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Infectious Disease 

Illumina Portfolio 

Publications – Use Cases 

– Public Health 

– Clinical Microbiology 

Outline 
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Infectious Disease 
A Top Priority for Public Health Policy 

Dame Sally Claire Davies, CMO, England 

First in-depth report focused on infectious diseases: 

• Globally, this group of diseases represents the 

greatest cause of death and burden of disease. 

• New infectious diseases are emerging every year; 

• Older diseases are re-emerging as they become 

resistant to our antimicrobial drugs. 

Dr. Tom Frieden, Director of US CDC 

$40M Requested for Advanced Molecular Detection  

and Response to Infectious Disease Outbreaks.  

Sequencing tools, information technologies and 

bioinformatics experts to enable faster and more 

effective infectious disease prevention and control. 

http://en.wikipedia.org/wiki/File:Professor_Dame_Sally_Davies_-NHS_Confederation_annual_conference,_Manchester-8July2011.jpg
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Globalization 

“An outbreak anywhere is a risk everywhere”1 

1Source:  Dr. Frieden speech, National Press Club, Sept. 2013. 
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1Source:  Dr. Frieden speech, National Press Club, Sept. 2013. 

Emerging Infectious Disease 
Daily, the US CDC initiates an investigation of at least  

one new infectious disease or environmental threat.1 
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Antibiotic Resistance 
High economic and social costs 

US Statistics 

2M – number of people are 

sickened every year with antibiotic-

resistant infections,  

23,000+ deaths per year 

$20 billion in excess direct 

healthcare costs 

$35 billion a year in additional costs 

to society for lost productivity  

 

Neisseria 

Gonorrhoeae 
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Next Generation Sequencing (NGS) & Infectious Disease 
High resolution genomic information enables a range of research 

Characterization 
Rearrangements & 

Evolution 
Discovery 

Host Pathogen 

Interaction 
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Next Generation Sequencing (NGS) & Infectious Disease 
Applications development 

• Surveillance 

• Transmission 

• Development of 

diagnostic tests 

• Vaccine development 

• Antibiotic and antiviral 

development 

Molecular Dx Therapeutics Public Health 
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Founded in 1998  

Headquarters in San Diego, CA 

>2,700 employees 

Global commercial operations, 

facilities in 7 countries.  

IP portfolio of 159 issued  

patents and 171 pending applications 

90% of the worlds DNA sequencing 
data is from Illumina platforms  

$1000 Genome achieved and 

enabled for the masses - 2014 

 

 

Illumina, Who We Are 
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Illumina Vision 
Innovating for the Future of Genetic Analysis 

To advance human health by unlocking the power of the genome 

To Targeted Validation and Beyond… 

From Genome Wide Discovery… 
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Illumina Next Generation Sequencing 
Impacting Human Health 

Jay Flatley 

President and CEO 

Human Health 

Genetics 

Infectious 

Disease 

Research Reproductive  

Health 

Forensics 

Consumer 

Cancer 

BioPharm 

Agriculture 

Human Health 

Infectious  

Disease 

Research Reproductive  

Health 

Forensics 

Consumer 

Cancer Agriculture 

Genetic 

Health 

Population 

Genetics 

Oncology 
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The New Illumina Portfolio 
Sequencing Power for Every Scale 

MiSeq 

Focused Power 

NextSeq 500 

Flexible Power Regulated Power 

MiSeqDx 

Production Power 

HiSeq 2500 

Population Power 

HiSeq X Ten 

Speed and 

simplicity for 

whole-genome, 

exome, and 

transcriptome 

sequencing. 

Speed and 

simplicity for 

targeted and 

small-genome 

sequencing. 

The world’s first 

CE-IVD and FDA 

cleared NGS 

platform. 

Power and 

efficiency for large-

scale genomics. 

$1,000 human genome 

and extreme throughput 

for population-scale 

sequencing. 
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Introducing NeoPrep 
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Throughput to Match Microbiology Applications 

High  

Throughput 

Low 

Throughput 

Shotgun metagenomics 

Human microbiome, microbial diversity 

Gene content and discovery 
 

rRNA Metagenomics 

Relative abundance of microbial 

diversity 

– 16S for bacteria and archaea 

– 18S for eukaryotes 
 

Microbial genomics 

Detection 

Identification 

Antibiotic sensitivity testing 

Molecular epidemiology 
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Sample to Answer Workflow Solutions 

Sample Prep Answer Sequence 

AMPLICON 

SEQUENCING 
16S RRNA 

SEQUENCING 

MICROBIAL  

WHOLE GENOME 

TRANSCRIPT-

OMICS 

SHOTGUN 

METAGENOMICS 

MICROBIOLOGY SOLUTIONS 
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Sample to Answer Workflow Solutions 

16S 

Metagenomics 

De Novo 

Assembly 
Resequencing Generate 

FASTQ 
SRA  

Submission 

SPAdes  

Genome  

Assembler 

DNAStar  

SeqMan Ngen 

Assembler 

Broad IGV 

Genome 

Visualization 

$ 

PathGen DX,  

PathSeq Virome 
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Characterizing Infectious Disease in the Genomics Era 
Transitioning to advanced genomic methods 

Culture 

Serotyping 

Antibiotic susceptibility 

Multi-locus Enzyme Electrophoresis 

Bacteriophage typing 

Pulse Field Gel Electrophoresis (PFGE) 

PCR 

Microarrays 

Sanger Sequencing 

Next Generation Sequencing 

Traditional Genotyping 
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Today’s Market: Clinical Microbiology 
No universal method answers all questions 

Detection Identification Susceptibility Testing Epidemiology 



19 COMPANY CONFIDENTIAL – INTERNAL USE ONLY 

Surveillance and outbreak detection – single lab or network of labs 

Sub-typing and characterization 

Epidemiology and traceback – e.g., food recalls 

Pathogen Analysis – Where Does NGS Fit Today? 
Pathogen sub-typing and epidemiology 

Detection Sub-typing Epidemiology/Traceback Identification 

Outbreak detection 

(relatedness) 

Strain level 

identification 

Virulence 

Database/ 

Analysis 

Outbreak detection 

Strain level 

identification 

Virulence 



20 COMPANY CONFIDENTIAL – INTERNAL USE ONLY 

Case Studies 
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Let’s see some real life stories… 

Micobacterium 
tuberculosis 

UK 2013 

MRSA Outbreak 
Transmission 

Salmonella enterica 

FDA Genome Trakr Network 
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Let’s see some real life stories… 

Micobacterium 
tuberculosis 

UK 2013 

MRSA Outbreak 
Transmission 

Salmonella enterica 

FDA Genome Trakr Network 
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Retrospective study 

Comprehensive WGS study of tuberculosis 

transmission in the Midlands region, UK 

Study Aim: 

How much genetic variation is there in TB 

isolates obtained at the same time but from 

different sites in an individual? 

How much variation accrues in a patient 

during the course of an infection? 

In household transmission, when the source 

of infection is known, how much do isolates 

vary between patients? 

Can patients be ruled in or ruled out as part 

of community outbreaks with thresholds of 

variation and how often do patterns suggest 

super-spreading? 

M. tuberculosis outbreak investigations 
Calibration & Validation of Genomic Epidemiology  

 

Walker et al. 2013 
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Characterized isolates into four groups 

– Cross-sectional 

– Longitudinal 

– Household 

– Community 

Sequenced 390 separate isolates from 254 patients, including 

representatives from all five major lineages of M. tuberculosis, from an 

archive of frozen cultures 
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WGS M. tuberculosis Sequencing  
Workflow 

Sample 
Prep 

Library 
Prep 

Sequencing Analysis 

• Genomic DNA 

extracted from 

culture. 

• Modified 

Illumina DNA 

library prep. 

• Sequencing on 

HiSeq 

• Sequencing kit:  

150 cycle kit,  

2 x 75 bp paired-

end sequencing. 

• Primarily used 3rd 

party tools for 

alignment to 

reference, variant 

analysis and 

construction of 

maximum 

likelihood trees. 
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Genetic diversity of related isolates 
M. tuberculosis 

Within-host diversity 

– <5 SNPs/patient (both cross sectional 

and longitudinal) 

Threshold for isolates within a 

household belonging to a specific 

outbreak cluster: ≤5 SNPs  

Threshold for MIRU-VNTR-based 

communities differed by ≤5 SNPs and 

not more than 12 SNPs 
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Genetic distances within 11 community clusters 
MIRU-VNTR-based 

Cryptic Outbreak 

Super Spreaders 

Transmission ruled out 
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Conclusions 

Whole genome sequencing of TB using next generation sequencing provides 

high resolution data for investigating tuberculosis outbreaks and transmission 

pathways. 

Within VNTR-defined clusters, WGS offers sufficient resolution to identify or 

discount outbreaks. 

Declining costs and time to result of NGS platforms make NGS a valuable tool 

for complex community outbreaks when epidemiological data is limited. 
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Let’s see some real life stories… 

Micobacterium 
tuberculosis 

UK 2013 

MRSA Outbreak 
Transmission 

Salmonella enterica 

FDA Genome Trakr Network 
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WGS of a Hospital Outbreak of MRSA 
MiSeq Halts Superbug Spread 

Background: 

Hospital infection teams identify 12 infants 

colonized with MRSA over 6 months (2011). 

Link suspected, but a persistent outbreak could 

not be confirmed with conventional methods. 

Study Aim: 

Can WGS help understand transmission and 

distinguish between MRSA strains.  

Results: 

Identified a carrier that allowed the outbreak to 

persist. 

Identified a new a MRSA strain not previously 

seen in the hospital. 

Showed previously unsuspected transmission 

between the hospital and community. 
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Epidemiological Map of SCBU Cases 

Investigation triggered: 

Reviewed 14 MRSA isolates from SCBU 

during preceding 6 months 

– 14 were a new strain, not seen 

before in that hospital 

– 3 cases were most common strain in 

the hospital 

 

Investigating MRSA Transmission 

MRSA screen of all infants entering a 

Special Care Baby Unit (SCBU) and 

weekly thereafter. 

3 infants were carriers 

Identical antibiotic resistance pattern 

 

 

 

Time gaps, no carriers 

overlapped.  Source? 

Outbreak? 

Multiple infants putatively 

linked to an outbreak 
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Identify 10 additional non-SCBU 

cases over the past 3 month 

period. 

Epidemiological link to the SCBU 

cases? 

Another MRSA carrier admitted 

to the SCBU - 64 days after the 

last positive MRSA case left the 

SCBU.  

Sequencing revealed that this 

case differed from the new strain 

by 4 SNPs. 

Investigating MRSA Transmission 

What to do? 

Sequenced-based phyogenetic tree,  

cases 1-14, new strain. 
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Next steps 

Now 15 infants are putatively linked to 

an outbreak 

Staff member(s) now suspected to be 

carriers 

Screened 154 SCBU staff members 

for MRSA 

 

Investigating MRSA Transmission 

One member was positive 

Sequencing confirmed that isolate is 

closely linked to outbreak strains 

Staff member was relieved of clinical 

duties and successfully decolonized 

Outbreak was halted 
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How long was the staff member colonized? 
A range of 251 days before to 164 days after the first case 

 
Epidemiological Map of all MRSA cases  

identified by whole genome sequencing. 
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NGS enable more precise identification of patients involved in an outbreak of 

MRSA compared to standard infection control techniques. 

WGS data and epidemiology mapping had a direct impact on infection control 

activities. 

Cost benefit – while there is no detailed analysis, the paper points out that the 

cost of containing the outbreak was about £10,000.  Compared to the cost of 

sequencing £97/sample. 

Future needs: 

– A central database for comparison of sequence data with previous local and national 

isolates.  

– A system for automated interpretation and linking of genome sequence data. 

 

Conclusions 
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Let’s see some real life stories… 

Micobacterium 
tuberculosis 

UK 2013 

MRSA Outbreak 
Transmission 

Salmonella enterica 

FDA Genome Trakr Network 
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FDA Selects MiSeq for Next Generation Sequencing to 

Identify Foodborne Pathogens 

7 State health departments 

and 10 FDA-ORA labs 

Genome Trakr Network1 

A pilot network and coordinated effort 

across state and federal labs.  

Sequencing pathogens collected from 

foodborne outbreaks, contaminated 

food products and environmental 

sources. 

Genome Trakr - genomic reference 

database at NCBI where sequencing 

data is archived. 

Genome Trakr is open-access to 

enable analysis in real time, speeding 

up investigations and contamination 

control. 

Source: 

http://www.fda.gov/Food/FoodScienceResearch/WholeGenome

SequencingProgramWGS/ucm363134.htm 
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FDA Protocol 
Application:  Bacterial whole genome squencing from culture 

Nextera  

Library Prepc 

MiSeq & 

Primary 

Analysis 

• Nextera XT 

• ~12 samples 

per run 

• Sequencing kit:  

500 cycle kit,  

2 x 250 bp 

paired-end 

sequencing. 

• 20x-40x 

coverage 

 

• MiSeq Reporter 

workflow:  

Generate FASTQ 

• Lyse cells from 

cultured  

isolate 

• Genomic DNA 

extraction • Data sent to FDA 

or  BaseSpace for 

storage and 

sharing with FDA 

and upload to NCBI 

SRA database and 

analysis. 

• Grow 

culture 

Nextera  

Library Prepc 
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FDA CFSAN Network Model 

Over 4,700 
genome 
sequences 
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Impact:  NGS Used to Assess Food Pathogen Outbreak in 

Food and Clinical Samples 

 

Compared with pulsed-field gel 

electrophoresis (PFGE), WGS provides 

clearer distinction between cases and 

foods that are likely part of a given 

outbreak and those that are not. 
 

  

Whole-genome sequences of the Listeria strains 

isolated from Roos Foods cheese products were 

available after the recall and were found to be 

highly related to sequences of the Listeria strains 

isolated from the patients. 
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Illumina Continuously Strives to Improve 

Innovating to meet customer needs 

• FDA website:  Compared with PFGE, WGS provides 

clearer distinction between cases and foods that are 

likely part of a given outbreak and those that are not.  

• MiSeq delivers most integrated bench top instrument. 

• Sample prep products with minimal hands-on steps. 

• Automated data analysis available with MiSeq Reporter 

and on BaseSpace. 

• Great than 85% of all NGS bench top data is generated 

on the MiSeq. 

• Illumina technology was selected by FDA over other 

bench top platforms for quality and ease of use. 

NGS Impact 

Accessible 

Methods 

Illumina is 

the NGS 

Leader 

• Expanding read lengths, 2x300 bp in V3 chemistry 

• Expanding BaseSpace applications for microbiology 

• Delivering automated solutions for sample prep 

Product 

Innovation 
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Thank You 


