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Understanding the nuances of AmpC B-lactamase-mediated resistance can be challenging, even for the infectious diseases specialist.
AmpC resistance can be classified into 3 categories: (1) inducible chromosomal resistance that emerges in the setting of a p-lactam
compound, (2) stable derepression due to mutations in ampC regulatory genes, or (3) the presence of plasmid-mediated ampC genes.
This review will mainly focus on inducible AmpC resistance in Enterobacteriaceae. Although several observational studies have
explored optimal treatment for AmpC producers, few provide reliable insights into effective management approaches. Heterogeneity
within the data and inherent selection bias make inferences on effective B-lactam choices problematic. Most experts agree it is pru-
dent to avoid expanded-spectrum (ie, third-generation) cephalosporins for the treatment of organisms posing the greatest risk of
ampC induction, which has best been described in the context of Enterobacter cloacae infections. The role of other broad-spectrum
B-lactams and the likelihood of ampC induction by other Enterobacteriaceae are less clear. We will review the mechanisms of resist-
ance and triggers resulting in AmpC expression, the species-specific epidemiology of AmpC production, approaches to the detection

of AmpC production, and treatment options for AmpC-producing infections.
Keywords. Enterobacter cloacae; antimicrobial resistance; Citrobacter freundii; Serratia marcescens.

AmpC B-lactamases are class C enzymes under the Ambler
classification scheme, containing serine residues at their active
site for catalysis [1]. Mechanisms of AmpC [-lactamase resist-
ance can be divided into 3 categories: (1) inducible resistance
via chromosomally encoded ampC genes (eg, Enterobacter clo-
acae, Serratia marcescens, Citrobacter freundii, Pseudomonas
aeruginosa, etc.), (2) noninducible chromosomal resistance due
to promoter and/or attenuator mutations (eg, Escherichia coli,
Shigella species, Acinetobacter baumannii), (3) or plasmid-me-
diated resistance (eg, Klebsiella pneumoniae, E. coli, Salmonella
species, etc.) [2].

Exposure to B-lactams can trigger a cascade of events leading
to significant AmpC production and B-lactam resistance, even
for infections caused by initially susceptible isolates. The risk of
inducing AmpC production varies by B-lactam and by species,
complicating treatment decisions. This review will focus mostly
on inducible, chromosomally encoded AmpC B-lactamase-
mediated resistance and provide the necessary knowledge
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required to make rational treatment decisions in an increasingly
complex multidrug-resistant gram-negative world.

MECHANISMS OF RESISTANCE

Chromosomally encoded ampC genes can be induced in the
appropriate environment [3]. Normally, the regulatory pro-
tein AmpR reduces AmpC B-lactamase expression to very low
levels [4]. Certain B-lactams induce the production of cell-wall
degradation products (eg, N-acetylglucosamine-1,6-anhydro-
N-acetylmuramic acid oligopeptides) [5]. As these peptides
accumulate, they compete with uridine diphosphate (UDP)-N-
acetylmuramic acid peptides for binding to AmpR, the negative
regulator of AmpC [6]. With decreased UDP-N-acetylmuramic
acid peptide binding to AmpR, AmpR undergoes conforma-
tional changes that disable its function, increasing production
of AmpC enzymes [7]. As an example, this sequence of events
increases C. freundii AmpC expression by more than 11-fold in
an in vitro model [8].

A second recycling protein, AmpD, is responsible for cleavage
of residues off cell-wall degradation products, reducing their
ability to bind to AmpR but still allowing them to be recycled
back into the cell-wall synthesis pathway [7, 9]. AmpG trans-
ports oligopeptides involved in peptidoglycan recycling and
AmpC regulation into the cytosol [10]. As concentrations of
degradation products increase, AmpD is unable to cleave all
of the necessary peptides, leading to binding of these prod-
ucts to AmpR, decreasing AmpR repression and subsequently
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increasing ampC transcription [9]. After B-lactam exposure
ceases, AmpC production levels generally return to baseline.
However, if mutations occur in regulatory genes (in order of
most to least common: ampD > ampR > ampG), stable dere-
pression can ensue resulting in overtranscription of ampC, even
in the absence of a B-lactam trigger [9, 11]. Figure 1 is a sche-
matic illustration of the regulation of chromosomally mediated
AmpC expression.

High-level AmpC expression (ie, hyperexpression) appears to
confer a fitness cost to an organism because of the cytoplasmic
accumulation of degradation products [12, 13]. Despite this, in
the face of a persistent stimulus (eg, f-lactam exposure) this
phenotype may be sustained. In addition, by eliminating sus-
ceptible (non-derepressed) subpopulations, p-lactam therapy
can select for stably resistant, derepressed mutants, further con-
tributing to the isolation of organisms no longer susceptible to
specific f-lactams.

TRIGGERS OF AmpC HYPEREXPRESSION

Antibiotics recognized as potent inducers of the previ-
ously described pathway of AmpC production include the

aminopenicillins, amoxicillin-clavulanate, narrow-spectrum
(ie, first-generation) cephalosporins, and the cephamycins [5,
14]. Because common AmpC producers such as E. cloacae com-
plex, C. freundii, and S. marcescens can easily hydrolyze these
agents even at basal AmpC expression levels, they are intrinsi-
cally resistant to these potent inducers. Piperacillin-tazobactam
(TZP), aztreonam, and expanded-spectrum (ie, third-gener-
ation) cephalosporins are weak inducers of AmpC hyperpro-
duction but can be hydrolyzed if enough p-lactamase is made,
translating to increased drug-specific minimum inhibitory con-
centrations (MICs) [5]. Cefepime has the advantage of being a
weak inducer while withstanding hydrolysis by AmpC B-lact-
amases because of the formation of a stable acyl enzyme com-
plex [15]. Imipenem is a potent inducer of AmpC production,
but it remains stable against hydrolysis by also forming an acyl
enzyme complex [14].

The rates of development of resistance to ceftriaxone, ceftazi-
dime, and cefepime for 10 E. cloacae isolates were evaluated by
daily transfer to medium containing 2-fold serial dilutions of
these antibiotics [16]. The emergence of resistance was signif-
icantly higher for ceftazidime and ceftriaxone compared with
cefepime [16]. Although emergence of resistance to B-lactams
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Figure 1. A simplified illustration of AmpC [3-lactamase expression. A, Basal AmpC (3-lactamase production. B, Increased transcription of ampC in the presence of an

inducing 3-lactam antibiotic that increases cell-wall degradation production to levels beyond the capacity of AmpD cleavage. Cell-wall degradation products accumulate and
compete with UDP-N-acetylmuramic acid peptides for binding to AmpR. With decreased binding of UDP-N-acetylamuramic acid to AmpR, AmpR undergoes conformational
changes resulting in increased AmpC production. C, An ampD mutation resulting in inactivation and subsequent stable derepression of AmpC. Abbreviations: PBP, penicillin
binding protein; UDP, uridine diphosphate.
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during therapy can occur with any agent, available clinical data
appear to be in agreement with in vitro data, suggesting that this
risk is by far the greatest with expanded-spectrum cephalospo-
rins [17-23]. Table 1 summarizes data from available observa-
tional studies demonstrating the risk of emergence of resistance
during exposure to specific f-lactams due to putative AmpC
production. The activity of cefepime and carbapenems consist-
ently approaches 100% against isolates that appear to be AmpC
producers in the absence of other relevant B-lactamase enzymes
(eg, coproduction of extended-spectrum P-lactamases [ESBLs],
carbapenemases, etc.). Data from in vitro and animal mod-
els suggest that TZP less frequently selects for TZP-resistant
Enterobacter species isolates compared with the frequency of
expanded-spectrum cephalosporin resistance during expand-
ed-spectrum cephalosporin exposure [24-27].

SPECIES-SPECIFIC EPIDEMIOLOGY OF AmpC
PRODUCTION

Chromosomally encoded ampC genes can be identified in a
number of gram-negative organisms, including E. cloacae,
Klebsiella (formerly Enterobacter) aerogenes, C. freundii, S. mar-
cescens, Providencia stuartii, P. aeruginosa, Hafnia alvei, and
Morganella morganii [2]. A number of acronyms have been
used to represent these organisms (eg, ESCPM, SPICE, SPACE,
etc.). The hallmark phenotypic pattern of these organisms is
that they appear to be susceptible to third-generation cephalo-
sporins if AmpC production is not induced (ie, in the absence
of AmpC production), but resistance can develop upon p-lac-
tam exposure as early as a single day after drug initiation [21].
The extent of p-lactam resistance conferred by these enzymes
is associated with the regulatory gene network of the organism
and its ability to control expression levels [28]. As an example,
although ampC is chromosomally encoded in E. coli, it lacks
the necessary inducible mechanisms for expressing this B-lac-
tamase at a high-enough level to be clinically significant in the
absence of rare promotor and/or attenuator mutations [4, 29].
On the contrary, if plasmid-mediated ampC genes are present
bla, bla,,, bla, . bla,. bla, ., bla

CcMY’ FOX’ DHA, ACC’ MIR MOX’
etc.), AmpC production is constitutive, leading to resistance to

in E. coli (eg, bla

expanded-spectrum cephalosporins, as is evident by in vitro
susceptibility testing.

Some frequently encountered Enterobacteriaceae are con-
spicuous by the absence of a chromosomal ampC gene such
as K. pneumoniae, Klebsiella oxytoca, Salmonella species, and
Proteus mirabilis [2]. Even species in the same genus as some
of the ESCPM organisms may not possess chromosomal ampC
genes, such as Citrobacter amalonaticus or Citrobacter koseri [2].

Quantifying the likelihood of AmpC induction across bac-
terial species would best be defined by identifying organisms
initially susceptible to certain B-lactams (eg, ceftriaxone) that,
on subsequent isolation (and after B-lactam exposure), become
resistant—with molecular genotyping and expression studies to

confirm that the same organism was recovered rather than ac-
quisition of or selection for a different organism of the same
species. Unfortunately, few such studies exist. However, avail-
able observational studies can still be helpful in providing some
insight into this risk (Table 1).

A landmark study by Chow and colleagues [19] in 1991
highlighted this concern clinically. Evaluating the outcomes of
31 patients with Enterobacter species bloodstream infections
for which initial ceftriaxone susceptibility was demonstrated,
emergence of ceftriaxone resistance occurred in 19% of isolates.
A 2001 study by Kaye and colleagues [20] also found that 19%
of patients treated with ceftriaxone for susceptible Enterobacter
spp. infections developed resistance during therapy. Choi et
al [18] showed that 8% of patients with Enterobacter species
infections developed expanded-spectrum cephalosporin resist-
ance during exposure to these agents. In light of these findings,
expanded-spectrum cephalosporins for the treatment of infec-
tions caused by Enterobacter species is discouraged, except in
uncomplicated urinary tract infections where it is hypothesized
that a rapid bactericidal effect is likely to be achieved prior to
the selection of hyperproducing mutants [30].

The Enterobacteriaceae are not homogenous in their level of
expression of AmpC production (Table 1). Derepressed S. mar-
cescens, M. morganii, and P. stuartii strains express AmpC levels
that are ~10-fold lower than derepressed E. cloacae or C. freun-
dii isolates [31, 32].

METHODS OF AmpC 3-LACTAMASE DETECTION

Inhibitors known to confirm AmpC production include cloxa-
cillin or boronic acid, with specificity generally in the range of
70-90% [33-39]. As an example, ETEST (BioMerieux, Durham,
North Carolina) gradient strips consisting of cefotetan or cefox-
itin on both sides with a constant concentration of cloxacillin
on a single side are interpreted as positive tests in the setting
of a reduction in the cephamycin MIC of at least 3 dilutions or
a deformation of the ellipse of inhibition (ie, “phantom zone”)
in the presence of cloxacillin [37]. Boronic acid can be added
to an inert disk near a cephamycin or third-generation ceph-
alosporin disk (ie, double-disk synergy test), added directly to
the B-lactam disk and compared with an unmodified p-lactam
disk (disk potentiation test), or evaluated using broth micro-
dilution approaches to identify AmpC f-lactamase production
[35, 36, 38, 39]. Phenotypic assays are unable to distinguish be-
tween AmpC production due to derepression of a chromosomal
ampC gene or the presence of a plasmid-associated ampC gene.
Molecular approaches to identifying common plasmid-medi-
ated ampC genes are available but their use is generally limited
to research settings [40]. Clinical and Laboratory Standards
Institute—endorsed criteria for AmpC detection in clinical iso-
lates do not currently exist [41].

Even in the absence of targeted testing to identify AmpC
production, clinicians can still evaluate Enterobacteriaceae
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antimicrobial susceptibility test results to putatively distin-
guish likely AmpC production from ESBL production. Table 2
demonstrates anticipated susceptibility results for an E. cloacae
strain producing various B-lactamase enzymes. Although both
AmpC B-lactamase and ESBL producers are generally resistant
to expanded-spectrum cephalosporins, AmpC producers—in
contrast to ESBL producers—are reliably resistant to cephamy-
cins [45]. Cefepime can overcome inactivation by AmpC p-lac-
tamases, making cefepime activity almost always retained in the
presence of AmpC production [46, 47]. ESBL producers most
often demonstrate elevated cefepime MICs and are interpreted
as susceptible dose-dependent or resistant to cefepime. The sus-
ceptibility patterns of other -lactams are less reliable.

To further complicate matters, for any Enterobacteriaceae
with AmpC production either due to induction/derepression of
a chromosomal ampC gene or the presence of a plasmid-associ-
ated ampC gene, additional B-lactamases may also be produced
by the same organism (eg, ESBLs, carbapenemases), resulting in
complex susceptibility patterns and making phenotypic inter-
pretation challenging [48]. On the basis of available data, largely
summarized in Table 1, we would suggest that it is reasonable
for clinical microbiology laboratories to consider withholding
third-generation cephalosporin results for invasive Enterobacter
species infections (ie, infections outside of the urinary tract) or
include a disclaimer citing the potential for emergence of resis-
tance to these agents. However, there are insufficient data at the
present time to expand this guidance to other P-lactams that
may be impacted by AmpC B-lactamase activity (ie, aztreonam,
TZP) or other Enterobacteriaceae in the "SPACE" organisms

group.
TREATMENT OPTIONS

Concerns regarding sustained antibiotic potency against organ-
isms with high levels, or the potential for high levels, of AmpC

expression complicate treatment decisions. A survey of infec-
tious diseases specialists practicing in Australia, New Zealand,
and Singapore found that more than half of clinicians preferred
to treat presumed AmpC-producing infections with carbapen-
ems (58%), with the remainder using either cefepime (19%) or,
less commonly, TZP (8%) [49]. Although carbapenems pro-
vide reliable coverage against AmpC hyperproducers, carbap-
enem overuse is not without significant clinical consequences.
The relative efficacy of TZP and cefepime remains debatable
because of heterogeneity across studies. Studies published to
date are observational (ie, risk of bias in treatment assignment),
are generally small, rarely include confirmation as to whether
the included isolates were indeed hyperproducers of AmpC
B-lactamases, and have inconsistencies regarding the use of
combination therapy, durations of therapy administered, source
of infection, and source control measures.

Newer [-lactamase inhibitors (PLIs), such as avibactam
and vaborbactam, have the most potent activity of the PLIs
against AmpC production [50]. The high cost of the newer PL/
BLIs and limited access to these agents in certain regions of
the world preclude their routine use for presumed AmpC pro-
ducers. Perhaps even more important, the continued crisis of
gram-negative resistance reminds us that these agents should
be reserved for circumstances when alternatives do not exist,
which is not the case with AmpC-producing organisms (in
the absence of additional carbapenem resistance mechanisms)
[51]. Because they do not have a B-lactam ring and do not pro-
vide a substrate for AmpC-mediated hydrolysis, fluoroquino-
lones and trimethoprim-sulfamethoxazole, when susceptibility
is demonstrated in vitro, are well suited as either oral step-down
therapy or for the treatment of mild to moderate infections due
to presumed AmpC-producing organisms. Below we will focus
on the data evaluating TZP and cefepime for the treatment of
infections by presumed AmpC-producing Enterobacteriaceae.

Table2. Anticipated Enterobacter cloacae Antibiotic Susceptibility Patterns in the Setting of Common p-Lactamase Enzymes

Antibiotic Wild type® AmpC fB-lactamases ESBL KPC NDMP OXA-48-like carbapenemases®
Ampicillin R R R R R R
Piperacillin/tazobactam S S/R S/R R R R
Cefoxitin S R S R R R
Ceftriaxone S R R R R S
Cefepime S S/SDD S/SDD/R R R S
Ceftazidime/avibactam S S S S R S
Aztreonam S S/R R R S S
Ertapenem S S S R R S/R
Meropenem S S S S/R R S/R
Meropenem/vaborbactam S S S S R R

Abbreviations: ESBL, extended-spectrum p-lactamases; KPC, Klebsiella pneumoniae carbapenemases; NDM, New Delhi metallo-3-lactamases; R, resistant; S, susceptible; SDD, susceptible

dose-dependent.

?Enterobacter cloacae isolates are resistant to ampicillin due to the production of narrow-spectrum p-lactamases.

°NDM-producing organisms generally co-produce ESBLs, AmpCs f-lactamases, or other carbapenemases. Although aztreonam can withstand hydrolysis by NDM-producing organisms, it

will generally be inactive in the presence of these other p-lactamases.

°OXA-48-like carbapenemases generally co-produce ESBLs, AmpC B-lactamases, or other carbapenemases. Although aztreonam, expanded-spectrum cephalosporins, and cefepime can
generally withstand hydrolysis by OXA-48-like carbapenemases, they will often be inactive in the presence of these other f-lactamases.

1450 « CID 2019:69 (15 October) « Tamma et al

220z fenige4 zo uo 3senb Aq £0669£S/9t1L/8/69/0101ME/PI0/W 0o dnodlwspede//:sdiy woly papeojumoq



Piperacillin-tazobactam

Available clinical data suggest that the risk of emergence of
resistance to TZP during the treatment of AmpC-producing
Enterobacteriaceae infections is low [18-20]. To highlight one
such study, Cheng and colleagues [52] conducted a case-con-
trol study in hospitalized patients with Enterobacter species,
Serratia species, or Citrobacter species bloodstream infections
from 2009 to 2015 to better understand the role of TZP ther-
apy. After propensity-score matching, there were 41 patients in
the TZP group and 41 patients treated with either cefepime or
meropenem. No differences in clinical failures, 7-day or 30-day
mortality, or persistent bacteremia were observed between the
groups. However, given the small sample size, the possibility
of a type II error exists, particularly because 30-day mortality
in the TZP group was double that of the cefepime/meropenem
group [53]. Table 3 summarizes additional comparative effec-
tiveness studies evaluating the role of TZP for AmpC-producing
infections.

Outcomes associated with TZP therapy for AmpC-producing
bloodstream infections were also the focus of a meta-analysis
[54]. Eight observational studies conducted between 1980 and
2014 were included and unadjusted outcomes data were com-
pared between patients receiving TZP (or ticarcillin-clavula-
nate, which is no longer available for clinical use in the United
States) versus carbapenem therapy. In the definitive therapy
group, 30-day mortality was similar between the 179 patients
receiving TZP and the 474 patients receiving carbapenem
therapy at 18% and 14%, respectively. Mortality was also not
significantly different between the 232 patients receiving em-
piric TZP therapy (10%) and the 107 patients receiving em-
piric carbapenem therapy (21%). On closer inspection, twice
as many people died in the carbapenem group, making selec-
tion bias a concern. Although this analysis sought to evaluate
patients with bloodstream infections due to Enterobacter spe-
cies, Serratia species, Citrobacter species, Providencia species,
and Morganella species, the vast majority of infections were due
to Enterobacter species, making meaningful conclusions about
the other organisms difficult. Notwithstanding the limitations
of the available observational data evaluating the role of TZP
for the treatment of AmpC-producing infections, they do not
indicate a clear safety signal that patients who receive TZP have
poorer outcomes than those prescribed carbapenem therapy.

In light of the drawbacks of the available data, a pilot ran-
domized controlled trial (MERINO II) comparing TZP (4.5 g
IV every 6 hours) and meropenem (1 g IV every 8 hours) for
adults with bloodstream infections caused by Enterobacter spe-
cies, C. freundii, M. morganii, Providencia species, or S. mar-
cescens is currently underway (ClinicalTrials.gov Identifier:
NCT02437045). The investigators intend to recruit 100 patients
(50 in each arm) to establish the safety and efficacy of TZP for
bacteremia caused by AmpC producers and to lay the ground-
work for a future, sufficiently powered clinical trial.

Cefepime

Cefepime has a net neutral charge (ie, zwitterion similar to imi-
penem), which provides the advantage of rapidly penetrating
outer membranes compared with other cephalosporins with a net
positive charge (eg, ceftriaxone, cefotaxime), enhancing access to
its enzymatic target and evading P-lactamase inactivation [55].
Moreover, the low affinity and limited turnover to a number of
class C B-lactamases generally enable it to maintain stability in the
setting of even high quantities of AmpC B-lactamases [56, 57].
This has not been consistent across studies, with some in vitro
studies demonstrating cefepime resistance in the setting of high
organism burden (ie, > 10° CFU/mL in sites other than urine) [58,
59]. In an in vitro model, every 12-hour cefepime dosing allowed
for E. cloacae mutant selection that was not observed with every
8-hour cefepime dosing [60]. Isolated cases of clinical failure
with the use of cefepime for Enterobacter species infections have
also been reported, generally in association with high organism
burden infections and every 12-hour dosing strategies [61]. It is
unclear, however, if coproduction of ESBLs may have occurred in
cases of reported failures. When resistance to cefepime does occur,
it is most likely attributable to the selection of porin mutations [16,
62]. Observational studies, however, have generally not reinforced
theoretical concerns regarding the use of cefepime for organisms
prone to AmpC production (Table 3).

Sanders and colleagues [63] reported on a series of 16 patients
with expanded-spectrum cephalosporin-resistant Enterobacter
species infections at a variety of body sites who achieved favor-
able clinical responses with cefepime, and with no emergence of
cefepime resistance observed. An observational study evaluated
hospitalized patients with bloodstream infections, pneumo-
nia, or intra-abdominal infections caused by Enterobacter spe-
cies, Serratia species, or Citrobacter species treated with either
cefepime or meropenem therapy [64]. Patients were only included
if their isolates were positive for AmpC production on the basis
of agreement by 2 different phenotypic methods. Although a
single-center observational experience and limited by its sample
size, in a propensity-score matched cohort, differences in clinical
outcomes between the 32 patients treated with cefepime (1-2 g
every 8 hours) versus the 32 patients treated with meropenem (1
g every 8 hours) were not present [64]. These findings have been
replicated in several observational studies [65-68]. The aforemen-
tioned meta-analysis evaluated 7 observational studies comparing
cefepime and carbapenems for the treatment of presumed AmpC-
producing bloodstream infections and found that the unadjusted
30-day mortality was similar [54].

Investigators from Taiwan sought to explore the outcomes
of patients with E. cloacae bloodstream infections treated with
cefepime with susceptible dose-dependent MICs (ie, cefepime
MICs of 4-8 pug/mL) [67]. Evaluating 33 patients infected with
E. cloacae with cefepime MICs of 4-8 pg/mL, patients treated
with cefepime had less favorable outcomes compared with
patients treated with carbapenems, regardless of the cefepime
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administration strategy used (ie, 2 g every 12 hours, 1 g every
8 hours, or 2 g every 8 hours). However, when excluding the 16
patients with phenotypically confirmed ESBL production, dif-
ferences in outcomes were not observed [67]. It remains unclear
whether excluding the 16 patients reduced the ability to detect
a difference in outcomes if one truly existed, or if this report
serves as a cautionary reminder that for E. cloacae (and other
"SPACE" organisms) with elevated cefepime MICs, ESBL pro-
duction/coproduction and associated cefepime failure is likely.

CONCLUSIONS

In summary, organisms with the potential for AmpC production
play an important role in management decisions. Well-designed
studies to better quantify the risk of AmpC production, to identify
easy-to-perform and accurate diagnostic approaches for AmpC
production, and to inform appropriate treatment recommenda-
tions for AmpC-producing organisms are needed. Although many
lingering questions exist that are ripe for further investigation, there
are 2 key points that infectious diseases practitioners should be
aware of. First, Enterobacter species (and K. aerogenes) are the most
problematic pathogens in their potential for AmpC B-lactamase
induction. For serious Enterobacter species infections, it is prudent
to avoid the use of expanded-spectrum cephalosporins, even if
susceptible in vitro. Because AmpC production is less prominent
for other "SPACE" organisms, for these organisms it is reasonable
to base treatment decisions on in vitro susceptibility results while
using optimal drug administration strategies, ensuring source con-
trol measures, and monitoring patients closely to evaluate for appro-
priate clinical responses. Second, although available observational
studies are informative, studies that are adequately powered, inter-
ventional, and include diverse species are necessary but lacking.
The extent to which TZP or cefepime can be used to treat presumed
AmpC producers is largely unsettled. Available observational data
indicate that both agents are acceptable treatment options for inva-
sive AmpC-producing infections, with more data supporting the
use of cefepime (preferentially administered every 8 hours) com-
pared to TZP. The results of the MERINO II study will likely provide
some important insights into the role of TZP in the management
of AmpC-producing infections. Although convincing clinical data
indicating that carbapenems are superior to either cefepime or TZP
for AmpC-producing infections are lacking, for severely ill patients
with complex foci of infection, while awaiting the results of more
definitive interventional studies, carbapenem therapy can be a rea-
sonable treatment option on a case-by-case basis.

Notes

Antibacterial Resistance Leadership Group members. P.D. Tamma, Y.
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