COMBATING RESISTANCE

a history and where we are headed
W_ith antibiotic regulation in the US
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Antibiotic Resistance

A global threat to public health and
animal health

Consequences:
* Simple infections more difficult to treat
* Longer treatment times
* Increased costs
e Death




Emergence of Resistance

ANTIBIOTIC RESISTANCE

Spatiotemporal microbial evolution
on antibiotic landscapes

Michael Baym," Tami D). Licherman,"* Erie D. Kelsic," Remy Chait,"| Rotem Gross,”
Idan Yelin,? Roy Kishony™>*}

A key aspect of bacterial survival is the ability to evolve while migrating across spatially
varying enwironmental challenges. Laboratory experiments, however, often study evolution in
well-mixed systems. Here, we introduce an expenmental device, the microbial evolution and
growth arena (MEGA)—plate, in which bacteria spread and evolved on a large antibiotic landscape
(120 = 60 centimeters) that allowed visual observation of mutation and selection in a migrating
bacterial front. While resistance increased consistently, multiple coexisting lineages diversified
both phenotypically and genotypically. Analyzing mutants at and behind the propagating front, we
found that evolution is not always led by the most resistant mutants; highly resistant mutants
may be trapped behind more sensitive lineages. The MEGA-plate provides a versatile platform for
studying microbial adaption and directly visualizing evolutionary dynamics.
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Emergence of Resistance

Natural evolutionary response to exposure

» Selection pressure
* Intrinsic vs Acquired; Commensal vs Pathogenic

* Rate of de novo resistance development
* Mutability & fitness
e Pathogen-drug interactions
* Pathogen-host interactions
* Bacterial Population Size




Mechanisms of Resistance

Efflux Pumps o

Alternative Pathway
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Inhibit Uptake



Transmission of Resistance

Transduction Conjugation
bacteriophages |, plasmids
transposons

% Transformation
\ naked DNA



A Complex Web:
Everything is Connected

Antibiotic resistance, when germs defeat the antibiotics designed to kill
them, can develop and spread across settings. It can affect our progress
in health care, food production, and life expectancy.

Antibiotic resistance is a One Health problem—the health of people is
connected to the health of animals and the environment (soll, water).




Persistence of Resistance

Treatment of single dairy cow 2-dose CCFA Metaphylaxis pen of steers 1-dose CCFA

Effects of CCFA treatment on CFU of E. coli (2-dose dairy cow) Effects of CCFA treatment on CFU of E. coli (1-dose beef steer)
Plain versus ceftiofur (8 ug/mi) MacConkey Agar Plain versus ceftiofur (8 ug/mi) MacConkey agar
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Unpublished data courtesy: Norby, Loneragan, Scott, Halbert
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Slide posted with permission by H. Morgan Scott DVM, PhD
Norby et al, unpublished data (left graphic of dairy cow with two treatments)
Ohta et al (in preparation) right graphic of steers in pens with all treated)




Persistence of Resistance
%R
® g = Cross-resistance

Co-expression Co-resistance




Any time an antibiotic
is used (regardless of
the indication) there
is potential for
adverse effects or
development of
antibiotic resistance.



“The consequences of antibiotic resistance in bacteria of animal
origin are not limited to public health.”



International Policies




United States

Animal Medicinal Drug Use
Clarification Act (1994)

* Permits licensed veterinarians to
use FDA approved drugs extra-label

* under certain conditions per
federal regulations (21 CFR 530).

* FDA can prohibit extra-label use
of specific drugs in food-producing
animals




Prohibited Drugs (21 crr 530.41)

Carcinogenic
» Diethylstilbesterol (DES), Nitroimidazoles, Nitrofurans, Sulfonamide class
antibiotics (adult lactating dairy cattle, >20 months of age)

Toxic Reaction
* Clenbuterol, Chloramphenicol, Phenylbutazone (adult lactating dairy cattle,
>20 months of age)

Antimicrobial Resistance
* 1997: Fluoroquinolone class antibiotics, Glycopeptide class antibiotics

e 2012: Cephalosporins (except Cephapirin) in MAJOR food animal species —
cattle swine, chickens, and turkeys — is permissible only for therapeutic
indications not listed on the label
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FDA Guidance for Industry

GFI #152 (2003)

e Evaluating the Safety of Antimicrobial New Animal Drugs with Regard to their
Microbiological Effects on Bacteria of Human Health Concern

GFI #209 (2012)

* The Judicious Use of Medically Important Antimicrobial Drugs in Food-
Producing Animals

GFI #213 (2013)

* New Animal Drugs and New Animal Drug Combination Products Administered
in or on Medicated Feed or Drinking Water of Food-Producing Animals:
Recommendations for Drug Sponsors for Voluntarily Aligning Product Use
Conditions with GFI #209



FDA Guidance for Industry

GFI #263 (2021)

« Recommendations for Sponsors of Medically Important Antimicrobial Drugs
Approved for Use in Animals to Voluntarily Bring Under Veterinary Oversight
All Products That Continue to be Available Over-the-Counter

Draft GFI #273

« Recommendations for Sponsors of Medically-Important Antimicrobial Drugs
Approved for Use in or on Medicated Feed of Food-Producing Animals for
Establishing Appropriately Defined Durations of Use Where None Currently
Exist

Revision of GFI #152 (Appendix A - MIADs)



National VFD Final Rule

Veterinary Feed Directive
e Antibiotics in livestock feed

* Written statement issued by a
licensed veterinarian

* VCPR
* According to label (CPG 625.115)

Antibiotics in water = Prescription




U.S. FOOD & DRUG

ADMINISTRATION

CENTER FOR VETERINARY HEDICINE

2017

Summary Report

On

Antimicrobials Sold or Distributed for
Use in Food-Producing Animals




Antibiotics Sales Report
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Progress”

https://www.bovinevetonline.
— com/article/antibiotic-
stewardship-fda-cites-progress




Since 2017?
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Califofnia and Maryland State Laws

Since Jan. 1%, 2018, over-the-counter injectable and all other forms
of antibiotics have requwed a prescrlptlon or VFD ordered by a licensed

“ veterlnarlan



FDA’s Five-Year Plan

SUPPORTING ANTIMICROBIAL STEWARDSHIP IN
VETERINARY SETTINGS

GOALS FOR FISCAL YEARS 2019 - 2023

FDA CENTER FOR VETERINARY MEDICINE

September 2018

https://www.fda.gov/about-fda/fda-track-agency-wide-program-performance/fda-track-progress-fdas-support-antimicrobial-stewardship-veterinary-settings



https://www.fda.gov/about-fda/fda-track-agency-wide-program-performance/fda-track-progress-fdas-support-antimicrobial-stewardship-veterinary-settings

* Injectable, drench/bolus,
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* All animal species _asm (e f
» Two-year grace period 2
y g P - w //,( :« . e

arve < i
| /OTC‘tQ Rx on Jur’\e{

| O‘A /{




What does this mean?
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Timeline
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Proactive and
plan ahead



Veterinarian-Client-Patient Relationship
(VCPR)

VCPR requirements: State vs federal

* https://www.fda.gov/animal-veterinary/development-approval-process/does-state-
or-federal-vcpr-definition-apply-lawful-vfd-my-state



https://www.fda.gov/animal-veterinary/development-approval-process/does-state-or-federal-vcpr-definition-apply-lawful-vfd-my-state

VCPR

* Veterinary shortage

* Veterinary usage according to
NAHMS 2011

» 28% of operations visited by a
veterinarian in 2010

* 52% of operations consulted with a
veterinarian in 2010

* (compared to 46% in 2001)

Percentage of operations that had consulted a private veterinarian during the
previous year, by reason and by study

Reason
Sheep disease |22.4
diagnosis |46.9
Sheep disease 120.9
prevention |45.3

Sheep nutritional |7.4
information ]12‘3

Sheep production 6.2 DSheep 2001
management practices 12.4 [ ]sheep 2011
; {19.1
Lambin oblems
o |34.7
Lameness 5.7
9.1
Other | 8.5
5.6
Any reason? 146-1
|51.8
0 10 20 30 40 50 60

Percent

'In 2011, additional reasons listed and not included here were “interstate health certificate,” “breeding
soundness exam,” and “pregnancy check.”
?Includes all reasons listed as options in 2011.
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VCPR

* Licensed veterinarian

e Local vs consultant




ESTABLISHING AND
MAINTAINING THE
VETERINARIAN-CLIENT-
PATIENT RELATIONSHIP
IN SMALL RUMINANT
PRACTICE

The vetednarian-clent-patient ralationship B Provide written treatrment profocals
(VCPH) underpina veterinary oversight and for commonly ocourring easily recog-
appropriate drug use in small ruminants. nized conditions when clents will be
The VCPR is typically codified in state and directly responsible treating animails
feddersd reguiations and is also defined by the in their herd. The protocois shousd
AVMA, with minor differences in each version. include & drugs recommended for
AVCPA can exist with an individual B animal use including over-the-counter. feed
that presents for velsrinary care o with 8 herd additive and prescription drugs. The
of flock managed in consultation with a herd protocols should ciearly define when

Herd Health Plan

 Routine visits
* Treatment protocols
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 Common conditions rerarin, The gudelnea elow povide  1010p vesimant s seek velernary
vorteycx st sl I - orisses ey g
taining 8 VCPR at the herd level.
e All drugs used = han st i carts 5 el s
. and treatments administered on the farm 8 Ensure written or slectronc treatment
* Dose, route, frequency, duration L reamsty e syecorh ol it e bt
Veterinarian-of-Record (VOR). The VOR of animals are essential 10 maintaining
1 H e ponaible for ti ¥ e VCPR, timely teview
* Meat and milk withdrawals peoscsompam by bonneda AR v oot b g
record review and reguiar communica- for the VOR.
. . llonwﬂhl"nchm. IMMWaW-
* When to seek veterinary assistance o Th witln VCPR woudechde e ey Feed Deectve (D b apachc
lans who have working relationships drugs shoukd only be provided for the
or consuiting sgreemeants with a chent, anmals over which the VOR has over-
Y Conaultants and other velerirarians sight under the exiating VCPR, filure o
Treatment records o
for communicating with the VOR I8 & viclation of the VOPR by the clent.
about medical care, protocols and A VCPR should not be estabished for
arug use recommeandations. the sole purpose of drug sales.

e Review

Approved by the AASRP Board of Directors December 2020

AMERICAN ASSOCIATION OF SMALL RUMINANT PRACTITIONERS
1120 East Main Street. Sulte 202
Ashvand, Ohio 44805
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Telemedicine

* Phone calls
e VVideo chats
* Email exchange

VCPR - diagnose, prescribe
medications or treat animals




How can you get prescription antibiotics?

* Dispensed by your veterinarian
* Licensed pharmacies

* In California, Veterinary Food Animal Drug Retailors




Thanks!

Rosie Busch, DVM
rcbusch@ucdavis.edu
@@ucce.sheepngoat
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