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Reiterating the Points of Genomic Epidemiology

* Genomic Epidemiology (aka Molecular Epidemiology):

* The use of genetic sequence data to study the distribution, transmission, and
evolution of diseases in populations.

Real-time tracking of influenza A/H1N1pdm evolution

Maintained by Trevor Bedford. Data updated 15 Apr 2018.
Showing 1223 of 1223 genomes sampled between Mar 2009 and Dec 2010.
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Goals of Global Influenza Genomic Surveillance: understand
circulating viral diversity, where and to what extent

e Create quality sequence of a virus and share data publicly

.& Molecular Epidemiology

». . e Multiple sequence alignment with relevant sequences of
viruses/reference virus for your question
e Create phylogenetic tree(s) — Maximum-likelihood and Time-scaled
e Dataintegration
e Correlate genetic change with metadata such as phenotypic,
: proteomic and epidemiological data
e Analysis is retrospective and a moving window by season — timeliness of
data critical for situational awareness
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Klimov et al, Vaccine. 2012 Oct 5:30(45):6461-71.
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HA Genetic Groups/Clades/Subclades

® Classification mechanism to compare between WHO CC labs

® |n general, genetic groups are a clade of the phylogenetic tree which shares specific amino acid
changes

® Viruses in genetic groups share the similar amino acid changes — and should generally have similar
antigenic profiles

® Timeline
® pre-2012 — general naming like “A/Brisbane/10/2007”

® 2012 - Alphanumerics designations annotated the strain name
® Examples: 6B, 6B.1, 6B.1A for H1s; 3C.2, 3C.2a, 3C.2a.1 for H3s and V, V1 and V1.A
® 2020 — Subclades —

® not necessarily distinct phenotypes but meant to assist in discussing genetic diversity and frequency dynamics of co-
circulating viral variants without distinct properties

® Subclades described for both the HA and NA proteins
® Examples: G.1.1.2 (H3N2), C.1.7.2 (H1pdmO09), C.5.6 (B Vic)
® influenza-clade-nomenclature - GitHub

£DC


https://github.com/influenza-clade-nomenclature
https://github.com/influenza-clade-nomenclature
https://github.com/influenza-clade-nomenclature
https://github.com/influenza-clade-nomenclature
https://github.com/influenza-clade-nomenclature
https://github.com/influenza-clade-nomenclature

Nextstrain 6

Phylogeny Q || ZOOM TO SELECTED || ZOOMTO ROOT Phylogeny
HA subclade (Nextclade) v HA subclade (Mextclade) w

Slesesiel

A
., D & 001 o 003 004 0.05 0.06 0.07 2010 2013 2014 2019 2022 2025
. Divergence Date
Divergence Time-scaled

https://nextstrain.org/seasonal-flu/h3n2/ha/12y
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Goals of Global Influenza Genomic Surveillance: understand
circulating viral diversity, where and to what extent
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e Determine type of analysis and confidence

levels to set sampling strategies -

e E.g., Random sampling of specimens from
ILI surveillance
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US Sample Goals vs Actuals

B/Vic = 100/wk = 3300/season
HIN1 = 100/wk = 3300/season
H3N2 =150/wk = 4950/season infigenzS sesson

Total =350/wk 11,550/season




Understand the genetic diversity in epidemic

* Predominant clade/subclade, HA sequence by geography

* Confidence dependent on sample size
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Understand the genetic diversity in epidemic

 What is the minimum proportion we are likely (i.e., confidence = 95%) to detect
with a given sample size?

* Goal to identify emerging genetic variants early
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Understand the genetic diversity in epidemic

* Change in clade/subclade, HA sequence over time

834 940 o3 HA Clade_subclade % of Total Collected in U.S. since 9/1/2024
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Genotype to Phenotype

e reduction o Create phenotypic data representing the circulating genetic diversity

Fold Reduction MA/18 DC/27

i Teer > 3 * Prioritize viruses by their HA sequence and global observance
e = * Create testing goal per HA sequence
u- 1 Moot * Determine molecular determinants of antigenic change through

genetic and antigenic data integration

* E.g., Amino acid positions N158K and K189R associated with
decreased antibody recognition using post-infection ferret
antisera

* |dentify genetic and antigenic lineages for additional analysis
using human sera
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Genotype to Phenotype

Infer Antigenic Characterization for HA proteins which have met testing and result quality thresholds
* more of the genetic variation seen within a season to have actional antigenic results in time for the vaccine

selection meetings
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Predictive Models

Goals: predict the clade which will continue to circulate in the next 6 months/1 year

x(t) X(u)

e NextFlu — Richard Neher and Trevor Bedford
* Previr - Marta Luksza and Michael Lassig

Predicted ratio, W
na

e Clade fithess models

o ‘ ‘,,_"-"
* Sequence data from GISAID o R
* Clade frequency o 5 1o0%
 Mutational load Luksza M, Lassig M. Nature. -

Frequency
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2014 Mar 6;507(7490):57-61
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* Epitope sites
* Antigenic data from HI or neutralization assays e oo *

. Huddleston J, et al. eLife 9:e60067
* Corresponding meta-data d

| . iological Neher RA, Bedford T. Bioinformatics.
Correlated epidemiological data 2015 Nov 1,31(21):3546-8.
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Current state of predictive modeling

Still a lot of work to do

* Unable to predict which clade will predominate — but can have
confidence that it will persist

 Unable to predict which new clades will emerge

 Unable to predict which A subtype or B lineage will predominate

* Virus phenotype changes

* Geographic and temporal differences in clade proportions

* C(Clade turnover rate differences

Influenza B and A(H1IN1)pdmO09 — need to assess the how the models
based on A(H3N2) work for other subtypes
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Future Landscape of Influenza Genomics

* Improved lab-epi data integration

* Automated electronic lab reporting  use of genetic data to design and synthesize candidate vaccine viruses
* Data lake approach Influenza virus 5 :
equence

* Cloud Computing "‘ — ViralRNA — [FSlE — gy sy
* Synthetic genomics LL— ,

* Rapidly generated viruses from <— ‘*— r:‘(j:: (_?14_(@)‘_ — |

DNA Genome
sequence data

= Synthesis Design
s - -

Y

* New vaccine strategies may require Courtesy of Dr. Dave Wentworth
different data analysis for
recommendations
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Specimen  Ganomic Epi in Action: Subclade K CVV Generation Timeline

Collection
First K specimens CVV Initiation Subclade Naming
collected through CDC Initial isolation attempts CVVs Generated Emerging subclade of J.2.4 Reassortants
National Influenza via provision of Egg and cell reference viruses with specific amino High growth
Surveillance and respiratory specimens viruses generated to  acid substitutions were reassortants started to
Traveler-Based National Influenza newly emerging subclade designated as subclade arrive at CDC to
Genomic Surveillance Surveillance of J.24 viruses  J.2.4.1 and then given alias K subclade K

&

B S
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Detection Collaborators 2026 SH Vaccine Reference CVV Distribution 2026-27 NH Vaccine
Sequence analysis highlighted Notified Recommendation ferret Reference viruses for Recommendation:
J.2.4 viruses with ten amino  CDC notified other Report: J.2.4 viruses well antisera subclade K Subclade K viruses
acid changes relative to GISRS collaborating  including those with notable Ferret antisera distributed to recommended as
vaccine and promptly centers of their  additional HA substitutions generated to K collaborators and A(H3N2)
performed antigenic findings for newly ~ S144N (a potential addition reference reassorting component
characterization; emerging subclade of  of an N-glycosylation site), viruses and laboratories P
Evidence of antigenic drift J.2.4 viruses N158D, 1160K and Q173R, tested

which have recently emerged
Pre-print Interim US 2025-26 Season SSRN NOTE — timeline length is not to scale
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Thank you!




	Slide 1: Genomic Epidemiology
	Slide 2: Disclaimer
	Slide 3: Reiterating the Points of Genomic Epidemiology
	Slide 4: Goals of Global Influenza Genomic Surveillance: understand circulating viral diversity, where and to what extent
	Slide 5: HA Genetic Groups/Clades/Subclades
	Slide 6: Nextstrain
	Slide 7: Goals of Global Influenza Genomic Surveillance: understand circulating viral diversity, where and to what extent
	Slide 8: Understand the genetic diversity in epidemic
	Slide 9: Understand the genetic diversity in epidemic
	Slide 10: Understand the genetic diversity in epidemic
	Slide 11: Genotype to Phenotype
	Slide 12
	Slide 13: Predictive Models
	Slide 14
	Slide 15: Future Landscape of Influenza Genomics
	Slide 16
	Slide 17: Thank you!

