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Issues with Cantaloupe

« 23 outbreaks associated with Cantaloupes from
1985-2012 resulting in:
« 1520 illnesses

+ 297 hospitalizations

+ 39 deaths (33 in 2011 Listeria outbreak, 3 in 2012
Salmonella outbreak)
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Issues with Cantaloupe
c -

Hospitalizations 16% 3%
Deaths 3% 0.07%
llinesses (Median) 23 20
Multistate Outbreaks 52% 1-2%
Imported food 33% 0.4%

% Cantaloupe outbreaks more severe and widespread than
other foodborne disease outbreaks

Gould 2012



Issues with Cantaloupe
-

Unknown

Listeria
E. coli O157_
Campylobacter

Norovirus Salmonella

Gould 2012



Issues with Cantaloupe

= Honeydew (6%)
= Watermeon (35%)

Cantaloupe (59%)

* More than half of Melon outbreaks are due to Cantaloupe
s 35 Melon outbreaks from 1973-2012

http://wwwn.cdc.gov/foodborneoutbreaks



Issues with Cantaloupe
c -

« Cantaloupe illnesses are associated more with
women and older adults

« Many Cantaloupe outbreaks are linked to imported
fruit

« Contamination occurs at all points along the farm to
fork continuum



Issues with Cantaloupe
c -

« 2012 Outbreak
< 261 llinesses
» 3 deaths
» Cases in 24 states
« Salmonella Typhimurium T
« Salmonella Enteritidis
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1 1-5cases
B 15 cases
B Gieater o equal to 16 cases

http://mwww.cdc.gov/salmonella/typhimurium-cantaloupe-08-12/map.html



Issues with Cantaloupe
c -

< 2011 Outbreak
< 147 llinesses
» 33 deaths, 1 miscarriage
» Most deadly outbreak in 25 years
+ Cases in 28 states
< Listeria monocytogenes x w

http://www.cdc.gov/salmonella/typhimurium-cantaloupe-08-12/index.html

5
I 220 cases



Background on Listeria monocytogenes
-

< 1911: recognized as animal pathogen

< 1926: Bacterium monocytogenes

< 1927 Listerella monocytogenes

<+ 1929: First reported as human pathogen
< 1940: Listeria monocytogenes

< 1980s: recognized as foodborne pathogen



| Isteriosis
o

<+ Low Incidence

< Human cases generally sporadic

< Source and route often unknown

< Susceptibility to infection: high risk populations
< Pregnant women

» Elderly (>60 years)

» Newborns and infants

< Immunocompromised

< Mortality

< 15 % in typical foodborne outbreaks (Scallan et al. 2011):
cantaloupe outbreak: 22.4%
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Symptoms
-

< Healthy individuals
< Symptomless or "flu-like" condition

< Susceptible individuals
» Meningitis

» Stillbirth, abortion

» Septicaemia

» Endocarditis

» Pneumonia

» Urethritis

<+ More generic symptoms include fever, muscle aches,
and diarrhea
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Incidence In foods

*

Meat and meat products (10 - 60%)
Fish and fish products (20 - 30%)
Salads and vegetables (10 - 20%)

High risk foods: deli meat, raw milk, soft cheeses,
seafood
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Low risk foods: fruits and vegetables?
< 2009: sprouts

< 2010: cut celery

< 2011: cantaloupes



Timeline of Events: Multistate Outbreak of Listeriosis Linked to Whole Cantaloupes

Outbreak |dentification
and Source Implication

September 2

The Colorado tof

Public Health and Emisanm et
CDPHE] nodifies the Centers for
Disease Control and Frevention
(0D} of seven ill persons with
lsterinsts (Listeria Infection)
repomed since 829711,

MUMBER OF ILL PERSOMNS

Regulatory Actions,
Recalls, and Results of

Product Testing

september 5
Cantaloupes are
collected by COPHE for
Listeria testing from the
home of an ill person.

from Jensen Farms in Colorado—United States, 2011

September 6

PulseMet defines outhreak strains in CO
patients and identifies an ill person in NE and
aniotherin TX, 2ach infacted with an outbraak
strain of Listerfa, Initial Interviews of 7 111
persons in CO with standard COC questionnalre
find all ate cantaloupe. Three il persons
report eating cantaloupe from ong ragion in

| Southeastem OO {*Rocky Ford”).

's-eptember'.l'

D begins coordinating the multistate

investigation.
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September &

DM asks states to use the supplemental
questionnairz craated by COPHE o leam
mare about cantaloupe eaten by ill persons.
Food and Drug Administration (FOA) begins
investigation with initial information collected
by COPHE to identlfy sources of cantaloupe
gaten by ill persons.

Seplember &

COPHE announces that c

are the likely cause of liness and wams
hiligh-risk CO residents not to eat them,

Sowtheastarn CO.

TI004-A,

september 11 September 12 September 13 September 14
Preliminary traceback . CDC posts nitlalweb | | FDW issues a COC posts
Iinvestigation announcement about | | statement that anather web
suggests that the i on, public health update about
mtabge saying that the officlals have the investigation,
produced at Jensen multistate outhreak | discovered that including a
Farms was sold of listeriosis & linked | most ill persons warning that
at several retadl o cantaloupes consumed the multistate
locations where ill marketed as coming | cantaloupe outhreak of

rsans reported from ane regian in purchased whale, listeriosis has

¥ing cantaloupa southeastemn C0,and | most likely marketed | | been linked to
marketed as coming | warning persens 31 as coming froem cantaloupes from
from ane reglan in high risk natlorwide | | one region in Jensen Farms.

not to eat them. Sowtheastern (0
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September 15 - October 31°

146 cases, 30 deaths, and 1 miscarriage.

C0eC and states continue to conduct survedllance for outbreak iliesses, A team of CDC
epidemniologists deploys to Colorado to assist COPHE in assessing exposures and outcomes
amang pregriant women. CDC publishes a final web update on December 8, which reporis

.||L TP ..

® Bacludes a newbom diagnosed wieh listenosis with a specimen dase in
wovemiber whose mother was reported as a case earlier in the outbreak.

Finalized on December 8, 2011

For more information, wisit
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September 8 Saptember 10 September 11 Saptember 19 September 23 Octaber 18
Canta are FOA and COPHE Cantaloupe samples collected by COPHE Cantaloupes and Canol’s Curts of Kansas City, PO fssues 3 warriing
colkected by COPHE for visit Jensen Farms | o0 W/5/11 from the home of an il persen environmental Kansas inftiates a recall of fresh |etter to Jersen Fams
Listeria testing from foranin on and on 9811 from 2 retall locations samiples collacted at cut cantaloupe and cut mixed based on the presence
retail locations where and to collect yield Listeria. Jensan Farms by FDA frult containing cantaboupe of the puthrealk
ill persons reportad environmental and | yield an outbreak becawse the cantaloupe was stralng of LEreria in
buying cantaloupes. praduct samples. September 14 strain of Listeria, produced by Jensen Farms. ervironmental and
’ Thehmll:::rrﬁgslnps FOA announces that Jensen Farms has lssued "October 6 mﬂmP’;ﬁg‘PE
september Jenser avoluntary recall of their whale cantalou i o /10,
oS collecteq | | dSTDULONOF Y o E‘ﬁmﬁm colorad | FURFresh Up of uffla, New
by FD for Listznia festing Gantaloupes and state and local officials, York invtkaies & recall o inchvdual October 19
fiom retad tells grocery stores | | September 16 s ; packages of fresh cut cantakoupe FOM announces findings

m ref locations to remove Jensen & sample of cantaloups collected by COPHE begins an environmental | | and e miked fruit containing of Its envirenmental
whese ill persons reported | g cantzloupes | | from 2 retail location stores supplied by Jensen assassment at cantzloupe because the cantaloupe | | assessment at
B firam shielves, Farms yields an outbreak strain of Listeria, Jensen Farms. was produced by Jensen Farms. Jensan Farms.

isteria website: hittp/fwww.cd cgowiListera



The FDA Report
-

+ FDA identified the following factors as those that
most likely contributed to the introduction, spread,
and growth of Listeria monocytogenes in the
cantaloupes:

+ There could have been low level sporadic Listeria
monocytogenes in the field where the cantaloupe were
grown, which could have been introduced into the packing
facility

< A truck used to haul culled cantaloupe to a cattle operation
was parked adjacent to the packing facility and could have
Introduced contamination into the facility

FDA 2011. Available at http://www.fda.gov/Food/FoodSafety/ CORENetwork/ucm?272372.htm#report



The FDA Report
-

< Causes of the outbreak:

+ The packing facility’s design allowed water to pool on the
floor near equipment and employee walkways

+ The packing facility floor was constructed in a manner that
made it difficult to clean

+ The packing equipment was not easily cleaned and
sanitized; washing and drying equipment used for
cantaloupe packing was previously used for postharvest
handling of another raw agricultural commodity



The FDA Report
-

< Causes of the outbreak:

<« There was no pre-cooling step to remove field heat from the
cantaloupes before cold storage

< As the cantaloupes cooled there may have been
condensation that promoted the growth of Listeria
monocytogenes



Source Tracking Research
-

« There could have been low level sporadic L.
monocytogenes in the field where the cantaloupe
were grown, which could have been introduced into
the packing facility

< A truck used to haul culled cantaloupe to a cattle
operation was parked adjacent to the packing facility
and could have introduced contamination into the
facility

FDA 2011. Available at http://www.fda.gov/Food/FoodSafety/ CORENetwork/ucm272372.htm#report



Source Tracking
.

<« Automated Riboprinting analysis
< Provides information about serotypes
« Can determine lineage, provide clues about source

+ Pulsed Field Gel Electrophoresis
+ Used by CDC to determine source of outbreaks

+ Patterns are placed in PulseNet
< More discriminatory than Automated Riboprinting



Source Tracking
.
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Source Tracking
.

<« Among the L. monocytogenes environmental

Isolates obtained from the Colorado Department of
Public Health and the Environment, we identified
four ribotypes:

« DUP-1030 (lineage II)

<+ DUP-19169 (lineage II)

<+ DUP-1052 (lineage I)

<+ DUP-20238 (Unknown)

Jeffers et al. 2001, Microbiology 147:1095-1104



Source Tracking
.

« L. monocytogenes consist of at least 4 evolutionary
lineages (I, Il, lll, and V) with different but
overlapping ecological niches

» Most L. monocytogenes isolates seem to belong to
lineages | and Il, and have serotypes more
commonly associated with human clinical cases

+ Lineage Il strains are common in foods, are
widespread in the natural and farm environments,
and are also commonly isolated from animal
listeriosis cases and sporadic human clinical cases



Source Tracking
.

< Most human listeriosis outbreaks are associated with
lineage | isolates

< In many countries, lineage | strains are
overrepresented among human isolates, as
compared to lineage Il strains

<« Lineage lll and IV strains are rare and predominantly
Isolated from animal sources



Source Tracking
.

« DUP-1030 was more frequently associated with
animal cases (26£3%) than with human cases
(11+4%)

« It was responsible for a human listeriosis outbreak in
Carlisle in 1981

<+ DUP-1030 and DUP-19169 associated with foods
< DUP-1030 found in smoked salmon
<« DUP-19169 found in semidry fermented sausage



Source Tracking
.

<« DUP-1052 is one of the most common ribotypes
found among food isolates, and is commonly
associated with human disease

« DUP-20238 not previously reported



PFGE Analysis
.

PFGE-Ascl PFGE-Ascl
s g 8 SourceState TypeDetails IsolatDate Species PFGE-Ascl-patternPFGE-Apal-pattern Name
| | | | | | | ||” co Cantaloupe  2011-09-08  Listeria monocytogenes GX6A16.0001 GX6A12.0001 ENV2011010805-3 (390-3)
A | I co Cantaloupe  2011-09-08  Listeria monocytogenes GX6A16.0001 GX6A12.1776 ENV2011010805-4 (390-4)
| | | || || | HH co Cantaloupe  2011-09-08  Listeria monocytogenes GX6A16.0099 GX6A12.1776 ENV2011010804-1 (390-1)
| || | | | | H co Cantaloupe  2011-09-08  Listeria monocytogenes GX6A16.0029 GX6A12.0069 ENV2011010806-6 (390-6)
| || | | | | H co Cantaloupe  2011-09-08  Listeria monocytogenes GX6A16.0029 GX6A12.0069 ENV2011010807-8 (390-8)
| || || | ||| co Cantaloupe  2011-09-08  Listeria monocytogenes GX6A16.0019 GX6A12.0227 ENV2011010804-2 (390-2)
| | " | | Cco Cantaloupe  2011-09-08  Enterococcus faecalis ENV2011010807-7 (390-7)
PFGE-Apal PFGE-Apal
g 8 SourceState TypeDetails IsolatDate Species PFGE-Ascl-patternPFGE-Apal-pattern Name
— | [ co Cantaloupe  2011-09-08  Enterococcus faecalis ENV2011010807-7 (390-7)
Ty | || | | | ||| | |] \ co Cantaloupe  2011-09-08  Listeria monocytogenes GX6A16.0019 GX6A12.0227 ENV2011010804-2 (390-2)
| | | || |||| | co Cantaloupe  2011-09-08  Listeria monocytogenes GX6A16.0029 GX6A12.0069 ENV2011010806-6 (390-6)
|_| | | | || uu | CcO Cantaloupe _ 2011-09-08 _Listeria monocytogenes GX6A16.0029 GX6A12.0069 ENV2011010807-8 (390-8)
— I— ! ! lu!! CO Cantaloupe isteria_ monocvtogene X6A16.000
_|: | | | | | |||[ co Cantaloupe  2011-09-08  Listeria monocytogenes GX6A16.0099 GX6A12.1776 ENV2011010804-1 (390-1)
! I I I \ co Cantaloupe _ 2011-09-08 _Listeria monocytogenes GX6A16.0001 GX6A12.1776 ENV2011010805-4 (390-4)




Virulence typing
.

Listeria

Internalin-mediated entry

@ Actin

‘ Arp2/3 complex

O Bacterial proteins




Virulence typing
.

< In L. monocytogenes, attenuated virulence is
associated with truncated forms of internalin A

< Attenuated strains have been characterized that
have truncated forms of internalin A, from 47 to 60
kDa, instead of the commonly encountered 80-kDa
Internalin A

< Truncated forms are due to point mutations in inlA

Olier et al. 2005 Infect Immun. 2005 January; 73(1): 644—648



Virulence Typing
.

£il404238905_I50 CTAATAACCCTAACAAAAGGTAGAGCGCATTATCGCTATCGOCAGTIGTI9E  Isolate3
£il404837905_I80 CTAATAACCCTAACAAAAGGTAGAGCGCATTATCGCTATCGOCAGTIGTIGT  Tsolated
=il404237905_I80 CTAATAACCCTAACAAAAGGTAGAGCGCATTATCGCTATCGOCAGTTGT 100 Tsolate 1
£il404297905_I50 CTAABAARCCTARCAAJAGGTAGAGCICATTATCGCTATCCCAGTTGTI 100 Tsolate2
=i404238905_I80 GTATATTTGCGGAAGGTGGTGTAGTATTCCCGOCGTTATTTGTIGTAGGC 248 Tsolate3
=i404837905_I50 GTATATTTGOGGAAGGTGGTGTAGTATTCCOGOCGTTATTTGTIGTAGGC 247 Tsolated
£i404237905_I80 GTATATTTGOGGAAGGTGGTGTAGTATTCCCGCCETTATITGTTGTAGGC 250 Tsolate ]
=i404297905_IS0 GTATATTTGOGGAAGGTGGTGTAGTRTTCCCCCGTTATITGTRGTRGGC 250 Tsolate2
=i404238905_I80 CGCTATATTGGGCATATAAGGTGATGTTTITAGCAGGCATTTTGCTAGTT 548 Tsolate3
=i404837905_I80 CGCTATATTGGGCATATAAGGTGATGTTTITAGCAGGCATTTTGCTAGTT 547 Isolated
=i404237905_I80 CGCTATATTGGGCATATAAGGTGATGTTTITAGCAGGCATTTTGCTAGTT 3530 Tsolate 1

ei404297905_I50 COCTATATTGEGCATATAAGGTGATGTI TI TAGCAGGCATET THCTRGTT 530 Izolate 2



Rapid, field-based diagnostics
-

FDA Environmental Swabs Positive Results

p ina Li 9 positive samples from the grading belt

rocessing Ltine  awaps 21, 22, 23, 24, 26, 27, 29, 30 & 33
2 positive samples from the conveyor
Swabs 20 & 28

1 positive sample from the felt rollers
Swab 13

1 positive sample from the conveyor belt

Packing Area Swab 34

FDA Product Sample Results
1 Cantaloupe Sample collected from cold storage
5 subs tested positive
(10 whole cantaloupes or “Subs™)

Flease referto the section below for
FOA's Sample Records and Results on Jensen Farms

FDA 2011. Available at http://www.fda.gov/Food/FoodSafety/ CORENetwork/ucm272372.htm#report



UPAD Assay for L. monocytogenes

Contaminated Food . J

Collect Bacteria

|
N

Collect washings 1

l from food or [ T

Enrichment

Sample enriched in
media (< B hours)

e

|



UPAD Assay for L. monocytogenes

1 2 3 6 7 8 9 10

All L. monocytogenes tested were PIPLC positive (lanes
1-8), including two positive control strains (lanes 7 and

8). Bacillus pumulis and Enterococcus faecalis were
PIPLC negative (lanes 9 and 10)




Multiplexed yPAD Assay

Goal: Detect three bacteria
simultaneously

Substrates spotted in outer E. col
test zones
Salmonella

Solution containing all three
enzymes in central sample
well

Cross-reactivity tested for
each assay

L. monocytogenes

control




Thanks to:
]

« Post-doctoral fellows
< Dr. Bledar Bisha
< Dr. Jeff Chandler
« Students
<+ Alma Perez-Mendez
<« Shannon Coleman
<+ Wyoming Public Health Lab
<+ Wanda Manley

<« Funding Sources
<+ USDA Specialty Crop Research Initiative
+ Colorado State University Agricultural Experiment Station
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Questions?
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