwick DR, Clark R, Cosgrove C, Galloway J, Goodman AL,
Heer A, Higham A, lyengar S, Jamal A, Jeanes C, Kalra PA,
Kyriakidou C, McAuley DF, Meyrick A, Minassian AM, Minton J,
Moore P, Munsoor |, Nicholls H, Osanlou O, Packham J,
Pretswell CH, San Francisco Ramos A, Saralaya D, Sheridan RP,
Smith R, Soiza RL, Swift PA, Thomson EC, Turner J, Viljoen
ME, Albert G, Cho I, Dubovsky F, Glenn G, Rivers J, Robertson A,
Smith K, Toback S and 2019nCoV-302 Study Group: Safety and
Efficacy of NVX-CoV2373 Covid-19 Vaccine. N Engl J Med (2021)
385: 1172-1183.

Baden LR, EI Sahly HM, Essink B, Kotloff K, Frey S, Novak R,
Diemert D, Spector SA, Rouphael N, Creech CB, McGettigan J,
Khetan S, Segall N, Solis J, Brosz A, Fierro C, Schwartz H,
Neuzil K, Corey L, Gilbert P, Janes H, Follmann D, Marovich M,
Mascola J, Polakowski L, Ledgerwood J, Graham BS, Bennett H,
Pajon R, Knightly C, Leav B, Deng W, Zhou H, Han S, Ivarsson
M, Miller J, Zaks T and COVE Study Group: Efficacy and Safety
of the mRNA-1273 SARS-CoV-2 Vaccine. N Engl J Med (2021)
384: 403-416.

Sadoff J, Gray G, Vandebosch A, Cardenas V, Shukarev G,
Grinsztejn B, Goepfert PA, Truyers C, Fennema H, Spiessens B,
Offergeld K, Scheper G, Taylor KL, Robb ML, Treanor J, Barouch
DH, Stoddard J, Ryser MF, Marovich MA, Neuzil KM, Corey L,
Cauwenberghs N, Tanner T, Hardt K, Ruiz-Guihazu J, Le Gars M,
Schuitemaker H, Van Hoof J, Struyf F, Douoguih M and
ENSEMBLE Study Group: Safety and Efficacy of Single-Dose
Ad26.COV2.S Vaccine against Covid-19. N Engl J Med (2021)
384: 2187-2201.

Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A,
Lockhart S, Perez JL, Pérez Marc G, Moreira ED, Zerbini C,
Bailey R, Swanson KA, Roychoudhury S, Koury K, Li P, Kalina
WV, Cooper D, Frenck RW Jr, Hammitt LL, Tareci O, Nell H,
Schaefer A, Unal S, Tresnan DB, Mather S, Dormitzer PR, Sahin
U, Jansen KU, Gruber WC and C4591001 Clinical Trial Group:
Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N
Engl J Med (2020) 383: 2603-2615.

luliano AD, Brunkard JM, Boehmer TK, Peterson E, Adjei S,
Binder AM, Cobb S, Graff P, Hidalgo P, Panaggio MJ, Rainey
JJ, Rao P, Soetebier K, Wacaster S, Ai C, Gupta V, Molinari
NAM and Ritchey MD: Trends in Disease Severity and Health
Care Utilization During the Early Omicron Variant Period Compared



62

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Akazawa et al.

with Previous SARS-CoV-2 High Transmission Periods - United
States, December 2020-January 2022. MMWR Morb Mortal Wkly
Rep (2022) 71: 146-152.

Gray G, Collie S, Goga A, Garrett N, Champion J, Seocharan |,
Bamford L, Moultrie H and Bekker LG: Effectiveness of Ad26.
COV2.S and BNT162b2 Vaccines against Omicron Variant in
South Africa. N Engl J Med (2022) 386: 2243-2245.

Yang S, YuY, Xu Y, Jian F, Song W, Yisimayi A, Wang P,
Wang J, LiuJ, Yul, Niu X, Wang J, Wang Y, Shao F, Jin R,
Wang Y and Cao Y: Fast evolution of SARS-CoV-2 BA.2.86 to
JN. 1 under heavy immune pressure. Lancet Infect Dis (2024):
e70-72.

Lasrado N, Collier ARY, Hachmann NP, Miller J, Rowe M,
Schonberg ED, Rodrigues SL, LaPiana A, Patio RC, Anand T,
Fisher J, Mazurek CR, Guan R, Wagh K, Theiler J, Korber BT
and Barouch DH: Neutralization escape by SARS-CoV-2 Omicron
subvariant BA. 2. 86. Vaccine (2023) 41: 6904-6909.

Yuan Y, Jiao B, Qu L, Yang D and Liu R: The development of
COVID-19 treatment. Front Immunol (2023) Jan 14: 1125246.
Amstutz A, Speich B, Mentré F, Rueegg CS, Belhadi D,
Assoumou L, Burdet C, Murthy S, Dodd LE, Wang Y, Tikkinen
KAO, Ader F, Hites M, Bouscambert M, Trabaud MA, Fralick M,
Lee TC, Pinto R, Barratt-Due A, Lund-Johansen F, Muller F,
Nevalainen OPO, Cao B, Bonnett T, Griessbach A, Taji Heravi A,
Schonenberger C, Janiaud P, Werlen L, Aghimandi S, Schandelmaier
S, Yazdanpanah Y, Costagliola D, Olsen IC and Briel M: Effects
of remdesivir in patients hospitalised with COVID-19: a systematic
review and individual patient data meta-analysis of randomised
controlled trials. Lancet Respir Med (2023) 11: 453-464.
Yotsuyanagi H, Ohmagari N, Doi Y, Yamato M, Bac NH, Cha
BK, Imamura T, Sonoyama T, Ichihashi G, Sanaki T, Tsuge Y,
Uehara T and Mukae H: Efficacy and Safety of 5-Day Oral Ensitrelvir
for Patients With Mild to Moderate COVID-19: The SCORPIO-SR
Randomized Clinical Trial. JAMA Netw Open (2024): €2354991.
Gao Y, Liu M, Li Z, XuJ, Zhang J and Tian J: Molnupiravir for
treatment of adults with mild or moderate COVID-19: a systematic
review and meta-analysis of randomized controlled trials. Clin
Microbiol Infect (2023) 29: 979-999.

Hammond J, Leister-Tebbe H, Gardner A, Abreu P, Bao W,
Wisemandle W, Baniecki M, Hendrick VM, Damle B, Simén-
Campos A, Pypstra R, Rusnak JM and EPIC-HR Investigators:
Oral Nirmatrelvir for High-Risk, Nonhospitalized Adults with Covid-19.
N Engl J Med (2022) 386: 1397-1408.

Kanda Y: Investigation of the freely available easy-to-use software
“EZR” for medical statistics. Bone Marrow Transplant (2013) 48:
452-458.

Butler CC, Hobbs FDR, Gbinigie OA, Rahman NM, Hayward G,
Richards DB, Dorward J, Lowe DM, Standing JF, Breuer J, Khoo

22.

23.

24,

25.

26.

27.

28.

29.

Acta Med. Okayama Vol. 80, No. 1

S, Petrou S, Hood K, Nguyen-Van-Tam JS, Patel MG, Saville
BR, Marion J, Ogburn E, Allen J, Rutter H, Francis N, Thomas
NPB, Evans P, Dobson M, Madden TA, Holmes J, Harris V, Png
ME, Lown M, van Hecke O, Detry MA, Saunders CT, Fitzgerald
M, Berry NS, Mwandigha L, Galal U, Mort S, Jani BD, Hart ND,
Ahmed H, Butler D, McKenna M, Chalk J, Lavallee L, Hadley E,
Cureton L, Benysek M, Andersson M, Coates M, Barrett S,
Bateman C, Davies JC, Raymundo-Wood I, Ustianowski A,
Carson-Stevens A, Yu LM, Little P and PANORAMIC Trial
Collaborative Group: Molnupiravir plus usual care versus usual
care alone as early treatment for adults with COVID-19 at
increased risk of adverse outcomes (PANORAMIC): an open-label,
platform-adaptive randomised controlled trial. Lancet (2023) 401:
281-293.

Coronavirus Disease 2019 (COVID-19) Treatment Guidelines.
Bethesda (MD): National Institutes of Health (US); 2021.

Mizuno T, Kondo Y, Sakai M, Saneyasu K, Kojima R and Miyake
Y: Cost-effectiveness of nirmatrelvir/ritonavir for high-risk adult
outpatients with COVID-19 in Japan. J Infect Chemother (2024)
30: 716-724.

Stecher M, Kristoffersen AB, Lie K, Andersen SR, Meijerink H
and Starrfelt J: Effectiveness and durability of a second COVID-19
booster against severe outcomes among older people in Norway: a
population-based cohort study comparing mono- and bivalent
booster doses. Int J Epidemiol (2023) 52: 1716-1724.

Ocrospoma S and Restrepo MI: Severe aspiration pneumonia in
the elderly. J Intensive Med (2024) 4: 307-317.

Summanen M, Kosunen M, Kainu V, Cansel A, Niskanen S,
Nurmi L, Leskeld RL and Isomeri O: COVID-19 hospitalisations
and all-cause mortality by risk group in Finland. PLoS One
(2023): e0286142.

Thomas SJ, Moreira ED Jr, Kitchin N, Absalon J, Gurtman A,
Lockhart S, Perez JL, Pérez Marc G, Polack FP, Zerbini C,
Bailey R, Swanson KA, Xu X, Roychoudhury S, Koury K,
Bouguermouh S, Kalina WV, Cooper D, Frenck RW Jr, Hammitt
LL, Tareci O, Nell H, Schaefer A, Unal S, Yang Q, Liberator P,
Tresnan DB, Mather S, Dormitzer PR, Sahin U, Gruber WC and
Jansen KU: Safety and efficacy of the BNT162b2 mRNA covid-19
vaccine through 6 months. N Engl J Med (2021) 385: 1761-1773.
Tartof SY, Slezak JM, Frankland TB, Puzniak L, Hong V,
Ackerson BK, Stern JA, Zamparo J, Simmons S, Jodar L and
McLaughlin JM: Estimated effectiveness of the BNT162b2 XBB
vaccine against COVID-19. JAMA Intern Med. American Medical
Association (AMA) (2024) 184: 932-940.

Wang Q, Guo Y, Bowen A, Mellis IA, Valdez R, Gherasim C,
Gordon A, Liu L and Ho DD: XBB. 1.5 monovalent mRNA vaccine
booster elicits robust neutralizing antibodies against XBB subvari-
ants and JN. 1. Cell Host Microbe (2024) 32: 315-321.¢e3.



