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Abstract

A massive vaccination campaign against the global COVID-19 pandemic caused by SARS-CoV-2 virus began worldwide
in January 2021. However, studies continue to investigate the most effective and safe drug therapies to manage the various
stages of viral infection. It is critical in the therapeutic management of the patient, with ongoing COVID-19 infection, to
reduce viral load and replication, and to regulate the generalized hyperinflammatory state caused by the cytokine storm
that occurs in the most severe phases. Probably the right drug therapy is represented by the use of different drugs acting in
different modalities and on different targets, to avoid also viral drug resistance. In this article, we describe an interesting sci-
entific pharmacological hypothesis arising from the evidence in the literature; we believe that the association of baricitinib/
remdesivir/ThACE2, administered at the right time and dose, represents an important pharmacological synergism that can
be therapeutically more effective for the treatment of COVID-19 infection than the single administration of drugs and avoid
the phenomenon of drug resistance caused by the virus.

Highlights

e A new perspective on SARS-CoV-2 management
e Baricitinib/remdesivir/thACE2 may have an effective synergism of action
e Avoiding viral drug resistance is of paramount importance
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Introduction Min dead (World health organization (WHO) 2021; Wang
et al. 2020; Huang et al. 2020). In January 2021, a mas-
sive vaccination campaign began worldwide (Vitiello et al.

2021a). SARS-CoV-2 infection is responsible for coronavi-

COVID-19 infection

The current global pandemic caused by the SARS-coV-2
coronavirus is ongoing. Data recorded as of August 30,
2021, indicate approximately 216 Mln infected and 4.5
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rus disease (COVID-19), and is transmitted from human to
human. Viral infection can have an asymptomatic or mildly
symptomatic course in most cases. Symptomatic forms
include clinical manifestations such as loss of sense of smell,
fatigue, fever, cough, and dyspnea (Li et al. 2020; Zhu et al.
2019; Gorbalenya et al. 2020). In severe cases, there may be
pulmonary and cardiac injury caused by an abnormal and
dysregulated response of the inflammatory/immune system
induced by a massive and sudden release of proinflammatory
mediators such as cytokines and chemokines (Guarner 2020;
Vitiello and Ferrara 2021a; Vitiello et al. 2021b). SARS-
CoV-2 coronavirus uses ACE2 glycoprotein as a cellular
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entry receptor, which is expressed in various tissues (Vitiello
and Ferrara 2020a; Vitiello et al. 2021c). ACE2 is a key
regulator of the RAS renin-angiotensin system (Vitiello
and Ferrara 2021b). Several pharmacological treatments for
COVID-19 infection have been used and tested at this time,
including anti-inflammatory/immunomodulatory agents,
anticoagulants, convalescent plasma, and antivirals indicated
for other diseases (Ferrara et al. 2020; Vitiello and Ferrara
2020b; Ferrera and Vitiello 2021). Clinical evidence associ-
ates good efficacy in the management of hyperinflammation
occurring in the more severe stages of the disease with baric-
itinib and antiviral activity with remdesivir (Jorgensen et al.
2020; Al-Tawfiq et al. 2020; Vitiello et al. 2020; Favalli et al.
2020). In addition, an interesting line of research proposes
the administration of soluble recombinant thACE2 as a “trap
effect” for the circulating virus (Muslim et al. 2020). Prob-
ably, the combined use of these three drugs may represent
an important pharmacological synergism in the management
of COVID-19 infection and avoid the phenomenon of viral
drug resistance.

Baricitinib/remdesivir/rhACE2

COVID-19 infection is complex. Some individuals are more
susceptible to serious complications than others, and the
course of the disease is unpredictable in a large percentage
of cases. Evidence shows that SARS-CoV-2 infection affects
differently men and women, young and old. It seems that
elderly subjects and with comorbidities are more at risk of
severe COVID-19 infection; despite this, there are cases of
young subjects without pre-existing pathologies who have
suffered serious consequences. In the scientific world, the
idea that genetic factors of the host can influence individual
susceptibility to the disease and its progression is increas-
ingly strengthened, suggesting that COVID-19 disease is a
true “multifactorial pathology” from this point of view. In
view of these aspects, the type of drugs administered, the
timing, and the dose appear to be key components to avoid
serious complications from COVID-19. Several pharma-
cological treatments have been tested for the management
of COVID-19 viral infection, immunomodulators, antico-
agulants, plasma derivatives, and antivirals (Jorgensen et al.
2020; Ferrara and Vitiello 2020). Among the various agents
used, we believe that the combined administration of baric-
itinib, remdesivir, and rhACE2 represents a potential and
important pharmacological synergism that can counteract
SARS-CoV-2 infection (Vitiello et al. 2021e; Titanji et al.
2020). Specifically, baricitinib is an immunomodulator used
in the treatment of rheumatoid arthritis; recently, some evi-
dence shows efficacy against COVID-19 (Favalli et al. 2020;
Jorgensen et al. 2020). Baricitinib is a potent and selective
JAK1/Jak2; it thereby indirectly inhibits STAT signaling.
The inhibition of JAK-STAT is useful to counteract the
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generalized hyperinflammatory state caused by cytokine
storm in severe COVID-19 patients. In addition, baricitinib
binds AAK1/GAK whose inhibition has been shown to
reduce viral infection in vitro (Hoang et al. 2021). AAK1/
GAK is a key regulator of clathrin-mediated endocytosis.
Baricitinib therefore has a dual mechanism of anti COVID-
19 action, immunomodulatory and antiviral. Remdesivir is
among the antivirals used, the one that has found the most
positive results against COVID-19. Remdesivir is an antivi-
ral pharmacological agent of the nucleotide analogue family;
in vitro studies have shown SARS-CoV-2 inhibition activity
(Ferrara et al. 2020). Remdesivir is a pro-drug, which within
cells is converted to the active metabolite nucleoside triphos-
phate and inhibits SARS-CoV-2 viral RNA replication.
Recent studies associate remdesivir with continuous and
clinically significant improvements in COVID-19 (Vitiello
and Ferrara 2020c)-positive patients, resulting in reduced
mortality and recovery time hospitalization (McCreary
and Angus 2020). Treatment with a soluble recombinant
human form of ACE2 (rhACE2) could prove useful as a
trap effect for circulating SARS-CoV2 and decrease viral
load and hinder infection (Monteil et al. 2020). Administra-
tion of recombinant soluble human ACE2 has shown good
efficacy in subjects with acute respiratory distress syndrome
(ARDS) (Muslim et al. 2020). From a molecular pharmaco-
logical point of view, administration of thACE2 activates the
Ang 1-7 and Ang 1-9 synthesis pathway of the RAS system
(nonclassical pathway) by decreasing Ang II levels with a
tendency to lower cytokine proinflammatory concentration
(Gaddam et al. 2014). Administration of the baricitinib/
remdesivir/thACE2 combination acts in different modes
of action and on different targets, with anti-inflammatory/
immunomodulatory effect, antiviral activity with viral load
reduction, inhibition of virus cell penetration, and endocel-
lular viral replication (Fig. 1).

Discussions

Baricitinib/remdesivir/rhACE2 administration may rep-
resent an important pharmacological synergism to arrest
COVID-19 infection. The enhanced synergism allows for
the lowering of the dose of each individual drug, increasing
its safety profile. In addition, the pharmacological attack
on multiple targets can have a greater effectiveness than
the single administration of drugs, and avoid phenomena
of drug resistance. Finally, there are no particular risks of
drug interactions; baricitinib has a minimal interaction with
the relevant CYP enzymes of drug metabolization. During
COVID-19 infection, the benefit/risk ratio of drugs admin-
istered, and any drug-drug interactions or disease-drug
interactions, should be carefully monitored (Ferrara 2020;
Ferrara et al. 2020; Vitiello et al. 2021d). In summary, the
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Fig. 1 Schematic representa-
tion of the pharmacological
synergism baricitinib/remde-
sivir/rhACE2: The different
mechanisms of action of the
three drugs act on multiple
targets, hACE2 mediates the
conversion of Ang 2 to Ang
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described combination of drugs can reduce viral infectivity,
viral replication, and aberrant inflammatory response of the
host. Some clinical evidence shows excellent results when
administered in combination baricitinib and remdesivir, and
rhACE2 and remdesivir (Kalil et al. 2021; Monteil et al.
2021; Domenico et al. 2021).

Clinical trials

The ACTT-1 study (NCT04280705) demonstrated the effi-
cacy of remdesivir against SARS-CoV-2. ACTT-1 is a dou-
ble-blind, randomized, placebo-controlled trial that studied
intravenous remdesivir in adults who had been hospitalized
with COVID-19 and had evidence of lower respiratory tract
infection. Patients were randomly assigned to receive rem-
desivir (200 mg loading dose on day 1, followed by 100 mg
daily for up to 9 additional days) or placebo for up to 10 days.
The primary outcome was time to recovery. A total of 1062
patients underwent randomization (with 541 assigned to
remdesivir and 521 to placebo). Those who received rem-
desivir had a median recovery time of 10 days compared
with 15 days among placebo subjects. Mortality was 6.7%
with remdesivir and 11.9% with placebo at day 15 and 11.4%
with remdesivir and 15.2% with placebo at day 29. Serious
adverse events were reported in 131 of 532 patients receiv-
ing remdesivir (24.6%) and in 163 of 516 patients receiv-
ing placebo (31.6%). The ACTT-1 study demonstrated that
remdesivir was superior to placebo in shortening recovery
time in adults who were hospitalized with COVID-19 and
had evidence of lower respiratory tract infection (Beigel
et al. 2020). On November 19, 2020, the Food and Drug
Administration (FDA) approved baricitinib for emergency
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use (EUA) in combination with remdesivir for the treatment
of suspected or laboratory-confirmed COVID-19 disease in
certain hospitalized patients requiring supplemental oxygen,
invasive mechanical ventilation, or extracorporeal membrane
oxygenation (ECMO). Baricitinib is approved for the treat-
ment of adult patients with moderately to severely active
rheumatoid arthritis. Authorization for use in COVID-19
patients was based on review of data from the ACTT-2 clini-
cal trial (NCT04401579), and data from COV-BARRIER
(NCT04421027). ACCT-2 is a randomized, double-blind,
placebo-controlled trial conducted by the National Insti-
tute of Allergy and Infectious Diseases (NIAID) comparing
baricitinib in combination with remdesivir and remdesivir as
monotherapy. A total of 1033 patients underwent randomiza-
tion (with 515 assigned to combination treatment and 518
to control). All patients received remdesivir (< 10 days) and
baricitinib (< 14 days) or placebo (control). The primary out-
come was time to recovery. Patients who received baricitinib
had a median recovery time of 7 days compared with 8 days
for control, and a 30% higher probability of improvement in
clinical status at day 15. The ACTT-2 study demonstrated
that baricitinib plus remdesivir was superior to remdesivir
alone in reducing recovery time and accelerating improve-
ment in clinical status among patients with COVID-19,
and combination therapy was associated with fewer serious
adverse events (Kalil et al. 2021). The COV-BARRIER is a
randomized, double-blind, placebo-controlled clinical trial
conducted by NIAID comparing treatment with baricitinib
with placebo in hospitalized adults with confirmed SARS-
CoV-2 infection. A total of 1525 hospitalized adults with
COVID-19 receiving standard of care (SOC) were randomly
assigned (1:1) to baricitinib 4 mg once daily (N=764) or
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placebo (N=761) for up to 14 days. SOC included systemic
corticosteroids in ~ 79% of participants (dexamethasone ~
90%). The primary endpoint was the proportion progress-
ing to high-flow oxygen, noninvasive ventilation, invasive
mechanical ventilation, or death by day 28. A key secondary
endpoint was all-cause mortality by day 28. Overall, 27.8%
of participants who received baricitinib versus 30.5% who
received placebo progressed (primary endpoint). The 28-day
mortality was 8.1% for baricitinib and 13.1% for placebo,
corresponding to a 38.2% reduction in mortality. The fre-
quency of adverse events, serious adverse events, serious
infections, and venous thromboembolic events was similar
between the groups. The study demonstrated that treatment
with baricitinib in addition to SOC (predominantly dexa-
methasone) significantly reduced mortality with a similar
safety profile among the groups of hospitalized COVID-19
participants (Marconi et al. 2021).

Antiviral SARS-CoV-2 drug resistance

Similar to cancer cells that can develop resistance against
chemotherapeutic drugs, microorganisms such as viruses
can develop drug resistance. The development of viral
resistance to SARS-CoV-2 could be an increasing problem
with long-term treatment, and specifically could be one
of the causes of clinical treatment failure. Surveillance of
viral resistance is necessary to choose appropriate empiric
therapy and to monitor the spread of resistant virus in the
population. Most viruses adapt and mutate to become
resistant to antiviral therapy, and this can affect patient
and disease management. The prevalence of resistance can
be limited with infection control measures and appropri-
ate antiviral treatment, especially used in combinations of
multiple effective drugs directed at different targets and
proteins within the virus (Duwe 2017a; Ghany and Doo
2009). In this context, surveillance of the potential emer-
gence of antiviral resistance is critical for public health
during the COVID-19 pandemic. Antiviral treatments have
been shown to lead to the emergence of resistance in hepa-
titis B virus, human immunodeficiency virus, hepatitis C
virus (HCV), and influenza virus (Ghany and Doo 2009;
Duwe 2017b) and the ability to develop resistance during
single-drug therapies. Similarly, in vitro experiments on
SARS-CoV, the causative agent of severe acute respiratory
syndrome (SARS), and a relative of SARS-CoV-2, shows
that specific SNPs within nsp12, the major RdRp subunit,
can alter the efficacy of remdesivir. The Nsp12:Phe480Leu
substitution destabilizes the interface between different
subdomains of the protein and affects remdesivir binding.
The EC50 of remdesivir increased from 0.01 to 0.06 uM
in SARS-CoV cultures carrying the Nsp12:Phe480Leu or
Nspl12:Val557Leu mutations (Agostini et al. 2018). In the
absence of remdesivir, these viral mutants were found to
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replicate less efficiently and showed substantially reduced
viability. Identifying and monitoring transmission of
potential antiviral-resistant strains is essential for disease
surveillance. A new preprint research paper discusses the
emergence of mutations in the SARS-CoV-2 virus that
allow it to escape the effects of the drug remdesivir. The
researchers found that 12 viral lineages passaged in media
containing remdesivir at 1 pM or 2.5 pM showed cyto-
pathic effects (CPE), indicating active replication of the
virus in the cell. In two of the passaged viral lineages,
replication rate and amplitude showed a change, as did
the concentration of remdesivir required to achieve 50%
inhibition. These lineages replicated actively in the pres-
ence of 7.5 pM remdesivir. However, titers were lower
than when cultured without remdesivir. In Vero cells, these
actively replicating strains showed a twofold increase in
IC50 and a nearly fourfold increase compared to the paren-
tal strain. When the same viruses were passaged in media
not containing remdesivir, the IC50 remained comparable
to the parental strain. This partial resistance to remdesivir
was not replicated with other nucleoside analogs such as
EIDD2801, indicating the emergence of specific resistance
mutations. Overall, the study showed the emergence of a
genomic signature conferring partial resistance to rem-
desivir in the presence of the drug in vitro (Szemiel et al.
2021).

Conclusions

In parallel with the vaccination campaign, research stud-
ies should continue to identify effective and safe pharma-
cological agents for the treatment of COVID-19. Several
evidences associate good clinical efficacy treatments with
baricitinib and remdesivir. We suggest that patients treated
for COVID-19 should be closely monitored for the poten-
tial occurrence of adverse reactions and antiviral resist-
ance. Mutations are a well-known viral mechanism to
escape drug inhibition, especially during monotherapy. In
support of this, we believe that the combination remdesi-
vir/baricitinib/thACE2 represents an important pharmaco-
logical synergism to fight SARS-CoV-2 infection, with a
decreased risk of adverse reactions, increased therapeutic
efficacy, and decreased risk of antiviral resistance. Well-
structured clinical studies could confirm this interesting
scientific hypothesis.
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