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Abstract

As of Feb 21, 2021, the COVID-19 pandemic claimed over half a million lives in the U.S., and over
half of the country's population likely had an infection. Our strategy to deal with the COVID-19 pan-
demic to date has been to rely very heavily on vaccination while testing and antiviral development was
given short shrift. Initial results of vaccines appeared promising, but there have been increased numbers
of new variants than expected due to a high effective mutation rate. These new variants show the strong
possibility of mutational escape from existing antibodies, whether these antibodies are generated from
natural infection or a vaccine. Increasing infection rates in the UK and Manaus, Brazil, has shown that
even high seroprevalence from previous infection waves may not block these new variants. The devel-
opment of new vaccines for COVID-19 has now become exponentially more challenging for several
reasons. Given our partial success with the current vaccination strategy, it is time to revisit the idea of
antiviral development combined with significantly increased testing as a means of controlling this pan-
demic. Only a more balanced strategy involving all available control technologies: testing, antiviral
drugs, and vaccination will effectively end this pandemic.
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bacterium, fungus, or virus. The first critical

Purpose and Rationale . e .
P task is the determination of the extent of the in-

This paper aims to stimulate discussion fection in the populace. The second critical task
around our strategy for dealing with the is to identify methods of reducing the infec-
COVID-19 pandemic and to present alterna- tion's impact on society through isolation,
tives to our current strategy. Given the high loss prophylactic and therapeutic measures. For
of life and lack of a clear end to the pandemic, COVID-19, we are fortunate to have already
a robust discussion based on science and eco- developed sound biological and nanomedical
nomic considerations is needed to ensure that science and technologies to identify infected in-
we meet society's goals of reducing loss of life dividuals, prevent severe disease, and reduce
and returning to the pre-pandemic level of eco- morbidity and mortality rates in infected indi-
nomic and social growth. It is beyond this pa- viduals. However, are we applying these vari-
per's scope to deal with the current response to ous technologies correctly to the COVID-19
the COVID-19 pandemic, but there is no doubt pandemic? The COVID-19 pandemic claimed
that only a more balanced approach and the over half a million lives in the U.S. as of Feb
combination of prevention and treatment could 21,2021[1], and over half of the country's pop-
speed this pandemic's end and improve our re- ulation has likely had an infection.!

sponse to subsequent pandemics. We need to
answer a simple question: What do we do if the
vaccines fail?

This year, both hospitalizations and mortality
were increasing at an alarming rate [2], alt-
hough recently, the trends reversed.
Introduction

Pandemic strategies focus on controlling in-
fection spread, whether the infectious agent is a

! This is based on the reported number of infections, ~28 million as of Feb. 21, 2021, which when
multiplied by a factor of 7 yields over 195 million infections. See below for more details.
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This bit of good news should not be taken too
optimistically. As of the end of February 2021,
infection rates remain well above the peak in-
fection rates of the summer of 2020, and over
2,000 people per day are succumbing to
COVID-19. Unfortunately, infection rates now
are rising again globally [3].

There has been relatively little debate in the
scientific literature whether the path we have
chosen to this point, such as heavily favoring
vaccination, has been the most effective way to
save lives and return to a new normalcy. At this
point, there are at least two competing strate-
gies:

1. Continue to rely on vaccination and begin
developing second-generation vaccines to
treat new variants as they emerge.

2. Increase testing and antiviral development
and rely on isolation rather than vaccination
to reduce infection rates.

Given the now clear need to develop second-
generation vaccines if we are to continue down
the path of trying to control COVID-19 through
vaccination, it seems that vaccination alone is
not the most efficient way to end this pandemic
reduce the loss of life. What are our alterna-
tives?

A prescient April 2019 review [4] by Totura
and Bavari on the possibilities of a coronavirus
pandemic and potential treatment options pro-
vided straightforward suggestions for a corona-
virus pandemic strategy. The authors concluded
that a broad-spectrum pan-coronavirus antiviral
offered the best possibility of controlling a fu-
ture coronavirus outbreak rather than vaccina-
tion. Conversely, pan-viral antiviral drugs' lim-
itations were clear since these drugs were de-
veloped with safety, rather than efficacy, as the
primary criterion for success [4].

To date, most antiviral drug developments fo-
cused on repurposing existing drugs rather than
developing new drugs to specifically target
conserved proteins of the Severe Acute Respir-
atory Syndrome (SARS) CoV-2 virus. Corona-
viruses have evolved independently of other vi-
ruses for millions of years [5]. Since their en-
zymes are sufficiently different from other vi-
ruses, antivirals developed for other viruses are
likely to be ineffective, as demonstrated by the
failure of hydroxychloroquine, chloroquine,
lopinavir, and interferon [6].
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All too often, drugs repurposed for COVID-
19 have had few theoretical underpinnings for
their efficacy and their clinical trials have
sapped resources that could have been used for
more promising compounds. As of July 2020,
over a dozen repurposed antiviral therapies
(some drugs were being evaluated as monother-
apies, while other drugs were part of a cocktail)
were in clinical trials [7] although there have
been no significant successes other than
Remdesivir. Coupled with the well-publicized
hydroxychloroquine debacle, these hastily done
clinical trials [8] have reduced optimism that
antiviral drugs hold much promise. Currently,
there are hundreds of antiviral drugs in clinical
trials in the U.S., but most of these clinical trials
are too small to show significant results. The
U.K. clinical trials, which employed sufficient
statistical power, provided a far better approach
[9].

Totura and Bavari also observed that there
were two main challenges to vaccination:

1. the effective mutation rate of coronaviruses
was high enough to allow mutational escape —
a possibility which has become all too real [10],
and

2. previous work on vaccines for SARS and
Middle East Respiratory Syndrome (MERS)
showed the possibility of severe side effects of
coronavirus vaccines.

While SARS CoV-2 does have a lower muta-
tion rate than influenza on a per genome repli-
cation basis [11], the widespread infection has
enabled the virus to mutate much faster than ex-
pected. This enhanced mutation rate in-
creasedthe possibility of mutational escape
from the antibodies produced by natural infec-
tion and the antibodies produced by vaccines or
antiviral drugs. Treating immunocompromised
patients with convalescent plasma may have
also dramatically accelerated the development
of new mutations and insufficient isolation pre-
cautions have allowed these more infectious
variants to escape [12].

Fortuitously, both new antiviral drugs and
point of care (POC) testing products are near
commercial rollout. Unfortunately, these prod-
ucts had limited government support to date.
These new products offer an alternative to our
current vaccine strategy that should be rapidly
explored at this juncture.
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Discussion:

Proposed Strategy:

The current COVID-19 strategy relying heav-
ily on vaccination largely ignores other im-
portant methods of controlling pandemics, no-
tably testing and antiviral drugs. A new strategy
should strike a better balance between the fol-
lowing four options:

Testing
Isolation/quarantine
Vaccination
Antiviral drugs

1: Testing

The capabilities of testing to control COVID-
19 infections in the populace have not been well
exploited, given the current limitations of exist-
ing technologies. Most current tests for
COVID-19 rely on polymerase chain reaction
(PCR) testing, but the development of POC and
home tests has lagged badly. We still cannot an-
swer a simple question with any surety: How
many people in the U.S. have had a COVID-19
infection since the pandemic began? The num-
ber of reported cases has been extraordinarily
misleading. Although the Centers for Disease
Control eventually began publishing estimates
of the actual number of COVID-19 cases® [13,
14], the damage has been done, and the public
has grown accustomed to a very inaccurate de-
scription of the pandemic.

Our reliance primarily on centralized labora-
tory testing has had a high cost. We cannot test
enough individuals daily to identify who should
self-isolate to reduce overall COVID-19 infec-
tions. At a minimum, less than one in four
COVID-19 infections are reported, while the
previous methodology suggested the rate was
as low as one in seven, which may be more ac-
curate. It has been estimated that nearly 60% of
COVID-19 infections are due to transmission
from people who don't even know they've been
infected! [15] Overall, the U.S. can test about 2

million people/day [16]. This is inadequate for
most pandemics as it would take ~4 months to
test everyone in the country - once.

Current COVID-19 testing paradigms rely on
PCR technology. While PCR is highly accurate
at identifying even small amounts of the nucleic
acids of the virus reliably, the process is cum-
bersome since it requires research instruments
that were not designed for clinical use, and the
technology has been challenging to scale to the
requirements of the pandemic. Testing for anti-
bodies to SARS CoV-2 to identify individuals
who have previously had a natural infection has
become less helpful as vaccines produce similar
antibodies.

Defeating this pandemic requires testing a sig-
nificant fraction of the population daily to iden-
tify and isolate infected individuals quickly. We
need to scale up our testing capacity by two or-
ders of magnitude, a requirement that was noted
back in August 2020 [17]. Compared to central-
ized testing, POC testing offers a far better op-
tion as it can be readily scaled up to the needed
volumes [18]. While POC testing is unlikely to
be as accurate as PCR, the gold standard of la-
boratory testing, this is a situation where the
perfect has become the enemy of the good, and
a precise but slow method is less valuable than
a rapid but less precise test [19]. A detailed re-
view of testing options, including options for
low resource countries, also concluded that
POC testing was critical [20]. If we can quickly
identify infected individuals- (even if not as ac-
curate as could be done by PCR), we would still
be able to end this pandemic much faster. Un-
fortunately, public messaging which suggests
that vaccination would protect others from in-
fection has led to an alarming drop in testing
nationally, with recent (Feb 28, 2021) testing
rates falling to approximately one-quarter of
their peak in some cities [21].

2: Isolation/Quarantine

In the beginning, a false proposition was put
forward that ending the pandemic by isolation
would cause economic catastrophe. We face a

2 The methodology the CDC used to calculate the estimated number of cases has changed. Prior to Jan.
2021, the methodology was to simply multiply the reported number of cases by 7x. Current methodology
is shown here: www.cdc.gov/coronavirus/2019-ncov/cases-updates/burden.html

3 Note that the CDC did not give an explanation for the change in methodology. This paper uses the pre-
vious methodology which was based on this paper here: https://academic.oup.com/cid/advance-arti-

cle/doi/10.1093/cid/ciaal 780/6000389
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cruel dichotomy: open the economy and accept
increased fatalities or close the economy as
much as possible and reduce casualties. Instead,
consider the example of China, which success-
fully reduced the spread of infection and mor-
tality early on with an aggressive lockdown
procedure but has subsequently suffered neither
the economic losses nor the human losses of the
United States.

While isolation/quarantine does have a finan-
cial cost, a relatively brief lockdown period
would have had a much lower economic cost
and saved more lives than the dithering strategy
that we employed. What is now clear is that the
way to reduce this pandemic's economic costs
is to end it quickly and efficiently, simultane-
ously saving lives and reducing suffering.

3: Vaccination

Several types of vaccines have been devel-
oped and deployed in less than a year in a re-
markable achievement. This accomplishment
owes a debt to the cutting-edge basic science
and nanomedicine research to develop an
mRNA vaccine. The ample funding thrown at
the problem also reduced the risk of pharma-
ceutical companies.

There is no denying the previous successes of
vaccines in dealing with terrible viral scourges
ranging from smallpox, measles, rubella, and
polio to Ebola [22] but the record of vaccines
for dealing with viruses such as influenza, RSV,
dengue, herpes, HIV, and other viruses is much
spottier. With a much higher rate of mutation
when compared with DNA viruses, RNA vi-
ruses have often managed to elude vaccines.
For example, some clinical trials of HIV vac-
cines led to an increased risk of contracting the
virus [23], while recent clinical trials of dengue
vaccines [24] also failed.

Back at the beginning of the pandemic, when
death tolls were in single digits, vaccination
was already being seen as the only solution
[25], although vaccines were not expected to be
available until Fall 2021 at the earliest. Unfor-
tunately, the virus has remained a moving tar-
get, and several variants of concern have arisen
[26]. Regional variants have been difficult to
track given our lack of sequencing data. In a
troubling finding, a new variant that is likely to
evade existing antibodies has been found in
New York [27], a region that was hard hit a year
ago. Essentially, the virus has mutated faster
than we can get people vaccinated. Existing
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vaccines that we are struggling to roll out in the
winter/spring of 2021 target either the original
strain, or the D614G variant which became
globally dominant by June 2020 [28]. While
there have been glib calls to develop second-
generation vaccines [29], this is a difficult task
while we still do not have enough reliable data
on first-generation vaccines.

Clinical trials of COVID-19 vaccines were
not designed to detect the presence or absence
of sterilizing immunity; answering whether or
not vaccination reduces viral transmission re-
quires additional data. Israel immunized ap-
proximately % of its population with the
Pfizer/BioNTech vaccine, so we may be able to
gather enough data to answer this question
more conclusively [30]. However, given what
we know now, relying only on vaccination to
reduce the transmission of the virus is not a
sound strategy and the only proven method to
reduce viral infection remains testing coupled
with isolation/quarantine.

While increasing vaccination rates are cited as
a significant factor for the declining number of
COVID-19 cases [31], this explanation may be
flawed as the transmission of respiratory ill-
nesses is highly dependent on the number and
nature of human contacts.

Rates of vaccination have significantly lagged
the decline in the number of cases: the reported
seven-day average in early January was
~250,000, which has fallen to ~70,000 by late
February 2021. The number of reported cases
has fallen to less than 1/3™ of its peak earlier
this year but less than 10% of the population has
been fully vaccinated; most vaccines are not
fully effective until two weeks after the second
inoculation. Given the time needed for vaccines
to become effective, the gaps in this explanation
become apparent.

A more likely explanation for the decline in
the number of COVID-19 cases is that herd im-
munity for the variant, D614G, has reduced vi-
ral transmission. Unfortunately, if infection
rates continue to trend upward (data from the
last week in February), new variants may be
successful at reinfecting previously infected in-
dividuals. Evidence from Brazil shows a strong
likelihood that reinfection rates are rising
quickly in the city of Manaus [32], a very trou-
bling finding. We cannot conclusively distin-
guish between the effects of vaccination or the
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possibility of herd immunity without more test-
ing - we need to identify the cases that are now
due to new variants.

Should the vaccines prove ineffective in re-
ducing the spread of infection, public trust in
vaccination may be further eroded. The vac-
cines' duration of efficacy and efficacy towards
new variants also remains unknown. As an ex-
ample of the fundamental problem, Roy Vage-
los, former CEO of Merck, made the germane
comment: "How do you compress a year's
safety data into less time?" [33] Simply put, we
cannot conclude that vaccination will be suc-
cessful in ending the COVID-19 pandemic
based on presently available data.

The logistical challenges of vaccination re-
main daunting, and as new variants proliferate
requiring second-generation vaccines, risks of
ADE (antibody-dependent enhancement) or
VAH (vaccine hypersensitivity) also multiply.
Recent work on SARS CoV-2 has not ended the
debate on whether ADE is a continuing chal-
lenge for vaccine development [34] or whether
VAH instead is the primary concern [35]. How-
ever, what is clear is that future vaccine devel-
opment has become more complicated with po-
tential interactions from both vaccines and the
immune response from previous infections.

Second-generation vaccines have additional
challenges beyond unknown risks. Adenovirus-
based vaccines are unlikely to be easily modi-
fied since part of the immune system response
is predicated on having a novel adenovirus de-
livery system. Thus, second-generation adeno-
virus vaccines require new vectors. Second-
generation mRNA vaccines may have other is-
sues, but at a minimum, scale-up and distribu-
tion remain difficult. There are now calls to de-
velop a "pan-coronavirus vaccine" [36] - a
daunting and seemingly impractical challenge:
how do we develop a vaccine against a virus
that does not yet exist?

4: Antiviral Drugs

There are now drugs with modest to signifi-
cantly successful track records at reducing the
progression of mild COVID-19 to severe dis-
ease. The use of Remdesivir, the first United
States Food and Drug Administration (FDA)-
approved treatment [37], is restricted to moder-
ate to severe cases of hospitalized COVID-19
that do not require ventilation. U.S. clinical tri-
als found that the drug's modest efficacy re-
duces the average length of hospital stays but
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does not appear to reduce mortality [38]. How-
ever, an additional clinical trial showed prom-
ising results of a combination therapy of
Remdesivir with the anti-inflammatory drug,
Baricitinib [39] which both improved outcomes
and reduced side effects. Conversely, the World
Health Organization has concluded that
Remdesivir alone is relatively ineffective [40].

Both the Regeneron REGN-CoV2 and Eli
Lilly bamlanivimab antibody cocktails are be-
ing used under Emergency Use Authorization
(EUA) rather than the usual approval process.
The requirement that the antibody cocktails not
be used on patients admitted to hospitals but
only for outpatient care has meant that infusion
care centers would be needed [41], leading to
logistical challenges. Limited volumes and sup-
ply chain issues have also hindered access [42];
however, over % million doses were available
as of Jan 05, 2021 [43]. It is probable that these
drugs potentially reduced the number of hospi-
talized patients and prevented more severe dis-
eases, although this remains speculative.

A New COVID-19 Strategy - Vaccination,
Testing and Treatment:

Given these challenges, we must now identify
a new path forward to defeat the COVID-19
pandemic. What are our options?

A more balanced approach to the COVID-19
pandemic would offer the potential to end the
pandemic in the U.S. sooner and with less loss
of life. To quickly defeat COVID-19, two tech-
nologies must be rapidly developed further:
testing and antivirals. While extensive re-
sources have been devoted to developing vac-
cines for COVID-19, both testing technologies
and antiviral drugs have been given short shrift.
There is no reason, other than economics, that
vaccination or antiviral drug development must
be an either/or situation and given the gravity
and the high costs of the pandemic, pursuing all
reasonable options is the most sensible strategy.
New testing and antiviral drug technologies de-
veloped in the U.S. could also be exported to
other countries, easing the global burden.

The Need for Improved POC Testing

There have been calls to rethink our testing
strategy, as shown by a thought-provoking pa-
per by Mina et al. [20]. POC options now in-
clude a CRISPR-based test, SHERLOCK [44],
available under EUA. Other tests in develop-
ment include antigen-based tests such as
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RAPPID [45], while a saliva-based test that can
yield results within seconds is also being com-
mercialized. (www.blinkscience.com) It is be-
yond this paper's scope to go into testing tech-
nologies in more detail, but it is clear that sev-
eral options are becoming available that make
large-scale and rapid testing of the population
feasible.
The Need for Better Antiviral Drugs

If we are to rely on testing to identify more
infected individuals, then the need for better an-
tiviral drugs becomes clear as vaccination will
do nothing for a person with an active infection.
Even Dr. Anthony Fauci, the chief proponent of
vaccination, has acknowledged the need for
COVID-19 antiviral drugs in a recent interview
[46]. To date, antiviral drugs have had at best a
modest impact on the COVID-19 pandemic. If
we are to rely more heavily on antiviral drugs
in a new COVID-19 strategy, we must under-
stand why these drugs have not been successful.

Comparing Vaccines to Antiviral Drugs

The development of antiviral drugs for
COVID-19 has been largely restricted to testing
existing drugs repurposed from other infections
rather than purpose-designed antivirals, in con-
trast to specific vaccine development.

As shown in Table 1, both vaccines and anti-
viral drugs have their uses. Most importantly,
antiviral drugs can be employed to treat an ex-
isting infection, whereas vaccines can only be
used prophylactically. Both technologies will
benefit from increased testing but testing for an-
tiviral drugs is critical to identify patients who
might benefit. However, vaccination has been
employed without testing even though prior in-
fections may provide immunity against reinfec-
tion for at least eight months [47]. Whether this
no-testing paradigm continues to hold with new
variants and potentially second-generation vac-
cines remains to be seen.

Table 1: Comparison of Vaccine and Antiviral Technologies

Properties Vaccines

Antiviral Drugs

Infection status
tion

Will not treat an active infec-

Treats active infections

Testing Requirements

vaccines

Currently minimal, may
change with new variants and

Requires identification of
active infection

Potential Targets

S, E, N, or M proteins only

Surface proteins plus >12

(of virus) conserved proteins
Resistance Against New Limited Can be high if the drug tar-
Variants gets a conserved protein
Sterilizing Immunity Possible, but not yet con- N/A

firmed.
Number of Humans Treated | >200 million Probably <20 million
Number of Medical Visits 1-2 1
Needed
Safety 1% generation very good, 2™ Variable

generation unknown

Time for FDA Approval >4 years typical Can be <6 months

Side Effects Currently limited Unknown

Interaction Challenges Significant Limited

Residence Time in Body ~lifetime Till cleared

Clinical Trial Size Tens of thousands of patients | Hundreds to thousands of
patients

Public Acceptance Can be challenging Straightforward

Source: Nanotech Plus, LLC (www.nanotechplus.net).
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One of the major benefits of antiviral drugs
compared to vaccines is the much broader array
of targets. The review of Totura and Bavari
noted several "druggable" targets among the
conserved proteins of coronaviruses. Targeting
conserved proteins removes the possibility of
viral mutational escape and likely brings the
pandemic to a close. The old jape of "a dead vi-
rus does not mutate" certainly applies. In con-
trast, vaccines are likely limited to targeting the
S protein of SARS CoV-2 since patients with
high levels of antibodies to the N protein fare
poorly compared to patients with higher levels
of S protein antibodies [48]. Thus, there are far
more targets for antiviral drugs than vaccines.

In contrast to vaccination, the use of antivirals
is much more straightforward and requires far
fewer medical personnel. Vaccination can re-
quire 1 or 2 doses, each with monitoring medi-
cal personnel requirements, but typically, treat-
ing a patient with an antiviral drug requires a
diagnosis and a prescription by primary care
physicians. Since there should be far fewer in-
teractions with medical personnel, rates of in-
fection from obtaining treatment should drop.

Existing active COVID-19 infections are a
small fraction of the total population and are
likely < 5 million individuals at the end of Feb-
ruary”. This means that only ~2% of the country
needs to be treated at a given time- a much less
daunting challenge than rapidly inoculating
much of the country [49]. Furthermore, as pa-
tients are treated, overall infections should di-
minish. The calculation of how many people
will need to be treated is beyond this paper's
scope but is likely <20 million/year in the U.S.

What percentage of the population needs to be
inoculated for herd immunity is not a straight-
forward question and depends on:

1. the percentage of the country that has al-

ready been infected,

2. reinfection rates of new and existing var-

iants,

3. the efficacy of the vaccines against viral

transmission of these new variants.

Clinical trials of current vaccines did not ex-
amine infection rates of pre-sympto-
matic/asymptomatic cases’ [50], and country-
wide data is still needed to determine the effect
of vaccination on the virus's transmission rates
and its variants [51].

The COVID-19 vaccines developed so far
have an excellent overall safety record to date -
aremarkable achievement, while some antiviral
drugs may have more severe side effects than
vaccines. Balancing this risk is that antivirals
are used on a much smaller segment of the pop-
ulation and for a shorter time. Antivirals are
fully cleared from the body in a period of hours
to months. Thus, clinical trials can quickly de-
termine the efficacy and toxicity of antiviral
drugs without abrogating existing safety and ef-
ficacy requirements. These clinical trials can be
much smaller and faster than for vaccines. Un-
fortunately, overwhelmed hospital systems of-
ten no longer have the resources to gather data
for clinical trials while caring for a daunting
caseload. Even large pharmaceutical firms such
as Pfizer are reporting challenges in gathering
data for clinical trials of novel antiviral drugs
[52].

Before the COVID-19 pandemic, establishing
vaccine safety and efficacy generally took >5
years for an approved vaccine. While current
COVID-19 vaccines have been safe and effec-
tive in the short term, their durability and effi-
cacy for the longer term remain an open ques-
tion. Calls for second-generation vaccines have
disregarded the challenges of vaccine-vaccine
interactions. Antiviral drug interactions will
likely be far more modest.

Public acceptance of antiviral drugs is much
more straightforward than vaccination, as few
people refuse an antiviral drug if they have an
infection. In contrast, vaccination for COVID-
19 or other diseases remains a political hot po-
tato.

4 A back of the envelope calculation here. There are ~60,000 reported infections/day as of Feb. 28 (7-day
average), which likely means a total of ~ 400,000 infections (both reported and unreported) using the fac-
tor of 7 from the CDC. If infected individuals can spread virus for 10 days, then there are approximately 4
million active infections in the US as of Feb. 28, 2021, although this number may be falling currently.
However, with the detection of new variants increasing, along with possible higher rates of reinfection, this

current lull may be short lived

3 Vaccine efficacy was evaluated on the basis of reduction of severe disease as shown in the Pfizer/BioN-
Tech vaccine here: For the Moderna vaccine here: www.fda.gov/media/144452/download
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SARS CoV-2 Antivirals Under Develop-
ment:

There is now a much larger effort underway
to discover COVID-19 antivirals than at the be-
ginning of the pandemic. The FDA's CTAP
(Coronavirus Treatment Accelerated Program)
lists close to 600 treatments under develop-
ment, with over 400 programs in clinical trials
and 300+ in late clinical trials [53]. Note that
trackers such as the Milken Institute [54] often
list a wide variety of therapeutics and antivirals,
which makes an effort to discern novel corona-
virus antivirals challenging. A large number of
therapeutics under investigation is based upon
the prevalence of the ACE-2 entry site in vari-
ous organs ranging from the cardiovascular sys-
tem to the brain and the gut.

Novel SARS CoV-2 Antiviral Technologies:

Several antiviral technologies are being de-
veloped for coronavirus antivirals ranging from
antibodies to polymer drugs. (Some of these
drugs were developed for other viruses.) Listed
below are some representative examples of an-
tiviral drugs that are either in or near to clinical
trials.

Small Molecule Drugs
Pfizer PF-07304814

Pfizer has launched a Phase 1b clinical trial of
a protease inhibitor (P.F.- 07304814) that was
initially developed as a therapy for SARS CoV-
1 [55]. This drug targets the 3CL protease (aka
main protease or Main Pro), which is very sim-
ilar in both SARS CoV-1 and SARS CoV-2.
This protease is one of two cysteine proteases
critical for viral replication since it produces
several non-structural proteins used in viral rep-
lication and transcription [56]. Even though the
compound is a prodrug with a phosphate group
to increase solubility that gets cleaved, pro-
jected doses are quite high, in the 500 mg/day
range, but synergistic activity with Remdesivir
might lower the needed dose [57]. Unfortu-
nately, it is proving difficult for Pfizer to recruit
sufficient hospitalized patients for the clinical
trials.

COVID Moonshot [58]

This group of 20 or so "Big Pharma" scien-
tists/academicians are developing small mole-
cule drugs to target the 3CL. It is a
crowdsourced and crowdfunded effort that has
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looked at over 16,000 structures and synthe-
sized ~1,800 molecules [58, 59]. Unfortunately,
the group is still attempting to raise $1.5 million
[60] to begin animal trials. With these funds,
animal trials could hopefully be complete by
summer 2021, enabling human clinical trials.

Merck's Molnipiravir

Merck's antiviral Molnipiravir (aka MK-48)
was originally developed by Emory University
and then licensed to Ridgeback Pharmaceuti-
cals before being acquired by Merck. This
drug's efficacy is based on a similar mechanism
to Remdesivir. However, it is more soluble than
Remdesivir, which may increase its efficacy.
This pan-viral drug is a nucleoside analog that
has previously shown some efficacy in influ-
enza; however, nucleoside analogs often have
toxicity issues. More recently, the drug has
shown promising results in a ferret model [61],
and the results of a Phase 2/3 clinical trial are
expected early in 2021.

Atea 527

Atea Pharmaceuticals' AT-527 targets the
RNA viral polymerase of SARS CoV-2. These
enzymes have some conserved features in pos-
itive-sense RNA viruses, making them an at-
tractive target for pan viral drugs [62].

Protein Drugs

Biologics are the fastest-growing pharmaceu-
tical industry segment compared to small mol-
ecule drugs, and there are close to 400 protein
drugs that have been approved [63]. Antibodies
have been successfully used for some time to
treat disease, although there have been few suc-
cessful antibody antiviral drugs [64]. Like the
new mRNA and adenovirus vaccines, new pro-
tein-based antiviral technologies may have their
first successes against COVID-19.

Novartis/Molecular Partners

In October 2020, Novartis and Molecular
Partners announced a partnership where Novar-
tis would help commercialize two direct-acting
antiviral drugs developed by Molecular Part-
ners, MP-0420 and MP-0423 [65]. These com-
pounds are small protein drugs that are de-
signed to bind to multiple sites on the virus,
which could help prevent mutational escape
[66]. These drugs are not antibodies, so their
production and scale-up in fermenters should
be straightforward. Since these compounds are
also more robust than antibodies, the need for a
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cold chain may be obviated. Molecular Partners in Phase 2 clinical trials in Europe for hospital-
is currently conducting a Phase 1 clinical trial ized patients [70].

of the drugs, but Novartis will conduct the Polymer Drugs

Phase 2 and Phase 3 trials if warranted.

o ) Rather than use biologically based polymers,
Vir Biotechnologies

it is possible to design drugs using standard syn-

Vir Biotechnologies partnered with GSK and thetic polymer chemistry. Nanoparticle drugs
recenﬂy announced a Phase 1b/2a clinical trial have shown that polymers can have a wide
soon f'OT. a new antibody-drug, Vir 7832 [67]- range of uses in pharmaceuticals and have been
The clinical trials are part of the UK AGILE in- used to treat diseases ranging from hemophilia
itiative [68]. The company claims that the anti- to hepatitis [71].

body-drug may have the ability to clear the vi-
rus from the bloodstream and infected cells . )
[69]. The antibody recognizes an epitope com- Nanoviricides has developed and scaled up its

mon to both SARS CoV-1 and SARS CoV-2. polymer platform technology. This novel ap-
proach involves decorating a polymer with a

ligand that mimics the cellular target [72]. The
company has been working on the technology

Nanoviricides

Apeiron Biologics
Apeiron developed a drug, APNO1, which

mimics the ACE2 site. The theory is that this for over a decade and rapidly pivoted to develop
drug will "spoof™ the virus into binding to the a SARS-CoV-2 drug from a prior SARS-CoV-
drug rather than the cell, reducing overall infec- 1 compound.

tion, as well as downregulating the ras system
to reduce inflammation. The drug is currently

Conclusions:

Our current strategy to defeat COVID-19 continues to rely heavily on vaccination rather than testing,
isolation, and antiviral drugs. Given the high costs of this pandemic in both economic terms and human
lives, it is critical to developing a layered defense. In case current vaccines do not prevent reinfection
of the population by new variants, this greater depth of defenses certainly seems sensible. New testing
and antiviral technology are available in practical terms but require political will to pay for development
and deployment.
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