Viruses

Leslie Mertz

Il COVID-19 ADDED URGENCY to the quest
for the development of new vaccines, and aca-
demic researchers and biotechnology companies
responded by capitalizing on already-in-the-pipeline
advances and swiftly transitioning products from
the lab to the clinic. Their efforts reaped rewards.
According to a U.S. Department of Health and
Human Services analysis, the COVID vaccines deliv-
ered in the USA from January to May 2021 resulted in
39,000 fewer deaths and 107,000 fewer hospitaliza-
tions, and prevented another 265,000 cases among
Medicare recipients alone [1].

That success has helped to motivate innovation,
and many groups are pursuing and often rolling out
new treatment options. Just one example is mol-
nupiravir, the new antiviral pill developed by Merck
& Company, Kenilworth, NJ, USA, and Ridgeback
Biotherapeutics, Miami, FL,, USA, and based on work
done at Emory University. The drug is “a potent rib-
onucleoside analog that inhibits the replication of
SARS-CoV-2” [2] and basically sabotages the virus’s
replication machinery by targeting a key enzyme
and introducing errors in the viral genetic code [3].
New COVID-19 testing tools, efficient respirators, arti-
ficial intelligence (Al)-enabled lung imaging, and
myriad other technologies are also in development.

One area that has remained in the spotlight
throughout the pandemic, has been vaccine
development. To illustrate some of this work, I[EEE
Pulse reached out to biotech companies Vaxart,
San Francisco, CA, USA, and Inovio, Plymouth
Meeting, PA, USA, which share the same goal of
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generating effective and easy-to-deliver vaccines,
but are approaching it very differently.

Vaccines in a tablet

The idea for Vaxart’s oral vaccine came when
company founder Sean Tucker, Ph.D., got tired of
waiting in line at the pharmacy or making a doctor’s
appointment to get his flu shot every year. “I just
never felt like [ had enough time to do it, so the idea
was to basically make something that was as simple
as possible on the end user,” he said. With his back-
ground as a chemical engineer and immunologist,
he moved the idea forward and started a company
to develop a vaccine tablet (Figure 1).

To get it to work, Vaxart’s research group devised
a platform called VAAST (taken from “vector-ad-
juvant-antigen standardized technology”). VAAST

Figure 1. Vaxart researchers used the company’s
VAAST platform to generate its tablet-form COVID
vaccine. The technology employs recombinant
technology to create a disabled adenovirus
vaccine that combines DNA instructions for
making the antigen, and an adjuvant to promote a
strong immune-system response. (Photo courtesy
of Vaxart.)
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Figure 2. Sean Tucker, Ph.D., chief scientific officer
and a senior vice president of Vaxart, which is
developing an oral COVID vaccine. (Photo courtesy
of Vaxart.)

employs recombinant technology to create a dis-
abled adenovirus, with an adjuvant that works in
the intestine [4]. The COVID vaccine combines
two parts: DNA instructions for making the immune
target, or antigen, which is in the form of a protein
unique to SARS-CoV-2; and an adjuvant, which is a
bit of double-stranded RNA to stimulate the immune
system to respond, said Tucker, who is now Vaxart’s
chief scientific officer and a senior vice president
(Figure 2).

“We then figured out a way to basically dry it,
tablet it, and enterically coat it so it will go to the
right place in the intestine,” he explained. The
“right place” is the cells in the mucosal lining of the
small intestine, which is especially advantageous
for respiratory pathogens, such as SARS-CoV-2, that
infect through such surfaces, Tucker said. “When
you put a vaccine in a mucosal surface—on a wet
surface—you get more than serum antibodies. You
get antibodies that are actually coming to those
wet surfaces.” This increases vaccine efficacy,
decreases potential side effects, and could also
help prevent vaccinated individuals from releasing
or “shedding” virus particles that could then infect
others [4], he noted.

The company entered into Phase I clinical trials
for the COVID-19 vaccine on October 6, 2021 [5].
By early 2022, Vaxart is also preparing to begin a
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challenge/efficacy study of a similar oral vaccine for
norovirus, he noted.

“Ithink there’s great advantages for our technology
from the standpoint of being a pandemic response,”
he said. “Obviously, the mRNA vaccines are very
good, can make vaccine really quickly, and are very
efficient, but they can’t get people to be immunized
very quickly and that’s rate limiting. Ours take a little
longer to manufacture,
but then we can pretty
much hand out the tab-
lets as fast as we make
them.” And since it’s a
platform technology, he
added, the company can
quickly pivot to a new
pathogen by switching
out the DNA for the new
target antigen.

To illustrate its versa-
tility of the technology,
he noted that company
researchers are already
working on another tablet vaccine for seasonal influ-
enza. He commented, “We can address a lot of dif-
ferent pathogens. The sky’s the limit.”

The logistical prob-
lems behind rapid
vaccine distribution
to people in all parts
of the world can be
resolved at least in
part through innova-
tion, such as the vac-
cine tablets, that are
stable at room-tem-
perature and easily
handed out, mailed
out, or otherwise
delivered.

Intradermal vaccine

Inovio took a different route toward developing
a COVID vaccine, one that can be delivered with a
barely-beneath-the-skin injection followed by a tiny
zap of electricity.

Figure 3. Kate Broderick, Ph.D., senior vice president
of research and development at Inovio, which is
developing a transdermal COVID vaccine and delivery
system. (Photo courtesy of Inovio Pharmaceuticals.)
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Figure 4. Inovio’s approach to vaccine advances
brings together its Al-enabled DNA medicine
platform to generate a COVID vaccine in the form
of a DNA plasmid, and a hand-held device that
applies a mild electric field to deliver plasmid

to the cells which then produce the antigen that
triggers the body’s immune response. (Image
courtesy of Inovio.)

For this approach, researchers used Inovio’s
Al-enabled DNA medicine platform to formulate the
DNA sequence of the SARS-CoV-2 virus through an
algorithm that optimized for a variety of parameters
to ensure a strong immune response, according to
Kate Broderick, Ph.D., Inovio senior vice president of
research and development (Figure 3). That enabled
them to design a strand of DNA—a DNA plasmid
called INO4800—as a vaccine candidate [6], [7].

They then had to identify a way to get the large
DNA plasmid into the cells. They turned to electro-
poration, a lab method that momentarily directs a
mild electric field at cells in a petri dish or suspen-
sion. The field transiently changes the structure of
cell membranes so “they create almost a pore that
we can then use to push these DNA macromolecules
across,” Broderick said. As soon as the electrical field
shuts off, the cell returns to its normal conformation,
and the DNA is trapped inside (Figure 4). Concep-
tually, electroporation in vitro and in vivo is similar,

but the electrical parameters are wildly different, she
said. “A huge amount of time and intellectual energy
went into pioneering in vivo electroporation and
designing a portfolio of devices to allow the delivery
of DNA into different tissues.”

Before starting work on COVID-19, Inovio research-
ers had already developed a vaccination strategy for
such pathogens as Ebola, human immunodeficiency
virus (HIV) and Middle East respiratory syndrome
(MERS). It entailed delivery of the vaccine intrader-
mally with a short-tipped syringe that barely punctures
the skin, immediately following with administration of
the mild electrical pulse. It worked well in the clinic,
but they also felt the technology would be useful to
fight a worldwide viral epidemic. To that end, they
began working on a portable, handheld electropo-
ration device, she said. “We were very glad in Janu-
ary of 2020 that we had already kicked off that effort,
because all of our infectious-disease nightmares came
true and we were hit with this global pandemic.”

With funding from the U.S. Department of Defense,
the company has progressed with that effort, design-
ing CELLECTRA 3PSP, a battery-operated, handheld
device equipped with a sterile, disposable tip meas-
uring about 1 cm x 1.5 ¢cm, Broderick detailed. “At
the end of that tip are three very short electrodes,
about 3 mm in length, and they are held onto the sur-
face of the skin. These penetrate through the epider-
mis, dermis, and into the subdermal tissues to create
a very localized electrical field within the skin. It's
that electrical field that helps to push those DNA
molecules into the cells that we're trying to target.”

She noted that the research group considered
numerous skin variations, including color, age, and

condition. “Skin is dif-

ferent depending on The portability of the
whether you've taken = CELLECTRAdevice

a shower that morn- and the stability of DNA

also make Inovio's
system well-suited
for broad vaccine
dissemination.

ing, used a moisturizer,
hydrated really well,
or went to the gym, for
instance, so there’s actu-
ally a lot more physiological differences between skin
than you might think,” she said. “We took all of that
into consideration when we designed this device, so
that it could be used by anyone.”

As of late September 2021, Inovio had received
authorization from Mexico, Brazil, and the Philip-
pines to begin the phase 3 segment of the global trial
for INO-4800. While that proceeds, Broderick said
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company researchers are monitoring the emergence
of new COVID variants to ensure that “our technol-
ogy covers the future of the pandemic as the virus
continues to mutate.”

Need for new methods

Both Tucker and Broderick view new vaccination
technologies as vital to the current and future pan-
demic response.

“The key thing from the standpoint of the vaccine
world is not just making vaccine, but getting herd
immunity so you basically protect people from infec-
tion,” Tucker said. The logistical problems behind
rapid vaccine distribution to people in all parts of
the world can be resolved at least in part through
innovation, such as the vaccine tablets, that are
stable at room-temperature and easily handed out,
mailed out, or otherwise delivered, he remarked.

The portability of the CELLECTRA device and
the stability of DNA also make Inovio’s system well-
suited for broad vaccine dissemination, Broderick
said. “DNA by just its nature and its biology, is an
incredibly stable molecule, so although long-term
storage for our vaccine is in a refrigerator, we’re sta-
ble at 25 °C, or ambient air temperature, for a year,”
she reported. “And actually, we can go up to 37 °C
for a month with no impact at all on the potency of
the vaccine, so if you're thinking about a vaccine sit-
ting on a tarmac in Nairobi or something like that,
that’s really no logistical concern for us at all.”

New technologies also allow for a rapid pivot
to new pathogens, so vaccines can enter and get
through the development pipeline with great haste,
noted Broderick. “That was really one of the cen-
tral tenets of the design of this technology, so while
we're going to be using it here for COVID, it could
equally be used for Ebola, Lassa fever, HIV, or some
other flu in the future.”

ALL oF THIS work is designed to update the nee-
dle-and-syringe delivery system, which dates back
more than a hundred years, she added. “What we're
trying to do is basically push vaccine delivery into
the 21st century.” u
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