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Objectives
• Describe the mechanism of resistance for ampC B-

lactamases.

• Identify moderate- to high-risk organisms that can harbor 
ampC B-lactamases.

• Review Infectious Diseases Society of America (IDSA) 
Guidelines for treatment and management of ampC B-
lactamase producing organisms.

• Compare therapeutics and assess primary literature 
supporting utilization of select antimicrobials for ampC B-
lactamase producing organisms.



AmpC B-Lactamases –
Introduction and 
Mechanism of Resistance



Objectives
• Describe the mechanism of resistance for AmpC B-

lactamases.

• Identify moderate- to high-risk organisms that can harbor 
AmpC B-lactamases.

• Review Infectious Diseases Society of America (IDSA) 
Guidelines for treatment and management of AmpC B-
lactamase producing organisms.

• Compare therapeutics and assess primary literature 
supporting utilization of select antimicrobials for AmpC B-
lactamase producing organisms. 



Introduction – What are AmpC B-
Lactamases?

• Class C serine B-lactamase enzymes (Cephalosporinases) 
that can rapidly hydrolyze penicillins, cephalosporins, and 
monobactams. 

• Not significantly inhibited by B-lactamase inhibitors (i.e., 
clavulanate, sulbactam, tazobactam.)

Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., & Clancy, C. J. (2021). Infectious Diseases Society of America Guidance on the Treatment of AmpC β-lactamase-Producing Enterobacterales, 
Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, ciab1013. Advance online 
publication. https://doi.org/10.1093/cid/ciab1013



Introduction – What are AmpC B-
Lactamases?

• AmpC production generally occurs by one of three 
mechanisms:

• Inducible chromosomal resistance

• Non-inducible chromosomal de-repression

• Plasmid-mediated ampC gene

Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., & Clancy, C. J. (2021). Infectious Diseases Society of America Guidance on the Treatment of AmpC β-lactamase-Producing Enterobacterales, 
Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, ciab1013. Advance online 
publication. https://doi.org/10.1093/cid/ciab1013



AmpC B-Lactamases – Mechanism of 
Resistance



• AmpR – Regulatory protein that inhibits 
AmpC B-lactamase expression

Tamma, P. D., Doi, Y., Bonomo, R. A., Johnson, J. K., Simner, P. J., & Antibacterial Resistance Leadership Group (2019). A Primer on AmpC β-Lactamases: Necessary Knowledge for an Increasingly 
Multidrug-resistant World. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, 69(8), 1446–1455. https://doi.org/10.1093/cid/ciz173



• AmpR = Regulatory protein that inhibits 
AmpC B-lactamase expression

• Uridine diphosphate (UDP)-N-
acetylmuramic acid peptides = 
Negative regulator for ampC
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• AmpR = Regulatory protein that inhibits 
AmpC B-lactamase expression

• Uridine diphosphate (UDP)-N-
acetylmuramic acid peptides = 
Negative regulator for ampC

• AmpG = transporter of oligopeptides 
into cytosol
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• AmpR = Regulatory protein that inhibits 
AmpC B-lactamase expression

• Uridine diphosphate (UDP)-N-
acetylmuramic acid peptides = 
Negative regulator for ampC

• AmpG = transporter of oligopeptides 
into cytosol

• AmpD = cleaves residues off cell-wall 
degradation products 
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AmpC B-lactamase –
Hyperexpression
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AmpC B-lactamase -
Stable De-repression



AmpC B-Lactamase –
Producing Organisms



Objectives
• Describe the mechanism of resistance for AmpC B-

lactamases.

• Identify moderate- to high-risk organisms that can 
harbor AmpC B-lactamases.

• Review Infectious Diseases Society of America (IDSA) 
Guidelines for treatment and management of AmpC B-
lactamase producing organisms.

• Compare therapeutics and assess primary literature 
supporting utilization of select antimicrobials for AmpC B-
lactamase producing organisms. 



Organisms That Can Harbor AmpC B-
Lactamases

•“SPACE” organisms
• Serratia spp.

• Providencia spp.

• Acinetobacter spp.

• Citrobacter spp.

• Enterobacter spp.



Are the “SPACE” Organisms All Equal 
in Terms of AmpC Production?



IDSA Guidance on the Treatment of 
Antimicrobial-Resistant Gram-

Negative Infections: Version 2.0

•Question 1: Which Enterobacterales should be 
considered at moderate to high risk for clinically 
significant AmpC production due to an inducible 
ampC gene?

Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., & Clancy, C. J. (2021). Infectious Diseases Society of America Guidance on the Treatment of AmpC β-lactamase-Producing Enterobacterales, 
Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, ciab1013. Advance online 
publication. https://doi.org/10.1093/cid/ciab1013





Which Enterobacterales should be considered at 
moderate to high risk for clinically significant 

AmpC production due to an inducible ampC gene?

•Enterobacter cloacae

•Klebsiella aerogenes (previously known as 
Enterobacter aerogenes)

•Citrobacter freundii

Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., & Clancy, C. J. (2021). Infectious Diseases Society of America Guidance on the Treatment of AmpC β-lactamase-Producing Enterobacterales, 
Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, ciab1013. Advance online 
publication. https://doi.org/10.1093/cid/ciab1013



New Mnemonic? HECKYES 

•Hafnia alvei
•Enterobacter cloacae
•Citrobacter freundii
•Klebsiella aerogenes (previously known as 

Enterobacter aerogenes)
•YErSinia Enterocolytica



Updates in Bacterial Nomenclature

Enterobacter aerogenes Klebsiella aerogenes





Objectives
• Describe the mechanism of resistance for AmpC B-

lactamases.

• Identify moderate- to high-risk organisms that can harbor 
AmpC B-lactamases.

• Review Infectious Diseases Society of America (IDSA) 
Guidelines for treatment and management of AmpC B-
lactamase producing organisms.

• Compare therapeutics and assess primary literature 
supporting the utilization of select antimicrobials for 
AmpC B-lactamase producing organisms.



IDSA Guidance on the Treatment of 
Antimicrobial-Resistant Gram-

Negative Infections: Version 2.0

•Question 2: What features should be considered in 
selecting antibiotics for infections caused by 
organisms with moderate to high risk for clinically 
significant inducible AmpC production?
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Triggers for AmpC Hyperexpression

Macdougall C. (2011). Beyond Susceptible and Resistant, Part I: Treatment of Infections Due to Gram-Negative Organisms With Inducible β-Lactamases. The journal of pediatric pharmacology and therapeutics : JPPT : the official journal of PPAG, 16(1), 23–30.
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Enterobacter cloacae
Susceptibility Panel



Enterobacter cloacae
Susceptibility Panel



IDSA Guidance on the Treatment of 
Antimicrobial-Resistant Gram-

Negative Infections: Version 2.0

•Question 3: What is the role of cefepime for the 
treatment of infections caused by 
Enterobacterales at moderate to high risk of 
clinically significant inducible AmpC production?

Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., & Clancy, C. J. (2021). Infectious Diseases Society of America Guidance on the Treatment of AmpC β-lactamase-Producing Enterobacterales, 
Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, ciab1013. Advance online 
publication. https://doi.org/10.1093/cid/ciab1013



What is the Role of Cefepime?

• For infections caused by organisms at moderate to 
high risk of clinically significant AmpC production: 

• Cefepime is recommended when the cefepime 
MIC is ≤2 mcg/mL. 

• Carbapenem is recommended when the 
cefepime MIC is ≥4 mcg/mL.

Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., & Clancy, C. J. (2021). Infectious Diseases Society of America Guidance on the Treatment of AmpC β-lactamase-Producing Enterobacterales, 
Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, ciab1013. Advance online 
publication. https://doi.org/10.1093/cid/ciab1013



CLSI M100-ED32:2022 Performance Standards for 
Antimicrobial Susceptibility Testing















IDSA Guidance on the Treatment of 
Antimicrobial-Resistant Gram-

Negative Infections: Version 2.0

•Question 4: What is the role of ceftriaxone for the 
treatment of infections caused by 
Enterobacterales at moderate to high risk for 
clinically significant inducible AmpC production?

Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., & Clancy, C. J. (2021). Infectious Diseases Society of America Guidance on the Treatment of AmpC β-lactamase-Producing Enterobacterales, 
Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, ciab1013. Advance online 
publication. https://doi.org/10.1093/cid/ciab1013



What is the Role of Ceftriaxone ?

• For infections caused by organisms at moderate to 
high risk of clinically significant AmpC production: 

• Ceftriaxone (or ceftazidime) is NOT
recommended.

• Ceftriaxone may be a reasonable treatment 
option for uncomplicated cystitis when 
susceptibility is demonstrated.

Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., & Clancy, C. J. (2021). Infectious Diseases Society of America Guidance on the Treatment of AmpC β-lactamase-Producing Enterobacterales, 
Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, ciab1013. Advance online 
publication. https://doi.org/10.1093/cid/ciab1013



IDSA Guidance on the Treatment of 
Antimicrobial-Resistant Gram-

Negative Infections: Version 2.0

•Question 5: What is the role of piperacillin-
tazobactam for the treatment of infections caused 
by Enterobacterales at moderate to high risk for 
clinically significant inducible AmpC production?

Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., & Clancy, C. J. (2021). Infectious Diseases Society of America Guidance on the Treatment of AmpC β-lactamase-Producing Enterobacterales, 
Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, ciab1013. Advance online 
publication. https://doi.org/10.1093/cid/ciab1013



What is the Role of Piperacillin-
Tazobactam?

• For infections caused by organisms at moderate to 
high risk of clinically significant AmpC production: 

• Piperacillin-tazobactam is NOT suggested for the 
treatment of serious infections.

• The panel suggests caution if prescribing 
piperacillin-tazobactam for serious infections 
caused by AmpC B-lactamase producing 
Enterobacterales
Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., & Clancy, C. J. (2021). Infectious Diseases Society of America Guidance on the Treatment of AmpC β-lactamase-Producing Enterobacterales, 
Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, ciab1013. Advance online 
publication. https://doi.org/10.1093/cid/ciab1013







Enterobacter Species Susceptibilities on Table 1













Revisiting This Recommendation:

• For infections caused by organisms at moderate to 
high risk of clinically significant AmpC production: 

• Piperacillin-tazobactam is NOT suggested for the 
treatment of serious infections.

• The panel suggests caution if prescribing 
piperacillin-tazobactam for serious infections 
caused by AmpC B-lactamase producing 
Enterobacterales
Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., & Clancy, C. J. (2021). Infectious Diseases Society of America Guidance on the Treatment of AmpC β-lactamase-Producing Enterobacterales, 
Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, ciab1013. Advance online 
publication. https://doi.org/10.1093/cid/ciab1013



IDSA Guidance on the Treatment of 
Antimicrobial-Resistant Gram-

Negative Infections: Version 2.0

•Question 6: What is the role of newer β-lactam 
and β-lactam-β-lactamase inhibitor combinations 
for the treatment of infections caused by 
Enterobacterales at moderate to high risk for 
clinically significant inducible AmpC production?
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What is the Role of Newer B-Lactam 
and B-Lactam-B-Lactamase Inhibitor 

Combinations?

•Panel suggests these agents be 
preferentially reserved for treating 
infections caused by organisms exhibiting 
carbapenem resistance.

Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., & Clancy, C. J. (2021). Infectious Diseases Society of America Guidance on the Treatment of AmpC β-lactamase-Producing Enterobacterales, 
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publication. https://doi.org/10.1093/cid/ciab1013



What is the Role of Newer B-Lactam 
and B-Lactam-B-Lactamase Inhibitor 

Combinations?
•The following agents that have in-vitro 

activity against AmpC B-lactamase producing 
organisms:
• Ceftazidime-avibactam (AVYCAZ®)

• Meropenem-vaborbactam (VABOMERE®)

• Imipenem-cilastatin-relebactam (RECARBRIO™)

• Cefiderocol (FETROJA®)
Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., & Clancy, C. J. (2021). Infectious Diseases Society of America Guidance on the Treatment of AmpC β-lactamase-Producing Enterobacterales, 
Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, ciab1013. Advance online 
publication. https://doi.org/10.1093/cid/ciab1013



IDSA Guidance on the Treatment of 
Antimicrobial-Resistant Gram-

Negative Infections: Version 2.0

•Question 7: What is the role of non-β-lactam 
therapy for the treatment of infections caused by 
Enterobacterales at moderate to high risk for 
clinically significant inducible AmpC production?

Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., & Clancy, C. J. (2021). Infectious Diseases Society of America Guidance on the Treatment of AmpC β-lactamase-Producing Enterobacterales, 
Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, ciab1013. Advance online 
publication. https://doi.org/10.1093/cid/ciab1013



What is the Role of Non-B-Lactam 
Therapy?

•TMP-SMX or fluoroquinolones can be 
considered for the treatment of invasive 
infections either intravenously or as oral step-
down therapy.

•TMP-SMX and fluoroquinolones are NOT
substrates for AmpC hydrolysis

Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., & Clancy, C. J. (2021). Infectious Diseases Society of America Guidance on the Treatment of AmpC β-lactamase-Producing Enterobacterales, 
Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America, ciab1013. Advance online 
publication. https://doi.org/10.1093/cid/ciab1013



Example of a Definitive 
Treatment Algorithm

“ECK” Organism 
detected

Cefepime MIC≤2

Cefepime 
monotherapy

Cefepime MIC≥4 or 
CTX-M resistance 

detected

Meropenem 
monotherapy

NDM, VIM, OXA, 
KPC, IMP 

resistance detected

Novel B-lactam-B-
lactamase inhibitor 

combinations

Continue empiric 
antibiotics

Outpatient Oral 
Treatments

TMP-SMX Fluoroquinolones



Summary

• “SPACE”  “HECKYES”

•Ceftriaxone and ceftazidime are NOT
recommended

•Zosyn should be used with caution for 
definitive therapy

•Cefepime and meropenem are both stable 
against AmpC B-lactamases



Mahalo for 
listening! 

Questions?
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