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Number of sessions 2

Total learning time 8 hours

Target audience All personas - wet laboratory personnel (i.e., scientists, laboratory technicians, 
etc.), dry laboratory personnel (epidemiologists, bioinformatics scientists, and 
bioinformaticians),  and  managerial  personnel  (i.e.,  HODs,  laboratory 
managers, policymakers, etc.).

Format Lectures, videos

Level of the module Introductory

Contributors

Elizabeth Temiloluwa Akande, Temesgen Endalew, Siddiqah George, Carolina Matos, and Mohammed 
Ahmed Rameto.

Module description

This module introduces fundamental epidemiological concepts and principles while examining the critical 
interface between traditional and genomic epidemiology. As genomic surveillance becomes increasingly vital 
in public health response, the module progresses from basic epidemiological methods to advanced molecular 
approaches in disease investigation. Participants will briefly explore how genomic epidemiology enhances 
pathogen surveillance, transmission tracking, and evolutionary analysis, with particular emphasis on real-time 
applications  during  public  health  emergencies.  Through  an  integrated  learning  approach,  the  module 
demonstrates how traditional epidemiological principles complement genomic methods to strengthen modern 
disease surveillance and outbreak response systems. In this module, participants are introduced to the 
following topics and/or concepts:
 Key terms and concepts in, and principles of, traditional epidemiology

 The key steps in a traditional epidemiological investigation

 The definition of field epidemiology

 Fundamental concepts in field epidemiology

 The connection of theoretical concepts and principles in traditional epidemiology to practical applications 

in field epidemiology
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 Essential field epidemiology investigation tools, case studies, and methodologies

 The relationship between field and genomic epidemiology

 Fundamental terminology used in genomic epidemiology

 Essential theories and concepts in genomic epidemiology

 The role and value of genomic epidemiology in public health surveillance

 The role of genomic sequence mutations in pathogen evolution

 How pathogen genomic sequences are used to build phylogenetic trees

 How phylogenetic trees are used to trace microbial evolution 

 Differences between various trees 

 The connection between phylogeny and pathogen transmission

 Molecular clocks and pathogen evolutionary rates

 The overlapping timescales of pathogen evolution and transmission

 Estimating pathogen evolutionary rates from genomic sequence data

 How evolutionary rates of microorganisms are used to infer time trees

Module learning outcomes

On completion of this module, the participants will have basic knowledge and skills in, or be able to:
 Define fundamental epidemiological concepts including incidence, prevalence, causation, mortality, and 

morbidity
 Explain core principles of disease distribution and determinants in populations

 Discuss measures of association in terms of relative risk and odds ratio

 Explain the concept of study design in terms of observational vs. experimental studies

 Compare different epidemiological study designs (cohort, case-control, cross-sectional)

 Identify the unique features that distinguish field epidemiology from traditional epidemiological 

approaches
 Identify and sequence essential steps in epidemiological investigations

 Apply core field investigation principles and rapid response methodologies to outbreak scenarios

 Integrate theoretical principles with field applications and practical investigation strategies

 Evaluate appropriate tools and methodological approaches for field investigations

 Define and accurately use key terminology in molecular epidemiology

 Explain fundamental principles of genomic epidemiology and its role in outbreak understanding

 Evaluate how genomic data and molecular methods enhance public health surveillance

 Explain how genomic mutations influence pathogen evolution and mechanisms of genetic variation

 Explain how pathogen sequence alignments are used to generate phylogenetic trees

 Discuss the differences between phylogenetic, transmission, divergence, and time trees

 Explain the concept of molecular clocks and apply the theory to pathogen evolution

 Analyse how evolutionary and transmission timescales overlap

 Interpret temporal information from phylogenetic analyses
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Module assessments

Module practical: Not applicable
Module quiz: Assessment questions available on the ASLM platform

Module resources

 MSD Veterinary Manual - Basic Principles of Epidemiology  
 US CDC Manual - Principles of Epidemiology in Public Health Practice (3rd edition)  
 US CDC Manual - Principles of Epidemiology (2nd edition)  
 WHO: Principles and steps of an outbreak investigation  
 The US CDC Field Epidemiology Manual  

o Defining Field Epidemiology  
o Conducting a Field Investigation  
o Manual Chapter/Resources  

 TEPHINET Library  
o Case Studies in Field Epidemiology: EMR Context  

 ECDC Field Epidemiology Manual  
 FAO | Developing field epidemiology training for veterinarians: Technical guidelines and core   

competencies
 US CDC Field Epidemiology Training Program (FETP)  
 OpenWHO |   Integrated Disease Surveillance and Response (IDSR)  
 ECDC | Evidence-based methodologies for public health  
 Eastern Mediterranean Public Health Network (EMPHNET) Resources  
 WHO | Genomics in Field Epidemiology  
 RKI | Integrated Genomic Surveillance (IGS)  
 PHG Foundation | Pathogen genomics into practice  
 NIH | NLM Article - Advanced glossary on genetic epidemiology  
 US CDC COVID-19 Genomic Epidemiology Toolkit | Overview   

o Video - Introduction  
o Video - What is genomic epidemiology?  
o Notes - Introduction to Epidemiology  

 NGS Academy for the Africa CDC PGI | Training Materials  
o FIC|NIH & JHU Video: Introduction to Genomic Epidemiology  
o Video - Foundations of genomic epidemiology: mutations, substitutions, and genetic divergence   

trees
o Chapter 3: Fundamental theory in genomic epidemiology | An applied genomic epidemiological   

handbook
 NIH|NLM Article - Fundamentals of genomic epidemiology, lessons learned from the coronavirus   

disease 2019 (COVID-19) pandemic, and new directions
 NGS Academy for the Africa CDC PGI | Training Materials  

o Chapter 2: The value of pathogen genomics in applied epidemiology | An applied genomic   

epidemiological handbook
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https://academy.aslm.org/login/index.php
https://alliblk.github.io/genepi-book/the-value-of-pathogen-genomics-in-applied-epidemiology.html
https://alliblk.github.io/genepi-book/the-value-of-pathogen-genomics-in-applied-epidemiology.html
https://uct-cbio.github.io/ngs-academy/resources/training-materials/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9495640/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9495640/
https://alliblk.github.io/genepi-book/fundamental-theory-in-genomic-epidemiology.html
https://alliblk.github.io/genepi-book/fundamental-theory-in-genomic-epidemiology.html
https://www.youtube.com/watch?v=Bt3JNKfU5qk
https://www.youtube.com/watch?v=Bt3JNKfU5qk
https://www.youtube.com/watch?v=t6tkP4T44nk
https://uct-cbio.github.io/ngs-academy/resources/training-materials/
https://archive.cdc.gov/#/details?url=https://www.cdc.gov/csels/dsepd/ss1978/lesson1/section1.html
https://www.youtube.com/watch?v=njS0Tw4uQUo
https://www.youtube.com/watch?v=2mt9mKeyihA
https://www.cdc.gov/advanced-molecular-detection/php/training/?CDC_AAref_Val=https://www.cdc.gov/amd/training/covid-19-gen-epi-toolkit.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1732544/pdf/v057p00562.pdf
https://www.phgfoundation.org/publications/reports/pathogen-genomics-into-practice/
https://www.rki.de/EN/Content/infections/IGS/IGS_node.html
https://www.who.int/health-topics/genomics#tab=tab_1
https://emphnet.net/en/resources/
https://www.ecdc.europa.eu/en/publications-data/evidence-based-methodologies-public-health
https://openwho.org/channels/idsr#:~:text=Integrated%20Disease%20Surveillance%20and%20Response%20(IDSR)%20is%20a%20strategy%20adopted,all%20levels%20of%20health%20systems.
https://jasem.chiachoob.com/global-health-protection/php/programs-and-institutes/field-epidemiology-training-program.html
https://openknowledge.fao.org/server/api/core/bitstreams/e78988bb-4717-4c42-901b-8529e5d52981/content
https://openknowledge.fao.org/server/api/core/bitstreams/e78988bb-4717-4c42-901b-8529e5d52981/content
https://femwiki.org/index.php?title=FEM-WIKI
https://www.tephinet.org/tephinet-learning-center/tephinet-library/case-studies-in-field-epidemiology-the-emr-experience
https://www.tephinet.org/tephinet-learning-center/tephinet-library
https://www.cdc.gov/field-epi-manual/site.html
https://www.cdc.gov/field-epi-manual/php/chapters/field-investigation.html
https://www.cdc.gov/field-epi-manual/php/chapters/defining-field-epi.html
https://www.cdc.gov/field-epi-manual/php/about/index.html
https://www.who.int/docs/librariesprovider2/default-document-library/module_2.1_outbreak-investigation_ds_220830.pdf?sfvrsn=8d972e85_3&download=true
https://stacks.cdc.gov/view/cdc/11200/cdc_11200_DS1.pdf
https://archive.cdc.gov/#/details?archive_url=https://archive.cdc.gov/www_cdc_gov/csels/dsepd/ss1978/SS1978.pdf
https://www.msdvetmanual.com/public-health/principles-of-epidemiology/basic-principles-of-epidemiology
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 US CDC Video - Using Genomic Epidemiology to Advance Public Health Action  
 CZ GEN EPI Modules: Essential Background Theory for Genomic Epidemiology  

o Webpage - The overlapping timescales of pathogen evolution and transmission  
o Video - The overlapping timescales of pathogen evolution and transmission  
o Webpage - From sequences to trees  
o Video - From sequences to trees  
o Webpage - Shared terminology for describing phylogenetic trees  
o Video - Shared terminology for describing phylogenetic trees  
o Webpages - Genomic epi basics: Practice reading phylogenetic trees  

 Nature Education Article - Reading a Phylogenetic Tree  
 CZ GEN EPI User Guides: Building Nextstrain Trees  

o Webpage - Viewing phylogenetic trees in Nextstrain  
o Webpage - Understanding phylogenetic tree types  

 Nextstrain Webpage - How to interpret phylogenetic trees (narrative)   

 CZ GEN EPI Learning Center - Practicing Gaining Epidemiological Insights from Genomic Data  
o Webpage - Genomic epi basics: Sequence alignments and molecular clocks  
o Webpage - Estimating evolutionary rates (molecular clocks) from sequence data  
o Video - Estimating evolutionary rates (molecular clocks) from sequence data  
o Video - Foundations of genomic epidemiology: Molecular clocks and temporally-resolved trees  

 CZ GEN EPI Modules: Essential Background Theory for Genomic Epidemiology  
o Webpage - Interpreting and working with evolutionary rates  
o Video - Interpreting and working with evolutionary rates  
o Video - Foundations of genomic epidemiology: Phylogeography and trait reconstruction on trees  

References

 OpenAI. (2024). Gemini response on learning objectives for an introduction to traditional, field, and 

genomic epidemiology module. Retrieved July 29, 2024, from Gemini
 OpenAI. (2024). ChatGPT 4o mini response on learning objectives for an introduction to traditional, field, 

and genomic epidemiology module. Retrieved July 29, 2024, from ChatGPT
 OpenAI. (2024). Claude 3.5 Sonnet response on learning objectives for an introduction to traditional, 

field, and genomic epidemiology module. Retrieved July 29, 2024, from Claude
 OpenAI. (2024). ChatGPT 4o mini response on shortening or rephrasing the module overview (of G02) 

to 2 sentences but keeping an academic tone. Retrieved November 18, 2024, from ChatGPT
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https://claude.ai/new
https://www.youtube.com/watch?v=jYpjzP22HcM
https://www.youtube.com/watch?v=j0XQORHcnaI
https://help.czgenepi.org/hc/en-us/articles/6238561735316-Module-5-Interpreting-and-working-with-evolutionary-rates
https://help.czgenepi.org/hc/en-us/sections/6217751859604-Essential-Background-Theory-for-Genomic-Epidemiology
https://www.youtube.com/watch?v=zAtgJjoy6-w
https://www.youtube.com/watch?v=vfNkFFZqxQc
https://help.czgenepi.org/hc/en-us/articles/6238483054868-Module-4-Estimating-evolutionary-rates-molecular-clocks-from-sequence-data
https://help.czgenepi.org/hc/en-us/articles/8983040368916-Genomic-epi-basics-Sequence-alignments-and-molecular-clocks
https://help.czgenepi.org/hc/en-us/sections/6406123928724-Practicing-Gaining-Epidemiological-Insights-from-Genomic-Data
https://nextstrain.org/narratives/trees-background
https://help.czgenepi.org/hc/en-us/articles/6707491998996-Understand-phylogenetic-tree-types
https://help.czgenepi.org/hc/en-us/articles/6691738376212-View-trees-in-Nextstrain
https://help.czgenepi.org/hc/en-us/sections/5686637383444-Building-Nextstrain-Trees
https://www.nature.com/scitable/topicpage/reading-a-phylogenetic-tree-the-meaning-of-41956/
https://help.czgenepi.org/hc/en-us/articles/9009239323156-Genomic-epi-basics-Practice-reading-phylogenetic-trees
https://www.youtube.com/watch?v=w-EXzRQOrqQ&t=3s
https://help.czgenepi.org/hc/en-us/articles/6238349723028-Module-3-Shared-terminology-for-describing-phylogenetic-trees
https://www.youtube.com/watch?v=ToZZnH_yfBQ
https://help.czgenepi.org/hc/en-us/articles/6238243393556-Module-2-From-sequences-to-trees
https://www.youtube.com/watch?v=gRslOFxqbB0
https://help.czgenepi.org/hc/en-us/articles/6232459626516-Module-1-The-overlapping-timescales-of-pathogen-evolution-and-transmission
https://help.czgenepi.org/hc/en-us/sections/6217751859604-Essential-Background-Theory-for-Genomic-Epidemiology
https://www.youtube.com/watch?v=Va6EBWOOyvw
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