Within days his laboratory and dozens of others
around the world started designing vaccines that they
hoped could protect billions of people against the
SARS-CoV-2 virus, the biggest challenge to global health
and prosperily since World War I1. By early April almost
= 80 companies and institutes in 19 countries were work-

g ing on vaccines, most gene-based instead of using tra-
§ ditional approaches, such as those that have been
S\ employed in influenza vaccines for more than 70 years.

K2 W
\ The labs predicted that a commercial vaccine could be
available for emergency or compassionate use by early
2021—incredibly fast, given that vaccines to brand-new

pathogens have taken a decade Lo be perfected and

deployed. Even the Ebola vaccine, which was fast-
tracked, took five years to reach widespread trials. If
Barouch and his counterparts can offer a safe, effective

concoctlion in a year, “it will be the fastest vaccine devel-
opment in history,” he says.
That is a big “if,” however. Although labs have cre-
ated several gene-based vaccines for other viruses, not
one has been commercialized for a human illness.
A conventional vaccine injected into the body

inserts select pieces of a virus in cells near the injection
site. The immune system recognizes molecules on these

pieces, called antigens, as threats and reacts by making
C A N C R E ATE antibodies, molecules that can find the virus anywhere
in the body and neutralize it. Once this dress rehears-
al happens, the immune system remembers how to
A P ROT ECT I VE quash the invaders, so it can stop a future infection.
The established approach is to grow weakened
viruses in chicken eggs—or more recently in mamma-
E R M I lian or insect cells—and extract the desired pieces. The
process can take four to six months to get the right anti-

gens for familiar viruses that change every year, such

as influenza. It can take multiple attempts over years
for a new germ. That is far too slow to combat a virus
that has already spread to pandemic proportions.
Instead labs are turning to gene-based vaccines. Sci-
entists use information from the genome of the virus to
create a blueprint of select antigens. The blueprint is
. made of DNA or RNA—molecules that hold genetic
By C/ZQTZES SC/l??ZZdZ‘ instructions. The researchers then inject the DNA or
RNA into human cells. The cell’s machinery uses the
instructions to make virus antigens that the immune
system reacts Lo. Cells respond lo the instructions as a
N JANUARY 10, WHEN CHINESE normal part of their daily existence. This is the same
researchers published the genome trait infectious viruses exploit; they cannot reproduce

of a mysterious, fast-spre ading, on their own, so they use a cell’s machinery to make cop-

. . fi dDan B = ies of themselves. They burst out of the cell and infect
virus, 1t contirme an barouchs more cells, widening the infection.

greatest worry. The genome was Virtually all the labs want to find a way to train
similar to that of the coronavirus human cells to make an antigen called the spike pro-

tein. It juts out from SARS-CoV-2 like a stud on a tire,
that caused the 2003 SARS out- allowing the virus to bind to a human cell and sneak

break, yet it also had striking differences. “I realized inside. Almost all the labs are using one of three
immediately that no one would be immune to it,” approaches to deliver the spike blueprint. The first is

. . . a DNA plasmid, typically a small, hoop-shaped mole-
says Barouch, director of virology and vaccine research ;. A plasmid is a handy tool because if a virus
at Beth Israel Deaconess Medical Center in Boston. mutates, researchers can readily swap in a new blue-
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CREATE A CHEMICAL SERUM Isolate a How to Develop
The traditional approach inserts virus particle . O
a Virus Vaccine

amodified version of the virus, or
pieces of it, into a solution injected
into the body. But the method is A vaccine exposes the body to an altered,
slow. Newer genetic engineering safe version of a disease-causing virus,
ches insertabluePrE qfth prompting the immune system to produce
et i y " antibodies—proteins that can stop the real
pathogen from infecting cells. The immune
system then remembers how to fight the
invader. Scientists can use different methods
to create a chemical vaccine formulation,
which they then test for safety and efficacy.
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Put particles
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TEST IN ANIMALS AND PEOPLE
Testing startsin lab dishes and
animals, then proceeds to humans, .
advancing from a handful to tens Test i lab Fultures
of thousands. If the vaccine causes and animals

serious side effects or does not > -— = @& -/

Y Does it prompt the immune
system’s cells to produce
antibodies that will identify
* and attach to the virus?

Is it too toxic?

Stop testing

Phase 1: Phase 2: Phase 3: PRODUCTION

Is the vaccine safe? Is the vaccine safe? Does it safely A successful vaccine must
Are bad side effects Is the immune prevent infection be approved by regulators,
avoided? Does the response strong? and disease across then manufactured in volume
immune system Is the dosage a large number and tested for product quality.
produce antibodies? of people?
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print. DNA-plasmid vaccines have been made for veter-
inary uses in fishes, dogs, swine and horses, but human
applications have lagged, mostly because the vaccines
have had difficulty passing through a cell’s protective
outer membrane to reach the machinery inside. One
recent improvement is to inject the vaccine with an
instrument that administers brief electrical charges to
cells near the injection site, which open pores in the cell
membranes so the vaccine can enter.

Inovio Pharmaceuticals, headquartered in Plymouth
Meeting, Pa., is employing the DNA-plasmid approach.
Several years ago it launched clinical trials targeting
spike proteins of a different coronavirus disease called
Middle East respiratory syndrome (MERS). According
to chief executive officer Joseph Kim, the antibody lev-
els in vaccinated people “are as good or better than those
we see in blood samples from people who [naturally |
recovered from MERS.” The company adapted its plat-
form—the plasmid and means for testing it—to make a
vaccine for SARS-CoV-2.

DNA-plasmid vaccines work by transferring the
genetic blueprint to RNA in the cell machinery, which
makes the spike antigens. But scientists can skip the
plasmid step by embedding a blueprint in a strand of
RNA—a second approach known as RNA vaccines. The
RNA is carried in lipids that are injected into the body;
lipids are fatty molecules that can pass easily into cells.
Research shows that RNA vaccines may be better than
DNA plasmids at mobilizing the immune system to cre-
ate antibodies. They also seem to induce more potent
immunity—a stronger memory in the immune system—
and therefore require lower doses. Some RNA vaccines
are in early-stage clinical trials for other viral illnesses,
including rabies, HIV and Zika. Moderna in Cambridge,
Mass., is using this approach for SARS-CoV-2.

RNA vaccines are less stable than DNA-plasmid vac-
cines; common enzymes in the body can quickly degrade
them. Heat can ruin them, too. RNA vaccines must gen-
erally be kept frozen or refrigerated, which creates logis-
tical hurdles, particularly in poorer countries. DNA-plas-
mid vaccines are stable at higher temperatures.

Barouch and his collaborators at Johnson & Johnson
are using a third approach: inserting the DNA blueprint
into a common cold virus. When injected, this adenovi-
ral vector, as it is called, infects human cells and delivers
the blueprint it is carrying. Adenoviruses are good at get-
ting into cells, yet past work shows that the human
immune system readily recognizes some adenoviruses
and attacks them before they can sneak in. Barouch is
using an adenovirus that testing shows is unlikely to be
recognized. Some experts also worry an adenovirus itself
could replicate inside the body and cause disease. To
address that possibility, Barouch’s team is using an engi-
neered virus that is nonreplicating—it cannot make cop-
ies of itself inside a human cell, because it needs a sub-
stance for replication the human body does not provide.
In late April the University of Oxford began a limited
human trial with another nonreplicating adenovirus.

Once a vaccine’s basic functionality is confirmed in

lab cultures, it is assessed in animals Lo see if il is safe
and whether it elicits an immune response. Next it is
tested in people—first small groups to check on safety
and side effects, then increasingly larger numbers to see
how effective it is. Inovio’s DNA plasmid went into small-
scale human trials on April 6—only three months after
the SARS-CoV-2 genome was published. Moderna began
small human trials of its RNA vaccine even sooner, on
March 16, and in April the U.S. government pledged up
to $483 million to speed mass production if the trials go
well. Barouch’s lab devised a prototype adenovirus vac-
cine in just four weeks. Johnson & Johnson, in collabo-
ration with Barouch’s lab, is now testing it in mice, fer-
rets and rhesus macaques. On March 30 the U.S. and
Johnson & Johnson committed more than $1 billion to
fund large human clinical trials, which are slated to
begin in September if the limiled lesting proves out.

Although the time from outbreak to small tests has
been far quicker than it would have been using the egg
approach, there is no guarantee that the extended trials
of genelically engineered vaccines will not take years.
Fortunately, SARS-CoV-2 does not appear to mutate as
quickly as influenza, suggesting that an effective vaccine,
once developed, might offer protection for a long time.

In addition to efficacy, the experts are walching the
trials for “disease enhancement”—the possibility that a
vaccine might inadvertently worsen symptoms of
COVID-19, the disease that SARS-CoV-2 causes. Ferrets
given an experimental SARS vaccine in 2004 developed
damaging inflammation. Kim says humans who were
treated with the experimental SARS vaccines did not
experience disease enhancement. But those formula-
tions never made il Lo large-scale human trials because
the outbreak—which sickened about 8,000 people in
nearly 30 countries—burned out in just over a year.

Companies are accelerating the development time for
a SARS-CoV-2 vaccine in part by testing vaccines in mul-
tiple animal species at once and in parallel with small
numbers of people. Usually the process is one animal at
atime, and people later, to make sure that side effects are
small, that immune response is large and that disease is
actually defeated. Lack of time warrants greater risk.

Protecting the globe against COVID-19 will require
enormous manufacturing capacity. The DNA-plasmid
and RNA vaccines have never been scaled up to millions
of doses, and small firms such as Inovio and Moderna
would not have such capacity in-house. According to
Barouch, the adenovirus vaccine is more time-consum-
ing al the outset, but once proved it “can be scaled up
quickly.” Johnson & Johnson used an adenovirus ap-
proach to generate millions of doses of a vaccine against
Ebola, which are now in widespread human trials. A few
groups are investigating other DNA techniques that
could take longer.

No prototype vaccine is a clear favorite yet, according
to Brenda G. Hogue, a virologist and coronavirus expert
at Arizona State University. But she says the speed of the
genetics work and the full weight companies are throw-
ing behind it are encouraging: “I feel very positive.”

IN BRIEF

To quickly create
potential vaccines
against COVID-19,
researchers are using
genetic engineering
rather than tradition-
al methods, which
can take years.
Three different
techniques based on
DNA and RNA mol-
ecules are speeding
to human trials, but
whether they will
work, or can be
scaled up to millions
of doses, is unclear.
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