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Major Outbreaks Over the Last

3 Years
YEARAGENT  VEWCLE  CASES SOURCE STATE

2008 Salmonella Saintpaul jalapeno/serrano peppers 1442** Mexico ML
2008 Salmonella Typhimurium Peanut butter/peanut paste 677 GA ML
2006 Salmonella Tennessee peanut butter 628 GA ML
2009 Salmonella Saintpaul Sprouts 235 ML
2006 E coli O157:H7 spinach 204 CA ML
2006 Salmonella Typhimurium tomatoes 190 OH ML
2009 Bacillus Cereus Macaroni and cheese 150 CT ML
2009 Salmonella Typhimurium Cucumber (suspected?*) 118 ML
2006 Salmonella Newport tomatoes 107 VA ML
2006 E coli O157:H7 lettuce 81 CA ML
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Serotypes found during Saintpaul
pepper investigation - 2008

Abaetetuba
Albuquerque
Anatum
|_Braenderup
Cerro
Derby
Give
Huvudsta
Infantis
Javiana
Koumra
Madelia
Mbandaka
Michigan
Minnesota

Muenchen
Newport
Ohio
Oranienburg
omona

| Saintpaul |
Sandiego
Soahanina
Tallahassee
Tucson
Typhimurium
Weltevreden
S. enterica subsp. arizonae
S. enterica subsp. diarizonae
S. enterica subsp. houtenae
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Additional Significant Outbreaks (last 3 years)

2009 Salmonella Orianburg~ Round tomatogs 19 l
2009 £ Coli 017HT Cookie Dough 1 I
2009 Salmonella Rissen White Pepper Spice (suspected) 72 ML
2009 Salmonglla Newpor Unknown 1 ML
2006 Ecoli O197H7 lettuce n A I
2007 Salmonella Wandsworth  veggie booty 69 ChinalEgypt M
2007 Salmonela Newport tomatoes 6 VA l
2008 SaimonelaLitchfield ~ cantaloupe 5 Honduas M
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Recent Outbreaks
- Part of an increasing trend

 There are several possible explanations
for the apparent increase
— Better and more rapid detection of outbreaks
— Increase in sale of fresh-cut produce

— Wider distribution from a more limited production
area

— Globalization of the produce supply

— Increase in the numbers of consumers at high risk
for foodborne illnesses
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We Need Rapid Methods

* Increase number of samples analyzed for routine
surveillance of domestic and imported products

« Tracking/identifying sources of outbreaks (molecular
epidemiology)

 Problem 1: Improved sampling and recovery of
contaminants

* Problem 2: Rapid fingerprinting of micro-organisms or
identification of new chemical toxins
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we need rapid methods?

Clinical ID ldentify Food
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What kind of Is it the outbreak
Salmonellais it? strain?

11 I11

ldentification Traceback
(serotype) (subtype)

Mitigation strategies include:

* Any method that combines two of the three boxes—
particularly boxes | and II.

* Any method(s) that shrink the width (i.e., timespan) of one
or more boxes
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“The Smokin’ Jalapeno”

(Firm ran out of plastic cover for bedding-Sample collected scored
Positive for Salmonella Saintpaul) Black

Ces S SRS T ) .
gl -~ plastic

cover

plastic

cover






e Indigenous microbial
population on produce-
10? te 10 ¢ful/g
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» Eschernichia coli VS 7. H7
» STEC
» LListena

» Salmenella

i
= Clostiidium, (texd
= Francisella twgummg

= Bacillus anthracis, B: cereus)
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Cantaloupe in bag with |
preenrichment broth

An Improved Soak Method for
Canteloupes suspect for Salmonella

Soak

Shake, 100 rpm 5 min

Rinse (25 mL)

————

Pre- EM!
enrichment E‘ﬁ

24 h, 35°C 24 h, 35°C

Selective
enrichment

o o
l 24 h, 35°C and 42°C l 24 h. 35°C and 42°C

Selective
plating
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@ 37°C
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Schematic of Revised Method - ESA

125 g

Confirm with RT-PCR, RapidID 32 E, Class Fatty Acid Analysis

Centrifuge 5000 rpm for 10 min

Resuspend pellet in 100 ul H,O/BPW

225 m| H,O/BPW

Decant supernatant

>

-

(concurrently)
continue PIF/H,0O
Incubation O/N
at 37°C

Plate on Chromogenic Agar

N

Real-tima PCR, 185 § * I I
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Molec'ular Detection Methods

Conventional and Real-Time PCR allows us
to target specific bacterial pathogens
despite the background microbial load
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Roche
Light Cycler

XXXXXXKR ==y Roche TagMan

Corbett
Rotorgene

Cepheid 7
Smart Cycler
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Detection of Live Salmonella sp. Cells in Produce by a TagMan-Based
Quantitative Reverse Transcriptase Real-Time PCR
Targeting invA mRNA"T

Narjol Gonzélez-Escalona,* Thomas 5. Hammack, Mindi Russell, Andrew P. Jacobson,
Antonio J. De Jesis, Eric W. Brown, and Keith A. Lampel

Center for Food Safery and Applied Nention, Food and Dy Adminiveation, Cellepe Park, Mariland
Regeved 24 Wovember MR AGepied 3 Apnil JER

Salmamellz saferica contamination in Fosds is n sipnificant coneern far puehblic henlth. When 1DNA detectinn
methods are used for analysis of fods, one of the major concerns is false-positive resalts from the detectinn
af dend cells. Te circomvent this crucial issne, n TaghMan quantitntive real-time RT-PCR (gHT-PLUCH) assoy
with nn ENA internnd eontral wns developed. ined RNA stondards were ased to determine the detectinon limit
af this nssny as well as to determine invd mBMNA levels in mid-exponentinls, Inte-cxponentinl-, nnd sintionnry.
phase cells. This nssay has a detection limit of 41} copics of invd mEMNA per reaction. The levels of favd mBMNA
in mid-expanentinl-, late-exponentinle, and sintionnry-phase ¥, endericog cells was npproximately 1 copy per 2
CFU, 1 eopy per CFU, and 4 copics per WP CFU, respectively. Spinach, tomatoes, jalopena peppers, and
serruna peppers were artificially contnminated with four different Sefmoaellz serovars of bevels of 10° nnd less
than 1l CFL. These fords were nnalyzed with gHT-ICH nnd with the FIDA's Bacteriolagioel Anafytical Marual
Soirearelir culture method (W, A, Andrews ond T, 5. Hommack, in (. J. Jockson ef al., od., Bacterinlngicnl
annlyticnl manual online, httpywww.chan fda.govy' - chom/ham-2.html, 207, Compoarable resalts were ohe
tmined by hoth methieds. (nly live Saimarells cells conld be detected by this g RT-PUR nssny, thus nvaiding the
dangers of fnlsc-positive resulis From nonvinhle cells. False negntives (inhibition of the PUH) were also ruled
out thraagh the nse of nn RMNA infernnl eontrol. This nssay allows for the fast and accernte detection of viable
Solmarellz spp. in spinach, tomatnes, and in both jalapens nand sermmnn peppers.

Salmorella ertevica contamination in variows foods is a sig-
nificant public health concemn, domestically and internationally
{22, 2%, 37). Salmonells infects millions of people every vear,
gepounting for an estimated 9.7%, 25.6%, and MU6% of dl-
nesses, hospitalizations, and deaths, respectively, of the total
U5, food-borne diseases caused by known food-borne pathoe-
gens {29). Comsumption of fresh fruits and produce increased

B L Lo e S I u o o T B B B I E B < R e T

cxists for the development of faster culture-independent
sereening and detection methods for this pathogen in produce.

Im recent years, a plethora of new molecular methods based
on Salmonelle DMNA detection {e.g., imwd genc) cither by con-
ventional or real-time PCR have been developed (23, 27, 41).
Real-time PCR. {guantitative PCR |qPCR]) is faster and more
sensitive than comventional PCR and provides real-time data,

B oEmars emenn ow
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Microbiological investigations of Salmonella
are a 3-step process:

What kind of
Salmonellais it?

Is it the outbreak
strain?

Is it
Salmonella?

| 11 I11

Detection ldentification Traceback
(species) (serotype) (subtype)

Mitigation strategies include:

* Any method that combines two of the three boxes—
particularly boxes | and II.

* Any method(s) that shrink the width (i.e., timespan) of one
or more boxes
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CDC Molecular Serotyping Protocol

O‘antigen <« LPS

12 ; I‘.

Molecular
serotyping using

Identification of
major Salmonella
serotypes -CDC

|
v v mic fiDST
- e e  —

phke dﬂ:fm;e';, £ hlo;mesgfrggé‘:'noup anﬁgeﬂ
f-/(. Bioplex — based serological
%( identification
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Tests per Sample

microarray

multiplex RT-PCR Mass Spec

-

.

northern blot Real-Time PCR

Sample throughput
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@Premi@’

st Salmonella

o RT-PCR mini-array
o Portable and rapid (<2 hrs)

o Digital signal processing

o Traditional gPCR chemistry

PREMITEST
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Microbiological investigations of Salmonella
are a 3-step process:

Is it What kind of
Salmonella? Salmonellais it?

| 11 I11

Detection ldentification Traceback
(species) (serotype) ' (subtype)

Is it the outbreak
strain?

Mitigation strategies include:

* Any method that combines two of the three boxes—
particularly boxes | and II.

* Any method(s) that shrink the width (i.e., timespan) of one
or more boxes
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The National Molecular Subtyping Network for
Foodborne Disease Surveillance

. The National Molecular Subtyping Noteork
‘\ for Foodborme Disease Surveliance /'

WASHINGTON

FDA-CFSAN

i& Area
Laboratories
PulseNet Central

County/City
Laboratories

[[] USDA Laboratories

ALASKA

o
<
o

HAWAII D PUERTO ‘ FDA Laboratories
[ RICO [

West Mountain South Central North Central Midwest Mid-Atlantic Southeast Northeast
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JEGX01.0004
JEGX01.0005
JEGX01.0018
JEGX01.0021
" JEGX01.0056

www.fda.gov

NC and VT (eggs?)

UT food

GA hospital (eggs)

SC buffet restaurant (eggs)
GA hospital (eggs)

Pattern JEGX01.0004 makes up 40% of all of the S. Enteritidis seen in the
PulseNet database.
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Three very common S. Enteritidis patterns that are difficult to differentiate.
They are often found together or in concurrent outbreaks.

JEGX01.0018
[ JEGX01.0021

| & W) | | || JEGX010056

Difference is in a band-shift
at ~40 kb



and lineages of

epidemic clones of Salmonella

Typhimurium”

# B Copenhagen

o BsSG1

# E turkey

IMIX E Mexico
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“Simultaneous analysis of
combined enzymes
provides insight into sources

NC-MD

% B chicken

(86%) (14%)

7358 ’
7475
16434 2

29539 | (100%)
30034 : ;

(100%)

7873 .
4580 ok
7863 7 A
18565 e
4305 o
4507 _|

(50%) (50%)

www.fda.gov
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Optical Mapping

Michael Kotewicz
CFSAN-OARSA

Multiple contigs; assembly

(T TIME

Linear representation of bacterial genome “consensus map”
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Optical Mapping

Peanut paste strain SL871 chromosomal markers 1-7
(PFGE type 0459, contains genes from plasmid R721)

Markers

SLB71 R721+. [Ncol 1 2 3

Gifsy-2 [Ncol] (in silico)

LT2.. [Ncol] (in silica)

“LT2 [Ncol] (in silico)

WIRINTRZ 01 I S 0! W0 QI TR 11

%mp Fels-1 [Ncol] (in silico) | ]
R721_2527 [Ncol] (in silico)
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Optical Mapping:
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Using the right tool at the right time;

Insertions and deletions

Spinach
EC4076

Reference
Sakai

)

QI76 CprophageT BamHI

/L

Q193 CprophageV BamHlI

www.fda.gov




U.S. Food and Drug Administration www.fda.gov
FIYA

Protecting and Promoting Public Health

Whole Genome Sequencing

454 Technologies whole-genome
sequencing systems:

P allows for multiple coverage of a
complete bacterial pathogen’s genome
in 3 days

» provides raw data for SNP discovery

P allows for identification of rapidly
changing genetic markers

rom where and how are genotypic targets derived?
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New
Instrumentation
Installed in Fall
2009

genomes per
day.

Charlie Wang

www.fda.gov
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Heidelberg SL486

Salmonella enterica enterica sv
Javiana GA_MM04042433
Salmonella enterica enterica sv
Kentucky CDC 101
Salmonella enterica enterica sv
Kentucky CVM20188
Salmonella enterica enterica sv
Newport 81254

Salmonella enterica enterica sv
Newport 81317

Salmonella enterica enterica sv
Paratyphi A ATCC 9150
Salmonella enterica enterica sv
Paratyphi B SPB7

Salmonella enterica enterica sv
Saintpaul SARA23

Salmonella enterica enterica sv
Saintpaul SARA20

Salmonella enterica enterica sv
Schwarzengrund S1480
Salmonella enterica enterica sv
Typhi CT18

Salmonella enterica enterica sv
Typhi Ty2

Salmonella enterica enterica sv
Virchow SL491

Salmonella enterica enterica sv
Weltevreden HT_N05-537
Salmonella enterica sv Dublin
CT_02021853

Salmonella enterica sv Heidelberg
SL476. CVM30485

Salmonella enterica sv Newport
SL254

Salmonella enterica sv Paratvpht
A AKU 12601

Salmonella enterica sv
Schwarzengrund CVM10633

Salmonella tvphimurium LT2

TIGRTCVT

J. Craig Venter Institute
J. Craig Venter Institute
TIGR

TIGR

J. Craig Venter Institute
Washington Univ
Washington Univ

TIGR

TIGR

J. Craig Venter Institute
Imperial College: Sanger Institute
Univ of Wisconsin
TIGR/JCVI
TIGR/JCVI

TIGR

J. Craig Venter Institute

J. Craig Venter Institute, USA, Rockville TIGR

Wellcome Trust Sanger Institute

TIGR

Washington Univ

5008

5254

5633

5713

4264

5773

5382

5111

4666

5711

4721

4884

4013

4200

4730
4738

FTI8IS

4553040

4606366

5000019

176473

4048011

4585220

)

4838887 Clll'l'ently, the WhOle-genome

4785870

4028061

4761576

5133713

4791950

4858188

5047463

4017459

4083515

5007719

4581797

4823887
4951371

analyses of 60 additional
Salmonella genomes
are underway.

[
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Genome scanning strategies:

Bioinformatic tools are now
under development to meet

these data density tools
including alignment tools, search
engines, and genome assembly
software.

Dr. Kurt Lienau
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Phenotypic typing strategies:

(1)Phenotype Microarray

(2)LC-MS Protein Profiling

(3)Antibiotic Resistance Profiling
~NARMS
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Microbiological investigations of Salmonella
are a 3-step g

What kind of
Salmonellais it?

Is it the outbT™eg
strain?

I11

Traceback
(subtype)

Salmonella?

|

Detection
(species)

Mitigation strategies include:

* Any method that combines two of the three boxes—
particularly boxes | and II.

* Any method(s) that shrink the width (i.e., timespan) of one
or more boxes
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Objectives of Ibis T5000 Biosensor Technology

F Broad identification of all microbes
— Bacteria, Viruses, Fungi, Protozoa
— No culturing
— No DNA sequencing

E Mixed populations of microbes
— Quantitative

E High resolution genotyping, strain
identification and antibiotic resistance
determination

E Emerging infectious disease

Abbott

¥ Cost effective, rapid, high throughput Molecular
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Blue
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Sample Collection and Processing

Sample Sample Sample and Enzyme

Collection Preparation added to Ibis assay plate PCR
6-24 hour Sample lysis Ibis plate
indoor and followed by
outdoor air DNA/RNA
samples purification

Eppendorf
KingFisher

PE Janus robot or hand
pipetting
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FDASs Rules of the Game...

...Mastering the 4 R’s of the Microbial
Detection/ldentification Method

I zobustness: The technique must reveal enough genetic differences to effectively
discriminate between closely related strains

I aepeatability: The technique must be reliable enough to consistently yield the
Same result across laboratories and at different times

Rapidity: The technique must be rapid enough to stay in tune with an investigation

I aecognition: The technique must be recognized in court as a ‘tried and true’
. . L 41
method for science-based regulatory investigations
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Summary

« FDA is facing new analytical challenges as a result of the
globalization of the food supply and changes in many other
areas, including consumer preferences and food industry
practices

— Inexpensive rapid screening tools
— Faster, selective sample cleanup and enrichment

— Multi-analyte and/or multi-pathogen detectors

— Broad range, non-targeted chemical and biochemical
detectors

* Protecting and promoting the public health remains our
focus.
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» 1942

— Staphylococcus aureus
— Salmonella

— Clostridium botulinum
— Streptococcl
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Emergence of Foodborne Pathogens

— Campylobacter jejuni — Yersinia enterocolitica

— Clostridium botulinum — Norwalk and Norwalk-like
(infant) viruses

— E. coli 0157:H7 — Rotavirus

— Listeria monocytogenes — Cryptosporidium parvum

— Salmonella Enteritidis — Giardia lamblia

— Vibrio cholerae (Latin — Toxoplasma gondii
America) — Bovine spongiform

— Vibrio vulnificus encephalopathy prion

— STECs — V. Parahaemolyticus

— 4,5,12:i:;- Salmonella — E. sakazakii

— MRSA
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