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The HRAZ2pl fusion peptide
exerts in vitro antiviral
activity against human
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and pneumoviruses
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Acute respiratory infections are a group of diseases caused by viruses, bacteria,
and parasites that mainly affect children until the age of 5 and
immunocompromised senior adults. In Mexico, these infections are the main
cause of morbidity in children, with more than 26 million cases of respiratory
infections reported by the Secretariat of Health, in 2019. The human respiratory
syncytial virus (hRSV), the human metapneumovirus (hMPV), and the human
parainfluenza-2 (hPIV-2) are responsible for many respiratory infections.
Currently, palivizumab, a monoclonal antibody against the fusion protein F, is
the treatment of choice against hRSV infections. This protein is being studied for
the design of antiviral peptides that act by inhibiting the fusion of the virus and the
host cell. Therefore, we examined the antiviral activity of the HRA2pl peptide,
which competes the heptad repeat A domain of the F protein of hMPV. The
recombinant peptide was obtained using a viral transient expression system. The
effect of the fusion peptide was evaluated with an in vitro entry assay. Moreover,
the effectiveness of HRA2pl was examined in viral isolates from clinical samples
obtained from patients with infections caused by hRSV, hMPV, or hPIV-2, by
evaluating the viral titer and the syncytium size. The HRA2pl peptide affected the
viruses’ capacity of entry, resulting in a 4-log decrease in the viral titer compared
to the untreated viral strains. Additionally, a 50% reduction in the size of the
syncytium was found. These results demonstrate the antiviral potential of HRA2pl
in clinical samples, paving the way toward clinical trials.
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1 Introduction

Acute respiratory tract infections (ARTIs) represent a persistent
public health problem (Lu et al., 2013b) and one of the main causes
of morbidity and mortality in both neonates and infants (Yang
etal, 2017). These infections range from asymptomatic to moderate
and, in some cases, produce a severe infection. ARTIs affect the
upper respiratory tract by causing colds, rhinosinusitis, pharyngitis,
laryngitis, tracheitis, and otitis media (Schwarze, 2010), and the
lower respiratory tract by causing tracheitis, wheezing, bronchitis,
bronchiolitis, and pneumonia (Zappa et al., 2008). The latter three
are considered the most frequent complications and death causes of
ARTIs (Bicer et al., 2013; Perezbusta-Lara et al., 2020b). The
etiological agents of ARTIs are primarily bacteria and viruses.
Among the most common respiratory viruses are the human
respiratory syncytial virus (hRSV), the human parainfluenza type
2 (hPIV-2), and emerging viruses, such as the human
metapneumovirus (hMPV) (Garcia-Garcia et al,, 2017). Recently,
other respiratory viruses have been identified as etiological agents of
ARTIs, such as the human bocavirus (Allander et al., 2005), the
human coronaviruses NL63 and HKUI1, the new human
enterovirus, parechovirus, and rhinovirus strains (Berry
et al., 2015).

The World Health Organization estimates that approximately
25% of hospitalizations of children are due to ARTIs (Perezbusta-
Lara et al, 2020b). hRSV (subgroup A and subgroup B) is
responsible for 80% of ARTISs, followed by hMPV with a share of
5-15% (Price et al,, 2019; Rodriguez et al., 2020). These agents affect
the pediatric population throughout the year (Perezbusta-Lara et al.,
2020b). However, from December to February, an increased
incidence of respiratory pathologies caused by infections occurs
in children younger than 5 years old (Ozgiir and Demet, 2021).
Premature newborns and infants with asthma, congenital heart
disease, or bronchopulmonary dysplasia are more susceptible to
these infections, usually presenting more severe clinical symptoms
compared to children without comorbidities (Shachor-Meyouhas
et al, 2011; Manzoni et al., 2017). Moreover, these respiratory
infections are relevant in the context of high-risk populations such
as the elderly and immunosuppressed patients (Takeuchi and
Akira, 2009; Pierangeli et al., 2018).

Unfortunately, effective therapy is not yet available for these
viral infections. To date, ribavirin and hRSV immunoglobulin are
the only approved drugs for the treatment and prevention of hRSV
in high-risk patients (Perezbusta-Lara et al., 2020b). In addition,
various monoclonal antibodies are in use for the inhibition of viral
entry to cells. Palivizumab is a humanized monoclonal antibody
against the hRSV fusion protein F. It is approved as a preventive
treatment against serious hRSV disease in infants with specific risk
factors (Madhi et al., 2020). Nevertheless, its use has some
limitations, including the administration of multiple doses, an
efficacy of approximately 45% to 55% among high-risk infants
(Madhi et al.,, 2020), and high costs (Morris et al., 2009). Other
monoclonal antibodies against hRSV’s F protein exist, like
motavizumab (O’Brien et al., 2015) and nirsevimab (Munoz et al.,
2019). Both underwent clinical trials and demonstrated protective
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properties against hRSV infection (Madhi et al., 2020). The partial
efficacy of the F protein monoclonal antibodies highlights the need
to develop new, effective, and safe alternative drugs for the
treatment of these infections (Shang et al., 2021).

Antiviral peptides are an alternative to expensive treatments
such as monoclonal antibodies (Madhi et al., 2020). In this vein,
Guy Boivin’s research group in Canada tested several recombinant
fragments of the heptad repeats (HR) A and B (conserved domains
of the F protein) of hMPV expressed in Escherichia coli. Among
them, HRA2 showed the best rates of inhibition of syncytia when
tested against hAMPV (Deffrasnes et al., 2008). The structure of this
peptide suggests the interruption of fusion mechanism. More
specifically, HRA and HRB rearrange the stable beam of six
helices, a phenomenon that leads to the fusion of the membranes
through the placement of the N-terminal of the fusion peptide next
to the transmembrane C-terminal domain of the protein (Yin et al,,
2005; Melero and Mas, 2015). Previous research suggests that the
mechanism of action of the HRA2pl peptide is through its
interaction with HRB when the F protein is refolded at the post-
fusion state, which can result in a deficient fusion process. The HRB
sequence is FNVALDQVFESIENSQALVDQSNRILSSAE.

In this study, we tested the antiviral activity of HRA2 expressed
in Nicotiana benthamiana plants by a transient expression system
(Marquez-Escobar et al., 2015). The effect of the fusion peptide was
evaluated with an entry assay, while the viral titer and the size of the
syncytium were determined with or without the peptide treatment.
According to our data we could suggest that the HRA2pl peptide
diminish the process of fusion for the entry of the virus and a 4-log
decrease in the viral titer of the hRSV, hMPV, and hPIV-2 strains.
These findings led us to study the effectiveness of HRA2pl on viral
isolates from clinical samples of respiratory infection, where a 50%
reduction in the size of the syncytium was found.

2 Materials and methods
2.1 Cells and viruses

Human laryngeal epithelial type 2 cells (HEp-2; ATCC CCL23,
USA, which reported a contamination with HeLa cells) (Galvan et al,
2014) and Vero cells (normal adult African green monkey kidney
cells; ATCC CCL81) were used to multiply the viral stocks for the
viral titer test. They were propagated as described in Payment and
Trudel (1993). The viruses hRSV Long [subgroup A (hRSV-A;
ATCC® VR-26™)], hRSV 18537 [subgroup B (hRSV-B; ATCC®
VR—14OOTM)], hPIV-2 (ATCC® VR—92TM), and hMPV were isolated
from clinical samples in our laboratory (Cerezo et al, 2016) The
procedures for propagating the viruses and assessing the viral
infectivity are described in Payment and Trudel (1993).

2.2 Clinical samples

The samples were retrieved from a bank of pharyngeal and
nasopharyngeal specimens that were obtained from pediatric
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patients (0-14 years) with an acute respiratory infection, between
August 30, 2004, and February 13, 2014. The viral isolates obtained
from the clinical samples were tested by endpoint RT-PCR as
described in Perezbusta-Lara et al., 2020b. All subjects provided
informed consent, and the study was reviewed and approved by the
Research and Ethics Committee of the Faculty of Medicine,
National Autonomous University of Mexico (UNAM; 089/2014;
registry code: FMED/CI/SPLR/134/2014).

2.3 Fusion recombinant peptide HRA2pl

The sequence was based on Deffrasnes et al. (2008). The
construction of the HRA2pl recombinant peptide (viral vector
pICH11599 with the HRA2pl peptide coding sequence:
HHHHHHSSGLVPRGSMKETAAAKFERQ HMDSPDL
GTDDDDKAMADI GSEFENLYQGAKTIRLESEVTAIKNALKKT
NEAVSTLGNGVRVLATAVRELKDFVSKN) and other two
vectors required for the transient transformation (viral vector
pICH4851 with the RNA-dependent polymerase (RdRp) coding
sequence and the viral vector pICH10881 with the integrase coding
sequence). were made by Veronica Marquez Escobar (Ph.D.). Six-
week-old N. benthamiana plants were transiently transformed to
express HRA2pl, which was subsequently purified by affinity
chromatography with imidazole gradient through a zinc column.
Two samples, B1 (172.31 ng/pL, imidazole 500 mM) and B2 (182.9
ng/uL, imidazole 250 mM), were provided by the Alpuche Solis
Laboratory (Instituto Potosino de Investigacion Cientifica y
Tecnologica) for the fusion assays.

2.4 Cytotoxicity assay

The cytotoxic effect of the fusion peptide HRA2pl on HEp-2
and Vero cells was determined using AlamarBlue protocol as
described elsewhere (O’Brien et al., 2000). Briefly, confluent
monolayers of HEp-2 cells (1 x 10 cells per well) or Vero cells (1
x 10 cells per well) were seeded into 96-well culture plates and were
incubated overnight at 37°C under 5% CO,.) and were cultured
overnight with DMEM containing 5% of fetal bovine serum (FBS) at
37 and °C under 5% CO,. For the kinetics of cell viability (0 h, 24 h
and 48 h) the medium with 5% FBS was removed, and HRA2pl (B1:
172.31 ng/uL; B2: 182.9 ng/uL), were applied in the presence of
fresh DMEM without serum. Simultaneously, AlamarBlue reagent
was added. The kinetics of cell viability was evaluated by
spectrophotometry at 0 h, 24 h, and 48 h. The control of cell
viability assay were done in parallel for both cell lines (Hep-2 cells
or Vero cells), that were cultured with DMEM without serum and
without peptide. The assays were conducted in triplicate (i.e., three
experiments per assay). The kinetics of cell viability was evaluated
by spectrophotometry at 0 h, 24 h, and 48 h. The absorbance was
read at 570 nm. The viability was calculated as follows:

absorbance with treatment

Cell viability = x 100
4 absorbance without treatment
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2.5 Determination of the optimal
concentration of HRA2pl

The optimal concentration of the fusion peptides HRA2pl Bl
and B2 was determined by measuring the reduction of the viral titer
expressed as TCIDso/ml (Payment and Trudel, 1993). Confluent
HEp-2 and Vero cell monolayers were treated with different
concentrations of HRA2pl Bl or B2 (3.2 pg/ml, 2.1 ug/ml, and
1.8 pug/ml) against hRSV (1.9 x 10* TCIDso/ml), hMPV (clinically
isolated), or hPIV-2 (1 x 10° TCIDso/ml). The treated cell
monolayers were incubated with the mixtures previously
described for 4 h at 4°C to avoid virus internalization.
Afterwards, the 96-well culture plates were incubated for 2 h at
37°C under 5% CO, to allow the internalization of viral particles.
Subsequently, the treated cultures were incubated for 72 h at 37°C
(Lupini et al., 2009; Chang et al., 2013; Visintini Jaime et al., 2013;
Lelesius et al., 2019) and the effect of HRA2pl on the viral titer was
determined by the TCID50 assay (Payment and Trudel, 1993). The
outcome of the HRA2pl treatment against hMPV was studied by
measuring the size and number of the distinctive syncytia,
corresponding to the cytopathic effect (CPE). To visualize CPE,
the monolayers were fixed with methanol for 5 min. To stain the
cells, the solution of crystal violet was added for 4 min at room
temperature with constant stirring. The stain solution was removed,
and the plate was rinsed with running water. The size of the
syncytium was measured with the software Image] 1.5b. The
assays were conducted in triplicate (i.e., three experiments
per assay).

2.6 Entry assay

To test the virucidal activity of HRA2pl, we evaluated its effect
on viral entry with the TCID50 assay for the hRSV and hPIV-2
strains or the reduction of CPE for the hMPV (Lupini et al., 2009;
Chang et al., 2013; Visintini Jaime et al., 2013; Lelesius et al., 2019).
Briefly, HEp-2 or Vero cells were grown in 96-well culture plates
and incubated for 24 h under 5% CO,. The confluent monolayers
were treated with a mixture of hRSV (1.9 x 10* TCIDso/ml), hMPV
(virus isolated from clinical samples), or hPIV-2 (1 x 10° TCIDs,/
ml) and 3.2 pug/ml of HRA2pl. Then, the treated cell monolayers
were incubated with the mixtures previously described for 4 h at 4°
C to avoid virus internalization. Subsequently, the plates were
incubated with the mixture described above for 2 h at 37°C under
5% CO, to allow the internalization of viral particles. Next, the
inoculum was removed, and 150 pl of fresh DMEM (without
serum) per well were added for 48 h at 37°C under 5% CO,.
Subsequently, the viral titer was determined by the TCID50 assay as
described elsewhere (Payment and Trudel, 1993) For hMPV, the
changes in CPE (size and number of the distinctive syncytia)
were determined.

The virucidal activity of HRA2pl was tested against viral isolates
from clinical samples of respiratory infections. Briefly, Hep-2 or
Vero cells were grown in 96-well culture plates and incubated for
24 h under 5% CO,. The 96 plates were divided into two sections:
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one was infected with the viral isolates without treatment with the
peptide, and the other one was treated with both the viral isolates
and 3.2 ug/ml of HRA2pl. The plates were then incubated at 4°C for
4 h. The assay followed the steps that are previously described in the
above section. The effect of HRA2pl on the clinical samples was
calculated as the change in the size and/or the number of distinctive
syncytia in 10 microscopic fields per clinical sample. The controls of
this assay were a mixture of DMEM and HRA2pl, DMEM and
clinical viral isolates, and DMEM and cells. These controls were
used for the statical analysis described in section 2.7.

2.7 Statistical analysis

The data were analyzed with one-way analyses of variance
(ANOVA) and Student’s t-test. The differences among the mean
values were tested for significance using the Tukey test. All results
were considered significant when p < 0.05. The data were analyzed
and visualized using the statistical software GraphPad Prism 5.0.

3 Results

3.1 HRAZ2pl peptides did not have a
cytotoxic effect on HEp-2 and Vero cells

Before evaluating Bl and B2 HRA2pl’s antiviral activity, the
peptide’s innocuity on the HEp-2 and Vero cells was examined with
a 48-h kinetics of cytotoxicity assay. B1 and B2 were not cytotoxic
according to the measurement of cell viability, independently of the
peptide’s concentration (Figure 1). About our data, particularly the

HEp-2 Cells

100+
90
80
704
60
50
404
304
204

10- T T
Cc B1 B2 C B-1 B2
L ] L J L J

0h 24 h 48 h

Percentage of cell viability

FIGURE 1
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time 0 h of the kinetic cell viability assay, showed a decrease in the
cell viability, result that took our attention. So, we tried to explain
this result considering that the assay was done in deprivation of
serum and this factor could affect the cell proliferation, considering
that, the previous 24 h, we cultured both cell lines with DMEM
containing 5% of FBS. The peptide did not affect the cell viability
because the cell lines recover their proliferation for the following
points of the kinetics. It is important to consider that besides the
deprivation of serum (claimed before) the cell monolayers probably
lose some cells during the development of the assay because the
monolayer was washed before we began the peptide treatment.

3.2 HRAZ2pl reduced the viral titer of hRSV
and hPIV-2

The antiviral effect of HRA2pl against hRSV and hPIV-2 was
measured as the reduction of the viral titer. Three different
concentrations of purified B1 or B2 (3.2 pg/ml, 2.1 ug/ml, 1.8 ug/
ml) were tested. The viral titer of hRSV and hPIV-2 decreased at all
tested concentrations. However, the most prominent reduction in
viral production was observed at the concentration of 3.2 pg/ml of
either B1 or B2. In the case of hRSV, the viral titer reduced from
1.9 x 10* to 5.9 x 10" TCIDso/ml (Figure 2A) when applying B1. As
for B2, the viral production reduced from 1.9 x 10* to 2.5 TCIDs/
ml (Figure 2B). Similarly, in the case of hPIV-2, the Bl peptide
reduced the viral titer from 1 x 10° to 3.1 x 10" TCIDsy/ml
(Figure 2C), and the B2 peptide reduced it from 1 x 10° to 1.5 x
10" TCIDso/ml (Figure 2D). Thus, the HRA2pl B2 peptide had the
best antiviral activity against the production of viral particles of
hRSV and hPIV-2.

VERO Cells

100
90+
80
70
60
50
40-
304
20
104

Percentage of cell viability

| T
Cc B1 B2 C B1 B2 C B1 B2
L ] 1 | ]

0h 24 h 48 h

The HRA2pl peptide does not affect cell viability of (A) HEp-2 and (B) Vero cultures. For the assay, a confluent monolayer of HEp-2 and Vero cells
(95%-100%) was treated with 90 pL of HRA2pl purified in DMEM (B1: 172.31 ng/uL; B2: 182.9 ng/uL) and 10 pL of AlamarBlue to measure the
absorbance at 0 h, 24 h, and 48 h. NS: Nonsignificant; *p< 0.05;**p< 0.01; ***p< 0.001
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HRA2pl reduces the viral titer. For the assay, a confluent monolayer of HEp-2 (A, B) and Vero (C, D) cells (95%-100%) was treated with HRA2pl
purified in DMEM at three different concentrations (C1: 3.2 pg/mL; C2: 2.1 yg/mL; C3: 1.8 ug/mL). The monolayers were treated with a mixture of
C1, C2, or C3 and hRSV (1.9 x 10* TCIDso/ml) and hPIV-2 (1 x 10° TCIDso/ml). The reduction in the viral titer was established by TCIDso/

ml***p< 0.001.

3.3 HRAZ2pl treatment reduced the
syncytium size of clinical isolates

To test the peptide’s effect on pediatric patients’ samples, 40
clinical viral isolates, a representative sample of our viral bank, were
studied. HRA2pl B2 treatment induced the reduction of the size of
the syncytium. After treatment with the peptide, the hRSV-positive
samples’ syncytium size reduced to 52.87% of the control syncytium
size (Figure 3A). The size of the syncytium without treatment
ranged from 15.05 mm to 19.83 mm (average: 17.59 mm).
Meanwhile, treatment with the peptide produced a reduction in
the size of the syncytium, reaching a size that ranged from 7.20 mm
to 10.52 mm (average: 8.29 mm). A similar result was observed on
the clinical samples typified as hMPV-positive. They showed a
reduction of 54.33% compared to the samples without treatment
(Figure 3B). The average syncytium size without treatment was
18.13 mm, while after treatment, it reached 8.28 mm. Finally, the
effect of the peptide on the hPIV-2 clinical samples showed a
reduction of the syncytium (53.88% of the control samples)
(Figure 3C). The average size without treatment was 24.59 mm,
which reached 11.34 mm after treatment with the peptide.

Frontiers in Cellular and Infection Microbiology

Therefore, the HRA2pl peptide acts as an inhibitor of viral fusion
by competition against the respiratory viruses hRSV, hMPV, and
hPIV-2.

3.4 HRAZ2pl treatment modified the
number of syncytia

Even though treatment with HRA2pl caused a significant
reduction in the size of the syncytium, an increase in the number
of syncytia was observed. This was probably associated with
deficient fusion resulting from the competition between the viral
fusion protein of the viral isolates versus the HRA2pl fusion
peptide. In the case of the hRSV-positive samples, an increase
from 2.41 to 5.31 syncytia per field was found after treatment with
the peptide (Figure 4A). The hMPV samples presented an increase
from 2.69 to 3.73 syncytia per field after treatment (Figure 4B).
Nonetheless, a reduction in the number of syncytia per field was
recorded in the case of hPIV-2 clinical samples (without treatment:
4.28 syncytia per field; with treatment: 3.16 syncytia per
field; Figure 4C).
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FIGURE 3

The syncytium size was reduced after treatment with HRA2pl B2. In HEp-2 cultures infected with (A) hRSV or (B) hMPV viral isolates, and (C) in Vero
cultures infected with hPIV-2 viral isolates, treatment with HRA2pl significantly reduced the syncytium size. ***p< 0.001

4 Discussion

In this study, we demonstrated that the HRA2pl peptide
efficiently blocks the viral fusion of hRSV, hMPV, and hPIV-2 in
an in vitro model, resulting in the reduction of the syncytium size.
Moreover, we proved that the HRA2pl peptide reduced the number
of syncytia in the hPIV2-positive clinical samples, contrary to the
hRSV- or hMPV-positive samples. As for the latter, although the
number of syncytia was not reduced, the reduction in their size is a
noteworthy biological event that indicates the antiviral potential of
HRAZ2pl in clinical samples.

The global presence of the hRSV, hMPV, and hPIV-2 viruses that
are responsible for respiratory diseases, impacts the health of thousands
of children and adults. Despite the relevance of viral ARTTs as a global
persistent public health problem (Lu et al.,, 2013b) and the subsequent
high risk of morbidity and mortality (Taylor, 2017), no prophylactic
vaccines or effective antiviral treatments against them are currently
available, with those applied providing only limited protection
(Takeuchi and Akira, 2009). The production of a safe, efficient, and
low-cost treatment against these viruses is a challenge to be faced.

The HRA2pl peptide inhibits the in vitro entry of hAMPV at the
fusion stage (Marquez-Escobar et al., 2015). In this context, we
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aimed to study whether HRA2pl can inhibit the entrance of not
only hMPV but also other human respiratory viruses, like hRSV or
hPIV-2, at the fusion stage. Our results demonstrate that
the HRA2pl peptide produced a reduction in the size of
the syncytium in all clinical samples independently of the type
of respiratory viruses. This is in line with the fact that F proteins
are phylogenetically close to each other (Russell et al, 2003)
and are conserved across the families of Pneumoviridae and
Paramyxoviridae (Aggarwal and Plemper, 2020).

F proteins are synthesized as an FO precursor without fusion
activity; their transition from FO to F1-F2 is produced by the host
cell’s furin-type proteases residing in the Golgi apparatus (Aggarwal
and Plemper, 2020). The F1 subunit contains the fusion peptide, a
domain of hydrophobic amino acids, and the highly conserved
amphipathic o-helical regions with 3-4 HR patterns adjacent to the
fusion peptide, called the HRA and HRB domains (Aggarwal et al.,
2020). Previous research showed that the recombinant HRA
peptides were more efficient than HRB in inhibiting the fusion of
hMPV and the virus’ entry to the host cell, even at low
concentrations (Deffrasnes et al., 2008). Here, we conclude that
the HRA2pl decreased the size of the syncytium of hRSV, hMPV,
and hPIV-2 viral isolates by up to 50% in HEp-2 and Vero cells.

06 frontiersin.org


https://doi.org/10.3389/fcimb.2023.1125135
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Meza et al.

10.3389/fcimb.2023.1125135

A B
81 =3 without HRA2p! 8-
. with HRA2p! 3 without HRA2p
7 74 E with HRA2p!
69 o 6+
. e PR
wx o [] ok
54 m 54
5 5
3 4- = 3 4
ES & "
7 & . hd
1 * (g
34 34
24 24
1+ | | 14 |
0- 0-‘—‘—‘—x—lnlnoowmmwwNNNNmmmmhhmmmnNNwm
SE888888550088 0058730088888 EERE R SRR NNNHNBENNIIEEEEEEES
SRS I SRR R R R R AR SR AP S S TFEEFrETANOSOOOOOO0TITT
hRSV Clinical Samples hMPV Clinical Samples
1 without HRAZ2pl
C mm with HRA2pl
6_
sk
ok
L_' T 1 T
54 | s
T
o
44 1
£ =1 T
=
=
O 34
[=
>
2
+*
24
1 l
04 T T - T T T T
T T T O 0 00NN WL ST MmM®™
© O MM NMNMNO O OO T T AN NOO O O B W
C OO0 O ™" AN AN MMANANMONNOO O o«
Lol N o R e o Y )
hPIV-2 Clinical Samples
FIGURE 4

The changes in the number of syncytia after HRA2pl B2 treatment varied according to the viral infection. HRA2pl treatment increased the number of
syncytia in (A) HEp-2 cells infected with hRSV viral isolates. (B) Some, but not all, HEp-2 cell cultures infected with hMPV viral isolates showed an
increased number of syncytia after treatment with HRA2pL. (C) Treatment with the HRA2pl peptide decreased the number of syncytia in Vero cells
infected with hPIV-2 viral isolates. NS, Nonsignificant; *p< 0.05; **p< 0.01; ***p< 0.001

Our findings contribute to the literature concerning the
therapeutic effects of interference with viral fusion proteins,
paving the way toward clinical trials.
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