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ORIGINAL ARTICLE

Efficacy and safety of three new oral antiviral treatment (molnupiravir,
fluvoxamine and Paxlovid) for COVID-19：a meta-analysis

Wen Wena,b�, Chen Chena,b�, Jiake Tanga,b�, Chunyi Wanga,b, Mengyun Zhouc, Yongran Chengd,
Xiang Zhoua, Qi Wua, Xingwei Zhanga, Zhanhui Fenge , Mingwei Wanga and Qin Maoa

aHangzhou Institute of Cardiovascular Diseases, Affiliated Hospital of Hangzhou Normal University, Hangzhou, PR China; bHangzhou
Normal University, Hangzhou, PR China; cDepartment of Molecular and Cellular Physiology, Shinshu University School of Medicine,
Matsumoto, Japan; dSchool of Public Health, Hangzhou Medical College, Hangzhou, PR China; eDepartment of Neurology, Affiliated
Hospital of Guizhou Medical University, Guiyang, PR China

ABSTRACT
Background: The coronavirus disease (COVID-19) epidemic has not been completely controlled.
Although great achievements have been made in COVID-19 research and many antiviral drugs
have shown good therapeutic effects against COVID-19, a simple oral antiviral drug for COVID-
19 has not yet been developed. We conducted a meta-analysis to investigate the improvement
in mortality or hospitalization rates and adverse events among COVID-19 patients with three
new oral antivirals (including molnupiravir, fluvoxamine and Paxlovid).
Methods: We searched scientific and medical databases, such as PubMed, Web of Science,
Embase and Cochrane Library for relevant articles and screened the references of retrieved stud-
ies on COVID-19.
Results: A total of eight studies were included in this study. The drug group included 2440
COVID-19 patients, including 54 patients who died or were hospitalized. The control group
included a total of 2348 COVID-19 patients, including 118 patients who died or were hospital-
ized. The overall odds ratio (OR) of mortality or hospitalization was 0.33 (95% confidence interval
[CI], 0.22–0.49) for COVID-19 patients in the drug group and placebo group, indicating that oral
antiviral drugs were effective for COVID-19 patients and reduced the mortality or hospitalization
by approximately 67%.
Conclusions: This study showed that three novel oral antivirals (molnupiravir, fluvoxamine and
Paxlovid) are effective in reducing the mortality and hospitalization rates in patients with
COVID-19. In addition, the three oral drugs did not increase the occurrence of adverse events,
thus exhibiting good overall safety. These three oral antiviral drugs are still being studied, and
the available data suggest that they will bring new hope for COVID-19 recovery and have the
potential to be a breakthrough and very promising treatment for COVID-19.

KEY MESSAGES

� Many antiviral drugs have shown good therapeutic effects, and there is no simple oral anti-
viral drug for COVID-19 patients.

� Meta-analysis was conducted for three new oral antivirals to evaluate the improvement in
mortality or hospitalization rates and adverse events among COVID-19 patients.

� We focussed on three new oral Coronavirus agents (molnupiravir, fluvoxamine and Paxlovid)
and hope to provide guidance for the roll-out of oral antivirals.
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Introduction

In December 2019, COVID-19 caused by severe acute
respiratory syndrome coronavirus type 2 (SARS-COV-2)
broke out in China. The COVID-19 epidemic has rap-
idly spread across the globe, with 251,788,329 cases of
COVID-19 and 5,077,907 deaths reported as of 12
November 2021 [1]. Development of a vaccine against

the COVID-19 virus has continued, and mass vaccin-
ation campaigns are still going on. A study in Italy has
shown that COVID-19 vaccine can effectively reduce
the mortality of COVID-19 infected patients [2]. As of
12 November 2021, more than 2.3 billion novel cor-
onavirus vaccine doses were given to people in China
[3]. However, studies have shown that even vaccinated
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people are infected with novel coronavirus variants.
Millions of immunocompromised patients may not be
fully protected after vaccination, and existing vaccines
may not be effective against new novel coronavirus
variants [4,5]. Although an antiviral drug Remdesivir
has been developed that has shown good effects in
antiviral therapy [6], some clinical trials have not fully
demonstrated its beneficial effects on SARS-COV-2;
moreover, the drug is expensive and must be adminis-
tered intravenously in a hospital setting [6–8].
Therefore, it is essential to develop simple oral corona-
virus drugs.

Recently, three new oral coronavirus drugs have
shown effective results in clinical studies. Recently,
molnupiravir, an orally active RdRp inhibitor with a
favourable pharmacokinetic profile, has received con-
siderable attention owing to its ability to inhibit SARS-
COV-2 replication, remove SARs-COV-2 rapidly, reduce
viral load and recover fast [4]. Molnupiravir is the iso-
propyl ester prodrug of the ribonucleoside analogue
b-D-N4-hydroxycytidine (NHC) [9]. An in vitro evidence
shows that molnupiravir is a potent inhibitor of SARS-
CoV-2 replication with an EC50 in the submicromolar
range [9–11]; the effect of this antiviral injection was
also observed in animal models [9,12,13]. A study
showed that the time taken for viral RNA clearance
decreased, and a greater proportion of overall clear-
ance was achieved in participants administered with
molnupiravir vs. placebo [14]. In addition, molnupiravir
has shown promising efficacy and safety in phase I/II/
III clinical trials. Studies have shown that molnupiravir
reduces the risk of hospitalization or death by approxi-
mately 50% in non-hospitalized adults with mild-to-
moderate COVID-19 disease who are at risk for poor
prognosis, and the incidence of any adverse events
was comparable between the two groups (35 and
40%, respectively), as was the incidence of drug-
related adverse events (12 and 11%, respectively) [15].
Fluvoxamine, another oral medication and a selective
serotonin reuptake inhibitor and r-1 receptor agonist
[16], has shown potential of early outpatient treatment
of COVID-19 in previous studies [17–19] and also good
safety and effectiveness in patients in intensive care
unit (ICU) [16]. Seftel and Boulware showed that no
hospitalization occurred in the fluvoxamine group,
while six patients out of the 48 control patients
required hospital admission [17]. In addition, prospect-
ive cohort trials of fluvoxamine in ICU patients showed
an overall mortality rate of 58.8% (n¼ 30/51) in the
fluvoxamine group compared with 76.5% (n¼ 39/51)
in the control group [16]. Paxlovid is an investigational
SARS-CoV-2 protease inhibitor antiviral therapy

developed by Pfizer Inc., specifically designed to be
administered orally [20]. Their recent study showed
that Paxlovid reduced the risk of hospitalization or
death by 89% [20].

At present, clinical studies on these three oral cor-
onavirus drugs are continuing; better results are
expected. We conducted this meta-analysis to further
evaluate the improvement in mortality or hospitaliza-
tion rates and adverse events among COVID-19
patients with these three oral antiviral drugs (molnu-
piravir, fluvoxamine and Paxlovid) and hope to pro-
vide guidance for the rollout of these oral antivirals.

Materials and methods

Search strategy

We searched scientific and medical databases
PubMed, Web of Science, Embase and Cochrane
Library for relevant studies. We screened the referen-
ces of the retrieved studies and restricted the lan-
guage of the search to English. Following keywords
were used in the search: COVID-19 (SARS-CoV-2, novel
coronavirus 2019 and 2019-nCoV), molnupiravir (EIDD-
2801/MK-4482), fluvoxamine and Paxlovid (PF-
07321332; ritonavir).

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) the article
reported the clinical results of three oral COVID-19
drugs, including the total number of participants and
the specific number of deaths or hospitalizations; (2)
English literature.

The exclusion criteria were as follows: (1) irrelevant
to the research direction, (2) no relevant data and (3)
repeated literature.

Data extraction

A total of eight studies were included in this study.
The following data were collected: name of the first
author, year of publication, name of the study drug,
total number of subjects, and number or proportion
of deaths or hospitalizations occurring or incidence of
any other adverse events.

Statistical analysis

All statistical analyses were performed using Review
Manager version 5.2 software , and a binary controlled
study was used to calculate the number of deaths or
hospitalizations of COVID-19 patients in the oral
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antiviral group and placebo group, as well as the inci-
dence of adverse events. Odds ratio (OR) and 95%
confidence interval (CI) were used to measure the
effect. The results of all the studies (OR) were aggre-
gated using a fixed-effects model.

Ethics statement

This study is a meta-analysis study. The ethics commit-
tee of Affiliated Hospital of Hangzhou Normal
University approved all the procedures performed.

Results

Outcome of the electronic search

As of 12 November 2021, a total of 477 studies were
obtained; 278 duplicate references, 93 unrelated refer-
ences, 88 studies without relevant data and 10 non-
English references were excluded. Finally, a total of
eight studies were included.

Characteristics of the included studies

The characteristics of all the included literatures are
shown in Table 1. Five included studies described the
deaths of COVID-19 patients in the drug and control
groups, and three studies described the hospitaliza-
tions of COVID-19 patients. In addition, three studies
were related to molnupiravir, four studies were related
to fluvoxamine and the remaining one study was
related to Paxlovid. The drug group included 2440
COVID-19 patients, including 54 patients who died or
were hospitalized. The control group included a total
of 2348 patients, including 118 patients who died or
were hospitalized (Figure 1).

Meta-analysis

Our study showed that the overall OR for death or
hospitalization among COVID-19 patients in the drug
vs. placebo group was 0.33 (95% CI, 0.22–0.49; I2 ¼
43%), p< .00001. This indicates that the oral antiviral

drugs are effective for COVID-19 patients, reducing the
mortality or hospitalization rate by approximately 67%
(Figure 2). Figure 3 shows that the OR of mortality for
COVID-19 patients in the drug vs. placebo group was
0.41 (95% CI, 0.26–0.64; I2 ¼ 44%), p¼ .0001, indicat-
ing a 56% reduction in mortality. The OR for hospital-
ization was 0.20 (95% CI, 0.09–0.43; I2 ¼ 9%),
p< .0001, i.e. approximately 80% reduction in hospital-
ization rate. In addition, we analysed the efficacy of
three different antiviral drugs for COVID-19 patients,
and the OR was 0.22 (95% CI, 0.10–0.48) in the molnu-
piravir group, 0.45 (95% CI, 0.28–0.72) in the fluvox-
amine group and 0.05 (95% CI, 0.00–0.81) in the
Paxlovid group (Figure 4). All the three drugs used in
this study showed effective therapeutic effects.

The safety of these oral antiviral drugs was ana-
lysed. The total OR of adverse events in the drug
group and placebo group was 0.85 (95% CI, 0.72–1.02;
I2 ¼ 0%), p¼ .08, indicating no significant difference in
the incidence of adverse events between the drug
group and placebo group (Figure 5).

Discussion

A total of eight studies were included in this study. All
the three oral antiviral drugs were effective in COVID-
19 patients. The overall OR of death or hospitalization
for COVID-19 patients in the drug vs. placebo groups
was 0.33 (95% CI, 0.22–0.49), indicating that these oral
antiviral drugs reduced the mortality or hospitalization
by approximately 67% in COVID-19 patients. The OR
of mortality was 0.41 (95% CI, 0.26–0.64) for patients
in the drug group and placebo group, indicating that
oral medication reduced the mortality by 56%. The OR
of hospitalization was 0.20 (95% CI, 0.09–0.43), indicat-
ing approximately 80% reduction in the hospitalization
rate. Our study demonstrated the good therapeutic
effect of these oral coronavirus drugs. The develop-
ment of oral antiviral drugs is an inevitable trend in
the fight against COVID-19.

At present, new oral coronavirus drugs are still
being studied. Many studies have analysed how these

Table 1. Basic information of the included studies.

Study Drugs
Death or

hospitalization

Drug group Placebo group

Events (n) Total (n) Adverse events (n) Events (n) Total (n) Adverse events (n)

Fischer et al. [14] Molnupiravir Death 0 140 42 1 62 18
Mahase [15] Molnupiravir Death 0 385 135 8 377 150
Calusic et al. [16] Fluvoxamine Death 30 51 / 39 51 /
Seftel and Boulware [17] Fluvoxamine Hospitalization 0 65 / 6 48 /
Lenze et al. [18] Fluvoxamine Hospitalization 0 80 12 6 72 18
Reis et al. [19] Fluvoxamine Death 17 741 169 25 756 188
Pfizer [20] Paxlovid Death 0 607 10 10 612 40
Hetero [21] Molnupiravir Hospitalization 7 371 / 23 370 /
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drugs are novel coronavirus drugs. Coronaviruses are
enveloped viruses. The genome of coronaviruses enco-
des non-structural proteins responsible for viral gen-
ome replication and transcription. Its main component
is a multifunctional protein containing a central RNA-
dependent RNA polymerase (RdRp) domain [9].
Studies indicate that molnupiravir, an isopropyl ester
precursor, is cleaved in plasma to an active nucleoside
analog NHC or eidd-1931 by host esterase [22,23]. This
active form of the drug is distributed to various tissues
and subsequently converted to its corresponding 50-
triphosphate (NHC triphosphate or MTP), and then the
drug targets the RdRp, which is virally encoded, and

competitively inhibits the cytidine and uridine triphos-
phates and incorporates M instead [22,24]. The RdRp
uses the NHC triphosphate as a substrate instead of
the cytidine and uridine triphosphates and then incor-
porates either A or G in the RdRp active centres, form-
ing stable complexes and thus escaping proofreading
by the synthesis of a mutated RNA [22,24]. In sum-
mary, the broad-spectrum antiviral activity of this drug
can be attributed to its two-step mutagenesis mech-
anism [22]. In the first step, RdRp synthesizes a nega-
tive-strand genomic RNA(�gRNA) using a positive-
strand genomic RNA(þgRNA) as the template
[13,22,23]. In the second step, þgRNA or sub genomic

Figure 1. Study screening flow chart.

Figure 2. Analysis of overall death or hospitalization rates between the oral antiviral group and the placebo group.
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Figure 3. Subgroup analysis: impact of oral antiviral drugs on mortality and hospitalization rates of COVID-19 patients.

Figure 4. Subgroup analysis: impact of different oral antiviral drugs on mortality or hospitalization rate of COVID-19 patients.
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RNA is synthesized using M-containing RNA as the
template. The M-containing RNA in the� gRNA causes
mutation inþ gRNA, and subgenomic RNA is subse-
quently formed, resulting in mutagenesis, which is
lethal to the virus [13,22,23]. Molnupiravir is only
administered orally for a short period (5 d), and it is
easier to administer molnupiravir on an outpatient
basis and therefore has better compliance [22]. In add-
ition, the available data indicate that molnupiravir is
well tolerated and safe, at least in the short term,
without any major adverse events in current clinical
trials. However, one study identified mutations in mol-
nupiravir-treated cells in animal cell cultures [25].
Although the short-term use of 5 d seems unlikely to
produce mutations [22], such mutations raise concerns
about whether the long-term use of molnupiravir
could lead to changes in human DNA.

The potential mechanism of fluvoxamine for the
treatment of COVID-19 is still uncertain; some hypoth-
eses have been proposed. A study reported that flu-
voxamine exhibited the strongest activity among all
SSRIs with low nanomolar affinity on sigma-1 receptor
(S1R), which may reduce the excessive inflammatory
state induced by novel coronavirus by regulating S1R
[26]. In addition, S1R has other antiviral effects, includ-
ing reducing platelet aggregation, reducing mast cell
degeneration, interfering with endolysosomal virus
transport, regulating myositol requiring enzyme 1a
driven inflammation and increasing melatonin levels
[26], which may be important mechanisms influencing
COVID-19 treatment. In addition, Paxlovid is an oral
antiviral drug candidate for SARS-CoV-2 protease
inhibitors, recently released by Pfizer [20]. Paxlovid is a
combination of PF-07321332 and Ritonavir. Paxlovid
does not work as well if it is taken on its own. The
body’s defence mechanisms will remove anything that
it does not recognize, including drugs, which can be
digested by the liver enzymes [27]. Among them,
Paxlovid is designed to block the activity of SARS-
COV-2-3Cl protease, which is needed for the corona-
virus to replicate [20]. Use of Paxlovid in combination

with a low dose of ritonavir helps slow down the
metabolism or breakdown of PF-07321332 so that it
remains active in the body for longer at higher con-
centrations and helps in fighting the virus [20].
Paxlovid

TM

has been designed with the novel corona-
virus-specific protease in mind and is therefore more
specific to this coronavirus than molnupiravir [27].
Data obtained from a larger cohort of 1881 patients in
EPIC-HR showed that treatment-emergent adverse
events were comparable between Paxlovid (19%) and
placebo (21%), and most of them were mild in inten-
sity [28].

Regarding the safety of oral drugs, we found that
the total OR of adverse events in the drug and pla-
cebo groups was 0.85 (95% CI, 0.72–1.02), exhibiting
no significant difference in the incidence of adverse
events between the drug group and the placebo
group. This indicates that the oral drugs did not
improve the adverse events, and also they did not
aggravate the occurrence of adverse events, i.e. the
oral antiviral drugs are generally safe. The most com-
mon adverse events of the three oral antiviral drugs
include nausea, diarrhoea, headache, runny nose and
muscle pain. These studies show that most of the
adverse events after taking oral antiviral drugs are
mild, and few serious adverse events have been
reported [18,28,29]. In contrast, existing vaccines have
shown increasingly more severe adverse reactions. In
addition to common diarrhoea, arthralgia and infra-red
radiation at the injection site, rare serious adverse
events including allergy, deep vein thrombosis and
pulmonary embolism have been reported, although
these adverse events are rare. However, adverse
events have been reported in genetic vaccines
BNT162b2 (Pfizer BioNTech) and gene-1273 (Moderna,
Cambridge, MA), as well as adenovirus vector vaccines
ChAdOx1 nCOV-19 (AstraZeneca, Cambridge, UK) and
Ad26 [30,31]. Besides, studies have shown that even if
vaccinated humans are infected with novel corona-
virus variants, existing vaccines may not be effective
against them [4,5], and reinfection of mutants with

Figure 5. Incidence of adverse events in drug group and placebo group.
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different antigenicities may reduce the overall efficacy
of spike-based COVID-19 vaccines [30–33]. Oral anti-
viral drugs are probably safer than COVID-19 vaccine
in general, although no clinical studies have compared
their efficacies. Other advantages of oral drugs, such
as molnupiravir and Paxlovid are that they can be pro-
duced in a large scale, do not require refrigerated
shipping, do not require hospital administration, and
are less expensive than other EUA approved COVID-19
vaccines and monoclonal antibodies [22,27].

Although our results are consistent with the clinical
trials on COVID-19 drugs, there are still some short-
comings in this study. First, we included only English
studies; many non-English studies were omitted.
Second, no specific data was available for analysis,
such as gender and age in the included literature, so
no subgroup analysis was conducted in this respect.
Moreover, the effect of confounding factors such as
age and gender on the research results cannot be
excluded. Besides, only one study was found on
Paxlovid, which is insufficient for subgroup analysis. It
can only be said that this clinical study shows that
Paxlovid can effectively reduce the mortality or hospi-
talization rate of patients. Whether Paxlovid can effect-
ively reduce mortality or hospitalization, the sample
size of the study needs to be further expanded to
obtain more scientific results. At present, the clinical
study of this drug is still in progress, and it is expected
to provide strong evidence in the future.

Conclusions

This study shows that three novel oral antiviral drugs
(molnupiravir, fluvoxamine and Paxlovid) are effective
in reducing the mortality and hospitalization rates in
COVID-19 patients. In addition, our study showed that
the three oral antiviral drugs did not increase the
occurrence of adverse events, thus exhibiting good
overall safety. These three oral antiviral drugs are still
being studied, and the available data suggest that
they will bring new hope for COVID-19 recovery and
have the potential to be a breakthrough and very
promising treatment for COVID-19.
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