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Pharmacokinetics
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Pharmacodynamics
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Equivalent Agents
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* Breakpoint Definition

* Susceptible
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* Susceptible-dose dependent
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Example of Breakpoints and Interpretive Categories

Interpretive Categories and Zone Diameter Interpretive Categories and
Breakpoints, nearest whole mm MIC Breakpoints, pg/mL

Antimicrobial

Agent
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interpretive category

Interpretive Category Breakpoints

MIC, pg/mL Zone Diameter, mm
Susceptible <4 220
Susceptible-dose dependent 8-16 15-19
Intermediate 8-16 15-19
Resistant 2 32 <14
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Bl. Enterobacterales
Antimicrobial Agent
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Organism
Citrobacter freundii R R R R R R
Citrobacter koseri, Citrobacter R R
amalonaticus group®
Enterobacter cloacae complex” R B B R R
Escherichia coli There 15 no mtrinsic resistance to PJ-lactams in this organism.
Escherichia hermannii R R
Hafnia alvei R R R R R R*
Klebsiell, Enterobact
iella (formerly acter) R R R
aerogenes
Klebsiella pneumonine, Klebsiella R R
oxytoca, Klebsiella variicola
Morganella morganii E R R R é R R R
Proteus mirabilis There 1s no intrinsic resistance to penicillins and cephalosporins in this i R R R R
OTganism.
Proteus penneri R R R é R | R R R
Proteus vulgaris R R R é R | R R R
Providencia rettgeri R R R é E | R R R
Providencia stuartii R R R é R | R R R :
f
Raoultella spp. R R
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There 15 no mitnnsic resistance to f-lactams 1n these organisms: refer to

WARNING below for reporting.

Antimicrobial Agent

Salmonella and Shigella spp.

Yersinia enterocolitica

minimal mhibitory concentration; R. resistant.

*

Abbreviations: MIC
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Antimicrobial Class Antimicrobial Subclasses Agents Included; Generic Names

Pemicillins Penicillinase-labile Penicillin Penicillin

penicilling® Aminopenicilling Amoxicillin

Ampicillin

Carboxypenicillins Carbenicillin

Ticarcillin

Ureidopemcillins Azlocillin

Piperacillin

Penicillinase-stable Cloxacillin
penicillins® Dicloxacillin
MNafeillin

Amdinocillin Mecillinam
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Antimicrobial Class Antimicrobial Subclasses Agents Included; Generic Names

p-lactam combination agents Amoxicillin-clavulanate
Ampicillin-sulbactam
Aztreonam-avibactam
Artreonam-nacubactam (1:1)
Cefepime-enmetazobactam (4:1)
Cefepime-nacubactam (1:1)
Cefepime-taniborbactam
Cefepime-tazobactam (1:1)
Cefepime-zidebactam
Ceftaroline-avibactam
Ceftamdime-avibactam
Ceftibuten-avibactam
Cefuibuten-ledaborbactam
Ceftolozane-tazobactam
Imipenem-relebactam
Meropenem-nacubactam (1:1)
Meropenem-vaborbactam
Meropenem-xeruborbactam
Piperacillin-tazobactam
Sulbactam-durlobactam
Ticarcillin-clavulanate

Cephems (oral) Cephalosporins gcgaiorxﬂ
efadro

Cefdimr
Cefditoren
Cefetamet
Cefixime
Cefpodoxime
Cefprozil
Ceftibuten
Cefuroxime (oral)
Cephalexin
Cephradine
Carbacephem Loracarbef
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Antimicrobial Class Antimicrobial Subclasses Agents Included; Generic Names

Cephems (parenteral) Cephalosporins I Cefazolin
Cephalothin
Cephapirin
Cephradine
Cephalosporins IT Cefamandole
Cefomecid
Cefuroxime (parenteral)
Cephalosporins ITT° Cefoperazone
Cefotaxime
Ceftazndime
Ceftizoxime
Cetniaxone
Cephalosporins IV® Cefepime
Cefpirome
Cephalosporins with anti-MRSA activity Ceftaroline
Ceftobiprole
Cephamycins Cefmetazole
Cefotetan

Oxacephem Moxalactam
Siderophore cephalosporin Cefiderocol
Monobactams Arztreonam
Penems Carbapenems Biapenem
Doripenem
Ertapenem
Imipenem
Meropenem
Razupenem
Tebipenem
Penems Faropenem
Sulopenem
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Antimicrobial Class Antimicrobial Subclasses Agents Included; Generic Names

Amnocyclitols Spectinomycin
Aminoglycosides Anukacin
Gentamicin
Eanamycin
Netilmicin
Plazomicin
Streptomycin
Tobramycin

Aminoglycoside-fosfomycin Amikacin-fosfomycin

Ansamycins Rifamycins Rifabutin
Rifapentine

Rifaximin

Lysins Lysin with antistaphylococcal activity Exebacase

Folate pathway antagonists Dihydrofolate reductase inhibitors Iclaprim

Sulfonamdes

Trimethoprim
Trimethoprim-sulfamethoxazole

Sulfonamdes Sulfamethoxazole
Sulfizoxazole

Combination Trimethoprim-sulfamethoxazole

Fosfomyecins Fosfomycin
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Antimicrobial Class

Glycopeptides

Antimicrobial Subclasses

Glycopeptide

Agents Included; Generic Names

Vancomycin

Lipoglycopeptides

Dalbavancin
Oritavancm
Teicoplanin

Telavancin

Lipoglycodepsipeptide

Ramoplanin

Lincosamudes

Clindamycin
Lincomycin

Lipopeptides

Daptomycin
Surotomycin

Polymyxins

Colistin
Polymyxin B

Macrocyelic lactone

Fidaxomicin

MMacrolides

Azithronrycin
Clanthromycin
Darithromycin
Erythromycin

Fluoroketolide

Solithromyein

Eetolides

Mafithromycin

Nitroheterocyclics

Mitrofuran

Telithromycin
Mitrofurantoin

Mitrommdazoles

Metromdazole
Secnidazole
Tinidazole

Thiazolides

Mitazoxamde
Ti1zoxamde

Oxazolidmones

Lmnezohd
Tedizolid

Peptide

Magainin

Pexiganan

Phenicols

Chloramphenicol
Thiamphemcol

Pleuromutilins

Lefamulin
Retapammulin

Psendomonic acid

Mupirocin
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Warning

Antimicrobial Agents Organisms Locations
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Additional Testing and Reporting
Considerations

Report®

Test

Definition
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Additional Testing and Reporting

Definition
Considerations
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A, Klebsiella pneumoniae (refer to Table 1A)

Cefotaxime of l

ceftriaxone Report if R to
Taer 1 agent

Cefepime

Ertapenem
Imipenem
Meropenem

Report if R to
NAMTOW-Spectiiim
agent within Tier 2

B. Klebsiella pneumoniae (refer to Table 1A)

Tier 2

Cefotaxime or l

Cefepime
cefiriaxone Report if R to Ertapenem
Tier 1 agent lmipenem
Meropenem

C. Enterococcus faecium (refer to Table 11)

-

Report if R to Tier 1
and Tier 2 agents

‘ Ampacillin \ I ‘ Vancomycin \

Report if R to Tier | agent
Of narrow-spectrum agent

Reportif R to
Tier 1 agent

Abbreviation: R, resistant.

within Tier 2

Tier 2

Daplomycin

Linezalid

Cefiderocol
Ceftazidime-avibactam
Imipenem--relebactam
Meropenem-vaborbactam

Cascade Reporting Examples. Cascade reporting within tiers (A, C) and between tiers (A, B, and C).

@ @dr.sina.mobasherizadeh



AR 1Me el e ] WA e o |G % 0 S S Sl BN Sl el B e e RN o N B il ol M e ] o AN NSl Sl NPT F e DAL N W A
Tier 3;: Antimicrobial agents that are
appropriate for routine, primary

Tier 2: Antimicrobial agents that are testing in institutions that serve Tier 4; Antimicrobial agents that
Tier 1: Antimicrobial agents appropriate for routine, primary testing patients at high risk for MDROs but may warrant testing and reporting
that are appropriate for but may be reported following cascade should only be reported following by clinician request if antimicrobial
routine, primary testing and reporting rules established at each cascade reporting rules established agents in other tiers are not
reporting institution at each institution optimal because of various factors
Ampicillin
Cefazolin Cefuroxime
Cefotaxime or ceftriaxone® Cefepime*
Ertapenem Cefiderocol
Imipenem Ceftazidime-avibactam
Meropenem Imipenem-relebactam
Meropenem-vaborbactam
Amoxicillinclavulanate
Ampicillin-sulbactam
Piperacillin-tazobactam
Gentamicin Tobramycin Plazomicin
Amikacin
Ciprofloxacin
Levofloxacin
Trimethoprim-
sulfamethoxazole

Aztreonam

Ceftaroline®
Ceftazidime®
Ceftolozane-tazobactam

Cefazolin (surrogate for
uncomplicated UTI)®

Mitrofurantoin

Fosfomycin® (Escherichia coli)
Abbreviations: MDRO, multidrug-resistant organism; UTI, urinary tract infection.
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ESBLs vs AmpCs

ESBLs AmpCs
Inhibitors (pip/tazo,
amp,/sulbactam, amox/clav) 5 R
Cefoxitin, cefotetan S R
Cefta.md ime, R R
ceftriaxone
Cefepime S/R S

dr.sina.mobasherizadeh




Image 1. The inhibition zone around cefotaxime & ceftazidime with clavulanic acid, and the absence of

inhibition around the same agents with cloxacillin, demonstrate the presence of an ESBL.




Figure 1. Phenotypic methods of AMPc beta-lactamase detection (Available online:
https://imast-group.com/uk/products/amr/antibiotic-resistance-detection-sets/d68c/

(accessed on 25 October 2021)).

Mast Disk test, with four disks [123]:

Disk

A(Cefpodoxime), disk B (Cefpodoxime + ESBL inhibitor), disk C (Cefpodoxime + AmpC
inhibitor), disk D (Cefpodoxime + AmpC inhibitor + ESBL inhibitor). (A): positive result for
AmpC production alongside ESBL production; (B): positive result for AmpC production;
(C): positive result for ESBL production; (D). no AmpC or ESBL production. Image (E)

depicts the AmpC E-test with cefotetan (CN) and cefotetan with cloxacillin (CNI), showing
a positive result for the presence of AmpC beta-lactamase with a major reduction in MIC
at the CNI end [124].
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Table 1B. Salmonella and Shigella spp.®®

Tier 3; Antimicrobial agents that
are appropriate for routine,
Tier 2: Antimicrobial agents that  primary testing in institutions that

are appropriate for routine, serve patients at high risk for Tier 4: Antimicrobial agents that may
primary testing but may be MDROs but should only be warrant testing and reporting by
Tier 1: Antimicrobial agents that reported following cascade reported following cascade clinician request if antimicrobial
are appropriate for routine, reporting rules established at each reporting rules established at each  agents in other tiers are not optimal
primary testing and reporting institution institution because of various factors
Ampicillin
Ciprofloxacin
Levofloxacin
Trimethoprim-sulfamethoxazole
Cefotaxime or ceftriaxone Ertapenem®
Imipenem*
Meropenem"®
Azithromycin®
Tetracycline®

Abbreviation: MDRO, multidrug-resistant organism.
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Table 1C. Pseudomonas aeruginosa

Tier 3: Antimicrobial agents that
Tier 2: Antimicrobial agents that are appropriate for routine, Tier 4;: Antimicrobial agents that
are appropriate for routine, primary testing in institutions that  may warrant testing and reporting

primary testing but may be serve patients at high risk for by clinician request if
Tier 1: Antimicrobial agents that reported following cascade MDROs but should only be reported antimicrobial agents in other tiers
are appropriate for routine, reporting rules established at each  following cascade reporting rules  are not optimal because of various
primary testing and reporting institution established at each institution. factors

Ceftazidime Imipenem Cefiderocol

Cefepime Meropenem Ceftazidime-avibactam

Piperacillin-tazobactam Ceftolozane-tazobactam
Imipenem-relebactam

Tobramycin

Ciprofloxacin

Levofloxacin

Aztreonam

Amikacin

Abbreviation: MDRO, multidrug-resistant organism.
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Table 1D. Acinetobacter spp.

Tier 3: Antimicrobial agents that

Tier 2: Antimicrobial agents that are appropriate for routine,
are appropriate for routine, primary testing in institutions that Tier 4: Antimicrobial agents that
primary testing but may be serve patients at high risk for may warrant testing and reporting
Tier 1; Antimicrobial agents that reported following cascade MDROs but should only be reported by clinician request if antimicrobial
are appropriate for routine, reporting rules established at each following cascade reporting rules agents in other tiers are not
primary testing and reporting institution established at each institution optimal because of various factors
Ampicillin-sulbactam
Ceftazidime Imipenem Cefiderocol
Cefepime Meropenem
Ciprofloxacin
Levofloxacin
Gentamicin Amikacin

Piperacillin-tazobactam
Trimethoprim-sulfamethoxazole
Minocycline

Doxycycline
Cefotaxime
Ceftriaxone
Colistin or pol

Tetracycline®
Abbreviation: MDRO, multidrug-resistant organism.

Footnote

a. Organisms that are susceptible to tetracycline are also considered susceptible to doxycycline and minocycline. However, some organisms that are
intermediate or resistant to tetracycline may be susceptible to doxycycline, minocycline, or both.
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Table IB-3. Burkholderia cepacia complex

Tier 3: Antimicrobial agents that are
Tier 2: Antimicrobial agents thatare  appropriate for routine, primary testing  Tier 4: Antimicrobial agents that
appropriate for routine, primary testing  ininstitutions that serve patients at may warrant testing and reporting

but may be reported following cascade  high risk for MDROs but should only be by clinician request if antimicrobial
Tier 1: Antimicrobial agents that are appropriate reporting rules established at each reported following cascade reporting agents in other tiers are not
for routine, primary testingand reporting institution rules established at each institution optimal because of various factors

Ceftazidime’

Meropenem
Levofloxadn’

Minocycline’
Trimethoprim-suifamethoxazole’
Abbreviations: MDRO, multidrug-resistant organism; MIC, minimal inhibitory concentration.

Footnote
a. MIC testingonly; disk diffusion test is unreliable.

NOTE: Information in boldface type is new or modified since the previous edition.
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Table 1F. Stenotrophomonas maltophilia

Tier 3: Antimicrobial agents that

Tier 2: Antimicrobial agents that are appropriate for routine,
are appropriate for routine, primary testing in institutions that Tier 4: Antimicrobial agents that
primary testing but may be serve patients at high risk for may warrant testing and reporting
Tier 1: Antimicrobial agents that are reported following cascade MDROs but should only be reported by clinician request if antimicrobial
appropriate for routine, primary reporting rules established at each following cascade reporting rules agents in other tiers are not
testing and reporting institution established at each institution optimal because of various factors
Levofloxacin
Minocycline

Trimethoprim-sulfamethoxazole

Cefiderocol

Abbreviations: MDRO, multidrug-resistant organism; MIC, minimal inhibitory concentration.

Frunbnnta
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Table 1G. Other Non-Enterobacterales®P

Tier 3: Antimicrobial agents that
are appropriate for routine,
primary testing in institutions that
serve patients at high risk for
MDROs but should only be reported
following cascade reporting rules

Tier 2: Antimicrobial agents that
are appropriate for routine,
primary testing but may be
reported following cascade

reporting rules established at each

Tier 1: Antimicrobial agents that
are appropriate for routine,

Tier 4: Antimicrobial agents that
may warrant testing and reporting
by clinician request if antimicrobial
agents in other tiers are not

primary testing and reporting institution established at each institution optimal because of various factors
Ceftazidime Cefepime
Imipenem
Meropenem
Gentamicin Amikacin
Tobramycin
Piperacillin-tazobactam
Trimethoprim-sulfamethoxazole

Aztreonam

Ciprofloxacin
Levofloxacin

Minocycline

Tetracycline®

Abbreviations; MDRO, multidrug-resistant organism; MIC, minimal inhibitory concentration.

Footnotes

a. Other non-Enterobacterales include Pseudomonas spp. and other nonfastidious, glucose-nonfermenting, gram-negative bacilli but exclude
Pseudomonas aeruginosa, Acinetobacter spp., Burkholderia cepacia complex, and Stenotrophomonas maltophilia. Refer to each respective

Table 1 for suggested antimicrobial agents to test and report.
b. MIC testing only; disk diffusion test is unreliable.

c. Organisms that are susceptible to tetracycline are also considered susceptible to doxycycline and minocycline. However, some organisms that are

intermediate or resistant to tetracycline may be susceptible to doxycycline, minocycline, or both,
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Table 1H. Sta

Tier 1: Antimicrobial agents that
are appropriate for routine,
primary testing and reporting
Azithromycin or clarithromycin
or erythromycin®

phylococcus spp

Tier 2: Antimicrobial agents that
are appropriate for routine,
primary testing but may be
reported following cascade

reporting rules established at each
institution

Tier 3: Antimicrobial agents that
are appropriate for routine,
primary testing in institutions that
serve patients at high risk for
MDROs but should only be reported
following cascade reporting rules
established at each institution

Tier 4: Antimicrobial agents that
may warrant testing and reporting
by clinician request if antimicrobial

agents in other tiers are not
optimal because of various factors

Clindamycin?®

Oxacillint-<-4.=
Cefoxitin®<? (surrogate for
oxacillin)

Ceftaroline'

Doxyecycline
Minocycline®
Tetracycline®

Trimethoprim-sulfamethoxazole

Vanco h

Penicillin ®'

Daptomycin™

Nitrofurantoin

Linezolid

Tedizolid'

Rifampin®-*

Lefamulin®'

Ciprofloxacin or levofloxacin
Moxifloxacin

Dalbavancin®"

Oritavancin®"

Telavancin'-h

Gentamicin'

Abbreviations: MDRO, multidrug-resistant organism; MIC, minimal inhibitory concentration,
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Phenotypic Methods for Detection of Methicillin (Oxacillin)-Resistant Staphylococcus spp.

Cefoxitin disk Oxacillin disk

Organism Cefoxitin MIC diffusion Oxacillin MIC diffusion Oxacillin salt agar
. aureus Yes (16-20 h) Yes (16-18 h) Yes (24 h) No Yes (24 h)
5. lugdunensis Yes (16-20 h) Yes (16-18 h) Yes (24 h) No No
. epidermidis No Yes (24 h) Yes (24 h) Yes (16-18 h) No
S. pseudintermedius No No Yes (24 h) Yes (16-18 h) No
S. schleiferi No No Yes (24 h) Yes (16-18 h) No
Staphylococcus spp. (not listed No Yes? (24 h) Yes*(24 h) No No
above or not identified to the
species level)
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Tier 1: Antimicrobial agents that
are appropriate for routine,
primary testing and reporting

Urine only

Table 1l. Enterococcus spp.

Ampicillin?
Penicillin®

Nitrofurantoin

Tier 3: Antimicrobial agents that
are appropriate for routine,
Tier 2: Antimicrobial agents that are  primary testing in institutions that
appropriate for routine, primary serve patients at high risk for
testing but may be reported MDROs but should only be reported
following cascade reporting rules following cascade reporting rules
established at each institution established at each institution

Tier 4: Antimicrobial agents that
may warrant testing and reporting
by clinician request if antimicrobial
agents in other tiers are not
optimal because of various factors

Vancomycin

Gentamicin® Streptomycin®

(high-level resistance testing only) (high-level resistance testing only)
Daptomycind-®

Linezolid Tedizolid

Dalbavancin®f

Oritavancin®f

Telavancindf

Ciprofloxacin
Levofloxacin

Fosfomycin®

Tetracycline®

Abbreviations: MDRO, multidrug-resistant organism; MIC, minimal inhibitory concentration.
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Streptococcus pneumoniae

Tier 1: Antimicrobial
agents that are
appropriate for routine,
primary testing and
reporting

Erythromycin®®

Tier 2: Antimicrobial agents
that are appropriate for
routine, primary testing but

may be reported following
cascade reporting rules
established at each institution

Tier 3: Antimicrobial agents that are
appropriate for routine, primary
testing in institutions that serve
patients at high risk for MDROs but
should only be reported following
cascade reporting rules established at
each institution

Tier 4: Antimicrobial agents
that may warrant testing and
reporting by clinician request if
antimicrobial agents in other
tiers are not optimal because of
various factors

Penicillin®

Amoxicillin?
Amoxicillin-clavulanate®

Trimethoprim-sulfamethoxazole

Cefotaxime®?
Ceftriaxone®!

Cefepime!
Ceftaroline

Meropenem®* Ertapenem*
Imipenem"

Clindamycin”

Doxycycline

Tetracycline®

Levofloxacin

Moxifloxacin®

Vancomycin®
Lefamulin®
Linezolid
Cefuroxime®
Rifampin®
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Streptococcus spp. f-Hemolytic Group

Tier 3: Antimicrobial agents that are
appropriate for routine, primary
testing in institutions that serve
patients at high risk for MDROs but
should only be reported following
cascade reporting rules established at
each institution

Tier 4: Antimicrobial agents
that may warrant testing and
reporting by clinician request if
antimicrobial agents in other
tiers are not optimal because of
various factors

Tier 2: Antimicrobial agents
that are appropriate for
routine, primary testing but
may be reported following
cascade reporting rules
established at each institution

Tier 1: Antimicrobial
agents that are

appropriate for
routine, primary
testing and reporting

Clindamycin™”
Erythromycin®™*

Penicillin® or ampicillin® Cefotaxime or ceftriaxone Cefepime
Ceftarolin

Tetracycline®

Vancomyein

Linezolhd
Tedizolid®
Daptomycin®&"
Levofloxacin
Dalbavancin™’
Oritavancin®
Telavancin®

dr.sina.mobasherizadeh



L 5 )1 (1 (51 99 loal ) (> (SIS g 93 (51 9 1 dno g

O,.'J”’Lé.w.ﬁ)lbpf&%)ud)@m &lﬁﬁw@u@@wwébb&l?bdu .
295 oo o )l35 Cyanns Log S Lois Lol 055 (oo plos] (s log sl o Cpaannlog il ol cwSMBUT 4y YU Sy gl

‘.»..:65\{9»)“»‘ L./Q?.QCULO)JLS‘)J FDA szyo.).w MtdbwabﬁMQMMwbmewuj
..))‘.3.3 @9}] M}o@
ol 005 135 86 592k SS9 Pl gl 05T el (ol 9 b S 2 ol 8 Aol

dr.sina.mobasherizadeh



Streptococcus spp. Viridans Group

Tier 3: Antimicrobial agents that are
appropriate for routine, primary
testing in institutions that serve
patients at high risk for MDROs but
should only be reported following
cascade reporting rules established at
each institution

Tier 2: Antimicrobial agents
that are appropriate for
routine, primary testing but
may be reported following
cascade reporting rules
established at each institution

Tier 1: Antimicrobial
agents that are

appropriate for
routine, primary
testing and reporting

Ampicillin®"
Penicillin®®

Tier 4: Antimicrobial agents
that may warrant testing and
reporting by clinician request if
antimicrobial agents in other
tiers are not optimal because of
various factors

Cefotaxime
Cefiriaxone

Cefepime

Linezolid
Tedizolid®

Dalbavancin®<
Oritavancin®
Telavancin®

Ceftolozane-tazobactam

Clindamycin®

Erythromycin®*

Levofloxacin
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