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2011 Estimates of Foodbone 

Disease, Scallan 

•47.8 million (28.7–71.1 million) illnesses 

•127,839 (62,529–215,562) hospitalizations 

•3,037 (1,492–4,983) deaths 



From Farm to Table, and Beyond 

Food Safety Continuum 

 

 

Post-Foodborne illness 
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Foodborne Disease Outbreaks 

Outbreak Investigations are Disproportionately Important: 
 

•Specific sources can be identified 

–New vehicles can be recognized 

–Risky production practices can be identified 
 

•New pathogens can be recognized 
 

•Media interest provides opportunities for public health 

communication 
 

•Monetary damages effect change in industry 
 

•Political interest is stimulated 



Two Primary Foodborne 

Disease Outbreak Surveillance 

Mechanisms in Minnesota 

•Complaints 

–Foodborne illness complaint hotline 

(public) 

–Healthcare providers 
 

•Reportable disease surveillance 

–Individual reported cases are interviewed, 

exposures compared to other reported 

cases  

 

 



Information we gather: 

• Illness history 

• 4-day food consumption 

history 

 

What do we look for? 

• Clinical presentation 

- Symptoms 

- Duration of illness 

• Common exposure 
 

Complaints 



Complaints, 

Outbreak Recognition 

•Report of a group of people with illness after 

event or common exposure, with no other 

common exposures 
 

•Independent complaints regarding the same 

exposure 

– Incubation from exposure 

– Detailed symptom information (diarrhea, 

vomiting, fever?) 

– Duration of illness 

– Compatible illness 
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Confirmed Foodborne Outbreaks 

by Etiology, Minnesota,1999-2010 
(n=600) 

Norovirus

59% 

13% 

5% 

10% 

Salmonella 

E. coli O157:H7 

10% Bacterial intoxications 

3% 

Scombroid 

Other/unknown 



Confirmed Foodborne Outbreaks 

by Etiology, Minnesota,1999-2010 
(n=600) 

Norovirus

Complaints

Surveillance

Both

Source of outbreak ID

59% 

13% 

5% 

10% 

Salmonella 

E. coli O157:H7 

10% Bacterial intoxications 

3% 

Scombroid 

Other/unknown 



Public Health Surveillance: 

Definition 

άThe ongoing, systematic 

collection, analysis, 

interpretation, and 

dissemination of data 

regarding a health-related 

event for use in public 

health action to reduce 

morbidity and mortality 

and to improve health.” 

MMWR Recomm Rep. 2001 Jul 27;50(RR-13):1-35. 



Botulism (Clostridium botulinum) 

Campylobacteriosis (Campylobacter sp.)* 

Cholera (Vibrio cholerae)* 

Cryptosporidiosis (Cryptosporidium parvum) 

Enteric Escherichia coli infection (E. coli O157:H7 and other 

pathogenic E. coli from gastrointestinal infections)* 

Giardiasis (Giardia lamblia) 

Hemolytic uremic syndrome 

Listeriosis (Listeria monocytogenes)* 

Salmonellosis, including typhoid (Salmonella sp.)* 

Shigellosis (Shigella sp.)* 

Toxoplasmosis 

Yersiniosis (Yersinia sp.)* 

FOODBORNE AND WATERBORNE DISEASES 

*  Submit isolates to the Minnesota Department of Health 



FoodNet Active Surveillance Network 

Connecticut 

Georgia 

Maryland 

Minnesota 

Tennessee 

New York 

California 

Colorado 

New Mexico 

Oregon 

- Centers for Disease Control and Prevention 

- U.S. Department of Agriculture 

- Food and Drug Administration 

http://www.dph.state.ct.us/
http://health.state.ga.us/
http://www.dhmh.state.md.us/
http://www.health.state.mn.us/
http://health.state.tn.us/index.shtml
http://www.health.state.ny.us/
http://www.dhs.ca.gov/
http://www.cdphe.state.co.us/cdphehom.asp
http://www.health.state.nm.us/
http://www.ohd.hr.state.or.us/


Foodborne Disease Surveillance at the 

Minnesota Department of Health (MDH) 

Person becomes ill 

Goes to the doctor 
Doctor requests stool 

sample for testing 

Stool is culture positive for a reportable foodborne pathogen 

Lab and Epi data 

are combined 

Culture is sent to 

MDH Laboratory 

Doctor sends 

report to MDH Epi 



REPORTED TO 
HEALTH 

DEPARTMENT 

TESTED  

POSITIVE 

LAB TESTED  

FOR ORGANISM 

SUBMITTED SPECIMEN FOR TESTING 

RECEIVED MEDICAL CARE 

ILL 

EXPOSED 

Representativeness of Reported Cases 

Salmonellosis: 1 

Est. 

29.3 



Molten agarose 

Pulsed Field Gel Electrophoresis (PFGE)  

Lysis 

Enzyme digestion  (XbaI) 

Bacteria 

Pulse electrophoresis 

DNA 

18 hours 

1.5 hours 

1.5 hours 



What Does This Yield? 

•DNA fragments are 

separated in the gel 

based on size 

•Pattern of fragments 

is DNA fingerprint 

•BioNumerics 

•PulseNet 



The National Molecular Subtyping Network for 

Foodborne Disease Surveillance 

 

Area Labs  

 

National Database  

 

FoodNet Sites  

 

FDA, USDA Lab  
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Using PFGE in  

Cluster 

Investigations 
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Using PFGE in  

Cluster 

Investigations 

 

•Helps to 

identify 

outbreaks 



Interviewing Cases: Minnesota Basic 

Philosophy 

•Interview all cases in surveillance 

•Interview ASAP 

•Collect details on specific exposures 

–Dates 

–Restaurant, grocery store names 

–Brand names 

–Open-ended food histories 

 



Minnesota Approach to Investigation of 

PFGE Clusters:  

Dynamic Cluster Investigation Model 

Case #1 Case #2 Case #3 Case #4 



Salmonella I 4, 5, 12:i:- TM19  

Associated with Pot Pies, 2007  



Dynamic Cluster Investigation-Pot Pies 

Consumed 

Banquet PP 

4 

   10/4 

afternoon 

“trawling” 

questionaire 

1 

Initial trawling questionnaire interview date 

9/10 

2 

9/27 

3 

10/3 

night 

Re-interviewed cases about frozen foods and pot pies 

   10/4 

morning 

   10/4 

evening 

    PP  

Exposure 

added 



Standard Questionnaire for 

Salmonella, E. coli O157 cases 



























Team Diarrhea 

UPDATED SEPT 2011 

Heidi G. 
EnHS-Expected 

graduation Sep. 2012 

Team D since Sep. 2010 

Steph W. 
Epi-Expected 

graduation Sep. 2012 

Team D since Sep. 2010 

Jenny N. 
EnHS-Expected 

graduation Sep. 2012 

Team D since Sep. 2010 

Mercedes E. 
EnHS-Expected 

graduation Sep. 2012 

Team D since Oct. 2010 

Nicole F. 
EnHS-Expected 

graduation May. 2012 

Team D since Jun. 2011 

Dana E. 
EnHS-Expected 

graduation May 2012 

Team D since Jun. 2011 

Brittany V. 
EnHS-Expected 

graduation Dec. 2012 

Team D since Jun. 2011 

Steve B. 
EnHS PhD-Expected 

graduation Sep. 2014 

Team D since Sep. 2011 

Marijke S. 
Epi-Expected graduation 

Sep. 2013 

Team D since Sep. 2011 

Alida S. 
EnHS-Expected 

graduation Dec. 2012 

Team D since Sep. 2011 



Investigation Tools 

•Laboratory data 

–Species (e.g., Campylobacter), serotype 

(E. coli, Salmonella) 

–Pulsed-field gel electrophoresis (PFGE) 

–Multiple-locus variable number tandem 

repeat analysis (MLVA) 
 

•Interview data  

 



Investigation Tools 

•Statistics  

–Special studies (cohort, case-control, 

case-case, prevalence of exposure in 

population)  
 

•Empirical data 
 

•Data from specific food 

–Testing 

–Product tracing 
 

•Information from different sources 



Statistical Measures of 

Association  

 

 

 

•Relative Risk (Risk Ratio): Risk of disease 

in the exposed relative to that in the 

unexposed 
 

 RR= A/A+B 

  C/C+D 
 

•Odds Ratio: Estimate of the RR 
 

 OR=AD/BC 
 

•Both measure the magnitude of the effect 

ILL NOT ILL 

EXPOSED A B 

NOT EXPOSED C D 



Statistical Measures of Inference 

and Significance 

•95% Confidence Interval: An interval that 

contains the true value of the association 

(RR or OR), or 95% sure that the true RR 

or OR falls somewhere in that interval. It 

should not include 1   

 

•P value: Assuming that there is no 

association, calculates the probability of 

getting a value as extreme or more 

extreme than the observed. Usually p<0.05 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

   

 
 



Exposure Cases Controls p-value Matched OR* 95% CI
† 

Any lettuce 9/10 17/26 3.5 0.5–25.0 

9/10 

Prepackaged 

lettuce salad 10/26 8.4 1.2–59.6 

Brand A 

prepackaged 

lettuce salad 9/10 5/23 

0.17 

0.01 

0.002 10.1 1.5–67.3 

Prepackaged Salad O157 Outbreak, 

2005 



Investigation Tools 

Epidemiology ≠ Statistics 



Investigation Tools 

Use all available data to implicate a specific 

vehicle or source 

 



“Noise” in Epidemiologic Data  

•Not all exposed people get sick  

•Some people get sick without being exposed 

•Not all “exposed people” are really exposed 

•Not all “unexposed people” are really 

unexposed 

•Not all sick people are really sick 



B. Keene 



“Noise” in Epidemiologic Data  

•Increase specificity of case definition 
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“Noise” in Epidemiologic Data  

•Increase specificity of exposure 

 

Exposure Cases Controls p-value Matched OR* 95% CI
† 

Any lettuce 9/10 17/26 3.5 0.5–25.0 

9/10 

Prepackaged 

lettuce salad 10/26 8.4 1.2–59.6 

Brand A 

prepackaged 

lettuce salad 9/10 5/23 

0.17 

0.01 

0.002 10.1 1.5–67.3 

Prepackaged Salad O157 Outbreak, 2005 



Salmonella Saintpaul, U.S., 2008 

• 1500 cases in 43 states 

• 2 deaths 

Increasing specificity of exposure using 

traceback information is increasingly 

important when the suspect vehicle does 

not carry a brand or label, or is eaten 

commonly with other foods. 



E. coli O104:H4, Germany, 2011 

• 3,816 cases 

• 845 (22%) people with HUS  

• 54 deaths  



Investigation Tools 

Epidemiologic data 
 

•Extremely sensitive/powerful 

–Can detect vehicles with few cases 

while ruling-out other exposures 
 

•More sensitive and timely than food 

testing 

–Vehicles implicated when no product 

available for testing 

–Vehicles implicated more rapidly than 

testing food  

 





E. coli O157:H7 MN744 Cases by Date of 

Isolate Receipt in MDH Public Health 

Laboratory, September-October 2007  

Date of Isolate Receipt at MDH Lab 

September October 
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3rd case household – Brand A Ground Beef Patties  

2 case households: Brand A Ground Beef Patties 

Product Packaging Information from 2 case households 

3 4 5 



Same date Same 

line  

1 minute 

apart 



3rd case household – Brand A Ground Beef Patties  

E. coli O157:H7 MN744 Cases by Date of 

Isolate Receipt in MDH Public Health 

Laboratory, September-October 2007  

Date of Isolate Receipt at MDH Lab 

September October 
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2 case households: Brand A Ground Beef Patties 

Product Packaging Information from 2 case households 

3 4 5 



Power of Epidemiological data 

Ground beef patties, 2007 
 

•Compelling information with just 4 cases  
 

•PFGE, interview data and package codes 

–Too few cases to do any meaningful 

statistical analysis  
 

•Had our announcement been delayed until 

the results of food testing, many more 

people likely would have become ill after 

eating this product 



Number of E. coli O157:H7 MN744 

Cases by State (n=45) 

10 
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 CT (1) 





E. Coli O157 Associated with Hazelnuts, 

2011 

Interview excerpts from 1st two Minnesota cases 



Investigation of 1st 6 Cases: 

•All 6 reported in-shell mixed nut or in shell 

hazelnut (filbert) consumption 

–Hazelnuts were included in mixed nuts 

–2 reported only in-shell hazelnuts (but not 

other in-shell nuts) 

•5 of 6 purchased from bulk bins 

E. Coli O157 Associated with Hazelnuts, 

2011  



Binomial model of probability of number of cases eating 

Hazelnuts, estimating background of hazelnut consumption 

of 34% 
 

E. Coli O157 Associated with Hazelnuts, 

2011 



Case-case comparison study, MN only: 

3 of 3 E. coli O157:H7 consumed hazelnuts 

7 of 34 Salmonella cases ate any nuts other than peanuts 
 

E. Coli O157 Associated with Hazelnuts, 

2011 



•Traceback to common distributor in California 

 

 

 

 

 

 

 

•Recall of in-shell hazelnuts from November 2 

through December 22 

Traceback 

? Distributor A  

(CA) 

Distributor B  

(MN) 

Distributor C  

(WI) 

Grocery store 1 (MN) 

Grocery store 2 (MN) 

Grocery store 3 (MN) 

Grocery store 4 (MI) 

Grocery store 5 (WI) 

Grocery store 6 (WI) 

Grocery store 7 (WI) 



S. Heidelberg Associated with  

Ground Turkey, 2011 



U.S.: 

- 136 cases in 34 states 

- 37 (39%) hospitalized 

- Onset dates: February 27-September 13, 2011 

- 1 death 

 
 

S. Heidelberg Associated with  

Ground Turkey, 2011 

http://www.cdc.gov/salmonella/heidelberg/111011/map.html 



http://www.cdc.gov/salmonella/heidelberg/111011/timeline.html 

May 26, CDC begins 

coordinating a 

multistate investigation  

August 3, recall 

announced 

March-April, retail 

ground turkey samples 

not collected as part of 

the investigation 

positive for S. 

Heidelberg, matched 

cases by PFGE 

http://www.cdc.gov/salmonella/heidelberg/111011/ timeline.html 



•At least 25/51 reporting ground turkey 

–Background prevalence of ground turkey 

consumption ~11% 

–Binomial p-value of 0.00000000015 
 

•Multiple positive food samples, including: 

–Positive retails sample (collected as part of a 

microbial susceptibility monitoring study, 

and throughout the investigation) matched 

by PFGE, multi-drug resistant 

–Positive sample from a case’s home 

S. Heidelberg Associated with  

Ground Turkey, 2011 



Aug 3, 36 million pounds of ground turkey 



 

Salmonella Typhimurium  

Peanut Butter Outbreak, 2008-2009 



CDC.gov 



As of June 12, 2009 

3916 entries in list 



Salmonella Typhimurium  

Peanut Butter Outbreak, 2008-2009 

Approaches 

• Interviewed cases 

• Institutional cases: Menu, interview  

of kitchen manager, interview of family 

member, invoices 

 

Once peanut butter suspected: 

• Data on peanut butter distribution to 

institutions 

• Food testing 

Implicated Brand A pb in institutions 

 

• Case-control study including non-

institutional cases 

 

  

 

 
  



Investigation Tools 

Epidemiologic data 
 

•Extremely sensitive/powerful 

–Can detect vehicles with few cases 

while ruling-out other exposures 
 

•More sensitive and timely than food 

testing 

–Vehicles implicated when no product 

available for testing 

–Vehicles implicated more rapidly than 

testing food  

 



Power of Epidemiological Data 

Schwan’s ice cream, 1994 

•Results of epi study and press release 

October 7 

•Salmonella isolation from ice cream 

October 17 

•“Had our announcement been delayed 

until the receipt of this confirmation, many 

more people would have become ill after 

eating this product.”* 

*Hennessy NEJM 1996 



Some Thoughts on Data Requests 

•“Provide all records (lab, interview, 

communications, all investigations) regarding 

all E. coli cases for X-period of time” 

–Provide PFGE (CDC or State-specific) 

–Provide “event” 

•“The client provided a data practices release; 

I’d like to discuss the case” 

– We can only release records, not provide 

additional interpretation of what is already 

on the records  

 

 



Questions, Comments, & Discussion  

Carlota Medus, PhD, MPH 

Carlota.Medus@state.mn.us 

651.201.5527 





Judging Causality of an Association 

Bradford Hill Criteria 

•Strength 

•Consistency 

•Specificity 

•Temporality  

•Biological gradient/dose-responsiveness 

•Biological plausibility 

•Experimental evidence 



Judging Causality of an Association 

Issues with Bradford Hill Criteria 
 

•Strength, Consistency 

–Only rule out that association due to 

confounders or other factors 

•Specificity 

–N/A if vehicle contaminated with multiple 

pathogens 

•Biological gradient/dose-responsiveness 

–Expects monotonic relationship 

•Biological plausibility 

–Based on prior experience 

•Experimental evidence 

–Unethical in an outbreak situation 


