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IT STARTS WITH...



. . .A DISCOVERY OF VIRUSES



WHICH ONE WOULD YOU LIKE TO GET?

Dr Monica Birkhead, SVP CEZPD

Int Dent J. 2022 PMID: 35934521

CDC/ Dr. Fred Murphy; Sylvia Whitfield



METAGENOMICS

https://commons.wikimedia.org/wiki/File:Genomic_signatures_for_predicting_the_zoonotic_potential_of_novel_viruses_(graphical_summary).png
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CGTTAACTGTTTGGAAGATGAATCTTTGTTGTTACATTTAATCTCGAAATTCAGAGTACATATCTTTGAAGTATTCTGATATCT
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Modern-Day Detective Work



NOW WHAT?

I have lots of sequence data
Let’s do Bioinformatics!





AND THE ANSWER IS...



NOW WHAT?

I have lots of hits.
Let’s do Taxonomy!



TAXONOMY

• Taxonomy = classification + nomenclature

• Classification → relationships

• Nomenclature → named point of reference

• Taxonomy → inferences on function
• Function leads to understanding and response
• Diagnosis
• Pathogenesis
• Epidemiology
• Treatments
• Prophylactics



BIOLOGICAL TAXONOMIES

• Rules of Nomenclature
• International Code of Zoological Nomenclature
• International Code of Nomenclature for algae, fungi, and plants
• International Code of Nomenclature of Prokaryotes
• International Code of Phylogenetic Nomenclature (PhyloCode)
• BioCode, International rules for the scientific names of organisms
• Rules of Classification

• All biological organisms except viruses
• No specific entities or explicit rules guiding classification
• Responsibility of discoverer or interested individuals/groups

• Rules of Classification and Nomenclature
• Viruses

• Sole responsibility of the International Committee on Taxonomy of Viruses (ICTV)
• The International Code of Virus Classification and Nomenclature



INTERNATIONAL COMMITTEE ON 
TAXONOMY OF VIRUSES: ICTV

https://ictv.global



CHARGE TO THE ICTV

The current charge to the ICTV by the 
International Union of Microbiological Societies,

Virology Division is to:

Develop, refine, and maintain a universal 
virus taxonomy

Established by the  International Association of
Microbiological Societies (IAMS) as the 

International Committee on Nomenclature of 
Viruses (ICNV) to create a universal system of 
classification and nomenclature for all viruses



HISTORY OF VIRUS 
TAXONOMY



THE ICTV ORGANIZATION



CLASSIFICATION

• The identification and comparison of characters 
that distinguish one virus from another.

• Phenotypic
• Host range

• Pathogenicity

• Virion/capsid structure

• Presence of an envelop

• Molecular composition of the genome

• Genotypic
• Sequence

• Gene content

• Gene synteny

• Gene expression program

• Phylogenetic relationships



VIRUS TAXONOMIC RANKS

Amino acid identity

Nucleic acid identity

Each of the 10 Realms defines a lineage with an 
independent evolutionary origin



17,554 species





NOMENCLATURE

• Realm: Riboviria
• Kingdom: Orthornavirae
• Phylum: Pisuviricota
• Class: Pisoniviricetes
• Order: Picornavirales
• Family: Picornaviridae
• Genus: Enterovirus
• Species: Enterovirus coxsackiepol
• Binomial name
• Genus name + species epithet



WHAT’S IN A NAME?

Name Poxvirus Example Coronavirus Example Who 
Creates?

Who 
Updates?

Virus Monkeypox virus SARS-CoV-2 Discoverer Scientific 
community

Species • Monkeypox virus
• Orthopoxvirus 

monkeypox

• Severe acute respiratory syndrome-
related coronavirus

• Betacoronavirus pandemicum

ICTV ICTV

Disease • Monkeypox virus
• MPOX 

• 2019-nCoV
• hCoV-19
• COVID-19

WHO WHO

Sub-
species

• West African; DRC, 
Congo Basin

• 1, 2, 3
• I, IIa, IIb

Alpha, Beta, Gamma, Delta, Omicron… Scientific 
community
(WHO-
consulted)

Scientific 
community
(WHO-
consulted)



COMMUNICATING WITH THE 
WORLD

What if someone created a comprehensive virus taxonomy and 
no one knew it existed?



VIRUS TAXONOMY: 
A COMMUNITY KNOWLEDGEBASE 

SUPPORTING VIRUS RESEARCH

U24 AI162625
08/03/2021 – 05/31/2026



ICTV circa 2007-2008



VIRUS KNOWLEDGEBASE AIMS

• Infrastructure
• Provide a stable, responsive, scalable information technology platform
• Information

• Enrich the virus taxonomy by expanding the available information on virus 
properties

• Tools
• Develop and deploy analytical tools that support the creation, expansion, and 

management of virus taxonomy
• Accessibility

• Provide flexible, interoperable access to taxonomic data
• Outreach and Training

• Establish programs that introduce these resources to current and potential 
users and provide training in their use

• Sustainability







TAXONOMY BROWSER



VISUAL TAXONOMY BROWSER



FIND THE SPECIES







TAXONOMY HISTORY



TAXABLAST



ICTV REPORT





WHAT DISTINGUISHES ONE TAXON 
FROM ANOTHER:

DEMARCATION CRITERIA

What are the distinguishing characteristics between two viruses 
that support their separation into distinct species, genera, 

families, orders...



TAXON DEMARCATION CRITERIA

Demarcation Criteria (DC) define the specific properties and 
methods that are used to determine if a virus belongs to an 
existing taxon or will require the creation of a new taxon (or 
taxonomic hierarchy) for its classification.
• DC are currently available in ICTV Report chapters, taxonomy 

proposals, and the published literature.
• DC are defined for every virus rank from realm to species.
• Individual ICTV Study Groups are responsible for defining and 

updating the DC for each virus family.



DEMARCATION CRITERIA

• Realm: Varidnaviria
• Vertical jelly-roll major capsid protein

• Kingdom: Bamfordvirae
•  Double jelly-roll major capsid protein

• Phylum: Nucleocytoviricota
• Nucleocytoplasmic large DNA viruses

• Class: Pokkesviricetes
• Middle English for “pox”

• Order: Chitovirales
• Reference to poxvirus virion morphology (Greek)



DEMARCATION CRITERIA POXVIRIDAE:
SUBFAMILY :GENERA:SPECIES

• Phenotypic
• Natural host range (Subfamily)
• Growth characteristics and host range in cell culture
• Morphology of pocks; Plaque characteristics

• Disease characteristics. 
• Morbidity, mortality, etc.

• Serological criteria
• Plaque neutralization tests, cross-protection in animals

• Genotypic
• Gene content
• Genome organization
• Amino acid sequence identity of commonly shared genes. 
• hemagglutinin or A-type inclusion protein

• Nucleotide sequence identity, conserved, core region of orthopoxvirus genomes
• Different species <96% - 98%
• Isolate >98%

• Phylogenetic analysis



POXVIRIDAE
GENERA



ORTHOPOXVIRUS SPECIES + CLADES

nextstrain.org

Clade Designations:  WHO Committee



HOW TO CREATE A TAXONOMY 
PROPOSAL



TAXONOMY PROPOSALS

• New Taxonomy
• Isolate a virus
• Apply demarcation criteria
• Prepare proposal and submit
• Subcommittee/Study Group 

review
• Executive Committee (EC) 

review
• Ratification
• Publication



TAXONOMY PROPOSAL



VIRUS TAXONOMY AND THE ICTV
LOOKING TOWARDS THE FUTURE



CHALLENGES

• Newly emerging viruses
• How fast can we classify?

• Analysis and management of extremely large datasets
• The human virome and its impact on the microbiome and disease
• 100 Million new species?!

• Dealing with “disobedient” mechanisms of variation
• Recombination; segment exchange

• Satisfying the needs of all stakeholders
• Virologists, Other Scientists, Health Care, Government, Policy Makers, 

Biodefense, Biotech, Pharmaceutical,  Agricultural, Public



PRINCIPLES TO GUIDE VIRUS 
TAXONOMY IN THE FUTURE

• Virus taxonomy should reflect the evolutionary history of viruses
• Virus properties may guide assignment of ranks to maximize their 

utility
• Taxonomy based on evolution is but one of many possible means to 

classify viruses
• Taxonomic assignments of viruses derived from metagenomic studies 

require strict sequence quality control

ICTV Workshop: Virus Classification in a Metagenomic Age
April 2022, Oxford UK

To be published 2/13/23 PLoS Biology



AI-GUIDED TAXONOMY

• Demarcation Criteria (DC) Ontology: Organized database of 
DC extracted from ICTV text.
• Large Language Models (LLMs): LLM trained on the taxon DC 

ontology to support virus classification and preparation of taxonomy 
proposals.
• Model Context Protocol (MCP): Provide MCP server-based 

connections to ICTV data and tools.
• TaxonAgents: Automated taxonomic classification through a 

collection of AI Agents that will extract the appropriate DC and 
apply those criteria to classify newly isolated viruses.
• TaxaChat: A helpdesk based on the Retrieval-Augmented 

Generation (RAG) framework, providing guided use of the ICTV 
website, its data, and search/analytical tools.



ICTV EXECUTIVE COMMITTEE 2026

• President: F. Murilo Zerbini
• Vice-President: Evelien Adriaenssens
• Business Secretary: Hanna Oksanen
• Proposals Secretary: Peter Simmonds
• Data Secretary: Elliot Lefkowitz
• Subcommittee Chairs:

• Arvind Varsani
• Holly Hughes
• Jens Kuhn
• Mart Krupovic
• Dann Turner
• Sejo Sabanadzovic
• Luisa Rubino

• Elected members:
• Poliane Alfenas-Zerbini 
• Frank Aylward 
• Juliana Freitas-Astúa
• Małgorzata Łobocka,
• Arcady Mushegian
• Judit Pénzes
• Alejandro Reyes
• David Robertson
• Simon Roux
• Nobuhiro Suzuki
• Koenraad Van Doorslaer



THOSE WHO DO THE WORK



THOSE WHO DO THE WORK

Ø Eden Black
Ø Steve Powell
Ø Don Dempsey

Ø Curtis Hendrickson
Ø Logan Mims
Ø Liam Van Der Pol
Ø Travis Ptacek


