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Fig 1. in Thompson, A. R. C. (2013) Parasite zoonoses and wildlife: One health, spillover and human activity. International Journal for 2
Parasitology, 43:1079-1088.
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Previous Tomato Outbreaks

(retrospective traceback confirmed)

2002 S. Newport* 512 cases
S. Newport 12 cases
S. Javiana 90 cases
2005 S. Newport* 71 cases
S. Braenderup 76 cases
S. Enteritidis 77 cases
2006 S. Newport* 107 cases
S. Typhimurium 186 cases
2007 S. Newport* 57 cases
2010 S. Newport 46 cases
2011 S. Newport* 99 cases
2014 S. Newport * 283 cases
S. Javiana 78 cases

* Same PFGE “pattern 61”

First Incident Associated
with Maryland Produce
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VIRGINIA

Delmarva Peninsula



Virginia Tech Eastern Shore Agricultural Research Extension
(AREC), Painter, VA
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Summary Findings From VA

Tomato patch - Flowers p

Weeds - Lawn edgesp

Cucumberp

Watermelonﬁ

Yellow squash»

Green peppers

Atlantic Ocean

Deep well water

Irrigation pipes

Water filters

Higl;way 13

~

Tree leaves

Ponds and Sediment @

Wreelﬂ and Sediment
WSIreams and Sediment
moadslde Tomato Fruit

whmato Patch - Leaves Chesapeake Bay Seagulls droppings
Tomato patch - Dlﬂ»

Horses droppings

Local Surface Waters
Were Consistently %eese Droppings
Contaminated

Throughout The 3 YR

Period




Environmental/Surface water sampling

d Collected samples
" from 11 different

T G

Coast

- ‘WV g e ® Some studies were
Washington D.C. Short (*5 Sites per
state, 4 samplings

over 1 summer)

® Some studies were
one year or more,
longitudinal efforts
to the same sites at
regular intervals



S. Newport: 547 isolates from 11 states
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| (344) 0-63 SNPs

* Two were from SC

Pairwise SNP distances
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Non Pattern61 DELMARVA Clade*

111 (4) OSNP

IV (94) 0-234 SNPs

V (28) 0-99 SNPs

Multi-states clades (152)
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VII (6) 0-1 SNP
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11SNPs
9SNPs

12SNPs

265NPs
25SNPs

*26SNPs

w00 PFGE Xbal-JJPX01.0061(30
isolates) shown in red

w0v Grouped into 8 clusters

s Less than 30 SNPs difference
between the clusters




FDA’s GenomeTrakr

 Distributed network of labs using WGS for foodborne
pathogens

e Contributing members:
-13 U.S. FDA Labs
-11 PulseNet Labs (State Public Health Labs)

-5 U.S. Department of Agriculture Labs
-7 University Labs

-3 Private Labs

-2 International Labs (Argentina, Mexico)
-1 U.S. Hospital Lab

* All data is submitted to National Center for Biotechnology
Information (NCBI)
e Data curation and bioinformatic support

 Pathogen Detection
 Produces daily trees from current SNP clusters



m U.S. National Library of Medicine

Mational Center for Biotechnology Information

Health > Pathogen Detection

Pathogen Detection

o View the recent webinar: 'Introducing the Pathogen Detection Isolates
Browser".

NCBI Pathogen Detection integrates bacterial pathogen genomic sequences originating in
food, environmental sources, and patients. It quickly clusters and identifies related
sequences to uncover potential food contamination sources, helping public health
scientists investigate foodborne disease outbreaks.

Find isolates now!

Examples:
1. Search for isolates encoding a mobile colistin resistance gene and a KPC beta-lactamase
search: AMR_genotypes:mer* AND AMR genotypes:blakKPC*
2. Search for Salmonella isolates from the USA
search: geo loc name: USA AND taxgroup name:"Salmonella enterica”

Explore the Data

Species New Isolates Total Isolates

Salmonella enterica 18 235,224

Learn More

About

EAQ

Browser Factsheet

Antimicrobial Resistance Factsheet

Antimicrobial Resistance

Contributors

Help

Data Resources
Isolates Browser

Pathogen Detection Reference Gene Catalog

Isolates with antibiotic resistant
phenotypes

Download analysis results (FTP)

Submit
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5 8 SNPs

Er contains 11 isolates (clinical:9 environmental/other:2 water;:2, 1S5
clinical, 2018-09-22, USA, stool, PNUSASDD3945, POTOO0149862.

—f’ contains 6 1solates (clinical:6,USA:NY:5,USA:1.2015-02-10 - 2016-11-16)
& E environmentalfother, 2016-02-17, USA:VA, water, VA-WGS-18004, PDTODO104658.3

clinical, 2018-10-18, USA, PNUSAS054121, PDTODD392647 .1

O clinical, 2017-08-29, USA, PMNUSAS021449, PDTODD237409.2

Dclinical, 2015-09-22, USA, 2015K-0966, PDTODOD0B3955.2

& environmental/other, 2016-11-30, USA:VA, water, CFSAN035753, PDT000163515.

sovironmentalfother, 2018-06-07, USA: VA, water, CFSAN0O35754, POTO00326884. 1

enwonmental/other, 2018-06-07, USA: VA, water, CFSAND35756, PDTODD326868.1
enviroqmental/other, 2018-06-07, USA: VA, water, CFSAND35750, PDTO00326905.1
environmental/other, 2016-11-30, USAVA, water, CFSANO35751, POTO00163513.2
environmental/other, 2018-06-07, USA: VA, water, CFSAND35752, PDTOD0326870.1
environmentahother, 2018-06-07, USA: VA, water, CFSAND35755, PDTODD326871.1

environmentalfothex 2018-08-21, USA:VA, water, W2/15_32TX, PDTO00265547 1
environmental/other, 2048-06-07, USA: VA, sediment, CFSAN035748, PDTOD0326869. 1
4 environmental/other, 201806-07, USA: VA, sediment, CFSAN035749, PODTOD0326904. 1
D environmental/other, 201888-21, USA: VA, environmental, A-211 TTB, POTODD365567 .1
A0 clinical, 2018-08-08, USA:VA, ogqose feces, A-211-TTX, POTOO0352618. 1
FO environmental/fother, 2018-08-21 JSA VA, environmental, A-211 BVE, POTO00365568.1
Q2 anvironmental/other, 2016-08-18, US&{ VA, goose feces, CFSAND03345, PDTO00144843.1
0 contams d isolates (environmental/other:dsucumbers:4, USA:MD:4 2016-02-05 - 2016-02-08)

—0 environmenatather, 2015-07-08, USA:W, tomato farm, 36799, POTO00069602.1
—0 environmental/otier016-03-14, USA: VA s, VA-WGES-18024, POTOD0114422.2

7 SNPs

environmental/other, 2016-02-17, USAMA, water, VA-WGS-16006, POTOD0104660.3

environmental/&ger, 2018-06-07, USA: VA, water (10 gal), CFSAND24205, PDTO00326954.1

Salmonell

£ PDG000000002.1633 / PDS000029659.186

Isolates Selected (x cesr)

Distance between selected isolates :

T Filter w

a-1733 isolates

11 SNPs

| minimum=0 SNPs, maximums= 21 SNPs, average=8 SNPs
Target creation date range :

| 20150240 to 2018-10-18

ithin selected isolates

laolates

0 Group =

minditt

H2018-

13 Isolate(s)

H2017 -

4Isolate(s)

#2016 -

16 Isolatafs)

@2015-

11 Isolate(s)




Antimicrobial Resistance Genes

Acquired antimicrobial resistance gene
Resistancegene  Predicted phenotype  Identity  Query/Template length
aac6’oa  Aminoglycoside resistance  98.63% 438/438

Known Mutations
Position Nucchange  AAchange Resistance
parC parC p.T575 ACC - AGC TS Nalidixic acid,Ciprofloxacin

ResFinder Analysis
w0 Threshold of Identity 90%
200 Minimum Length 60%

All 530 isolates have the identical Acquired
antimicrobial resistance gene profile

All but six isolates share the identical Known
Mutation profile

SPI Presence

SPI1 68.50%
SPI2 95.86%
SPI3 95.86%
SPI4 47.27%
SPI5 100%
SP112 3.57%
SPI13 100%
SP114 100%
C63PI 100%

SPIFinder Analysis

w0 Threshold of Identity 90%
a0 Minimum Length 60%

Due to the usage of draft genome,
false negative are possible




Functions of SPIs identified in Lineage Il S. Newport

SPI-1

SPI-2

SPI-3
SPI-4

SPI-5

SPI-12
SPI-13
SPI-14
C63PI (Centisome 63)

Size (kB)
38.8

39.8

17.3
23.4

7.6

6.3
19.5
8.7

GC%
45.9

47.4

47.6
44.8

43.6

49.92
48.1
41.4

Functions
TT55-1, invasion and proinflammatory
responses, Fe2+ and Mn 2+ uptake
TT55-2, intracellular survival;
tetrathionate respiration
Colonization of Gl tract, Mg2+ uptake
TISS, colonization of cattle Gl tract
TT55-1 and TT55-2 effector proteins,
enteropathogenic responses
TT55-2 Effector
Virulence in chicks
Virulence in chicks

SPl locates at centisom 63
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Clade defining SNPs

Position

Locus tag

228329 SEENLEO1_001045

671544 SEENLEQ1_003170
1068222 SEENLEO1_005140
1252656 SEENLEO1_006025
2335611 SEENLEO1_011225
2337186 SEENLEO1_011235
2577044 SEENLEO1_012435
3217918 SEENLEO1_015790
3517731 SEENLEO1_017335
3517802 SEENLEO1_017335
4106327 SEENLEO1_020075
4106547 SEENLEQ1_020080
4457460 SEENLEO1_021735
4457520 SEENLEQ1_021735

1321245 SEENLED]_D06320

Product

hypothetical protein

flatillin

multidrug export protein EmrA
pyridoxine 5'-phosphate synthase

methyl viologen resistance protein SmvA
porin

threonine--tRMNA ligase

glycosyl transferase

Clade VI

multidrug ABC transporter permease/ATP-binding protein
multidrug ABC transporter permease/ATP-binding protein

PTS sugar transporter

Fis family transcriptional regulator
chemotaxis protein

chemotaxis protein

outer membrane protein assembly factor BamB

Clade IV

Ref. base

0 G @ O @ 0@y @ =@

A

Ref. codon

CTG
GTA
GCC
ACC
GCC
CTG
CGC
CccT
GCG
GAG
TCA
TGG
GAT
GTG

ACC

Ref. res.

o swvwmE BRI B AR <

=

SNP type

synonymous A
NoRSYRomym: A
nOoNSyYnomym: A
synonymous T
synonymous T
synonymous A
nonsynomym: T
nonsynomym: T
nonsynomym: T
synonymous A
nonsynomym: T
nonsense A
nonsynomym: T
noRSYnomym: A

nonsynonym g

Mew base

Mew codon  MNew res.

CTA
GAA
ACC
ACT
GCT
CTA
TGC
TCT
GTG
GAA
TTA
TAG
TAT
ATG

gCc

B M o= Wi I o= = m

= =

=




Pathogen Colonization and Internalization Studies

Montevideo
Saintpaul

COCKTAIL:
Newport
Javiana
Montevideo Newbort
Saintpaul J P

! ) aviana
Typhimurium Montevideo

Saintpaul

Newport

Javiana

Montevideo

Saintpaul J. Zheng et.al. Appl Environ Microbiol. 2013 Apr;79(8):2494-502

® 70% of inoculated blossoms resulted in Salmonella isolated from within or on the developing fruit
® Newport, Javiana, Montevideo, and Saintpaul were all recovered from within developing tomatoes
® Salmonella Newport internalization through root system was internalized to stem (20%) and fruit (5%)
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Transcriptomics examination of adaptation of lineage lll Newport in tomato
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Salmonella Adaptations of particular interest to food safety specialists

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)

Thermal tolerance
Dessication resistance
Osmotic/lonic tolerance
Quat resistance
Chlorine resistance
Biofilm persistence
Surface adherence
Antibiotic resistance
Antimicrobial resistance
Ecological fitness
Heavy metal resistance
Metabolic persistence

Enhanced hydrophobic fitness

Produce invasiveness
Flower invasiveness

Root system invasiveness

Acid resistance

(18) Surface water fitness

(19) In vivo plant migratory fitness
(20) Soil fitness

(21) Capsaicin resistance

(22) Swarming

(23) Trans-ovarian poultry colonization
(24) Fecal persistence (poultry)

(25) Yolk content invasion

(26) Multidrug resistance

(27) External amoeba harborage
(28) Internal amoeba harborage

(29) Acyl-homoserine lactone (AHL)
(30) KatE stationary-phase catalase
(31) In vivo migratory fitness

(32) RDAR phenotype

(33) The ‘Weltevreden’ type

(34) Persistence within the tomato**
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Key Conclusions

e Salmonella Pattern 61 and other clinically relevant
isolates found consistently in waters and sediments

e Environmental waters and sediments are potential
reservoirs for Salmonella

e Agricultural practices related to the use of contaminated
surface waters are highly likely to introduce Salmonella
onto crop plants

21



Water Sampling Methodologies

Traditional Grab Modified Moore Hollow Fiber

Sample Swab (mMMMS) Ultrafiltration
1L 10 L 100L
Pros/Cons:
-Ease of collection/processing -Sensitivity of detection

-Cost -Equivalent sample volume -
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Questions???

If tomatoes are
classified as a
fruit...

Isn't ketchup
technically a
smoothie?
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