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1. Why do we need to “predict”
antimicrobial resistance (AMR)
in animal health?



p— g These bacteria are a serious
THREAT LEVEL Y % concemn and require prompt and
SEn“]“s ~ J N\_ J sustained action to ensure the

problem does not grow.

MICROORGANISMS WITH
A THREAT LEVEL OF SERIOUS  Foodborne

Multidrug-resistant Acinetobacter Rarely resistant in animals Path Ogens

Drug-resistant Campylobacter |

[

Fluconazole-resistant Candida (a fungus) Rarely resistant in animals
IExtended spectrum B-lactamase producing Enterobacteriaceae (ESBLs)|

Vancomycin-resistant Enterococcus (VRE) Rarely resistant in animals

Multidrug-resistant Pseudomonas aeruginosa Common; intrinsic resistance
|Drug-resistant non-typhoidal Salmonella |

Drug-resistant Salmonella Typhi  Specific to humans
Drug-resistant Shigella ~ Specific to humans
Methicillin-resistant Staph ~ Common; originated from humans

Drug-resistant Streptococcus pneumoniae Rarely resistant in animals
Drug-resistant tuberculosis Specific to humans




NARMS

National Antimicrobial Resistance Monitoring System

Surveillance of Resistance: as of Jan 2018
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What about animal health?



Puppies spread antibiotic-
resistant infections to 118

people, CDC reports

Drugged puppies blamed for spreading
diarrhea superbugs in multi-state
outbreak

Officials were stunned by the amount of antibiotics the puppies had been given.

Puppies are making people sick
— and it’s people’s fault

Health Sep 22, 2818 2:

Antibiotic-resistant bacteria that have infected more than 100 people and that
have been linked to pet store puppies appear to have spread at least in part
because healthy dogs were given antibiotics — a decision that all but surely
fostered antibiotic resistance.
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Raw pet food sales growing
despite health warnings

Consumer interest and sales of raw meat dog and cat food have been growing
consistently over the past few years.

TIM WAL
Mar Drugs. 2017 Jun; 15(6): 158. PMCID: PMC 5484106
Published online 2017 Jun 1. doi: 10.3390/md 15060158 PMID: 28587172
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AMR genes released into
water system and
sediments. Through HGT
can become integrated into
the resistome.




AMR is acquired both vertically and
horizontally

vertical transmission horizontal transmission




National databases for tracking AMR are
heavily human-focused

.S. National Lib f Medici 1 1
Hat?)n?l?g?er:?orlgrot«:fhrnyolggyﬂﬁ:rr;{;ltgﬁ Organlsm TOtal lSOlates
(10/3/18)
Health =

Pathogen Detection

Salmonella 153,255

Pathogen Detection E. Coli 54,679

Listeria monocytogenes 20,879
Campylobacter jejuni 21,838

Klebsiella pneumoniae 7,774

www.ncbi.nlm.nih.gov/pathogens/ 10



2. Intro to the technologies



The Whole Genome Sequencing (WGS) Process

WGS is a laboratory procedure that determines the order of bases in the genome of an

organism in one process. WGS pravides a very precise DNA fingerprint that can help
link cases to one another allowing an outbreak to be detected and solved sooner.

Bacterial Culture <. DNA Library Sequencing

) The DNA library is loaded onto a
gequencer. The combination of
nucleotides (A, T, C, and G) making
up each individual fragmant of DMA
ig determined, and each result is
called a “DMA read.”

5. DNA Sequence Analysis

o Scientists take bacterial
celis from an agar plate
and treat them with
chemicals that break them
open, releasing the DMA.
The DNA is then purified.

e Scientists make many ~
copies of each DNA |55 ~ —
fragment using a process
called polymerase chain
reaction (PCR). Tha pool of
fragmants genarated in a
PCR maching is called a
“DMA librany.”

<5
Sc

. DNA Library Preparation

e D’.N'E‘ 19 c"‘: into 5“9'*' 'rag"‘e'?“‘* v The sequencer produces milions of DNA reads and specialized
of known length, either by using computer programs are used 16 pul them together in the
SDTEE. MOSCOIAR SCos0ns corect order like pieces of a ligsaw puzzie. When completed,
or mechanical disruption. the genome sequence containing millions of nucleotides (in

one or a few large pieces) is ready for further analysis,

https://www.cdc.gov/pulsenet/pathogens/protocol-images.html#wgs
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Bacterial WGS in VDLs

* Performed on cultures (costs ~$50-200)

Spa type
o

* Nationally harmonized lab procedures o

(with FDA/CDC/state health) PVL toxi
— NCBI integration through GenomeTrakr . ou
or PulseNet i ]
olo
* Confirms species, subspecies, isolate —
relatedne SS Exfoliative toxin A
* Large databases mined to predict features S
(functional genomics): B —

— Serotype
. Leopold et al. J. Clin. Microbiol. 2014
— Virulence factors

— AMR

13



e WGS procedural
overview at AHDC

DNA
Extraction

Optional

Submission Point
Library Prep

Optional
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Typical AMR analysis pipeline

e Reads trimmed and
assembled

— Trimmomatic and
SPAdes

* Core genome phylogenies
constructed

— Parsnp and FastTree

e Screened for antimicrobial
resistance genes (ARGS)
with ABRicate

— Multiple databases

— 90% threshold for
1dentity and coverage

CARD

BARRGD

Resfinder

ARG-ANNOT

15



Culture-independent AMR
detection methods

Mostly for environmental testing
— some commercial clinical tests for humans

* Targeted amplification (PCR of multiple
known resistance genes)

* Targeted metagenomics (sequencing of many
known resistance genes)

* Shotgun metagenomics (sequences “all” DNA)

— captures the known and unknown

$$55%

16



3. How well does AMR
prediction work?



WGS AMR predictions by gene have good
correlation with phenotype

Bacterium Gen/Phe | Reference
correlation

Salmonella enterica 99.7% Zankari et al. 2013, J Antimicrob Chemother
99.00% McDermott et al. 2016, Antim Agents Chemother

Escherichia coli 97.1% Stoesser et al. 2013, J Antimicrob Chemother
98.5% Tyson et al. 2015, J Antimicrob Chemother

Camplylobacter spp. 09.2%, Zhao et al. 2015, J Antimicrob Chemother
Staph. aureus 98.8% Gordon et al. 2014, J Antimicrob Chemother
Pneumococcus 98% Metcalf et al. 2016, Clin Microbiol Infect
Enterobacteriaceae (B-lacs) 100% Shelburne et al. 2017, Clin Infect Dis
Mycobacterium 95.3% Phelan et al. 2016, Genome Med

02 .39, Walker et al. 2015, Lancet Infect Dis

Publications from NARMS 18



Genotype-Phenotype Concordance for
Salmonella, all drugs tested

Phenotype
Resistant Not resistant
(o)) PR 1478 48
Q.
>
o
(o]
g NPR 127 31443
O
Measure Value (%)
Sensitivity 92.1
Specificity 99.9
Positive Predictive Value 96.9

Negative Predictive Value

Kappa coefficient

Jason Folster, CDC

99.6
0.94 (very good)

19




Prediction of MICs by machine learning

N\ /

New genome e Classifier me Prediction

Jim Davis 20



Predicting MICs for Salmonella

Model Accuracy vs. Genomes Used

0.96

0.95

0.94

0.93

0.92

0.91

Average Accuracy

0.90

0.89

0.88

0.87
0 500 1000 1500 2000 2500 3000 3500 4000 4500

Genomes

Nguyen et al., BioRxiv 2018 (Davis Lab) 21



CDC & FDA AR Isolate Bank:
Sharing Bug Data to Support Drug, Diagnostic Development

— . e

e B 111

CDC gathers resistant  CDC analyzes the bacteria’s New diagnostic tests &

bacteria through resistance & shares with antibiotic drugs are

surveillance/outbreak researchers. The Bank developed using the bacteria

programes. currently includes 228 & data. Since July 2015, CDC
isolates (on five panels). has processed 63 orders.

Jean Patel, CDC

22



Antibiotic / Antimicrobial Resistance

Antibiotic / Antimicrobial CDC > Antibiotic / Antimicrobial Resistance

Resistance

et A st CDC & FDA Antibiotic Resistance (AR) Isolate Bank

Resistance n u

Biggest Threats +
Protecting Yourself and Your On This Page
Family

AR I I A I E BAN K e Advancing the Fight against Antibiotic
Protecting Patients and Resi
Stopping Outbreaks ESIIHIRE

* Why the AR Isolate Bank is Unique

For Laboratories: Testing & +
Resources The CDC and FDA AR Isolate Bank provides information on resistance to support innovation in * Order Isolates

diagnostics and drug development. CDC provides isolates (bacteria isolated from a specimen, * Isolates Available from Other
Protecting the Food Suppl .

PR LR S like blood or food) to approved institutions. Resources
U.S. Activities to Combat AR +
Media & Resources + “The isolates helped us challenge our diagnostic tests to ensure they can detect a variety of resistance targets,”
-Biotechnology company”

AR Threats Report 2013
AR Isolate Bank

Advancing the Fight against Antibiotic Resistance

lemekuniea i EEl g + As of January 2018, the AR Isolate Bank shipped more than 2,000 isolate panels. The AR Isolate Bank

helps:
ﬁ Get Email Updates
» Strengthen diagnostics by validating lab tests

To receive email updates + Inform research and development to
about this page, enter your = develop drugs like antibiotics and antifungals
email address: > develop diagnostic devices, tests, or assays

= satisfy a request or support an application to FDA

+ Perform testing to ensure drug effectiveness

The AR Isolate Bank shipped more than

TR
LA m Study biology and pathogenic mechanisms 2000isolat | ‘) 2018

, isolate panels as of January .
Detect new and unusual public health resistance threats

https://www.cdc.gov/drugresistance/resistance-bank/ 23



4. Animal health surveillance



NATIONAL ACTION
PLAN FOR COMBATING

: BACTERIA
National One-Health
Surveillance Efforts
to Combat Resistance

MARCH 2015




New national pilot veterinary
surveillance efforts (2017-18) USDA

 USDA National Animal Health Laboratory ﬁ

NATIONAL ANIMAL
Network HEALTH LABORATORY
NETWORK (NAHLN)

— 19 vet diagnostic labs

— First year in progress (aiming for 3,000 isolates)

* Salmonella (cattle, swine, poultry, horses, dogs,
cats)

* E. coli (same as above)

* Mannheimia haemolytica (cattle)

* Staphylococcus intermedius group (dogs and
cats)

— Including secure (HL7 compliant) messaging

26



USDA Year 1: Progress —
electronic messaging

To address the unique requirements for protecting information as part of the AMR
Pilot study, a staged approach has been developed to support electronic results data
submission.

o Step 1 — all laboratories were provided with a spreadsheet with required data entry
fields for HL7 messaging of AST data
o Laboratories submit AST data to NAHLN Program Office on these spreadsheets — data is
reviewed and validated prior to uploading to APHIS database.

o Step 2 [in progress] — script developed to convert data from spreadsheets to HL7
format, which is then messaged directly to APHIS database

o Script has been developed, NAHLN program office is beta-testing for errors
o Once beta testing is complete, script will be provided to laboratories for use

o Goal — at least 5 laboratories using this method of data reporting by the end of Sep (FY
2018)

Beth Harris, USDA NAHLN 27



New national pilot veterinary
surveillance efforts (2017-18)

* FDA Veterinary Laboratory Investigation

and Response Network Vet LIRN Laboratory
Source Laboratory #
. WGS Laboratory /7}\’“;””!;‘\

— 20 vet diagnostic labs

— ~2,000 1solates collected in 2017 l /Sx e w gl
* Salmonella (all hosts) .( \ . B Fom
« E. coli (dogs) \\
o S. pseudintermedius (dogs) /

— Including whole genome sequencing on a
subset (done by 4 additional vet labs)
uploaded to NCBI in near real-time

— In 2018 (year 2), adding 5 additional labs
and broadening the scope of pathogens

28



FDA national
WGS surveillance 2017:
Salmonella (n = 69)




FDA National
WGS Surveillance 2017:
Salmonella (n = 69)

Serovar
Typhimurium
Dublin
Newport
Cerro

[4,[5],12:1:-
Mbandaka
Infantis
Kentucky
Braenderup
Derby
Montevideo
Uganda
Other

L AMILT

30




FDA National e
WGS Surveillance 2017: =
Salmonella (n = 69) I|

Host

Bovine [N ;-
Equine [N > -
Swine
Chicken
Canine

Feline

Llama [ 3% |

Pigeon [} 3% |

Reptile [l 3% —‘
Other Mammal 3% -

Other Avian ] 3%

31



FDA National
WGS Surveillance 2017:
Salmonella (n = 69)

Class
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Veterinary Salmonella isolates are
closely related to human cases (n = 54)
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Cornell University
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Distribution of ARGs by
Human Distance
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ARGs Detected

Distribution of ARGs by Host Type
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Linking Back
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E. coli
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ARGs by Specimen Type
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Relation to Human Isolates?

* Very few in SNP clusters with human 1solates, despite
predominance of human samples in database

* Capturing a different subset of population

* Why it matters

— May still be linked to human infections not covered by typical
surveillance frameworks

— Shared genetic repertoire

41



Most extreme case

Nearly pan-resistant £. Coli from canine fecal sample

ECOL-17-VL-NY
FL-0002 aac(3)-Iid (gentamicin)
aadA1 (streptomycin)
aph(3")-Ib (streptomycin)
aph(3')-Ia (kanamycin)
aph(6)-Id (streptomycin)
blaCMY-2 (penicillins, amoxi-clav, cephalosporins)
blaTEM-1 (penicillins)
catAl (phenicols)
dfrA14 (trimethoprim)
mph(A) (macrolides)
qacL (disinfectants)
sul2, sul 3 (sulfonamides)
tet(B) (tetracycline)
gyrA mutations (fluoroquinolones)

Olga Ceric, FDA Vet-LIRN 2



FDA pilot AMR surveillance study:

! Dr. Olga Ceric,
e . Sunday at 10:45am
Chicago C (Epidemiology)




5. Bringing big data from animals
and humans together



-

"

Integrated Food Safety
Centers of Excellence




Strategies for One Health AMR
data sharing

* A meeting for animal and public
health laboratories and stakeholders

* Sponsored by the New York
Integrated Food Safety Center of
Excellence

* Held May 2018 at the Cornell
College of Veterinary Medicine,
Ithaca, NY

46



Meeting Highlights

e (ritical time to coordinate and
standardize!

* NARMS and NCBI emerged as “best
practice” common databases for AST,
WGS, and metadata

* Reducing granularity of location would
allow enhanced metadata to be provided

* A tiered system with a 3rd party
protector of 1dentifiable information
proposed as safeguard for
confidentiality

47



One Health Data Sharing: next steps

* State-level pilot projects
 Identify 3" parties for tiered confidentiality

* Incorporate animal health data in NARMS from both
public/academic and corporate labs

48



One Health Data Sharing: next steps

* Share syndromic, regional antibiograms

— Stewardship and continuing education initiatives
currently supported by AVMA, USDA, CDC, and state
public health agencies.

— Scientific publication
— Popular press — improve stakeholder awareness

— Having veterinarians and the public see the summary
data will help incentivize participation

49



People and animals share pathogens and pathogens
share genes

By monitoring ARGs in animal populations, we can
better protect both animal and human health

50
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