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Broad-spectrum coronavirus antiviral drug discovery

Allison L. Totura & and Sina Bavari

ABSTRACT
Introduction: The highly pathogenic coronaviruses severe acute respiratory syndrome coronavirus
(SARS-CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV) are lethal zoonotic viruses
that have emerged into human populations these past 15 years. These coronaviruses are associated
with novel respiratory syndromes that spread from person-to-person via close contact, resulting in high
morbidity and mortality caused by the progression to Acute Respiratory Distress Syndrome (ARDS).
Areas covered: The risks of re-emergence of SARS-CoV from bat reservoir hosts, the persistence of
MERS-CoV circulation, and the potential for future emergence of novel coronaviruses indicate antiviral
drug discovery will require activity against multiple coronaviruses. In this review, approaches that
antagonize viral nonstructural proteins, neutralize structural proteins, or modulate essential host ele-
ments of viral infection with varying levels of efficacy in models of highly pathogenic coronavirus
disease are discussed.

Expert opinion: Treatment of SARS and MERS in outbreak settings has focused on therapeutics with
general antiviral activity and good safety profiles rather than efficacy data provided by cellular, rodent,
or nonhuman primate models of highly pathogenic coronavirus infection. Based on lessons learned
from SARS amd MERS outbreaks, lack of drugs capable of pan-coronavirus antiviral activity increases the
vulnerability of public health systems to a highly pathogenic coronavirus pandemic.
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ﬂ"-‘e then found that a short region of RNA-dependent RNA polymerase+«

2019-nCoV." (Zhou et al., 2020}«

4 il

Q., Chen, Y., Shen, X. R., Wang, X.,...5hi, Z. L. (2020). A pneumonia
outbreak associated with a new coronavirus of probable bat origin.

Nature, 579(7798), 270-273. https.//doi.org/10.1038/s41586-020-2012-7 ¢

(RdRp) from a bat coronavirus (BatCoV RaTG1 3)—which was previously detected

in Rhinolophus affinis from Yunnan province—showed high sequence identity to

Zhou, P., Yang, X. L., Wang, X. G., Hu, B., Zhang, L., Zhang, W., Si, H. R., Zhu, Y., Li,
B., Huang, C. L., Chen, H. D., Chen, J., Lueo, Y., Guo, H., Jiang, R. D., Liu, M.

3% PDF X% - Citation & Reference —[E#1I

B Zhou, 2020 #33 Summary Edit PDF
al Az Jj20v —[os]+ o¢C

| Zhou-2020-A-pneumonia-outbreak-associated-wit. pdf

Fig. 1 Genome characterizad

FIE KRN 00 SE g ingal BALF fram patient ICLR. B, Genomic
organization of 200%-nCaV WIVDH. M. membrane. ¢, Similarity plot based on
thie full-length genome sequence of 2009-nCoV WIVGS, Full-length genome
sequences of SARS-CoV B0L, bat SARSH-CoV WIVL bat coronavirus RaTGl Sand
FCa% were used as reference sequences. d, Phylogenetic tree based on

WINVOT){(GISAID accession numbsers EPLISL_402127-402130) that were
mare than #2.9% jdentical to each other were subseguently obtained
from four additional patients using next-generation sequencing and
PCR{Extended Data Table 2),

The virus genome consists of six major open-reading frames (ORFs)
that are common to coronaviruses and a numbser of other accessory
genes (Fig. 1b). Further analysis indicates that some of the 2019-wCoY
genes shared lessthan 800% nucleotide sequence identity to SARS-CoV,
However, the aminoacid sequences of the seven conserved replicase
domains in ORFlab that were used for CoV specles classification were
94.4% Identical between 2019-nCoV and SARS-CoV, suggesting that

v | o TR T4 2 - £

\ ngthiequencing

nalysis showed that 2019 nCu‘;' wars highly similar throug

RaRpand spike(5) showed that—for all sequences—RaTGI3 isthe chos-
est relative of 2001%-nCoV and they form a distinct lineage fraom other
SARSr-CoV's (Fig. 1d and Extended Data Fig. 2). The receptor-binding
spike protein encoded by the § gene was highly divergent from other
CoVs (Extended Data Flg. 2), with bess than 75% nucleotide sequence

2_Fh%E PDF PRy & 5|5k

hepaticls virs: PEDV, e epidemic diasrhoea vines: TGEY, porcine
transmitssible gastroenteritis virus The scale bars represent 0.1 substiutions

per nuckentide positien, Descriptionsof the segrings and saftware that was
usedareingluded in the Methods.

identity to all previously described SARSr-CoVs, except for a 93.0%
nucleotide identity ve RaTG13 Exvended Dava Talble 3). The S genes of
2019-nCoV and RaTG13 are longer than other SARSr-CovVs. The major
differences in the sequence of the 5 gene of 2009-nCoV are the three
short insertions inthe N-terminal domain as well as changes in four ot
of fiveof the key residues inthe receptor-binding motif compared with
the sequence of SARS-CoV (Extended Data Fig. 3). Whether the inser-
tions in the N-terminal domain of the 5 protein of 2009-nCoV confer
sialic-acid-binding activity as it doesin MERS-CoV needs to be further
studied. The close phylogenetic relationship vo RaTGL3 provides evi

dence that 2019-nCoV may have originared in bars.

We rapidly developed a gPCR-based detection methad on the basis
of the sequence of the receptor-binding domain of the 5 gene, which
was the most variable region of the genome (Fig. 1c). Our data show
thatthe primers could differentiace 200%-nCoV from all other human
coromaviruses including bat SARSr-CoV WV, which shares 95% identiny
with SARS-CoV (Extended Data Fig. 4a, bl Ofthe samples obtained from

gatients, we found that six BALF and five oral swab samples
sampling, as assessed
ubd no longer detect
s and blood samples
hmpling (Fig. 2a). How
including the Adip or
envelope (F) genes are used for the routine detection of 2009-nCoV.
(i the basis of these findings, we propose that the disease could be
transmitted by airbame transmission, although we canmot rube out
other possible routes of rransmission, as further investigation, includ
ing miore parients, is requined.
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