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What we will discuss....

o WWhat'Is antimicrenial resistance and
Why deEeS It matter?

o \What'IS the curnrent status ofiglebal
antimicreplal resistance and ' what are
the causes?

o Implications for
— ndividuals and the puiklic

— healthrcare systems and/institutions
— goevernment



MICrebes/Humans

— Microbes: 5X 10°L
(510)10]0]0)10]0]0]0)50/0]0)50]0]0)10]0]0]0)50/0]0)50]00]0)10]0]0)56[0]0))

— Humans: 6 X 10°
(3,00[0)10]0]0)0]0)0)!

— Microbiology in the 21st century, ASM, 2004



Microhial/Adaptablilitys (Blaser)




“The time may come when penicillin
can be bought by anyone in the
shops. Then there Is the danger that
the ignorant man may easily under-
dose himself and by exposing his
microbes to non-lethal quantities of
the drug, make them resistant”

Alexander Fleming in his Nobel Prize
acceptance speech in 1945.



Eleming/was: rignt:

“At the beginning of the 21st
Century, antimicronbial
[esistanCeis;common, nas
developedagainstievery.class
offantimicroebial’drug, and
appears to'be spreading/into
new niches.”
ntp//wWww.cdc.goev/ncidod/EID/NVel11ne06/05-0167.ntm



In'the US...

Each year, more than 2.8 million

antimicrepial=resistant infections

OCCUramoeng hoespitaliinpatients

andimore than 85,000 people die
as aresuit

2022 National and State Healthcare-Associated Infections
Progress Report, CDE

https//arpsp-.cdc.gov/prafile/antibiotic-
resistance?tab=antibIoticC-resIStance




Einancial/Burden eif/Antimicrobial
REsIStance o Healthcare Systems

Estimated $4.6 billion Iin health care costs annually

https://www.cdc.gov/drugresistance/solutions-initiative/stories/partnership-
estimates-healthcare-cost.html

Additional costs of resistant vs sensitive strains

Healthcare-Acquired Community-Acquired
Charges $18,990 $32,400

Length of stay 2.2 days 4.2 days
Deaths 4% 3%

J Clin Infect Dis 2012; 55:807-815.
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— SpPOrts participants

— [nmates in correctional facilities
— Militarny, recruits

— [Daycare attendees

— Native Amernicans / Alaskan
Natives

— VIen Whoe have SeEX-WIth men

— [[atte e ecIpIents

— HUrrcane eVacUuees in shelters
— [Congterm: care residents




(Characteristics o Microbes that
Enhance Resistance

o Speed. Bacterial'populations: can
double = eveny 200mins

o Exchangeabllity. Bacterna can
EXChange genetic matenal

o Mutation. UnderantibIotic pressure,
resistant:mutants Emerge



Effect:ol;antibIolic
Prescribing oniresistance

Analysis ofi 24°studIes 1N primary: Care;

RISK OfiESIStance In respiratorR; and
Urinany tractiinfections was about: 2.5
liImes greaterwith more antibIotic USE;

Effect greatestin moenth immediately,
after treatment, but persisted up te 4.2

MONth'S
Costelloe, et.al. B(MJ 2010; 340:c2096



AntibIolics INfAgricultiure

o N 2020, >230 millron peunds off antibIGlics
Were approved for use in food-producing
animal’; many times more than the amount
selditer humans Whoe ' Were SICKk?

o Many ofithe antibIotics USediin this Setting
are ofithe same class as thoese used to treat
human Infections

*NttpsH/www.fda.goevianimal-veternnany/cvm-updates/fda-releases-
annual-summary-report-antimicrobials-seld-er-distrbuted-2020-
USe-feed-producing
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Antibiotic consumption in animals

Sarkar DJ, et al. IJEPP 2018; 4(1):4-18.




Al lne same time,

e arsenal of;
ANTIBIGUICS PEAKEA 1N
2000 ana@ s still
JECIINING

—



https://citizentruth.org/faced-with-pr-mess-purdue-hired-firm-that-helped-bp-after-catastrophic-2010-oil-spill/
https://citizentruth.org/faced-with-pr-mess-purdue-hired-firm-that-helped-bp-after-catastrophic-2010-oil-spill/

Tomorrow’s Antibiotics: The Drug Pipeline

r

The number of new
antibiotics developed
and approved has
steadily decreased in
the past three decades,
leaving fewer options to
treat resistant bactena.

Mumber of Antibacterial Mew Drug Application (MDA)
Approvals ws, Year Intenvals®

20

15

10

Number of antibacterial drug NDA approvals

1080-1982 1985-1980 1990-1994 1095-1999 2000-2004 2005-2009 2010-2012
Year interval

Mntervals fom 19802009 ae & intervals; 20212 B a 3-vearinterval. Drogs are limited to systemic agents.
Diata couresy of FOO' s Center for g Evalustion and Reseamh (COER).




As of 2020...

o 28 antipietics Infdevelepment
— 150 Phase 1 clinical trials,
— 13N Phase 2,
— 13 In'Phase 3,

— 2 have had new drug applications
submittea.

o Historically; about 60% offdrugs that
enter Phase swill'be approved.

https://www.pewtrusts.org/en/research-and-analysis/issue-
briefs/2021/03/tracking-the-global-pipeline-of-antibiotics-in-development



Developmentiofinew antipiotics wWill not
solve the problem alone

NG new classes ofiantibIotics have been discovered since the 1960s;
antipIetics brought to: market in the past three decades are varations
ofidrugs that have been previeusly, discovered

DIScoVerng and developing new antinioticsis challenging; the
Science s tricky and R&DIS time-consuming, EXpensive, and often
falls. lt.generally reguires 10-15 years and over $dbillion te:develop
a nNew antipbiotic

[Developing antibiotics to treat-highly resistant bacterial iInfections Is
|less lIkely hecause

— Fewpatientsicontracttheseiniections andimeetthe requirements
1o participate in traditional’clinical trials

— Jhereislittie incentive formadustry to develop such drugs
PECAUSE ofithehigh cost



Implications for...

Individualsrandithe public

Health care InStitutions and Sy Stems

Goevermment




INDIVIDUALSTAND THERPUBLICE



RUblic: Knowledger/Attitudes

2,366 people in NYE iterviewed
38% thought'coldS wWere caused by bacteria

Only: 29.8% agreed/ thatmost .colds and fiu
would improeve without medication

89:.9% Sstated that'antibIetics are usually or
sometimes needed to treat viral threat
INTECIoNS

21.6% stated thatrantibietics Were usually or

semetimes indicated for asthma attacks.
— Emerg Infect Dis 2003; 9:1096-1102



Antibiotics sold/ without
Prescription

Survey efithree NY€ neighberneeds

— 1 n 5 steres in Hispanic neighberheoed
nad antibIetics on the shelves

— Antibietics available upoen reguest in all’steres:
ampicilling amoexicilling tetracycline, erythromycin

— Offeredias single deses individually:wrapped and
N larger guantities.

— Larson & Figueroa, J Urban Health 2004; 81:498-504




For the public...

o (Gel vaccinated/ te preventinfections
When pessible

o Be informedabout appropriate Use of
antimicroehbials



HEALTHCARE INSTATUIIONS
ANBESYESTE =Y IS



Quipatient: U.S: Antipiotic: Use

*80-90% of human antibiotic use and >60% of antibiotic
expenditures are in the outpatient setting
*In 2014, 266.1 million courses of antibiotics were dispensed
to outpatients, equivalent to >5 prescriptions/year
for every 6 people
*At least 28-50% of prescriptions are unnecessary.
sAntibiotic prescribing in the outpatient setting varies
by state and health plan
[ ocal outpatient prescribing practices contribute to local
resistance patterns

https://www.cdc.gov/antibiotic-use/data/outpatient-prescribing/index.htmi



Community:RPrescrining Patterns

* Rates ofiprescrbing antibietics forviral UR|
range flrom: 25-56%

o \When presented with clinical’'Scenarnos of
Viral pharyngitis; 84.% 61948 clinicians used
an inapproepriate treatment strategy.

o 22%0 OfiEMErgENCY, oM VISItOrS reported

that theirphysician routinely: prescrined ARS
feracold

o >800 physicians rated the ISSUE ofiresistance
as the IoWest OfiSeven determinants ofithelr
CNOICE regarding antiniotic prescrinving

Open Forum Infect Dis, 7/20, 7(7), ofaa244, https://doi.org/10.1093/ofid/ofaa244;
https://www.ama-assn.org/delivering-care/public-health/physicians-antibiotic-
resistance-problem-not-my-office



https://doi.org/10.1093/ofid/ofaa244

Antibiotic Prescriptions per 1,000 Population by State - 2021

Prescriptions per 1,000 Population

354 - 466
472 - 551
555- 619
635 - 675
677 - 765
766 - 1,083

J1

BE
ANTIBIOTICS
AWARE

Data source: IQVIA Xponent 2021
CS334840-A



lnpatient:Antibiotic Prescribing 20241

ANTIBIOTIC PRESCRIBING WAS NOT SUPPORTED IN:

NEW CDC DATA

MORE THAN HALF OF a
ANTIBIOTIC PRESCRIBING 79% 77% 47 % 27 %
FOR SELECTED EVENTS OF PATIENTS OF PATIENTS OF PATIENTS y OF PATIENTS
IN HOSPITALS I

WAS NOT ] . o ; K

CONSISTENT B Ll PR . L L ot SR o b el o
treat t

WITH g oedi

RECOMMENDED

PRESCRIBING HOSPITAL PRESCRIBERS & PHARMACISTS

PRACTICES CAN IMPROVE PRESCRIBING:

Optimize Re-assess antibiotic Use the shortest

antibiotic treatment when the effective duration

selection results of diagnostic of therapy
testing are available

FIND RESOURCES ON HOW TO IMPROVE HOSPITAL
ANTIBIOTIC USE AND HELP FIGHT ANTIBIOTIC RESISTANCE:

https://bit.ly/HospitalCoreElements




Antipiotic:Use'in 3 Pediatdc Units

o 38% ofihabies in 3
PEAIAtHIC UNItS
received 21 antibiotic
that vielated CDE
LECOMMENndations

 Pediatf; Infect Dis J. 2009;
28(1:2)1.047-1051. —



lLongterm: Care Eacililies

e 50-70% of nursing home residents
are prescribed an antibiotic each year

o 25-75% of antibiotic prescribing in
nursing homes is inappropriate

— Reister MR, et.al. J Infect Dis 2023 Aug
16; 228(4):464-468.




lihree Ramary: Rrevention
Strategies

CDC Rzacormmeancdations* Strataqgy
*Prevent infections in the first place Infection Prevention

sImprove antibiotic and antifungal Antimicrobial Stewardship
use and minimize misuse to slow
the development of resistance

*Stop the spread of resistance Infection Control
when it does develop

*https://lwww.cdc.gov/drugresistance/actions-to-fight.html



GOV.ERNIMEN



External/ lnfluencers

CMS reimbursement
RPUblic reporting
Legisiation

Big BUSINESS



Key U.S. Actions (o) Combat
Antimicroblal/ResIstance

201.3: CDOE releasedithe first Anlibiolic. Resistance lihreals

REpPOrt

20145 The White House released the ULS: National Strategy ior
Combating Antibiotic-Resistant:Bacteria, established, The
Interagency . liask EorceforCombating /Antibiotic. Resistant
Bacteria; andithe Rresidential/Advisory.Councilion Combating,
Antibiotic. Resistant:Bacteria

20155 The White House hosted the Eorum on Antibiotic
Stewardship and/released/the first:U.S:. National/Action Plan for.
Combating ' Antibiotic-Resistant:Bacieria

20165 CDE established the Antimicrobial'Resistance lLaboratory.
Network

20205 Tihe White House released the second U.S. National
Action Plan for:Combating ' Antibiotic-Resistani:Bacteria for
20)20520)25



https://www.cdc.gov/drugresistance/biggest-threats.html
https://www.cdc.gov/drugresistance/biggest-threats.html
https://www.cdc.gov/drugresistance/us-activities/national-action-plan.html
https://www.cdc.gov/drugresistance/us-activities/national-action-plan.html
https://www.cdc.gov/drugresistance/us-activities/antibiotic-stewardship-forum.html
https://www.cdc.gov/drugresistance/us-activities/antibiotic-stewardship-forum.html
https://www.cdc.gov/drugresistance/us-activities/national-action-plan.html
https://www.cdc.gov/drugresistance/us-activities/national-action-plan.html
https://www.cdc.gov/drugresistance/solutions-initiative/ar-lab-network.html
https://www.cdc.gov/drugresistance/solutions-initiative/ar-lab-network.html
https://www.cdc.gov/drugresistance/us-activities/national-action-plan.html
https://www.cdc.gov/drugresistance/us-activities/national-action-plan.html

BUL Progress has beenisiow

o Forexample; in 2041 EDA dIidinet approve
twolong:-pending petitions rem consumer,
and ether groups to limit the use ofi several
antipietics In farmmanimals, saying a
voluntany:approach woeuld lead termore
YJUdICIGUS USES Ofithe drugs In  agriculture.

o Unfertunately, that appreach has not
Worked

Center for Infectious Disease Research and Policy
(http://www.cidrap.umn.edu/cidrap/content/fs/food-
disease/news/nov101lpetitions.html



http://www.cidrap.umn.edu/cidrap/content/fs/food-disease/news/nov1011petitions.html
http://www.cidrap.umn.edu/cidrap/content/fs/food-disease/news/nov1011petitions.html

Rresidential /Advisory: Coungcilion
Combating Antipiotic-Resistant
Bacteria (PACCARB)

o Established 2045 using ©ne Health framework

o Includes experts inthuman and animal health,
agriculture, environment

o Produced 11 national reports and recommendations to
federal goevernment

f

=1




lrends inillegisiations 204:1-19

s PACCARB members analyzed
PIECGES Ofiantimicrebial
legisiation; 4/28

* (4490) passed

o COommon themes: InCentiViZing
nNew drug development,
BIGCUETENSE, EXPANCEAN SCOPE Of
USE, stewardsnip, stricter
VEterinany: oversight




“...the current balance between
guidelines vs legislation does not seem
to have adeguately addressed the rise In
antibiotic resistance....Striking the right
balance will require more effective
dialogue between policy makers, public
health experts, and the agricultural
industry.”

McClelland S, Lamoureux B, Larson E. Am J Infect Contr 2021;
49:813-817.



WillflLegisiation \Work?

o In'settings (e.g., Netherlands, Denmark)
Where hespital stringent POIICIES
regarding antibietic stewardsnhip are in
PIACE, AteS Of resistanterganisms have
droppEed precipitously.

o The U.S!. IS slowerthan Eurepe with
regarnd legrsiation

JAC Antimicrob Resist. 2023; 5(6):dlad111. PMID: 38021039;
Lancet Infect Dis. 2021;21(11):1549-1556. PMID: 34303417;
Lancet Infect Dis. 2016; 16(7):847-856. PMID: 26947617



RACCARB Recommendation:
IWo Key Research Actions

o Maintain erincrease fiunding forthe CDE'S
Antibietic Resistance Selutions Initrative
andAHR®@ healthcare-associated nfection
and antibIelic-resistance programs.

o Stress importance oficontinued funding
o AMR EeSearch inagrculture providead '
py the U.S: Department o Agriculture:s U i
Nationalllnstitute off Feed and Agrculture

o \Website: hhns.gev/ipaccarh: E-mail:carb@hhs.goV.

https://www.hhs.gov/ash/advisory-committees/paccarb/reports-and-
recommendations/recommendation-report-3/index.html



NIHEUnding o AMR

Grants/projects with ‘Antimicrobial Resistance’ in the title Number

1/1/13-12/1/15

1/1/16-12/1/19

1/1/20-12/1/13

https://reporter.nih.gov/



\What/s needed fortruly;sustainable ' soelutions?

--Robert:SKov, International Centre for, Antimicrobial 'Resistance Solutions

" ) Ownership

Political will throughout the
whole stakeholder
chain

Soiii Understand

Capacity proplse

behavior

Specific to Evidence based
context

Span the One Health

Cost-effective spectrum/be cross-
sectoral



Germs Are Us

“\We are an endlessly variable stew ofi essential
MICIKGRES and they are Working in-ways we
nave noet yetundersteod. AntibIGLICS are so
miraculeus thattwe have been lulled inte a
REllelithat there IS N6 dewWnsSIde. BUt theres:
they Killlgeod bacterna aleng with'the bad
bacteria.”

(New: Yorker,Oct 22, 2012)

Se'wWe mustilive with respect for the micrepial
woerld\we share



Thanks to...

o M. Blaser, k. LLowy, RAWemstemn, M.
Viarnxs AL Ratner, S. Patel frem whoem
SlIdes Were usedwithrpermission

o Elaine LLarson; eli28@columpbia.edu



Impact o, COVIDon
AMR



US Impact

Because of pandemic impacts, 2020 data are delayed or unavailable
for 9 of the 18 antimicrobial resistance threats.

Clostridioides difficile (C. diff) Drug-resistant Shigella

Drug-resistant Neisseria gonorrhoeae Drug-resistant Streptococcus pneumoniae
Drug-resistant Campylobacter Erythromycin-resistant group A Streptococcus
Drug-resistant nontyphoidal Salmonella Clindamycin-resistant group B Streptococcus
Drug-resistant Sa/monella serotype Typhi

Available data show an alarming increase in resistant infections starting during
hospitalization, growing at least 15% from 2019 to 2020.

Carbapenem-resistant Acinetobacter (478%) »  ESBL-producing Enterobacterales (+32%)
Antifungal-resistant Candida auris (460%)* »  Vancomycin-resistant Enterococcus (414%)
Carbapenem-resistant Enterobacterales (¢35%) ®» Multidrug-resistant P. aeruginosa (432%)
Antifungal-resistant Candida (+26%) n  Methicillin-resistant Staphylococcus aureus (+13%)

https://lwww.cdc.gov/drugresistance/covid19.html



Globalllmpact

Impact of
compromised
healthcare services
on the rise of

COVID-19

Nosocomial and Disr%pte_d
secondary Part of COVID-19 R o T antibiotic
bacterial treatment Biocide-resistant stewardship

: 2 ; microbes
infections/ regimen programme and
coinfections surveillance

Bacterial and fungal Innappropriate
infections in prescribing and use
COVID-19 patients of antimicrobials

Increased use of
biocides

Difficulty in Change of Encumber

Prolonged distinguishing organisms in diagnostic

hospital/ICU stay the symptoms of viable but not laboratory
COVID-19 cultivable state services

k COVID-19 pandemic and emergence of AMR
e}
Ansari S, et.al. Resist. 2021 Jun; 3(2): dlab038.

Published online 2021 Apr 8. doi: /dlab038



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8083476/
https://doi.org/10.1093%2Fjacamr%2Fdlab038

FocUS i PACCARB



RACCARBIREPOILS 1O Date

Initiall assessment: o US Natienal
Action Plan ter Combat AMR

Prepanng forrthe next pandemic in an
era offantimicroepial resistance (AMR)

Advancing interprofessional’education
andipractice to:combatr AMR

Improeving antimicrobiallaccess and
Use acress One Health




RACCARBIREpPOILS (cont)

o Ky Strrategies torenhance infection
PrEVeEntion and contreland
antimicrelpial stewardship

o Priorities for the US National Action
2lan to Compat AMR

o |ncentivizing the develepment of
VACCINES, dIagnosSticCs, and therapeutics

o combat AMR




RPACCARB Current:Mandate

s [l0'bhe completed by May: 2024

* Provide recommendations on “how US
governmentiagencies canilead AMR
effonts for sustained action
domestically and internationally”*

o PUblic heanng on 2/22 will fecus 6n
GlebhallAMR

*DHHS Sec Becerra task letter to PACCARB



lfatest dISCOVEeres



RecentiScientifiG: [DISCOVETY,

* “A novel antibiotic class targeting the
lipopolysaccharide transporter”

o Zamploni E; etiall, Nature 2024,
625(7995):566-571. dol: 10.1058/S41586-
023-06673-0. Epub 2024'Jan’ 3.

o |dentified tethered macrocyclic peptide
(MEPR)rantibietics wWith' petent antivacternal
activity;against: carbapenem-resistant A.
baumannii (CRAB)



Recent:Governmental
lnitiative

« CDC’s Antibiotic Resistance Solutions
Initiative (ARSI

* ProVIdes grants to state and local health
departments, public health' partners, and
PriVate SECtOr to PreVENT INTECTIONS aCheSS
healthcare Settings and communities and

sustains an AMR Laberatery: Netwoerk for
Upite) 7 regionallabs.

o *hQttpsH//Www.cdc.goev/drugresistance/solutions-initiative/index-ntmi
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