
PRO: Carbapenems should be used for ALL infections caused by
ceftriaxone-resistant Enterobacterales

David L. Paterson1,2,3*, Burcu Isler 1,2 and Patrick N. A. Harris 1,3,4

1University of Queensland Centre for Clinical Research (UQCCR), RBWH Campus, Brisbane, Australia; 2Infectious Diseases Unit, Royal
Brisbane and Women’s Hospital, Brisbane, Australia; 3Herston Infectious Diseases Institute (HeIDI), Brisbane, Australia; 4Central

Microbiology Laboratory, Pathology Queensland, Brisbane, Australia

*Corresponding author. E-mail: d.paterson1@uq.edu.au

Ceftriaxone resistance in the Enterobacterales is typically the result of production of ESBLs or AmpC b-lactamases.
The genes encoding these enzymes are often co-located with other antibiotic resistance genes leading to resist-
ance to aminoglycosides, quinolones and trimethoprim/sulfamethoxazole. Carbapenems are stable to ESBLs and
AmpC giving them reliable in vitro activity against producers of these b-lactamases. In contrast, piperacillin/tazo-
bactam and amoxicillin/clavulanate are compromised by co-production of OXA-1, which is not inhibited by tazo-
bactam or clavulanate. These in vitro findings provide an explanation for the MERINO trial outcomes, where 3.7%
(7/191) randomized to meropenem died compared with 12.3% (23/187) randomized to piperacillin/tazobactam as
definitive treatment of bloodstream infection due to ceftriaxone-resistant organisms. No randomized trials have
yet put cefepime and carbapenems head to head, but some observational studies have shown worse outcomes
with cefepime. We argue that carbapenems are the antibiotics of choice for ceftriaxone-resistant Enterobacterales.

ESBL-producing Enterobacterales are priority 1 (‘critical’) on the
WHO priority pathogens list for research and development of new
antibiotics.1 However, at the present time, carbapenems remain
the treatment of choice for infections due to ceftriaxone-resistant
Enterobacterales. First, we believe this to be the case because
the only randomized controlled trial comparing options for
ceftriaxone-resistant organisms (the MERINO trial) showed a lower
all-cause mortality when carbapenems were used. Secondly, we
believe that ESBLs themselves compromise alternatives like cefe-
pime or co-produced enzymes (OXA-1) that are not inhibited by
tazobactam or clavulanate. The stability of carbapenems to ESBLs
and AmpC b-lactamases gives this antibiotic class a natural advan-
tage over comparators. The purpose of this paper is to provide the
evidence for this position.

Bloodstream infection

The MERINO trial (NCT02176122/ACTRN12613000532707) was
the first multi-country randomized clinical trial (RCT) evaluating
treatment options for patients with ceftriaxone-resistant
Escherichia coli or Klebsiella pneumoniae bloodstream infection.2

The study compared piperacillin/tazobactam and meropenem as
definitive antibiotic treatment, once ceftriaxone resistance and
piperacillin/tazobactam and meropenem susceptibility were con-
firmed. All-cause, 30 day mortality was chosen as the primary end-
point since in many cases the cause of death is highly subjective or
multifactorial. The study found that 12.3% (23 of 187) patients

randomized to piperacillin/tazobactam died within 30 days of
randomization compared with 3.7% (7 of 191) randomized to
meropenem. While acknowledging that some deaths were likely
unrelated to the infection or its treatment, the trial data support
the primary place of carbapenems for treatment of bloodstream
infection.

Criticism of the MERINO trial has included commentary that
imbalance in baseline characteristics may have been responsible
for the trial findings.3 We argue that while some baseline charac-
teristics favouring poor outcome were more common in the
piperacillin/tazobactam group, and likely did lead to the demise of
some patients, meropenem treated patients had higher APACHE II
scores and had a longer time until administration of appropriate
antibiotics. The MERINO trial showed that 138/185 (74.6%) of all
those who received meropenem had clinical and microbiological
success (defined as survival, resolution of fever, normalized white
cell count and negative blood cultures) at 4 days from receipt of
the study drug as did 112/154 (72.7%) of those who received
piperacillin/tazobactam and survived. In stark contrast, only 9/23
(39.1%) of those who received piperacillin/tazobactam and died
had clinical and microbiological success. It appears that most
deaths were, in fact, attributable to failure of piperacillin/tazobac-
tam to resolve the infection. In some patients, suboptimal treat-
ment of these bloodstream infections due to ESBL producers may
‘push’ patients with co-morbidities ‘over the edge’, resulting in pre-
mature death, even if infection cannot clearly be regarded as
the proximal cause of death.
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Microbiologically, there is rationale for the MERINO trial
findings. Isolates co-harbouring ESBL genes (especially blaCTX-M-15)
and the OXA-1 gene were associated with elevated piperacillin/
tazobactam MICs and an increase in 30 day mortality.4 OXA-1 is a b-
lactamase that is relatively resistant to inhibition by b-lactamases
such as tazobactam. The CTX-M-15/OXA-1 b-lactamase combin-
ation was geographically distributed amongst all regions in which
patients were enrolled in the MERINO trial: Middle East (45%),
Turkey/Mediterranean Europe region (43%), South Africa (38%) and
Singapore (33%), Australia, New Zealand and Canada combined
(21%).4 Unfortunately there is no easy way in which clinical micro-
biology laboratories can detect the presence of OXA-1.

An editorial accompanying the publication of the MERINO trial
concluded that the search for a carbapenem-sparing option for
bloodstream infection due to ESBL producers continues.5 Could
cefepime be one such option? Cefepime is a substrate for ESBLs
and ESBL production often causes MIC elevation. Previous
cefepime susceptibility breakpoints used in Europe and the USA
were likely too high and resulted in categorization of many ESBL
producers as susceptible.6 This was associated with treatment fail-
ures for patients treated with cefepime. Cefepime susceptibility
breakpoints were subsequently lowered (to�1 mg/L and�2 mg/L,
by EUCAST and CLSI, respectively) to leave most ESBL producers
outside the susceptible range.7,8 However, in a propensity
matched series of patients with bloodstream infection due to ESBL
producers with in vitro cefepime susceptibility, 14 day mortality
in cefepime-treated patients was 2.87 times higher than
carbapenem-treated patients.9 One explanation for this is lower
cefepime efficacy in the presence of higher bacterial inoculum as
demonstrated in vitro and in animal studies.10,11 Another explan-
ation is inadequately dosed cefepime failing to achieve therapeutic
targets. There are no controlled clinical studies testing these
hypotheses.

We have recently initiated an RCT (MERINO-3) comparing mero-
penem with ceftolozane/tazobactam for bloodstream infections
due to ceftriaxone-resistant Enterobacterales (NCT04238390).12

The PETERPEN trial (NCT03671967) compares meropenem with
piperacillin/tazobactam for more than 1000 patients with
ceftriaxone-resistant E. coli or K. pneumoniae bloodstream infec-
tion.13 Planned exclusion criteria make the PETERPEN study
population of lower severity of illness than the MERINO trial popu-
lation. Until results of these trials are available, we maintain
that carbapenems should continue to be used for bloodstream
infections due to ceftriaxone-resistant Enterobacterales.

Ventilator-associated pneumonia and
complicated intra-abdominal infection

By extension of the results seen with bloodstream infection,
piperacillin/tazobactam would not be an appropriate choice for
ventilator-associated pneumonia or complicated intra-abdominal
infection due to ESBL- or AmpC-producing organisms. In an
evaluation of patients with ESBL producers in a pneumonia
trial, there were 4/13 (31%) cefepime-treated patients with
clinical failure, whereas all 10 patients had clinical success in
the imipenem arm.14 Some new antibiotics, such as ceftazi-
dime/avibactam, cefiderocol and ceftolozane/tazobactam
have been compared with carbapenems for treatment of
hospital-acquired pneumonia or complicated intra-abdominal

infection. None of these RCTs has shown that an alternative
to carbapenems has resulted in superior outcomes.15–19

We conclude that carbapenems should continue to be used
for all patients with ventilator-associated pneumonia or compli-
cated intra-abdominal infection due to ceftriaxone-resistant
Enterobacterales.

Complicated urinary tract infections

In the MERINO trial, 6.9% (7/102) piperacillin/tazobactam treated
patients with a urinary tract source of bacteraemia died as com-
pared with 3.1% (4/128) randomized to meropenem. In a UTI trial,
two of six patients in the cefepime arm had clinical failure when
infected with an ESBL producer, despite cefepime MICs being
�2 mg/L.20 Clinical failure in these cases represented progression
to septic shock. In contrast, clinical failure occurred in only 1 of 33
randomized to ertapenem.20

Ceftriaxone-resistant Enterobacterales are frequently MDR so
that urinary tract isolates are typically resistant to fluoroquinolones
and trimethoprim/sulfamethoxazole. No RCT has compared these
options, when susceptible, with carbapenems for treatment of UTI.
Other orally administered alternatives are also compromised.
Amoxicillin/clavulanate suffers the same as piperacillin/tazobactam
when organisms co-produce ESBLs and the OXA-1 b-lactamase.
Nitrofurantoin and orally administered fosfomycin have utility lim-
ited only to the lower urinary tract. The FOREST trial (NCT02142751)
has compared fosfomycin with meropenem for treatment of E. coli
bloodstream infection of urinary tract origin.21 Oral therapy is per-
mitted from the fifth day of therapy if clinical improvement is
achieved. This comprises oral fosfomycin trometamol in the fosfo-
mycin arm and one of ciprofloxacin, amoxicillin/clavulanate or tri-
methoprim/sulfamethoxazole in the meropenem arm. The findings
of the study are awaited with interest to determine if a fosfomycin-
based regimen is equivalent to the carbapenem backbone.

A new, orally administered carbapenem antibiotic, tebipenem,
has recently been evaluated in a large RCT evaluating therapies
for complicated urinary tract infection. This new carbapenem may
present a new treatment option for urinary tract infection due to
ESBL- or AmpC-producing bacteria.

Conclusions

Carbapenems are stable to the effects of common b-lactamases,
except for carbapenemases. ESBLs may compromise the activity
of cefepime and co-produced OXA-1 reduces the effectiveness
of b-lactamase inhibitors like tazobactam. As was shown in the
MERINO trial, the clinical effectiveness of carbapenems has
never been surpassed in treatment of ceftriaxone-resistant
Enterobacterales (Table 1). A variety of new antibiotics outside the
carbapenem class are now available for treatment of
carbapenem-resistant Enterobacterales and should be reserved
for these infections until further trial data becomes available.
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Table 1. Disadvantages of alternative therapies for ceftriaxone-resistant
Enterobacterales

Carbapenem-sparing
alternative therapies
for ESBL and AmpC
producers Disadvantages

Piperacillin/tazobactam Failed to demonstrate non-inferiority

against meropenem in an RCT of patients

with bloodstream infections.

Efficacy frequently compromised by pres-

ence of OXA-1 co-production.

Automated systems may provide unreliable

susceptibility results for piperacillin/tazo-

bactam in ESBL producers (especially

with OXA-1 co-production).

Cefepime May be hydrolysed by some ESBLs.

Propensity matched observational study

showed higher mortality with cefepime

than carbapenems, even when cefepime

susceptibility was demonstrated.

Ceftazidime/avibactam,

ceftolozane/

tazobactam,

cefiderocol

For bloodstream infections, comparable or

superior efficacy to carbapenems has not

yet been demonstrated in RCTs.

More expensive than generic carbapenems

or not yet widely available.

Should be reserved for organisms where

few alternatives exist (e.g. KPC pro-

ducers, carbapenem-resistant non-

fermenters).

Fosfomycin Efficacy of oral formulation limited to uncom-

plicated lower urinary tract infections.

IV formulation not widely available.
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