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Vaccines typically require years of
research and testing before reaching the
clinic, but scientists are racing to produce
a safe and effective coronavirus vaccine
by next year. Researchers are testing 48
vaccines in clinical trials on humans, and
at least 89 preclinical vaccines are under
active investigation in animals.

Work began in January with the
deciphering of the SARS-CoV-2 genome.
The first vaccine safety trials in humans
started in March, and now 10 have
reached the final stages of testing. Some
of these trials will fail, and others may
end without a clear result. But a few
vaccines may succeed in stimulating the
immune system to produce effective
antibodies against the virus.

Here is the status of all the vaccines that
have reached trials in humans, along with
a selection of promising vaccines still
being tested in animals.

While these vaccines may potentially
prevent infection, they cannot cure the
disease. For an overview of treatments
for Covid-19, see our Coronavirus Drug
and Treatment Tracker.

New additions and recent updates:

•  India’s Bharat Biotech moves to Phase

3. Oct. 23

•  Entos Pharmaceuticals launches a

Phase 1 trial. Oct. 20

•  ImmunityBio launches a Phase 1. Oct. 20

•  China’s Shenzhen Kangtai enters Phase

1. Oct. 16

The Vaccine Testing
Process

The development cycle of a vaccine, from
lab to clinic.

PRECLINICAL TESTING : Scientists test a

new vaccine on cells and then give it to
animals such as mice or monkeys to see
if it produces an immune response. We
have confirmed 89 preclinical vaccines in
active development.

PHASE 1 SAFETY TRIALS : Scientists give

the vaccine to a small number of people
to test safety and dosage as well as to
confirm that it stimulates the immune
system.

PHASE 2 EXPANDED TRIALS : Scientists

give the vaccine to hundreds of people
split into groups, such as children and the
elderly, to see if the vaccine acts
differently in them. These trials further
test the vaccine’s safety and ability to
stimulate the immune system.

PHASE 3 EFFICACY TRIALS : Scientists

give the vaccine to thousands of people
and wait to see how many become
infected, compared with volunteers who
received a placebo. These trials can
determine if the vaccine protects against
the coronavirus. In June, the F.D.A.
advised vaccine makers that they would
want to see evidence that vaccines can
protect at least 50 percent of those who
receive it. In addition, Phase 3 trials are
large enough to reveal evidence of
relatively rare side effects that might be
missed in earlier studies.

EARLY OR LIMITED APPROVAL : China and

Russia have approved vaccines without
waiting for the results of Phase 3 trials.
Experts say the rushed process has
serious risks.

APPROVAL : Regulators in each country

review the trial results and decide
whether to approve the vaccine or not.
During a pandemic, a vaccine may
receive emergency use authorization
before getting formal approval. Once a
vaccine is licensed, researchers continue
to monitor people who receive it to make
sure it’s safe and effective.

COMBINED PHASES : One way to

accelerate vaccine development is to
combine phases. Some coronavirus
vaccines are now in Phase 1/2 trials, for
example, in which they are tested for the
first time on hundreds of people. (Note
that our tracker counts a combined Phase
1/2 trial as both Phase 1 and Phase 2.)

PAUSED : If investigators observe

worrying symptoms in volunteers, they
can put a trial on pause. After an
investigation, the trial may resume or be
abandoned.

Filter the list of vaccines:

All vaccines  Preclinical  Phase 1  

Phase 2  Phase 3  Approved

Genetic Vaccines

Vaccines that deliver one or more of the
coronavirus’s own genes into our cells to

provoke an immune response.

PHASE 3  

Moderna develops vaccines based on
messenger RNA (mRNA) to produce
viral proteins in the body. They have yet
to bring one to the market. In January,
they began developing a vaccine for the
coronavirus and since then the
government has bankrolled Moderna’s
efforts, providing nearly $1 billion in
support. In partnership with National
Institutes of Health, they found that the
vaccine protects monkeys from the
coronavirus. In March, the company put
the first Covid-19 vaccine into human
trials, which yielded promising results.
The vaccine has progressed into Phase 3
testing, which began on July 27. The final
trial is enrolling 30,000 healthy people at
about 89 sites around the United States.
On Aug. 11, the government awarded the
company an additional $1.5 billion in
exchange for 100 million doses if the
vaccine proves safe and effective. Canada
agreed in September to acquire 20 million
doses. 

In July, Moderna lost a patent dispute
over some of their vaccine technology.
The following month, the company stated
that it could not be certain it was the first
to make the inventions claimed in their
patents, including its coronavirus
vaccine.

On Sept. 17, Moderna shared their
protocol for determining if their vaccine
was safe and effective. They planned to
wait until a significant number of
volunteers became sick with Covid-19 and
then see how many had been vaccinated.
It may take till the end of 2020 or early
2021 to reach the necessary numbers.
Updated Sept. 24

PHASE 2  PHASE 3  COMBINED PHASES  

The German company BioNTech entered
into collaborations with Pfizer, based in
New York, and the Chinese drug maker
Fosun Pharma to develop an mRNA
vaccine to be given in two doses. In May
they launched a Phase 1/2 trial on two
versions of the vaccine. They found that
both versions caused volunteers to
produce antibodies against SARS-CoV-2,
as well as immune cells called T cells that
respond to the virus. They found that one
version, called BNT162b2, produced
significantly fewer side effects, such as
fevers and fatigue, and so they chose it to
move into Phase 2/3 trials. On July 27,
the companies announced the launch of a
Phase 2/3 trial with 30,000 volunteers in
the United States and other countries
including Argentina, Brazil, and
Germany. In an interim study, the
companies reported that after getting the
first dose, volunteers experience mostly
mild to moderate side effects. On Sept. 12,
Pfizer and BioNTech announced that
they would seek to expand their U.S. trial
to 43,000 participants. The following
month, they gained permission to start
testing the vaccine on children as young
as 12 — the first American trial to do so.

In September, Dr. Albert Bourla, the chief
executive of Pfizer, said the Phase 3 trial
would deliver enough results as soon as
October to show if the vaccine worked or
not. President Trump touted their
progress, hinting that a vaccine would be
available before the election. But Dr.
Bourla said in October that Pfizer and
BioNTech would not apply for an
emergency use authorization before late
November at the earliest. It would take
several weeks more for the F.D.A. to
make a decision about their application.

Pfizer and BioNTech’s vaccine, like
almost all the others in clinical trials,
requires two doses. In the summer, the
companies began inking deals to deliver
large orders to countries around the
world. The Trump administration
awarded a $1.9 billion contract in July for
100 million doses to be delivered by
December and the option to acquire 500
million more doses. Meanwhile, Japan
made a deal for 120 million doses, and the
European Union arranged to purchase
200 million doses. If their vaccine is
authorized, Pfizer and BioNTech expect
to manufacture over 1.3 billion doses of
their vaccine worldwide by the end of
2021.

Getting the vaccine from the factory to
people’s arms could pose some major
challenges. Like Moderna’s vaccine,
Pfizer and BioNTech’s preparation is
based on mRNA, which falls apart unless
it’s kept in a deep freeze. As a result, the
vaccine will have to be chilled to minus
80 degrees Celsius (minus 112 degrees
Fahrenheit) until it’s ready to be injected.
Updated Oct. 16

PHASE 2  

In July, the Indian vaccine-maker Zydus
Cadila began testing a DNA-based
vaccine delivered by a skin patch. They
launched a Phase 2 trial on Aug. 6.
Updated Sept. 28

PHASE 2  

In March, the Trump administration
unsuccessfully tried to entice CureVac to
move its research on a mRNA vaccine
from Germany to the United States. The
company moved ahead with its work in
Germany and found promising responses
in mice. In July, they launched a Phase 1
clinical trial, followed by a Phase 2 study
in September. If that trial generates good
results, the company will launch a Phase
3 trial by the end of 2020.

In a September interview, the chief
executive of CureVac said that the
company would make 100 million doses
by the end of 2020 and hoped to gain
approval some time in 2021. CureVac has
collaborated with Elon Musk’s company
Tesla on creating mRNA “micro-
factories,” which could potentially be
deployed around the world to make
billions of doses of the vaccine.
Updated Oct. 23

PHASE 1  PHASE 2  COMBINED PHASES  

Imperial College London researchers
have developed a “self-amplifying” RNA
vaccine, which boosts production of a
viral protein to stimulate the immune
system. They began Phase 1/2 trials on
June 15 and have partnered with
Morningside Ventures to manufacture
and distribute the vaccine through a new
company called VacEquity Global Health.
The researchers expect to know if the
vaccine is effective by the end of the year.

PHASE 1  PHASE 2  COMBINED PHASES  

On June 30, the Japanese biotechnology
company AnGes announced they had
started Phase 1 trials on a DNA-based
vaccine, developed in partnership with
Osaka University and Takara Bio. The
company will present initial results of the
trials in November and are planning for a
Phase 3 trial by the end of the year.
Updated Sept. 30

PHASE 1  PHASE 2  COMBINED PHASES  

The California-based company Arcturus
Therapeutics and Duke-NUS Medical
School in Singapore have developed an
mRNA vaccine. It has a “self-replicating”
design that leads to a greater production
of viral proteins. Tests on animals showed
that it protected them against infection.
In August, Arcturus launched a Phase 1/2
trial at Singapore General Hospital.
Updated Sept. 8

PHASE 1  PAUSED  

The American company Inovio has
developed DNA-based vaccines which
are delivered into the skin with electric
pulses from a hand-held device. They
have vaccines in clinical trials for a
number of diseases, and in June they
announced interim data from a Phase 1
trial on Covid-19. They found no serious
adverse effects, and measured an
immune response in 34 out of 36
volunteers. Inovio has yet to publish
detailed results of these studies, however,
and it is embroiled in several lawsuits
with stockholders and a company
partner. On Sept. 28, they announced the
F.D.A. had put the vaccine on a partial
clinical hold due to questions about the
delivery device.
Updated Sept. 28

PHASE 1  

The Korean company Genexine started
testing the safety of a DNA-based
vaccine in June. They anticipate moving
to Phase 2 trials in the fall.
Updated June 24

PHASE 1  

In June, Chinese researchers at the
Academy of Military Medical Sciences,
Suzhou Abogen Biosciences and Walvax
Biotechnology announced they would
start their country’s first safety trials on a
mRNA-based vaccine, called ARCoV.
Earlier studies on monkeys reportedly
showed protective effects.
Updated June 26

PHASE 1  

Researchers at Thailand’s Chulalongkorn
University have been developing several
potential vaccines for the coronavirus.
The furthest along is an mRNA-based
vaccine known as ChulaCov19. On Sept.
29, the Chula Vaccine Research Center
registered a Phase 1 trial to test it in
humans. In an interview with the
Bangkok Post, the leader of the project
said that up to 30 million doses might be
produced for Thailand and six other
Asian countries if the vaccine proved to
be safe and effective.
Updated Sept. 30

PHASE 1  

The Canadian company Entos
Pharmaceuticals has created a DNA
vaccine for the coronavirus. Most other
genetic vaccines carry the gene for the
spike protein on the surface of the virus.
Entos instead chose the gene for
nucleocapsid, a protein that sits inside
the virus’s membrane. They are betting it
can offer long-lasting immunity. In
October, Entos launched a Phase 1 trial in
Canada for their vaccine, called
Covigenix VAX-001.
Updated Oct. 20

PRECLINICAL  

The French pharmaceutical company
Sanofi is developing an mRNA vaccine in
partnership with Translate Bio. They
have found that it produces a strong
antibody response in mice and monkeys
and are planning on starting Phase 1
trials by December. It would become
Sanofi’s second Covid-19 vaccine
candidate in clinical trials, along with
their protein-based vaccine.
Updated Oct. 15

PRECLINICAL  

Other genetic vaccines in active
preclinical development include vaccines
from: Applied DNA Sciences, EvviVax
and Takis Biotech; DIOSynVax;
Elixirgen Therapeutics; ETheRNA; HDT
Bio; Infectious Disease Research
Institute and Amyris; Mediphage
Bioceuticals; the OPENCORONA
Consortia; Scancell; the Spanish
National Center for Biotechnology and
the Spanish National Research Council.
Updated Sept. 30
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PHASE 1 PHASE 2 PHASE 3

33 14 12
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testing safety
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efficacy tests
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