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Salmonella Enteritidis (SE) 
• Second most common serotype in US 
• Associated with poultry and eggs 
• Very clonal 

• 4 PFGE types comprise 76% of database 

• Many PHLs do not perform PFGE 
• MDH performs PFGE with 2 enzymes (MLVA 
available) 

• MDH identified many SE outbreaks in the 
past 

 



 SE Outbreaks 

• Schwanns ice cream (1994)-224,00 cases* 
• Shell eggs (2010)-54,000 cases** 
• Common patterns slows outbreak 
identification 
 

*blahblah 
**blah blah 
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Criteria for Evaluation of Subtyping 
Methods (ESGEM)* 

• Stability 
• Typeability 
• Discriminatory power 
• Epidemiological concordance 
• Reproducibility 

*van Belkum et al. Clinical Microbiology and Infectious Disease, 2007. 



SE Study Questions 

• Are WGS types similar within an outbreak? 
• Are non-outbreak types different than 

outbreak? 
• Are non-outbreak types different from each 

other? 
• Are types consistent within person over time? 

 
• Can WGS and epi be used to identify 

outbreaks? 
• Is WGS better at outbreak ID than current 

methods? 

Retrospective 

Prospective 



Retrospective Samples (n=55) 

• Well characterized isolates (PFGE and 
MLVA), exposure information (epi)  

• 7 separate outbreaks (n=25) 
• 22 sporadic isolates 
• In vivo (n=4) 
• 4 suspect isolates (same subtype/time as 
OB, no known OB exposure) 
 



MDH00219 
MDH00225- In-vivo, same as E2001001070 

MDH00215 -Sporadic 4/19/01 
MDH00247 --Sporadic 8/6/12 

MDH00204 - Sporadic 5/14/01 
MDH00221- Sporadic 5/14/01 

MDH00203 - Sporadic 7/11/00 
MDH00214 - Sporadic 3/12/01 

MDH00206 - Sporadic 8/23/00 
MDH00217 - Sporadic 6/10/13 

MDH00237 Sporadic 6/22/11 
MDH00236 - Sporadic 5/7/11 
MDH00207 - Sporadic 8/31/2000 

MDH00233 - Sporadic 12/7/2001 

MDH00248 - Sporadic 6/10/13 

MDH00205 - Sporadic 8/22/2000 
MDH00216 - Sporadic 4/30/2001 

MDH00224 -Sporadic 6/11/2001 
MDH00254  
MDH00252 
MDH00253 
MDH00234 

MDH00226 - Sporadic 6/21/2001 
MDH00231 - Sporadic 7/16/2001 

MDH00202 - Sporadic 7/7/2000 
MDH00208 - Sporadic- Same time, PFGE, and MLVA as Outbreak 1 
MDH00209 
MDH00210 
MDH00211 

MDH00222- In-vivo, same as E2001001070 

MDH00228- In-vivo, same as E2001001070 

MDH00223 

MDH00220 
MDH00218 

MDH00213- Sporadic- Same PFGE and time as Outbreak 1 
MDH00232- Sporadic 10/17/01 
MDH00227 
MDH00230 
MDH00251 
MDH00229 

MDH00235- Sporadic 10/3/05 
MDH00243- Sporadic, same PFGE and time as Outbreak 5 
MDH00245- Sporadic 6/26/12 
MDH00249 
MDH00250 

MDH00246-Sporadic 7/30/12 
MDH00255- OH Sample 1  
MDH00256- OH Sample 2 

MDH00241- Sporadic, same PFGE and time as Outbreak 5 
MDH00239 
MDH00242 
MDH00244- Environmental sample from Outbreak 5 
MDH00238 
MDH00240 

Defined Outbreak Samples 

    Outbreak 1- Sept 2000 

    Outbreak 2- May 2001 

    Outbreak 3- Aug 2001 

    Outbreak 4- Nov 2003 

    Outbreak 5- Aug 2008 

    Outbreak 6- Spring 2014 

    Outbreak 7- Spring 2014 

0-2 SNPs 

0-2 SNPs 

0-2 SNPs 

1SNP 

0 SNPs 

0-1 SNPs 

0-3 SNPs 
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MDH00212 

JEGX01.0004 
(SE1) 

Other 
(44%) 

JEGX01.0002 
(SE11) 



JEGX01.0004 
(SE1) 

Other 
(44%) 

JEGX01.0002     
       (SE11) 

Common PFGE Patterns (sporadic) 
Average SNP Differences 
Within PFGE Type 
• Pattern 4 – 138 SNPs 
• Pattern 2 – 58 SNPs 

 

 



Retrospective Study Conclusions 

• Few SNP differences within outbreak 
• Sporadic isolates look different than 
outbreaks 

• WGS stable 
• All isolates type able by WGS 
• High amount of diversity 



Prospective Study 

• April 1-December 31st, 2014 
• All isolates have PFGE and WGS performed 
in real-time (WGS goal TAT <1 week) 

• Each cluster (identified by any method) will 
be investigated as possible outbreak 

• FB epi interviews all cases with trawling 
questionnaire 

• N=159, 21 unique primary PFGE patterns 
 



Cluster Definition 

•Prospective study, any isolates: 
• Indistinguishable PFGE (Xba1 and Bln1) 
type within month 

• <10 SNPs difference within month 
• Originally <20 SNPs difference 



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 

• Dynamic investigation approach 

 



SE Prospective Study Results-
By PFGE pattern (April-

December 2014) 

 MDH-2014-00786    SE11 B6
 MDH-2014-00974    SE11 B6

 MDH-2014-00909    SE11 B195
 MDH-2014-01051    SE164 B41

 MDH-2014-01078    SE11 B234
 MDH-2014-00942    SE11 B116
 MDH-2014-00798    SE11 B116

 MDH-2014-00782    SE11 B116
 MDH-2014-00781    SE11 B116

 MDH-2014-00785    SE11 B116
 MDH-2014-00779    SE11 B116

 MDH-2014-00797    SE11 B224
 MDH-2014-00931    SE11 B6

 MDH-2014-00826    SE11 B6
 MDH-2014-00965    SE103 B321

 MDH-2014-00802    SE11 B6
 MDH-2014-00804    SE11 B6

 MDH-2014-00929    SE129 B6
 MDH-2014-00932    SE129 B6

 MDH-2014-00937    SE132 B230
 MDH-2014-01029    SE132 B101

 Salmonella enterica str P125109
 MDH-2014-00793    SE11 B6

 MDH-2014-00834    SE200 B45
 MDH-2014-01054    SE1 B1
 MDH-2014-01050    SE1 B1
 MDH-2014-01021    SE1 B1
 MDH-2014-01080    SE1 B143

 MDH-2014-01018    SE1 B1
 MDH-2014-00975    SE1 B1
 MDH-2014-00979    SE1 B1
 MDH-2014-00972    SE1 B1
 MDH-2014-00941    SE1 B1
 MDH-2014-00933    SE1 B1
 MDH-2014-00943    SE1 B1
 MDH-2014-00938    SE1 B1
 MDH-2014-00930    SE1 B1
 MDH-2014-00967    SE1 B1

 MDH-2014-00905    SE77 B1
 MDH-2014-00808    SE1 B1

 MDH-2014-00944    SE1 B1
 MDH-2014-00892    SE1 B1

 MDH-2014-00896    SE1 B1
 MDH-2014-00795    SE1 B1
 MDH-2014-00815    SE1 B1

 MDH-2014-00836    SE1 B1
 MDH-2014-00800    SE1 B1
 MDH-2014-00831    SE1 B1

 MDH-2014-00790    SE10 B29
 MDH-2014-00789    SE1 B1

 MDH-2014-00803    SE10 B29
 MDH-2014-00935    SE1 B141
 MDH-2014-00894    SE1 B1

 MDH-2014-00828    SE207 B225
 MDH-2014-01015    SE1 B1

 MDH-2014-00851    SE1 B1
 MDH-2014-00843    SE1 B1

 MDH-2014-00833    SE1 B1
 MDH-2014-00885    SE1 B1

 MDH-2014-00891    SE1 B1
 MDH-2014-00900    SE1 B1

 MDH-2014-00902    SE1 B1
 MDH-2014-00897    SE210 B65

 MDH-2014-01053    SE189 B196
 MDH-2014-00890    SE189 B196
 MDH-2014-00813    SE189 B196

 MDH-2014-00945    SE10 B141
 MDH-2014-00939    SE10 B141

 MDH-2014-00899    SE1 B1
 MDH-2014-00817    SE10 B29

 MDH-2014-01052    SE10 B29
 MDH-2014-00968    SE1 B1
 MDH-2014-00906    SE1 B1

 MDH-2014-00884    SE1 B1
 MDH-2014-00842    SE1 B1

 MDH-2014-00812    SE10 B29
 MDH-2014-00936    SE1 B29
 MDH-2014-00809    SE1 B1

 MDH-2014-00814    SE1 B1
 MDH-2014-00824    SE1 B1
 MDH-2014-00811    SE1 B1

 MDH-2014-00787    SE10 B141
 MDH-2014-01022    SE212 B162

 MDH-2014-00908    SE10 B29
 MDH-2014-00893    SE1 B1

 MDH-2014-00898    SE1 B1
 MDH-2014-00852    SE209 B227

 MDH-2014-00853    SE1 B171
 MDH-2014-00807    SE10 B171

 MDH-2014-00889    SE52 B228*
 MDH-2014-01016    SE1 B171

 MDH-2014-01017    SE10 B83
 MDH-2014-00792    SE1 B1

 MDH-2014-01079    SE77 B52
 MDH-2014-01062    SE77 B52

 MDH-2014-00788    SE190 B159
 MDH-2014-00794    SE77 B52
 MDH-2014-00799    SE77 B52
 MDH-2014-00978    SE77 B52
 MDH-2014-00977    SE77 B52

 MDH-2014-00971    SE77 B52
 MDH-2014-00846    SE77 B52
 MDH-2014-00829    SE77 B159
 MDH-2014-00857    SE167 B159
 MDH-2014-00882    SE77 B52
 MDH-2014-00881    SE77 B52

 MDH-2014-00883    SE77 B52
 MDH-2014-00912    SE1 B77
 MDH-2014-00907    SE1 B1

 MDH-2014-00887    SE10 B29
 MDH-2014-00886    SE10 B29
 MDH-2014-00780    SE1 B1

 MDH-2014-00973    SE1 B1
 MDH-2014-01067    SE1 B1

 MDH-2014-00987    SE1 B208
 MDH-2014-00850    SE1 B226

 MDH-2014-00976    SE43 B18
 MDH-2014-00895    SE43 B18

 MDH-2014-00791    SE43 B18
 MDH-2014-00784    SE43 B18

 MDH-2014-00806    SE43 B18
 MDH-2014-00878    SE43 B18
 MDH-2014-00835    SE208 B99
 MDH-2014-00823    SE43 B18

 MDH-2014-00816    SE43 B18
 MDH-2014-00854    SE43 B18
 MDH-2014-00855    SE43 B18

 MDH-2014-00911    SE43 B18
 MDH-2014-01007    SE43 B18

 MDH-2014-00880    SE43 B18
 MDH-2014-00827    SE43 B18
 MDH-2014-00849    SE43 B209
 MDH-2014-00841    SE43 B209
 MDH-2014-00832    SE43 B18
 MDH-2014-00801    SE43 B18
 MDH-2014-00845    SE43 B18
 MDH-2014-00844    SE43 B18

 MDH-2014-00970    SE43 B18
 MDH-2014-00946    SE211 B212

 MDH-2014-00825    SE43 B18
 MDH-2014-00783    SE43 B18
 MDH01089    SE43 B18

 MDH-2014-00810    SE43 B18
 MDH-2014-00856    SE43 B18

 MDH-2014-00778    SE43 B18
 MDH-2014-00910    SE43 B72
 MDH-2014-00879    SE43 B72
 MDH-2014-00888    SE43 B72

 MDH-2014-00848    SE43 B72
 MDH-2014-00796    SE43 B72
 MDH-2014-00903    SE43 B229
 MDH-2014-00934    SE43 B72

 MDH-2014-00904    SE43 B72
 MDH-2014-00805    SE43 B72
 MDH-2014-00847    SE43 B72
 MDH-2014-00969    SE43 B72

 MDH-2014-00966    SE43 B72
 MDH-2014-00830    SE43 B72

 MDH-2014-00940    SE43 B72
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SNP Differences in Sporadic Isolates 

MN PFGE 
Pattern 

CDC PFGE 
pattern N Average SNP differences with 

PFGE pattern 

SE1 4 56 93 

SE43 5 41 56 

SE11 3 16 82 

SE77 21 13 32 

SE10 34 13 77 



Prospective Results-cluster analysis 

PFGE WGS 

# of clusters 12 25 

Mean # in cluster (range) 9.2 (2-44) 3 (2-8) 



Occurrences of Multiple Isolates Collected 
from Same Patient 

• N=7 
• Time between collection dates ranges from 0 days (same 
collection date) to 6 months later.  
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Possible Lab Associated Infection 
• Patient 894-Collected late July 
• Lab worker 935-Collected late August 
• 1 SNP different 
• Additional possibly lab-associated Shigella infections in same time-

period- possible lab contamination/safety issues 

 



Pet Associated Infection 
• Different PFGE patterns between Snake and Snake Owner 
• 0 SNPs between Snake and Owner, 7 SNPs between those and other 

not linked cluster isolate 

 



Frozen Chicken Product 
• 8 isolates, 0 SNPs different 
• Collection dates: 8/17/14 through 9/27/14 
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Conclusions 

• WGS satisfies criteria for a good typing 
method 
• Stability 
• Typeability 
• Discriminatory power 
• Epidemiological concordance 
• Reproducibility 

• WGS has challenges  
• Communication of results 
• No pattern designation  

• Bioinformatics is challenging 
 
 
 



Conclusions 

• Need better understanding of WGS and 
outbreaks-epi critical-may be different 
criteria for different species 
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