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The long-awaited MERINO trial results were published re-
cently by Harris et al. [1]. This multi-national, multi-centre,
non-inferiority randomized clinical trial (RCT) found that the
30-day mortality rate for patients with ceftriaxone-resistant Es-
cherichia coli or Klebsiella pneumoniae bloodstream infections (BSI)
treated with piperacillin-tazobactam (PTZ) was 12.3%, compared
with 3.7% for patients who received meropenem as definitive
therapy. The difference in the 30-day mortality rate exceeded the
non-inferiority margin of 5%. To that end, the authors recom-
mended against the use of PTZ as a carbapenem-sparing option to
treat ceftriaxone-resistant E. coli or K. pneumoniae BSI [1].

Interestingly, selection of the appropriate antibiotic is essen-
tial to improve patient outcomes, stem antibiotic overuse, and
reduce the emergence of microbial resistance. Until the results
of the MERINO trial, treatment of ceftriaxone-resistant E. coli or
K. pneumoniae was considered contestable. Carbapenems have
shown excellent activity against these infections; however, a
recent meta-analysis compiling 25 observational studies showed
non-inferiority of PTZ compared with carbapenems [2]. Although
observational studies are prone to biases, the generalizability of
the RCT results might be limited due to issues of external validity,
such as differences in the pharmacokinetics of antibiotics between
the MERINO participants and the North American population that
was under-represented in the trial.

Designing and analysing non-inferiority trials relies mainly on
the predefined non-inferiority margin, which represents the largest
clinically acceptable difference between the test medication and
the active comparator [3]. However, it is often highly challenging
to define the non-inferiority margin, which is essential in the
design of non-inferiority trials [3]. The prespecified non-inferiority
margin in the MERINO trial was predefined by the MERINO
Protocol Development Committee as -5%, which is considerably
narrower than the TANGO I trial non-inferiority margin of -15% [4].
Consequently, it was difficult to prove the non-inferiority of PTZ
compared with carbapenems for treatment of ceftriaxone-resistant
E. coli or K. pneumoniae BSI. Moreover, the MERINO trial was
stopped prematurely after enrolment of a fraction of the planned
sample size (340 patients were enrolled, planned sample size 454
patients), and that created complex challenges to demonstrate
non-inferiority [1].

It is important to highlight that the trial lacked a plausible
explanation for the difference in all-cause mortality at 30 days

https://doi.org/10.1016/j.ijantimicag.2019.03.007

between the PTZ and carbapenem arms. All deaths in the MERINO
trial were unrelated to infections, but were due to malignancies or
other comorbidities. Consequently, this created noise due to non-
infection-related deaths because of the choice of all-cause mortal-
ity as the primary outcome rather than other clinical outcomes [1].
Besides, it is known that the appropriate antimicrobial treatment
during the first 48 h is a crucial prognostic factor for improved
outcome in patients with BSI [5]. However, randomization in the
MERINO trial occurred after the 48-h window of empiric therapy,
and 40.7% of enrolled patients had resolved objective markers of
infection at the time of enrolment. By day 4 of randomization,
there was no significant difference in clinical and microbiological
resolution between the two groups [1]. Although the median treat-
ment duration was 7 days, the difference in mortality continued
to increase beyond the 2 weeks following randomization [1].

A subgroup analysis of the MERINO trial showed lower risk
associated with PTZ in patients with a urinary tract source, low
Pitt scores or without evidence of immunocompromise, but the
trial was not powered to demonstrate non-inferiority in these
subgroups |[1]. Therefore, larger studies comparing PTZ with
carbapenems in this patient population are warranted.

Moreover, in the setting of wide use of advanced rapid molec-
ular diagnostics, correlation between resistance gene type and
outcome is missing from the MERINO results. Inoculum effects
with PTZ occur in SHV and/or AmpC S-lactamases, potentially
leading to worse outcomes compared with carbapenems [2,6]. On
the other hand, PTZ is a weak inducer of blaympc, and its clinical
effectiveness for treatment of AmpC S-lactamase-producing Gram-
negative bacteria remains poorly understood [2]. The geographical
differences in resistance rates would also have affected the end-
point results, as blasyy-producing Enterobacteriaceae have been
widespread in many of the countries where the MERINO trial was
conducted, including Turkey which accounted for eight of the 23
deaths (35%) in the PTZ arm [1]. Harris et al. also highlighted the
frequent presence of narrow-spectrum oxacillinases (e.g. blagxa.1),
seen in 67.6% of the strains, as a possible explanation for the
decreased effectiveness of PTZ [1].

Furthermore, previous observational studies and a meta-
analysis showed lower mortality rates when the minimum
inhibitory concentration (MIC) of PTZ was <0.5/4 pg/L [2]. How-
ever, only a fraction of patients enrolled in the PTZ group had
isolates available for PTZ MIC testing to evaluate the correlation of
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clinical outcomes and PTZ MIC. Similarly, the MERINO trial did not
study the extended infusion of antibiotics and impact on mortality
[1]. Additionally, a substantial proportion of patients randomized
to the carbapenem arm received PTZ or other antibiotics and vice
versa. It would be interesting to exclude the ‘contamination’ of
antibiotic exposure between the two groups, and run a subgroup
analysis comparing the patients who received PTZ as empiric
and postrandomization treatment with the patients who were
treated with carbapenems as empiric and postrandomization
treatment [1].

Finally, a major concern of the results of this trial might be
the overprescription of carbapenems at a time when carbapenem-
sparing antibiotics remain a pressing need. It is important to
note that the MERINO trial showed that subsequent detection
of carbapenem-resistant bacteria recorded up to 30 days after
enrolment was infrequent, and was not significantly lower in
patients who received PTZ (3.2% vs 2.1%) [1]. However, studies
found a correlation between the use of carbapenems and in-
creasing incidence of carbapenem resistance in Gram-negative
bacteria [7]. Accordingly, incentives to re-evaluate and/or discover
carbapenem-sparing antimicrobial agents to treat ceftriaxone-
resistant Enterobacteriaceae are urgently needed to limit the
global use of carbapenems and reduce carbapenem resistance [8].
In conclusion, awaiting the subgroup analyses of the influence
of different resistance genes, carbapenems should be consid-
ered as first-line treatment for ceftriaxone-resistant E. coli or K.
pneumoniae BSI, especially in patients with multiple comorbidi-
ties, septic shock or poor source control. However, one could
consider PTZ as a carbapenem-sparing alternative for treatment
of ceftriaxone-resistant E. coli or K. pneumoniae BSI in other
circumstances.

Funding
None.
Competing interests

None declared.

Ethical approval

Not required.

Maroun M. Sfeir*

Department of Pathology, Massachusetts General Hospital, Boston,
MA, USA

Department of Pathology, Harvard Medical School, Boston, MA, USA

*Address: Department of Pathology, Clinical Microbiology
Laboratories, Massachusetts General Hospital, 55 Fruit St, Boston,
MA 02114, USA.

E-mail address: msfeir@mgh.harvard.edu

Received 1 December 2018
Accepted 9 March 2019

References

[1] Harris PNA, Tambyah PA, Lye DC, Mo Y, Lee TH, Yilmaz M, et al. Effect of

piperacillin-tazobactam vs meropenem on 30-day mortality for patients with

E coli or Klebsiella pneumoniae bloodstream infection and ceftriaxone resistance:

a randomized clinical trial. JAMA 2018;320:984-94.

Sfeir M, Askin G, Christos P. Beta-lactam/beta-lactamase inhibitors versus car-

bapenem for bloodstream infections due to extended spectrum beta-lactamase

producing Enterobacteriaceae: systematic review and meta-analysis. Int ] An-
timicrob Agents 2018;52:554-70.

Althunian TA, de Boer A, Groenwold RHH, Klungel OH. Defining the noninfe-

riority margin and analysing noninferiority: an overview. Br J Clin Pharmacol

2017;83:1636-42.

Kaye KS, Bhowmick T, Metallidis S, Bleasdale SC, Sagan OS, Stus V, et al. Effect

of meropenem-vaborbactam vs piperacillin-tazobactam on clinical cure or im-

provement and microbial eradication in complicated urinary tract infection: the

TANGO I randomized clinical trial. JAMA 2018;319:788-99.

[5] Singer M. Antibiotics for sepsis: does each hour really count, or is it incestuous
amplification? Am ] Respir Crit Care Med 2017;196:800-2.

[6] Thomson KS, Moland ES. Cefepime, piperacillin-tazobactam, and the inoculum
effect in tests with extended-spectrum beta-lactamase-producing Enterobacte-
riaceae. Antimicrob Agents Chemother 2001;45:3548-54.

[7] Yang P, Chen Y, Jiang S, Shen P, Lu X, Xiao Y. Association between antibiotic
consumption and the rate of carbapenem-resistant Gram-negative bacteria from
China based on 153 tertiary hospitals data in 2014. Antimicrob Resist Infect
Control 2018;7:137.

[8] Sfeir MM. The GAIN Act legislation to combat antimicrobial resistance: where
do we stand? Infect Control Hosp Epidemiol 2018;39:1499-500.

2

[3

[4


mailto:msfeir@mgh.harvard.edu
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0001
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0001
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0001
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0001
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0001
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0001
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0001
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0001
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0003
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0003
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0003
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0003
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0003
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0005
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0005
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0007
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0007
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0007
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0007
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0007
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0007
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0007
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0008
http://refhub.elsevier.com/S0924-8579(19)30060-3/sbref0008

