Received: 23 August 2022

Accepted: 9 September 2022

DOI: 10.1002/jmv.28143

REVIEW

JOURNAL OF

MEDICAL ViIRoLOGY WILEY

Pan-coronavirus fusion inhibitors to combat COVID-19
and other emerging coronavirus infectious diseases

Qiaoshuai Lan |

Key Laboratory of Medical Molecular Virology
(MOE/NHC/CAMS), School of Basic Medical
Sciences, Shanghai Frontiers Science Center
of Pathogenic Microbes and

Infection, Shanghai Institute of Infectious
Disease and Biosecurity, Fudan University,
Shanghai, China

Correspondence

Shibo Jiang and Shuai Xia, Key Laboratory of
Medical Molecular Virology (MOE/NHC/
CAMS), School of Basic Medical Sciences,
Shanghai Frontiers Science Center of
Pathogenic Microbes and Infection, Shanghai
Institute of Infectious Disease and Biosecurity,
Fudan University, Shanghai, China.

Email: shibojiang@fudan.edu.cn and
sxial5@fudan.edu.cn

Funding information

Shanghai Municipal Science and Technology
Major Project; National Key Research and
Development Program of China; National
Natural Science Foundation of China

1 | INTRODUCTION

Lijue Wang |

Fanke Jiao | Lulu | Shuai Xia | Shibo Jiang

Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent
of the currently ongoing coronavirus disease 2019 (COVID-19) pandemic, has posed
a serious threat to global public health. Recently, several SARS-CoV-2 variants of
concern (VOCs) have emerged and caused numerous cases of reinfection in
convalescent COVID-19 patients, as well as breakthrough infections in vaccinated
individuals. This calls for the development of broad-spectrum antiviral drugs to
combat SARS-CoV-2 and its VOCs. Pan-coronavirus fusion inhibitors, targeting the
conserved heptad repeat 1 (HR1) in spike protein S2 subunit, can broadly and
potently inhibit infection of SARS-CoV-2 and its variants, as well as other human
coronaviruses. In this review, we summarized the most recent development of pan-
coronavirus fusion inhibitors, such as EK1, EK1C4, and EKL1C, and highlighted their
potential application in combating current COVID-19 infection and reinfection, as

well as future emerging coronavirus infectious diseases.
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breached the protective efficacy provided by the current

COVID-19 vaccines and therapeutic antibodies.® ° In addition,

The seven coronaviruses (CoVs) infecting human beings are
named human CoVs (HCoVs).! Among them, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), Middle East
respiratory syndrome coronavirus (MERS-CoV), and SARS coro-
navirus (SARS-CoV) belong to the group of highly pathogenic
CoVs, which can cause serious disease and death.® In contrast,
HCoV-229E, HCoV-0OC43, HCoV-NL63, and HCoV-HKU1 belong
to the group of low-pathogenicity HCoVs since they usually cause
mild disease in humans.?

Coronavirus disease 2019 (COVID-19), caused by SARS-CoV-2
infection,® has resulted in about 585 million confirmed cases and
about 6.4 million deaths worldwide as of August 13, 2022 (https://
covid19.who.int). A series of COVID-19 vaccines and antiviral
drugs have been developed to combat the COVID-19 pan-
demic.2*®> However, some emerging SARS-CoV-2 variants of

concern (VOCs), especially Omicron and its sublineages, have

MERS-CoV is still circulating in the Middle East region and has the
potential to coinfect people, together with SARS-CoV-2 VOCs.!?
Other animal-derived CoVs may also cross species and cause
disease in humans.!?

These data call for the development of pan-coronavirus (pan-
CoV) vaccines and therapeutics to protect people from infection
of SARS-CoV-2 and its variants, as well as other emerging and
reemerging HCoVs.'®~*° The heptad repeat 1 (HR1) domain in the
S2 subunit of spike (S) protein of HCoVs is a vulnerable and
conserved target for the development of pan-CoV fusion
inhibitors (Figure 1A).2>"17 A series of potent pan-CoV fusion
inhibitors targeting HR1 have been developed. In this review, we
discussed their progress and assessed their potential application
in the treatment and/or prevention of COVID-19 in the current
pandemic and other coronavirus infectious diseases that may

emerge in the future.
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(D) Peptide-based HCoV fusion inhibitors:
CpP-1: DISGINASVVNIQKEIDRLNEVAKNLNESLIDLQEL
MERS-CoV-HR2P: SLTQINTTLLDLTYEMLSLQQVVKALNESYIDLKEL

MERS-CoV-HR2P-M2: SLTQINTTLLDLEYEMKKLEEVVKKLEESYIDLKEL

SARS-CoV-2-HR2P:  DISGINASVVNIQKEIDRLNEVAKNLNESLIDLQEL
nCov-5-Helix: HR1P 7\ HR2P 7\ HR1P 7\ » HR2P /\ - HR1P

Peptide based pan-CoV inhibitors:

EK1: SLDQINVTFLDLEYEMKKLEEAIKKLEESYIDLKEL

EK1C4: SLDQINVTFLDLEYEMKKLEEAIKKLEESYIDLKEL-GSGSG-PEG4-Chol
EKLI1C: SLDQINVTFLDLEYEMKKLEEAIKKLEESYIDLKEL-GSG-Chol
EK1-Cl6: SLDQINVTFLDLEYEMKKLEEAIKKLEESYIDLKEL-GSGSG-PEG4-C16

(See caption on next page)
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2 | HUMAN COV S PROTEIN IS A KEY
TARGET PROTEIN FOR THE DEVELOPMENT
OF ANTIVIRALS

HCoV S protein, which is responsible for viral entry, contains several
important targets for the development of antivirals or vaccines.'®?
The S protein consists of S1 and S2 subunits. S1 subunit contains a
signal peptide (SP), N-terminal domain (NTD), receptor-binding
domain (RBD), and subdomains 1 and 2 (SD1 and SD2), while the
S2 subunit is composed of fusion peptide (FP), HR1, heptad repeat 2
(HR2), transmembrane region (TM), and cytoplasmic domain (CP)
(Figure 1A).

The RBD in S1 subunit is responsible for viral receptor
engagement through its recognition of and interaction with host cell
receptor(s). Therefore, RBD is a classically vulnerable target for the
development of viral attachment inhibitors, including neutralizing
antibodies (nAbs).2° Most SARS-CoV-2 nAbs block viral entry into
host cells by targeting RBD and NTD in the S1 subunit.?° However,
because RBD and NTD have higher mutational frequency than other
S protein components, the inhibitory efficacy of these nAbs against
different SARS-CoV-2 variants (especially, VOCs) is variable. For
example, most FDA-approved nAbs for SARS-CoV-2 (WT), such as
bamlanivimab, imdevimab, and casirivimab, have shown little efficacy
against the Omicron variant and its sublineages.?! Since RBD
sequences are highly variable among different HCoVs, it is difficult
to generate a broadly nAb against divergent HCoVs. Thus, it is
essential to identify a still more conserved target in S protein for the
development of more potent pan-CoV entry inhibitors or nAbs.

HR1 and HR2 regions in the S2 subunit of HCoVs play a crucial
role in mediating viral fusion with and entry into host cells. Formation
of the six-helix bundle (6-HB) by the interaction between HR1 and
HR2 domains can bring viral and cellular membranes together for
fusion, resulting in viral entry into host cells for replication. Both HR1
and HR2 regions are relatively conserved in the S protein of
HCoVs.?222 Particularly, amino acid residues at key sites, that is, e
and g positions in HR1 helical wheels and a and d positions in HR2
helical wheels, which are directly involved in HR1-HR2 interaction,
are the most conserved (Figure 1AB). Therefore, HR1 and

HR2 domains have served as vital targets for the development of
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broad-spectrum HCoV fusion inhibitors.2®17-?2 Synthetic peptides
with their sequence derived from the HR2 region can competitively
block the interaction of viral HR2 with HR1 domain to form viral

6-HB and inhibit viral fusion and infection (Figure 1C).

3 | DEVELOPMENT OF PEPTIDE-BASED
SARS-COV, MERS-COV, AND SARS-COV-2
FUSION INHIBITORS

During the outbreak of SARS in 2003, our team developed and
reported the first peptide-based SARS-CoV fusion inhibitor, CP-1,%*
which is derived from the HR2 domain in the S2 subunit of SARS-
CoV S protein. CP-1 can interact with the viral HR1 domain to form
heterologous 6-HB, thus blocking the formation of viral homologous
6-HB, and inhibiting SARS-CoV fusion with and entry into host cells
expressing human angiotensin-converting enzyme 2 (hACE2), the
receptor of SARS-CoV.2* Using a similar approach, we designed and
identified a peptide derived from the HR2 domain of MERS-CoV S
protein, designated MERS-HR2P, which exhibited potent inhibitory
activity against MERS-CoV S protein-mediated membrane fusion and
infection.?> Using a double E-K mutation strategy, we developed an
optimized peptide, HR2P-M2, with improved stability, solubility, and
antiviral activity.?’> In the human dipeptidyl peptidase 4 (DPP4)-
transduced mouse model,?¢ intranasal administration of HR2P-M2
could significantly reduce viral titer in lung tissue. The combination of
HR2P-M2 with m336 mAb, targeting MERS-CoV S protein RBD, or
with interferon B, exhibited potent synergism in inhibiting MERS-CoV
infection.2¢%”

At the beginning of the SARS-CoV-2 outbreak, we promptly
designed and developed a peptide derived from the SARS-CoV-2 S
protein HR2 domain, 2019-nCoV-HR2P, which could interact with
the peptide derived from the HR1 domain, 2019-nCoV-HR1P, to
form 6-HB.?® We found that 2019-nCoV-HR2P possessed potent
inhibitory activity on SARS-CoV-2 pseudovirus infection and S
protein-mediated cell-cell fusion. These findings suggested that
2019-nCoV-HR2P could be further developed as nasal spray and
inhalation formulations to respectively prevent and treat infection by
SARS-CoV-2 and its variants.?® In addition, Porotto et al.??*° have

FIGURE 1 Sequences of peptides derived from the HR1 and HR2 domains and pan-CoV fusion inhibitors and their mechanisms of action.
(A) Functional domains of human CoV S protein and peptides derived from the HR1 and HR2 domains. Spike protein consists of the S1 and S2
subunits. Signal peptide (SP), N-terminal domain (NTD), receptor-binding domain (RBD), and subdomains 1 and 2 (SD1 and SD2) are located in
the S1 subunit. Fusion peptide (FP), heptad repeat 1 (HR1), heptad repeat 2 (HR2), transmembrane region (TM), and cytoplasmic domain (CP) are
located in the S2 subunit. Key amino acid residues at the e and g sites in the HR1 and a and d positions in the HR2-helical wheels responsible for
HR1-HR2 interaction are shown in red. (B) Key amino acid residues involved in the interaction between HR1 and HR2 helices to form 6-HB.
Residues located at the a and d positions in one HR1 helical wheel (shown as blue shadow) interact with those at the d and a positions in another
HR1 helical wheel, respectively, to form an internal trimer, while the residues at e and g positions (green shadow) interact with those at a and d
positions (yellow shadow) in the HR2 helices to form 6-HB. (C) Viral fusion and entry mediated by S protein and the mechanism of action of pan-
CoV fusion inhibitors. The viral entry of HCoVs is initiated by binding of RBD in the S1 subunit to the receptor on the host cell, followed by 6-HB
formation via HR1-HR2 interaction of HR1 and HR2 domains in the S2 subunit. Pan-CoV fusion inhibitors can inhibit viral fusion with and entry
into the host cell. (D) Sequences of peptides and lipopeptides with pan-CoV fusion inhibitory activity. HCoVs, human coronaviruses; pan-CoV,
pan-coronavirus; 6-HB, six-helix bundle.
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reported that a SARS-CoV-2 HR2-derived lipopeptide, [SARSrc-
PEG,],-chol is able to broadly and effectively inhibit infection by
SARS-CoV-2 and its variants, including Omicron variant, with 1Csq
values at the low nanomolar level.

In addition to fusion inhibitors targeting the HR1 domain,
those targeting the HR2 domain can also disrupt viral 6-HB
formation and inhibit viral fusion and entry. Root et al.®! designed
a small recombinant protein, denoted 5-Helix, in which 3 NHR
(HR1) and 2 CHR (HR2) segments of HIV-1 gp41 were alternately
linked (N-C-N-C-N) using short peptide sequences. 5-Helix binds
viral CHR (HR2) to form heterologous 6-HB, thus inhibiting gp41-
mediated virus-cell fusion and HIV-1 infection. Using a similar
approach, we recently designed and constructed a recombinant
protein-based SARS-CoV-2 fusion inhibitor, nCoV-5-Helix, con-
sisting of 3 HR1 and 2 HR2 fragments. Similarly, nCoV-5-Helix
could interact with the HR2 domain of the viral S2 subunit to
block viral homologous 6-HB formation and inhibit viral S-
mediated cell-cell fusion. The nCoV-5-Helix is highly effective
in inhibiting infection by pseudotyped and authentic SARS-CoV-2
wild-type strain and its Delta variant, suggesting potential for
further development to prevent and treat infection by SARS-
CoV-2 and its variants.*2

4 | DEVELOPMENT OF PAN-COV FUSION
INHIBITORS

Since 2015 when MERS-CoV spread from the Middle East to Asia,
particularly South Korea and China, our team has been devoted to
the research and development of pan-CoV fusion inhibitors based on
our previous experience and platforms in developing HIV, SARS-CoV,
and MERS-CoV fusion inhibitors, as summarized above, to combat
any potential outbreak of emerging and reemerging highly patho-

genic HCoVs.

4.1 | Peptide-based pan-CoV fusion inhibitors

Our team previously screened 5 HR1 peptides and 5 HR2 peptides
derived from the HR1 and HR2 domains in S proteins of 5 HCoVs
(MERS-CoV, SARS-CoV, HCoV-229E, HCoV-NL63, and HCoV-
0OC43) (Figure 1A), respectively, against cell-cell fusion mediated
by S protein of each HCoV. In 2019, we reported that only OC43-
HR2P could inhibit cell-cell fusion mediated by the S proteins of all
5 HCoVs, suggesting that OC43-HR2P had achieved broad-spectrum
anti-HCoV activity.)” We then modified the sequence of OC43-
HR2P through E-K mutation to generate an optimized peptide,
termed as EK1, with increased solubility and stability and improved
fusion inhibitory activity (Figure 1D).Y” Indeed, EK1 was found to be
more stable, soluble and effective than OC43-HR2P against infection
of multiple HCoVs, including MERS-CoV, SARS-CoV, HCoV-0OC43,
HCoV-229E, and HCoV-NL-63, as well as some SARS-related CoVs
(SARSr-CoVs) from bats.

In early 2020, we reported that EK1 was also effective against
SARS-CoV-2 S-mediated cell-cell fusion and infection of both
pseudotyped and authentic SARS-CoV-2. Intranasal administration
of EK1 to hACE2-transgenic mice effectively protected them against
SARS-CoV-2 infection.®®3* Importantly, EK1 could also broadly
inhibit infection by divergent SARS-CoV-2 VOCs, particularly the
Omicron variant which is resistant to most SARS-CoV-2 nAbs. 3334
Currently, EK1 in an inhalation formulation is under phase | clinical

trials in China.

4.2 | Lipopeptide-based pan-CoV fusion inhibitors
Lipid modification of antiviral peptides is an important strategy to
enhance the antiviral activity of these antiviral peptides.>>¢ Unlike
regular HCoV fusion inhibitory peptides which mainly inhibit
cytoplasmic membrane fusion, lipid-conjugated HCoV fusion inhibi-
tory peptides can inhibit both cytoplasmic and endosomal membrane
fusion.2® Using a similar approach, we designed a series of PEGylated,
cholesterol-modified EK1 peptides and assessed their antiviral
activity. We found that one of these, EK1C4, exhibited the most
potent HCoV inhibitory activity with ICsg values at a low nanomolar
level, more than 200-fold more potent than that of EK1 peptide
(Table 1).%° EK1C4 could also effectively protect hACE2-transgenic
mice from SARS-CoV-2 infection and protect newborn mice from
HCoV-0C43 infection.3*3> Interestingly, EK1C4 could effectively
inhibit antibody-mediated enhancement of SARS-CoV-2 infection.?”
It was reported that PEG linkers in peptide drugs could reduce
stability or induce anti-PEG antibodies in vivo, resulting in adverse
effects.®® To avoid these problems, we designed and synthesized a
series of dePEGylated, cholesterol-modified EK1 peptides and found
that EKL1C exhibited the most potent inhibitory activity against
infection of SARS-CoV-2 and its mutants, as well as other HCoVs
tested. Importantly, this dePEGylated lipopeptide possessed remark-
ably stronger resistance to proteolytic enzymes and higher thermo-
stability than the PEGylated, cholesterol-conjugated peptide
EK1C4.2? However, while no cholesterol-conjugated peptide or
protein drugs have been approved for clinical use so far, a palmitic
acid-conjugated peptide, as an HIV vaccine, has been reported in
phase Il clinical trials, suggesting that the palmitic acid-conjugated
peptide is safe for use in humans.?®>%° Therefore, we have also
designed and synthesized a palmitic acid (C16)-conjugated EK1
peptide, EK1-C16, and demonstrated that this lipopeptide is also very
effective against infection of SARS-CoV-2 and its VOCs, including
Omicron, as well as other HCoVs.?® Overall, these EK1-based

lipopeptides are outstanding candidates for clinical development.

4.3 | Long-acting pan-CoV fusion inhibitors

To increase the half-life of EK1 peptide in vivo, we used a fibronectin
type Il domain (FN3) linked with EK1 peptide to construct a
recombinant long-acting protein, termed FL-EK1.** FL-EK1 retains
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TAB~CI1.E 1c| Inhllt))ltory(:I ?ctlwty oC: EK1 EK1C4 EKL1C EK1-C16
peptide and EK1-based lipopeptides EK1 (ICso: nM)  (ICsg: nM) (ICs0: NM) (ICs0: NM)
against SARS-CoV-2 and its variants
SARS-CoV-2 (PsV/Caco,) 1270 5.8 49.0 480
Alpha variant (PsV/Caco,) 1240 55 12.0 190
Gamma variant (PsV/Caco,) 1250 6.6 46.0 260
Delta variant (PsV/Cacoy) 430 9.8 32.0 110
Omicron variant (live virus/ 1138 85.0 182.2 750
Vero-TMPRSS-2)
Omicron variant (PsV/Cacos,) 309 8.6 26.1 230

Note: Data are from our previously published papers.

Abbreviation: ICsq, half maximal inhibitory concentration; SARS-CoV-2, severe acute respiratory

syndrome coronavirus 2.

potent inhibitory activity and can inhibit infection from SARS-CoV-2
and other HCoVs. More importantly, FL-EK1 possesses good
pharmacokinetic profiles, and its half-life in mice has a 15-fold
increase compared to the original EK1 peptide. FL-EK1 has proven
potential to be developed as a long-acting pan-CoV fusion inhibitor.

Other strategies to increase the half-life of EK1 peptide are also
worthy of further studies. For example, 1gG Fc-binding peptide
conjugation has been used to increase the half-life of HIV fusion
inhibitors.*? Therefore, this strategy might also increase the half-life

of pan-CoV fusion inhibitors.

4.4 | Cyclic peptidomimetic-based fusion inhibitors
with potential oral availability

Most recently, we have identified a cyclic peptidomimetic, S-20-1,
through screening of a one-bead-two-compound (OBTC) cyclic
y-AApeptide library and modification of the compound.*®> We found
that S-20-1 effectively inhibited infection of SARS-CoV-2 and its variants,
as well as SARS-CoV, MERS-CoV, HCoV-0C43, HCoV-NL63, and HCoV-
229E, by targeting the HR1 domain in S2 subunit and RBD in S1 subunit
of HCoV S protein. Intranasal administration of S-20-1 protected mice
from infection by the challenged HCoV-OC43 or SARS-CoV-2. 5-20-1 is
resistant to proteolytic degradation, has a long half-life, and possesses
potential oral bioavailability. Therefore, S-20-1 has potential for further
development as an orally applied therapeutic and prophylactic against
SARS-CoV-2 and other emerging and reemerging HCoVs.*®

4.5 | Small-molecule compound-based fusion
inhibitors

Several small-molecule compounds, including some repurposed drugs,
were reported to block 6-HB formation and inhibit viral fusion and entry.
For example, ltraconazole (ITZ) and Estradiol benzoate (EB), the clinically
approved drugs for the treatment of patients with fungal infections and
prostate cancer, respectively, can interact with the HR1 domain in

S proteins of SARS-CoV, MERS-CoV, and SARS-CoV-2, thus inhibiting
the entry and infection of these three HCoVs.** Posaconazole, an FDA-
approved antifungal drug, was reported to broadly inhibit fusion, entry,
and infection of SARS-CoV-2 and its variants by binding the conserved
E-L-L motif in the HR2 domain of SARS-CoV-2 responsible for stabilizing
post-fusion 6-HB structure.*® Some naturally occurring biflavone-based
anti-HIV agents, for example, hinokiflavone and robustaflavone, could
interact strongly with the residues in HR1 and HR2 regions of SARS-CoV-
2 S protein and block the 6-HB formation, thus inhibiting SARS-CoV-2-
target cell membrane fusion.*® Virtual screening studies have demon-
strated that some phytochemicals, such as Isopomiferin and lycopene, can
interact with the HR1 domain with high binding affinity, thus having the
potential to inhibit fusion and entry of SARS-CoV-2.4"

We have recently reported that analogs of furanyl methylidene
rhodanine, such as FD012, possess broad-spectrum inhibitory and
inactivating activities against class I, II, and Ill enveloped viruses.*®
Like the pan-CoV fusion inhibitor EK1, FDO12 can also inhibit the
fusion and entry of all HCoVs tested, including SARS-CoV-2 and its
variants. Interestingly, FDO12 inhibits viral entry and infection by
competitively blocking viral 6-HB formation and inactivates virions by
targeting viral membranes,*® suggesting further development of one
of these compounds as an antiviral drug against SARS-CoV-2 and

other enveloped viruses.

5 | PROSPECTS AND CONCLUSIONS

Unlike the exposed RBD in the native state of HCoV S protein, both
HR1 and HR2 domains are located in the stem region in S2 subunit of
S protein, which harbors significant steric hindrance to access by
nAbs and possesses low immunogenicity to elicit nAbs. Therefore,
very few nAbs targeting the S2 subunit have been reported to date,
such as 76E1, S2P6, and 28D9.%°7°? Some S2-targeted nAbs showed
potent inhibitory activity against divergent HCoVs,>® but some of
them could only neutralize infection by CoVs in the same genera.>>2

In contrast, peptide-based fusion inhibitors can easily gain
access to and interact with the HR1 or HR2 domain at the
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Storage/shipping at

Use in inhalation
formulation

Effectiveness
Safety

Half-life

Room temperature

Feasible

High
High
Short

MEDICAL VIROLOGY
TABLE 2 Comparison of pan-CoV fusion inhibitors and SARS-
CoV-2 nAbs
Pan-CoV fusion
inhibitors SARS-CoV-2 nAbs
Target HR1/HR2 in S2 RBD/NTD in S1
subunit subunit
Conservation of the High Low
target
Spectrum Broad Narrow
Production cost Low High

Low temperature

Difficult

High
High

Long

Abbreviations: HR1, heptad repeat 1; nAbs, neutralizing antibodies;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

fusion-intermediate stage to block 6-HB formation and thus inhibit
viral fusion with and entry into host cells. More importantly, both
HR1 and HR2 domains are more conserved, compared with NTD and
RBD, thus serving as important targets for the development of broad-
spectrum anti-HCoV agents. 2151622

As therapeutics and prophylactics against SARS-CoV-2 infection,
peptide-based fusion inhibitors have several advantages over nAbs
(Table 2). First, peptide-based pan-CoV fusion inhibitors have a
broader antiviral activity than nAbs because pan-CoV fusion
inhibitors target the more conserved HR1 or HR2 domain, compared
to NTD or RBD, while nAbs mainly target the less conserved NTD or
RBD. Second, the production cost of synthetic peptides is much
lower than that of nAbs.>® Third, both peptides and lipopeptides can
be stored and transported at regular temperature, while nAbs
must be stored and transported at low temperature.®® Fourth,
peptides can be used in inhalation formation for treatment of
COVID-19,22** while it is difficult to prepare antibody inhalation
formation because of the large molecular size of IgG (>150 Kd).
Although the half-life of peptides is generally much shorter than that
of nAbs, this may not be a significant problem in the short-term 1- or
2-week use of peptide drugs for urgent treatment of COVID-19 at
the early stage of infection.

Like nAbs drugs, peptide-based pan-CoV fusion inhibitors can
also be used in combination with drugs having other mechanisms of
action, such as RdRp or main protease inhibitors, to achieve more
efficient antiviral activity.24?” It is anticipated that more potent pan-
CoV fusion inhibitors targeting the HR1 and/or HR2 domain can be
developed in the near future for the prevention and treatment of
infection by SARS-CoV-2 and its variants, as well as emerging and

reemerging highly pathogenic HCoVs.
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