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Trends in Sequencing Output 
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Moore’s Law

Adapted from NHGRI (https://www.genome.gov/sequencingcosts/)

Sanger Sequencing Next-Generation Sequencing (NGS)*

* Also called:
high-throughput sequencing, 
or
whole-genome sequencing

https://www.genome.gov/sequencingcosts/


Microbial genomics now in wide use in US Public Health

 Food safety: identify and investigate outbreaks
 Antimicrobial resistant organisms

ꟷ infer resistance
ꟷ better understand transmission

 Influenza: strain surveillance
 Tuberculosis: identify and investigate clusters
 Group A Streptococcus: investigate outbreaks in healthcare settings
 Malaria: monitor resistance and other clinically important traits
 Rabies: track variants
 … and many more

NEJM 2019; 381:2569-80.

https://www.nejm.org/doi/full/10.1056/NEJMsr1813907


How it started How it’s going
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2013 2020

Seven years of building NGS capacity in state public health laboratories

www.aphl.org/aboutAPHL/publications/Documents/ID_NGSSurveyReport_52015.pdf

http://www.aphl.org/aboutAPHL/publications/Documents/ID_NGSSurveyReport_52015.pdf


Rationale for sequencing of SARS-CoV-2

 National level
ꟷ strain surveillance
ꟷ help guide diagnostics, vaccine and therapeutic 

development

 State/Local level
ꟷ supplement control efforts
ꟷ better understand epidemiology



Nextstrain.org

National level:
 Monitor emergence of important new strains
 Monitor trends after interventions such as vaccination



“… Our data unexpectedly 
uncovered a sustained 
outbreak in six care facilities 
within the region. …” 

State/local level:
 Identify clusters
 …

Source: Page A, Mather A, e-Viet T, et al. Large scale sequencing of SARS-CoV-2 genomes from one region allows detailed epidemiology 
and enables local outbreak management. medRxiv 2020.09.28.20201475; DOI: https://doi.org/10.1101/2020.09.28.20201475

https://doi.org/10.1101/2020.09.28.20201475


Facility A

Facility B

State/local level:
 Identify clusters
 Investigate outbreaks
 …

Source: Taylor J, Carter RJ, Lehnertz N, et al. Serial Testing for SARS-CoV-2 and Virus Whole Genome 
Sequencing Inform Infection Risk at Two Skilled Nursing Facilities with COVID-19 Outbreaks — Minnesota, April–
June 2020. MMWR Morb Mortal Wkly Rep 2020;69:1288–1295. DOI: http://dx.doi.org/10.15585/mmwr.mm6937a3

“Genetic sequencing found 
facility-specific clustering of 
viral genomes from HCP and 
residents’ specimens, suggesting 
intrafacility transmission.” 

http://dx.doi.org/10.15585/mmwr.mm6937a3


State/local level:
 Identify clusters
 Investigate outbreaks
 Improve understanding of

local epidemiology
 …

Source: Lemieux J, Siddle K, Shaw B, et al. Phylogenetic analysis of SARS-CoV-2 in the Boston area highlights the role of recurrent 
importation and superspreading events. Science 2020 10 Dec DOI: 10.1126/science.abe3261

“The data reveal over 80 
introductions into the 
Boston area….” 

https://science.sciencemag.org/content/early/2020/12/09/science.abe3261


Lancet Infect Dis 2020 Oct 12;S1473-3099(20)30764-7. doi: 10.1016/S1473-3099(20)30764-7.

State/local level:
 Identify clusters
 Investigate outbreaks
 Improve understanding of

local epidemiology
 … and many other applications

“These findings suggest that 
the patient was infected by 
SARS-CoV-2 on two separate 
occasions by a genetically 
distinct visus."

https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(20)30764-7/fulltext


The Molecular Epidemiology Toolkit

 CDC designed this toolkit to help epidemiologists at state, local, tribal, and
territorial levels respond to COVID-19.

 The toolkit may also be useful for public health laboratory scientists,
bioinformaticians, and administrators.

 Additional resources are included to encourage broader application of
genomic epidemiology to controlling COVID-19.



Modular toolkit format

Part 1: Introduction

1.1 What is genomic epidemiology?

1.2 The SARS-CoV-2 genome

1.3 How to read phylogenetic trees

Part 2: Case Studies

2.1 SARS-CoV-2 sequencing in Arizona

2.2 Healthcare cluster transmission

2.3 Community Transmission

Part 3: Implementation

3.1 Getting started with Nextstrain

3.2 Getting started with MicrobeTrace

3.3 Linking epidemiologic data 
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Get Email Updates

To receive updates on new modules as they are released, fill out the email 
subscription field on the toolkit page: go.usa.gov/xAbMw

https://go.usa.gov/xAbMw


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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