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10 min + 4 q and aGood morning, thank you for being here, at an 8 o’clock presentation on the last day of a long conference!I hope you have all had your coffeeI’ll be presenting on an Salmonella Enteritidis outbreak associated with chicken kiev, and the use of whole genome sequencing in the investigation 



Background

• The Minnesota Department of Health (MDH) 
routinely subtypes all clinical Salmonella
Enteritidis (SE) isolates by pulsed-field gel 
electrophoresis (PFGE) using 2 enzymes

• In 2014, MDH started subtyping all clinical SE 
isolates using whole genome sequencing 
(WGS) prospectively
– Isolates sequenced at MDH, bioinformatics 

at Wadsworth Center/New York State 
Department of Health, Albany, NY
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Presentation Notes
The Minnesota Department of Health (MDH) routinely subtypes all clinical Salmonella Enteritidis (SE) isolates by pulsed-field gel electrophoresis (PFGE) using 2 enzymesIn 2014, the MDH started subtyping all clinical Salmonella Enteritidis (SE) isolates by whole genome sequence (WGS) prospectively, in addition to using PFGE.Isolates sequenced at MDH, bioinformatics at Wadsworth Center/New York State Department of Health



Background
During the week of August 25, 2014
• Two SE isolates with indistinguishable 2-

enzyme PFGE patterns 
JEGX01.0004/JEGA26.0002 were identified

• On August 29, the two isolates were 
determined to be indistinguishable by 
WGS (0 SNPs different)

• By October 8, 8 SE isolates that 
indistinguishable by PFGE and WGS were 
identified

Presenter
Presentation Notes
During the week of August 25, 2014, two clinical SE isolates with indistinguishable 2-enzyme PFGE xba pattern 4 and bln pattern 2 were identified. This is the most common 2-enzyme pattern combination for SE. On August 29, the two isolates were determined to be indistinguishable (0 SNPs different). By October 8, 8 SE isolates that matched by PFGE and WGS (0 SNPs) were identified.



Minnesota Approach to Investigation 
of PFGE Clusters

• All reported Salmonella cases are interviewed 
even before a cluster is identified

• Collect details on specific exposures
− Point of sale or service
− Food brands, variety names 

• Used in generating hypotheses for 
commercially distributed food outbreaks

Presenter
Presentation Notes
In Minnesota, all reported Salmonella cases are interviewed with a detailed questionnaire about symptoms and exposures, even before a cluster is identified. We collect details on specific exposures, including point of sale or service and food brands and variety names. Although this is a “routine questionnaire” it is used in generating hypotheses for commercially distributed food product outbreaks, essentially eliminating one step in cluster investigations. 



Minnesota Approach to Investigation of 
PFGE Clusters: 

Dynamic Cluster Investigation Model

Case #1 Case #2 Case #3 Case #4
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Additionally, once a cluster is identified, a dynamic cluster investigation approach is used. Suspicious foods and exposures mentioned in case interviews are added to the questionnaire for subsequent cases, and cases interviewed earlier are called back with questions about additional exposures mentioned by other cases.



Methods
• Case interviews were conducted by phone 

by Team Diarrhea, MDH’s student team
• Dynamic interviewing approach

Team Diarrhea
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Presentation Notes
Back to this particular cluster investigation, case-interviews were conducted by phone by Team Diarrhea, our student team, using a dynamic interviewing approach.



Methods
• Case definition:

– A person with an SE isolate with PFGE 
patterns JEGX01.0004/JEGA26.0002 

and 
– Closely related (<5 SNPs from another 

isolate in the cluster) by WGS
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Presentation Notes
A confirmed case was defined as a person with an SE isolate with PFGE xba pattern 4 and bln pattern 2, and that was closely related (<5 SNPs from another isolate in the cluster) by WGS- from this point on, I’ll refer to “closely related” sequences as a “match” 



Data Analysis

• Compared consumption of suspect 
outbreak vehicle to data from E. coli O157 
cases in MN, 2009-2013 as a proxy for 
background consumption

• Compared consumption of suspect 
outbreak vehicle among WGS matches (met 
case definition) to PFGE matches that did 
not match by WGS (did not meet case 
definition)
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Presentation Notes
We compared consumption of suspect outbreak vehicle to data from E. coli O157 cases in MN, 2009-2013 as a proxy for background consumption- we ask about the vehicle in this outbreak on all of our routine questionnaires-it’s been a question on our forms for more than a decade;We also compared consumption of suspect outbreak vehicle among WGS matches (met case definition) to PFGE matches that did not match by WGS (did not meet case definition)



Methods
• Food specimens were collected from three 

grocery stores and two case-households 
• Tested by the Minnesota Department of 

Agriculture (MDA)
– PFGE by MDH
– WGS by MDH and Wadsworth Center/New 

York State Department of Health, Albany, 
NY
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Presentation Notes
Food specimens were collected from three grocery stores were cases reported shopping, and two case-households And were tested for Salmonella by the Minnesota Department of Agriculture (MDA); PFGE was done by MDH and WGS by MDH and Wadsworth/New York 
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This is the epi curve for all the cases with the 2-enzyme pattern combination xba 4- bln 2 by week the isolate was received at the public health laboratory in August and September 2014
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In this epi curve, the dark blue boxes are the isolates that matched by WGS; and therefore met the case definition.



Results

• 8 cases in 7 households
• Dates of illness onset: August 14 – September 

16, 2014
• 1 hospitalized, no deaths

Presenter
Presentation Notes
8 cases in 7 households were identifiedDates of illness onset ranged from August 14 through September 16, 20141 hospitalized, no deaths



Results
• 6 of 7 (86%) ate chicken Kiev or A La Kiev

– 3 reported brand A, 2 reported store brand 
but described packaging consistent with 
brand A

• 1 of 7 (14%) ate “fried chicken reheated at 
home”- excluded from statistical analyses

Presenter
Presentation Notes
6 of 7, or 86%, of cases reported eating chicken Kiev or a la Kiev-3 reported brand A chicken kiev, -2 reported store brand but described packaging consistent with brand A, and there is no store brandThe remaining case did not report eating stuffed chicken products, but did report eating “fried chicken reheated at home”, so she may have eaten it- that case was excluded from statistical analyses



Results
Brand A chicken A La Kiev is 
• Frozen
• Raw 
• Breaded 
• Pre-browned
• Stuffed: butter, spices and chives

Presenter
Presentation Notes
This product is frozen, raw, breaded, pre-browned (so it looks and feels cooked, and stuffed 



Results

• 4 of 5 (80%) cooked the stuffed chicken in the 
oven, only 1 cooked it in the microwave

• 3 of 4 (75%) knew the chicken was raw

Presenter
Presentation Notes
Most cases, 4 of 5, or 80%, reported cooking the stuffed chicken in the oven, only 1 cooked it in the microwave.3 of 4 cases (75%) knew the chicken was raw.
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On this epi curve, the yellow dots represent the cases that reported eating stuffed chicken products. The pink dot represents the case that reported eating fried chicken reheated at home. The cases without a dot, reported not eating any stuffed chicken products. All of the cases that match by WGS ate or may have eaten chicken Kiev, compared to none of the cases that did not match by WGS.



Results
• Comparison to background consumption:

– 6 of 6 cases ate chicken Kiev vs. 3% 
background consumption rate of any stuffed 
chicken products; p < 0.001

• Comparison of cases vs. PFGE matches that 
were different by WGS:
– 6 of 6 cases vs. 0 of 8 ate chicken Kiev; p < 

0.001
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Presentation Notes
Comparing the cases to the background consumption, all 6 cases included in the analysis reported eating chicken Kiev compared to a 3% background consumption rate of any stuffed chicken products; that was a statistical significant differenceAnd All 6 of the cases that met the case definition (or matched by WGS) ate the product, compared to none of the 8 cases that matched by PFGE but were different by WGS- also a statistical significant difference.



Food Testing Results

• 26/30 (87%) Brand A chicken Kiev samples from 
retail positive for Salmonella
– 9 SE, 8 matched the outbreak PFGE
– 17 S. Schwarzengrund

• 7/11 (64%) Brand A samples from cases’ homes 
positive for Salmonella
– 6 SE, all matched the outbreak PFGE
– 1 S. Schwarzengrund

Presenter
Presentation Notes
26 of 30 (87%) Brand A chicken Kiev samples from retail tested by the MN Department of Agriculture were positive for Salmonella	9 were positive for SE and 8 of those matched the outbreak PFGE17 were positive for S. Schwarzengrund7 of 11 (64%) of Brand A samples from cases’ homes tested positive for Salmonella	6 of those were SE, all matched the outbreak PFGE1 was positive S. Schwarzengrund



E2014017243-case
E2014014860-case 
E2014015983-case
E2014018135-chicken Kiev, retail sample
E2014018136-chicken Kiev, retail sample
E2014014440-case 
E2014014680-case
E2014015146-case
E2014015240-case
E2014016878-case
E2014018280-same person as E2014016878
E2014018133-chicken Kiev, retail sample
E2014018134-chicken Kiev, retail sample
E2014018138-chicken Kiev, retail sample
E2014018137-chicken Kiev, retail sample

Food Testing Results

• 13 SE food isolates were 0-2 SNPs from the 
case-isolates by WGS; 2 were >30 SNPs 
from the outbreak sequence

Human

Human

Food

Food
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Presentation Notes
13 SE food isolates were 0-2 SNPs from the case-isolates by WGS; 2 were >30 SNPs from the outbreak sequence-so very differentThis shows the part of the WGS tree that included both the case-isolates and the food isolates- these are the human isolatesThese are the Kiev isolates. The highlighting is one of the ways the laboratory communicates which ones are the new results added to the tree.
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Presentation Notes
On Oct 23, we did a press release alerting the public of the outbreak, advising that the products should be handled carefully to avoid cross-contamination, and that they should be cooked thoroughly.



Presenter
Presentation Notes
The next day, the producer recalled 2 production dates of stuffed chicken products based on our food testing results. It should be noted however, that the products picked up at retail were NOT intended to identify the entire range of possibly contaminated product. They were selected for dates that were most likely consumed by the cases.  



Product Distribution

Presenter
Presentation Notes
Contrary to popular belief, this product is eaten in places other than MN. This map shows the states that received the specific production dates recalled. It does NOT show states that received other production dates.



Case Finding in Other States
• Reached out to states that had received the 

recalled product
• Several states provided case-interview data, 

some re-interviewed cases that matched by 
PFGE during the outbreak period
– ME, ND, NH, and WI found cases that reported 

stuffed chicken consumption, but different 
brand, or brand unknown

• IL, MT, NH, WI, WY sent isolates for WGS
– 1 isolate from WI was 4 SNPs from a Kiev 

sample, but the case did not report eating it
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Presentation Notes
Reached out to states that had received the recalled productSeveral states provided case-interview data, some re-interviewed cases that matched by PFGE during the outbreak periodSeveral states found cases that reported stuffed chicken consumption, but different brand, or brand unknown- not super clear cut dataIL, MT, NH, WI, WY sent isolates to MN for sequencing. 1 isolate from WI was 4 SNPs from a Kiev sample- one of the ones that were >30 snips from the main outbreak sequence- but the case did not report eating stuffed chicken products.



Past Outbreaks
• There were 6 outbreaks associated with stuffed 

chicken products from 1998-2008

• In those outbreaks 71% to 100% of the cases 
cooked the products in the microwave

• FSIS published label guidance on March, 2006 
– "The principal display panel of labels should bear 

prominent and clear terms that convey that the 
product contains raw or uncooked poultry, i.e., ‘raw,’ 
‘uncooked,’ or ‘not ready to eat.’” 

– Validate cooking instructions, and 

– Specify to cook to an internal temperature of 165° F

Presenter
Presentation Notes
There were 6 outbreaks associated with stuffed chicken products from 1998-2008; so this outbreak was the 7th outbreak associated with this products.In those outbreaks 71% to 100% of the cases cooked the products in the microwaveFSIS published label guidance on March, 2006 -"The principal display panel of labels should bear prominent and clear terms that convey that the product contains raw or uncooked poultry, i.e., “raw,” “uncooked,” or “not ready to eat.” -Validate cooking instructions, which essentially led to the removal of microwave instructions from the label-Specify to cook to an internal temperature of 165 F



Year Pathogen PFGE
Plant 

number
Number of 

cases
1998 S. Typhimurium TM123 P-2375 33

2005 S. Heidelberg SH60 P-1358
4

2005-2006 S. Enteritidis SE43                         
JEGX01.0005

P-1358, 
P-2375, 
P-273

27

2006 S. Typhimurium TM2C P-1358

3

2008 S. Enteritidis SE43B18                      
JEGX01.0005/JEGA26.0004 P-2375

7

2008 S. 4, 12:i:- TM932TMB44
P-2375, 
P-273, 
other

16

2014 S. Enteritidis SE1B1                    
JEGX01.0004/JEGA26.0002 P-1358

8

2015
S. Enteritidis SE43B72                              

JEGX01.0005/JEGA26.0037
P-1358

5

2015
S. Enteritidis SE1B239  

JEGX01.0004/JEGA26.0203
P-273, P-

4230

15 (MN, IL, 
CT, NH, NY, 

OK, WI)

LABEL CHANGES
March, 2006

Outbreak 
described here

Presenter
Presentation Notes
This is a list of all the outbreaks associated with these products.The blue line shows when FSIS’s label guidance was published.The outbreak highlighted in pink is the one presented hereAnd there have been 2 additional outbreaks since the submission of this abstract. 



Discussion

• WGS was extremely useful: 

– Increased the specificity of the case 
definition; easier to implicate the outbreak 
vehicle

– PFGE was used to identify potential cases 
during the investigation (did not wait for 
WGS results)

Presenter
Presentation Notes
I WGS was key in implicating the outbreak vehicle. However, it is not as timely as PFGE, so using PFGE to identify and interview possible cases was also important. did not wait for WGS results



Discussion

• This was the 7th outbreak associated with 
these products

• High proportion of products tested positive 
for Salmonella

• Unlike previous outbreaks, a high proportion 
of cases report following label cooking 
instructions

• Changing label language was insufficient to 
prevent illnesses from these products  

Presenter
Presentation Notes
This was the 7th outbreak associated with these productsHigh proportion of products tested positive for SalmonellaUnlike previous outbreaks, a high proportion of cases report following label cooking instructionsChanging label language was insufficient to prevent illnesses from these products  
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