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Mission Statement

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
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Introduction to SARS-CoV-2 Variants and Mutations WNETEC

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

“Varian:

A virus that contains multiple mutations in a distinct pattern

 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

Photo credit: NIAID - Colorized scanning electron micrograph of an apoptotic cell (red) infected with SARS-COV-2 virus particles (yellow)
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When do We Care About Mutations and Variants?

Increase pathogenicity

When they Increase transmissibility

Allow escape from the immune response 7




hCoV-19 Data Sharing via GISAID —2.12.2021

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

hCoV-19 Data Sharing via GISAID
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Collection Date

https://www.gisaid.org/
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SARS-CoV-2 Sequencing for Public Health Emergency Response,

Epidemiology, and Surveillance (SPHERES)
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4 SARS-CoV-2 genomic surveillance in the U.S. is performed by state
health departments, the CDC, academic institutions, nonprofit
organizations, and companies
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Variant B.1.1.7

B AKA “UK variant”; “501Y.V1”

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

Data Table

Emerging Variant Cases in the United States*t
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Introduction to SARS-CoV-2 Variants and Mutations WNETEC

Variant B.1.1.7

Is increasing in frequency

Is more transmissible

Is associated with higher viral loads

Contains 23 mutations

L G G 3
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Introduction to SARS-CoV-2 Variants and Mutations WNETEC

Mutation N501Y

v Increases binding to ACE2 receptor

Does not seem to be associated with reduced neutralization

<

Is found in other rapidly-spreading variants

<

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




Variant B1.351

B AKA “South Africa variant”; “501Y.v2”
Figure 3 — Map of B.1.351 sequence counts

Map showing the logged number of sequences of the variant in each country.
Countries with more sequences are shown in darker colours
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https://cov-lineages.org/global report B.1.351.html
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Variant B.1.351 in the United States

Emerging Variant Cases in the United States*t
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Introduction to SARS-CoV-2 Variants and Mutations WNETEC

Variant B.1.351

Is increasing in frequency

Is more transmissible

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

C <X

Contains a different set of mutations

Wibmer et al. bioRxiv; Wu et al. bioRxiv
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Variant B.1.351 Contains Multiple RBD Mutations
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Introduction to SARS-CoV-2 Variants and Mutations WNETEC

Variant B.1.351 Contains Multiple RBD Mutations

I Mutations N501Y, E484K, and K417N are
in the receptor binding domain (RBD)
of the Spike protein
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Introduction to SARS-CoV-2 Variants and Mutations WNETEC

Mutation E484K

Increases binding to ACE2 receptor

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

¢ 9

Is found in other variants, which evolved independently

)\

Greaney et al. bioRxiv




Variant P.1

B» 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

Bl Max sequences
1 sequence
No variant record

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

Emerging Variant Cases in the United States*t

Data Table
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Introduction to SARS-CoV-2 Variants and Mutations WNETEC

I

v

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
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Introduction to SARS-CoV-2 Variants and Mutations

Summary of Variants and Mutations

B Variants noted to be increasing in frequency:

B.1.1.7 B.1.135 P.1

B» Mutations:

N501Y E484K K417N




Introduction to SARS-CoV-2 Variants and Mutations

Summary of Variants and Mutations

B Variants noted to be less susceptible to antibodies:

B.1.1.7 B.1.135 P.1

B» Mutations:

N501Y E484K K417N




B |t is crucial to identify and respond to changes in SARS-CoV-2 that make
it more transmissible, more pathogenic, and less susceptible to the
iIimmune response

B 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

B Preventing transmission is key to
slowing evolution transmission evolution




COVID Variants

James V. Lawler, MD, MPH, FIDSA




B.1.1.7 in United Kingdom

Daily New Cases in the United Kingdom
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U.K. B.1.1.7 Variant Surge

New reported cases by day
New SARS-CoV-2 targets in strong positive test results
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Five-day rolling rate per total number of strong positives by date of test result
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Figure 1. TagPath™ COVID 19 Assay, S-gene detection in comparison to ORFlab and N-gene.

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

New confirmed cases of Covid-19 in United Kingdom, South Africa, Brazil and Israel

Seven-day rolling average of new cases (per 100k)
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Source: Financial Times analysis of data from the Johns Hopkins CSSE, the Covid Tracking Project, the World Health Organization, the UK Government coronavirus dashboard and the
Swedish Public Health Agency.
Data updated February 10 2021 2.30pm GMT. Interactive version: ft.com/covid19

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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RESEARCH

CORONAVIRUS

Three-quarters attack rate of SARS-CoV-2 in the
Brazilian Amazon during a largely
unmitigated epidemic

Lewis F. Buss™, Carlos A. Prete Jr.2% Claudia M. M. Abrahim®*, Alfredo Mendrone Jr.*5%,

Tassila Salomon®’%, Cesar de Almeida-Neto*®, Rafael F. 0. Franga®, Maria C. Belotti?,

Maria P. S. S. Carvalho®, Allyson G. Costa®, Myuki A. E. Crispim®, Suzete C. Ferreira®®,

Nelson A. Fraiji®, Susie Gurzenda®, Charles Whittaker'®, Leonardo T. Kamaura™, Pedro L. Takecian",
Pedro da Silva Peixoto", Marcio K. Oikawa'?, Anna S. Nishiya®®, Vanderson Rocha®®,

Nanci A. Salles*, Andreza Aruska de Souza Santos™, Martirene A. da Silva®, Brian Custer'*’5,

Kris V. Parag'®, Manoel Barral-Netto", Moritz U. G. Kraemer'®, Rafael H. M. Pereira'®,

Oliver G. Pybus'®, Michael P. Busch'*', Marcia C. Castro®, Christopher Dye'®, Vitor H. Nascimento?,
Nuno R. Faria"*¢*8+, Ester C. Sabino't

Buss et al., Science 371, 288-292 (2021) 15 January 2021
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VID-19 leaves Amazonas health system
sa}g\/ratfed, overloaded and struggling

A e

Project Update 21 January 2021

The health system in Manaus, the capital of Amazonas state, in northwestern Brazil, has collapsed for the
second time. Although hospitals have been adding COVID-19 bed capacity at an astonishing rate, the
numbers of new patients with the coronavirus have continued to grow even faster, meaning the entire
health system is saturated and overloaded.

WHAT WE DO WHERE WE WORK RESOURCES

More seriously, the city’s capacity to produce oxygen is running at less than a third of the current needs,
leaving some hospitals unable to ventilate patients and reportedly resulting in people dying of
asphyxiation. The knock-on effect on towns upriver, in the rural Amazon region, are starting to show, and
could be just as devastating.

Patients and hospitals upriver seriously struggling

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

bioRxiv preprint doi: https://doi.org/10.1101/2020.12.31.425021; this version posted January 4, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Comprehensive mapping of mutations to the SARS-CoV-2 receptor-binding
domain that affect recognition by polyclonal human serum antibodies

Allison J. Greaney'?, Andrea N. Loes'?, Katharine H.D. Crawford"?, Tyler N. Starr'?®, Keara D. Malone',
Helen Y. Chu*, Jesse D. Bloom™3*

'Basic Sciences Division and Computational Biology Program, Fred Hutchinson Cancer Research Center, Seattle, WA 98109,
USA

’Department of Genome Sciences & Medical Scientist Training Program, University of Washington, Seattle, WA 98195, USA
*Howard Hughes Medical Institute, Seattle, WA 98109, USA

“Division of Allergy and Infectious Diseases, University of Washington, Seattle, Washington, USA

*correspondence to jbloom@fredhutch.org

“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
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Frequency of Mutations that Affect Serum Antibody Binding Among Circulating

SARS-CoV-2 Isolates
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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

A Mutations at 484 can have large effects on neutralization.
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SARS-CoV-2 501Y.V2

bioRxiv preprint doi: hitps://doi.org/10.1101/2021.01.18.427166; this version posted January 19, 2021. The copyright holder for this preprint " ‘
(which was not certified by peer lefgiew) is the author/funder, who has granted bioRxiv a icegse to display the prgpgnt in perpetuity. Ipis made SARS-CoV-2 Neutralization ELISA
available under aCC-BY-ND 4.0 International license.
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Moderna Vaccine Neutralizing Antibodies vs UK and South Africa Variants
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Pfizer/BioNTech Neutralizing Antibodies vs Variants
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Impact of Pfizer Vaccine on Epidemic
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Patterns of COVID-19 pandemic dynamics following deployment of a broad national
immunization program
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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
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COVID Variants

Novavax Clinical Trial Results Against Variants

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

B UK: > 15,000 subjects; B117 was >50% of viruses

* Overall efficacy 89%
e Subgroup: efficacy 95.6% vs wild-type strain; 85.2% vs B117

B 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

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

Johnson and Johnson vs South Africa Variant

B» 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

B» 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.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
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COVID Variants

AstraZeneca/Oxford Vaccine vs South African Variant

B 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
501YV2, 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
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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

Genomic epidemiology identifies emergence and rapid transmission of
SARS-CoV-2 B.1.1.7 in the United States
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Figure 1. Download figure | Open in new tab

SGTF and B.1.1.7 in SARS-CoV-2 tests at Helix since December 15, 2020.

(A) Map of contiguous states in the USA with each bubble representing the number of positive tests from each state. (B)
Estimated proportion of B.1.1.7 in total number of positive tests with Cq(N gene) < 27, in the U.S,, California and Florida from
December |5th, 2020 to January 30th, 2021. The proportion of B.1.1.7 samples was estimated using: (Observed B.1.1.7
sequences/Sequenced SGTF samples) * (Positive tests with SGTF/Total positive tests). Due to the lag in sequencing, the average
proportion of B.l.1.7 sequences in sequenced samples with SGTF from the last five days (January |3-18) was used to infer the
proportion of B.1.1.7 cases in total positive tests for the January 19-30 time period between. The black line shows the 5-day
rolling average of the estimated proportion of B.|.1.7 in total positives. (€) Logistic growth curves fit to the rolling average of the
estimated proportion of B.1.1.7 in total positives for the U.S., Florida and California. The predicted time when the estimated
proportion of B.1.1.7 cases crosses 0.5 is indicated in red.
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Resource WNETEC

New York Times New Variants Tracker

Click here to access The New York Times New Variants Tracker
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Resources: NETEC WNETEC

NETEC is Here to Help

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

Ask for help!

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

B Submit a Technical Assistance request at NETEC.org
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