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How the Oxford-AstraZeneca Vaccine

Works

By Jonathan Corum and Carl Zimmer Updated Jan. 4, 2021

The University of Oxford partnered with the British-Swedish company
AstraZeneca to develop and test a coronavirus vaccine known as ChAdOx1
nCoV-19 or AZD1222. A clinical trial revealed the vaccine was up to 90
percent effective, depending on the initial dosage. Despite some
uncertainty over trial results, Britain authorized the vaccine for
emergency use in December, and India authorized a version of the vaccine
called Covishield on Jan. 3.

A Piece of the Coronavirus

The SARS-CoV-2 virus is studded with proteins that it uses to enter human
cells. These so-called spike proteins make a tempting target for potential
vaccines and treatments.
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The Oxford-AstraZeneca vaccine is based on the virus’s genetic
instructions for building the spike protein. But unlike the Pfizer-BioNTech
and Moderna vaccines, which store the instructions in single-stranded
RNA, the Oxford vaccine uses double-stranded DNA.

DNA Inside an Adenovirus

The researchers added the gene for the coronavirus spike protein to
another virus called an adenovirus. Adenoviruses are common viruses
that typically cause colds or flu-like symptoms. The Oxford-AstraZeneca
team used a modified version of a chimpanzee adenovirus, known as
ChAdOXx]1. It can enter cells, but it can’t replicate inside them.

DNA inside
an adenovirus

AZD1222 comes out of decades of research on adenovirus-based vaccines.
In July, the first one was approved for general use — a vaccine for Ebola,
made by Johnson & Johnson. Advanced clinical trials are underway for
other diseases, including H.I.V. and Zika.

The Oxford-AstraZeneca vaccine for Covid-19 is more rugged than the
mMRNA vaccines from Pfizer and Moderna. DNA is not as fragile as RNA,
and the adenovirus’s tough protein coat helps protect the genetic material
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inside. As a result, the Oxford vaccine doesn’t have to stay frozen. The

vaccine is expected to last for at least six months when refrigerated at 38-
46°F (2-8°C).

Entering a Cell

After the vaccine is injected into a person’s arm, the adenoviruses bump
into cells and latch onto proteins on their surface. The cell engulfs the
virus in a bubble and pulls it inside. Once inside, the adenovirus escapes
from the bubble and travels to the nucleus, the chamber where the cell’s
DNA is stored.
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The adenovirus pushes its DNA into the nucleus. The adenovirus is
engineered so it can’t make copies of itself, but the gene for the
coronavirus spike protein can be read by the cell and copied into a
molecule called messenger RNA, or mRNA.

Building Spike Proteins

The mRNA leaves the nucleus, and the cell’s molecules read its sequence
and begin assembling spike proteins.

VACCINATED
CELL

MmRNA Spike
protein

Translating mRNA
Three spike Spike

proteins combine

[ Cell
> ‘ nucleus



Spikes
and protein
fragments

' Displaying
Pr(g)tritig;ng spike protein
° fragments

Some of the spike proteins produced by the cell form spikes that migrate to
its surface and stick out their tips. The vaccinated cells also break up some
of the proteins into fragments, which they present on their surface. These
protruding spikes and spike protein fragments can then be recognized by
the immune system.

The adenovirus also provokes the immune system by switching on the
cell’s alarm systems. The cell sends out warning signals to activate
immune cells nearby. By raising this alarm, the Oxford-AstraZeneca
vaccine causes the immune system to react more strongly to the spike
proteins.

Spotting the Intruder

When a vaccinated cell dies, the debris contains spike proteins and protein
fragments that can then be taken up by a type of immune cell called an
antigen-presenting cell.
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The cell presents fragments of the spike protein on its surface. When other
cells called helper T cells detect these fragments, the helper T cells can
raise the alarm and help marshal other immune cells to fight the infection.

Making Antibodies

Other immune cells, called B cells, may bump into the coronavirus spikes
on the surface of vaccinated cells, or free-floating spike protein fragments.
A few of the B cells may be able to lock onto the spike proteins. If these B
cells are then activated by helper T cells, they will start to proliferate and
pour out antibodies that target the spike protein.
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Stopping the Virus

The antibodies can latch onto coronavirus spikes, mark the virus for
destruction and prevent infection by blocking the spikes from attaching to
other cells.

<4 ANTIBODIES

Killing Infected Cells

The antigen-presenting cells can also activate another type of immune cell
called a Kkiller T cell to seek out and destroy any coronavirus-infected cells
that display the spike protein fragments on their surfaces.
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Remembering the Virus

The Oxford-AstraZeneca vaccine requires two doses, given four weeks
apart, to prime the immune system to fight off the coronavirus. During the
clinical trial of the vaccine, the researchers unwittingly gave some
volunteers only half a dose.

Surprisingly, the vaccine combination in which the first dose was only half
strength was 90 percent effective at preventing Covid-19 in the clinical
trial. In contrast, the combination of two full-dose shots led to just 62
percent efficacy. The researchers speculate that the lower first dose did a
better job of mimicking the experience of an infection, promoting a
stronger immune response when the second dose was administered.

First dose

Second dose
28 days later
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Because the vaccine is so new, researchers don’t know how long its
protection might last. It’s possible that in the months after vaccination, the
number of antibodies and Killer T cells will drop. But the immune system
also contains special cells called memory B cells and memory T cells that
might retain information about the coronavirus for years or even decades.

For more about the vaccine, see AstraZeneca’s Covid Vaccine: What You
Need to Know.

Vaccine Timeline
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January, 2020 Researchers at the University of Oxford’s Jenner Institute
begin work on a coronavirus vaccine.

March 27 Oxford researchers begin screening volunteers for a human
trial.

April 23 Oxford begins a Phase 1/2 trial in Britain.

A vial of the Oxford-AstraZeneca vaccine. John Cairns/University of Oxford/Agence France-Presse
April 30 Oxford partners with AstraZeneca to develop, manufacture and
distribute the vaccine.

May 21 The U.S. government pledges up to $1.2 billion to help fund
AstraZeneca’s development and manufacturing of the vaccine.

May 28 A Phase 2/3 trial of the vaccine begins in Britain. Some of the
volunteers accidentally receive half of the intended dose.

June 23 A Phase 3 trial begins in Brazil.
June 28 A Phase 1/2 study begins in South Africa.

July 30 A paper in Nature shows the vaccine appears safe in animals and
seems to prevent pneumonia.

Aug. 18 A Phase 3 trial of the vaccine begins in the United States, with
40,000 participants.

Sept. 6 Human trials are put on hold around the world after a suspected
adverse reaction in a British volunteer. Neither AstraZeneca nor Oxford
announce the pause.

Sept. 8 The news about paused trials becomes public.

Sept. 12 The clinical trial resumes in the U.K. but remains paused in the
United States.

A syringe of the vaccine at a trial site in Britain. Andrew Testa for the New York Times

Oct. 23 After investigation, the Food and Drug Administration allows the
Phase 3 clinical trial to continue in the United States.
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Nov. 23 AstraZeneca announces clinical trial data that shows an initial
half dose of the vaccine appears more effective than a full dose. But
irregularities and omissions prompt many questions about the results.

Prime Minister Boris Johnson of Britain holds a vial of the vaccine. Pool photo by Paul Ellis

Dec. 7 The Serum Institute of India announces that it has applied to the
Indian government for emergency use authorization of the vaccine, known
as Covishield in India.

Dec. 8 Oxford and AstraZeneca publish the first scientific paper on a
Phase 3 clinical trial of a coronavirus vaccine.

Dec. 11 AstraZeneca announces that it will collaborate with the Russian
creators of the Sputnik V vaccine, which is also made from adenoviruses.

Dec. 30 Britain authorizes the vaccine for emergency use.

Jan. 3, 2021 India authorizes a version of the vaccine called Covishield,
made by the Serum Institute of India.

2021 The company expects to produce up to two billion doses this year.
Each vaccinated person will require two doses, at an expected price of $3
to $4 per dose.

Sources: National Center for Biotechnology Information; Nature; Lynda Coughlan, University of
Maryland School of Medicine.

Tracking the Coronavirus

United States

\ Latest Maps and Data
="‘hﬁ"’ Cases and deaths for every county

Wm. ¢ Vaccine Distribution
Ny Where shots have been given

~ Your Places
Build your own dashboard to track cases



https://www.nytimes.com/interactive/2020/us/coronavirus-us-cases.html
https://www.nytimes.com/interactive/2020/us/covid-19-vaccine-doses.html
https://www.nytimes.com/interactive/2020/us/covid-cases-deaths-tracker.html
https://www.nytimes.com/interactive/2020/12/15/us/covid-hospitals-near-you.html
https://www.nytimes.com/2020/11/23/business/astrazeneca-oxford-coronavirus-vaccine.html
https://www.nytimes.com/2020/11/25/business/coronavirus-vaccine-astrazeneca-oxford.html
https://www.nytimes.com/2020/12/08/business/covid-vaccine-oxford-astrazeneca.html
https://twitter.com/adarpoonawalla/status/1335810817841717249
https://doi.org/10.1016/S0140-6736(20)32661-1
https://www.nytimes.com/live/2020/12/11/world/covid-19-coronavirus#british-and-russian-vaccine-makers-are-set-to-begin-clinical-trials-combining-two-vaccines
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#gamaleya
https://www.nytimes.com/2020/12/30/world/europe/uk-covid-19-vaccine-oxford-astrazeneca.html
https://www.nytimes.com/2021/01/03/world/asia/india-covid-19-vaccine.html

Hospitals Near You
Patients hospitalized and |.C.U. beds remaining

a Look up hospitals near you
7 e EETTRTY
“*%.' . . A

Restrictions
What is open and closed in each state

Deaths Above Normal
The true toll of the pandemic in the U.S.

Cities and Metro Areas
‘ E Where it is getting better and worse

¢ Nursing H
% -:‘ui ursing Homes

The hardest-hit states and facilities

...+ Colleges and Universities
% Cases at more than 1,700 schools

World
“® ~»w=  Latest Maps and Data
",! v Cases and deaths for every country
~/~_/  Deaths Above Normal
N A\ The true toll of coronavirus around the world

Health

Vaccines
n Track their development

Treatments
‘ Rated by effectiveness and safety

Countries

Brazil
Canada
France
Germany

India


https://www.nytimes.com/interactive/2020/12/15/us/covid-hospitals-near-you.html
https://www.nytimes.com/interactive/2020/us/states-reopen-map-coronavirus.html
https://www.nytimes.com/interactive/2020/05/05/us/coronavirus-death-toll-us.html
https://www.nytimes.com/interactive/2020/04/23/upshot/five-ways-to-monitor-coronavirus-outbreak-us.html
https://www.nytimes.com/interactive/2020/us/coronavirus-nursing-homes.html
https://www.nytimes.com/interactive/2020/us/covid-college-cases-tracker.html
https://www.nytimes.com/interactive/2020/world/coronavirus-maps.html
https://www.nytimes.com/interactive/2020/04/21/world/coronavirus-missing-deaths.html
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html
https://www.nytimes.com/interactive/2020/science/coronavirus-drugs-treatments.html
https://www.nytimes.com/interactive/2020/world/americas/brazil-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/world/canada/canada-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/world/europe/france-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/world/europe/germany-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/world/asia/india-coronavirus-cases.html

Italy

Mexico

Spain

U.K.

United States

States, Territories and Cities

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia
Hawaii
|daho
lllinois
Indiana
lowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska

Nevada


https://www.nytimes.com/interactive/2020/world/asia/india-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/world/europe/italy-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/world/americas/mexico-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/world/europe/spain-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/world/europe/united-kingdom-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/coronavirus-us-cases.html
https://www.nytimes.com/interactive/2020/us/alabama-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/alaska-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/arizona-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/arkansas-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/california-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/colorado-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/connecticut-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/delaware-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/florida-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/georgia-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/hawaii-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/idaho-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/illinois-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/indiana-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/iowa-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/kansas-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/kentucky-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/louisiana-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/maine-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/maryland-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/massachusetts-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/michigan-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/minnesota-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/mississippi-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/missouri-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/montana-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/nebraska-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/nevada-coronavirus-cases.html

New Hampshire
New Jersey
New Mexico
New York

New York City
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Puerto Rico
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
Washington, D.C.
West Virginia
Wisconsin

Wyoming

Data

Frequently Asked Questions About the Covid Data

Access the Open Source Covid Data


https://www.nytimes.com/interactive/2020/us/about-coronavirus-data-maps.html
https://github.com/nytimes/covid-19-data
https://www.nytimes.com/interactive/2020/us/nevada-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/new-hampshire-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/new-jersey-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/new-mexico-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/new-york-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/nyregion/new-york-city-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/north-carolina-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/north-dakota-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/ohio-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/oklahoma-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/oregon-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/pennsylvania-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/puerto-rico-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/rhode-island-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/south-carolina-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/south-dakota-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/tennessee-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/texas-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/utah-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/vermont-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/virginia-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/washington-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/washington-dc-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/west-virginia-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/wisconsin-coronavirus-cases.html
https://www.nytimes.com/interactive/2020/us/wyoming-coronavirus-cases.html

