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Global burden of SARS-CoV-2

• 111,279,680 confirmed cases
• 2,466,639 deaths

https://covid19.who.int/ ; accessed 02/23/2021

https://covid19.who.int/


Criteria for defining variants (including variant of 
interest and variant of concern)

 Various organizations developing definitions, including WHO
 United States government definition being reviewed as part of interagency 

activities
 Key criteria

– Evidence of immune escape (vaccine or natural infection)
– Convergent evolution
– Impact on diagnostics
– Impact on therapeutics
– Evidence of increased transmissibility
– Evidence of increased disease severity



Current Variants of Concern

Galloway SE, Paul P, MacCannell DR, et al. Emergence of SARS-CoV-2 B.1.1.7 Lineage — United States, December 29, 2020–January 12, 
2021. MMWR Morb Mortal Wkly Rep 2021;70:95–99. DOI: http://dx.doi.org/10.15585/mmwr.mm7003e2external icon

http://dx.doi.org/10.15585/mmwr.mm7003e2


Current Variants of Concern

• Convergent evolution
• E484K potential reduced neutralization

Galloway SE, Paul P, MacCannell DR, et al. Emergence of SARS-CoV-2 B.1.1.7 Lineage — United States, December 29, 2020–January 12, 
2021. MMWR Morb Mortal Wkly Rep 2021;70:95–99. DOI:http://dx.doi.org/10.15585/mmwr.mm7003e2external icon

http://dx.doi.org/10.15585/mmwr.mm7003e2


Current Variants of Concern

• Deletion impacts S gene target on multiple 
diagnostic PCR assays

• Results in ‘S gene target failure’ (SGTF)
• Effective tool in screening for B.1.1.7

Galloway SE, Paul P, MacCannell DR, et al. Emergence of SARS-CoV-2 B.1.1.7 Lineage — United States, December 29, 2020–January 12, 
2021. MMWR Morb Mortal Wkly Rep 2021;70:95–99. DOI:http://dx.doi.org/10.15585/mmwr.mm7003e2external icon

http://dx.doi.org/10.15585/mmwr.mm7003e2


Global distribution of B.1.1.7

Country Total Count

Count in 
previous 4 
weeks

% of total 
B.1.1.7 in 
previous 4 
weeks from 
02/23/2021

United 
Kingdom 83,007 25,935 93.6
Denmark 2,614 1,149 37.3
USA 1,171 425 4.5
Belgium 1,032 359 36.3
France 1,006 334 53.4
Netherlands 941 378 28.5
Spain 925 192 35.6
Switzerland 713 389 27.7
Italy 658 357 72.7
Ireland 513 130 57.5

https://www.gisaid.org/hcov19-variants/; accessed 02/23/2021

https://www.gisaid.org/hcov19-variants/


B.1.1.7 United Kingdom

 Detected in England November 
2020, likely emerged in September 
2020 in SE England

 SGTF allowed monitoring approach 
for variant

 Rapid expansion throughout UK
 Reproductive number (Rt) 

estimated approximately 1.5 times 
higher transmissibility of B.1.1.7 in 
comparison to previous dominant 
virus

https://www.medrxiv.org/content/10.1101/2020.12.30.20249034v2



B.1.1.7 impact on outcomes
 Primarily unpublished data reviewed by the New and Emerging Viruses 

Threats Advisory Group (NERVTAG) on February 11, 2021
– Composite conclusions from 22 analyses
– Data using combination of B.1.1.7 variant of concern (VOC) and SGTF 

marker
 “There is evidence from analysis of multiple different datasets that infection 

with VOC B.1.1.7 is associated with an increased risk of hospitalization and 
death compared to infection with non-VOC viruses”

– Results varied; some outcomes statistically significant
– Ratios for hospitalization and death up to 1.7 times higher for variant

 “absolute risk of death per infection remains low”
https://www.gov.uk/government/publications/nervtag -update-note-on-b117-severity-11-february-2021



Global distribution of B.1.351

https://www.gisaid.org/hcov19-variants/; accessed 02/23/2021

Country Total Count

Count in 
previous 4 
weeks

% of total 
B.1351 in 
previous 4 
weeks from 
02/23/2021

South Africa 958 30 96.8
Mayotte 304 168 76.7
United 
Kingdom 169 36 0.1
Belgium 89 32 3.2
Netherlands 67 29 2.2
France 65 31 5
Switzerland 52 30 2.1
Mozambique 41 0 0
Botswana 40 0 0
Zambia 31 0 0

https://www.gisaid.org/hcov19-variants/


B.1.351 Zambia

 16-fold increase in 
confirmed COVID-19 cases 
in approximately 1 month 
(December 2020–January 
2021)

 22/23 samples sequenced 
from December 16–23 
were B.1.351

 Previously, zero of 245 
were from B.1.351 lineage

Mwenda M, Saasa N, Sinyange N, et al. Detection of B.1.351 SARS-CoV-2 Variant Strain — Zambia, December 2020. MMWR Morb
Mortal Wkly Rep. ePub: 17 February 2021. DOI: http://dx.doi.org/10.15585/mmwr.mm7008e2external icon

http://dx.doi.org/10.15585/mmwr.mm7008e2


Global distribution of P.1

https://www.gisaid.org/hcov19-variants/; accessed 02/23/2020

Country Total Count

Count in 
previous 4 
weeks

% of total P.1 
in previous 4 
weeks from 
02/23/2021

Brazil 143 12 50
Italy 12 6 1.2
Switzerland 12 12 0.9
Colombia 10 2 50
Japan 10 2 6.2
USA 9 0 0
United Arab 
Emirates 9 0 0
Singapore 9 4 4.3
Belgium 7 7 0.7
France 6 2 0.3

https://www.gisaid.org/hcov19-variants/


P.1 variant, Manaus, Brazil

 Widespread outbreak in 2020
– Large peak in excess mortality in 

May 2020
– Blood donor serology estimated 

76% seroprevalence in October 
2020

 Second large peak in hospitalizations 
and excess mortality started in January 
2021

 P.1 variant detected January 12, 2021
 Suggestive of potential antigenic escape

Sabino EC et al.  Lancet 2021: 397(10275): 452-455 



SARS-CoV-2 in the United States

https://www.cdc.gov/coronavirus/2019 -ncov/covid-data/covidview/index.html; accessed 02/23/2021

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


Genomic epidemiology: key objectives and 
approaches

 Situational awareness / surveillance
– Understand prevalence, spread of variants
– Use for public health decisions
– Requires widespread sampling, dependent on overall burden of infection

 Novel variant detection
– Identify the presence of novel variant for further investigation
– Relatively fixed sample size

 Focused studies
– Characterize viral transmission, clinical outcomes, vaccine effectiveness, etc.
– Extensive sampling and sequencing in targeted population



Challenges in genomic epidemiology of SARS-CoV-2

 Relatively small proportion of viruses sequenced
 Time lag between sample collection and sequence result

– Sequencing is not a rapid diagnostic test
– Limited clinical utility currently
– May not inform immediate public health action (for instance, contact tracing)

 Not yet demonstrated effective as containment strategy
– Broad global spread of SARS-CoV-2 variants

 Sequencing has limitations in predicting epidemiologic outcomes
– Need for supporting virologic and immunologic studies
– Clinical and epidemiologic evidence take time



Novel variant detection: estimating sampling sizes

 Adapted from Influenza Virologic 
Surveillance Right Size Roadmap

 Disease-agnostic sample size 
calculation

 Various factors, including sampling 
strategy, variant prevalence, 
turnaround time affect actual numbers

 To have 95% chance of identifying a 
variant that occurs in 1 out of 1000 
cases (0.1% prevalence), need ~3,000 
sequences per week

https://www.aphl.org/programs/infectious_disease/influenza/Influenza -Virologic-Surveillance-Right-Size-Roadmap/Pages/Influenza-
Sample-Size-Calculators.aspx



CDC approaches to genomic surveillance and 
epidemiology

 National SARS-CoV-2 Strain Surveillance (NS3)
– Approximately 3,000 random specimens/month regularly submitted from 

health departments and public health agencies across United States
– Additional priority specimens (variants, vaccine breakthroughs)

 Partnership with commercial diagnostic laboratories
– Scaling to 6000+ sequences/week

 Focused epidemiologic studies
 Contracts and partnerships with state and local health departments and universities
 The SPHERES consortium

– Consortium of >160 partners
– https://www.cdc.gov/coronavirus/2019-ncov/covid-data/spheres.html

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


US Sequences Available in Public Repositories

https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/variant-surveillance/genomic-surveillance-dashboard.html
Nation Center for Biotechnology Information (NCBI); Global Initiative on Sharing Avian Influenza Data (GISAID)



Focused epidemiologic studies

 Adapting preexisting protocols 
and study platforms to address 
key epidemiologic and clinical 
questions on variants

 Dependent on variant 
prevalence (actively planning 
for B.1.1.7 projections)

 Conducting surveillance for 
and investigation of vaccine 
breakthroughs



SARS-CoV-2 Variant cases detected in the US

https://www.cdc.gov/coronavirus/2019 -ncov/transmission/variant-cases.html; data as of 02/23/2021

B.1.1.7

B.1.351

P.1

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


Projecting spread of B.1.1.7 in the United States, 
assuming Rt 1.5 times greater (no vaccine)

Galloway SE, Paul P, MacCannell DR, et al. Emergence of SARS-CoV-2 B.1.1.7 Lineage — United States, December 29, 2020–January 12, 
2021. MMWR Morb Mortal Wkly Rep 2021;70:95–99. DOI: http://dx.doi.org/10.15585/mmwr.mm7003e2external icon

http://dx.doi.org/10.15585/mmwr.mm7003e2


Projecting spread of B.1.1.7 in the United States, 
assuming Rt 1.5 times greater (vaccine)

Galloway SE, Paul P, MacCannell DR, et al. Emergence of SARS-CoV-2 B.1.1.7 Lineage — United States, December 29, 2020–January 12, 
2021. MMWR Morb Mortal Wkly Rep 2021;70:95–99. DOI: http://dx.doi.org/10.15585/mmwr.mm7003e2external icon

http://dx.doi.org/10.15585/mmwr.mm7003e2


B.1.1.7 trajectory in the United States

 Likely arrived in the United States 
in November 2020

 Multiple introductions 
 First identified January 2021
 Geographically widespread 

(confirmed in 44 states)
 Current prevalence estimated 1-2%
 Commercial diagnostic data suggest 

early phase logistic expansion

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



Seroprevalence (overall) among commercial diagnostic 
specimens from December, 2020, United States

https://covid.cdc.gov/covid -data-tracker/#national-lab



Estimated disease burden in the United States, 
February-December 2020

 Probabilistic multiplier model to 
account for under-detection and 
under-reporting of infections

 83.1 million estimated total 
infections

 70.4 million estimated symptomatic 
illnesses

 4.1 million estimated 
hospitalizations

Primary reference: Reese H et al. Clin Infect Dis. 2020 Nov 25 : ciaa1780.
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/burden.html#anchor_1607017301754



Herd immunity and SARS-CoV-2

Baseline
estimate

Omer SB, Yildirim I, and Forman HP. JAMA. 2020;324(20):2095-2096. doi:10.1001/jama.2020.20892



Potential implications of variants on viral transmission 
and population immunity

 Currently majority of the US population is not immune to SARS-CoV-2 
infection, variants may increase this proportion

 Waning immunity has potential to continue to contribute to pool of 
individuals susceptible to infection or disease

 Increased transmissibility of a variant virus would require higher 
proportions to establish herd immunity

 Decreased effectiveness of vaccine to protect against infection may result 
in prolonged or continuous transmission of SARS-CoV-2



Key public health messages

 Current mitigation strategies work
– Masking, social distancing, handwashing, quarantine, public health policies

 Variants demonstrate the need to further push these measures
– Current epidemiologic data moving in the right (downward) direction
– Potential of increased transmissibility means adherence to mitigation 

measures needs to be higher in order to maintain downward trend in cases
 Importance of vaccination and monitoring impact

– General protection for the population against SARS-CoV-2
– Impact of variants on VE still being characterized, even with decreased 

effectiveness, may still provide partial protection
– Need robust epidemiology and virologic surveillance system to determine if 

vaccine updates needed



Conclusions

 3 variants of concern currently identified
– As SARS-CoV-2 evolves, additional variants likely to emerge
– Importance of genomic surveillance

 Data suggest variants may have increased transmissibility, increased severity, 
immune evasion

 Epidemiology indicates broad global spread of variants
– Containment thus far unsuccessful

 Importance of mitigation measures
– Well-fitting mask, hand hygiene, social distancing, and avoiding crowded or 

poorly ventilated indoor spaces
– Vaccination



For more information, contact CDC
1-800-CDC-INFO (232-4636)
TTY:  1-888-232-6348    www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily represent the 
official position of the Centers for Disease Control and Prevention.
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