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Background and objectives: Metallo-B-lactamase (MBL)-producing Enterobacterales infections are an urgent
global healthcare problem with limited treatment options. To obtain greater understanding of international per-
spectives on optimal management of serious infections due to MBL-producing Enterobacterales, we used a
modified Delphi process to elicit experts’ opinion and establish consensus.

Methods: A Delphi panel comprising 10 expert physicians experienced in antimicrobial-resistant bacterial infec-
tion management were surveyed on epidemiology, disease, testing and management of MBL-producing
Enterobacterales infections. Consensus statements were based on survey responses and reviewed by the panel
for endorsement or revisions to achieve consensus during a virtual meeting.

Results: All panellists acknowledged MBL-producing Enterobacterales as a key source of antimicrobial resistance
and infection in most countries. All agreed these infections have high morbidity and mortality, leading to the
need for critical-level care, longer hospital stays and significant healthcare costs. The negative clinical and eco-
nomic consequences of MBL-producing Enterobacterales are compounded by inappropriate use of multidrug
antimicrobial regimens. Therefore, a specific MBL-targeting agent is considered desirable. When aztreonam-avi-
bactam and cefiderocol are available, the preferred first-line treatment is aztreonam-avibactam, per in vitro
data showing aztreonam-avibactam activity against >90% of New Delhi MBL-producing Enterobacterales. If az-
treonam-avibactam or cefiderocol are unavailable, treatment options are limited to co-administration of anti-
microbials. Regional differences made it difficult to achieve unanimous consensus across all survey questions
due to differences in patient factors, local epidemiology and testing availability.

Conclusions: The Delphi panel reached consensus on optimal management of MBL-producing Enterobacterales,
confirming need for targeted MBL treatment, with monotherapy preferred where available.

Introduction those producing metallo-B-lactamases [MBLs]) are of particular
Infections caused by multidrug-resistant Enterobacterales arein-  concern and considered an urgent global health threat for which
creasing, and carbapenem-resistant Enterobacterales (including  treatment options are severely limited.*~

© The Author(s) 2026. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided
the original work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and translation rights for reprints. All
other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for further information
please contact journals.permissions@oup.com.

10f8


https://orcid.org/0000-0001-5365-4874
https://orcid.org/0000-0003-3813-8796
https://orcid.org/0000-0003-0913-768X
https://orcid.org/0000-0003-2999-6131
https://orcid.org/0000-0001-5309-6358
https://orcid.org/0000-0002-7598-3350
https://orcid.org/0000-0001-7682-5859
https://orcid.org/0009-0000-4549-3468
https://orcid.org/0009-0005-3754-4217
mailto:andrew.townsend@pfizer.com
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/jacamr/dlag030
https://academic.oup.com/

Carmeli et al.

Real-world evidence confirms that a delay in prescribing ap-
propriate antibiotics is associated with an increased risk of mor-
bidity and mortality in patients with severe Gram-negative
infections, particularly in those with multidrug-resistant patho-
gens.”  Specifically  for infections associated  with
MBL-producing Enterobacterales, a recent systematic literature
review  highlighted reduced  susceptibility to  most
standard-of-care antimicrobials, longer hospital stays compared
with other infection groups and overall mortality between 18.8%
and 57%.° This underscores the need for new and effective ther-
apies, as well as specialized laboratory testing to avoid delays in
diagnosis and treatment initiation.*® Notably, none of the studies
identified in the systematic literature review'® assessed the effi-
cacy of newer treatment options, such as cefiderocol or
aztreonam-avibactam, and most of the research synthesized
was from small, single-centre studies; data from large, multi-
national, prospective studies are lacking.

The  multinational, prospective ~ ASSEMBLE,  REVISIT,
CREDIBLE-CR and  APEKS-NP studies highlighted that
aztreonam-avibactam and cefiderocol, respectively, could be po-
tential options for MBL-producing pathogens, with favourable
outcomes when compared with the best available therapy.*™*3

The objective of this Delphi study was to understand experts’
perspectives on the optimal treatment of serious infections
caused by MBL-producing Enterobacterales, and to facilitate con-
sensus regarding the epidemiology, disease, testing and optimal
management of these infections.

Materials and methods
Ethics

The study was conducted in accordance with generally accepted re-
search practices, including recommendations for Conducting and
Reporting of Delphi Studies for the methodology and reporting of re-
sults.’® Further, this study received a ‘not human subjects research’ de-
termination (RTI Office of Research Protection, STUDY00023007, 12
September 2024).

Study design and panellists

Panellists were internationally recognized experts as clinical practitioners,
microbiologists or infectious disease specialists with experience in the
treatment of antibiotic-resistant bacterial infections, and reflected di-
verse geographical regions. Pfizer Inc. sponsored this work. Each panellist
provided written consent to participate and was contracted individually.
Pfizer Inc. provided remuneration at fair market value to each panellist for
their participation in the Delphi panel. The decision to publish was made
by the author group and no remuneration was provided for authoring the
manuscript.

A modified Delphi method was used to collect the panellists’ expert
opinions and judgements on treatment of serious infection caused by
MBL-producing Enterobacterales and to develop a consensus on optimal
management. The Delphi technique is a widely employed process utilized
to achieve expert consensus.*’

The study employed a mixed-methods approach, gathering expert
opinions in two phases. Panellists completed an online survey before par-
ticipating in a virtual consensus meeting (Figure 1).

Panellists reviewed pre-read materials before attending the virtual
meeting. These materials comprised published or publicly available ma-
terial related to key international guidelines for the treatment of
MBL-producing Enterobacterales infections, clinical trial data of

Assemble Delphi panel

+ Multidisciplinary panel of 10 internationally
recognized infectious disease experts, including
one moderator to oversee the panel

Pre-read materials

» Review of current literature treatment guidelines,
clinical trials, and in vitro studies for antibiotic
activity against MBL-producing Enterobacterales

Online survey

» Questionnaire to gather factual information on
current epidemiology and practice patterns, and
understand panellists' view on future trends and
best practices

Survey analysis

+ Rating-scale question responses (panellists rated
their level of agreement): converted ton (%) of
each rating

« Ranking question responses (panellists ranked
options in order of priority, concern, importance):
summarized by n (%)

« Free-text answers were grouped by theme and
reported verbatim

Consensus meeting

« Survey results that met consensus' were presented
without discussion

+ All questions where consensus had not been
reached were presented and discussed

« After discussion, panellists were asked if they would
like to change their prior responses and, if
consensus was then achieved, the question was
considered resolved

+ Draft consensus statements were presented, voted
on, and edited during discussion until consensus
was achieved

Delphi panel output

« Seven consensus statements were finalized from
the consensus meeting

Figure 1. Modified Delphi process chart. fConsensus was defined as the
achievement of all responses indicating agreement or disagreement
with the statement, regardless of the agreement level. For rating-scale
questions, consensus was defined as all responses indicating agreement
or all responses indicating disagreement. For ranking questions, consen-
sus was achieved when only two items in a list were ranked as first or se-
cond. Not all panellists voted for all questions due to audio issues.

20f8



Management of MBL-producing Enterobacterales infections: a Delphi study

JAR

cefiderocol, eravacycline, colistin and aztreonam-avibactam, in vitro
studies of antibiotic activity against MBL-producing Enterobacterales,
and include reviews of treatments for infections caused by
MBL-producing Enterobacterales (Supplementary appendix).

During the virtual meeting, panellists were blinded to the identities of
other panellists by assigning numbers to panellists and by prohibiting the
use of cameras. All panellists consented to being unblinded to each other
upon completion of the consensus-building exercise.

Web-based survey

The survey included questions designed to gather factual information
(current epidemiology and practice patterns) and understand panellists’
views on future trends, and best practices regarding the management
of MBL-producing Enterobacterales infections (Figure 1). Survey questions
aiming to evaluate panellists’ views on treatment options for
MBL-producing Enterobacterales were formulated based on expert
guidelines and local epidemiology for the panellists’ countries.®'8

Survey analysis

All responses were de-identified before sharing. Rating-scale responses
were summarized by frequency of each rating, while ranking responses
were summarized by presenting the frequency of each rank assigned to
each item. In addition, associated free-text responses were reported ver-
batim. Standard methods were employed in analysing qualitative data.®

After the responses were reviewed and summarized, questions for
which further discussion would be useful (as determined by the study
team) were identified. In addition, the study team developed a set of pre-
liminary consensus statements related to the optimal management of
these infections based on the results of the survey.

Consensus meeting

The consensus meeting was led by the physician and Delphi expert mod-
erators whose identities were disclosed to the panellists. The moderators
used discretion to ensure that no panellist exerted undue influence on the
discussion and used a discussion guide that included an overview of the
meeting objectives, a review of the results of the online survey, a discus-
sion of each survey question where consensus was not achieved and a
discussion of each preliminary consensus statement regarding the opti-
mal  management of infections caused by MBL-producing
Enterobacterales. Each preliminary consensus statement presented
was voted on and discussed. The set of final consensus statements
from this activity is the primary output of this study.
Consensus was defined according to criteria shown in Figure 1.

Presentation of survey results
Consensus discussion

Where consensus was not achieved in the survey, the discussion focused
on understanding differences in perspectives among panellists. Each pan-
ellist had the opportunity to express their views and was subsequently
asked if they wished to alter their initial assessment. If any panellist indi-
cated that they would like to change their assessment, the moderators
polled panellists to determine the new assessment. The question was re-
solved if the poll yielded responses that indicated consensus. Conversely,
if the new assessment yielded responses indicating consensus had not
been achieved, this was noted, and the moderator determined whether
additional discussion was needed to understand the divergence in per-
ceptions among panellists. The process was repeated until all questions
for which consensus was not achieved in the initial survey was addressed.

Consensus statements

The moderator then presented each preliminary consensus statement
and asked the panellists to indicate their level of agreement.
Regardless of whether consensus was achieved at the first reading of
each preliminary consensus statement, panellists were asked to provide
the reason for their agreement or disagreement with the statement. If
consensus was not achieved, the moderators had the ability to revise
the statement at their discretion. On revision, panellists indicated their
agreement or disagreement with the revised statement. If the statement
was not revised after the discussion, the moderators then asked if any
panellist would like to change their response to the consensus statement
and, if so, the change was recorded. If consensus was not reached, the
process was repeated at the discretion of the moderators. The results
of the consensus discussion were noted, summarized and synthesized.

Results

The Delphi panel comprised 10 physician specialists in infectious
diseases (n=7), intensive care (n=2), and clinical microbiology
(n=1). All panellists had expertise and experience in the treat-
ment of antibiotic-resistant bacterial infections and included
geographic diversity including representation from Brazil, Ching,
Germany, Greece, India, Israel, Italy, Qatar, Spain and the UK.
The pre-meeting survey was fielded from 1 to 14 October 2024
and the consensus meeting occurred on 12 November 2024.

Findings from the survey

The following section outlines the points where there was general
consensus prior to the Delphi panel meeting, and the questions
marked for discussion at the meeting.

Epidemiology

There was consensus that MBL-carrying Gram-negative patho-
gens are increasingly spreading as a source of antimicrobial re-
sistance in the panellists’ countries and hospitals (Table S1,
available as Supplementary data at JAC-AMR Online). Nine of
the ten panellists reported that over the past 5 years, the inci-
dence of carbapenemase-producing Enterobacterales (CPEs)
had increased in their countries and hospitals, and one panellist
reported no change (Tables S2 and S3). Notably, all agreed that
incidence of New Delhi metallo-B-lactamase (NDM) had in-
creased. On average, Klebsiella pneumoniae carbapenemase
(KPC) and NDM, followed by oxacillinase-48 (OXA-48), comprised
the largest proportion of CPEs observed in hospitals, while
imipenemase (IMP) and Verona integron-encoded metallo-
B-lactamase (VIM) accounted for smaller proportions (Table S4).

Nine panellists agreed/strongly agreed that MBLs are one of
the most worrisome mechanisms of resistance to consider
when dealing with a multidrug-resistant Gram-negative
Enterobacterales infection, although one panellist strongly dis-
agreed (Table S5). In terms of the panellists’ respective countries,
eight panellists agreed that NDM represented the majority of
MBLs in Enterobacterales, with similar results for their hospitals
(Table S6). IMP was the least common in seven of the panellists’
countries, VIM was the least common for the other three
(Table S7), with similar results for the panellists’ hospitals
(Table S8). There were mixed opinions on the implications of
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co-existence of MBLs with other B-lactamases, and this was
flagged for further discussion in the virtual meeting (Table S9).

Panellists stated that NDM was seen alone sometimes or most
of the time but added that it may also be co-expressed with KPC,
VIM, OXA-48-like or with other class A B-lactamases. Eight panel-
lists never saw NDM with IMP (Table S10). In terms of colonization/
carrier status, five panellists knew patient status sometimes, two
had this information most of the time, and three always knew at
the time of deciding on empiric treatment (Table S11).

Disease and treatment

Infections caused by MBL-producing Enterobacterales were re-
cognized by many panellists as being associated with high mor-
bidity, mortality, need for critical care and burden on healthcare
systems (Table S12). All panellists agreed that greater knowledge
of colonization and reliable testing could help guide earlier and
tailored treatment of CPE and MBL-CPE (Table S13).

The panellists agreed that several patient and disease charac-
teristics, including the source and severity of infection, allergies
and known colonization with MBLs are at least moderately im-
portant when choosing therapy (Table S14). In terms of treat-
ment selection for patients with serious MBL-CPE infections, in
vitro AST results, reliability of available testing methods and clin-
ical data on the pathogen and likely resistance mechanisms
were considered very/extremely important by most panellists
(Table S15).

The importance of following guidelines was flagged for further
discussion (Table S16). There was general agreement, however,
that symptoms of MBL infections overlap with those of other bac-
terial infections, complicating differentiation solely on clinical
presentation (Table S17). Additionally, B-lactams were generally
preferable to other antimicrobial classes for treatment of serious
infections caused by MBL-CPE. Most experts preferred to prescribe
licensed antimicrobials, when available, over a drug without an
approved indication (Table S17).

Renal and liver toxicity, tissue penetration and safety were ci-
ted as the most important considerations when prescribing an
antibiotic for resistant Gram-negative infections. Impact on the
microbiome, use as monotherapy, less frequent dosing and in-
oculum effect generally appeared to be less important factors
(Table S18). There was consensus that multidrug resistance due
to production of an MBL increases the likelihood of inappropriate
initial therapy and the risk of adverse outcomes (Table S19). Nine
panellists said they would be extremely likely to choose an
MBL-targeting agent for MBL-producing Enterobacterales (with
one being somewhat likely; Table S20); this question was selected
for discussion at the consensus meeting. Colistin, tigecycline and
fosfomycin had the highest availability in the panellists’ countries
(Table S21). Notably, at the time of the Delphi survey (October
2024), aztreonam-avibactam was only available in one of the pa-
nellists’ countries (Germany) and the standard of care for MBL-
and NDM-producing Enterobacterales after introduction of this
agent, as well as current practices, were selected for discussion
at the consensus meeting (Tables $22-528).

Testing

The lack of available, reliable and practical phenotypic antibiotic
susceptibility testing (AST) methods may negatively impact

clinical decision-making (Table S29). Susceptibility tests for tige-
cycline were routine in all countries, whereas tests for fosfomycin
or colistin/polymyxin B were only routine in six countries (with
special request required in some other countries). Susceptibility
tests for cefiderocol and ceftazidime-avibactam plus aztreonam
almost always required special request or were not available
(Table S30). The availability of reliable AST was reported to be
the highest for tigecycline, followed by colistin and fosfomycin
(Table S31). Reliable testing was less available for cefiderocol
and ceftazidime-avibactam plus aztreonam and was generally
not available for aztreonam-avibactam at the time of the survey
(October 2024). A variety of AST methods were used, including
broth microdilution, AST disks and AST gradient strips
(Table S32). The time taken for detection of MBLs and culture
and sensitivity results for relevant agents varied by panellist
from 6 to 12 h to >2 days, and was flagged for discussion during
the virtual meeting (Table S33).

Delphi panel: key discussion points of survey responses

The following section outlines those areas where a general con-
sensus was not reached in the online survey and led to discussion
in the virtual meeting.

Epidemiology

Expert opinion was mixed on whether co-existence of other
B-lactamases (including carbapenemases) alongside MBLs may
complicate treatment, with half of the panellists stating very
much/extremely and the other half stating not at all/somewhat
(Table S9).

Disease

Panellists had a low level of agreement on the importance of various
guidelines and sources of evidence in treatment selection for MBL
infections, and some panellists indicated that national or local hos-
pital guidelines were not available in their region (Table S16).

Treatment

If an MBL-producing Enterobacterales pathogen was identified,
most panellists agreed they would select an MBL-targeted agent,
although there was no consensus on agents that target all CPEs
or an agent that also covers non-fermenting Gram-negative
pathogens (Table S20). Additional discussion around treatment
selection is provided in the Supplementary appendix.

Testing

The time taken for MBL detection varied between panellists
(Table S33), who highlighted that this is dependent on the sample
type and the methods used. Additional discussion of testing tech-
niques across different specimens and local epidemiology is pro-
vided in the supplementary appendix.

Delphi panel: key discussion of draft consensus
statements
Based on responses to the online survey, seven draft consensus

statements were developed by the study team for discussion
amongst the panel during the virtual meeting (Table S34).
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Table 1. Delphi panel: findings from the consensus meeting

Votes for agreement with draft

statement
Neither

Final consensus statement agree nor Strongly

Updates made during the meeting are bold and italicized disagree Agree  agree Rationale for updates to statements

Epidemiology

MBL-producing Gram-negative pathogens are a major source of 1 6 3 Update made based on a comment that
antimicrobial resistance and infections in most countries. The NDM may not be the predominant MBL in
distribution of carbapenemases is changing, with an increase of NDM all countries.
as the predominant MBL in many regions. Co-expression of different
B-lactamases in MBL-producing Enterobacterales can be observed
and may complicate treatment strategy.

Disease

Infections caused by MBL-producing Enterobacterales are associated — 59 4@ Update made based on a comment that not
with high morbidity, high mortality, potential need for critical-level all patients with MBL-producing
care, significant cost to the healthcare system, and increased length Enterobacterales infections will require
of hospitalization. The symptoms of MBL-producing Enterobacterales critical-level care.
infections often overlap with those of other bacterial infections,
making it difficult to differentiate based on clinical presentation alone.

Treatment

Important patient factors to consider when choosing a treatment for — 6 4 Update made based on a comment that the
infections caused by MBL-producing Enterobacterales include the site mention of drug effectiveness is required
(or type) of infection, severity of infection, renal function and immune and ‘include’ should be added to the
status. Important drug factors to consider include drug effectiveness, statement as this is not a comprehensive
safety, toxicity issues (renal and hepatic), pharmacokinetics, tissue list of factors.
penetration, drug class and available clinical data.

When pathogens are sensitive, B-lactams are preferred to other — 5 5 Update made based on a comment that
antimicrobial classes for the treatment of serious infections caused ‘licensed drug’ should be replaced with
by MBL-producing Enterobacterales. When MBL-producing ‘monotherapy’ and a separate sentence
Enterobacterales is identified, a targeted MBL treatment is preferable. on the ‘licensed drug’ should be drafted.
When available, monotherapy is preferred to co-administration of
multiple medicines, and a licensed drug is preferred over one
without an approved indication.

At present, in hospitals where antibacterials such as 1 8 1 Update made based on a comment that if
aztreonam-avibactam and cefiderocol are not yet available in most ceftazidime-avibactam plus aztreonam is
countries, the preferred treatment option for infections caused by not available, then additional treatment
MBL-producing Enterobacterales is the co-administration of options such as colistin and tigecycline
ceftazidime-avibactam plus aztreonam. should be added. ‘Standard of care’

should be replaced with ‘preferred
treatment option’.

When aztreonam-avibactam and cefiderocol are available, the Further update made based on a
preferred first-line treatment for infections caused by MBL-producing comment to highlight that more balance
Enterobacterales will be aztreonam-avibactam. is required in the second statement as

there is no ‘standard of care’ based on
current evidence, which resulted in
replacement of ‘standard of care’ with
‘preferred’.

Testing

Multidrug resistance due to the production of MBLs increases the 1 3 6 Update made based on a comment to add

likelihood of inappropriate initial antibiotic regimens, which increases
the risk of morbidity and mortality. Knowledge of local epidemiology
and patient MBL colonization status, alongside other risk factors,
may help guide earlier initiation of appropriate treatment.

‘alongside other risk factors’ to the
statement.

Continued
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Table 1. Continued

Votes for agreement with draft

statement
Neither
Final consensus statement agree nor Strongly
Updates made during the meeting are bold and italicized disagree Agree  agree Rationale for updates to statements
Rapid tests for resistance mechanisms in conjunction with phenotypic — 3¢ 6° Update made based on a comment that ‘are

tests are important in the management of suspected infections
caused by MBL-producing Enterobacterales.

needed’ may be an issue for countries
that lack availability of molecular tests;
‘molecular tests’ should be replaced with
‘rapid tests’.

Updates to achieve consensus at the meeting are in bold and italics.
MBL, metallo-B-lactamase; NDM, New Delphi metallo-B-lactamase.
°Audio issues prevented one panellist from voting on two statements.

These included one statement on epidemiology, one on disease,
three on treatment/optimal management of infections caused
by MBL-producing Enterobacterales, and two on testing. The dis-
tribution of votes on each of the draft consensus statements and
how they developed during the discussion to the final consensus
statements are presented in Table 1.

Discussion

Using the modified Delphi method, this study aimed to gain con-
sensus from a global group of infectious disease specialists on the
epidemiology, treatment, testing and optimal management of
MBL-producing infections. The study was structured as a prelim-
inary survey (with pre-reading materials provided beforehand to
ensure an equal baseline of knowledge) followed by a virtual
meeting to discuss the main findings of the survey. Consensus
was observed in the survey within key areas questioned, and se-
ven consensus statements were agreed upon during the virtual
meeting.

As is to be expected with a study of this type, there was some
variation in the level of agreement between panellists from diverse
geographic areas on questions surrounding standard of care and
testing times, and the study was designed to allow opportunity
for discussion and potential alignment in the virtual meeting.

Consistent with recent literature,*"® there was strong consen-
sus amongst the panellists on the increasing spread of
MBL-carrying Gram-negative pathogens as well as the mechan-
ism of resistance, with all panellists noting increased incidence
of NDM. Moreover, there was high agreement on the associations
between MBL-producing Enterobacterales infections with high
mortality and morbidity, increased length of hospitalization and
increased healthcare costs. However, there was less agreement
on the association between MBL-producing Enterobacterales
and the need for critical-level care; thus, the consensus state-
ment on disease was revised to accommodate this opinion and
reach consensus (Table 1). Other updates to the draft consensus
statements reflected variability in resources or discrepancy of
their use between different countries (Table 1). Notably, the con-
sensus statements on treatment were updated to factor in the

importance of expert knowledge of drug effectiveness in treat-
ment decision-making (Table 1). A consensus was reached on
the preference for a monotherapy approach over the
co-administration of multiple medicines. In addition, the same
statement was updated during the discussion to include that
the use of alicensed drug is preferable to selection of a drug with-
out an approved indication (Table 1).

The importance of following published guidance and sources
of evidence varied between panellists, with several panellists ad-
vising that national or local hospital quidelines are unavailable. Of
note, consensus was not reached on the importance of following
European Society of Clinical Microbiology and Infectious Diseases
and Infectious Diseases Society of America guidelines, possibly
reflecting regional differences of the panellists, the importance
of clinician judgement based on experience, and potentially out-
dated evidence by the time of their publication. Only three panel-
lists were aware of the MBL colonization status for every patient
before they selected empiric treatment, suggesting that for most
patients, screening is situation dependent. Panellists also differed
on the availability, reliability and ease of performing AST for era-
vacycline, cefiderocol and ceftazidime-avibactam plus aztreo-
nam. Importantly, however, strong consensus was reached on
the likelihood of choosing an agent that targets MBLs in the treat-
ment of MBL-producing Enterobacterales.

Given current guidelines for the treatment of MBL-producing
Enterobacterales, and the likelihood of co-expression with add-
itional resistance mechanisms, fluoroquinolones and aztreonam
alone were not considered as viable treatment options in the pre-
meeting survey and the subsequent panel discussion. As already
mentioned, there was strong agreement by the panellists that
when pathogens are sensitive, B-lactams are preferable to other
classes of antimicrobials for the treatment of serious infections
caused by MBL-producing Enterobacterales, and this recommen-
dation was included in the consensus statements on treatment
and endorsed by all panellists.

For the current study, the panellists considered literature avail-
able up to the time of the online meeting (November 2024) when
making their recommendations. Of note, the GAME CHANGER
study of cefiderocol versus standard of care for hospital-acquired
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and healthcare-associated bacterial blood infection was pub-
lished more recently.?® Overall, this study showed that cefidero-
col was non-inferior to standard of care for the primary endpoint
of all-cause mortality 14 days after randomization. Results were
similar for cefiderocol to standard of care in patients with isolates
shown to be carbapenem resistant, although patients receiving
cefiderocol fared less well when they had confirmed
MBL-producing Enterobacterales isolates (5 of 16 patients
[31%] receiving cefiderocol and 0 of 11 patients [0%)] receiving
standard of care had died at 14 days). These findings are consist-
ent with the panellists’ experience (see Supplementary Appendix)
and do not change the conclusions made.

The findings of this study are supported by the strengths of the
Delphi methodology. Firstly, the international panel of experts, as
well as the level of clinical experience of the panel, suggests that
the findings are of global significance, especially where availabil-
ity of resources differs by country. The modified Delphi process
used in this study is widely accepted, and using this approach
minimizes bias in gathering insights from experts. This was
achieved principally through anonymization of panel partici-
pants, which was upheld throughout the study. Moreover, where
qualitative data were reported, data analysis followed standard
analytical methods gquided by principles of researcher neutrality
and systematic processes.'®%!

Limitations

Although there was broad geographic representation, the study
involved a small sample of 10 panellists, which may limit the gen-
eralizability of the findings. Furthermore, not all panellists ultim-
ately voted in the polling for each of the seven consensus
statements due to audio issues. Despite this, consensus could still
be achieved from those who did vote, according to the definition
of consensus applied throughout the study, and the final state-
ments were endorsed by all panellists. In addition, this Delphi
study was based on information available up to the end of
2024. Nevertheless, all authors continue to endorse its findings.

Conclusion

The Delphi panel attained consensus across seven statements
encompassing epidemiology, disease, testing and treatment of
MBL-producing Enterobacterales. The panellists confirmed that
when MBL-producing Enterobacterales is identified, a targeted
MBL treatment is preferred and, when available, a monotherapy
is preferable to co-administration of multiple medicines.

An experienced international panel of experts supports the
use of targeted MBL monotherapy as a means of addressing
the urgent global health challenge of managing patients with in-
fections caused by multidrug-resistant bacteria.
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