
NETEC COVID-19 Webinar Series:
SARS-CoV-2: 

Mutations and Variants and Strains (Oh My!)



Content Outline (TOC)

Welcome

Radu Postelnicu, MD



Welcome:

Overview

Questions and Answers with NETEC

NETEC Resources:

Radu Postelnicu, MD

Anne Piantadosi, MD, PhD,                                                                      
Assistant Professor, Emory School of Medicine Department of Pathology 

Radu Postelnicu, MD

Introduction to SARS-CoV-2 Variants and Mutations:

James V. Lawler, MD, MPH, FIDSA COVID Variants:



Welcome

National Emerging Special Pathogens 
Training and Education Center

To increase the capability of the United States public health and 
health care systems to safely and effectively manage individuals 

with suspected and confirmed special pathogens

For more information

Please visit us at www.netec.org
or email us at info@netec.org

Mission Statement

http://www.netec.org/
mailto:info@netec.org
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Introduction to SARS-CoV-2 Variants and Mutations

Definitions

Mutation:

A virus that contains multiple mutations in a distinct pattern

A change in the virus genome, e.g. point mutation, deletion

• The mutations are shared by other viruses that came from a common ancestor
• The variant is easy to distinguish from other viruses by genome sequencing

Variant:

Photo credit: NIAID - Colorized scanning electron micrograph of an apoptotic cell (red) infected with SARS-COV-2 virus particles (yellow)



Introduction to SARS-CoV-2 Variants and Mutations

When do We Care About Mutations and Variants?

When they

Increase pathogenicity

Increase transmissibility

Allow escape from the immune response
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hCoV-19 Data Sharing via GISAID – 2.12.2021

SARS-CoV-2 mutations and variants are identified by massive global efforts 
in viral genome sequencing 

https://www.gisaid.org/

https://www.gisaid.org/
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SARS-CoV-2 Sequencing for Public Health Emergency Response,       
Epidemiology, and Surveillance (SPHERES)

SARS-CoV-2 genomic surveillance in the U.S. is performed by state 
health departments, the CDC, academic institutions, nonprofit 
organizations, and companies

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/spheres.html

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/spheres.html
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Variant B.1.1.7

AKA “UK variant”; “501Y.V1”

https://cov-lineages.org/global_report_B.1.1.7.html

Figure 3 – Map of B.1.1.7 sequence counts
Map showing the logged number of sequences of the variant in each country. 
Countries with more sequences are shown in darker colours

https://cov-lineages.org/global_report_B.1.1.7.html
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Variant B.1.1.7 in the United States

https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant-cases.html

https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant-cases.html


Introduction to SARS-CoV-2 Variants and Mutations

Variant B.1.1.7

Is increasing in frequency

Is more transmissible

Is associated with higher viral loads

Contains 23 mutations
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https://www.sciencedirect.com/science/article/abs/pii/S016817022030352X?via%3Dihub

Mutations in the receptor binding domain 
(RBD) of the spike protein can affect both 
infection and susceptibility to antibodies

https://www.sciencedirect.com/science/article/abs/pii/S016817022030352X?via%3Dihub


r

Mutations in the receptor binding domain 
(RBD) of the spike protein can affect both 
infection and susceptibility to antibodies

https://www.sciencedirect.com/science/article/abs/pii/S016817022030352X?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S016817022030352X?via%3Dihub


Introduction to SARS-CoV-2 Variants and Mutations

Mutation N501Y

Xie et al. bioRxiv; Edara et al. medRxiv; Gu et al. Science 2020

Increases binding to ACE2 receptor

Does not seem to be associated with reduced neutralization

Is found in other rapidly-spreading variants
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Variant B1.351

AKA “South Africa variant”; “501Y.V2”

https://cov-lineages.org/global_report_B.1.351.html

Map showing the logged number of sequences of the variant in each country. 
Countries with more sequences are shown in darker colours

Figure 3 – Map of B.1.351 sequence counts

https://cov-lineages.org/global_report_B.1.351.html
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Variant B.1.351 in the United States

https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant-cases.html

https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant-cases.html


Introduction to SARS-CoV-2 Variants and Mutations

Variant B.1.351

Wibmer et al. bioRxiv; Wu et al. bioRxiv

Is increasing in frequency

Is more transmissible

Is less susceptible to antibodies from previously-infected 
individuals and vaccinated individuals

Contains a different set of mutations



Introduction to SARS-CoV-2 Variants and Mutations

Variant B.1.351 Contains Multiple RBD Mutations

Mutations N501Y, E484K, and K417N are 
in the receptor binding domain (RBD) 
of the Spike protein

https://www.sciencedirect.com/science/article/abs/pii/S0024320520311747?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S0024320520311747?via%3Dihub


Introduction to SARS-CoV-2 Variants and Mutations

Variant B.1.351 Contains Multiple RBD Mutations

Mutations N501Y, E484K, and K417N are 
in the receptor binding domain (RBD) 
of the Spike protein

https://www.sciencedirect.com/science/article/abs/pii/S0024320520311747?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S0024320520311747?via%3Dihub


Introduction to SARS-CoV-2 Variants and Mutations

Mutation E484K

Greaney et al. bioRxiv

Increases binding to ACE2 receptor

Is not neutralized as easily by convalescent sera from 
previously-infected patients

Is found in other variants, which evolved independently
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Variant P.1

AKA “Brazil variant”
Figure 3 – Map of P.1 sequence counts

Map showing the logged number of sequences of the variant in each country. 
Countries with more sequences are shown in darker colours

https://cov-lineages.org/global_report_P.1.html

https://cov-lineages.org/global_report_P.1.html
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Variant P.1 in the United States

https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant-cases.html

https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant-cases.html


Introduction to SARS-CoV-2 Variants and Mutations

Variant P.1

https://virological.org/t/sars-cov-2-reinfection-by-the-new-variant-of-concern-voc-p-1-in-amazonas-brazil/596

Caused a surge of cases in Brazil, in a population that 
had already experienced a rate of infection

Is associated with reinfection

Contains mutations N501Y, E484K, and K417N

https://virological.org/t/sars-cov-2-reinfection-by-the-new-variant-of-concern-voc-p-1-in-amazonas-brazil/596


Introduction to SARS-CoV-2 Variants and Mutations

Summary of Variants and Mutations

Variants noted to be increasing in frequency:

B.1.1.7 B.1.135 P.1

Mutations:

N501Y E484K K417N



Introduction to SARS-CoV-2 Variants and Mutations

Summary of Variants and Mutations

Variants noted to be less susceptible to antibodies:

B.1.1.7 B.1.135 P.1

Mutations:

N501Y E484K K417N
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Summary

It is crucial to identify and respond to changes in SARS-CoV-2 that make 
it more transmissible, more pathogenic, and less susceptible to the 
immune response

Identifying and monitoring important SARS-CoV-2 mutations and variants 
within an actionable timeframe requires substantial coordinated effort 
among hospitals, public health organizations, and researchers

Preventing transmission is key to 
slowing evolution transmission evolution

X
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COVID Variants

James V. Lawler, MD, MPH, FIDSA
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B.1.1.7 in United Kingdom

https://www.worldometers.info/coronavirus/country/uk/

B.1.1.7 first detected

B.1.1.7 26% of UK
isolates

B.1.1.7 >60% of London
isolates

https://www.worldometers.info/coronavirus/country/uk/
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U.K. B.1.1.7 Variant Surge

https://www.medrxiv.org/content/10.1101/2021.01.14.21249386v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.01.14.21249386v1.full.pdf
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COVID-19 in United Kingdom, South Africa, Brazil and Israel

https://ig.ft.com/coronavirus-chart/?areas=gbr&areas=zaf&areas=bra&areas=isr&areasRegional=usny&areasRegional=usca&areasRegional=usfl&areasRegional=ustx&cumulative=0&logScale=0&per100K=1&startDate=2020-02-01&values=cases

https://ig.ft.com/coronavirus-chart/?areas=gbr&areas=zaf&areas=bra&areas=isr&areasRegional=usny&areasRegional=usca&areasRegional=usfl&areasRegional=ustx&cumulative=0&logScale=0&per100K=1&startDate=2020-02-01&values=cases
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Evidence of 76% community attack rate in Manaus, 
Brazil by late October, vs 29% in Sao Paulo

Manaus Sao Paulo
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https://www.msf.org/coronavirus-covid-19-collapses-health-system-manaus-brazil

https://www.msf.org/coronavirus-covid-19-collapses-health-system-manaus-brazil
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Mutation Mapping and Binding of Antibodies

“In particular, binding by all 11 samples was reduced by mutations at site F456, and 
binding by most samples (9 of 11) was reduced by mutations at site E484 (Figure 
2A). Both of these sites are within the receptor-binding ridge epitope. Notably, 
E484 is a site at which mutations have recently been demonstrated to reduce 
neutralization by several monoclonal antibodies and sera” 

https://www.biorxiv.org/content/10.1101/2020.12.31.425021v1

https://www.biorxiv.org/content/10.1101/2020.12.31.425021v1
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Frequency of Mutations that Affect Serum Antibody Binding Among Circulating 
SARS-CoV-2 Isolates

https://www.biorxiv.org/content/10.1101/2020.12.31.425021v1

https://www.biorxiv.org/content/10.1101/2020.12.31.425021v1
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Mutations Mapped to Reduce Serum Antibody Binding                                     
Often Reduce Viral Neutralization

https://www.biorxiv.org/content/10.1101/2020.12.31.425021v1

https://www.biorxiv.org/content/10.1101/2020.12.31.425021v1
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SARS-CoV-2 501Y.V2

https://www.biorxiv.org/content/10.1101/2021.01.18.427166v1

https://www.biorxiv.org/content/10.1101/2021.01.18.427166v1
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Moderna Vaccine Neutralizing Antibodies vs UK and South Africa Variants

https://www.biorxiv.org/content/10.1101/2021.01.25.427948v1

https://www.biorxiv.org/content/10.1101/2021.01.25.427948v1


r

Pfizer/BioNTech Neutralizing Antibodies vs Variants

https://www.nature.com/articles/s41591-021-01270-4

https://www.nature.com/articles/s41591-021-01270-4
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Impact of Pfizer Vaccine on Epidemic

https://www.medrxiv.org/content/10.1101/2021.02.08.21251325v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.02.08.21251325v1.full.pdf
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Pfizer/BioNTech Efficacy in Israel

B.1.1.7 variant was >40% of Israel 
SARS-CoV-2 isolates as of Jan 20th 

https://www.medrxiv.org/content/10.1101/2021.02.08.21251325v1.full.pdf

https://www.medrxiv.org/content/10.1101/2021.02.08.21251325v1.full.pdf


COVID Variants

Novavax Clinical Trial Results Against Variants

UK Phase 3 and South Africa Phase 2b-- >20,000 subjects

South Africa: 4,400 enrollees overall; 93% of infections due to      
South African variant (B.1.351)

• Overall efficacy 49.4% 
• Subgroup analysis: 60% efficacy in HIV neg 

UK: > 15,000 subjects; B117 was >50% of viruses
• Overall efficacy 89%
• Subgroup: efficacy 95.6% vs wild-type strain; 85.2% vs B117

https://ir.novavax.com/news-releases/news-release-details/novavax-covid-19-vaccine-demonstrates-893-efficacy-uk-phase-3#

https://ir.novavax.com/news-releases/news-release-details/novavax-covid-19-vaccine-demonstrates-893-efficacy-uk-phase-3


COVID Variants

Johnson and Johnson vs South Africa Variant

The vaccine’s efficacy dropped from 72% in the United States to 
57% in South Africa, where B.1.351 comprised most cases

• 15% (N=6,576) enrolled in South Africa

Vaccine was 85% effective in preventing severe disease in all three 
regions where the trial was run: the United States, Latin America, and 
South Africa. After 28 days, none of the vaccinated participants who 
developed Covid-19 had to be hospitalized

https://www.jnj.com/johnson-johnson-announces-single-shot-janssen-covid-19-vaccine-candidate-met-primary-endpoints-in-interim-analysis-of-its-phase-3-ensemble-trial
https://www.nytimes.com/2021/01/29/health/covid-vaccine-johnson-and-johnson-variants.html

https://www.jnj.com/johnson-johnson-announces-single-shot-janssen-covid-19-vaccine-candidate-met-primary-endpoints-in-interim-analysis-of-its-phase-3-ensemble-trial
https://www.nytimes.com/2021/01/29/health/covid-vaccine-johnson-and-johnson-variants.html


COVID Variants

AstraZeneca/Oxford Vaccine vs South African Variant

https://www.nytimes.com/2021/02/07/world/africa/covid-vaccine-astrazeneca-south-africa.html

7 Feb News – AstraZeneca/Oxford Vaccine
Ineffective against South African variant

• New data involving over 1,700 participants showed it has only 22% 
efficacy against the new coronavirus variant B.1.351, also known as 
501Y.V2, currently dominant in the country

• This is a significant drop from the 75% reported efficacy of the vaccine 
in reducing mild to moderate COVID-19 before B.1.351 became the 
dominant variant in South Africa

https://www.nytimes.com/2021/02/07/world/africa/covid-vaccine-astrazeneca-south-africa.html
https://www.devex.com/focus/covid-19


COVID Variants

Effect on Monoclonal Antibody Therapeutics 

Significant reduction in neutralizing antibodies from mutations 
associated with South African and Brazil variants (particularly  E484K 
mutation in spike protein) raises serious concern about efficacy of 
monoclonal antibody therapeutics
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The Coming Storm

https://www.medrxiv.org/content/10.1101/2021.02.06.21251159v1.full

https://www.medrxiv.org/content/10.1101/2021.02.06.21251159v1.full


Questions 
and 

Answers
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New York Times New Variants Tracker

Resource

Click here to access The New York Times New Variants Tracker

https://www.nytimes.com/interactive/2021/health/coronavirus-variant-tracker.html?name=styln-vaccines-combo&region=TOP_BANNER&block=storyline_menu_recirc&action=click&pgtype=Interactive&impression_id=&variant=show


NETEC will continue to build resources, develop online education, 
and deliver technical training to meet the needs of our partners 

NETEC is Here to Help

Resources: NETEC

Ask for help!

Send questions to info@netec.org - they will be answered by NETEC SMEs

Submit a Technical Assistance request at NETEC.org

mailto:info@netec.org
http://netec.org/


Join the Conversation!

@theNETEC @the_NETEC

Use hashtag: #NETEC

NETEC eLearning Center NETEC Skill videos

courses.netec.org youtube.com/thenetec

Website

netec.org info@netec.orgrepository.netecweb.org
EmailRepository

Contact




