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Why Sequence SARS-CoV-2 at scale?

Monitor viral diversity over time:

● Understand transmission dynamics (locally, regionally, nationally)

● Help inform public health responses, including contact tracing and overall 

containment/mitigation strategies

● Identify the emergence of clinically-important variants: unusual virulence/phenotypes, 

potential disruption of diagnostic, antigenic or therapeutic targets.

Establish national and regional baselines:

● Sustainable and longitudinal data collection

● Balance oversampling and undersampling

● Compare regions with different timelines and response strategies

● Inform public health action on flare ups, after initial pandemic wave.

Foster new collaboration and innovation to meet current and future challenges.
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THE EARLY DAYS
• JAN-FEB REFERENCE/CONFIRMATORY TESTING AT CDC

• CDC SEQUENCING AND RELEASING ALL POSITIVES



https://www.nytimes.com/2020/04/30/science/coronavirus-genetic-sequencing.html



37 State Public Health Departments

20 County Public Health Departments

CDC, NCBI, NIAID, FDA, NIST, APHL

and…

639 SCIENTISTS
150+ ORGANIZATIONS

Brand names and logos are used for identification purposes only, and do not imply endorsement or support by CDC or HHS.

Who makes up the SPHERES Consortium?



SARS-CoV-2 SPHERES – Pathogen Genomics

●GOAL: Maximize quality, quantity and usefulness of

SARS-CoV-2 sequence data; drive open data for

public health and basic research.

●Builds upon 5+ years of AMD genomics/bioinformatics

investments across the public health system.

●Coordinates across dozens of individual sequencing

and genomics projects from across the country.

●Engages new partners from across government, 

public health, academia, NGO, clinical labs & private sector.

●Align with international sequencing efforts (COG-UK, 

CanCOGeN, AusTrakka, Africa CDC, PHA4GE).

https://go.usa.gov/xvMmZ

https://go.usa.gov/xvMmZ


https://github.com/cdcgov/SARS-CoV-2_Sequencing



https://github.com/pha4ge/SARS-CoV-2-Contextual-Data-Specification



Protocols, Zoom, Slack, Software, Repositories.



SARS-CoV-2 Submissions (GISAID + NCBI)

Genome Submissions from US Laboratories
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http://nap.edu/25879

“patchy”

http://nap.edu/25879


USA (10/20/2020): 34,874 sequences in GISAID EpiCoV |   NCBI (INSDC) >> 17,671 in GenBank – ??? in SRA 

<0.5% of total US SARS-CoV-2 genomes have been sequenced.



https://www.washingtonpost.com/graphics/2020/health/coronavirus-genetic-code/



>> So how do we reach our full potential?
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?

Epi-backed genomic sequence analysis within an actionable timeframe of <24 to 48hrs?

LOGISTICS AND DATA SHARING



https://www.medrxiv.org/content/10.1101/2020.05.08.20095687v1



Three areas of sequencing priority and focus:

1. Coordinated sequencing through SARS-CoV-2 SPHERES network.
• Directed studies and deep-dives:

• Research funding opportunities: Broad Agency Announcements, other possible mechanisms.

• Public-private partnership + shared interest = tremendous opportunities for applied public health research, innovation 
and engagement.

• Initial passive surveillance using existing sequencing efforts.

2. S3 + Baseline: structured sequencing for national surveillance.
● State Strain Surveillance: Sequencing of PHL specimens shipped to CDC, based on existing seasonal flu model.

● SPHERES Baseline: Contracted sequencing model; synergistic, flexibility, ability to target sequencing.

3. Flexible support for state/local outbreak investigations and surveillance.

• Cluster investigations, local and regional transmission patterns, vulnerable populations, 
reinfections, institutes of higher education, extended healthcare, workplace, etc.



A New Model: Positives and Negatives
POSITIVES.

1. Close, active engagement between STLT public health, academia and private sector. New 

expertise/collaboration. 

2. Testbed for new methods, bioinformatic tools, standards and NIAID/NCBI/CDC resources.

3. Rapid information sharing – common problems, best practices, unusual findings, new ideas.

4. More options for direct access to samples, populations. Incredibly flexible. Scope.

5. Participation has not tailed off: participants on weekly Zoom: 85 to 120.

NEGATIVES.

1. Many competing interests and priorities, different levels of experience with public health.

2. Research vs. non-research – different philosophies and funding eligibility.

3. Uneven participation – not all states, slowly ramping epi engagement

4. Reproducibility and sustainability of this model?





BAAs

▪ 7 awards this cycle

▪ Supporting work in 11 sites.

▪ Themes: IHE, capacity development, genomic epidemiology, surveillance and outbreak investigations, 

host/pathogen interface, clinical risk factors.
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S3 + BASELINE

State Strain Surveillance

▪ 10 random positive samples/month/state

▪ 500+ sequences/month, 6,500/year

SPHERES Baseline

▪ Working with large diagnostic labs to

▪ Retrospectively sequence a ton of samples

▪ Prospectively enhance and supplement S3

TEN STATES WITH ≤10 SEQUENCES

GISAID submissions as of 10/28/2020



https://nextstrain.org/groups/spheres

State-specific public builds, updated weekly.

50 states + DC + PR (currently)

https://nextstrain.org/groups/spheres/ncov/california


Korber Cell 2020 https://doi.org/10.1016/j.cell.2020.06.043

D614G first observed in a sequence from China Jan 24.

23403 A->G



https://nextstrain.org/ncov/north-america?c=gt-S_614&transmissions=hide



https://cov3d.ibbr.umd.edu/MutViewer/QOP60983



McAuley 2020 Nature Vaccines https://doi.org/10.1038/s41541-020-00246-8



https://science.sciencemag.org/content/369/6511/1603https://www.nature.com/articles/s41467-020-17367-2

N501T N501Y
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https://www.nytimes.com/interactive/2020/us/covid-college-cases-tracker.html



Suspected SARS-CoV-2 Reinfections

▪ SPHERES data discussion.

▪ How real are these?

▪ Intrahost variability, minor population variants.

▪ Functional importance: PCR detection vs. clinical infectivity. (HK vs NV CR)

▪ Reinfection and normal clearance by an immune host?

▪ “Long-haul” patients.

▪ How frequently have we seen these types of cases? How best to confirm?

▪ How might we optimize SPHERES to help detect these (rare?) events?

▪Investigative Criteria for Suspected Cases of SARS-CoV-2 Reinfection (ICR)

▪ https://www.cdc.gov/coronavirus/2019-ncov/php/invest-criteria.html

▪Common Investigation Protocol for Investigating Suspected SARS-CoV-2 Reinfection

▪ https://www.cdc.gov/coronavirus/2019-ncov/php/reinfection.html

https://www.cdc.gov/coronavirus/2019-ncov/php/invest-criteria.html
https://www.cdc.gov/coronavirus/2019-ncov/php/reinfection.html


Sebastien Darteville (NGA)

https://sars-cov2.dev.east.paas.nga.mil/sars-cov-2/GenBank/reinfections-smallSample?c=reinfection&d=tree&m=div&p=full


Nancy Chow (NCEZID/DFWED)

Michael Weigand (NCIRD/DBD)

COVID Molecular Epidemiology Toolkit
• Modular training for public health epidemiologists, driven by real-world case studies from across US.

• Working with state, local and academic laboratories across SPHERES to develop curriculum.

• Modules on community transmission, LTC/SNF, general considerations/limitations of data.

• Launching virtually soon!



A long-term healthcare facility

34

Thanks, Sean Wang, Ruth Lynfield and Sarah Vedder!



Outbreaks in LTC and correctional facility: 
linked through household contact?

35“The anatomy of an outbreak”

Long-term healthcare facility

Correction facility



Meat processing plants with multiple introductions.

36



An outdoor concert at a southwest Minnesota

37



SPHERES
Participatory Model

Pooled Capacity/Expertise

Sampling/Coverage Challenges

~50,000 - 75,000 sequences/yr

CDC/SPHL Response
Sequencing/Bioinformatics/Epi Support

Centralized Capacity – CDC/State/Partners

Typically focused: cluster, setting, response.

Some efforts towards comprehensive capture.

Flexible and scalable capacity.

State Consortia: AZ, CA, MN, Others?

20,000+ (overlaps with SPHERES)

CDC S3 + “Baseline”
Based on existing influenza surveillance architecture.

Goal: establish consistent national baseline.

Approach: ~10-20 random positives/state/month->CDC

Important value for context, national trending.

6,250-13,500 sequences/yr + 20-30k more

Consensus Sequences

Filtered Raw Reads

Reference-aligned BAMs

Consistent metadata.



1. SPHERES represents a new model for public-private partnership in genomic epidemiology 

and infectious disease surveillance.

● Engages academia, clinical and commercial partners to help generate useful public health data and 

coordinates the output.

● By leveraging AMD investments, a national-scale sequencing effort stood up within weeks, and is 

already returning useful data for response.

2. Supplements traditional, laboratory-based structured surveillance platforms with the speed, 

flexibility and grassroots innovation of academia and the private sector.

3. SPHERES model can be applied rapidly across a range of different pathogens of concern, 

both domestically and globally.

SARS-CoV-2 SPHERES: Takeaways



@dmaccannell
dmaccannell@cdc.gov

cdc.gov/amd
@cdc_amd

T h e  f i n d i n g s  a n d  c o n c l u s i o n s  i n  t h i s  p r e s e n t a t i o n  a r e  t h o s e  o f  t h e  a u t h o r  a n d  d o  n o t  n e c e s s a r i l y  r e p r e s e n t  t h e  

o f f i c i a l  p o s i t i o n  o f  t h e  C e n t e r s  f o r  D i s e a s e  C o n t r o l  a n d  P r e v e n t i o n .  U s e  o f  t r a d e  n a m e s  i s  f o r  i d e n t i fi c a t i o n  o n l y  a n d  

d o e s  n o t  i m p l y  e n d o r s e m e n t  b y  t h e  C e n t e r s  f o r  D i s e a s e  C o n t r o l  a n d  P r e v e n t i o n  o r  b y  t h e  U . S .  D e p a r t m e n t  o f  H e a l t h  

a n d  H u m a n  S e r v i c e s .

mailto:dmaccannell@cdc.gov






▪ Five (5) random, current SARS-CoV-2 positive samples per state every two weeks. (~6500+/yr)
▪ Not previously sequenced. Ct <28. Standardized data collection and submission.
▪ Centralized sequencing and bioinformatic analysis.


