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1. Summarize current treatment recommendations for infections
caused by carbapenem-resistant Enterobacterales

2. Explain mechanisms of resistance to avibactam and cefiderocol
among carbapenemase-producing Enterobacterales

3. Select appropriate antimicrobial therapy for patients with infections
due to carbapenem-resistant Enterobacterales




Pre-Test Question #1

Based on guidance from the Infectious Diseases Society of America,
which antibiotic would be preferred when treating a systemicinfection
due to carbapenemase-producing Enterobacterales?

A. Ceftazidime-avibactam

B. Ceftolozane-tazobactam

C. Colistin

D. Trimethoprim-sulfamethoxazole
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Which mechanism is mostly likely to explain cross-resistance to
ceftazidime-avibactam and cefiderocol?

A. Carbapenemase mutations

B. Effluxpump upregulation

C. Penicillin-binding protein mutations
D. Porin mutations

Pre-Test Question #3 / o\
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A 65-year-old manisadmitted with Klebsiella pneumoniae bacteremia secondary
to a central line infection. Molecular testing indicates the organism is a KPC
producer. Microbiology testing revealsresistance toall antibiotics, including
ceftazidime-avibactam, cefiderocol, colistin, and imipenem-cilastatin-relebactam. It
issusceptible to meropenem-vaborbactam and eravacycline. What agent is most
appropriate to recommend to treat this patient’s bacteremia?

A. Colistin

B. Eravacycline

C. Imipenem-cilastatin-relebactam

D. Meropenem-vaborbactam
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MVB: meropenem-vaborbactam
NDM: New Delhi metallo-B-lactamase
OXA: oxacillinase

PBP: Penicillin-binding protein

TMP-SMX: trimethoprim-
sulfamethoxazole

Abbreviations

* CP-CRE: carbapenemase-producing
carbapenem-resistant Enterobacterales,

* CRE: carbapenem-resistant
Enterobacterales

* CZA: ceftazidime-avibactam

* I-R: imipenem-cilastatin-relebactam

* IMP: imipenemase

* KPC: Klebsiella pneumoniae
carbapenemase

* MBL: metallo-B-lactamase

VIM: Verona integron-mediated
metallo-B-lactamase
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4:30pm on a Friday

Tahman, Greg M
Not usually, what's up?

Case XH, D1: clinic visit LS
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History of Present liness:
% 70y/o woman with 2-3 days

pelvic pain. Prolonged B%‘Tﬂ':?‘?"mm
hospitalizationin China UTI (2 mo ago)
following surgical repair of Spinal fracture s/p
spinal fracture, complicated by repair {4 mo ago)
ICU admission and multiple 1V

antibiotics. Post-discharge UTI .
symptoms, not responsive to 3 Allergies

courses of antibiotics. Arrived in NKDA

USA 6 weeks ago.
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Case XH, D1: clinic visit

==, Urinalysis

Urine Culture

|E Color Yellow pending
Clarity Clear
Glucose Negative
Blood Trace
Protein 1+
Nitrite Positive
leuk.est. 3+

E Rx: cephalexin 500mg PO BID x5 days
cJ

Case XH, D6: Initial micro results

Urinalysis
tE Color

Urine Culture

FiSH

Yellow Klebsiella pneumoniae
Clarity Clear Amikadn Resistant 264
Glucose Negative Ciprofloxacin Resistant 24
Blood Trace Mempenem Resistant 216
Protein 1+ Nitrcfurartoin Resistant 2512
Nitrite Positive TVP-SMX Resistant > 16/30%
leuk.est. 3+ Tobramycin Resistant 216
ESBL Negative

Enzymes & efflux & porins,

* Beta-lactamases

* Target site modifications

* PBPs
* Ribosome

* Gyrase/topoisomerase

* v Drug entry
* Porin loss
* Siderophore receptor

* 1 Drug efflux




Making a CRE

@ Carbapenem-resistant; non-susceptible

to2 1 carbapenem antibioticOR .
producesa carbapenemase Cartapenemesistart
Enterobacterales

Enerobadterdes: £.cd|, Kletsiella

spp, Proteus spp, Enterobecter
spp, Citrobacter spp, etc. 35-83% (USA)
75-90% (gobal)
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Stenotiophomonas Porin loss
Efflux pumps

CPCRE,
lactamase, O linas; VIM, Verona

Resistance is futie inevitable

Trends in CRE prevalence, 2012-2022
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Treatment of CP-CRE (L \
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1DSA GUIDELINES

Infectious Diseases Society of America 2024 Guidance on
the Treatment of Antimicrobial-Resistant Gram-Negative
Infections

Pratn . Vomena sty L i’ e A A’ Ay L o ko St

Fluoroquinolone Fluoroquinolone Ceftazidime-avibactam
Fosfomycin (E. colionly) TMP-SMX Meropenem-vaborbactam
Nitrofurantoin See “systemic infection” Imipenem-relebactam

TMP-SMX Cefiderocol
e 2 he Noun Proj wwwihenounp ), wal Crestive Commons At butionLinse(CC BY 3.




Treatment of CP-CRE /
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Infectious Diseases Society of America 2024 Guidance on
the Treatment of Antimicrobial-Resistant Gram-Negative
Infections

Prastn . Yormea oty L i e A i’ A L o Wi St
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B Systemic infection

*Uncomglicated cystitis .W’ Pyelonephritis

e e e Ceftazidime-avibactam
B e e T Meropenem-vaborbactam
Pirofuranter See “systemic infection” Imipenem-relebactam

FAR-SPAX Cefiderocol
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Existing B-lactams
pairedwith novel B -
lactamase inhibitors

Mero penem \
vaborbactam N
_Nolelsidauphnre
el elpors

*Tetrqydine derivatives (tigegcline, eravacydine) may have activity against KPC-and
MBL-producing organisms, but are not recormmended for UT

Imi pene m-cilas tatin-
relebactan

AN

anma P £0is 2024.0nlne ahe it doi: 10.D93/ci iasi03

Case XH, D7 — 10: more results Lol
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Color Yellow Klebsiella pneumoniae

Clarity Clear Mempenem Resistant >16
Glucose Negale Ceftazidime-avbactam _Resistant 16
Blood Trace Resuted D7 " olozane tadoactam Resitant 256
Protein 1+ Sent D10| Cefiderocol pending

Nitrite Positive =0 Negative

Leuk. est. 3+

Culture resultsshared, ED/hospital recommended. Patient
reports symptom improvement, so deferred ED visit.




‘pSHp)
=

Ceftazidime-avibactam resistance

CZAactvityagainst different types of Mechanisms of CZA resistance in 82
CRE Enterobacterales s olates
800%
3 =l
200 mechaniams.
— oo% . _ " rhanion
NGE K e W ¢ noncpC & $
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KPC mutations drive resistance . / §
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CZA MIC distributions of 100 CRE isolates,
stratified by carbapenemase and porin status
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Case XH, D10 — 17: more results

O StatelLab Report (D13) Urine Cukture
IMP Undetected Klebsiella pneumoniae
kpC Detected Resistant >16
NOMHL L Cettazidi me-avibact Resistant 16
A48 Ceftolozane-taz dbactam _Resistant 256
viM Undetected Cefi derocol pending
ESBL Negative

Gy SalipatientDi
& Additional culture resultsshared, further care recommended.
Patient reports no symptoms, so declined ER visit.




@ History of Present lliness:

New urinary frequency x1 day . .

PTA. Pt reports she received Pasl;.lvllbettilcal Histo)
letter from health dept.stating labetes

N iy * UTI (2 moago)
she needs tx with cefiderocol. .
+ Spinal fractures/p

repair (4 mo ago)

138] 105 | 17 150 Allergies
]iiil 21| 26 0.94<203 82> 433<295 & NKDA
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Case XH, D19: micro updates, again [ aa,
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Urinalysis (D19) @
5 ™ coor Yell ow

Urine Culture (D1

Klebsiella pneumoniae

Clarity Cloudy Meropenem Resistant >16
Glucose 1+ Cettazidime-avbactam __Resistant 16
Blood Negatire Ceftolozane-tazchactam _Resistant 256
Protein Trace Resulted D19 | Cefi derocol Intermediate 8
Nitrite Positive oL Negaive
leuk.est. 3+
Urine Culture (D19)

(= o Ru; 22722
pending _

Cefiderocol resistance
* SomeMBLs

. KPC, AmpC, ESBL mutants
« Hyperexpression

. PBP3 mutations

« Porin mutations (ompC, ompF,
ompK)

+ Siderophore receptor mutations
(cirA, fiu)

« Heavy metal iron transporter (chrA)
« Efflux pump (Sugt)
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For non-susceptible isolates,
manufacturer will:
* Confirm organism and susceptibility
* Whole genome sequencing for:

« PBP3, PBP 1a mutations

« Porin mutations

« Iron-transport gene mutations




KPC mutations and cross-resistance /= aiial
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Cefiderocol activity against different types w

of CRE

AICRE  KPC

VBL  nonCP CZASCRE
R
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KPC mutations and cross-resistance

Cefiderocol activity against different types

of CRE
10006 . X
= CZA-resistant CRE less likely to

be susceptible to cefiderocol

I ax CZA-induced KPC mutations
increase cefiderocol MICs 2-32x

AIGRE  KPC  WBL noncP | CZASCRE CZAR CRE
e

Ceftazidime-avibactam resistance in KPC-producers suggests possible cross-
resistance due to K PC variants +/- presence of other resistance mechanisms.

Treatment of CP-CRE

Cinical ifectious

1DSA GUIDELINES

AIDSA vma;

Infectious Diseases Society of America 2024 Guidance on
the Treatment of Antimicrobial-Resistant Gram-Negative
Infections

Pratn . Vomena sty L i’ e A A’ Ay L o ko St
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Frrorotrtitotonre Frorotiotome Ceftazidime-avibactam
Fosformychrtf—otomy) FoAP-5X Meropenem-vaborbactam
PHtrofurantoir See “systemic infection” Imipenem-relebactam
FvAP-SiX Cefiderocol




1DSA GUIDELINES

Infectious Diseases Society of America 2024 Guidance on
the Treatment of Antimicrobial-Resistant Gram-Negative
Infections

*Uncomglicated cystitis .W’ Pyelonephritis L] Systemic infection
. o — N

Foerequinclone < Fearzie et
B e e T Meropenem-vaborbactam
Pirofuranter See “systemic infection” Imipenem-relebactam

FAR-SPAX Cefiderecel
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A dearth of data on treatment [ \

Most cases treated with toxiccombinations \ /
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What about imipenem-relebac tam and meropenem-vaborbactam?

Cinial detalis

Athans 2019 Casereport 24yo F, BS + liver abs cess MVB+tigeqcline  Stccess @ ~2mo
Tiseo 2021 Case report  68yo M,BSI +UTI MvB Swceess @6 mo
Rezzonico 2024 Case report 59y0 M, mening tis MVB+IT gent Siccess @4 mo
Piazza 2024 Case series 3 patierts, BSI+ VAP MvB Not reported
i : = > 3 icolfa d 3
I ’ Pioz A et . 02 gre mad ke AIC.com
/ \

Exploring our options

I-R (left) and MVB (right) MIC distributions of CRE isolates, stratified
by carbapenemase and porin status

MERVAB MIC (ugimL)

Leg2 imipenem.relabactam MIC
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“Porin” over the data

I-Rand MV Bactivity against CZA-Rand

non-CP CRE
‘i{?f" “[Porin loss] plays a major role in

[imipenem-relebactam] resistance....

selection of [imipenem-relebactam]

resistan ce hasa collateral effect on

I [meropenem-vaborbactam]
oo susceptibility - indicative of s hared
e e e S s resistan ce mechanisms...”

= imipmemdebadan 8 Meropenemborbactam
Susceptibility data crucial to selecting optimal therapy. Cannot reliably predict
imipenem-relebac tam and meropenem-vaborbactam actiity.
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* Ceftazidime-avibactam PLUS azt reonam
« Obtainsusceptibility testing + gen etic markers

So... what do we do?

suspected

So... what do we do?

« Imipene m-rel ebact an OR meropen em-vaborbatam
+ Obtainsusceptibility testing + gen etic markers

KPCvariant + other « Slight prefere nce for mer openem-vaborb actam?
mutation(s) suspected « Obtainsusceptibility testing + gen etic markers

KPCvariant suspected

11
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Case XH, D19-32: conclusion

1D consulted: Urine Culture (D1
Recshort course @ Klebsiella pneumoniae
Mempenem Resistant 216
Imi-rel x 3 days Ceftazidime-avibactam  Resistant 16
Methenamine ppx Ceftolozane-taz chactam Resistant 256
Cefiderocol Intermediate 8
Not sent for sequencing Imipenemrelebactam  Susceptible 1/4
(cultures discarded) Resulted D32 | Mew-waborbactam Susceptible 4/8
ESBL Negative

Symptomsimproved
Not seen since d/c
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CRE infections p bactam, and cefi
Resistance to new Ceftazidi me-avibactamresis tance often due to KRC mutatin
P SN or MBLenzyme, maylead to crossresistance with cefiderocol,
complex p bactam, and/or imip

S ) deally, selectian of ptimal therapy for seri ous CRE infections
genetic markers willbe guided bygeneticdataregarding type of beta-
i lactamase, as well as susceptibility tesing

Post-Test Question #1

gsHe)
L

Based on guidance from the Infectious Diseases Society of America,
which antibiotic would be preferred when treating a systemicinfection
due to carbapenemase-producing Enterobacterales?

[A. Ceftazidime-avibactam |

B. Ceftolozane-tazobactam

C. Colistin

D. Trimethoprim-sulfamethoxazole

12



Post-Test Question #2

Which resistance mechanism is mostly likely to explain cross-resistance
to ceftazidime-avibactam and cefiderocol?

[A. Carbapenemase mutations |

B. Effluxpump upregulation

C. Penicillin-binding protein mutations
D. Porin mutations

11/5/2024
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A 65-year-old manisadmitted with Klebsiella pneumoniae bacteremia secondary
to a central line infection. Molecular testing indicates the organism is a KPC
producer. Microbiology testing revealsresistance toall antibiotics, including
ceftazidime-avibactam, cefiderocol, colistin,and imipenem-cilastatin-relebactam. ft
issusceptible to meropenem-vaborbactam and tigecycline. What agent is most
appropriate to recommend to treat this patient’s bacteremia?

A. Colistin
B. Eravacycline
C. Imipenem-cilastatin-relebactam

Post-Test Question #3

D. Meropenem-vaborbactam

‘OSHP)
=

ﬂ ﬂ Gregory.tal Iman@providence.org
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{ ]

Thank you!

QUESTIONS?

a B 5032160210
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