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A genomics-based approach to
global public health surveillance

Advancing global pandemic preparedness and infectious disease
monitoring for a healthier world




What is genomics-based public health How does genomics contribute to

What is public health surveillance? surveillance for infectious diseases? public health surveillance?
Public health surveillance is the ongoing, systematic collection, analysis, and interpretation of A core function of public health as an effort is to help Genomics-based public health surveillance allows for:
health-related data essential to planning, implementation, and evaluation of public health practice.’ achieve equity within our communities. By focusing on
community-wide prevention and overall health, public ) )
The goal of public health surveillance is to collect, analyze, interpret, and disseminate public health data to be health saves our communities money, improves our Dgtectpn of novel, emerging, and
used for health action by ministries of health, public health personnel, government leaders, and the public to quality of life, helps children thrive, and reduces circulating pathogens
guide public health policy and programs.? human suffering.
@m Tracking of infectious agent transmission
Genomics-based surveillance integrates next- and disease spread within a community
The growing threat of infectious diseases to public health generation sequencing (NGS) and public health
o . . . . . o o surveillance for genomic-level monitoring of infectious N Understanding of pathogen behavior
Modern urbanization of hl‘s‘torlcally |§olated habrfats, widespread accessibility 'Fo global trave!, and'rlsmg‘global diseases. NGS technology has significantly and rapidly .{’.,\o (infectivity and pathogenicity) and mapping
tempgraturgs have all faC|I|tat'ed the increasing risk of exposure to, afnd'tr.ansmlssmn of, new infectious dl.seases. deepened our understanding of pathogen behavior, o ° the evolution of variants
Infectious disease outbreaks impact not onI){ the personal healtt.1 of |nq|V|duaIs, but alss: lead to long-lasting effects evolution, and circulation within global populations.
on employment, healthcare systems, education, travel, and quality of life at a local, national, and global level. ,3% Development of diagnostics and design of
'hi' therapeutic vaccines and treatments

. . . . . . Infectious diseases can be caused by:
> Estimated direct global mortality of recent infectious disease outbreaks
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“There is a clear need for a globally
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Ebola (2014-2016) ;.'; y \Q/> for pathogens with pandemic and
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COVID-19 (2019-present) Fungi Parasites —World Health Organization (WHO)®

Genomics-based public health surveillance uses
NGS to monitor pathogens at the level of their
genetic makeup (DNA/RNA)
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> Estimated global economic impact of recent infectious disease outbreaks

SARS (2003)
H1N1 Swine Flu (2009)

Ebola (2014-2016)

COVID-19 (2019-present)

1
10° log scale 1020

For Research Use Only. Not for use in diagnostic procedures. M R64 V1.0 ‘ _— ' s - illumina



Impact of NGS on infectious disease monitoring

NGS technology is bringing genomics to the forefront of public health surveillance, providing unprecedented speed and
scale to infectious disease monitoring and pandemic response.

COVID-19 pandemic (2019-present)

SARS epidemic (2002-2003)

Availability of NGS Q

Time from first reported case to
identification of causative virus

26 days’ 4 months?®

Time from first case to first
publicly available genome

22 days® 6 months™

Publicly available genomes

~80,000 1
(9 months into outbreak) 1 genomes

31 genomes*?

Time from first case to first

commercially available PCR- 3 months™ 6 months™
based diagnostic test
Time from first case to first

20 months' N/A2

approved mRNA-based vaccine

a. Not applicable.

Three pillars of pandemic preparedness supported by NGS-based genomics

Three pillars of pandemic preparedness provide a framework for advancing pathogen detection within a population,
improving rapid responses to ongoing outbreaks, and supporting research towards the discovery of emerging infectious
agents. Each pillar can be upheld by the implementation of NGS-based genomics.

Pandemic preparedness

Early Outbreak Insights
detection

response research

Genomics-based public health surveillance supports:

e Understanding disease
mechanisms

* Designing diagnostics and
therapeutics

* Developing mMRNA vaccines

« Detecting circulating pathogens

e |dentifying new and emerging
pathogens

e Screening animal reservoirs for
zoonotic viruses

e Tracking transmission
» Monitoring variants of concern

through NGS methods such as whole-genome sequencing, metagenomics, target enrichment, and amplicon sequencing

“Advance planning and preparedness are critical to help reduce the impact
of a pandemic.”

—~Centers for Disease Control and Prevention (CDC)"®

For Research Use Only. Not for use in diagnostic procedures.

Whole Genome Sequencing:

Analyzes full genome(s) of microbe(s) of interest

Epidemiology Pathogen discovery

Binary positive/negative result to track
epidemiology of pathogens over time
across geographical regions

Identification of extremely rare or newly
emergent pathogens causing disease

Breadth of public
health surveillance

applications supported
by NGS methods

Target
Enrichment:

Amplicon:

Sequences a custom
amplified target to
assess the presence
of a specific pathogen

Detects enriched
targets from primary
samples for pathogen
identification

Antimicrobial resistance Variant detection

Determination and classification
of pathogen strains

Identification of the existence of known
antimicrobial resistance markers in positive
samples to inform future treatment paradigms

Metagenomics:

Analyzes all nucleic acids of microbes
within a complex sample
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“Current uses and future applications of genomic technology are critical
for improving the health and livelihood of people in all parts of the world,
regardless of economic status.”

—World Health Organization (WHO)®

Ilumina offers a wide range of educational, support, and training programs to facilitate the globalization of
NGS-based public health surveillance tools:

! Wk S BEL)
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Global education programs Comprehensive global product Online webinars and training videos
Providing STEM education tools to support services and supply chain Streamlined how-to videos catered to
bring the powerful field of genomics Tailored service plans for accessing inexperienced NGS users
into local classrooms Illumina expertise through

global customer support teams,

manufacturing locations, and
regional supply chains

Ny

e Enabling the accessibility of NGS technology to public health labs from various regional economies
e Supporting a variety of global public health networks with NGS tools and education

 Establishing sequencing capabilities in resource-constrained countries to build critical public health surveillance capabilities

Uphold pandemic preparedness by using NGS to bolster early detection, monitor outbreak response, and support
insights research. Ask virtually any question related to the genome with NGS library prep kits optimized for lllumina
sequencing systems. lllumina provides various software solutions for customer needs. For example, the DRAGEN™ Bio-
IT Platform provides accurate, comprehensive, and efficient analysis of NGS data, driving insights. Even new-to-NGS
users will find the workflows and applications easy to adopt. In addition, a team of experts is available to support you
24/7 globally.

Method Library prep and panel content Data analysis
Whole-genome sequencing e [llumina DNA Prep
Metagenomics e [llumina DNA Prep

e lllumina RNA Prep with Enrichment * BaseSpace™ Sequence Hub

* Respiratory Virus Oligo Panel (RVOP)

« Viral Surveillance Panel (VSP)

e Pan-Coronavirus Panel (Pan-CoV)

e [llumina Respiratory Pathogen ID/AMR
Panel (RPIP)

e« DRAGEN Bio-IT Platform
Target enrichment

Explify™ Platform

Illumina Connected Analytics (ICA)

e lllumina COVIDSeq™ Assay

AMDli .
mpricon sequencing e |llumina COVIDSeq Test?

a. For Use Under An Emergency Use Authorization Only

For Research Use Only. Not for use in diagnostic procedures.

Partnering with Illumina

Partnering with Illlumina provides easy access to NGS
tools and workflows for your public health surveillance
and infectious disease monitoring needs.

NGS platforms with proven performance -

Ilumina NGS instruments have been adopted by leading
institutions around the globe, both big and small, and are
the production platform for many genome centers.

Start

MERCURY

Each sequencing platform delivers exceptional data
quality and performance, with flexible throughput and
simple, streamlined workflows—for every scientist, for
every project.

Visit www.illumina.com/systems to learn more.

illumina

\\\\\\\W\“\“m\“w\\“\\ S Al’
"_——/

References

-

. Gregg MB. Field Epidemiology. Oxford University Press; 2008.

2. CTX | Why Is Public Health Important? www.concordia.edu. https://www.concordia.edu/blog/why-is-public-health-important.html#:~:text=By %20
focusing%20on%20community%2Dwide. Accessed September 23, 2022.

w

. Jamison DT. Disease Control Priorities, 3rd edition: improving health and reducing poverty. Lancet. 2018;391(10125):e11-e14.

4. World Health Organization. WHO COVID-19 dashboard. World Health Organization. Published 2022. https://covid19.who.int/. Accessed
September 20, 2022.

5. A World at Risk : Annual report on global preparedness for health emergencies - Global Preparedness Monitoring Board [EN/AR/RU/ZH] - World.
ReliefWeb. https://reliefweb.int/report/world/world-risk-annual-report-global-preparedness-health-emergencies-global-preparedness. Accessed
September 20, 2022.

6. WHO global genomic surveillance strategy for pathogens with pandemic and epidemic potential 2022-2032. www.who.int. https://www.who.int/
initiatives/genomic-surveillance-strategy. Accessed September 20, 2022.

7.CDC. CDC Museum COVID-19 Timeline. Centers for Disease Control and Prevention. Published January 5, 2022. https://www.cdc.gov/museum/
timeline/covid19.html. Accessed September 28, 2022.

8. CDC. CDC SARS Response Timeline. Centers for Disease Control and Prevention. Published 2019. https://www.cdc.gov/about/history/sars/timeline.
htm. Accessed September 28, 2022.

9. Saravanan KA, Panigrahi M, Kumar H, et al. Role of genomics in combating COVID-19 pandemic. Gene. 2022;823:146387. doi:10.1016/].
gene.2022.146387

10. Cherry JD. The chronology of the 2002-2003 SARS mini pandemic. Paediatr Respir Rev. 2004;5(4):262-269. doi:10.1016/j.prrv.2004.07.009

11. Chen AT, Altschuler K, Zhan SH, Chan YA, Deverman BE. COVID-19 CG enables SARS-CoV-2 mutation and lineage tracking by locations and dates of
interest. Elife. 2021;10:e63409. Published 2021 Feb 23. doi:10.7554/eLife.63409

1

N

. Stadler K, Masignani V, Eickmann M, et al. SARS--beginning to understand a new virus. Nat Rev Microbiol. 2003;1(3):209-218. doi:10.1038/nrmicro775
1

w

. Carter LJ, Garner LV, Smoot JW, et al. Assay Techniques and Test Development for COVID-19 Diagnosis. ACS Cent Sci. 2020;6(5):591-605.
doi:10.1021/acscentsci.0c00501

14. Hourfar MK, Roth WK, Seifried E, Schmidt M. Comparison of two real-time quantitative assays for detection of severe acute respiratory syndrome
coronavirus. J Clin Microbiol. 2004;42(5):2094-2100. doi:10.1128/JCM.42.5.2094-2100.2004

15. Commissioner O of the. FDA Approves First COVID-19 Vaccine. FDA. Published August 23, 2021. Accessed October 5, 2022. https://www.fda.gov/
news-events/press-announcements/fda-approves-first-covid-19-vaccine#:~:text=Today%2C%20the%20U.S.%20Food%20and. Accessed
September 28, 2022.

16. CDC. Global Pandemic Flu Planning. Centers for Disease Control and Prevention. Published June 27, 2017. https://www.cdc.gov/flu/pandemic-
resources/planning-preparedness/global-planning.html. Accessed September 21, 2022.

M-GL-01264 v1.0 illumina



The time to prepare for
the next pandemic is now.

(This is the genome era. >

At lllumina, we offer technology and support to cover integrated NGS workflows,
from library preparation to data analysis and sharing.

Our optimized end-to-end workflows are unrivaled in operational simplicity, fast turnaround times,
and streamlined use.

ckdo Our passionate customer and partner care network is committed to creating a global network to
support critical public health surveillance strategies through NGS-powered genomics.

Learn more

illumina

1.800.809.4566 toll-free (US) | +1.858.202.4566 tel
techsupport@illumina.com | www.illumina.com
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