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Broader definition of Ready to Eat will place 

greater emphasis on EMPs 

Listeria monocytogenes recognized as a pathogen of concern in 

RAC and value-added produce
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 457 samples from non‐food contact surfaces were collected from five 
citrus packinghouses. 

 > 575 swab samples ( some were duplicates) 

 The packing facility size, layout, and number of lines or relevant unit 
operations determine swab number at each operation. 

 40.9% (187) enrichments showed a positive molecular outcome for 
Listeria, and 39.3% (174) were culture positive. 

 110 isolates have been confirmed as Listeria monocytogenes.

 Approximately, 28.2% (49) of culture positive enrichments have yield 
both Listeria spp and Listeria monocytogenes. 



Individually Individually both

Total 
samples

Total 
Negatives

Total 
Positives

Listeria spp. Listeria mono
L. spp/L. 

mono

n 355 193 162 62 62 38

Percentage 54.4 % 45.6% 38.3% 38.3% 23.46%
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 Listeria prevalent in within Zone 2 and 3

▪ Areas routinely wet 

▪ Typical chlorine, ClO2 , or PAA addition to water doesn’t 
prevent presumptive biofilm buildup

 L. mono persistent

▪ following typical surface chlorine sprays:  

More aggressive sanitation needed

▪ For several months 

▪ Detectable in dy off-season conditions 

▪ Rebounds once wet operations re-start 
 Some facilities consistently no-detection



















 Purified isolate are being used for Facility-
Mapping to Better Define 

 PFGE (Pulse field gel electrophoresis)
▪ Facility & Temporal Diversity Mapping 

 WGS (whole genome sequencing)
▪ Source-tracking 
▪ Provides a very precise DNA fingerprinting



AscI-ApaI PFGE 98% similarity
Five isolates from PFGE pulsotype 22 

had few SNPs differences 

❖Isolated from 3 different facilities over two 
years

❖Subtype 22 seems to be introduced to 
different facilities from an external source
with limited  diversification 

2014   4

2014   6

2014   6

2015 5

2015 6

96%

* SNPs: single neuclotide polymorphism

Understanding isolate diversity is critical 
to sound source-tracking and corrective 
action plan



The significance of Zone 2-3 positives 
to Zone 1 and product contamination 

needs resolution



 Total of 110 swabs 

▪ 7 locations positives for L. mono
 Positive swabs:

▪ Polishing brushes

▪ Drying brushes

▪ Auto-line singulator machinery

▪ Main packing line floor drain

▪ Non-painted wooden bins
 Last use of apple line Oct 31, 2014

▪ FDA CORE samples Dec 23, 2014 

▪ WSU/UCD sampling Feb-March, 
2015 

▪ 27 confirmed L.mono



AcsI&ApaI
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L.m. in etched stainless steel H. O¨ lmez, S.D. Temur / LWT - Food Sci. and 
Technology 43 (2010) 964–970

L.m. biofilm on lettuce



 Biofilms are collections of microscopic organisms 

▪ Attached to a surface (and each other) for survival. 

▪ secrete extracellular polymeric substance by its 
members (supportive matrix)

 Bacterial cells embedded within a biofilm can 
withstand nutrient deprivation and pH changes

 The protective nature of biofilms 

▪ limits the efficacy of disinfection treatments
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The longer Listeria is associated with a surface….
the harder it is to kill





Trevor Suslow

tvsuslow@ucdavis.edu

http://ucfoodsafety.ucdavis.edu

http://postharvest.ucdavis.edu

Acknowledgements to Lab 
Technical Staff and Students
• Adrian Sbodio
• Janneth Pinzon
• David Hill
• Mariya Skots
• Jeremy Roland
• Lee Ann Richmond 
• Host of undergraduates  

Support Acknowledgement
• Center for Produce Safety 
• Citrus Research Board
• CDFA SCBGP
• Fruit Growers Supply, Inc.
• Grower/Shippers 

mailto:tvsuslow@ucdavis.edu
http://ucfoodsafety.ucdavis.edu/
http://postharvest.ucdavis.edu/


Questions? 

32

“Oh, if only it were so simple.”


