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Background: Molnupiravir (MOL) is an oral antiviral medication that has recently been treated for COVID-19.
Objectively: We perform a prospective and observational study to elucidate the efficacy and safety of MOL in healthcare patients 
with COVID-19.
Materials and Methods: A observational, non-randomized study of patients diagnosed with COVID-19 in 46 healthcare facilities 
and treated with MOL started within 5 days after the onset of signs or symptoms. We recorded data for all patients, including 
demographic data, clinical features, and symptoms. Treatment response was classified into cure, stable, hospitalization and death. 
Multivariate analysis was performed with stepwise logistic regression for hospitalization and death risk factors.
Results: In total, 856 patients were diagnosed as having COVID-19 and treated with MOL during the study period. Of those, 496 
patients (57.9%) were cured, 256 patients (29.9%) in stable condition, 104 patients (12.2%) hospitalized, and 22 patients (2.6%) died, 
respectively. There was significant effectiveness (87.8%) in COVID-19 patients using MOL. Multivariate analysis was performed to 
confirm the risk factors for hospitalization and death and included elder age (>80 years old) (odds ratio (OR) 2.2, 95% confidence 
interval (CI): 1.1–6.9), old cerebrovascular accident (CVA) (OR=4.1, 95% CI: 1.3–9.9), the presence of diabetes mellitus (DM) 
(OR=2.6, 95% CI: 1.2–9.1) and chronic respiratory diseases (OR=2.4, 95% (CI): 1.3–8.1).
Limitations: This is an observational study, neither randomized study nor control group study.
Conclusion: Initial treatment with MOL has the treatment benefits and is well tolerated for patients with COVID-19 in healthcare 
facilities. Older age, old CVA, DM, and chronic respiratory diseases were independent risk factors for hospitalization and mortality. 
The results demonstrate there are important clinical benefits of MOL beyond the reduction in hospitalization or death for these patients 
with more comorbidities in Taiwan.
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Introduction
COVID-19 infection is currently affected among the general population in the world. This disease was first documented 
in Wuhan (China) in December 2019 and is due to SARS-CoV-2 (2019-nCoV) virus. COVID-19 symptoms included 
high body temperature, general malaise, sore throat, cough, shortness of breath, low energy status. In most infected 
people, the symptoms are mild, but in the elderly or those with multiple comorbidities it may complicate with severe 
pneumonia, acute respiratory distress syndrome, multi-organ failure, and death.1 Adequate vaccines’ administration is 
important for the prevention of severe COVID-19 development or mortality; however, the effective antiviral medications 
to combat this disease are not currently available. Patients with immunocompromised diseases could not be fully 
protected though got vaccinated, and existing vaccines may not be good protection against new SARS-CoV-2 
variants.2,3 Remdesivir, a new antiviral agent, has been demonstrated that there were beneficial effects in antiviral 
treatment4 ; however, some studies have not documented its effectiveness on coronavirus therapy. Most important, the 
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drug is expensive and can just be administered intravenously in a hospital facility.4–6 For convenience and popularity, 
there is the need to develop simple oral anti-virus drugs available in most patients with COVID-19 infection.

Three are new oral antiviral medications developed and have documented clinical effectiveness in recent studies. 
Among these oral medications, molnupiravir (MOL), a new orally active RdRp inhibitor with a excellent pharmacokinetic 
character, has demonstrated to have its ability to interfere SARS-COV-2 replication, and reduce viral load.4 MOL has the 
unique agent with the isopropyl ester prodrug of the ribonucleoside analogue β-D-N4-hydroxycytidine (NHC).7 Previous 
studies have found that MOL is an effective interfere of coronavirus replication with an EC50 in the micromolar 
concentration7–9; the benefit of this antiviral agent has been shown in animal studies.7,10,11 One report showed that 
a greater proportion of viral clearance achievement was observed in subjects administered with MOL vs placebo.12 

Moreover, MOL has well demonstrated promising treatment efficacy and safety profiles in previous clinical studies and 
trials. Studies have documented that MOL has the efficacy with the near 50% risk reduction of hospitalization or mortality 
in non-hospitalized patients infected with mild-to-moderate COVID-19 disease severity who have underlying comorbid-
ities and risk factors for poor prognosis. Besides, the safety was similar between the study and placebo group (adverse 
events: 35% and 40%, respectively), as was the incidence of drug-related adverse events (12% and 11%, respectively).13 

Another oral medication, fluvoxamine, a selective serotonin reuptake inhibitor and σ-1 receptor agonist,14 has potential 
benefits of early non-hospitalized patients’ treatment of COVID-19 in previous trials.15–17 However, there was no 
significant clinical effectiveness in hypoxemia prevention, reduced emergency department visit, hospitalization rate, or 
mortality associated with coronavirus.18 Paxlovid is another promising agent with SARS-CoV-2 protease inhibitor antiviral 
therapy, specifically designed to be administered orally.19 Their recent trial had showed that Paxlovid can reduce the 89% 
risk of hospitalization or mortality rate.19 In the clinical practice, however, Paxlovid has some limitations including many 
drug interactions and is not administered in patients using nasogastric (NG) tube feeding.

Assessment of drugs administered of the COVID-19 management protocols has been documented.20 These protocols 
are very practical even with the development and approval of several vaccines. These recommendations were instructed 
to aid home isolation, bed rest, dietary supplements, and additionally the administration of antipyretic, steroids, and 
antiviral drugs. As we know, many COVID-19 patients with comorbidity, bed-ridden status and NG tube feeding in the 
healthcare facilities and may have been poorer outcome if these patients without suitable oral anti-viral agents. Besides, 
there were few studies to elucidate the treatment benefits for MOL in patients lived healthcare facilities. The aim of the 
study will evaluate the effectiveness of using MOL in these facilities in Taiwan.

Methods
Study Design and Population
This is a prospective and observational study. All patients infected with COVID-1 were admitted in the healthcare facilities. 
These patients have received third COVID-19 vaccination. The confirmed diagnosis of COVID-19 infection was based on 
rapid antigen test with positive results. The equipment and facilities of rapid antigen tests were used: 1) SD BIOSENSOR 
Rochi, 2) GenBody Inc, and 3) Abbott® Laboratories. Patients were SARS-CoV-2 infection that had performed rapid 
antigen test-confirmed no more than 3 days earlier. Besides, onset of signs or symptoms less than 3 days, at least one sign or 
symptom of COVID-19 and physicians would receive MOL therapy (800mg/day) 5 days’ treatment course after confirma-
tion diagnosis via video consultation. All medical records were reviewed and analyzed. Ethical approval from the hospital 
(IRB number: 111247-E, approval by the institutional review board, Far Eastern Memorial Hospital), and informed 
consents from all study subjects were obtained. The study follows the rules of the Declaration of Helsinki.

There were 1035 patients with COVID-19 infection enrolled and treated with MOL in 46 health-care facilities and 
856 patients completed the survey and analyzed from May 2022. All these patients did not use ventilator support. There 
were only 102 patients (11.9%) with oxygen demand using oxygen cannula. The demographics of patients were as 
follows: average age was 78.4 ± 25.8 years, male was 521 (60.8%) and female was 335 (39.2%).
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Evaluation of Therapeutic Effects
All patients were received with MOL therapy after confirmation COVID-19 diagnosis. The assessment parameters 
including COVID-19 symptoms, daily vital signs, oxygenation status. Caregivers in facilities should report patients’ 
COVID-19 signs and symptoms through day 28 after MOL therapy. Clinical improvement and deterioration of coronavirus’ 
symptoms and signs were defined as any reduction and worsening, respectively, compared with baseline symptoms’ 
severity. The time to sustained improvement of symptoms or signs was defined as the number of days from the initial 
therapy (the first of 5 consecutive days) to resolution or alleviation (without symptoms or signs relapse by day 28) and the 
time to deterioration of clinical symptoms or signs as the number of days from treatment (the first of 5 consecutive days) to 
the days of symptoms worsening. Patients should be hospitalized if symptoms progressed, poor oxygenation, and unstable 
vital signs. The effectiveness for MOL treatment was classified into three groups including cure group, stable group, and 
hospitalization group. The definition of cure group is without symptoms and without viral replication that is negative 
antigen test, and no need for hospitalization; stable group should be divided into three groups including no viral replication 
but symptom presence, prolonged viral replication with or without symptoms and no need for hospitalization; hospitaliza-
tion group is symptoms got worse and need for hospitalization.

Statistical Analysis
Continuous variables are recorded as mean and standard deviation (SD). Descriptive statistics for demographics and 
patient’s characteristics, comorbidities and clinical outcomes are provided. ANOVA multiple comparisons, using Tukey’s 
HSD (honest significant difference) tests, were performed between users of different parameters for all clinical outcomes. 
Chi-square tests of independence and ANOVA F-tests were done for each parameter. All statistical analyses were 
performed using SAS® version 9.4 (Windows NT version, SAS Institute, Inc., Cary, NC, USA) and R (version 3.4.2; 
R Foundation for Statistical Computing, Vienna, Austria). A two-tailed P-value less than 0.05 was taken as significance.

Results
The aim of the study is to evaluate the effectiveness and benefit for MOL treatment. The cure group after MOL therapy 
was 496 (57.9%) and stable group was 256 (29.9%). There were 104 hospitalized patients (12.1%) because sustained 
symptoms still progressed. After hospitalization, 22 patients (2.6%) died due to multiple organ failure and septic shock. 
Eighty-two patients (9.6%) were improved and discharge after hospitalization. The average time for symptoms and signs 
resolution was 7.9 ± 3.6 days, and time for diseases progression was 2.2 ± 1.9 days. The recovery time for symptoms 
resolution was slow in cure and stable groups; however, patients needed to be hospitalized were still deteriorated in 
the second to third days though early administration MOL therapy. Most important, most patients were cured and in 
a stable condition to prevent critical illness development after early MOL prescription.

The characteristics of MOL treated patients with different groups are analyzed in Table 1. Patients still needed to 
receive hospitalized treatment included more elder years (84.4± 23.7), and more underlying comorbidities including old 
cerebrovascular accident (CVA), diabetes mellitus (DM) and respiratory diseases. There were significant statistical 
differences in elder age and three comorbidities compared with cure and stable group patients. Healthcare COVID-19 
patients with elder age, CVA, DM and lung diseases would develop severe pneumonia and diseases.

Multivariate analysis was performed to find the risk factors for developing severe illness (hospitalization/death). After 
adjusting parameters for sex, medications, significant risk factors including elder age (>80 years old) (odds ratio (OR) 
2.2, 95% confidence interval (CI): 1.1–6.9), old cerebrovascular accident (CVA) (OR=4.1, 95% CI: 1.3–9.9), the 
presence of diabetes mellitus (DM) (OR=2.6, 95% CI: 1.2–9.1) and chronic respiratory diseases (OR=2.4, 95% (CI): 
1.3–8.1) were identified (Table 2).

There were few adverse effects or events during the MOL treatment course (day 1 to day 5) and evaluation time (day 28). 
These adverse effects included mild diarrhea (1.2%) and skin rash (0.9%). The administration of MOL was relatively safe and 
effective.
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Table 1 Demographic Characteristics of the COVID-19 Patients with Diverse Groups

Variables Cure Group (%) Stable Group (%) Hospital/Death (%) p value
(n=496) (n=256) (n=104)

Age 73.5 ± 21.5 76.1 ± 19.8 84.4 ± 23.7 0.03*

Gender (M/F) 327/169 125/131 69/35 0.48

Old CVA 204 (41.) 112 (43.7) 74 (71.2) <0.01*
Respiratory diseases 167 (33.7) 76 (29.7) 49 (47.1) 0.02*

Heart diseases 199 (40.1) 112 (43.8) 42 (40.4) 0.57

Renal diseases 125 (25) 54 (21.1) 31 (29.8) 0.28
Diabetes mellitus 213 (42.9) 101 (39.4) 61 (58.7%) 0.03*

Cancer 96 (19.4) 55 (21.5) 19 (18.3) 0.74

Hypertension 317 (63.9) 162 (63.2) 71 (69.2) 0.48
Psychiatric diseases 68 (13.7) 43 (16.7) 18 (17.3) 0.36

Gastrointestinal diseases 102 (20.1) 61 (23.8) 20 (19.2) 0.44

Rheumatic diseases 77 (15.6) 41 (16) 18 (17.3) 0.46

Notes: All values are shown as mean ± standard deviation. *Shows a statistically significant difference between groups (p<0.05). 
Abbreviation: CVA, cerebrovascular accident.

Table 2 Multi-Variate Analysis of Risk Factors for Hospitalization in Health-Care Patients with COVID-19 Infection

Variables No. of Patients No. of Hospitalization (%) Univariate Analysis Multivariate Analysis

Age
<80 years 680 149 (21.9)
≥80 years 176 83 (47.2) 2.6 (0.7–7.9) 2.2 (1.1–6.9)*

Smoking History
No 534 64 (11.9)
Yes 322 32 (9.9) 0.9 (0.2–3.5)

Old CVA
No 466 39 (8.3)
Yes 390 74 (19.0) 4.4 (0.6–12.8) 4.1(1.3–9.9)

Body mass index (BMI)
BMI <25 kg/m2 561 101 (18.0)
BMI >25 kg/m2 295 48 (16.3) 0.8 (0.2–10.2)

Renal diseases
No 647 102 (15.7)
Yes 209 31 (14.8) 0.7 (0.3–6.9)

Respiration diseases
No 564 54 (9.6)

Yes 292 49 (16.8) 2.5 (1.1–10.8)* 2.4 (1.3–8.1)*

Gasteointestinal diseases
No 673 71 (10.5)

Yes 183 20 (10.9) 1.1 (0.1–7.8)

Rheumatic diseases
No 720 108 (15.0)

Yes 136 18 (13.2) 0.8 (0.2–11.3)

Diabetes mellitus
No 481 43 (8.9)

Yes 375 61 (16.3) 2.7 (1.1–8.8)* 2.6 (1.2–9.1)*

Note: *p<0.05. 
Abbreviation: CVA, cerebrovascular accident.
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Discussion
This was first study in Taiwan to evaluate the effectiveness for MOL treatment with COVID-19-infected patients in 
healthcare facilities. The dominating SARS-CoV-2 genotypes were Omicron two subtype (BA.1 and BA.2) in Taiwan in 
2022. Early administration of anti-viral agents’ treatment was very essential to avoid COVID diseases progression, and 
our result demonstrated that there was an 87% cure and stable conditions among patients who received MOL, suggesting 
that early control of viral replication prevented progression to severe illness and death. In a recent study, initial treatment 
with MOL reduced the risk of hospitalization or death in at-risk, unvaccinated adults with Covid-19.21 Therefore, MOL 
has excellent effectiveness of treatment with these patients who lived in healthcare facilities.

There were some limitations for Paxlovid administration in our study patients. First, among patients who lived at 
a healthcare facility, there were multiple renal and hepatic impairment. It is difficult to adjust medications dosage. Second, 
multiple drugs would interrupt Paxlovid absorption and patients had taken many drugs for underlying comorbidities. It should 
pay more attention to these drug–drug interactions. Third, there were more NG tube replacement in our patients. Paxlovid was 
not administered via NG tube. However, MOL did not have the aforementioned limitations. In our patients, there were near 
80% patients with NG tube in healthcare facilities. MOL is a very suitable oral form anti-viral agent for these patients in 
healthcare facilities. In the past studies, MOL is also the oral, direct-acting antiviral shown to be highly effective at reducing 
nasopharyngeal SARS-CoV-2 infectious virus and viral RNA and has a favorable safety and tolerability profile.22,23

In our study, we mentioned that patients with elder age, old CVA, DM and respiratory diseases would develop critical 
illness in COVID-19 infection. Many review articles had elucidated these risk factors for mortality in patients with 
COVID-19 infection.24–28 These risk factors included older age (≥65 years), male gender, hypertension, CVDs, diabetes, 
chronic obstructive pulmonary disease (COPD), high D-Dimer titles, malignancies, etc were associated with greater risk 
of death from COVID-19 infection. It is also reasonable that patients would progress the COVID-19 infection due to 
underlying conditions (relative immunocompromised), poor cough function and sputum expectoration clearance ability. 
These findings could help clinicians find patients with poor prognosis at an early stage, and we also should more pay 
attention to these patients with high-risk factors and close monitor clinical courses.

There were some limitations in our study. First, it is not a randomized study and there is no placebo group. All 
COVID-19 patients need to be treated. Second, not all patients lived in healthcare facilities could survey and evaluate 
treatment responses completely. Therefore, there were still 179 patients who did not finish all monitors. Third, this is 
a clinical and observational study. No viral titer loading, or experimental studies were performed.

In conclusion, this is a first study to confirm the treatment effectiveness and safety using MOL in patients who lived in 
healthcare facilities with COVID-19 infection. Ninety percent of the patients prevented the development of critical illness, 
and only 1% have mild adverse effects. Risk factors to develop severe illness include elder age, old CVA, DM and respiratory 
diseases. MOL is well effective in COVID-19 infection and prevent to progress critical illness. Further studies should be 
performed to confirm the efficacy of the combined two anti-viral agents and the potential genetic risks for MOL.
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