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SARS-CoV-2 Variants



Characteristics of SARS-CoV-2 Omicron variant

 Increased transmissibility
 Decreased disease severity
 30 mutations in spike gene (S-gene)

– 15 in receptor binding domain

 Reduction in efficacy of some monoclonal 
antibody treatments
 Reduction in neutralization by sera from 

vaccinated or convalescent individuals

Key mutations (yellow) in the 
Omicron spike protein (top view)

Source: New York Timeshttps://www.cdc.gov/coronavirus/2019-ncov/variants/omicron-variant.html
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/scientific-brief-omicron-variant.html

https://www.cdc.gov/coronavirus/2019-ncov/variants/omicron-variant.html
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/scientific-brief-omicron-variant.html


Global SARS-CoV-2 Genomic Sequences Submitted to 
GISAID as of May 23, 2022

Omicron 
sub-lineages

Omicron sub-lineages related to BA.1 and BA.2 are pooled under BA.1.X and BA.2.X, respectively
World Health Organization. Weekly epidemiological update on COVID-19 - 25 May 2022
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---25-may-2022

https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---25-may-2022


Trends in Weighted Variant Proportion Estimates & Nowcast
February 20–May 28, 2022

Collection date, week ending
https://covid.cdc.gov/covid-data-tracker/#variant-proportions Accessed June 1, 2022

https://covid.cdc.gov/covid-data-tracker/#variant-proportions


Nowcast Estimates of Variant Proportions by HHS Region
May 22–28, 2022

B.1.1.529

BA.2

Omicron Lineage

BA.2.12.1

HHS=Health and Human Services 
https://covid.cdc.gov/covid-data-tracker/#variant-proportions Accessed June 1, 2022 6

https://covid.cdc.gov/covid-data-tracker/#variant-proportions


COVID-19 Disease Trends



Daily Trends in Number of COVID-19 Cases, United States

Alpha Delta

Omicron

CDC COVID Data Tracker. https://covid.cdc.gov/covid-data-tracker/#trends_dailycases Accessed June 1, 2022 8

https://covid.cdc.gov/covid-data-tracker/#trends_dailycases


Seroprevalence of infection-induced SARS-CoV-2 antibodies,* by 
age group — United States, September 2021–February 2022

Omicron
75%
74%

64%

50%

33%

58% national 
seroprevalence in 
February 2022

Does not indicate:
• Antibodies from 

vaccination (anti-spike)
• Amount of antibodies or 

protection from 
reinfection

*Error bars represent 95% CIs at each time point
Clarke et al. MMWR 2022;71:606-608. DOI: http://dx.doi.org/10.15585/mmwr.mm7117e3. CDC COVID Data Tracker: https://covid.cdc.gov/covid-data-
tracker/#national-lab

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


Daily Trends in Number of COVID-19 Deaths, United States

Alpha Delta

Omicron

10CDC COVID Data Tracker. https://covid.cdc.gov/covid-data-tracker/#trends_dailydeaths Accessed June 1, 2022

https://covid.cdc.gov/covid-data-tracker/#trends_dailydeaths


Weekly Trends in COVID-19 Mortality Rates by Age Group, 
United States, March 1, 2020 – June 4, 2022

https://covid.cdc.gov/covid-data-tracker/#demographicsovertime Accessed June 1, 2022

https://covid.cdc.gov/covid-data-tracker/#demographicsovertime


Weekly Trends in Rates of New Inpatient Admissions by Age Group, 
United States, August 1, 2020 – May 29, 2022

Unified Hospital Dataset: https://covid.cdc.gov/covid-data-tracker/#new-hospital-admissions. Accessed June 1, 2022 12

https://covid.cdc.gov/covid-data-tracker/#new-hospital-admissions


Trends in COVID-19 Vaccination



COVID-19 Vaccinations in the United States
As of June 2, 2022

221.4M
People vaccinated 

with a primary series

71% Population 
≥5 Years of Age

103.6M
People received a 

first booster dose*

49% Population 
≥12 Years of Age

14.9M
People received a 

second booster dose*

23% Population 
≥50 Years of Age

*This includes people who received booster doses and people who received additional doses.
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-total-admin-rate-total Accessed June 2, 2022

https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-total-admin-rate-total
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Percentage of People Vaccinated with at Least a Primary Series or 
Booster Dose by Age Group and Date Administered, United States  

Primary Series Booster Dose

CDC COVID Data Tracker. https://covid.cdc.gov/covid-data-tracker/#vaccination-demographics-trends Accessed June 1, 2022
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https://covid.cdc.gov/covid-data-tracker/#vaccination-demographics-trends


COVID-19 Vaccination Among U.S. Adults

Count of people 
with at least one 
COVID-19 vaccine 
dose

Percent of U.S. 
population

Estimated 
number 
remaining 
unvaccinated

Adults ≥18 years 230.7M 89% ~27 million

 More than 95% of U.S. adults aged ≥65 years have received at least one 
dose of COVID-19 vaccine — not substantially contributing to the estimated 
number remaining unvaccinated

*The percent of the population coverage metrics are capped at 95%
CDC COVID Data Tracker: Vaccinations in the US. Accessed June 2, 2022. 

https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-total-admin-rate-total


Percent of U.S. Adults Not Yet Receiving a COVID-19 
Vaccine by Age Group and Race and Ethnicity, May 2022

Ages 18-49 Years 

Hispanic 16%

Non-Hispanic, Black 18%

Non-Hispanic, White 23%

Non-Hispanic, Other or
multiple races 34%

Ages 50-64 Years 

11%

15%

5%

3%

Ages 65+ Years 

1%

2%

5%

2%

Unvaccinated Vaccinated with at least 1 dose 

Source: COVIDVaxView. Estimates produced by NORC at the University of Chicago using CDC’s National Immunization Survey-Adult COVID-19 Module (NIS-
ACM). https://www.cdc.gov/vaccines/imz-managers/coverage/covidvaxview/interactive/adults.html. Data as of May 8-14, 2022. Accessed June 1, 2022

https://www.cdc.gov/vaccines/imz-managers/coverage/covidvaxview/interactive/adults.html


COVID-19 Disease Trends by 
Vaccination Status



Monitoring Rates of Cases, Hospitalizations, and 
Deaths by Vaccination Status
 CDC collaborates with 31 public health jurisdictions (70% population) that 

actively link case surveillance, immunization registry, and vital registration 
data to monitor rates of COVID-19 cases and deaths by vaccination status
 CDC tracks rates of COVID-19 hospitalizations by vaccination status

using COVID-NET, a population-based, sentinel surveillance system in 99 
counties in 14 states (10% population)
 Vaccine effectiveness (VE) studies allow for more robust analyses (i.e., 

based on extra information collected in defined settings) and a better 
understanding of how well vaccines are working
 Detailed data on serious illnesses in vaccinated persons available through 

COVID-NET, electronic health record, and VE platforms

https://covid.cdc.gov/covid-data-tracker/#rates-by-vaccine-status
https://covid.cdc.gov/covid-data-tracker/#covidnet-hospitalizations-vaccination


Age-Adjusted Rates of COVID-19 Deaths by Vaccination Status and Receipt 
of Booster Dose,* September 19, 2021 – April 2, 2022 (28 U.S. Jurisdictions)

In March, unvaccinated 
people ages ≥12 years 
had 17X higher 
COVID-19-associated 
death rates compared 
to those with a primary 
series and booster dose

*This includes people who received booster doses and people who received additional doses.
CDC COVID Data Tracker. https://covid.cdc.gov/covid-data-tracker/#rates-by-vaccine-status Accessed June 1, 2022 20

https://covid.cdc.gov/covid-data-tracker/#rates-by-vaccine-status


Age-Adjusted Rates of COVID-19-Associated Hospitalization by Vaccination 
Status and Receipt of Booster Dose in Adults Ages ≥18 Years, October 2021–
March 2022

In March, unvaccinated 
adults ages ≥18 years 
had 5X higher 
COVID-19-associated 
hospitalization rates 
compared to those fully 
vaccinated with an 
additional/booster dose

CDC COVID Data Tracker. https://covid.cdc.gov/covid-data-tracker/#covidnet-hospitalizations-vaccination Accessed June 1, 2022

https://covid.cdc.gov/covid-data-tracker/#covidnet-hospitalizations-vaccination


Age-Adjusted Rates of COVID-19 Cases by Vaccination Status
April 4, 2021 – April 23, 2022 (31 U.S. Jurisdictions)

CDC COVID Data Tracker. https://covid.cdc.gov/covid-data-tracker/#rates-by-vaccine-status Accessed March 17, 2022 22

https://covid.cdc.gov/covid-data-tracker/#rates-by-vaccine-status


Risk of Severe COVID-19 Illness Among Vaccinated 
Persons 
 Severe illness relatively rare in vaccinated persons compared with unvaccinated persons

 Fully vaccinated persons with severe COVID-19 illness more likely to be:
– Older 
– Long-term care facility resident
– Have underlying medical conditions

› Immunosuppression
› Diabetes mellitus
› Chronic kidney disease
› Chronic lung disease
› Chronic cardiovascular disease
› Chronic neurologic disease

– Most (>75%) have multiple risk factors

Yek et al. MMWR 2022;71:19–25. http://dx.doi.org/10.15585/mmwr.mm7101a4
Taylor et al. MMWR 2022;71:466–473: http://dx.doi.org/10.15585/mmwr.mm7112e2 and unpublished COVID-NET data, as described at: 
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html

http://dx.doi.org/10.15585/mmwr.mm7101a4
http://dx.doi.org/10.15585/mmwr.mm7112e2
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covid-net/purpose-methods.html


Summary

 CDC continues to monitor emerging variants, including BA.2 sublineage of 
Omicron, including prevalence and impact on disease incidence and severity 
over time

 Monitoring trends in rates of cases, hospitalizations, and deaths by 
vaccination status has been helpful for monitoring the impact of variants

 Currently authorized vaccines offer protection against infection, severe 
illness, and death — important to stay up to date with vaccination, including 
first and second boosters in eligible populations
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Limitations of Surveillance Data in Describing Recent 
Case Trends by Vaccination Status
 Recent surveillance data displayed on COVID Data Tracker has shown higher case rates in people with a 

booster dose than those with primary series alone; both groups had lower rates than unvaccinated people
– Similar trends observed for hospitalizations among younger people (<65 years) with a booster dose 
– Death rates remain lower in people with a booster dose

 Unexpected trends are likely related to relatively low incidence and several epidemiologic biases, 
including differences in people by vaccination status:
– Testing and healthcare-seeking (e.g., increased use of at-home testing especially for mild cases)
– Previous infections, which increased following Omicron surge
– Underlying medical conditions (i.e., more likely to be boosted and have severe COVID-19 illness)
– Exposure risk and prevention behaviors such as use of masks and social distancing 

 Difficulty accounting for time since vaccination and waning protection using surveillance data

 In well-controlled vaccine effectiveness studies, booster doses shown to offer higher protection against 
infection, hospitalization, and death than a primary series alone, including during the Omicron period

Cases and deaths: CDC COVID Data Tracker: Rates of COVID-19 Cases and Deaths by Vaccination Status
Hospitalizations: CDC COVID Data Tracker: COVID-NET Hospitalizations by Vaccination Status

https://covid.cdc.gov/covid-data-tracker/#rates-by-vaccine-status
https://covid.cdc.gov/covid-data-tracker/#covidnet-hospitalizations-vaccination


Changing Landscape of Circulating Variants

Lambrou et al. Genomic Surveillance for SARS-CoV-2 Variants: Predominance of the Delta (B.1.617.2) and Omicron (B.1.1.529) 
Variants — United States, June 2021–January 2022 https://www.cdc.gov/mmwr/volumes/71/wr/mm7106a4.htm

https://www.cdc.gov/mmwr/volumes/71/wr/mm7106a4.htm


At-home test use has increased over time
At-home test use among 
respondents with COVID-
19–like illness more than 
tripled from 6% to 20% 
from the Delta to 
Omicron period

Update: Positive test results from at-
home testing now exceed other types

COVID-19 Testing Type

At-home
Other

MMWR: https://www.cdc.gov/mmwr/volumes/71/wr/mm7113e1.htm; 
Twitter: https://twitter.com/johnbrownstein/status/1517218593422950400

https://www.cdc.gov/mmwr/volumes/71/wr/mm7113e1.htm
https://twitter.com/johnbrownstein/status/1517218593422950400


SARS-CoV-2 variant classifications and definitions

Classification Definition Variants

Variant of 
Concern (VOC)

A variant for which there is evidence of:
• increase in transmissibility
• more severe disease
• significant reduction in antibody neutralization
• reduced effectiveness of treatments or vaccines
• diagnostic detection failures

• Delta (B.1.617.2 & AY lineages)
• Omicron (B.1.1.529 & BA lineages)

Variants Being 
Monitored 
(VBM)

Variants with data indicating a potential or clear:
• impact on approved or authorized medical 

countermeasures, or association with more 
severe disease or increased transmission, but

• no longer detected or circulating at very low levels
• not posing imminent risk to public health in U.S.

• Alpha (B.1.1.7 & Q lineages)
• Beta (B.1.351, sub-lineages)
• Gamma (P.1, sub-lineages)
• Epsilon (B.1.427/B.1.429)
• Eta (B.1.525)
• Iota (B.1.526)
• Kappa (B.1.617.1)
• B.1.617.3
• Zeta (P.2)
• Mu (B.1.621, B.1.621.1)

https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-info.html

https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-info.html


Percentage of Deaths by Vaccination Status and Age Group
September 26, 2021 – January 29, 2022 (26 Jurisdictions)

Unvaccinated

Vaccinated with 
at least a primary 
series

Vaccinated with a 
primary series & 
booster dose

Ages 0-17 years among 
• Unvaccinated: <0.14%
• Vaccinated: <0.04%

18–49

50–64

65+

Age Group in Years

Data Source: CDC COVID Data Tracker. https://covid.cdc.gov/covid-data-tracker/#rates-by-vaccine-status Accessed March 28, 2022 

https://covid.cdc.gov/covid-data-tracker/#rates-by-vaccine-status


Neutralization of Omicron Variant by Sera from Vaccinees
Studies (n=42) of U.S. vaccines using both pseudoviruses & live viruses

 Reduction compared with wild-type:
– 25-fold for mRNA vaccine without booster dose
– 6-fold for mRNA vaccine with booster dose

 Neutralization of Omicron below limit of 
detection for many individuals receiving 
two mRNA doses or one Janssen dose
– Above limit of detection in many vaccinated people 

receiving booster or who were also previously infected

 Given detection limits of assays, difficult 
to evaluate whether people have levels of 
antibodies needed to protect against 
severe disease

Alpha Beta Gamma Delta Omicron

Primary vaccine series
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Source: Data Summary and Neutralization Plots at ViewHub by IVAC https://view-hub.org/resources, Accessed March 28, 2022 
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-12-16/06-covid-scobie-508.pdf

33

https://view-hub.org/resources
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-12-16/06-covid-scobie-508.pdf
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