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Abstract

It is unclear whether molnupiravir has a beneficial effect on vaccinated patients infected with the Omicron variant of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). We here evaluated the efficacy of molnupiravir in patients with
mild-to-moderate coronavirus disease 2019 (COVID-19) during the Omicron variant surge in Fukushima Prefecture, Japan.
We enrolled patients with mild-to-moderate COVID-19 who were admitted to hospitals between January and April, 2022.
Clinical deterioration after admission was compared between molnupiravir users (n=230) and non-users (n =690) after 1:3
propensity score matching. Additionally, we performed forward stepwise multivariate logistic regression analysis to evaluate
the association between clinical deterioration after admission and molnupiravir treatment in the 1:3 propensity score-matched
subjects. The characteristics of participants in both groups were balanced as indicated by covariates with a standardized
mean difference of <0.1. Regarding comorbidities, there was no imbalance between the two groups, except for the presence
of hypertension, dyslipidemia, diabetes mellitus, and cardiac disease. The clinical deterioration rate was significantly lower
in the molnupiravir users compared to the non-users (3.90% vs 8.40%; P=0.034). Multivariate logistic regression analysis
demonstrated that receiving molnupiravir was a factor for preventing deterioration (odds ratio 0.448; 95% confidence interval
0.206-0.973; P=0.042), independent of other covariates. This real-world study demonstrates that molnupiravir contributes
to the prevention of deterioration in COVID-19 patients after hospitalization during the Omicron variant phase.
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CRP C-reactive protein SARS-CoV-2 Severe acute respiratory syndrome corona-
CT Computed tomography virus 2
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Introduction

The coronavirus disease 2019 (COVID-19), which origi-
nated in Wuhan, China in 2019, remains a serious concern
worldwide. Until now, several neutralizing monoclonal anti-
body products and antiviral agents against severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) have been
developed and authorized by the United States Food and
Drug Administration for treatment of high-risk patients with
mild-to-moderate COVID-19 [1-4]. However, these drugs
have been authorized based on double-blind, placebo-con-
trolled randomized clinical trials [1-4], including trials that
targeted only unvaccinated patients with COVID-19 [3, 4].
Therefore, it is important to evaluate the efficacy of these
drugs for cases of COVID-19 in real-world settings, where
most people are vaccinated.

Newly emerging variants have mutations in the spike
protein of SARS-CoV-2 and show high infectivity [5]. The
B.1.1.529 (Omicron) variant of SARS-CoV-2, which was
first identified on November 25, 2021, in South Africa [6],
has attained global dominance with a higher infectivity,
transmissibility and immune evasion [7]. Indeed, cases of
the Omicron variant have spread throughout Japan from
November 2021 [8].

The Omicron variant contains approximately 30 muta-
tions in the spike protein and, in vitro, escapes some neu-
tralizing monoclonal antibodies [9, 10]. To date, few inves-
tigations have reported the real-world effect of molnupiravir
and nirmatrelvir/ritonavir on COVID-19 during the Omicron
variant phase, and in such an investigation by Wong et al. the
rate of vaccination was low [11]. It remains unclear whether
molnupiravir has a beneficial effect on vaccinated patients
infected with the Omicron variant of SARS-CoV-2, as the
vaccine is effective in controlling disease exacerbations.

Starting in March 2020, we have been gathering the medi-
cal information of patients with COVID-19, who were hos-
pitalized in 27 medical institutes in Fukushima Prefecture, in
our electronic database. A total of 6,657 COVID-19 patients
were registered by the end of April 2022. Even in Fukushima
Prefecture, the Omicron variant was widely spread, and from
January 2022, the most frequently detected variant of SARS-
CoV-2 was the Omicron variant [12]. Furthermore, sotro-
vimab and molnupiravir were approved in Japan, and their
administration was started in September 2021 and December
2021, respectively, for treating mild-to-moderate COVID-
19 patients who are at high-risk of deterioration. Hence,
with the use of our database, it was possible to evaluate the
clinical efficacy of the above-mentioned new drugs against
SARS-CoV-2 including the Omicron variant in the real-
world setting. Molnupiravir can be used for outpatients with
COVID-19 because it is an oral antiviral drug and is easier
to prescribe than monoclonal antibodies such as sotrovimab.
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Thus, it is important to evaluate the effectiveness of mol-
nupiravir for the Omicron variant of SARS-CoV-2, consider-
ing the status of the current pandemic situation.

To the best of our knowledge, the present study is the
first real-world retrospective study to evaluate the efficacy
of molnupiravir for mostly vaccinated patients with mild-
to-moderate COVID-19 caused by the Omicron variant of
SARS-CoV-2. We compared the clinical outcomes of the
patients treated with and without molnupiravir.

Material and methods
Patient consent statement

The need for informed consent was waived because the study
is retrospective. This study was approved by the Ethics Com-
mittee of Fukushima Medical University (approval number
2020-118, approved on August 3, 2020, updated September
01, 2021).

Study design and population

This is a retrospective cohort study conducted using an elec-
tronic database. Among 27 hospitals participating in this
study, we excluded four hospitals whose data on at least 60%
of patients were not input into the database. A total of 6,657
COVID-19 patients (as of the end of April 2022) admitted to
23 hospitals in Fukushima Prefecture were enrolled. The 23
hospitals participated in the web conferences organized by
the Department of Pulmonary Medicine, Fukushima Medi-
cal University. Among the 6,657 patients, the data of 4,323
were excluded, because those patients were admitted before
January 1, 2022 (before the Omicron variant pandemic).
Among the remaining 2,334 patients, we excluded 405
who were 19 years old or younger and who were pregnant.
Finally, we analyzed the data of 1,929 patients, including
those who had been vaccinated against SARS-CoV-2. Addi-
tionally, we used the propensity score technique to match the
molnupiravir users and non-users. Based on the propensity
score technique as described in the Statistical analyses sec-
tion, 230 molnupiravir users were further matched with 690
non-users at a ratio of 1:3 (Fig. 1). The clinical characteris-
tics, including comorbidities, examination results, medica-
tions, as well as clinical course and outcomes of the subjects,
were obtained from the electronic database of each hospi-
tal. Clinical characteristics including severity of all patients
were evaluated on the day of admission. The administration
of molnupiravir was started on admission in almost all cases.

The diagnosis of COVID-19 was made by positive results
for SARS-CoV-2 polymerase chain reaction on nasopharyn-
geal swab or saliva samples. Assessment of COVID-19
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Fig. 1 Flowchart of patients’
recruitment in this study.
Among a total of 6,657 reg-
istered COVID-19 patients in
our electronic database, 1,929
were selected for the present
study. Eligible participants were
matched using 1:3 propensity
score matching

A total of 6,657 patients registered in the database of this study as of April 30, 2022

4,323 patients who were admitted
—> before January 1, 2022 (before the
Omicron variant pandemic)

2,334 patients with COVID-19

405 patients who were aged 19 years
or younger and who were pregnant

1,929 patients eligible for this study

12 patients whose Information about
usage of molnupiravir was unknown

v

Molnupiravir
non-users (n=1,636)

'

Molnupiravir
users (n=281)
]

v

1:3 propensity score matching
]

v

Molnupiravir
non-users (n=690)

severity was performed according to the definition issued by
the Japanese Ministry of Health, Labor and Welfare: mild,
patients without pneumonia or respiratory failure; moder-
ate-1, patients with pneumonia but without respiratory fail-
ure; moderate-2, patients with pneumonia and respiratory
failure (percutaneous oxygen saturation < 94% on room air)
but do not require mechanical ventilation/extracorporeal
membrane oxygenation (ECMO); or severe, patients with
pneumonia and respiratory failure who require mechani-
cal ventilation/ECMO [13, 14]. In addition, we used the
DOATS score in order to evaluate the risk of deterioration
after admission. The DOATS score is a simple predictive
model that we established and reported in a previous study
[15]. It consists of four items: 1) having the comorbidity of
diabetes or obesity (2 points); 2) age >40 years (1 point); 3)
high body temperature (=38 °C) (1 point); and 4) oxygen
saturation < 96% (1 point). The overall score ranges 0 to 5,
with a higher score (optimal cutoff point of 2) indicating a
higher possibility of deterioration.

Retrospectively, the patients were divided into two
groups: (1) those treated with molnupiravir; and (2) those
not treated with molnupiravir (controls). If a patient’s
condition deteriorated during the clinical course after the
administration of molnupiravir, other therapies for COVID-
19, including antiviral drugs or immunomodulatory agents
(remdesivir, systemic corticosteroid, baricitinib, or tocili-
zumab), were prescribed and administered at the attending
doctor’s discretion.

|

Molnupiravir
users (n=230)

Patient eligibility criteria

The inclusion criteria for treatment with molnupiravir
were guided by those for the MOVe-OUT trial [3], and
the recommendation of the Japanese Ministry of Health,
Labor and Welfare [13]. In particular, patients who were
aged > 18 years were eligible for molnupiravir treatment if
they had symptoms of COVID-19 (e.g., cough, sore throat,
fever, and constitutional symptoms), and were within 5 days
of symptom onset, and had at least one of the following
criteria for high-risk aggravation: an age of > 60 years, body
mass index of >30 kg/m?, active cancer, chronic kidney
disease (CKD), chronic obstructive pulmonary disease, and
presence of serious cardiovascular disease (such as heart
failure and coronary artery disease), diabetes mellitus and/
or chronic liver disease.

Outcomes of interest

The primary outcomes of interest were any clinical deterio-
ration, need for mechanical ventilation, and all-cause death
after initiation of molnupiravir. The secondary outcomes
included the association between treatments and clinical
deterioration after hospitalization.

The definition of clinical deterioration in the present
study was a worsened respiratory condition requiring addi-
tional medications such as systemic corticosteroid, tocili-
zumab, and baricitinib, or that requiring respiratory therapy
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(use of inhalation oxygen or mechanical ventilation) after
the first day of hospitalization.

Statistical analyses

Continuous variables are shown as median with interquar-
tile range, and they are shown as mean + standard deviation
when approximately normally distributed. Categorical vari-
ables are shown as numbers and percentages. Comparisons
between groups for the continuous variables and categori-
cal variables were performed using Mann—Whitney U test
and Chi-square test, respectively. Among the comorbidities,
those with a prevalence of >2% were applied to the analyses.

Propensity scores for each subject were calculated via
multivariate logistic regression analysis exploring the asso-
ciation between treatment with molnupiravir and other clini-
cal covariates which may influence the treatment selection,
such as age, gender, vaccination status, disease severity,
DOATS score, pneumonia diagnosed by CT scan, chronic
respiratory disease, malignancy, need for nursing care, and
chronic kidney disease. In order to select matched controls, a
1:3 propensity score matching method was performed using
the nearest neighbor method with a caliper width equal to
0.2 of the standard deviation of logit of the propensity scores
[16]. The covariate balance in the baseline characteristics
obtained by propensity score matching was assessed by
calculating a standardized mean difference (SMD) for each
covariate using a matched sample. The cutoff value of the
SMD representing imbalance was set at 0.1 [17].

Furthermore, forward stepwise multivariate logistic
regression analysis exploring the association between clini-
cal deterioration after hospitalization and treatment with
molnupiravir was performed while adjusting for all other
covariates in the 1:3 propensity score-matched subjects.
Akaike Information Criteria parameters were used to choose
the best-fitted model.

All statistical analyses were performed using JMP 13
(SAS Institute Inc, Cary NC) and EZR (Saitama Medi-
cal Center, Jichi Medical University, Saitama, Japan). A
two-tailed P value of <0.05 was considered statistically
significant.

Results

Characteristics of participants
before and after propensity score matching

The patient selection flowchart is shown in Fig. 1. Among
the 1,929 COVID-19 patients enrolled in the current study,
281 were administered molnupiravir. The use of molnupira-
vir was unknown in 12 subjects due to missing data that had
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not been input by researchers. The differences in character-
istics before matching between the molnupiravir users and
non-users are shown in Table 1.

Using the 1:3 propensity score matching method, 230
patients treated with molnupiravir and 690 control patients
who did not receive molnupiravir were selected. The base-
line clinical characteristics after adjusting for propensity
score are summarized in Table 1. After matching, the char-
acteristics of participants in both groups were balanced as
indicated by covariates with SMD <0.1. In the post-propen-
sity score-matched molnupiravir user group, the median age
was 64.1 years, 53.0% were male, and 16.7% were current
smokers. Regarding comorbidities, there was no imbalance
between the two groups (SMD <0.1), except for the pres-
ence of hypertension, dyslipidemia, diabetes mellitus, and
cardiac disease. However, those P values in Chi-square test
were <0.001, <0.001, 0.071, and 0.209, respectively. In
the molnupiravir user group, the median vaccination rate
was 82.2% and DOATS score was 2, which were balanced
between the two groups (SMD <0.1). SMD regarding cur-
rent smokers and the disease severity were 0.136 and 0.197,
respectively, with P values in Chi-square test of 0.398 and
0.119, respectively.

Clinical deterioration rate in molnupiravir users
and non-users after 1:3 propensity score matching

The clinical deterioration rate was significantly lower in the
molnupiravir users compared to the non-users (3.90% vs
8.40%; P=0.034). One of the non-users required mechani-
cal ventilation, which, however, showed no significant dif-
ference between the two groups. Three molnupiravir non-
users and two molnupiravir users died, and there was no
significant difference regarding death rate between the two
groups (Table 2). Univariate logistic regression analysis of
deterioration after hospitalization demonstrated that receiv-
ing molnupiravir was an independent factor for preventing
deterioration (odds ratio [OR] 0.444; 95% confidence inter-
val [CI] 0.216-0.910; P=0.026).

Independent risk factors of deterioration
after hospitalization

The results of multivariate logistic regression analysis of
the association of COVID-19 deterioration during hospi-
talization are shown in Table 3. According to this analy-
sis, not receiving molnupiravir was a risk factor related to
the clinical deterioration of COVID-19 (OR 0.448; 95% CI
0.206-0.973; P=0.042), independent of other covariates,
including the use of sotrovimab. The prevalence of obe-
sity (OR 2.640; 95% CI 1.042-6.687; P=0.041), need for
nursing care/bedridden (OR 3.533; 95% CI 1.572-7.940;
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Table1 Basic clinical characteristics between the molnupiravir users and non-users before and after 1:3 propensity score matching

Clinical covariates After matching Before matching
Molnupiravir Molnupiravir users (n=230) SMD Molnupira- Molnupiravir users (n=281) SMD
non-users vir non-users
(n=690) (n=1636)
Age, years 64.7+20.1 64.1+20.0 0.034 58.6+22.5 66.0+19.3 0.352
Male sex 353 (51.2) 122 (53.0) 0.038 789 (48.3) 150 (53.6) 0.106
Current smoker 116 (17.1) 38 (16.7) 0.136 290 (18.1) 44 (16.0) 0.079
Received vaccine twice or 564 (81.7) 189 (82.2) 0.011 1260 (77.0) 220 (78.3) 0.058
more
Severity, Mild/Mod-1/Mod-2/ 556/111/22/1 181/46/2/1 0.197 1113/352/151/10 225/52/2/2 0.422
Severe
DOATS score 211, 3] 21[1,3] 0.025 11[1,2] 21[1,3] 0.265
Pneumonia diagnosed by CT 131 (21.0) 47 (20.8) 0.006 487 (33.8) 58 (21.2) 0.285
scan
Chronic respiratory disease 82 (11.9) 29 (12.6) 0.022 166 (11.1) 42 (15.7) 0.135
Chronic kidney disease 47 (6.80) 18 (7.80) 0.039 89 (6.00) 23 (8.70) 0.104
Need for nursing care/Bedrid- 58 (8.40) 21 (9.10) 0.026 122 (8.10) 27 (10.2) 0.070
den
Malignancies 48 (7.00) 15 (6.50) 0.017 95 (6.40) 26 (9.60) 0.120
Hypertension 269 (39.0) 126 (55.3) 0.329 509 (33.6) 154 (57.0) 0.485
Dyslipidemia 77 (11.2) 48 (20.9) 0.267 156 (10.5) 56 (21.1) 0.292
Diabetes mellitus 139 (20.1) 60 (26.1) 0.141 262 (17.5) 76 (28.3) 0.257
Obesity 109 (15.8) 38 (16.5) 0.020 190 (12.8) 42 (15.8) 0.086
Cardiac disease 100 (14.5) 42 (18.3) 0.101 199 (13.3) 55 (20.5) 0.193
Stroke 52 (7.50) 13 (5.70) 0.075 96 (6.40) 18 (6.70) 0.013
Autoimmune disease 18 (2.60) 9 (3.90) 0.073 40 (2.70) 11 (4.10) 0.078
WBC, /uL 554142195 5357+2359 0.081 5600 +2649 5589 +4860 0.003
Neutrophil, % 63.5+134 62.4+13.6 0.077 63.6+13.8 62.6+13.4 0.074
Lymphocyte, % 25.6+12.0 25.0+12.2 0.049 254+12.1 24.6+11.9 0.061
LDH, IU/L 192 [168,226] 190 [168, 214] 0.179 191 [165, 225] 191 [168, 217] 0.060
CRP, mg/dL. 0.92 [0.36,2.22] 0.94 [0.44,2.45] 0.046 0.97[0.34,2.52] 0.98 [0.40, 2.45] 0.013
Sotrovimab 58 (8.40) 9 (3.90) 0.387 494 (30.2) 169 (60.1) 0.631

Information about usage of molnupiravir was not available in 12 subjects before matching group

Continuous variables are shown as medians with interquartile range except for age, WBC, neutrophil, and lymphocyte. Age, WBC, neutrophil,
and lymphocyte are shown as mean =+ standard deviation. Categorical variables are shown as numbers with percentages. COVID-19 severity
grade: mild, subjects without pneumonia or respiratory failure; moderate-1, subjects with pneumonia but without having respiratory failure;
moderate-2, subjects with pneumonia and respiratory failure (oxygen saturation <94% on room air) but who do not require mechanical ventila-
tion/extracorporeal membrane oxygenation (ECMO); and severe, subjects with pneumonia and respiratory failure who require mechanical venti-
lation/ECMO

Definition of abbreviations: CRP, C-reactive protein; CT, computed tomography; DOATS score, a predictive model for clinical deterioration in
mild-to-moderate COVID-19 patients using four items, having diabetes or obesity, age >40 years, high body temperature (>38 °C) and oxygen
saturation < 96% (Details are described in the manuscript); LDH, lactate dehydrogenase; Mod-1, moderate-1; Mod-2, Moderate-2; SMD, stand-
ardized mean difference; WBC, white blood cell

P=0.002), pneumonia diagnosed by CT scan (OR 2.028; Discussion

95% CI 1.087-3.781; P=0.026), high lactate dehydroge-

nase (LDH) (OR 1.006; 95% CI 1.003-1.009; P=0.000),  In the present study, we utilized real-world data from 1,929

and high DOATS score (OR 1.847; 95% CI 1.434-2.387,  COVID-19 patients admitted to hospitals in Fukushima Pre-

P <0.0001) were also independent risk factors of deteriora-  fecture between January 2022 and April 2022, during the

tion after hospitalization. Omicron variant pandemic, in order to investigate the effi-
cacy of molnupiravir. We performed the 1:3 propensity score
matching method, and it is commonly thought that covariates

@ Springer
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Table 2 Comparison of the clinical outcomes between the molnupira-
vir users and non-users after adjustment with 1:3 propensity score

Mol- Molnupiravir user P value SMD
nupiravir
non-user
n=690 n=230
Any deterioration 58 (8.40) 9(3.90) 0.034 0.188
Mechanical ventila- 1 (0.10) 0 (0.00) 1.000  0.054
tion
Death 3(041) 2 (0.90) 0.796  0.054

Definition of abbreviations: SMD, standardized mean difference

Table 3 Multivariate logistic regression analysis of deterioration after
hospitalization among patients with COVID-19 matched using a 1:3
propensity score matching*

OR  95%CI P value
Received vaccine twice or more 0.581 0.293-1.153 0.121
Hypertension 1.735 0.951-3.168 0.073
Obesity 2.640 1.042-6.687 0.041
Malignancies 6.394 0.781-52.358 0.084
Need for nursing care/Bedridden ~ 3.533  1.572-7.940 0.002
DOATS score, per 1 point- 1.847 1.434-2378 <0.0001
increase
LDH, per 1 IU/L increase 1.006 1.003-1.009 0.000
Pneumonia diagnosed by CT scan  2.028 1.087-3.781 0.026
Molnupiravir 0.448 0.206-0.973 0.042

*Adjusted for age, gender, disease severity, vaccination status, smok-
ing, hypertension, diabetes mellitus, obesity, chronic respiratory dis-
ease, malignancies, autoimmune disease, dyslipidemia, cardiac dis-
ease, stroke, need for nursing care/bedridden, chronic kidney disease,
DOATS score, WBC, neutrophil, lymphocyte, LDH, CRP, pneumonia
diagnosed by CT scan, and sotrovimab

COVID-19 severity grade: mild, subjects without pneumonia or res-
piratory failure; moderate-1, subjects with pneumonia but without
having respiratory failure; moderate-2, subjects with pneumonia and
respiratory failure (oxygen saturation <94% on room air) but who do
not require mechanical ventilation/extracorporeal membrane oxygen-
ation (ECMO); and severe, subjects with pneumonia and respiratory
failure who require mechanical ventilation/ECMO

Definition of abbreviations: CI, confidence interval; CRP, C-reac-
tive protein; CT, computed tomography; DOATS score, a predic-
tive model for clinical deterioration in mild-to-moderate COVID-19
patients using four items, having diabetes or obesity, age >40 years,
high body temperature (>38 °C) and oxygen saturation < 96%; LDH,
lactate dehydrogenase; OR, odds ratio. WBC, white blood cell

with SMD < 0.25 and < 0.10 are considered moderately bal-
anced and highly balanced, respectively [16]. Therefore, the
characteristics of the propensity score-matched participants
in both groups were thought to be acceptable in balance
including the DOATS score [15], which is a predictor of
COVID-19 exacerbation. Hypertension and dyslipidemia are
reported to be risk factors of COVID-19 in previous stud-
ies [18, 19]. Despite the higher rate of hypertension and
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dyslipidemia, deterioration rate after hospitalization was sig-
nificant lower in the molnupiravir users than in the non-users
among 1:3 propensity score matching population (Table 2).
In addition, we also performed forward stepwise multivari-
ate logistic regression analysis to evaluate the association
between the clinical deterioration after hospitalization and
the treatment with molnupiravir while adjusting for all other
covariates in the 1:3 propensity score-matched subjects. The
results showed that not taking molnupiravir was an inde-
pendent risk factor for deterioration of COVID-19. These
results are similar to a previous clinical trial that showed
that molnupiravir treatment was associated with significant
reductions in hospitalization as well as in the mortality of
non-hospitalized patients who were at high risk of mild-
to-moderate COVID-19 [3]. Furthermore, in the present
study, the patients with a relatively high DOATS score were
selected as a result of the 1:3 propensity score matching
method. The DOATS score of characteristics between the
two groups after 1:3 propensity score matching was well-
balanced (the median=2, SMD =0.025). Previously, we
reported that patients with a high DOATS score (optimal
cutoff point of 2) who do not have respiratory failure on
admission have a higher possibility of deterioration after
hospitalization [15]. Indeed, in the present study, the results
of forward stepwise multivariate logistic regression analysis
demonstrated that a high DOATS score was an independent
risk factor of deterioration after hospitalization (Table 3).
Therefore, in the present study, the result that taking mol-
nupiravir was found to be effective in the subjects with the
above-mentioned DOATS score strongly supports the clini-
cal significance of molnupiravir administration for patients
with COVID-19.

In the preliminary analyses, we also performed 1:1, 1:2,
and 1:4 propensity score matching tests, in addition to 1:3
matching. The deterioration rates after hospitalization were
significantly lower in the molnupiravir users compared
with the non-users (non-users vs. users: 7.5% vs.3.9% in
1:1 matching [P=0.021], 7.9% vs.3.7% in 1:2 matching
[P=0.040], and 7.9% vs.3.4% in 1:4 matching [P =0.035]).
The number of molnupiravir users was largely reduced in 1:4
matching (n=206). Recently, inverse probability of treat-
ment weighting (IPTW) using propensity score has been
used instead of propensity score matching test [20]. [PTW
is thought to be able to eliminate background imbalance
without losing the size of the study population. We prelimi-
narily tried IPTW in order to adjust the balance of covariates
between the molnupiravir users and non-users. However, the
disease severity was significantly imbalanced between the
two groups in the IPTW method (SMD =0.415, P=0.001).
Therefore, we employed a 1:3 propensity score matching
method in the present study, because the number of matched
molnupiravir-treated subjects was not so reduced and the
number of matched controls was increased (Table 1).
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Detailed information about the SARS-CoV-2 variants
of individual cases was not available in the current study.
However, the Fukushima Prefectural Institute of Public
Health reported that the proportion of Omicron variant cases
reached 70% by the beginning of January 2022, and reached
100% after mid-February [12]. Therefore, we believe that
almost all cases analyzed in this study were the Omicron
variant. Therefore, the present study supports the efficacy of
molnupiravir against SARS-CoV-2 Omicron variants.

In vitro and in vivo, molnupiravir retains antiviral potency
against SARS-CoV-2 variants including B.1.1.529 (Omi-
cron) [21, 22], B.1.1.7 (Alpha), B.1.351 (Beta), B.1.617.2
(Delta), and P.1 (Gamma), and may prevent the selection of
drug-resistant variants [23, 24]. Recently, Wong et al. [11].
reported in a retrospective cohort study in Hong Kong that
the use of molnupiravir or nirmatrelvir/ritonavir for treat-
ing SARS-CoV-2 patients infected with the Omicron vari-
ant reduced the all-cause mortality rate along with reduced
viral loads compared with control groups (not receiving
molnupiravir or nirmatrelvir/ritonaviroral). Although their
results support the present study results, the details regard-
ing the disease severity, comorbidity and deterioration rate
in the patients treated with molnupiravir in their study are
unknown. In addition, the rate of vaccination in their study
subjects treated with molnupiravir after propensity score
matching is low (about 6%). The vaccination rate of the
subjects in our study was high (about 80%), and we demon-
strated that molnupiravir is effective for preventing deterio-
ration independently of vaccination. Taking our real-world
results together with those from Wong et al., molnupiravior
is suggested to be effective for the treatment of the SARS-
CoV-2 Omicron variant.

The strength of the current study is that its results are
considered to be highly reliable because the population was
comprised of inpatients at major 23 institutions in Fuku-
shima Prefecture that handle COVID-19 inpatient treatment.
In addition, this retrospective cohort study analyzed the pop-
ulation with a high vaccination rate. Therefore, our study
reflects the current real world of the COVID-19 pandemic.

There are several limitations to the present study. First,
this was an observational and retrospective study. There-
fore, the results of this study cannot be equated with those
obtained from a randomized control trial. Furthermore, clin-
ical deterioration, which was set as the primary outcome
in this study, is less objective than hard endpoints such as
mechanical ventilation and death. However, it is essential
to evaluate clinical deterioration from various perspectives,
such as individual disease burden, concerns about post-
COVID-19 condition, and health economics. Second, the
information about the duration between COVID-19 symp-
tom onset and the administration of molnupiravir and the
day of exacerbation was not available in our database. The
difference in clinical time course may influence the clinical

outcomes. Third, we could not assess whether molnupiravir
contributes to shortening the length of hospital stay due to
the lack of information. Fourth, regarding the vaccinated
patients, it was unknown on what day after the vaccination
was completed that the inoculator was infected. It can be
estimated that almost all healthy individuals obtained the
full efficacy of vaccination against SARS-CoV-2 at least
7 days after second vaccination [25]. Some subjects may
have been infected with the virus shortly after their injection
before acquiring immunity against the virus.

In conclusion, this real-world retrospective study of high-
risk mild-to-moderate COVID-19 patients, who had a high
vaccination rate, during the Omicron variant pandemic dem-
onstrated a low rate of clinical deterioration after treatment
with molnupiravir. Treatment with molnupiravir should be
considered to prevent deterioration in high-risk patients with
mild-to-moderate COVID-19.
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