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Diagnostic Methods Through Time 

2000s:  
Polymerase Chain 

Reaction (PCR) tests 
 

1860s:  
Culture-based tests  

 

2010s:  
Multiplex Syndrome-
based PCR panels 

 

Culture-independent Diagnostic Tests 

1980s-90s:  
Antigen-based tests 

 



GenMark Dx 
eSensor XT-8 

Cepheid GeneXpert 

Applied Biocode 

Nanosphere's Verigene 

Enteric Pathogens (EP) 

Test  

BioFire FilmArray 
BD Max 

Luminex xTag GPP 

Syndromic CIDT Panels: GI Disease 



CIDT Benefits 

Faster results 

Targeted treatment 

Single test can detect or rule-out 
multiple pathogens (e.g., viruses,  
parasites, and bacteria) 

Unified laboratory workflow 

Likely more sensitive than culture 

Faster information for local public 
health action 

Data on agents not formerly 
available (e.g. ETEC)  

 



Demise of GC Culture 

• Rapid (hours) 

• Urine specimen (vs urethral swab) 

• Includes Chlamydia trachomatis 

• High sensitivity/specificity 

• No susceptibility data 

• No public health strain tracking ability 

• Specimen incompatible with culture 



Challenges 

Patient management 
● Interpretation issues 

 Viable, dead cells not distinguished 

 Multiple pathogens may be detected 

● Empiric treatment only (based on Rx guidelines) 

● High specificity 

Surveillance & outbreak management 
● Interpretation issues 

 Back-to-school/work 

 Understanding trends 

 Case definitions 

● No isolates for laboratory-based surveillance 
 Susceptibility monitoring, informs Rx guidelines 

 Outbreak detection / investigation (e.g. PulseNet) 

 Virulence monitoring 

 

 



Jurstrand M, Fredlund H, 

Unemo M. Sex Transm 

Infect. 2013; 

Nov;89(7):607-8 



Challenges 

Patient management 
● Interpretation issues 

 Viable, dead cells not distinguished 

 Multiple pathogens may be detected 

● Empiric treatment only (based on Rx guidelines) 

● High specificity 

Surveillance & outbreak management 
● Interpretation issues 

 Back-to-school/work 

 Understanding trends 

● No isolates for laboratory-based surveillance 
 Susceptibility monitoring, informs Rx guidelines 

 Outbreak detection / investigation (e.g. PulseNet) 

 Virulence monitoring 

 

 



Accurate Case Counts:  Burden, Attribution, Trends 



http://c.ymcdn.com/sites/www.cste.org/resource/resmgr/2016PS/16_ID_03.pdf 

Notifiable Disease Case Definitions 
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Foodborne illness in the U.S. 

 48,000,000/yr 

 3,000 deaths 

 

“That's an unacceptable price to pay for 
contaminations that are mostly preventable.” 

– Kathleen Sebelius, Secretary of Health and Human Services  



Pathogen-Specific Laboratory-based 
Surveillance 

• Often widely dispersed 
• Best way to discover 

new food production 
and distribution 
problems 



Ice-Cream Associated Outbreak;  

U.S.A.,1994 

>250,000  cases 

48 States 



Salmonellosis Cases   

Minnesota; June – October 1995 
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Salmonella spp. Salmonella Enteritidis





What Is PulseNet? 



National Cluster Investigations: 
30 – 60 monitored per week 

State Cluster 
Investigations: 

1,500 – 2,000 per year 



August 29, 2014 



PulseNet Cost Effectiveness (Pre-WGS) 

 >270,000 illness 
prevented/year 

 >$507,000,000 
saved per year 
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PulseNet International 

7 Regions  
86 countries 

European 
FWD-Net 

PulseNet 
Asia-Pacific 

PulseNet 
Middle East 

PulseNet 
Africa 

PulseNet 
Latin America 

PulseNet 
USA 

PulseNet 
Canada 
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東京 

埼玉県 

群馬県 

新潟県 

長野県 

奈良 

大阪府 

京都府 
兵庫県 

香川県 

愛媛県 

広島県 

山口県 

レストラン 

患者数 

岐阜 

プラント 

関東エリア 
 

84 c/t 
関西エリア 

 
236 c/t 

1 

4 

2 

1 

1 

1 

1 

5 

17 restaurant 
chain: 38 cases 

3 
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原因物質の可能性の
高いロット 

Lot:8月3日製造 
320 c/t 

1 

Diffuse outbreak of EHEC caused by molding 
meat manufactured by one factory 

From  Dr. Kiyosu Taniguchi 



PulseNet: Isolate Dependency 

Method Isolates Required? 

PFGE Yes 

MLVA Yes 

WGS Yes 



A Conundrum…. 

The adoption of new 
laboratory tests which will 
likely improve patient 
care, could result in 
hundreds of thousands of 
additional cases per 
year….unless we take 
appropriate action. 



Surveillance  by 
current methods 

(serotyping, AST, 
PFGE, MLVA etc.) 

Surveillance  by 
whole genome 

sequencing 
(WGS) 

Surveillance by 
direct 

characterization 
in specimens 

1.  Preserve cultures 

2. Build a sequence-based 

infrastructure 

3. Culture-

independent methods 

CDC Plan to Adapt to CIDTs 
(Isolate Issue) 
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Multiplex PCR Panels – Generic Workflow 

SPECIMEN 
SAMPLE TUBE 

WITH REAGENTS 

INSTRUMENT POSITIVE 

NEGATIVE 

t=0 t=5 min t=1–2hr t=24–72hr 

REPORT 

Multiplex PCR and 
Target Detection 

  

RESULTS  

Reflex  
Culture 

REFLEX CULTURE 

A REFLEX 
CULTURE is a  

test done when 
initial testing is 

positive  
and additional  
information is 

needed. 



 Development of streamlined 
pathogen-specific isolate 
recovery protocols 

 Making sure reflex culture is 
possible 

 Encouraging reflex culture 

Strategies for Preserving Isolate Availability 
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 Provide public health 
information in product inserts 

 Seek reimbursement 
mechanisms for laboratories 

 Guide states in development 
of disease reporting rules 

Encouraging Reflex Culture 



Test 
Regulation 

Laboratory 
Regulation 

Test 
Reimburse-

ment 

Reporting 
Rules, state 

capacity 
(culture of +’s) 

Test 
Develop-

ment 

FDA-Device 
Licensure 

CLIA, CAP, 
Joint 

Commission 

CMS 
AHIP 

State 
Governments, 

APHL, CSTE 

Medical 
Device 

Industry 
(Advamed) 

“Regulatory” Workgroup 

Also represented:  IDSA, CDC/OID/NCHHSTP; CDC/OSELS/LSPPO 



Regulatory Workgroup Products 

 Product insert language 

 Information packets for device industry 

 Model language for State Reporting Rules 

 Document exploring laboratory 
reimbursement for reflex culture 



Suggested Public Health Language to be included in the precaution statement of 
package inserts for newly cleared or approved molecular multi-analyte 
gastrointestinal disease agent detection panels 
 
 
Precaution related to Public Health Reporting:  Local, state, and federal rules and 
regulations for notification of reportable diseases are continually updated and include 
a number of organisms that are important for surveillance and outbreak 
investigations.1-2.   Laboratories are responsible for following their state and/or local 
rules pertaining to reportable pathogens and should consult their local and/or state 
public health laboratories for isolate and/or clinical sample submission guidelines.  
 
 
 
1. Summary of Notifiable Diseases. MMWR 
 http://www.cdc.gov/mmwr/PDF/wk/mm6153.pdf 
 
2. CIFOR Analysis of State Legal Authorities. 
http://www.cifor.us/documents/CIFORAnalysisStateLegalAuthorities.pdf 



Antibiotic Susceptibility Monitoring 

 
 
 
 
 

Treatment Guidelines 

Sentinel isolate-based 
surveillance  
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PFGE, MLVA etc.) 
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sequencing 
(WGS) 

Surveillance by 
direct 

characterization 
in specimens 

1.  Preserve cultures 

2. Build a sequence-based 

infrastructure 
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independent methods 

CDC Plan to Adapt to CIDTs 
(Isolate Issue) 



Whole Genome Sequencing 
Capacity In The States  

PulseNet certified: 

27 labs 

24 states 



Surveillance  by 
current methods 

(serotyping, AST, 
PFGE, MLVA etc.) 

Surveillance  by 
whole genome 

sequencing 
(WGS) 

Surveillance by 
direct 

characterization 
in specimens 

1.  Preserve cultures 

2. Prepare for the future 

working on  pure cultures 

3. Culture-

independent methods 

Lab Perspective:  Current and Future Activities 
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Why Develop Direct-from-specimen Tests to  
Characterize Pathogens?  

Specimen compatibility with 
commercial systems  

● Even if biologically inactivated 

Reduced time to actionable results 

 



Science. 336:8 1246-1247 

• Microbial genomes; ~1,000 

species per person, ~100 billion 
organisms/gram 

o Bacteria 
o Viruses 
o Parasites 
o Fungi 

• Other genomes 
o Human  
o Food Animals 
o Plants 

o Some pathogens genetically 
similar to commensal flora  

Human Feces 
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Pathogen Marker Virulence Resistance Strain type 

STEC (STRAIN 1) 

Bifidobacterium spp. 

Bacteroides spp. 

STEC (STRAIN 2) 

Non-pathogenic E. coli 

Enterobacter spp. 

Fusobacteria 

Direct-from-stool Pathogen Characterization 

X 

X 

X 

X 

X 

“phasing” 



Amplicon 
Sequencing 
(short-term) 

Shotgun 
Metagenomics 
(long-term) 

Targeted  
wgMLST 

 Pathogen-specific  

heterogeneous 
region(s) 

Physical  
mitigation 

Long-read 
Sequencing 

Phasing 

Multiplex PCR/sequencing 
subtyping assay 

Metagenomic subtyping assay  
(unamplified) 

Approaches 

Goals 

CIDT Challenge: to obtain pathogen subtyping data directly 
from patient stools given low signal:noise and presence of 

related commensal bacteria 



 During CIDT Design Phase, consider public health 
implications 

 Specimen collection and storage (to maintain 
pathogen viability) 

 Product insert language 

 Consider downstream implications of product 
design….e.g. ability to harvest DNA from device 
for public health purposes 

CIDTs and Public Health:  Medical Device 

Industry 



Jbesser@cdc.gov 

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 


