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ARTICLE INFO ABSTRACT

Handling Editor: Patricia Schlagenhauf Background: Ensitrelvir, a 3C-like protease inhibitor, received emergency approval in Japan in November 2022
for treating non-hospitalized patients with mild-to-moderate COVID-19. However, confirmation of its real-world
clinical effectiveness is limited.

Methods: This retrospective study evaluated 18 vaccinated outpatients (15 men; median age, 39.5 years; range,
26-56), treated with a 5-day oral ensitrelvir regimen (375 mg loading dose, followed by 125 mg daily) between
December 1, 2022, and January 31, 2023. Nasal swabs were collected on days 0, 3, 6, and 9 for RT-qPCR to assess
viral load. Variants were identified by Sanger sequencing, and outcomes were compared to historical controls.
Patients were followed for 60 days to monitor for post-acute sequelae of COVID-19 (PASC).

Results: Symptoms such as mild fever and sore throat improved rapidly after one day of ensitrelvir treatment,
with 66 % of patients recovering within six days. All individuals were infected with the BA.5 Omicron variant.
Viral loads, as measured by Ct values, increased significantly from 21.82 at symptom onset to 37.65 b y day 6,
with SARS-CoV-2 RNA undetectable in most patients by day 9. Those treated within 48 h of symptom onset
showed the viral load reduction. Compared to historical controls, where symptom resolution took 8.5 days,
ensitrelvir shortened recovery time to as little as 1.4 days for over 66 % of patients.
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Conclusion: Ensitrelvir treatment resulted in rapid symptom relief and significant viral load reduction, with no
adverse events, viral rebound, or PASC symptoms, demonstrating its potential efficacy and safety. Larger studies
are needed for further confirmation.

1. Introduction

During the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) pandemic, various drugs have been repurposed or developed for
treating patients with SARS-CoV-2 infection [1-4]. The risk of
SARS-CoV-2 poses a particular risk to people living with preexisting
conditions that impair immune response or amplify pro-inflammatory
response and risk of development of post-COVID syndrome (long
COVID) [5,6]. While vaccination has lowered the risk of severe illness,
waves of infection driven by new immune-evasive variants continue to
challenge healthcare systems globally [7-11]. This issue is especially
pressing in low-income countries, where limited access to mRNA vac-
cines and the high cost of new antiviral treatments underscore the ur-
gent need for affordable, safe, and widely accessible therapeutic options
[7,8,10-12]. Ensitrelvir, a novel oral SARS-CoV-2 3C-like protease in-
hibitor, was granted emergency use authorization by the Japanese
Ministry of Health, Labour and Welfare (November 2022) for the
treatment of non-hospitalized patients with mild-to-moderate SAR-
S-CoV-2 infection during the pandemic [13-15]. The drug was intended
to lower the risk of hospitalization, minimize hyperinflammation, pre-
vent death or post-COVID-19 conditions in these patients, and reduce

the burden on healthcare systems [16-18]. Previous trials have shown
antiviral efficacy with a 5-day oral treatment regimen of ensitrelvir
against different SARS-CoV-2 variants [14,15,19,20]. However, there is
limited or non-real-world evidence available outside of these in-
vestigations. This retrospective study aimed to evaluate the treatment
patterns, patient characteristics, and outcomes of individuals treated
with ensitrelvir following its emergency approval during the
Omicron-dominant period in Japan.

2. Methods

This retrospective case series presents data on the use of ensitrelvir in
treating 18 symptomatic, vaccinated outpatients with mild-to-moderate
SARS-CoV-2 infection, following its emergency approval between
December 1, 2022, and January 31, 2023. Individuals (15 men; median
age, 39.5 years; range, 26-56), were treated with a 5-day oral regimen of
ensitrelvir consisting of three tablets (each tablet 125 mg) every 8 h on
the first day and one tablet for the following four days.

Nasal swab samples were collected from each patient at days 0, 3, 6,
and 9 for viral load assessment using reverse transcription quantitative
real-time polymerase chain reaction (RT qPCR) using Gene Xpert Xpress

Table 1
Demographics and baseline disease characteristics of patients (n = 18) infected with SARS-CoV-2.
Patients Age Sex Duration of Fever”  Symptomsonset  Underlying Duration until Duration until Post-acute Adverse
D (years) symptoms diseases symptoms symptoms sequelae of Events
onset (days)” relieved (days) disappeared COVID-19 (PASC)
(days) symptoms®
X01 56 Male 2 high Headache, - 1 2 non non
Cough, Sputum
X02 55 Male 2 high Chills, Headache, - 1 2 non non
Nasal congestion
X03 34 Male 2 none Sore throat, - 1 2 non non
Hoarseness
X04 31 Female 0 mild Tiredness - 2 3 non non
X05 51 Male 0 mild Sore throat - 1 2 non non
X06 26 Male 0 none Sore throat, - 1 1 non non
Hoarseness,
Sputum
X07 49 Female 2 high Sore throat, - 1 6° non non
Sputum
X08 49 Male 0 mild Sore throat - 1 6° non non
X09 36 Male 1 none Sore throat - 1 6° non non
X010 47 Male 0 none Sore throat, Chronic 1 3 non non
Rhinny nose sinusitis
X011 41 Male 1 mild Sore throat, Allergic 2 6! non non
Rhinny nose, rhinitis,
Cough Bronchial
asthma
X012 30 Male 0 mild Sore throat - 1 6 non non
X013 53 Male 0 high Sore throat Allergic rhinitis 1 6° non non
X014 38 Male 1 none Sore throat, - 1 3 non non
Hoarseness
X015 49 Male 1 mild Cough - 1 2 non non
X016 33 Male 1 mild Sore throat - 1 4 non non
X017 30 Male 2 high Sore throat - 1 5 non non
X018 28 Female 2 high Sore throat, - 1 6 non non

Cough, Joint
pain, Back pain

Ct; cycle threshold.
2 0 (<24 Hours), 1 (>24 - <48 Hours), 2 (>48 - <72 Hours).
b Mild: 37.1 °C - 38.0 °C; High: >38.1 °C.
¢ Mild symptoms remained on day 6: mild sore throat.
4 Mild symptoms remained on day 6: mild cough.

¢ Post-acute sequelae of COVID-19 (PASC) symptoms were followed up for 60 days.
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SARS-CoV-2. Variants were identified through Sanger sequencing, as
described previously [7,8,10,12,21]. Results were analyzed in relation
to the days of onset of symptoms and compared to our historical control
data to assess treatment effects. Individuals were followed for up to 60
days to monitor for any symptoms related to post-acute sequelae of
COVID-19 (PASQ).

3. Results

Patient demographics and clinical characteristics are summarized in
Table 1. Most common symptoms were mild fever (37.1 °C- 38.0 °C) and
sore throat, which were reduced after one day of ensitrelvir treatment.
Of significance, 33 % of patients had their symptoms improve within
two days and another 33 % had their symptoms improve between days 3
and 6 of starting ensitrelvir treatment (Table 1). One patient had a mild
cough and five others had mild sore throat for over six days. The mean
cycle threshold value (Ct) for the onset of symptoms was 21.82, and it
was increased to 37.65 on day six (Figs. 1 and 2). However, 10 patients
Ct value over 35 within six days of ensitrelvir treatment (Figs. 1 and 3).
One patient’s SARS-CoV-2 RNA became undetectable on day 3, two
patients on day 6, and twelve patients on day 9 (Fig. 1). Interestingly,
there was a significant (p < 0.5) Ct value difference between day 0 and
day 3 (delta Ct) of ensitrelvir treatment in patients with symptoms onset
<24 h (0 days) and >24 - < 48 h (1 day) (Fig. 3). Also, there were
significant (p < 0.5) Ct value differences between day 0 and day 3 of
ensitrelvir treatment in patients with symptoms onset <24 h (0 days)
and >24 (1 and 2 days). As these patients were treated as part of the
routine standard care, we do not have an existing control arm. However,
we compared our results with our historical control data to assess the
treatment effects. For mild symptomatic omicron variant outpatients
without any treatment, median times to resolution of symptoms were
8.5 days (95 % CI 6—11 days) (data not shown). However, the majority
of (>66 %) patients had their symptoms resolved for 1.4 days (95 % CI
1-6 days) following ensitelvir treatment. All individuals were infected
with the BA.5 Omicron variant. We did not observe any increase in the
Ct value (lower Ct value), which would indicate a higher viral load, nor
did any patients experience a recurrence of symptoms or the emergence
of new adverse events. Additionally, none of the patients showed signs
or symptoms associated with post-acute sequelae of COVID-19 (PASC)
during the follow-up period.
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Fig. 1. Viral load detected in nasal swabs obtained from patients (n = 18)
infected with SARS-CoV-2 in day 0,3,6 and 9 (Cycle threshold (Ct) values of N2
gene on RT-PCR assay). The line within the box corresponds to the median and
the cross to the mean of the distribution, while the whiskers indicate the highest
and the lowest values. p (two-tail) vale was calculated form paired t-test and p
< 0.5 consider as significant.
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Fig. 2. Duration of symptoms onset (days) and viral load detected in nasal
swabs obtained from patients (n = 18) infected with SARS-CoV-2. The line
within the box corresponds to the median and the cross to the mean of the
distribution, while the whiskers indicate the highest and the lowest values. p
(two-tail) vale was calculated form paired t-test and p < 0.5 consider
as significant.
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Fig. 3. Duration of symptoms onset (days) and viral load difference between
day 0 and 3 (delta Ct). The line within the box corresponds to the median and
the cross to the mean of the distribution, while the whiskers indicate the highest
and the lowest values. p (two-tail) vale was calculated form paired t-test and p
< 0.5 consider as significant.

4. Discussion

This is the first time that real-world clinical data on the reduction of
SARS-CoV-2 viral load using ensitrelvir is being presented. One advan-
tage of this study is that it was conducted during the pandemic when the
BA.5 Omicron subvariant caused most infections. The incidence of viral
load reduction observed in this study was similar to or greater than that
seen in prior clinical trials [14,15,19]. This study also found that when
given within 24 h of symptom onset, ensitrelvir substantially affects
viral clearance and symptom relief. These results reemphasize that drugs
that target viral replication should be most effective if administered
early in the viremic phase [1,2]. Early antiviral responses may lower the
risk of severe illness, development of immunological complications, and
long COVID symptoms [1,2,22]. Our study also did not observe any viral
load rebound, adverse events, recurrence of moderate-to-severe
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symptoms, or development of resistance to ensitrelvir among patients
and symptoms of post-acute sequelae of COVID-19 (PASC). As all in-
dividuals were infected with the BA.5 Omicron variant, the data clearly
demonstrate that ensitrelvir had a beneficial effect not only on symptom
resolution but also in preventing the development of post-acute sequelae
of COVID-19 (PASC).

Additionally, patients’ treatment with ensitrelvir was generally well
tolerated. This study was limited by its relatively small cohort size;
however, it was still able to generate important preliminary findings.
Furthermore, the use of qPCR in this study to determine viral load does
not reflect infectious viruses, which limited some interpretations.
However, it was found that early treatment with ensitrelvir could
significantly change the clinical trajectory of individuals towards fewer
hospitalizations related to SARS-CoV-2 infection and reduce the risk of
adverse events. Our study also suggests that compared to currently
approved antiviral drugs used in this setting, ensitrelvir shows prom-
ising efficacy in rapid viral titer and viral RNA reduction, as well as
favorable clinical outcomes, including earlier symptom relief or pre-
vention of severe SARS-CoV-2 infections [23,24] and prevention of
symptoms of post-acute sequelae of COVID-19 (PASC). As a preliminary
retrospective study, the authors note that larger clinical data is needed
to confirm observed findings.

5. Conclusion

Ensitrelvir treatment led to rapid symptom improvement in most
BA.5 Omicron variant patients, with over 66 % recovering within six
days. Viral load decreased significantly, especially in those treated
within 48 h of symptom onset. No patients experienced symptom
recurrence, adverse events, or post-acute sequelae, indicating its po-
tential efficacy and safety.
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