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PulseNet’s 20th Anniversary 



Human disease 
surveillance 



Each year, an estimated….. 
• 270,000 cases are prevented 
• $507,000,000 saved 

Cost-Benefit Study (Pre-WGS) 



National Cluster Investigations 
(30 – 60 clusters monitored per week) 

State and Local Cluster Investigations 
~ 1,500 per year 



• Local testing 
• Local control of analysis using standard computer 
• Centralized quality assurance 
• Centralized bioinformatics / high performance computing 

(WGS) 
 

PulseNet: A Distributed Laboratory Network 



• Functionality for local, national, and 
international investigations 

• Rapid turnaround time  
• Large pool of resources 
• Local control of patient and commercial 

confidential information 

PulseNet: A Distributed Laboratory Network 

Rationale….. 



PFGE WGS 
Subtyping methods work by grouping 
together cases most likely to share an 
common exposure (such as a food) 

Yes Yes 

“Matches” between cases and 
food/environmental isolates provide a 

hypothesis for investigators 
Yes Yes 

The historical database is routinely 
examined for “matches” to current 

clusters 
Yes Yes 

PFGE à WGS: What has NOT changed? (1)  



PFGE à WGS: What has NOT changed? (2)  

* Such as epidemiological data, trace-back information 

Comparisons between clinical cases and comparisons with food 
and environmental isolates 

PFGE WGS 

A “match” means that an association is 
more likely than if there is no match Yes Yes 

A “miss-match” means an association is 
less likely (but not impossible) Yes Yes 

Other types of data are needed to 
support conclusions* Yes Yes 



Strain Diversity and Outbreak Ecology: A Spectrum  

Point source, single 
agent contamination 

Closely related isolates  

Point source, direct contact 
with environmentally 
contaminated commodities 

Some diversity 

Mass or chronic 
contamination 

High diversity Contaminated irrigation water 



McCollum et al.  NEJM. 2013 369(10):944-53 

Single Outbreaks May Involve Multiple Strains, Serotypes, Even Species 



Single Outbreaks May Involve Multiple Strains, Serotypes, Even Species 
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WGS analysis workflow in PulseNet Labs: BioNumerics 

Reference ID and Allele 
Databases 
• Species name 
• Allele names,  
• Allele code (strain names) 

Calculation Engine:  
Temporary storage, 
• QA/QC 
• Trimming 
• Mapping 
• de novo assembly 
• SNP detection 
• allele detection 

 

Public Health databases 
Database managers 

and end users  

External storage 
NCBI, ENA  

Sequencing 

QC checked raw sequence 
data submitted to NCBI 



U.S. Federal Agencies Global Partners 

U.S. State and Local 
Partners 

Coordination 

• PulseNet USA 
• Genome TrakR 
• Gen-FS 
• PulseNet International 
• Global Microbial Identifier 



Core Genome MLST (cgMLST) Scheme Development 

Campylobacter spp 
Oxford University 

Salmonella enterica 
Shigatoxin-producing E. coli 

Warwick University 

Listeria monocytogenes 
Pasteur Institute 

Vibrio spp 
CDC 



PulseNet International:  Global Vision 



WGS analysis workflow in PulseNet Labs: BioNumerics 

Reference ID and Allele 
Databases 
• Species name 
• Allele names,  
• Allele code (strain names) 

Calculation Engine:  
Temporary storage, 
• QA/QC 
• Trimming 
• Mapping 
• de novo assembly 
• SNP detection 
• allele detection 

 

Public Health databases 
Database managers 

and end users  

External storage 
NCBI, ENA  

Sequencing 

QC checked raw sequence 
data submitted to NCBI 

7-gene MLST ST 
cgMLST  Allelic profile 
wgMLST Allele Code 
Plasmid profile 
(SNPs on demand)                 

Genus/species 
Serotype 
Pathotype 
Virulence 
Resistance 



Reference Characterization by WGS: 
’One Shot’ Characterization Of STEC 

 

 

 

Genus/Species:  Escherichia coli 

Serotype:  O104:H4 

Pathotype: Shiga toxin-producing and enteroaggregative E. coli (STEC/EAEC) 

Virulence profile:  stx2a, aggR, aggA, sigA, sepA, pic, aatA, aaiC, aap 

Sequence Type:  ST678 

wgMLST code: 102.45.26.35.3 

Antimicrobial resistance genes: blaTEM-1, blaCTX-M-15, strAB, sul2, tet(A)A, dfrA7 
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PulseNet Sequencing Capacity – September 2017 

43 labs in 37 
states certified 



Subtyping by WGS: whole genome MLST 

Database Current 
Version 

Total Loci: 
Whole Genome 

(wgMLST) 

Total Loci: 
Core Genome 

(cgMLST) 

Current 
Status 

Projected 
Release 
to Pilot 

Campylobacter v5 6,651 1,343 
(C. jejuni, C. coli) Validation Early 2018 

Escherichia v4 34,453 2,513 
(E. coli) Validation Early 2018 

Listeria Final (v4) 4804 1,748 
(L. monocytogenes) In Pilot released 

Salmonella v4 19,384 3,002 
(S. enterica) Validation Early 2018 

Vibrio TBD TBD TBD In Development TBD 



Total Genomes Sequenced and Submitted to PulseNet 
(Through September, 2017) 
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47,717 Total Genomes 



PulseNet Cases (Human):  U.S.* 

Disease Cases/year 
Listeriosis 800 

Shiga toxin-producing E. coli 
disease 5,000 

Salmonellosis 42,000 

*laboratory confirmed, approximate 



PFGE à WGS: What is DIFFERENT? (1) 

PFGE WGS 

Specificity 
High for some 
organisms, low 

for others 
Very high 

Our ability to evaluate the 
“closeness” of strains Low High 

Nature of the data Categorical*  Continuous 

*i.e. patterns are either indistinguishable or not 



Patterns in OB (11) 
GX6A16.0336/GX6A12.1840 (3b) 
GX6A16.0061/GX6A12.0026 (1/2b) 
GX6A16.0026/GX6A12.0227 (1/2b) 
GX6A16.0336/GX6A12.2255 (3b) 
GX6A16.0020/GX6A12.0227 (1/2b) 
GX6A16.0026/GX6A12.0489 (1/2b) 
GX6A16.0061/GX6A12.2551 (1/2b) 
GX6A16.0617/GX6A12.1840 (3b) 
GX6A16.0026/GX6A12.0077 (1/2b) 
GX6A16.0282/GX6A12.0355 (1/2a)* 
GX6A16.0061/GX6A12.1512 (1/2b) 

Ice cream-Associated Listeriosis 

PFGE Data WGS Data 



WGS Data PFGE Data 

Patterns in OB (11) 
GX6A16.0336/GX6A12.1840 (3b) 
GX6A16.0061/GX6A12.0026 (1/2b) 
GX6A16.0026/GX6A12.0227 (1/2b) 
GX6A16.0336/GX6A12.2255 (3b) 
GX6A16.0020/GX6A12.0227 (1/2b) 
GX6A16.0026/GX6A12.0489 (1/2b) 
GX6A16.0061/GX6A12.2551 (1/2b) 
GX6A16.0617/GX6A12.1840 (3b) 
GX6A16.0026/GX6A12.0077 (1/2b) 
GX6A16.0282/GX6A12.0355 (1/2a)* 
GX6A16.0061/GX6A12.1512 (1/2b) 

Ice cream-Associated Listeriosis 



WGS Data PFGE Data 

Ice cream-Associated Listeriosis 

Patterns in OB (11) 
GX6A16.0336/GX6A12.1840 (3b) 
GX6A16.0061/GX6A12.0026 (1/2b) 
GX6A16.0026/GX6A12.0227 (1/2b) 
GX6A16.0336/GX6A12.2255 (3b) 
GX6A16.0020/GX6A12.0227 (1/2b) 
GX6A16.0026/GX6A12.0489 (1/2b) 
GX6A16.0061/GX6A12.2551 (1/2b) 
GX6A16.0617/GX6A12.1840 (3b) 
GX6A16.0026/GX6A12.0077 (1/2b) 
GX6A16.0282/GX6A12.0355 (1/2a)* 
GX6A16.0061/GX6A12.1512 (1/2b) 



PFGE à WGS: What is DIFFERENT? (2) 

PFGE WGS 
Size of outbreaks 
(number of cases) 

when detected 
Larger Smaller 

Number of outbreaks 
detected and solved Less More 

Possible outbreaks 
ruled out Less More 

Interpretation of case, 
food, and 

environmental 
“matches” 

New or very rare PFGE pattern:  
Strong hypothesis* 
Common pattern: Weak 
hypothesis 

Strongest 
hypothesis* 

* Likely some association, although it may not be direct 



Listeriosis Outbreaks, 1983-2015 
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Collaborative Nation-Wide Real-time Listeria monocytogenes WGS 
Pilot Study: 2013 - 2016 



Is It Possible to have SNP/Allele Cutoff Values? 
(defining related / unrelated) 

• Rule-of-thumb values used routinely 

Current CDC “Rule-of-thumb” cutoffs 

Listeria monocytogenes <20 alleles 
(<30 “watch”) 

Salmonella / STEC;  Suspected foodborne <10 alleles or 
SNPs 

Salmonella / STEC;  Suspected zoonotic < 20 alleles or 
SNPs 



Strain Diversity and Outbreak Ecology: A Spectrum  

Point source, single 
agent contamination 

Closely related isolates  

Point source, direct contact 
with environmentally 
contaminated commodities 

Some diversity 

Mass or chronic 
contamination 

High diversity Contaminated irrigation water 



Is It Possible to have SNP/Allele Cutoff Values? 
(defining related / unrelated) 

• Rule-of-thumb values used routinely 

• “Absolute” cutoff values not possible 

• Combining epidemiology, 
microbiology, and trace-back data is 
the best accurate way of “defining” 
clusters.  



PFGE à WGS: What is DIFFERENT (2)? 

PFGE WGS 
Size of outbreaks 
(number of cases) 

when detected 
Larger Smaller 

Number of outbreaks 
detected and solved Less More 

Possible outbreaks 
ruled out Less More 

Interpretation of case, 
food, and 

environmental 
“matches” 

New or very rare PFGE pattern:  
Strong hypothesis* 
Common pattern: Weak 
hypothesis 

Strongest 
hypothesis* 

* Likely some association, although it may not be direct 



…and that is just on the farm. Once it reaches 
the supply chain, things really “simplify”. 

Schematic model of the Fresh-cut Tomato Supply Chain 

The supply chain is 
complex, and the 

chain-of-transmission 
can be even more 

complex 
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Using Big Data to Improve Food Safety 

• Advanced analytics 
• Metagenomics 



Shotgun Metagenomics 



• Pathogen discovery 

• In situ (direct-from-specimen) pathogen characterization 

• Food identification (in and outside the body) 

• Understanding (and controlling) spoilage, contamination 

• Outbreak root cause analysis / environmental analysis 

• Population biology (e.g. dysbiosis) 

• Host factors 

Selected Metagenomics Food Safety Applications 



CDC Applied Research: Direct-from-Specimen 
Pathogen Characterization Development 

Amplicon sequencing Shotgun metagenomics 

1,000’s of MLST targets 

• Enrichment of 
pathogen 
targets 

• Unbiased 
sequencing 



1Scallan E, et al. Emerg Infect Dis. 2011 Jan;17(1):16-22 
2Scallan E, et al. Emerg Infect Dis. 2011 Jan;17(1):7-15. Calculated from: 

Pathogen Discovery 

Etiology of Acute Gastroenteritis: U.S.1,2  



• More outbreaks solved more quickly 
• More illnesses prevented 

Subtype and 
Serotype data 

Uploaded 

Patient Eats 
Contaminated 

Food  

Stool 
Sample 

Collected 

Salmonella 
Identified 

Shipping 
0–7 days 

Public Health 
Laboratory 
Receives 
Sample 

Serotyping  
and DNA fingerprinting  

2–10 days 

Patient  
Becomes 

Ill 

Contact with  
health  

care system  
1–5 days 

Onset of Illness 
1–3 days 

Diagnosis  
1–3 days 

• Opportunity to reduce 
reporting time 

Food Vehicle 
Identified 

Direct-from-specimen Tests: Reduce Time to Actionable Results 



Use of Culture-Independent Diagnostic Tests (CIDTs) Are 
Increasing —  FoodNet, 2012–2016 

CIDT only 
[PERCENT

AGE] 

Culture 
confirmed 
[PERCENT

AGE] 

2012–2015 

CIDT only 
[PERCENT

AGE] 

Culture 
confirmed 
[PERCENT

AGE] 

2016 

Annual percentage of bacterial infections diagnosed by CIDTs 



Subtyping Methods: Isolate Dependency  

Method Isolates Required? 

PFGE Yes 

WGS Yes 
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 The findings and conclusions in this presentation are those of the author and do not 

necessarily represent the views of the Centers for Disease Control and Prevention 

Whole Genome Sequencing (WGS) at 
CDC (PulseNet) 
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