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Abstract

Introduction: The coronavirus disease 2019 (COVID-19) pandemic started in March 2020. Since then, there has been an urgent need for
effective therapeutic methods to manage the disease. We aimed to assess the effectiveness of molnupiravir in reducing the need for
hospitalization in at-risk, non-hospitalized COVID-19 patients.

Methodology: This was a single-center, non-randomized, observational retrospective study of non-hospitalized patients with confirmed
COVID-19, treated at the Clinic for Infectious and Tropical Diseases, University Clinical Center in Belgrade, Serbia.

Results: The study was conducted between 15 December 2021 and 15 February 2022 and included 320 patients. Of these, 165 (51.6%) received
treatment with molnupiravir. The study and control groups were similar in gender and age distribution. The study group had a higher proportion
of vaccination (75.2% vs. 51%, p < 0.001). There was no statistically significant difference in presence of comorbidity within the groups.
Majority of the patients who received molnupiravir did not require hospitalization; and this was statistically significant in comparison to control
group (92.7 vs. 24.5%, p < 0.001). Oxygen supplementation was less frequently required in the study group compared to the control group
(0.6% vs. 31%, p < 0.001). During the follow-up period of 12.12 + 3.5 days, significantly less patients from the study group were admitted to
the intensive care unit (p < 0.001). Molnupiravir significantly reduced the risk of hospitalization by 97.9% (HR 0.021; 95% CI 0.005-0.089; p

<0.001).

Conclusions: Molnupiravir is an effective therapy in preventing the development of severe forms of COVID-19 and hospitalization.
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Introduction

The World Health Organization (WHO) declared
coronavirus disease 2019 (COVID-19), caused by
severe-acute-respiratory-syndrome-related-
coronavirus-2 (SARS-CoV-2), a pandemic at the
beginning of March 2020 [1]. The clinical appearance
varied from mild to severe, and led to a substantial
increase in morbidity and mortality worldwide. Many
patients, especially the elderly and those with pre-
existing illnesses (e.g., obesity, diabetes mellitus, and
major heart problems), required hospitalization, and
many died as a result of respiratory failure, shock, and
multiple organ failure [2-4]. The genetic diversity of the
virus presented an additional challenge; successive
variants differed not only in infectivity and
pathogenicity but also in antiviral medication
effectiveness. There has been an urgent need for
effective forms of therapy to reduce the global health
burden since the outbreak.

Many clinical trials have shown that treatment
should begin as soon as possible after the onset of
symptoms and that it should ideally be readily available
and easily administered by the patients themselves
[5,6]. It takes time to develop a new medicine;
therefore, researchers have focused their efforts on
repurposing  existing pharmaceuticals for new
applications. Molnupiravir, an antiviral medication that
was initially studied in preclinical studies with
influenza, has risen to prominence during this time
[7,8]. Molnupiravir is a polymerase inhibitor prodrug
that acts as a synthetic nucleoside. It is orally
administered, and it is used to treat COVID-19 because
it facilitates therapy in the out-of-hospital setting [9,10].
Based on the phase two and three MOVe-OUT clinical
study in non-hospitalized patients with SARS-CoV-2
infection, the Food and Drug Administration (FDA)
approved molnupiravir for emergency use in the
treatment of mild to moderate SARS-CoV-2 illness in
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December 2021 [11]. This study showed that early
treatment with molnupiravir reduces the risk of
hospitalization or death in at-risk, unvaccinated adults
with COVID-19 [11].

Our study aimed to assess the real-world
effectiveness of molnupiravir in reducing the need for
hospitalization in at-risk, non-hospitalized patients with
confirmed COVID-19.

Methodology

In this single-center, non-randomized,
observational retrospective study, we included data
from the electronic medical database Heliant for non-
hospitalized patients treated at the Clinic for Infectious
and Tropical Diseases, University Clinical Center in
Belgrade, Serbia [12]. We included patients treated
between 15 December 2021, and 15 February 2022,
which is considered the period of dominance of the
Omicron SARS-CoV-2 variant in Serbia. The decision
about the treatment regimen was taken entirely by the
treating physician, concerning current knowledge and
recommendations of the National Protocol of Serbia for
COVID-19 [13]. All the patients were diagnosed with
COVID-19 based on positive results of the real-time
reverse transcriptase polymerase chain reaction (RT-
PCR) or an antigen test from the nasopharyngeal swab
specimen. All the patients were non-hospitalized adults
aged > 18 years, with mild or moderate COVID-19, and
with associated risk factors for the development of
severe illness from COVID-19 (age > 60 years; active
cancer; chronic kidney disease; chronic obstructive
pulmonary disease; obesity, defined by a body mass
index (weight in kilograms divided by square of the
height in meters) of 30; serious heart conditions [heart
failure, coronary artery disease, or cardiomyopathies];
or diabetes mellitus). Mild or moderate illness was
determined on the basis of definitions adapted based on
WHO guidance [1]. According to the National Protocol
of Serbia for COVID-19, molnupiravir may be used for
the treatment of mild-to-moderate COVID-19 in people
18 years of age or older, who are at risk for progression
to severe COVID-19, including hospitalization or
death, and for whom other COVID-19 treatment
options are not available [ 13]. Our study group included
patients who started molnupiravir in the first 5 days
after the onset of symptoms. Molnupiravir was
administered orally twice daily at 800 mg for 5 days
according to the National Protocol of Serbia for
COVID-19 [13]. The control group included patients
who did not take molnupiravir due to multiple reasons:
the medicine was not available, they refused to take it,
or they were diagnosed after the 5™ day of their
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symptoms. Patients for the control group were collected
simultaneously and in such a way that they
corresponded to the clinical criteria for the use of
molnupiravir and they had a similar distribution in
terms of gender and age. Age, gender, symptoms with
duration, risk factors (old age, active malignancy,
chronic kidney disease (CKD), chronic obstructive
pulmonary disease (COPD), obesity, a heart condition,
diabetes mellitus, autoimmune disease), use of other
non-antiviral  medications  against COVID-19,
vaccination status reported by patients, and time since
the last vaccination were all included in the baseline
data. We included laboratory measurements taken
during the first and last examinations, including C-
reactive protein (CRP), white blood cells (WBC),
platelets, d-dimer, aspartate transaminase (AST), and
alanine transaminase (ALT). The primary effectiveness
end point was the incidence of hospitalization for any
cause (defined as 24 hours of acute care in a hospital or
any similar facility). Patients were followed-up for 25
days or until the day of hospitalization. Moreover, the
final outcome was analyzed using ordinal scale
categories as follows: 0) unhospitalized; 1)
hospitalized, requiring no oxygen supplementation but
requiring medical care; 2) hospitalized, requiring
oxygen supplementation via simple face mask; 3)
hospitalized, on non-invasive ventilation with high-
flow oxygen equipment; 4) hospitalized, on invasive
mechanical ventilation.

Statistical analysis

Continuous variables with normal distribution of
the data were presented as mean value £ standard
deviation, while continuous heterogeneous variables
were presented as median value (interquartile range
25"™_75" percentile). The normal distribution of the data
was checked using Kolmogorov-Smirnov and Shapiro-
Wilk tests. Categorical variables were presented as the
frequencies (percentage). Intergroup differences for
continuous variables, were tested using two-sided t test
if the distribution of the data was normal and Mann-
Whitney’s test if it wasn’t, and the y* or Fisher exact test
was used to compare the distribution of categorical
variables among groups. Univariate Cox regression
model was used to identify the candidate predictors of
hospitalization due to COVID-19. All the univariate
predictors with statistical significance of p < 0.05 were
included in the multivariate Cox regression analysis to
identify independent predictors. A p value of < 0.05
defined statistical significance. The statistical analyses
were performed using the IBM SPSS software v21.
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Results

Our study group included 165 patients and the
control group included 155 patients. Demographic and
clinical characteristics with laboratory results of all the
patients are summarized in Table 1. The study groups
were similar in terms of gender and age. Most patients
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in both groups were aged over 60 years (62.4% in study
group vs. 69.7% in control group). The study group had
statistically significant more patients with heart
diseases and active malignancy, while the control group
had more chronic kidney patients and asthmatics. The
vaccination status differed significantly between the

Table 1. Demographic and clinical characteristics of study and control group.

Patients on molnupiravir

Control group

Gender (N = 165, 51.6%) (N = 155, 48.4%) p value
Male 80 (48.5%) 79 (51%) 0657
Female 85 (51.5%) 76 (49%) ’
Age (years) 64+13 66+ 16 0.297
Age > 60 years 103 (62.4%) 108 (69.7%) 0.171
Risk factors

Old age 100 (60.6%) 118 (76.1%) <0.001
Active malignancy 14 (8.5%) 2 (1.3%) 0.003
CKD 10 (0.6%) 60 (38.7%) <0.001
COPD 11 (6.7%) 6 (3.9%) 0.265
Obesity 0 1(0.6%) 0.484
Heart condition 102 (61.8%) 21 (13.5%) <0.001
Obesity 0 1(0.6%) 0.484
Diabetes 19 (11.5%) 21 (13.5%) 0.877
Autoimmune disease 7 (4.2%) 3 (1.9%) 0.236
Asthma 0 12 (7.7%) <0.001
Hypothyroidism 7 (4.2%) 14 (9%) 0.084
More than 1 risk factor 108 (65.5%) 101 (65.2%) 0.956
Duration of the symptoms (days) before 1* examination 28+12 6.6+3.4 <0.001
Follow-up period (Min-Max) 12.12 + 3.5 days (5-25) 4.59 +5.8 (0-25) <0.001
Vaccination

Number of patients 124 (75.2%) 79 (51%) <0.001
Number of doses of the vaccine median 3 (1.5-3) median 0.5 (0-3) <0.001
Vaccine type

None 45 (27.3%) 76 (49%) <0.001
Pfizer 28 (17%) 6 (3.9%) <0.001
Sputnik V 26 (15.8%) 9 (5.8%) 0.004
Sinopharm 55 (33.3%) 51(32.9%) 0.935
Other 1 (0.6%) 4(2.6%) 0.202
Unknown 10 (6.1%) 9 (5.8%) 0.923
Non-antiviral medication before 1st examination

Symptomatic 137 (83%) 63 (40.6%) <0.001
Antibiotic 15 (9.1%) 87 (56.1%) <0.001
Corticosteroids 7 (4.2%) 2 (1.3%) 0.175
CT 2 (1.2%) 0 0.499
Nolvadex 4 (2.4%) 0 0.123
Corticosteroids 7 (4.2%) 2 (1.3%) 0.175
Symptoms

Cough 108 (65.5%) 124 (80%) 0.004
Sore throat 48 (29.1%) 0 <0.001
Stuffy nose 19 (11.5%) 3(1.9%) 0.001
Runny nose 33 (20.1%) 10 (6.5%) <0.001
Dyspnea 10 (6.1%) 59 (38.1%) <0.001
Muscle pain 37 (22.4%) 51 (32.9%) 0.036
Fatigue 105 (63.6%) 114 (73.5%) 0.057
High fever 137 (83%) 135 (87.1%) 0.309
Headache 36 (21.8%) 14 (9%) 0.002
Nausea 14 (8.5%) 25 (16.1%) 0.037
Vomiting 8 (4.8%) 12 (7.7%) 0.285
Diarrhea 8 (4.8%) 17 (11%) 0.042
Loss of the sense of taste 0 7 (4.5%) 0.006
Anosmia 0 7 (4.5%) 0.006
Laboratory results

WBC at first examination (x 10°) median 6 (5.2-7.4) median 5.85 (4.15-8.05) 0.074
WBC on the last examination (x 10°) 7+2.1 82+3.7 0.006
Platelets at first examination (x 10%) median 206 (173-245) median 212.5 (168-289) 0.930
Platelets on the last examination (x 10%) 2493 +72.8 269+ 124.3 0.209
CRP at first examination (mg/L) median 13 (4.5-23.8) median 34.4 (8.9-60.4) <0.001
CRP on the last examination (mg/L) median 3.4 (1.1-12.7) median 9.1 (2.5-53.6) <0.001
D-dimer at first examination (mg/L) median 0.48 (0.34-0.84) median 0.6 (0.4-1.1) <0.001
D-dimer on the last examination (mg/L) median 0.48 (0.3-0.82) median 0.59 (0.34-0.91) 0.183
AST at first examination (U/L) median 23 (19-31) median 25 (21-40) 0.001
AST on the last examination (U/L) median 22 )16-28) median 26 (19-35) 0.023
ALT at first examination (U/L) median 33 (24-42) median 32 (21-41) 0.450
ALT on the last examination (U/L) median 32 (25-44) median 38 (27-62) 0.496
Pneumonia 23 (13.9%) 116 (74.8%) <0.001

ALT: alanine aminotransferase; AST: aspartate aminotransferase; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; CRP: C reactive

protein; CT: chemotherapy; WBC: white blood cell.
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groups; 75.2% patients in study group were fully
vaccinated and 51% patients in control group were
vaccinated. Among those who were vaccinated, in the
study group, most of the patients received three doses
of vaccine while in the control group most of the
patients received one dose. The prevalence of
symptoms was similar between groups, but the majority
of patients in the control group complained of coughing
(80%) and dyspnea (38%), whereas in the study group
65.5% complained of coughing and 6.1% of dyspnea.
The duration of COVID-19 symptoms before their first
examination was longer in the control group (6.6 days)
compared to study group (2.8 days). During the follow-
up period, the control group had a higher frequency of
radiographically confirmed pneumonia (78.4%) than
the study group (13.9%). Regarding laboratory
analysis, there was a significant difference in WBC,
CRP, and AST values among groups, including
measurements at the first examination compared to the
last ones. In the study group, 92.7% of patients did not
require hospitalization, whereas 24.5% of patients in
the control group did not require hospitalization. The
majority of the patients in the control group (75.5%)
needed hospitalization. During the 12.1 + 3.5-day
follow-up period, none of the study group patients were
admitted to the intensive care unit, while 10.3% of the
control group patients required this type of treatment
(Table 2). In multivariate analysis molnupiravir was
one of the independent predictors of hospitalization and
reduced the possibility of hospitalization by 97.9%,
while age and CRP were also independent predictors of
hospitalization. An increase of one year in age,
increased the possibility of hospitalization by 3.2%. An
increase of CRP level by one unit, increased the
possibility of hospitalization by 0.4% (Table 3).

Discussion

Our study used real-world data to demonstrate the
effectiveness of molnupiravir against SARS-CoV-2 in
outpatients who are at high risk of disease progression,

Table 2. Assessment of clinical worsening in the study and control group.
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in a single-center study. The analysis included 320 adult
non-hospitalized patients who were being treated for
COVID-19. Our results showed that molnupiravir
reduced the risk of hospitalization (HR 0.021, 95% CI
0.005-0.089). Numerous studies on the effectiveness of
molnupiravir have shown differences from our research
results; while some favored its use, others did not show
greater significance. Previous real-world effectiveness
studies showed that molnupiravir use was associated
with a lower risk of hospitalization in treated patients
compared to non-recipients, including studies by Evans
et al. (HR 0.49), Paraskevis et al. (OR 0.40), and Wai
et al. (OR 0.72) [14-16]. In a study conducted among
US veterans aged 65 years and older, molnupiravir was
associated with a lower 30-day risk of hospitalization or
death (RR 0.67, 95% CI 0.46-0.99), but the overall
result between treated and untreated patients was
similar [17]. The meta-analysis by Huang et al., which
included six studies involving 89,480 patients (22,355
of whom received molnupiravir therapy and 67,125
received placebo therapy), indicated that the risk of
mortality was reduced by 34% and the risk of the
composite outcome of disease progression was reduced
by 37% among patients who received molnupiravir
[18]. On the other hand, Wong er al. reported that
molnupiravir recipients in Hong Kong had a
significantly lower risk of all-cause mortality than non-
recipients (HR 0.76, 95% CI 0.61-0.95; p = 0013), but
the risk of hospitalization was comparable to the control
group (0.98 [CI 0.89-1.06]; p = 058) [19]. In another
study by Yip et al. molnupiravir usage showed no
statistically significant difference in reducing the risk
for hospitalization versus the non-users [20]. In
addition, the recently published 25,000 participant
prospective, open-label study, PANORAMIC trial,
found only a 1% risk of all-cause hospitalization, and
concluded that molnupiravir did not reduce the
frequency of COVID-19-associated hospitalizations or
death among adults over 50 years of age or adults over
18 years with other risk factors, in the community [21].

Patients on molnupiravir

Control group

(N = 165, 51.6%) (N = 155, 48.4%) p value
Clinical worsening
No worsening 153 (92.7%) 38 (24.5%) <0.001
General care without oxygen supplementation 10 (6.1%) 38 (24.5%) <0.001
General care with oxygen supplementation 1 (0.6%) 48 (31%) <0.001
Semi-intensive care unit 1 (0.6%) 15 (9.7%) <0.001
Intensive care unit 16 (10.3%) <0.001
Follow-up in days (min—max) 8.92 +3.55 (5-15) 2.83 £4.95 (0-25) <0.001
Reason for clinical worsening
None 153 (92.7%) 38 (24.5%) <0.001
COVID-19 12 (7.3%) 109 (70.3%) <0.001
Chronic illness 8 (5.2%) 0.003
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In our study, considering that the groups were very
similar in terms of demographic data, and the sole
notable difference was in the number of vaccinated
individuals, there was a reason to suspect that
vaccination had an impact on the more favorable course
of the disease of those who were treated. However, that
doubt is dispelled by the fact that the Omicron variant
diverged immunologically from the earlier variants on
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the basis of which the vaccine was developed and with
which patients may have previously come into contact
[22,23]. We believe that prior immune status could not
have had a significant impact on the efficacy of an
antiviral drug devoid of immunomodulatory activity.
Our patients taking molnupiravir had a milder clinical
course of disease and a lower frequency of pneumonia,
but they were examined earlier and started therapy on

Table 3. Univariate and multivariate Cox regression analysis of risk factors for hospitalisation in COVID-19 non-hospitalised patients.

Univariate analysis

Multivariate analysis

B p value HR 95% Cl p value HR o S%CL
lower upper lower upper

Gender: Male -0.244 0.167 0.783 0.553-1.108
Age (years) 0.023 0.001 1.023 1.010-1.037 0.022 1.032 1.005-1.059
Age > 60 years 0.537 0.008 1.711 1.147-2.553 0.665 1.225 0.489-3.067
Duration of the symptoms (days) 0.175 <0.001 1.191 1.144-1.241 0.118 1.063 0.985-1.148
Risk factors
Without / / / /
Old age 1.609 <0.001 4.996 3.387-7.369 0.137 0.504 0.205-1.243
Active malignancy -0.957 0.102 0.384 0.122-1.207
CKD 0.263 0.794 1.301 0.182-9.315
COPD -0.748 0.143 0.473 0.174-1.286
Obesity -3.005 0.734 0.050 /
Heart condition -1.767 <0.001 0.171 0.096-0.304 0.674 1.328 0.354-4.981
Diabetes 0.139 0.615 1.149 0.669-1.971
Autoimmune disease -1.499 0.136 0.223 0.031-1.599
More than 1 risk factor 0.110 0.560 1.116 0.772-1.613
Vaccinated patients -0.764 <0.001 0.466 0.329-0.659 0.461 1.821 0.370-8.954
Time from the vaccination to the -0.136 0.001 0.873 0.804-0.949 0.240 0.894 0.742-1.078
symptoms onset (days)
Number of vaccine doses -0.309 <0.001 0.734 0.646-0.833 0.579 0.854 0.489-1.491
Vaccine type
None 0.725 <0.001 2.065 1.460-2.919
Pfizer -1.696 0.001 0.183 0.067-0.505 0.598 0.709 0.197-2.550
Sputnik V -0.561 0.105 0.571 0.289-1.125
Sinopharm -0.106 0.579 0.900 0.619-1.308
Other 0.193 0.787 1.213 0.299-4.913
Unknown 0.007 0.987 1.007 0.470-2.158
Non-antiviral medication before 1st examination
Symptomatic -0.888 <0.001 0.411 0.290-0.584 0.405 0.503 0.100-2.536
Antibiotic 0.998 <0.001 2.712 1.912-3.847 0.245 0.384 0.077-1.926
Corticosteroids -0.340 0.561 0.712 0.226-2.240
CT -3.016 0.495 0.049 /
Nolvadex -3.031 0.325 0.048 /
Cough 1.218 <0.001 3.382 1.941-5.892 0.311 1.496 0.686-3.262
Sore throat -2.071 <0.001 0.067 0.017-0.727 0.945 / /
Stuffy nose -1.324 0.024 0.266 0.085-0.937 0.241 3.607 0.423-30.766
Runny nose -1.305 0.002 0.271 0.119-0.616 0.813 0.833 0.184-3.775
Dyspnea 1.431 <0.001 4.183 2.920-5.992 0.699 1.121 0.629-1.997
Muscle pain 0.137 0.478 1.147 0.785-1.676
Fatigue 0.493 0.017 1.637 1.093-2.454 0.744 0.900 0.479-1.692
High fever 0.704 0.025 2.023 1.090-3.753 0.544 1.347 0.515-3.524
Headache -0.468 0.089 0626 0.365-1.073
Nausea 0.523 0.026 1.687 1.065-2.674 0.596 1.196 0.617-2.319
Vomiting 0.123 0.724 1.130 0.573-2.231
Diarrhea 0.366 0.212 1.441 0.812-2.559
Loss of the sense of taste 0.099 0.868 1.104 0.345-3.531
Anosmia 0.096 0.872 1.101 0.344-3.520
Pneumonia -0.281 0.010 0.755 0.611-0.934 0.106 1.703 0.893-3.250
WBC at first examination (x 10°) 0.052 0.001 1.053 1.022-1.085 0.884 1.003 0.960-1.048
WBC on the last examination (x 10%) 0.139 <0.001 1.149 1.066-1.238
Platelets at first examination (x 10°%) 0 0.779 1.00 0.998-1.003
Platelets on the last examination (x 10%) -0.001 0.591 0.999 0.996-1.002
CRP at first examination (mg/L) 0.009 <0.001 1.009 1.007-1.011 0.029 1.004 1.000-1.007
CRP on the last examination (mg/L) 0.012 <0.001 1.012 1.010-1.015
D-dimer at first examination (mg/L) 0.076 0.001 1.079 1.033-1.126 0.708 0.985 0.909-1.067
D-dimer on the last examination (mg/L) 0.021 0.006 1.021 1.006-1.036
AST at first examination (U/L) 0.014 <0.001 1.014 1.008-1.020 0.252 1.007 0.995-1.020
AST on the last examination (U/L) 0.018 <0.001 1.018 1.012-1.024
ALT at first examination (U/L) 0.007 0.028 1.007 1.001-1.13 0.953 1.000 0.989-1.012
ALT on the last examination (U/L) 0.005 0.119 1.005 0.999-1.012
Molnupiravir -3.127 <0.001 0.044 0.024-0.081 <0.001 0.021 0.005-0.089

ALT: alanine aminotransferase; AST: aspartate aminotransferase; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; CRP: C reactive

protein; CT: chemotherapy; WBC: white blood cell.
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time. Based on data on follow-up time until
hospitalization, regardless of the favorable course of
most treated patients, they should be followed for at
least 15 days after starting treatment, and those who are
not receiving therapy should be followed for up to 25
days.

Our study had some inherent limitations due to its
real-world and single-center observational nature,
which might lead to bias. The main limitation of our
study was the short duration of treatment as well as the
small sample size. This limitation was overcome by the
fact that the groups of patients proved to be similar in
terms of gender and age, and this result came about by
chance, without an a priori desire for matching. Our
data provide significant support for expanding the base,
and a multicenter, national study is being planned.
Another potential limitation was the lack of data on
viral subvariants.

Conclusions

The results of our study showed that, the use of
molnupiravir  further reduced the risk for
hospitalization, with the effect being more pronounced
in highly vulnerable populations. Thus, its use in high-
risk populations is strongly indicated to reduce the
burden of disease and unfavorable outcomes.
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