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Presenter
Presentation Notes
Thanks John for the oporrtunity to present today.  I came across this motto and image, “Occupy Food Safety” on Bill Marler’s blog and thought may fit in nicely with this talk.  Like the Occupy Wallstreet movement that brings attention to 99% of the massess.  We who work in the area of Food Safety can bring attention to Sporadic Enteric Disease, meaning non-outbreak realted enteric infections.  If the these infections could talk, they would say, “We are the 90 percent.” So even though outbreaks get a lot of attention, as they should, about 90% of all enteric infections are not part of recognized outbreaks, and if we are to reduce the burden of disease in a culture-independent world, we need to keep sporadic infection in mind.     
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Presenter
Presentation Notes
The slide shows the process by which we follow trends and perform analyses that attribute illnesses to specific sources in order to reduce the overall burden of spradic disease.In step 1, Imagine we identify through surveillance an increasing trend in the annual number of Shiga toxin-producing E. coli O157 , Or STEC O157, infections. In step 2, we perform attrbution studies to estimate the major sources of infection.  Let’s say we find beef, water and leafy green vegetables as the primary known sources of  illnesses.  These findings can be used to guide interventions to reduce illness, perhaps a interventiopn that incentivises ranchers to vaccinate cattle against E. coli O157.  In step 3, trends suggest a decline in incidence, but does the decline have anything to do with the intervention.To answer that, we repeat attrbution analyses and find that percentage of infections due to beef has declined.  And the prcess repeats itself. 



What is Needed for Public Health Surveillance in a 
Culture-Independent World?

1. Updated case definitions 

2. Ability to differentiate between strains for some pathogens 

Presenter
Presentation Notes
So what is needed in a culture-independent world to continue this cycle of following trends and attributing illness?It is pretty simple:First, public health needs to update case definitions.  Up until this point the only type of laboratory evidence that met the definition of a bacterial enteric infection was isolation of the pathogen in culture.  Second, we need the tests of the future to have the ability to differniate between strains for some pathogens with considerbale diversity.  



NEED FOR UPDATED CASE DEFINITIONS
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Presentation Notes
In the hypothetical graph of incidence of salmonellosis, the real incidence of infections severe enough to come to medical attention is shown in blue.  The yellow line shows that if we do not modify case defintions, surveillance will become irrelevant because it will progressively become and less reflective of reality as fewer clinical laboratories perform culture.



Case Definition Considerations

 Making new definitions is easy
 Change definition from “isolation of Campylobacter” to “isolation of 

Campylobacter or detection by a culture-independent test”  

Presenter
Presentation Notes
Here are some things to consider when it comes to new case defintions:Making new definitions is easy.   For example for Campylobacter infections, we can cgange the definition from…..



Case Definition Considerations

 Making new definitions is easy
 Change definition from “isolation of Campylobacter” to “isolation of 

Campylobacter or detection by a culture-independent test”  

 Making sense of new definitions is challenging because 
trends depend on stable surveillance methodology
 Spurious effects of changing diagnostic practice

 Spurious effects caused by variability in diagnostic test accuracy

 Public Health may  need to collect new types of data to 
adjust for these effects

Presenter
Presentation Notes
But making sense of those new definitions is challenging because trends are only useful if the manner in which they are followed is stable over time. In this era of tranistioning diagnostic methods. New case definitions will lead to spurious effects, or surveillance artifiacts, because changing diagnostic practices.  For example, if results can obtained faster, will more testing volume increase?  Will changes in testing practice vary by demogrpahic group? Likewise, we can anticiapte spurious effects on trends caused by variability in diagnostic test performance.  Surveillance by no means requires a 100% sensitive and specific test.  Culture is not 100% sentitive or specific.  And some new tests will outperform culture and some will underperform.  The real issue that public health needs to address is how to account for the variablity in test perfoemance in order to combine data 



FoodNet

 1996, began active surveillance for laboratory-confirmed infections

 2012, began active surveillance of culture-independent test results and 
routine monitoring of testing practices

46 million (~15% of U.S. population)
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Presentation Notes
These data needs are complex and likely should not be attempted at a national scale, a more efficient way at getting at these data needs would be through FoodNet.  FoodNet is a surveillance network that covers 46 million people, or 15% of US population.  It consists of the 10 sites shown in green. FoodNet started in 1996 when it began active surveillance for laboratory-confirmed infections for 9 pathogens.  For all infections except, cryptosporidiosis and cyclosporisis, this means culture-confirmed.In 2012, FoodNet began active surveillance of culture-independent test results and routine monitorting of testing practices of all clinical labs that serve the 46 million people.
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Changing Diagnostic Practice

STEC are special:
 CI tests are the only practical 

way to detect non-O157 STEC

 Public health laboratories are 
able culture

Presenter
Presentation Notes
This graph displays the incidence of STEC infection in FoodNet from 2008-2001 by type of laboratory evidence.  The purple represents culture-confirmed infections and the orange represents illnesses that did not yield an isolate but found to be postive for Shiga toxin.  Now STEC are special for 2 reasons:First, Culture independent tests are the only practical way to detect non-O157 STEC in clinical laboratories, so we in public health very much encourage the use of these tests in conjunction with traditional culture for E. coli O157Second, for the most part state public health laboratoriesd up until have had the capacity to receive all of the specimens that tested positive by culture independent tests and attempt to find an actual isolate.  Because of this unique situation in which nearly all culture-independent positive results are verified at public health labs, STEC surveillane can serve as a window into the potential impacts of culture-independent tests on enteric disease infection in gerneral. 



Changing Diagnostic Practice

Year

Cases per 100,000 
population

CDC, preliminary FoodNet data, 2011
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Presentation Notes
Here is a graph of the annual incidence of culture-confirmed STEC infections in FoodNet from 2000 through 2011 in infections per 100, 000 population. The green line shows that there was good progress in reducing STEC O157 infections in the early part of the past decade.  The blue line shows a steady increase in the incidence of non-O157 STEC infection. In 2010 non-O157 STEC surpassed O157 for the first time.  What is driving a the increase in the non-O157 STEC?  A true increase in infections?  No.  Changhing diagnostic practice? Yes.



Hoefer, Foodborne Pathog Dis, 2011; CDC, unpublished preliminary data, 2010

Number of 
non-O157 
STEC cases 
reported

Number of 
clinical labs 
that perform 
Shiga toxin 
EIA testing
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Changing Diagnostic Practice

Non-O157 STEC Detection Mirrors Shiga Toxin Testing 

100% dependent on STEC isolation at public health laboratories

Presenter
Presentation Notes
The blue bars show the number of non-O157 STEC isolated in FoodNet by year.  The orange line shows the number of clinical labs testing for them.  Increases in detection mirror increases in the number of labs looking for them. So to actually menaingfully follow trends in non-O157 STEC we need to wait until testing reaches some steady-state level.  Alternatively, we could adjust for changing testing practices through a modeling approach, but we really don’t have the data we need yet.  The yellow line indicates testing practice at the level of a laboratory.  We would really need data at the level of individual stool sample, because some laboratories process a whole lot more stool samples than other laboratories.Just to reiterate, the fact that we know the blue bars are non-O157 STEC and not just Shiga-toxin positive illnesses is 100 percent dependent on STEC isoaltion at public health laboratories.  The blue bars actually consist of different types of non-O157 STEC, because of this work at state labs, we can follow changes in specific types of STEC.  What would happen if culture-independent tests replaced culture for Salmonella and all you knew was that it was a salmonella.  Would state labs have the capacity to take clinical samples for primary isolation in order to identify the serotype?  Probably not.Luckily we have a bit of time to deal with Salmonella, because right now <1% of clinical labs use culture-independent tests for detection of Salmonella.Campylobacter is a different story



CC Incidence
(cases per 100,000)

CC + CI Incidence
(cases per 100,000) % Change

Female 12.5 14.0 11.2%
Male 15.4 16.5 7.2%
Age (years):
<1 25.3 30.4 20.1%
1-4 24.0 26.1 8.5%
5-9 10.3 10.9 5.3%
10-19 9.4 10.1 7.5%
20-29 15.4 16.3 6.0%
30-39 14.2 15.2 6.7%
40-49 13.7 14.6 6.5%
50-59 14.9 15.9 7.1%
60-69 15.7 17.4 10.8%
70-79 15.3 17.9 17.3%
80+ 13.6 18.6 36.2%

Incidence in Campylobacter infections by gender, age, and case-
definition, 2011

*data as of 2/16/2012

Changing Diagnostic Practice
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Presentation Notes
I have shown you most of this graph showing Incidence in STEC infections before. Now I have added the green band on the top.
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Only 36% of broths sent to 10 public 
health laboratories could be verified

We need real-world validation studies
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Presentation Notes
In 2011 36% of broths sent to 10 public health laboratories that did not ultimately yield an isolate could be verified as Shiga toxin positive.This causes a lot of uncertainty as to what to count as a case. If only 36% could be confirmed as Shiga toxin-postive, does that really mean that 64% of positives at a clinical lab are false positives?  We need real-world validation studies to better understand how to adjust for variablity in test performance.







Minimum Level of Strain Differentiation for Attribution

Enteric pathogen Minimum level of differentiation required 

Salmonella Serotype

STEC Serogroup/Serotype

Vibrio Species

Campylobacter Genus /species 

Shigella Genus /species 

Yersina Genus /species 

Cryptosporidum Genus

Presenter
Presentation Notes
The minimum level of strain differntation needed for attribution varies by pathogen.  It will vary by ecologic variation among different types of a given pathogen group.  There is tremendous ecologic variation in the over 2000 salmonella serotypes.  For STEC we likely need to be able to at least diferentiate between the 50 or so serogroups but, or perhaps at the finer serotype level.  I think these are the 2 two pathogen categories for which diffentionation beyond the species level will be critical.  But even for the other pathogens the more differntation avaialble, the more succesful attribution will be.



Summary

 Sporadic infections account for ~90% of total

 Trends and attribution are the tools to identify, prioritize, 
and monitor efforts to reduce the number of illnesses

 Culture-independent diagnostics will
 Affect our confidence in measured trends

• Must monitor testing practices and testing volume

• Must evaluate real-world test performance

• Must maintain capacity at public health laboratories

 May affect our ability to attribute certain types of infections to specific 
exposures

Presenter
Presentation Notes
To summarize, 
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The Tools

 Trends: Are the problems getting larger or smaller?
 Monitor changes over time in the incidence of specific infections to 

prioritize and monitor prevention measures

 Attribution: what are the causes of the problems?
 Determine the proportion of illnesses due to specific sources or 

settings to guide prevention measures 

 Overarching goal: reduce the burden of enteric illnesses

Presenter
Presentation Notes
The two main tools we use in public health to deal with sporadic infections are trends and attribution.  Trends are followed to assess if the problems getting larger or smaller.  Through trends we monitor changes over time in the incidence of specific infections to prioritize and monitor prevention measuresWe perform attribution studies attempt to answer the what are causing the problems



Attribution Methods

Methods to 
attribute 

illnesses to 
exposures

SurveillancePopulation

People with 
Illnesses

Sporadic
Illnesses 
(80-99%)

Case-control 
studies

Source attribution 
through molecular 

subtyping

“Blending” 
methods

Outbreak
Illnesses
(<1-20%)

Analyze data from 
outbreaks that 

implicated foods



The Burden of Disease

Surveillance detects the tip of the iceberg



Likelihood of detecting an 
infection

We know the number of 
reported illnesses

We want to estimate the 
total number of illnesses

Total illnesses



Likelihood of detecting an 
infection

Under-diagnosis
Test sensitivity

Lab testing practices
Specimen submission 
Medical care seeking

Under-reporting

Total illnesses



Non-O157 STEC Detection Mirrors Shiga Toxin Testing 

Hoefer, Foodborne Pathog Dis, 2011; CDC, unpublished preliminary data, 2010
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100% dependent on STEC isolation at public health laboratories

Follow trend in serogroup
associated with game meat
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Presentation Notes
The blue bars show the number of non-O157 STEC isolated in FoodNet by year.  The orange line shows the number of clinical labs testing for them.  Increases in detection mirror increases in the number of labs looking for them.Just to reiterate, the fact that we know the blue bars are non-O157 STEC and not just Shiga-toxin positive illnesses is 100 percent dependent on STEC isoaltion at public health laboratories.  



STEC O157 Culturing Practices in Clinical Labs that 
Perform STEC Testing, 2007-2011
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Detection of E. coli O157

• Do not rapidly ferment sorbitol

• Readily identified on selective and differential agar (eg, SMAC) 

• Shedding decreases  quickly in those who go on to develop HUS

• Immunomagnetic separation (IMS) & serology

E. coli O157

Presenter
Presentation Notes
Detection of E. coli O157 infections is relatively straight forward because nearly all pathogenic E. coli O157 in the US do not rapidly ferment sorbitol.  So they look different from run of the mill E. coli on selective and differential culture media, for example sorbitol McConkey, or SMAC, plates.  In the photo the circled O157:H7 colony has more of a clear appearance, whereas the background growth have a stronger pink color.The abundance of organisms shed in stool decreases quickly among those who go on to develop HUS.  Often at time of HUS presentation stool cultures are negative.  Two options in this situation are IMS-assisted culture and serology.eee



• Most ferment sorbitol and are indistinguishable from 
commensal E. coli strains

• So need to test for Shiga toxin first

Typical  
non-O157 
STEC colony

Detection of Non-O157 STEC

Presenter
Presentation Notes
as shown here, the typical non-O157 STEC colony on a SMAC plate looks just like all the other background growth because most non-O157 STECs ferment sorbitol making them indistinguishable from commensal E. coli strains in culture.  So to detect non-O157 STEC we first need to use culture-independent tests for Shiga toxin. 



Shiga Toxin Assays
 Enzyme immunoassays (EIA) & lateral flow immunoassays 

 Detect Shiga toxin antigens 

 Commonly used in clinical labs 

 DNA assays (PCR)

 Detect Shiga toxin genes

 Primarily used in public health labs

 Commercial assays for clinical use increasingly available 

 A positive sample must be sent to a public health laboratory 
to find an isolate

Presenter
Presentation Notes
There are several types of Shiga toxin assays available.Enzyme immunoassays and lateral flow immuoassays detect Shiga toxin antigens and are commonly used in clinical labs..  The Lateral flow, or rapid cartridge, devices have the added ability to differentiate between Shiga toxin 1 and 2, and important factor in clinical decision making because Shiga toxin 2 strains tend to be more virulent.There are also DNA assays that use PCR to detect Shiga toxin genes.  These have primarily been used in public health laboratories, but we are seeing commercial products for clinical use become increasingly available. These Shiga toxin assays are just the first step in identfying non-O157 STEC. In order to know what type of STEC you are dealing with, the Shiga toxin-positive sample must be sent to a public health laboratory to find an isolate, through a tediuous process of culturing, testing individual colonies for Shiga toxin, serotyping, and additional virulence characterization. 



Relative rates of laboratory-confirmed Salmonella 
infections with the top Salmonella serotypes from 

1999-2010 compared with 1996-1998 rates
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