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Dogs begin experiencing symptoms

» In 2007 several cases of Acquired Fanconi Syndrome in dogs
were suspected to be associated with the consumption of
chicken jerky treats imported from China

» Fanconi Syndrome - kidney malfunction and can lead to death

» Symptoms include
- Weight loss
- Reduced appetite
o Excessive thirst
> Lethargy
> Vomiting
> death




Causes of Acquired Fanconi Syndrome

» Exposure to heavy metals (Pb, Hg, Cd, U..)

» Certain drugs such as cidofovir, tenofovir, outdated
tetracycline

Paraquat, Diquat

Lysol

Certain organic solvents such as toluene
Lysine

Maleic acid

Other chemical agents




Causes of Acquired Fanconi Syndrome

» Exposure to heavy metals, inorganics (Pb, Hg, Cd, U..)

- Microwave digestion followed by analysis by ICP-MS

- Relatively easy to determine if they are present
because the periodic table is limited.
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Causes of Acquired Fanconi Syndrome

» Exposure to | 1, Cd, U..)

» Certain drug: ‘enofovir, outdated

tetracycline
Paraquat, Dic
Lysol

Certain orgat
Lysine
Maleic acid
Other chemical agents (organic)

toluene

v Vv Vv Vv Vv Vv

I About 9 million organic compounds are known to exist



Detection of organic compounds

» Gas or Liquid chromatography provides
separation of analyte of interest from co-
extracted matrix interference and from

other analytes

» Tandem mass spectrometry provides
unambiguous detection and quantitation
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Detection of organic compounds

» Targeted screen

> Analytes are determined

- Analytical conditions are determined using standards

( retention time, parent mass > product mass, ion
ratio...)

- Samples are run to determine presence and quantity of
analytes

» Unknown screen
- Analytes are detected using means other than
comparison with a standard

- Spectral examination of suspected analyte(GC-El spectrum
searching)

- Exact mass determination - LC-HRMS




» Bags of suspect chicken jerky are
received

» Given sample number
» Typically several pieces from a bag

is ground together and considered to
be one sample
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Sample Pre para

tion
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» We decided to grind each piece
separately and give each piece a
unique sample number
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Why analyze treats individualy?

- Prevent possible dilution of an unknown contaminant if
“hot spots” exist. This makes detection of
contaminants easier.

- Possibly allow us to observe differences between treats
from the same bag.

- Many times one treat is the recommended serving size




Chicken jerky label




Chicken jerky label




How likely are we to find the unknown
compound?

» The compound must be

extracted chromatographed lonized within mass range
High K, Well resolved ES| (50 -2000 AMU)
peak
l l Ricin - 65 kDa
_ Not ionized Anthrax toxin — 85 kDa
Low Kow Unretained on column (PAH) Shiga toxin — 32 kDa
( water soluble) Improper mobile phase ¢ ¢
or Not eluted from column
too volatile APP Digestion
APCI

Post column modifier Multiple charged



Targeted screens

Toxin screen - 36 known toxins

o Acetonitrile extraction
> Analysis by LC/MS/MS

Pesticide screen - 200 targeted pesticides

> Acetonitrile extraction - solid phase clean up
> Analysis by LC/MS/MS and GC/MS/MS

Rodenticide screen - 10 targeted rodenticides

o Acetonitrile extraction
> Analysis by LC/MS/MS

Mycotoxin screen - 9 mycotoxins
> Elisa analysis

Antibiotics screen - 38 legal and illegal veterinary drugs
- 16 sulfonamides, 22 others

v
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o Acetonitrile extraction
Sy UPLC/MS/MS analysis




Targeted screens

» Results
FDA 21CFR
> Sulfaquinoxaline 100 ppb
- Sulfamethoxazole no tolerance
> Enrofloxacin no tolerance
o Tilmicosin no tolerance

> Trimethoprim no tolerance




Unknown peak found in chicken jerky same transitions as

Sulfachloropyridazine
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Unknown ldentification

» Extract containing unknown peak was sent to
Keith Goodman at AB Sciex (Framingham MA)

for high resolution analysis using 5600
LC/QTOF

» Empirical formula determined to be

C,oHoN,O,SCI  (same as sulfachloropyridazine)




Isomers of sulfachloropyridazine

4-amino-N-(5-chloropyrimidin-2-yl) benzenesulfonamide
Metanilamide,N 1-5(chloro-2-pyrimidinyl)
3-amino-N-(5-chloro-2-pyrmidinyl) benzenesulfonamide
4-amino-N-(6-chloro-3-pyrmidinyl) benzenesulfonamide
Sulfaclozine

antibiotic used in poultry production (not allowed in US)




Unknown peak found in chicken jer
same transitions as Sulfachloropyridazine
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Alibaba.com = Amazon.com for
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Sample12C03337

Subsample Analyte (ppb)

» 1 sulfaclozine 3.47
sulfaquinoxaline 7.54
enrofloxacin <3

KZ sulfaclozine 751 N

sulfaquinoxaline 828
enrofloxacin <3

» 3 sulfaclozine 728
sulfaquinoxaline 828

K enrofloxacin <3 _/

» 4 sulfaclozine 12.0
sulfaquinoxaline 12.1
Tilmicosin <3
enrofloxacin <3




Highest concentrations found

Analyte concentration FDA tolerance
Sulfaclozine 2000 ppb 0
Sulfaquinoxaline 828 ppb 100ppb
Enrofloxacin 132 ppb 0
Sulfamethoxazole 5.2 ppb 0
Tilmicosin 528 ppb 0

Trimethoprim 41 ppb 0
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All major brands voluntarily removed
from sale throughout US

» No indication the illegal antibiotics were
responsible for dog illnesses

» Consistantly above tolerance

» Antibiotic misuse could contribute to
pathogenic bacteria resistance




Fluoroguinolone-Resistant Campylobacter Species and the
Withdrawal of Fluoroquinolones from Use in Poultry: A Public
Health Success Story

Jennifer M. Nelson,:Tom M. Chiller,.John H. Powers,-and Frederick J. Angulo:

1Enteric Diseases Epidemiology Branch, Division of Foodborne, Bacterial and Mycotic Diseases, National Center for Zoonotic, Vectorborne, and Enteric Diseases,
Centers for Disease Control and Prevention, and -Atlanta Research and Education Foundation, Atlanta, Georgia; and -National Institute of Allergy and Infectious
Diseases, National Institutes of Health, Bethesda, Maryland

Campylobacter species cause 1.4 million infections each year in the United States.
Fluoroquinolones (e.g., ciprofloxacin) are commonly used in adults with Campylobacter infection

data, prompted ood and Drug Administration to propose
fluoroquinolone use in poultry in 2000. A lengthy legal hearing concluded with an order to
withdraw enrofloxacin from use in poultry (effective in September 2005). Clinicians are likely to
continue to encounter patients with fluoroquinolone-resistant Campylobacter infection and
other enteric infection because of the continued circulation of fluoroquinolone-resistant
Campylobacter species in poultry flocks and in persons returning from foreign travel who have
acquired a fluoroquinolone-resistant enteric infection while abroad. Judicious use of
fluoroquinolones and other antimicrobial agents in human and veterinary medicine is essential
to preserve the efficacy of these important chemotherapeutic agents.
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Africa and EU See Rising Level of Antibiotic-Resistant Salmonella

By | June 20, 2013
Strains of one increasingly antibiotic-resistant Salmonella serotype have seen a “rapid worldwide spread,” according to

published by researchers at the Institut Pasteur in Paris and Morocco.

Antibiotic-resistant Salmonella Kentucky, first isolated in 2002 in a French tourist who had visited Egypt, has now “spread at an
astonishing rate throughout Africa and the Middle East in the space of only a few years,” the study’s authors claim.

The bacterium has also already been found in farmed-raised turkeys in Europe, though it is not clear based on available information if
those turkeys were imported or grown domestically. In a summary of the study, the lead author said he worries that the resistant strain

This study comes on the heels of a report out of Canada calling

. That study found that between 2003 and 2009, 30 percent of Salmonella Kentucky isolates from Canadian patients
were resistant to the antibiotic ciprofloxacin.

travel mformatlon had visited an African country W|th|n a week of developing symptoms.

According to the authors of the Pasteur study, the resistant bacterium has continued to spread thrB‘i‘i"ﬁﬁdMediterranean countries,
particularly Morocco, infecting hundreds of patients each year.

“In addition, the authors of this study made the troubling observation that a number of strains recently acquired in the Mediterranean
Basin are showing a range of resistance towards all antibiotic used to treat severe cases of salmonellosis,” the study’s summary

The main vehicle of transmission for antibiotic-resistant Salmonella Kentucky from African and Middle Eastern countries appears to be
chickens and turkeys. The authors said the resistance is believed to be caused by “the massive overuse” of antibiotics in African poultry
farming.

between 1973 and 2011. Contaminated and ground beef accounted for the majority of those outbreaks.
Antibiotic-resistant Salmonella strains accounted for 50 (91 percent) of those drug-resistant outbreaks, though none of them were
Salmonella Kentucky. At least 35 (64 percent) of those were resistant to five or more antibiotics.
On Monday, Congresswoman Louise Slaughter (D-NY), the only microbiologist in Congress, wrote a letter to President Obama urging
him to at this week’s G-8 Summit in Northern Ireland. Slaughter also suggested
Rico |dent con5|der stronger I|m|ts on antlblotlc usein anlmal agriculture.
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Recent findings

» Recent acquisition of Sciex 5600 triple TOF

» Allows for identification of compounds
without comparison to a standard.

= Exact mass determination
= High resolution product ion library searching
= Empirical formula finding
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B3N o/ . 156.1018/2.70 | 156.10178 00 2 156.10183 27 440683 10 1000 41043 No Match 0 192 CBH13NO2 583 V|
N @/  1581189/314 | 15811689 00 2 158.11731 314 177097 10 1000 9019 Mo Match 0 234 CBH15NO2 708 V|
W @ 1590278/083 159.02784 00 2 159.027%5 083 762181 10 1000 104106 No Match 0 315 CH7N403CI 954 v
Positive result: equal or better QAL v 2 @  EIB0S 1813 on PR N M V) 5619 10 100 2845% No Acquired MSMS 0 0 No Formula Found 0 v
sample:| 004 2069(Sample 1) v Control: 001 blank(Sample 1) v Rows 432
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CEEEL E
i L L )
terien BRWRAR AZ HH #BEEC@? \ -
< ey n‘«y Threshold Formula  Mon:
T ; Sample | of p o Exiraction o, RTWidth ~ FoundAt = Found At ] Threshold ~ Control c Library ~ Combined - . -
Viff file Name - i# A H Width (D ; It atio of - Library Hit Formula Finder Result Find Targeted Mol
f Name ES:LII‘:I\;& v "3;‘”5; \/‘V ame Mass (Da) il (min) Mass(Da)  RT (min) Ly gonl?o‘\]) (cps) Intensity arary F Score  Score ormua Finder Fes Slc::r:' P:ragk o
@ 001 bk Some | 0 19 0. wosn B 2 MemE sm s 10 w0 | s NoMatch 0 b CBHe03 @ | v
... 0032058 0 /  1438526/053  149.95257 0.01 2 14995247 054 3300 10 1000 75416 No Acquired MSMS ] 972 C2N305CI 97.2 v
2 00 163136/368 16313264 001 2 163.13286 368 1187163 10 1000 1010 No Match [ 164 C8H1803 498 v
2 O/  166.0861/1.02 166.08608 001 2 166.08631 102 1300381 10 1000 454454 Benzocaine n7 523 COH1IND2 802 v
2 . o/ 16811317228 168.11308 0.01 2 168.11326 246 378505 10 1000 1900377 No Match ] 303 CBH13N30 919 v
24 ®/ 177.0544/532 | 177.05436 0.01 2 177.08452 53 874283 10 1000 19107 No Match 0 %6 C10HBO3 807 v
5 O 1811219/433 1811219 001 2 18112143 453 1481 10 1000 1038877 Theobromine %3 456 C11H1602 847 v
% . o/ 1821286/320 18212862 0.01 2 18212903 326 1886638 10 1000 4367721 No Match ] 287 C3H15N30 6.9 v
20 v/ 18511471366 | 18511471 0.01 2 185.11471 368 673424 10 1000 3654 Fubenidazole 789 B0 CEH12NED 826 v
S SES e S s 21 e S SRS e T — e i e v
(2 M 000 . |rmuwiavioesl oot | 2 [0 43 [ 406 | w0 | W0 | @0 | DET | %7 %5 | CIZN0 |
Library Search Results Formula Finder Resulis
Compound Name CASE  Fonue Mw(Da) Fi Rev.F  Punty Mame Formula  Score  mfz(Da) Emor(ppm)  Ermor MSIMS (ppm)
| C= DEET 134623 CI2HIINO 19127327 100 97 97 3 ] CIZHI7NO 839 1921388 0 6
DEET 13-62-3 CIZHITNO 19127327 100 100 100 B CEH18NAP 156 19213726 53 79
DEET 134-62-3  CIZHITNG 19127327 100 %4 364 kL
NN-Diethyl-m-toluamide  134-62-3  CI12HITNO 19127327 987 %4 951 3B v v
Phendimetrazine CIZHITNO 19127327 554 611 335 kL
. 19511307129 195.11301 0.01 2 195.11314 128 2375650 10 1000 788839 Nao Match [ %6 C10H14N202 v
LRz A ; e . " 3 v
2 W OV  197.1285/206 197.12852 0.01 2 19712864 208 1974558 10 1000 680934 1-{3-chlorophenyl)piperazine  16.7 3 C10H16N202 5B v
3V . 198.1488/274  198.14879 0.01 2 198.148 35 5936 10 1000 635504 Mo Acquired MSMS [ 0 Mo Formula Found 0 v
o O 001391/176 20013913 001 2 200.13901 189 68633 10 1000 208136 Mo Match ] 32 CSH17N302 845 Vv
B W OV  2020975/315 20209749 0.01 2 202.09765 315 259380 10 1000 1204703 Simazine 17 575 C1H1INIO 934 v
¥ . /  2050972/130  205.08717 0.01 2 205.09736 139 508111 10 1000 313587 Nao Match [ 13 C11H12N202 95 v
Postive result: squal or better QAL v 7 OV 21MIL N5 001 PR R TV TR S " (R ] 000 1197625 NoMatch 0 ®3 CIIHIBN02 N
sample:| 003 2059(Sample 1) v Contral: 001 blank(Sample 1) v Rows 86
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Matches: 9 of 200 peaks, 88.1% of tokal inkensity




Quantification

» Standards are purchased

» LC/MS/MS analysis method is developed

» Extraction method is optimized

» Samples are extracted with method

» Samples are analyzed along with standards

» Analytes are confirmed with tandem MS
> RT
> lon ratio comparison

» Analytes are quantified




Quantitation performed using UPLC/MS/MS

Amantadine DEET

Detection frequency 36% 38%

Highest concentration 882 ng/g 572 ng/g




» Amantadine
- Antiviral drug only approved for human use

- Chinese poultry farmers were suspected of misuse
in 2005 for prevention of avian flu

- H5N1 strains in China are now resistant

» DEET

> Insect repellant/ pesticide

- Acetylcholinesterase inhibitor in insects and
mammals




» No connection has been made between any of
the 8 compounds detected and the illnesses

» Many of the detections represent misuse

» Investigation continues




» Special thanks to :

o Kristen Hafler
o Jennifer Mirabile

o Kendal Harr

p—



» Questions ?

p—
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