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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 



What is Nextstrain?

 Open-source project to harness the power of pathogen genome data
 Powerful analytics and interactive visualizations
 Designed to aid epidemiological understanding, improve outbreak 

response, and provide real-time snapshots of evolving pathogen 
populations

 Learn (a lot) more at
 https://nextstrain.org
 https://docs.nextstrain.org
 @nextstrain

https://nextstrain.org/
https://docs.nextstrain.org/
https://twitter.com/nextstrain


Nextstrain: Default view
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Image from Trevor Bedford Group: nextstrain.org



Nextstrain architecture

Two goals, two components
1. Rapid and flexible phylodynamic analysis (Augur)
2. Interactive visualization (Auspice)

More details at: nextstrain.org/docs/getting-started/introduction

https://nextstrain.org/docs/getting-started/introduction


Augur: What does it do?

 Input data
ꟷ sequences.fasta
ꟷ metadata.tsv
ꟷ Can also import a tree if already constructed (like a Bayesian tree)

 Visualization data for Auspice
ꟷ Colors, lat_longs, reference genome

Adapted from Nathan Grubaugh nextstrain.org



Augur: What does it do?

 What augur does
ꟷ Prepare pathogen sequences and metadata
ꟷ Align sequences
ꟷ Construct a phylogeny from aligned sequences
ꟷ Annotate the phylogeny with inferred ancestral pathogen dates, sequences, and traits
ꟷ Export the annotated phylogeny and corresponding metadata into auspice-readable text 

file (JSON)
Adapted from Nathan Grubaugh nextstrain.org



Auspice: What does it do?
 Interactive web-app for tree visualization

 Translates data text files from augur into trees

Adapted from Nathan Grubaugh nextstrain.org



What is a Nextstrain ‘build’ ?

 Set of commands, parameters, and input files to reproducibly 
execute bioinformatic analyses and generate an output file for 
visualization

 Allows user to frequently run several different analysis 
workflows or datasets, for example:

1. Just your lab’s data, from your jurisdiction
2. Your data AND data from public repositories
3. Data from your jurisdiction AND neighboring 

counties/states/etc.

 Nextstrain’s focus on providing a real-time snapshot of evolving 
pathogen populations necessitates a reproducible analysis that 
can be rerun when new sequences are available

https://docs.nextstrain.org/en/latest/tutorials/SARS-CoV-2/steps/orientation-workflow.html

https://docs.nextstrain.org/en/latest/tutorials/SARS-CoV-2/steps/orientation-workflow.html


Nextstrain documentation

 A Getting Started Guide to the Genomic Epidemiology of SARS-CoV-2
 Template and tutorial walks through the process of running a basic phylogenetic analysis 

on SARS-CoV-2 data, specifically to enable Departments of Public Health to start using 
Nextstrain to understand their SARS-CoV-2 genomic data

 https://docs.nextstrain.org/en/latest/tutorials/SARS-CoV-2/steps/index.html#a-getting-
started-guide-to-the-genomic-epidemiology-of-sars-cov-2

Analysis:
1. Setup and installation
2. Preparing your data
3. Orientation: analysis workflow
4. Orientation: which files should I touch?
5. Running & troubleshooting
6. Customizing your analysis
7. Customizing your visualization

Visualization and interpretation:
1. Options for visualizing and sharing results
2. Interpreting your results
3. Writing a narrative to highlight key findings

https://docs.nextstrain.org/en/latest/tutorials/SARS-CoV-2/steps/index.html#a-getting-started-guide-to-the-genomic-epidemiology-of-sars-cov-2


Nextstrain documentation

 Interacting with auspice, the visualization web application
 Guides through the default phylogeny, map, and genome panels
 https://neherlab.org/201901_krisp_auspice.html

Node details Highlight variants Select date ranges

Images from nextstrain.org

https://neherlab.org/201901_krisp_auspice.html


SARS-CoV-2 Sequencing for Public Health Emergency 
Response, Epidemiology and Surveillance

nextstrain.org/groups/spheres



Drag-n-drop metadata



What about Nextclade?

 Web-browser tool to quickly analyze your SARS-CoV-2 genome:
 Identify mutations compared to a reference used by Nextstrain
 Assign your sequences to major clades
 Quality check of your sequence data

 Drag-and-drop a sequence file or paste sequences into the text box
 All analyses happen in your browser, never leaving your computer

Images from https://clades.nextstrain.org/

https://clades.nextstrain.org/


SARS-CoV-2 clades:

Term for clades:
1. Pangolin Lineages

 cov-lineages.org
2. Clades by Nextstrain ****

 nextstrain.org
3. Clades by GISAID

 gisaid.org

Adapted from Alm et al. 2020



https://clades.nextstrain.org/

https://clades.nextstrain.org/


Summary

 Nextstrain is a powerful tool to analyze pathogen genomic data and aid 
epidemiological understanding

 Design focus on real-time snapshots of evolving pathogen populations 
through reproducible analysis (augur)

 Features interactive web application for visualization (auspice)
 Widely used to monitor SARS-CoV-2 genome sequences
 TONS of documentation and tutorials at https://nextstrain.org

https://nextstrain.org/
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Learn more

 Next modules
 3.2 Getting started with MicrobeTrace
 3.3 Linking epidemiologic data 

 COVID-19 Genomic Epidemiology Toolkit
 Find further reading
 Subscribe to receive updates on new modules as they are released 

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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