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Objectives

1. Determine the susceptibility of wild type Salmonella to
the biocides used in poultry processing

2. ldentify isolates that have reduced susceptibility or
resistance as well as isolates that are more susceptible to
biocides

3. Ildentify any genetic mutations or elements associated
with resistance to biocides

4: Determine any correlation or direct linkage of
antimicrobial resistance to biocide resistance
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Why are we concerned
about biocides?

 Biocides are used to control and reduce the level of
contamination with spoilage bacteria or pathogens
like Salmonella

* Biocides and the maximum concentration at which
they can be used in contact with meat is approved
by FDA and FSIS

« Could using biocides lead to biocide resistant
strains thus reducing their efficacy?

 Could biocide resistance be linked to AR?

 Could biocide use select for AR strains
contaminating meat?
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Mobile Genetic Elements and Salmonella
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Welch TJ, Fricke WF, McDermott PF, et al. Multiple Antimicrobial Resistance in
Plague: An Emerging Public Health Risk. Petrosino J, ed. PLoS ONE. 2007;2(3):e309.
doi:10.1371/journal.pone.0000309.
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Methodology

* Determine the susceptibility of wild type Salmonella
to various biocides

* Develop an assay to detect isolates that have
reduced susceptibility or resistance to biocides,
and also detect isolates that are more sensitive to
biocides

e Screen Salmonella isolates for resistance to
biocides

* Investigate the genetics of resistance

* Determine if the biocide resistance genes are linked
to antibiotic resistance genes
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The Biocides

TABLE 2. Chemicals to be tested.

Chemical

Initial dilution range tested (ug/ml) Range of MIC (ug/ml)

Average MIC? (ug/ml)

Dodecyltrimethylammonium chloride
Cetylpyridinium chloride

Lactic acid

Citric Acid

Benzalkonium chloride

Sodium Metasilicate

Arsenite

Chlorhexidine

Arsenate

1,3 dibromo, 5,5 dimethylal

Acetic acid

Sodium Hypochlorite_Bleach
Peroxyacetic acid

Trisodium phosphate
Hexadecyltrimethylammonium Bromide
Hexadecyltrimethylammonium Chloride
Acidified Sodium Chlorite

32-1024
10-320
945-15,120
790-12,640
5-160
3160-240,160
7-924
0.5-188
26-6578
114-5016
410-6564
8672-164,768
100-3500
2370-75,840
10-330
10-330
20-1280

64-512
20-160
3780-7560
1580-12,640
10-40
6320-120,080
7-924
8-24
52-6578
342-3654
820-3280
8672-138,752
400-1700
9480-37,925
40-160
40-160
80-1280

256
80
7560
3160
40
6,320
56
2
416
1827
1640
138,752
800
18,960
80
80
320

*Minimum inhibitory concentration
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High throughput 96 well pate format
of 2-fold broth microdilution assays
for determining MICs to 17 biocides
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Acidified Sodium Chlorite (ASC), Acetic acid (AA), Arsenite (ARI), Arsenate
(ARA), Benzalkonium chloride (BC), Cetylpyridinium chloride (CC), Citric
Acid (CA), 1,3 dibromo, 5,5 Dimethylhydantoin (DBH),
Dodecyltrimethylammonium chloride (DC), Hexadecyltrimethylammonium
Bromide (HB), Hexadecyltrimethylammonium Chloride (HC), Lactic acid
(LA), Peroxyacetic acid (PXA), Sodium Hypochlorite (SHB), Sodium
Metasilicate (SM), Trisodium phosphate (TP), Chlorhexidine (CH).
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Determine Median MIC for 100 Wild
Type Salmonellato 17 biocides
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Pilot study screening Salmonella
ISolates for resistance to biocides

*Select 195 Salmonella animal isolates

Assay to identify isolates that have
two 2-fold higher or lower MICs than
median MIC of Wild Type Salmonella

*Sequence genomes and identify any
mutations or genes that could be
responsible for reduced susceptibility
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Whole genome sequencing of first 195 Salmonella

* Most from food animals and food production facilities
* |Isolated 1998 — 2011 in U.S.

« 74 serotypes identified by serum testing and MLST

* 60% resistant to at least 1 antibiotic

* 46% resistant to 3 or more antibiotics

Noﬂonal Anﬂmicrobial Resistunce Monitoring System
tof

USDA National Animal Health Monitoring System f_}'s
sl National Veterinary Services Laboratories ‘
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MIC of 195 Salmonella isolates

Isolates with greater than one 2-fold dilution higher than the
median MIC were categorized as resistant

Biocides Concentration tested Median MIC Isolates Isolates susceptible Isolates
(ng/ml) (ng/ml) susceptible to to 1-fold higher than Resistant
median MIC (%) median MIC (%) (%)
BC 10-160 40 100 0 0
ASC 159-2544 1272 100 0 0
LA 1889-30224 7556 100 0
SM 7540-120640 60320 99 1 0
DC 64 - 1024 256 929 1 0
HB 41-656 82 93 7 0
DB 312-4992 1248 89 11 0
cc 20-320 40 79 21 0
CA 1579-25264 6316 72 28 0
AA 820-13120 1640 68 32 0
PXA 221-3536 884 61 39 0
TP 4744-75904 37952 98 1 1
HC 39-624 78 93 6 1
CH 0.2-56 3.5 65 34 1
SHB 13875-222000 55500 51 34 15
(1.25%-20%) (5%)
ARI 15-1920 30 52 26 22
ARA 51-6258 408 64 14 22

Acidified Sodium Chlorite (ASC), Acetic acid (AA), Arsenite (ARI), Arsenate (ARA), Benzalkonium chloride
(BC), Cetylpyridinium chloride (CC), Citric Acid (CA), 1,3 dibromo, 5,5 Dimethylhydantoin (DBH),
Dodecyltrimethylammonium chloride (DC), Hexadecyltrimethylammonium Bromide (HB),
Hexadecyltrimethylammonium Chloride (HC), Lactic acid (LA), Peroxyacetic acid (PXA), Sodium
Hypochlorite (SHB), Sodium Metasilicate (SM), Trisodium phosphate (TP), Chlorhexidine (CH).
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Median MIC of 4 Biocides (CH, SHB, ARI,
and ARA) for Different Serotypes of

Salmonella
Serotype Median MIC (ug/ml)
Biocides CH SHB ARI ARA
All 84 serotypes (195) 3.5 55500 30 408
Typhimurium (6) 3.5 111000 30 306
Newport (4) 3.5 111000 60 1632
Infantis (5) 3.5 55500 30 408
Dublin (4) 5.2 33300 30 306
Kentucky (7) 7.0 111000 60 816
Heidelberg (34) 3.5 27750 30 204

Enteritidis (16) 3.5 83250 30 408
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Comparison of isolates resistant to ARA
with antibiotic resistance pattern, source of
origin and serotypes.

Isolates Year Origin AR ARA ARI Serotype
MH38582 2000 Chicken 0 >6528 960 Schwarzengrund
MH54710 2004 Ground beef 0 >6528 960 Orion var. Binza
MH41983 2007 Ground beef 0 6528 480 llib 61:-:1,5,7
MH23894 2007 Ground chicken 2 >6528 1920 Braenderup
MH37151 2007 Ground turkey 3 >6528 1920 Anatum
MF87944 2008 Ground veal 0 >6528 1920 Oranienburg
FL117658 2004 Horse 0 >6528 480 Saintpaul
MH72995 2009 Market hog swab 5 >6528 960 Havana
MH98631 2006 Market hog swab 2 >6528 960 Alachua
TN2515b 2004 Snake 0 >6528 960 llib 35:i:235
IA8590 2004 Swine 2 >6528 1920 Cubana

IA2313 2005 Swine 10 >6528 960 Ohio

MH34024 2006 Turkey carcass swab 1 >6528 960 Orion var. Binza
MB00404 2002 Whole eggs 0 >6528 960 Alachua
MH31332 2008 Young chicken rinse 5 >6528 1920 Orion
MH92313 2004 Young chicken rinse 1 >6528 1920 Ouakam
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Metal and biocide resistance genes predicted
from WGS of 195 Salmonella isolates.
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Antibiotic resistance genes predicted from WGS of
195 Salmonella enterica isolates

Antibiotics classes Gene Gene Variants Phenotypes** No. of Genes Genes in No. of isolates
aac3 aac(3)-lld, aac(3)-1Va, aac(3)-Vla, GEN 36 35
aac6* aac(6)-ly, aac(6)-la AMK 190 190
aad aadA, aadA2, aadA3, aadA7, aadAl12, aadA22, aadB, GEN, SPT, STR 60 59
ant ant(2)la GEN 1 1
aph  aphA2, aph3-la, aph4-la GEN 40 37
Aminoglycosides sph sph STR 3 15
str StrA, strB GEN, SPT 131 67
carb carb-3 CAR 3 3
cnmy  cmy-58, cmy-59, cmy -60, cmy -90, cry -94 TIO 44 44
BeserEe tem temlD, tem-147, tem-148, tem-150, tem-166, tem- 186 AMX, AMP 37 37
cat catAl CHL 4 4
Chioramphenicol cml cm Al, cnl A5 CHL 1n n
flo floR CHL 27 27
Fosfomycin fos fosA FOS 45 45
ere ereA ERY, AZM 2 2
Macrolide mef mefB ERY, AZM 1 1
nph nphA ERY 2 2
Rifampicin arr arr2 RIF 2 2
Sulfonamide sul sul-1, sul-Il, sul -l FIS, SXT 91 67
Tetracycline tet tetA, tetB, tetC, tetM, tetR TET 163 96
Trimethoprim dfr dfr A1, dfr A14 SXT 8 8

*aene aac6 hasaenomic oriain and these aenes are crvotic in Salmonella sp.
** AMK: Amikacin, AMP: Ampicillin, AMX: Amoxicillin, AZM: Azithromycin, CAR: Carbenicillin, CHL:

Chloramphenicol, ERY: Erythromycin, FIS: Sulfisoxazole, FOS: Fosfomycin, GEN: Gentamicin, RIF:
Rifampin, SPT: Spectinomycin, STR: Streptomycin, SXT: Trimethoprim/Sulfamethoxazole, TET:
Tetracycline, TIO: Ceftiofur
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Maps of biocide, metal, and antimicrobial
resistance genes
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Biocide assays for FSIS
Isolates

Chemicals tested DC cc LA CA BC AA TP HB HC ARI ARA M SHB PXA AsC DB CH SHB %
pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml
Median MIC for 100 Salmonella from our collection 256 80 3778 6311 40 1640 37500 82 78 58 822 60320 | 138750 883 318 1248 3.50 125
.- . Substrate of N N P .
Isolates Serotype Original source | Isolation source isolation Location Date Resistance Profile MIC of Salmonella enterica isolates received from FSIS
Aug Amp Fox
FSIS 1400139 Newport Animal-Calf Animal-Calf |Veal Carcass Swab USA:CA 2014 Tio Axo Chl Str 256 40 3778 6316 40 1640 37952 82 78 120 1648 120640 | 111000 884 636 1248 7.03 10
Fis Tet Cot
Product-Raw-
Ground,
FSIS 1400142 Newport Comminuted or Bovine USA: 128 40 3778 6316 40 1640 37952 82 78 120 1648 60320 | 111000 884 636 1248 3.52 10
Otherwise
Nonintact-Beef
Product-Raw-
Ground, Comminuted
FSIS 1400129 Newport Comminuted or Beef Bovine USA:CA 2011 128 40 7556 6316 40 1640 37952 82 39 60 1648 60320 | 55500 884 636 1248 3.52 5
Otherwise
Nonintact-Beef
FSIS 1400125 | TYPhimurium var. Porcine Swine Carcass USA: 128 80 7556 | 6316 | 40 1640 | 37952 | 82 78 30 120640 | 55500 | 884 | 636 | 1248 | 176 5
0 5 - (Copenhagen)| Swab
Aug Amp Fox
FSIS 1400138 Newport Animal-Calf Animal-Calf | Veal Carcass Swab USA:CA 2014 Tio Axo Chl Str 256 80 7556 6316 40 1640 37952 82 78 120 1648 120640 | 55500 884 636 1248 3.52 5
Fis Tet Cot
P N Comminuted .
FSIS 1400122 Typhimurium Bovine Beef Ground Beef USA:CA 2011 128 80 7556 6316 40 1640 37952 82 78 30 412 120640 | 111000 884 636 2496 3.52 10
PR . Comminuted
FSIS 1400121 Typhimurium Bovine Beef Ground Beef USA:CA 2011 128 40 7556 6316 40 1640 37952 82 78 60320 | 55500 884 1248 1.76 5
P . Comminuted .
FSIS 1400124 Typhimurium Bovine Beef Ground Beef USA:SD 2012 128 80 7556 6316 40 1640 37952 82 78 60320 | 111000 884 636 1248 176 10
Average MIC 160 60 6612 6316 40 1640 37952 82 73 64 1339 90480 | 83250 884 875 1404 3.30 7.5
M:Sd:gn st"::ii;’f 128 60 | 7556 | 6316 | 40 | 1640 | 37952 | 82 78 45 | 1648 | cosso | 83250 | 884 | 36 | 1248 | 352 | 75

Note: Highlighted in red ones where the MIC was more than one 2 fold dilution greater than that base line, and highlighted in blue ones where the MIC was more than one 2 fold dilution lower than the base line and Number in red indicate less than >
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Future work

« Assay 1,000 isolates from the 65,000 NARMS
animal isolate collection to determine level of
biocide resistance and detect any linkage to AR

« Sequence isolates with biocide resistance to
identify linkages between biocide and AR

« Expand into other bacteria including Escherichia
coli and Enterococcus spp. as indicators of
resistance in commensal bacteria

* Develop experiments that can confirm any
selection of AR by biocides in processing plant
model



USDA

]
United States Department of Agriculture

Acknowledgements

- USDA-ARS, BEARRU
First row: Gabi Cho, Benny Barrett,
Lari Hiott, Shaheen Humayoun,
Charlene Jackson, Jonathan Frye,
Sushim Gupta
Second row: Ahn Nguyen,
Tiffanie Woodley, Elizabeth McMillan

« Kim Cook, Mark Berrang, Rich Meinersmann, Eileen Thacker
« Michael McClelland: University of California, Irvine

e Calvin Williams USDA, ARS
e Collaborators at FSIS, APHIS, CDC, FDA, and ARS



