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The urgent need for broad-spectrum antiviral drugs

Editorial

During the last decades, human populations have been exposed
to several new viral pathogens such as Ebola and Marburg viruses,
Lassa fever virus, SARS- and MERS- Corona viruses, Hantaviruses,
Kyasanur Forest virus and others, often with disastrous consequences.'
While in several cases these represent sporadic outbreaks that wane
over a period of a few weeks, the events of 2014 have exposed our
vulnerability to such highly pathogenic agents with the unprecedented
Ebola virus epidemic which is barely under control after more than
a year in West Africa.” These outbreaks tend to occur in developing
countries; however they can rapidly expand and reach other parts of
the globe through basic transportation facilities. The 2014 Ebola virus
outbreak has provided a particularly interesting opportunity to test our
ability to react and respond to a major health crisis in one of the worst
possible situation. Sadly, the results have exposed several weaknesses
and underlined the necessity to review our entire approach to these
natural calamities. Besides the lack of basic facilities and limited
infrastructure in the affected countries, the absence of an adequate
vaccine to protect local populations and healthcare personal, and of
approved antiviral drugs to treat infected patients, resulted in a true
humanitarian disaster with thousands of deaths.

Two traditional approaches, vaccines and antiviral drugs,
represent our main weapons to control viral outbreaks. Vaccines are
designed to elicit a highly specific immune response to a pathogen.
As a consequence, a newly found virus must be at least partially
characterized in order to prepare an effective vaccine against it. In
addition, the vaccine design and evaluation process together can take
a significant amount of time. In the particular case of Ebola virus,
despite the fact that there were already existing vaccine candidates
against the virus that were rushed into clinical evaluation under what
is probably the fastest testing scheme ever seen, no vaccine has yet
completed phase 2 efficacy assessment more than a year after the first
infected patients were reported. Clearly, in the case of an outbreak
by a new viral pathogen, de novo vaccine preparation alone does not
represent the best approach to avoid a health crisis and prevent human
casualties.

Specificity represents also an important element in the design of
traditional antiviral molecules that limits potential toxicity in the host.
For instance, HIV protease inhibitors on the market for HIV/AIDS
treatment have an efficiency concentration against the viral protease
that is several hundred times lower than the concentration needed to
inhibit cellular aspartic proteases.® Likewise, marketed inhibitors of
viral polymerases display a high level of specificity vis-a-vis their
viral target and interfere only minimally with cell enzymes. This high
level of specificity can only be achieved when a detailed knowledge
of the viral target’s structure and function is available, which is not
the case when a new pathogen first emerges in human populations. A
few compounds showing activity against the Ebola virus have been
reported in the literature over the years, but none of them had been
submitted to significant clinical evaluation on the ground in affected
countries before the 2014 outbreak.” At this point in time, their real
efficacy in infected patients has not been reported. Since one can
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expect that other viral outbreaks will certainly affect us in the near
future, a new plan is needed to prevent tragedies such as the 2014
Ebola epidemic. Based on the experience and knowledge acquired
through several viral outbreaks in the past, an interesting novel
strategy deserves attention, an approach that is immediately applicable
to the field of antiviral drugs. Instead of focusing on highest possible
specificity, it might be a good idea to take one step back and to look
for compounds that show activity against a broader range of viruses,
e.g. molecules that are able to inhibit targets present in more than one
virus species.

Viruses harbor common well-defined targets that often show
a high level of conservation at the genomic and/or structural level,
at least within viral families. These targets, especially protease and
polymerase, represent well-known types of protein and standard
targets for the Pharma industry. Several viral proteases belong to
the same protease subfamily, which means that there must exist
some similarities at the active site of these enzymes, which could
allow some inhibitor molecules to be active against more than one
of these enzyme entities, potentially across viral families. Even more
interesting, several of the most lethal viral pathogens belong to viral
families harboring an RNA genome (more often in general than DNA
viruses), and thus encode an RNA polymerase to synthesize new
copies of the viral RNA. Again, these enzymes do have structural
similarities at the level of their catalytic site that can be exploited
to identify or design broad-spectrum inhibitors. Arguably, RNA
polymerases could be better suited for this approach than proteases.
Compounds synthesized over the years as inhibitors for these enzyme
targets should be systematically screened against a panel of proteases
and polymerases from various families of viruses, to identify those
molecules with activity against multiple viral enzymes. The enzymes
should be chosen among families of viruses that represent major
pathogens in terms of pathogenicity and mortality rates in humans
such as Arena viruses, Bunya viruses, Corona viruses, Filo viruses,
Toga viruses, etc. The compounds should be tested in parallel against
a panel of enzymes from these viruses, which would be continually
updated as new viral pathogens are identified.

Besides enzymatic assays, the most promising compounds should
be evaluated in cell culture assays and whenever possible, in animal
models. In parallel, basic toxicology assays should be performed to
keep only compounds with the best safety profile. While the desired
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compounds are expected to inhibit viral replication with significant
potency, they would likely display reduced specificity compared to
other drugs so their safety profile will need to be closely monitored.
On the other hand, ideally the selected drugs would be used over
a relatively short period of time, eliminating long-term potential
toxicity issues. This concept of an arsenal of antiviral drugs with
broad-spectrum activity among viruses, ready to be used as a first line
of defense in case of emergency when a new lethal virus emerges, is
not new and has been proposed by others.”!” However, it has not yet
been pursued systematically as a way to respond to viral outbreaks,
in part because such compounds are still limited in number or have
been discarded in the past for lack of specificity, and also because
there was no financial interest from the Pharma industry to explore
other ways to address viral outbreaks. With the realization that these
pathogens can easily reach populations in industrialized countries and
cause havoc, a new perception is taking place.

Some promising broad-spectrum molecules already exist but their
full potential has not been explored.”!""'* Ribavirin, perhaps the oldest
and most known broad-spectrum antiviral, has been used for years as
part of the traditional HCV treatment and in special situations where
no other drugs were available.'® Its many side effects and variable
efficacy make it a less than ideal compound for this strategy. Other
compounds with activity against more than one type of virus have
been reported in recent years, and some of them have even been tested
against the Ebola virus.” Besides enzyme inhibitors, compounds
disrupting the viral envelope or blocking viral entry in host cells have
also been recently reported and could also have a place in this new
paradigm of first line response to lethal viruses. This strategy needs to
be put in place quickly. Fortunately, it seems that there is a slow but
decisive evolution towards seeking this type of compounds, to be used
as first line therapy in cases of outbreaks involving lethal viral strains.
Let’s hope the lessons learned from last year’s Ebola outbreak will
lead to a better adapted strategy to face these viral threats.
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