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TABLES

Table 1. Frequency of STEC isolated by food commodity.

No.
Commodities strains %

Spinach 88 31.88
Flour 59 21.38
Lettuce 35 12.68
Cilantro (coriander) 32 11.59
Cheese 9 3.26
Leafy greens 8 2.90
Kale 7 2.54

Basil 6 217
Pepper 6 217
Alfalfa sprouts 3 1.09
Cantaloupe 3 1.09
Parsley 3 1.09
Tomatoes 3 1.09
Creamy soy Nut butter 2 0.72
pizza dough dry mix 2 0.72
sprouts 2 0.72
Almond 1 0.36

oats animal feed 1 0.36
Celery 1 0.36
Clover sprouts 1 0.36
cucumbers 1 0.36
animal feed 1 0.36
enviromental 2 0.72
Total 276 16.30

The stx-negative strains were eliminated from this analysis.
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1  Table 2. Frequency of STECs isolated from food commodities per year.

2
Frequency
Year® of STs Commodities State
Isolation %
2003 3 1.09 3017, 641, 446 lettuce, celery, tomato T
2004 4 1.45 655, 205, 642 lettuce, cantaloupe, cilantro TX, CA, MD
2005 1 0.36 677 lettuce CA
2006 4 1.45 33,211,764,496 Alfalfa sprouts, lettuce MI, CA, MN
2007 2 0.72 297,295 Cantaloupe, lettuce NY, OH
2008 10 3.62 21,329, 6475, 642, 2217, 4496, 2008, 1385 Spinach, lettuce CA, WA, MI
FL, CA, OH,
223, 58, 11, 6509, 718, 4496, 2389, 6638, 2008, MI, TX, MD,
2009 11 3.99 5530 Spinach, lettuce, flour WI, NY
6640, 2520, 154, 661, 443, 205, 718, 173, 2387, TX, CA, FL,
10, 706, 692, 4173, 1431, 4496, 5299, 3, 295, Spinach, lettuce, cilantro, sprouts,  WI, NY, CO,
2010 34 12.32 5435, 2008, 1727 hot pepper, tomato WA,
6642, 942, 297, 6641, 955, 11, 679, 6639, 2161,  Spinach, cantaloupe, lettuce, MI, MN, CA,
2011 21, 692, 2217, 4496, 88, 306, 5435, 205, 2008, Almond, Alfalfa sprouts, cilantro, TX, OH, FL,
38 13.77 5973, 691, 724 hot pepper CO
993, 16, 223, 5975, 2520, 443, 1611, 119, 718, . . TX, FL, NC,
677, 297, 173, 2387, 101, 21, 5602, 747, 906, 8;'12?:“10 ';']‘;‘t‘éégp'”a‘:h’ Letiuce, Ny, co, oH,
2012 40 14.49 5395, 2385, 4496, 101, 442, 295 y MI, CA, WA
223, 297, 325, 2388, 1611, 394, 677, 156, 937, Cilantro, basil, sprouts, parsley, GA, CA, TX,
2013 13 471 2385, 35,515 flour TN, AZ
993, 17, 16, 2520, 297, 329, 442, 679, 677,297, Lettuce, kale, cheese, clover OH, CA, WI,
173, 657, 2387, 21, 342, 43, 906, 675, 6632, sprouts, animal feed, basil, Leafy AZ, WA, KY,
2014 36 13.04 2385, 88, 3759, 2217, 306, 29, 5960, 10 Greens, spinach OR, PA
2015 723,1967, 1817, 25, 398, 32, 442, 205, 446, 21, Environmental, flour, lettuce, Leafy WA, NE, AZ,
12 435 342,40 Greens, spinach, pepper, kale CA, OR
Flour, kale, spinach MO, CO, M,
2016 53 19.20 655, 747, 723, 4496, 154, 17,1792, 297, 21, 33 ’ ’ OK, CA
cucumbers, soy nut butter, pepper,
2017 15 5.43 1112,5082, 662, 1086, 162 flour KY
Total 276 100.00
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1 % STECs isolated during years 2003-2009 are included as historical STECs and their prevalence was not used for determining the STEC

2 frequency in foods regulated by the FDA per year.
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Table 3. STs observed and number of strains included in each ST. Additionally information is

provided for strains belonging to those STs such as: link to human cases, link to EHEC cases,

and known serotypes. These additional reports are based on what it is reported in the E. coli

section of the Enterobase database (http://enterobase.warwick.ac.uk).

ST _ Human X
No. Strains % cases Reported as EHEC Known serotypes

655 38 13.67 + + 0O121:H19
4496 12 4.32 + NR 08:H28
2008 12 4.32 + NR Ounk:H2/40

21 8 2.88 + + 026:H11/-
297 9 3.24 + - (UPEC, APEC) diverse serotypes
205 7 2.52 + - (UPEC) NR

43 5 1.80 + - (ETEC, EAEC) 06:H10

154 5 1.80 + - (EPEC, APEC) diverse serotypes
173 5 1.80 + NR 0181:H49
295 5 1.80 + - (EAEC, UPEC, ExPEC)  diverse serotypes
677 5 1.80 + + diverse serotypes
747 8 2.88 + - (ETEC) diverse serotypes

11 3 1.08 + + O157:H7/-

16 2 0.72 + + O111:H8/2/-

17 2 0.72 + + 0103:H2/-

25 1 0.36 + + 0128:H2

29 1 0.36 + + (also EPEC) 026:H11

32 1 0.36 + + 0145:H-

33 2 0.72 + + 091:H14

119 1 0.36 + + 0165:H25/28
223 4 1.44 + + (also UPEC, EAEC) diverse serotypes
306 2 0.72 + + 084:H2/K+
329 2 0.72 + + (also EAEC) diverse serotypes
657 1 0.36 + + diverse serotypes
675 1 0.36 + + 076:H19
679 3 1.08 + + 0163:H19
724 1 0.36 + + 0154/0Ounk:H20
5299 2 0.72 + NR 08:H49

325 1 0.36 + NR O15:H16/K+
6639 1 0.36 + NR 0174:H21/36
661 2 0.72 + NR O174:H2
662 2 0.72 + NR diverse serotypes
691 2 0.72 + NR diverse serotypes
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Ounk:H2
017/077:H45

diverse serotypes
0O154:H4,
0145:H34/31
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332 1 0.36 - NR 0O171:H2
5395 1 0.36 - NR 0O74:H8
5435 2 0.72 - NR Ounk:H16
5530 1 0.36 - NR Ounk:H21
5602 2 0.72 - NR 36:H28
5960 1 0.36 - NR NR

5975 1 0.36 - NR 0O113:H21
6509 1 0.36 - NR 0168:H8
6632 1 0.36 - NR O8:H16
6638 1 0.36 - NR Ounk:H19
3017 1 0.36 - NR O116:H21
6640 1 0.36 - NR 0O113:H21
6641 1 0.36 - NR O130:H11
6642 1 0.36 - NR 0O113:H21
1112 1 0.36 - - (nonpathogen) diverse serotypes
1176 1 0.36 - - (nonpathogen) 0O36:H14
2161 1 0.36 - - (nonpathogen) O180:H14
2217 4 1.44 - - (nonpathogen) diverse serotypes
2389 1 0.36 - - (nonpathogen) NR

1086 10 3.60 - - (nonpathogen) diverse serotypes
2385 7 2.52 - - (nonpathogen) 08:H19
2387 8 2.88 - - (nonpathogen) 0185:H7
4173 2 0.72 - - (nonpathogen) 079:H2

NR- not reported, UPEC (uropathogenic E. coli), EPEC (enteropathogenic E. coli), ETEC
(Enterotoxigenic E. coli), APEC (Avian pathogenic E. coli), EAEC (Enteroaggregative E. coli)
and ExPEC (Extraintestinal pathogenic E. coli).

4_Determined by in silico analysis of the WGS assemblies.

®.when negative, the reported E. coli type is stated.
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1

Table 4. in silico characterization of STECs from this study for presence of virulence genes and their serotype.

strains ST serotype st st2 eae ehxA SubA
type type type espP etpD toxB katP saa sab
CFSAN041120 10 02:H27 - a - + - - - - - -
CFSAN051538 10 Ounk:H32 a - - - + - - - - -
CFSAN046715 11 0O157:H7 - a gamma-1 + + + + + - -
CFSAN046720 11 0O157:H7 - a gamma-1 + + + + + - -
FDA00009839 11 O157:H7 - a gamma-1 + + + - + - -
CFSAN053336 16 O111:H8 a - theta-2 + - - - - - -
CFSANO053346 16 O111:H8 a a theta-2 + - - - - - -
FDA00010429 17 0103:H2 a - epsilon + - + - - - -
IEH-NGS-ECO-00075 17 0103:H2 a - epsilon + + - + - - -
CFSAN046724 21 026:H11 a - beta-1 + + - - + - -
CFSAN046724 21 026:H11 a - beta-1 + - - - + - -
CFSAN053342 21 0O103:H11 a - beta-1 + + - + + - -
CFSAN053343 21 026:H11 a - beta-1 + + - + + - -
CFSAN053345 21 026:H11 a - beta-1 + + - + + - -
FDA00010430 21 026:H11 a - beta-1 - + - - + - -
IEH-NGS-ECO-00076 21 026:H11 a - beta-1 + + - + + - -
IEH-NGS-ECO-00213 21 026:H11 a - beta-1 + + - + - - -
IEH-NGS-ECO-00227 25 O128ac:H2 c - - - - - - - - +
IEH-NGS-ECO-00125 29 Ounk:H11 - a beta-1 + + - - - - -
IEH-NGS-ECO-00224 32 0145:H28 a d gamma-1 + + - + + - -
CFSAN051773 33 091:H14 a d - + - - - - + +
CFSAN053344 33 091:H14 a d - + - - - - - +
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FDAO0011822 1086 0O8:H14 - d/e -

FDA00011823 1086 08:H14 - d/e -
FDA00011824 1086 0O8:H14 - d/e -
FDA00011218 1112 0142:H277? - e -
CFSAN046653 1176 036:H14 - g -
CFSAN046655 1385 Ounk:H4 - d -
CFSAN046683 1431 08:H19 - d/e -
CFSAN046728 1611 0159:H19 - d/e -
CFSANO051515 1611 0159:H19 - d/e -
CFSAN046668 1727 Ounk:H7 - c -
CFSAN046669 1727 Ounk:H7 - c -
CFSAN046671 1727 Ounk:H7 - c -
CFSAN046692 1727 Ounk:H7 - c -
FDA00010432 1792 0O111:H8 a a theta-2
IEH-NGS-ECO-00221 1817 0104:H7 c - -
IEH-NGS-ECO-00211 1967 0103:H2 a - epsilon
IEH-NGS-ECO-00212 1967 0103:H2 a - epsilon
CFSAN041110 2008 Ounk:H2 - d -
CFSAN041111 2008 Ounk:H2 - d -
CFSAN041112 2008 Ounk:H2 - d -
CFSAN046642 2008 Ounk:H2 - a -
CFSAN046657 2008 Ounk:H2 - d/e -
CFSAN046684 2008 Ounk:H2 - d/c -
CFSAN046685 2008 Ounk:H2 - d/c -
CFSAN046686 2008 Ounk:H2 - d/c -
CFSANO046687 2008 Ounk:H2 - d/c -

CFSANO046708 2008 Ounk:H2 - d/c -
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CFSANO046710
CFSANO051552
CFSAN046701
CFSANO046641
CFSANO046712
CFSANO046714
CFSANO051522
CFSAN046723
CFSANO051517
CFSANO051518
IEH-NGS-ECO-00082
IEH-NGS-ECO-00088
IEH-NGS-ECO-00089
IEH-NGS-ECO-00090
CFSANO041115
CFSAN041118
CFSAN046670
CFSANO051528
CFSANO051546
CFSANO051554
CFSANO046744
CFSAN046745
CFSAN053339
CFSAN046656
CFSAN046679
CFSAN046731
IEH-NGS-ECO-00204

2008
2008
2161
2217
2217
2217
2217
2385
2385
2385
2385
2385
2385
2385
2387
2387
2387
2387
2387
2387
2387
2387
2388
2389
2520
2520
2520

Ounk:H2
Ounk:H2
0180:H14
045:H16
076:H21
0O8:H16
084:H38
0O8:H19
0O8:H19
0O8:H19
0O8:H19
08:H19
08:H19
08:H19
0185:H7
0185:H7
0185:H7
0185:H7
0185:H7
0185:H7
0185:H7
0185:H7
015:H27
Ounk:H11
0O116:H49
0O116:H49
0O116:H49

Mo o M L D

Q

d/c
d/c
d/e

O OO O O O O 0O 0O 0O 0O 0O 0O 0O 0 M oY Y o o Q©

+ o+ o+ o+ o+

+

+ o+ o+ o+ o+

+

+ o+ o+ o+ o+

+

+ o+ o+ o+ o+

+
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CFSAN046633

IEH-NGS-ECO-00070

CFSAN046667
CFSAN046676
CFSAN046637
CFSANO046644
CFSAN046654
CFSAN046661
CFSAN046680
CFSAN046695
CFSAN046718
CFSAN046726
CFSANO046727
FDA00009866
FDA00009867
CFSAN046729
FDAO0011519
CFSAN046674
CFSAN046675
CFSANO046722
CFSAN046694
CFSAN046696
CFSAN046664
CFSANO041117
CFSAN051556

IEH-NGS-ECO-00105

CFSANO046702

3017
3759
4173
4173
4496
4496
4496
4496
4496
4496
4496
4496
4496
4496
4496
4496
5082
5299
5299
5395
5435
5435
5530
5602
5602
5960
5973

O116:H21
08:H49
0O79:H2
079:H2
08:H28
08:H28
08:H28
08:H28
08:H28
08:H28
08:H28
08:H28
08:H28
08:H28
08:H28
08:H28

0180:H14
08:H49
08:H49
0O74:H8

Ounk:H16

Ounk:H16

Ounk:H21

036:H28
036:H28

Ounk:H19

Ounk:H2

d/e
d/e
d/e
d/e
d/e
d/e
d/e
d/e
d/e
d/e
d/e
d/e
d/e

d/e

o O Q@ «Q

+ + + + 4+ o+ o+

+ o+

+

+ o+ 4+

+
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CFSANO046716
CFSAN046739
CFSAN046645
CFSANO046647
CFSANO046663
CFSANO051521
CFSAN046662
CFSANO046711
CFSANO046677
CFSAN046706
CFSAN046697

5973
5975
6475
6475
6509
6632
6638
6639
6640
6641
6642

Ounk:H2
O113:H21
0O17/077:H45
017/077:H45
0168:H8
0O8:H16
Ounk:H19
0174:H21
0113:H21
0O130:H11
O113:H21

ML O O

d/e

Q O 9 o

+

+ o+ 4+ o+

+

+ o+ +
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Table 5. Presence of antimicrobial resistance genes identified by in silico analysis in the 276 STEC genomes analyzed in this study.

bla

Strains aadA® aph3 strA® strB® TEMP floR® QnrB° sult’ sul? sul3 tetA? tetB® tetC® dfrA™

CFSAN053338 - - + + - - - - - - - - - -

CFSAN046714° - - . ; - e e e
CFSANO051552 - - - - - - - - - ;
CFSANO046710 - - - - - - - - - R
CFSAN046642 - - - - - - - - - ;
IEH-NGS-ECO-

00231 - - - - - - - - - - + - - -
CFSAN053336 - P - - - ; e
FDA00009425 - - + - + - - - + - ;
FDA00011218 - - - - - - - - - - + - - R
IEH-NGS-ECO-

00230' + - + + - + - + - - .
CFSANO051526 + - - - - - - + - + + - - -
CFSAN046636 - - + + - - - - + - - L - -
CFSAN046669 - - + + - - - - + - - + - ;
CFSAN046668 - -+ - - - e e
CFSAN053334 - - + + - + - - + - + - ;
CFSAN046687 - - ; - ; N ]
CFSAN051521 - . - ; . ] L e ]
CFSAN046730 - + + + - - - - + - - + - _
CFSAN041112 - - + 4 ; - - e ]
CFSANO041111 - - ; - ; N ]
CFSAN046671 - - + 4 ; - - e ]
CFSAN046708 - - ; - - N ]
CFSAN046685 - - + + - - - - + - - + - ;
CFSAN046684 - - ; - ; N ]
CFSAN051527 + - - - - - - -+ o+ - ]

CFSAN046686 - -+ - - - s .oy
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CFSANO051535 - - + + - - -y - . ;
CFSAN046693 - - + - - - - e - ] . }
CFSAN046713 - - - + + - + - + - + - - +
CFSAN046725 - - - + - - - - e - ] . ;
CFSANO051531 - - - + - ; ; - s - . +
CFSAN051539’ + + - - + - - - - + ] + - ;
CFSAN041110 - - + ; - ; - s ] + - )

2Aminoglycoside, °Beta-lactamase, “Macrolide, “Phenicol, *Quinolone, ‘Sulphonamide, *Tetracycline, and " Trimethoprim.
9 strain carrying blaOXA® gene. ' strain carrying blaCMY-2° gene. ! strain carrying mef(B)°, cmF’ and cmlA1° genes.
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Table 6. ST, serotype and virulence profile of intimin positive non-STEC isolated from FDA regulated foods (2003-2017).

eae
strains ST  Serotype type astA bfpA efal espC espF espdJ gad nleA nleB nleC espB espl espK celb cif ehxA iss ||
205 10 Ounk:H40  theta-2 - - - - - - - - - - - + +
107 17 0103:H2 beta-1 - - - - - + - + - + + + -
101 20 O15:H2 beta-1 - - + - + + - + + - + + +
110 20 0O15:H2 beta-1 - - + - + + + + - - + + +
123 20 Ounk:H2 beta-1 - - - - + + - + + - + + +
226 20 O128ac:H2  beta-1 + - - - - - - + + - + + +
233 20 051:H2 beta-1 - - - - + + - + + - + + +
208 20 0O51:H2 beta-1 + - - - + + - + + - + + +
94 28 0167:H6 beta-2 - + - - - - + + + - - + -
109 28 Ounk:Hunk beta-2 - - - - - - - + + - - + -
100 28 0167:H6 beta-2 - + - - - - + + - - - + B
83 122 063:H6 alpha-2 - - - + + - + - + - - + -
86 122 063:H6 alpha-2 - - - + + - - - + - - + -
91 122 063:H6 alpha-2 - - - + + - + - + - - + -
95 327 0O156:H8  theta-2 - - - - - + - - - - - + +
229 327 0156:H8 theta-2 - - - - - + - - + - - + +
93 328 Ounk:H7 beta-1 - - + - + + - + + - + + ;
98 328 Ounk:H7 beta-1 - - + - + + - + + - + + ;
209 337 0108:H21  theta-2 - - - - - + - - + - - + +
210 337 0108:H21  theta-2 - - - - - + - - + - - + +
214 337 0108:H21  theta-2 - - - - - + - - + - - + B}
124 342 0O145:H28 beta-1 + - + - - + - + + - + - +
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225
228
234
235
99
84
85
97
215
206
111
222
236
E2348/69°

442
442
442
442
517
582
582
582
800
1092
2166
4268
5965
15

Ounk:H21
Ounk:H21
Ounk:H21
0146:H21
Ounk:H19
0132:H34
0132:H34
0132:H34
0O121:H19
O179:H31
Ounk:H19
Ounk:H45
0107:H45
0127:H6

theta-2
theta-2
theta-2
theta-2
epsilon-2
alpha-2
alpha-2
alpha-2
beta-1
zeta-3
theta-2
delta
delta
alpha-1

+

+ o+ +

+ o+ o+ o+

+

+

+ o+ o+

2All strains designation start with IEH-NGS-ECO, except the prototypic EPEC strain.

All strains were positive for espA, tir, pssA, and air genes. Only E2348/69b was positive for the perA gene.
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