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Each coronavirus contains nearly 30,000 letters of RNA. This genetic information allows the virus to infect cells and hijack them to make new viruses.

As an infected cell builds new coronaviruses, it occasionally makes tiny copying errors called mutations. Scientists can track mutations as they are passed down through a lineage, which is a branch of the viral family tree.

A group of coronaviruses that share the same inherited set of distinctive mutations is called a variant. If enough mutations accumulate in a lineage, the viruses may evolve clear-cut differences in how they function. These lineages come to be known as strains. Covid-19 is caused by a coronavirus strain known as SARS-CoV-2.

Over the course of the pandemic, a number of variants of SARS-CoV-2 have arisen. Some of them are raising worries that they may draw out the pandemic or make vaccines less effective.

News and updates

March 5 
Scientists find the E484K mutation in a sample from Portland, Oregon.

Feb. 23 
Added the B.1.526 variant, which is spreading in New York City.

Feb. 23 
Studies suggest that a variant discovered in California is more contagious.

Feb. 17 
Maryland confirms its first case of the P.1 variant.

Feb. 16 
Massachusetts confirms its first case of the B.1.351 variant.

Feb. 15 
Added the Q677 spike mutation, which was found in several lineages in the U.S.

Feb. 15 
B.1.351 is confirmed in a Connecticut resident hospitalized in New York City.

Feb. 13 
Studies suggest B.1.1.7 is likely more deadly than other circulating variants.

Feb. 11 
Illinois and North Carolina confirm their first cases of the B.1.351 variant.

Feb. 7 

South Africa stops using AstraZeneca’s vaccine against the B.1.351 variant.

Feb. 7 

The B.1.1.7 variant is doubling every 10 days in the United States.

Variants of concern

Lineage 
Variant name 
Status

B.1.1.7 
Variant of Concern 202012/01, or 501Y.V1 
Emerged in Britain in December and thought to be roughly 50 5 more infectious.

B.1.351 
501Y.V2 
Emerged in South Africa in December. Reduces the effectiveness of some vaccines.

P.1 
501Y.V3 
Emerged in Brazil in late 2020. Has mutations similar to B.1.351.

B.1.427, B.1.429 
CAL.20C 
Common in California and thought to be about 20 percent more infectious. Carries the L452R mutation.

Variants of interest

Lineage 
Variant name 
Status

B.1.525 
— 
Spreading in New York. Carries some of the same mutations as B.1.1.7.

B.1.526 
— 
Spreading in New York. One version carries the E484K mutation, another carries S477N.

Mutations that may help the coronavirus spread

Lineage 
Mutation 
Status

B.1 
D614G 
Appeared in early 2020 and spread around the world.

Several 
N501Y 
A defining mutation in several lineages, including B.1.1.7, B.1.351 and P.1. Helps the virus bind more tightly to human cells.

Several 
E484K or “Eek” 
Appears in several lineages. May help the virus avoid some kinds of antibodies.

Several 
K417 
Appears in several lineages, including B.1.351 and P.1. May help the virus bind more tightly to cells.

Several 
L452R 
Increasingly common in California, but not yet shown to be more infectious.

Several 
Q677 
Found in seven U.S. lineages, but not yet shown to be more infectious.

Variants of Concern

Coronaviruses that appear to be more infectious or cause more severe disease than other circulating coronaviruses.

The B.1.1.7 Lineage

This group of coronaviruses came to light in Britain, where it was named Variant of Concern 202012/01. The variant is also known as 20I/501Y.V1, or simply called B.1.1.7.

Coronaviruses from the B.1.1.7 lineage are thought to be 30 to 50 percent more infectious than other variants in circulation today. They are also likely to be more deadly, based on studies in Britain.

After its discovery in December, it quickly emerged in other countries and surged at an exponential rate. It is doubling in the United States every ten days. Preliminary evidence suggests that B.1.1.7 is about 55 percent more deadly than other variants. But testing suggests that vaccines still work well against it.

B.1.1.7 appears to be more infectious thanks to several mutations in its spike protein, which the coronavirus uses to attach to cells.
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KEY MUTATIONS IN B.1.1.7

Mutations in the spike protein include:

— N501Y, which helps the virus latch on more tightly to human cells. But the mutation is not likely to help the virus evade current vaccines.

— P681H, which may help infected cells create new spike proteins more efficiently.

— The H69–V70 and Y144/145 deletions, which alter the shape of the spike and may help it evade some antibodies.
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Key mutations inthe B.1.1.7 spike

For more on the B.1.1.7 mutations, see: Inside the B.1.1.7 Coronavirus Variant.

WHERE B.1.1.7 HAS BEEN FOUND

The variant was first detected in the United Kingdom in December, and a look back at previous samples found it as early as Sept. 20.

BRITAINRUSSIACANADAU.S.CHINANIGERIAMEXICOINDIABRAZILAUSTRALIAPERUNEWZEALAND

SOUTHAFRICAARGENTINA

B.1.1.7 detected, typically in a traveler
Local transmission

B.1.1.7 has now been detected in over 90 countries. It was first reported in the United States in January, and has now reached at least 49 states.

B.1.1.7 detected
More than 300 cases  MICH.COLO.CALIF.GA.TEX.FLA.

The Centers for Disease Control and Prevention has warned that B.1.1.7 could become the predominant source of all infections in the United States by March.

RECENT COVERAGE OF B.1.1.7

The Coronavirus Is Mutating. What Does That Mean for Us? · Dec. 20, 2020

How British Scientists Found the More Infectious Coronavirus Variant · Jan. 16, 2021

Countries Brace for Impact of More Coronavirus Variants · Jan. 16

Inside the B.1.1.7 Coronavirus Variant · Jan. 18

32 More Countries Have Found the New Covid-19 Variant First Seen in Britain · Jan. 25

As Virus Grows Stealthier, Vaccine Makers Reconsider Battle Plans · Jan. 25

The Virus Variant Spreading in Britain May Make Vaccines Less Effective, Study Shows · Feb. 1

Virus Variant First Found in Britain Now Spreading Rapidly in U.S. · Feb. 7

U.K. Virus Variant Is Probably Deadlier, Scientists Say · Feb. 13

‘Everything Seems So Tenuous’: Variants Threaten N.Y.C.’s Progress on Virus · Feb. 25

Virus Variants Likely Evolved Inside People With Weak Immune Systems · March 15

The B.1.351 Lineage

A variant known as 20H/501Y.V2, from the B.1.351 lineage of coronaviruses, was first identified in South Africa in December.

Scientists are concerned about the variant because clinical trials of vaccines are showing that they offer less protection against B.1.351 than other variants. People who recover from other variants may not be able to fend off B.1.351 because their antibodies won’t grab the viruses tightly. The F.D.A. is preparing a plan for updating vaccines if the variant surges in the United States.
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KEY MUTATIONS IN B.1.351

Mutations near the tip of the spike protein include:

— N501Y, which helps the virus latch on more tightly to human cells. This mutation also appears in the B.1.1.7 and P.1 lineages.

— K417N, which also helps the virus bind more tightly to human cells.

— E484K, which may help the virus evade some kinds of antibodies.
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Key mutations in
the B.1.351 spike

WHERE B.1.351 HAS BEEN FOUND
The variant spread from South Africa into neighboring countries, and was detected in the United States in January. It has since spread to at least 48 countries.

BRITAIN-CANADA-U.S.-CHINA-INDIA-PANAMA-AUSTRALIA-SOUTH-AFRICA

B.1.351 detected,   typically in a traveler

Local transmission   It has been detected in at least 25 states, including in a Connecticut resident who was hospitalized in New York City:

B.1.351 lineage detected   

WASH.-MAINE-MINN.-MASS.-N.Y.-WIS.-IDAHO-MICH.-CONN.-PENN.-N.J.-DEL.-NEV.-ILL.-MD.-COLO.-VA.-CALIF.-N.C.-TENN.

S.C.-GA.-MISS.-TEX.-FLA.

RECENT COVERAGE OF B.1.351

South Africa announces a new coronavirus variant · Dec. 18, 2020

The Coronavirus Is Mutating. What Does That Mean for Us? · Dec. 20

Emerging Coronavirus Variants May Pose Challenges to Vaccines · Jan. 20, 2021

The variant that emerged in South Africa is reported in the U.S. for the first time. · Jan. 28

Fauci calls South Africa-based variant’s resilience a ‘wake-up call.’ · Jan. 29

Johnson & Johnson’s Vaccine Offers Strong Protection but Fuels Concern About Variants · Jan. 29

As Virus Variants Spread, ‘No One Is Safe Until Everyone Is Safe’ · Jan. 31

Novavax’s Vaccine Works Well — Except on Variant First Found in South Africa · Feb. 4

South Africa Says AstraZeneca’s Covid-19 Vaccine is Not Effective at Stopping Variant · Feb. 7

How a Dangerous New Coronavirus Variant Thwarted Some Countries’ Vaccine Hopes · Feb. 8

Can the World Learn From South Africa’s Vaccine Trials? · March 13

The P.1 Lineage

A variant known as 20J/501Y.V3 is from the P.1 lineage, an offshoot of the larger B.1.1.28 lineage.

The variant was first reported in Japan, in four people who contracted P.1 on a trip to Brazil. The lineage emerged in late 2020 in Manaus, the largest city in Brazil’s Amazon region. It quickly became the predominant variant there and in several other South American cities.

P.1 is a close relative of the B.1.351 lineage, and it has some of the same mutations on the coronavirus spike protein. It may be able to overcome the immunity developed after infection by other variants.
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Key mutations in the spike protein are similar to those in the B.1.351 lineage, although they arose independently:

— N501Y, which helps the virus latch on more tightly to human cells. This mutation also appears in the B.1.1.7 and B.1.351 lineages.

— K417T, which is the same site as the K417N mutation in the B.1.351 lineage. It may also help the virus latch on tighter.

— E484K, which may help the virus evade some kinds of antibodies.
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WHERE P.1 HAS BEEN FOUND

P.1 was discovered in December and reached the United States in January, but it may have been circulating as early as October in Manaus, Brazil. It has now spread to at least 25 countries.

SWEDEN-JAPAN-U.S.-MEXICO-INDIA-Manaus-BRAZIL

P.1 detected,    typically in a traveler

Local transmission    P.1 has been detected in at least 18 states.

P.1 lineage detected    
WASH.-MINN.-ORE.-MASS.-CONN.-N.J.-NEB.-OHIO-ILL.-MD.-UTAH-CALIF.-OKLA.-ARIZ.-GA.-TEX.-ALASKA-FLA.

PREVIOUS COVERAGE OF MANAUS AND P.1

Latin America’s Outbreaks Now Rival Europe’s. But Its Options Are Worse. · May 12, 2020

The Amazon, Giver of Life, Unleashes the Pandemic · July 25

Coronavirus in Brazil: What You Need to Know · Jan. 10, 2021

Bolsonaro Talked Vaccines Down. Now Brazil has Too Few Doses. · Jan. 18

First U.S. Case of Brazil-based Variant Found · Jan. 25

Virus Variant in Brazil Infected Many Who Had Already Recovered From Covid-19 · March 2

The CAL.20C Varian
t

A variant discovered in California, called CAL.20C, surged in late 2020. The variant spans the B.1.427 and B.1.429 lineages, and carries the L452R mutation described below.

Two studies suggest the variant may be more contagious than earlier forms of the coronavirus, but it does not appear to be spreading as quickly as variants like B.1.1.7.

WHERE CAL.20C HAS BEEN FOUND

By early February, the variant was found in more than half of samples tested in Los Angeles.

RECENT COVERAGE OF CAL.20C

New California Variant May Be Driving Virus Surge There, Study Suggests · Jan. 19, 2020

What to Know About the California Variant · Jan. 27

Covid-19: California’s Surge Recedes But Alarm Grows Over Variants · Feb. 4

Studies Examine Variant Surging in California, and the News Isn’t Good · Feb. 23

Variants of Interest

Coronaviruses with mutations that may help it evade antibodies or bind more tightly to human cells. They have not yet been shown to be more infectious.

The B.1.525 Lineage

A variant from the B.1.525 lineage has been spreading in New York. The variant carries some of the same mutations as the B.1.1.7 lineage, including E484K and the H69–V70 deletion. It also carries the Q677H mutation described below.

WHERE B.1.525 HAS BEEN FOUND

The variant first appeared in December, 2020.

The B.1.526 Lineage

A group of coronaviruses known as B.1.526 has been spreading rapidly in New York City. The variant appears in two forms: one with the E484K spike mutation, which may help the virus evade antibodies, and one with the S477N mutation, which may help the virus bind more tightly to human cells.

WHERE B.1.526 HAS BEEN FOUND

The variant first appeared in samples taken in November, and by mid-February it accounted for about 27 percent of New York City sequences.

RECENT COVERAGE OF B.1.526

A New Coronavirus Variant Is Spreading in New York, Researchers Report · Feb. 24

‘Everything Seems So Tenuous’: Variants Threaten N.Y.C.’s Progress on Virus · Feb. 25

Mutations of Concern

Single mutations that may make the coronavirus more infectious, or help it avoid antibodies.

The D614G Spike Mutation
The D614G mutation emerged in eastern China early in the pandemic and then quickly spread around the world, displacing other coronaviruses that did not have the mutation.

Location of theD614GMUTATION    Genome

The D614G mutation is thought to make the coronavirus more infectious, but it does not appear to make the disease more severe or help the virus escape vaccines.

D614G is so widespread that it has been omitted from other graphics on this page.

PREVIOUS COVERAGE OF D614G

Mutation Allows Coronavirus to Infect More Cells, Study Finds. Scientists Urge Caution. · June 12, 2020

Did a Mutation Help the Coronavirus Spread? · July 2

Evidence Builds That an Early Mutation Made the Pandemic Harder to Stop · Nov. 24

The N501Y Spike Mutation

The N501Y mutation arose independently in several variants of concern, including the B.1.1.7, B.1.351 and P.1 lineages.

Location of theN501YMUTATION

The mutation is near the tip of the coronavirus spike, where it seems to change the shape of the protein to be a tighter fit with human cells.

N501Y-N501Y-N501Y

RECENT COVERAGE OF N501Y

How Much Herd Immunity Is Enough? · Dec. 24, 2020

Pfizer Says Its Vaccine Works Against Key Mutation in Contagious Variants · Jan. 8, 2021

Inside the B.1.1.7 Coronavirus Variant · Jan. 18

The E484K Spike Mutation

The E484K mutation arose independently in multiple lineages, including B.1.351 and P.1. The mutation is nicknamed “Eek” among some scientists, and has recently been found in samples of the B.1.1.7 lineage from Britain and from Oregon.

Location of theE484KMUTATIONGenome

The mutation occurs near the top of the coronavirus spike, where it alters the shape of the protein. This change may help the spikes evade some types of coronavirus antibodies, as at least one trial has shown.

The E484Kspike mutation

WHERE E484K HAS BEEN FOUND   E484K has been found in Brazil, Britain, the United States, Canada, Japan and Argentina.

RECENT COVERAGE OF E484K

The Virus Variant Spreading in Britain May Make Vaccines Less Effective, Study Shows · Feb. 1, 2021

In Oregon, Scientists Find a Virus Variant With a Worrying Mutation · March 5, 2021

The L452R Spike Mutation

The L452R mutation is not common in the United States, but it has recently spread in California, especially in the Los Angeles area.

Location of theL452RMUTATIONGenome

The mutation appears in several lineages, and was first observed in Denmark in March. It’s possible that the L452R mutation gives the coronavirus an advantage at spreading over other variants, but the results of experiments that will demonstrate that have yet to come.

The L452R-spike mutation

WHERE L452R HAS BEEN FOUND    Roughly 45 percent of current samples in California show this mutation.

RECENT COVERAGE OF L452R

Two Additional Virus Variants Could Drive California’s Caseload Even Higher · Jan. 17, 2021

The K417 Spike Mutation

The K417N or K417T spike mutation appears in several lineages, including B.1.351, discovered in South Africa, and P.1, which arose in Brazil.

The mutation gets its name from the 417th amino acid in the spike protein changing from lysine (K) to either asparagine (N) or threonine (T).

Location of theK417MUTATION

SpikeK417NorK417TGenome

The mutation appears on the tip of the coronavirus spike, and may help the virus bind more tightly to human cells.

The Q677 Spike Mutation

The Q677 mutation has arisen in at least seven coronavirus lineages that are spreading in the United States, but it’s unclear whether the mutation makes the variants more contagious.

Location of theQ677MUTATION   Genome

Q677HorQ677P

In some lineages the mutation was Q677H, where the 677th amino acid of the spike protein changed from glutamine (Q) to histidine (H). In other lineages it was Q677P, where the same amino acid changed to proline (P).

The mutation’s location on the side of the spike protein suggests that it might help the coronavirus more easily enter and infect human cells.

The Q677spike mutation

WHERE Q677 HAS BEEN FOUND

The mutation was noticed in New Mexico and Louisiana in late 2020. It seems to be scattered across the United States, but the country does not perform enough genetic sequencing to determine the full spread.

Some of the seven lineages have spread abroad, and the Q677 mutation has also arisen independently in other countries.

RECENT COVERAGE OF Q677

7 Virus Variants Found in U.S. Carrying the Same Mutation · Feb. 14, 2021
