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Results and conclusions. Subsequent local debates 
among these experts led to conclusions in this matter, includ-
ing the opinion that the approval of new antibiotics makes it 
necessary to train the specialists involved in order to optimise 
how they use them and improve health outcomes; microbiol-
ogy laboratories in hospitals must be available throughout a 
continuous timetable; all antibiotics must be available when 
needed and it is necessary to learn to use them correctly; and 
the Antimicrobial Stewardship Programs (ASP) play a key role 
in quickly allocating the new antibiotics within the guidelines 
and ensure appropriate use of them. 
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Resistencia a antimicrobianos en bacilos 
gramnegativos en España: una visión de 
expertos

RESUMEN

Contexto. La resistencia a los antibióticos en bacilos 
gramnegativos representa un grave problema de salud pública. 
En el hospital, además de unas elevadas tasas de mortalidad, la 
aparición y propagación de resistencias a la práctica totalidad 
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ABSTRACT

Background. Antibiotic resistance in Gram-negative ba-
cilli poses a serious problem for public health. In hospitals, in 
addition to high mortality rates, the emergence and spread of 
resistance to practically all antibiotics restricts therapeutic op-
tions against serious and frequent infections.

Objectives. The aim of this work is to present the views 
of a group of experts on the following aspects regarding re-
sistance to antimicrobial agents in Gram-negative bacilli: 1) 
the current epidemiology in Spain, 2) how it is related to local 
clinical practice and 3) new therapies in this area, based on 
currently available evidence. 

Methodology. After reviewing the most noteworthy ev-
idence, the most relevant data on these three aspects were 
presented at a national meeting to 99 experts in infectious dis-
eases, clinical microbiology, internal medicine, intensive care 
medicine, anaesthesiology and hospital pharmacy. 
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ESBLs, which hydrolyse extended-spectrum cephalo-
sporins and aztreonam, are inhibited by clavulanic acid. In-
fections caused by ESBL-producing Enterobacterales in our 
environment have shown a growing incidence over the last 
decade, being found in up to 16% and 9% of intra-abdomi-
nal infections caused by Klebsiella pneumoniae and Escher-
ichia coli respectively [9]. In infections related to healthcare 
in Spain, the percentage of ESBL in the enterobacteria that 
give rise to bacteremic urinary tract infections is 29% [10]. 
This rise in resistance has been one of the factors leading 
to a greater consumption of carbapenems with the result-
ing selection of CPE. Bacteria that produce carbapenemases, 
enzymes that lend resistance to carbapenems, have shown 
a growing incidence in recent years. Carbapenemases have 
been found in numerous species of enterobacteria, with car-
bapenemase-producing K. pneumoniae (the so-called KPC 
carbapenemases) having a significant epidemiological and 
clinical impact [11]. In Spain, the main carbapenemases are 
of the OXA-48 and KPC type [12,13].

This situation requires new antibiotics to be introduced 
and, consequently, training for the specialists involved in order 
to optimise their use, adapt their use to local epidemiology and 
stewardship practices to achieve better results for patients. 
This study aims to review the evidence published, complement 
it with expert opinions, and raise awareness about the current 
epidemiology in Spain regarding resistance to antimicrobials in 
Gram-negative bacilli, how it is related to local clinical practice 
and new therapies in this area. 

METHODOLOGY

This project was carried out between June and December 
2021. In the first phase, a scientific committee was formed, 
made up of three recognised experts in clinical microbiology 
and infectious diseases, who were in charge of defining the 
project’s theme-based blocks: 1) the epidemiology of bacterial 
resistance in Gram-negative bacilli, 2) the impact on clinical 
practice, and 3) new therapeutic options. For each of these 
blocks, each expert drew up a bibliographic compilation of the 
most relevant publications and summarised all of the informa-
tion in a presentation. 

The data from these three thematic blocks was presented 
in June 2021 at a national meeting broadcast via streaming 
to an audience of 99 experts in the areas of infectious diseas-
es, clinical microbiology, internal medicine, intensive medicine, 
anaesthesiology and hospital pharmacy.

Then, in order to identify the different local microbiologi-
cal peculiarities, those attending the general meeting were 
divided into 13 groups moderated by key professionals in the 
diagnosis and management of these infections. The modera-
tors had to be specialists in infectious diseases, clinical micro-
biology, intensivists or internists, with specialist engagement 
or having authored relevant publications in the field. These 13 
meetings ensured a geographical diversity among the opin-
ions expressed, coming from Badajoz, Barcelona (2), Bilbao, A 

de los antibióticos limita las opciones terapéuticas frente a in-
fecciones graves y frecuentes.

Objetivos. Este trabajo tiene por objetivo dar a conocer 
la visión de un grupo de expertos en los siguientes aspectos 
respecto a la resistencia a agentes antimicrobianos en bacilos 
gramnegativos: 1) la epidemiología actual en España, 2) su re-
lación con la práctica clínica local y 3) las novedades terapéuti-
cas en este ámbito, fundamentada en la evidencia actualmente 
disponible. 

Metodología. Tras la revisión de la evidencia más desta-
cada, los datos más relevantes de estos 3 aspectos fueron pre-
sentados en una reunión nacional ante 99 expertos en enfer-
medades infecciosas, microbiología clínica, medicina interna, 
medicina intensiva, anestesiología y farmacia hospitalaria. 

Resultados y conclusiones. De debates locales poste-
riores entre estos expertos se extrajeron conclusiones al res-
pecto entre las que se destacan que la aprobación de nuevos 
antibióticos hace necesaria la formación de los especialistas 
implicados para optimizar su uso y mejorar los resultados en 
salud; los laboratorios de Microbiología de los hospitales deben 
estar disponibles en horario continuado; todos los antibióticos 
deben estar disponibles para cuando sean necesarios y se debe 
aprender a usarlos de forma correcta; y los Programas de Opti-
mización del Uso de Antimicrobianos (PROA) desempeñan una 
labor clave en ubicar de forma ágil los nuevos antibióticos en 
las guías y asegurar un uso apropiado de los mismos. 

Palabras clave: Resistencia a los antimicrobianos; Multirresistencia; En-
terobacterales.

INTRODUCTION

Antibiotic resistance in Gram-negative bacilli poses a se-
rious problem for public health. It is estimated that every year 
around 33,000 people die in Europe as a result of infections 
caused by multi-resistant (MR) microorganisms [1,2]. Moreo-
ver, there is a high economic cost for the health system associ-
ated with such infections [3]. In hospitals, in addition to these 
high mortality rates, the appearance of resistance to practical-
ly all antibiotics restricts therapeutic options against serious 
and frequent infections in our environment [4].

These resistances can come about due to mutation or via 
the acquisition of genes found in mobile structures (plasmids 
or transposons). The dissemination of MR strains is largely due 
to the spread of high-risk clones (HRC) which, under high an-
tibiotic pressure, are capable of being selected and persisting 
over time [5,6].

Both the World Health Organization (WHO) [7] and the 
Centers for Disease Control and Prevention (CDC) [8] include 
Enterobacterales that produce extended-spectrum beta-lacta-
mases (ESBL) and carbapenemases (CPE), together with MR 
Pseudomonas aeruginosa and Acinetobacter baumannii, as 
critical priority pathogens as regards antimicrobial resistance, 
since they often cause infections with high morbidity and mor-
tality in a hospital setting. 
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RESULTS AND DISCUSSION

1. LOCAL EPIDEMIOLOGY

Background. The prevalence of carbapenem-MR Entero-
bacterales has been growing in Spain for years, reaching 1.6% 
in E. coli invasive isolates and 4.4% in K. pneumoniae accord-
ing to the 2020 ECDC report [14]. Similarly, multi-resistance 
has been increasing in P. aeruginosa and A. baumannii, reach-
ing values of 12-15% and 50.6%, respectively [15].

CPE were detected in Spain for the first time in 2003 [16]. 
Their complexity has been increasing until today in terms of 
the variety of bacteria that produce them and the types of car-
bapenemases and associated resistance mechanisms. As mul-
ti-center studies have shown [12], OXA-48 has shown a clear 

Coruña, Madrid (2), Malaga, Murcia, Seville, Tenerife, Valencia 
and Valladolid. 

The scientific committee analysed the results gathered in 
the 13 meetings and made a summary taking into account, for 
each of the established blocks, a search and review of available 
evidence or, in the event that there was no such evidence or 
it was not conclusive, the opinions given by experts. The in-
formation gathered was arranged into the sections shown in 
Table 1. The final report was validated jointly by the scientific 
committee and the local moderators.

Below, for each block analysed, the most relevant conclu-
sions from the reviewed publications are presented, followed 
by the comments from experts to each question asked (given 
in the local meetings). 

EPIDEMIOLOGY

There is a relationship between mortality and bacterial resistance, and between resistance and the excessive use of antibiotics, although many other aspects have an influence 
on the appearance and evolution of resistance.

The prevalence of CPE and its various types in Spain is very diverse in terms of its evolution locally and over time.

KPCs are an emerging variable distribution problem associated with HRC.

Some KPC variants lend resistance to ceftazidime-avibactam but remain susceptible to meropenem-vaborbactam and imipenem-relebactam.

CLINICAL PRACTICE

In general, MR scoring systems are not considered useful in routine clinical practice.

On introducing antibiotic treatment, knowledge of the local epidemiology, individualised risks, clinical record of infections and colonisation, and previous experience are all 
considered to be of great importance. 

The perception of the risk of multi-drug resistance is not homogeneous among healthcare professionals, and the unnecessary excess of antibiotic coverage and the lack of 
timely de-escalation are considered to be problematic.

The risk of MR is mistakenly associated with the patient’s severity.

There are high error rates in empirical antibiotic therapies that could be improved by introducing new antibiotics: those already available with a broader spectrum, those with 
a better PK-PD profile, and the use of combinations.

It is necessary for the ASP teams to train professionals to estimate the risk of MR infections and other aspects such as how to interpret antibiograms and optimise PK-PD.

The opening hours of the Microbiology Service varies greatly, which leads to delays in the results and inequality among patients; it must be universal with a continuous time-
table 24 hours a day, 7 days a week (24×7).

Clinical professionals are needed who are experts and specialists in infectious diseases, trained and involved in the management of patients with complicated or serious infec-
tions, who can make quick, accurate decisions.

There is a very heterogeneous antibiotic arsenal available with complex approval in each centre, which gives rise to inequalities in treating patients with serious infections.

All of the therapeutic options must be available in a hospital, since they all provide some advantage.

Due to the epidemiological situation, the availability of antibiotics against Gram-negatives is of great importance.

NEW ASPECTS

Some hospitals do not have all of the new antibiotic options.

The new options need to be available to avoid excessive use of certain molecules.

Beta-lactamase inhibitors improve the efficacy of beta-lactams. 

Depending on their spectrum of action, the different antibiotics could be recommended for different approaches against CPEs.

Table 1  The information gathered in the local meetings and the most relevant conclusions have been 
arranged into the following sections.

HRC: high-risk clones; CPE: carbapenemase-producing Enterobacterales; KPC: a type of carbapenemase produced by Klebsiella pneumoniae; MR: multi-resistant; PK-PD: 
pharmacokinetics-pharmacodynamics; ASP: Antimicrobial Stewardship Programs 
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idemiology Centre reported the presence in Spain of other 
HRCs such as ST11/KPC-2 and ST 101/KPC-2 that could also 
acquire resistance to colistin [13]. This trend has been con-
firmed in the EuSCAPE programme supported by the European 
Center for Disease Control and Prevention (ECDC) [17].

predominance in recent years (incidence of 71.5%). However, 
provinces not included in this study such as Córdoba published 
the dispersion of the KPC-3-producing ST512 K. pneumoni-
ae HRC, with added resistance to colistin, demonstrating its 
spread to other hospitals [5]. Subsequently, the National Ep-

Author Study years Country Design Sites n Outcome Main infection
Severity index scale and significance of the 

difference

Kang et al. 1998-2002 Korea R 2 286 M BSI Gram (-) APACHE II: ns

Micek et al. 1997-2002 USA R 1 305 M
BSI 

P. aeruginosa
SAPS II: NC

Luna et al. 1999-2003 Argentina P 6 76 M VAP APACHE II: ns

Kim et al. 1998-2001 South Korea R 1 238 M SAB McCabe’s classification, Jackson: ns

Scarsi et al. 2001-2003 USA R 1 884 M BSI Gram (-) Charlson index: ns

Marschall et al. 2006-2007 USA P 1 250 M, LOS
Bacteraemia 

Gram (-)
Charlson index, McCabe’s classification: ns

Rodríguez-Baño et al. 2003 Spain P 59 209 M Sepsis Charlson index: NC

Ammerlaan et al. 2007 Western Europe R 60 334 M SAB Modified Charlson index: ns

Erbay et al. 2005-2008 Turkey R 1 103 M
Bacteraemia

A. baumannii
APACHE II: NC

Kumar et al. 1996-2005
Canada, USA, 
Saudi Arabia

R 22 5,715 M Septicemia APACHE II: NC

Tseng et al. 2005-2007 Taiwan R 1 163 M Pneumonia Charlson index: NC

Micek et al. 2002-2007 USA R 1 760 M Sepsis Gram (-) APACHE II, Charlson index: ns

Joung et al. 2000-2006 Korea R 1 116 M
HAP 

 
APACHE II: ns

Shorr et al. 2002-2007 USA R 1 760 LOS Sepsis Gram (-) APACHE II, Charlson index: ns

Reisfeld et al. 2005-2007 Israel R 1 378 M
Bacteraemia 

Gram (-)
NM

Wilke et al. 2007 Germany R 5 221 M, LOS VAP, HAP NM

Lye et al. 2007-2009 Singapore R 2 675 M
Bacteraemia 

Gram (-)
APACHE II <0.001; Charlson index: ns

Tseng et al. 2007-2008 Taiwan R 1 163 M VAP APACHE II, Charlson index, SOFA: NC

Chen et al. 2006-2011 China R 1 118 M SAB APACHE II: NC

Labelle et al. 2002-2007 USA R 1 436 M Septicemia APACHE II, Charlson index: NC

Chen et al. 2008-2009 Taiwan P 1 937 M, LOS BSI MEDS, Charlson index: NC

Frakking et al. 2008-2010 Netherlands R 8 232 M Bacteraemia ESBL Pitt bacteraemia score: ns

Tumbarello et al. 2008-2010 Italy R 1 110 M
Pneumonia 

P. aeruginosa
SAPS II, SOFA: ns

Table 2  Classical studies reporting a quantitative measure of the association between empirical antibiotic 
therapy and outcomes in patients with severe hospital-acquired Gram-negative infections [30-52]. 
Adapted from Marquet 2015 [28]

APACHE II, Acute Physiology and Chronic Health Evaluation II; BSI, bloodstream infection; ESBL, extended-spectrum beta-lactamase; HAP, hospital-acquired pneumonia; 
LOS: length of stay; M, mortality; MEDS, mortality in emergency department sepsis; MRSA, methicillin resistant S. aureus; NC, not compared; NM, not mentioned; ns, not 
significant; P, prospective; R, retrospective; SAB, S. aureus bacteraemia; SAPS II, Simplified Acute Physiology Score II; SOFA, Sequential Organ Failure Assessment; VAP, 
ventilation-associated pneumonia.
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of serious infection, the integration of new microbiological 
diagnostic techniques into the care procedure, and the 
optimisation of antibiotic therapy in more compromised 
situations (individualised empirical therapy for serious 
infections, and more effective targeted therapy considering 
all of the options available today for optimal treatment of 
infections caused by resistant bacteria) [62-64]. 

“The prevalence of CPE and its various types in Spain 
is very diverse in terms of its evolution locally and over 
time.”

The attendees agreed with this statement. The following 
have recently been described as the most widespread HRC 
of carbapenemase-producing K. pneumoniae in Spain: ST11, 
ST147, ST392 and ST15 (mainly associated with OXA-48) and 
ST258/512 (in all cases KPC producers) [65]. In this study, car-
ried out on 401 isolates, the following prevalence was detect-
ed: OXA-48 (75.1%), KPC (10.8%), MBL (13.9%) and GES-6 
(0,2%) [65].

“KPCs are an emerging variable distribution problem 
associated with high risk clones.”

Added to this statement is the possibility that the in-
crease in KPCs compared to other carbapenemases may de-
termine the emergence of resistance to ceftazidime-avibac-
tam, although such resistance is not generalised. This could be 
associated with the overuse of antibiotics in the situation of 
COVID-19 and the difficulty due to prescription shortages of 
ceftolozane-tazobactam, since some hospitals have been using 
broad-spectrum antibiotics, including associations with car-
bapenemase inhibitors such as ceftazidime-avibactam [66]. In 
order to discover the possible existence of ceftazidime-avibac-
tam-resistant KPCs, it is essential for healthcare professionals 
to have epidemiological data within a reasonable time, so pro-
jects such as the Network of Laboratories for the Surveillance 
of Resistant Microorganisms (RedLabRA) [67], included in the 
Spanish Action Plan on Antimicrobial Resistance (PRAN), could 
be of help.

“Some KPC variants lend resistance to ceftazidime-
avibactam but remain susceptible to meropenem-
vaborbactam and imipenem-relebactam.”

Some strains are resistant to ceftazidime-avibactam 
due to KPC variants, and they recover susceptibility to 
meropenem and imipenem, maintaining the effect of the 
inhibitors vaborbactam and relebactam [22,24-26]. Knowing 
this information can help in selecting antibiotics when the 
susceptibility of others is compromised. 

Perhaps one of the problems with detecting KPC variants 
is that most centres do not use automated susceptibility test-
ing sys tems  with new antibiotics such as ceftazidime-avibac-
tam or ceftolozane-tazobactam, but only with isolates in 
which the presence of carbapenemases is suspected. If such 
isolates regain susceptibility to meropenem or imipenem, it is 
not known whether somehow the detection of these KPC var-
iants is being overlooked [26]. Some of the systems commonly 

It is therefore necessary to monitor possible epidemiolog-
ical changes. As revealed by the iCREST study, carried out in 
Spain based on urinary tract infection isolates [18], K. pneu-
moniae was the most frequent CPE. There was not a predom-
inance of OXA-48 in all hospitals, but KPC also had a relevant 
role. This complexity has been confirmed by studies that have 
described the co-production of carbapenemases and ESBLs, es-
pecially OXA-48 and CTX-M-15 [19], a combination of differ-
ent types of carbapenemases [19] and the emergence of clones 
producing NDM-6 even in environments outside the hospital 
[20]. The diversity of carbapenemases has been growing over 
time. A recent study in blood culture isolates showed that 
KPC-producing Enterobacterales could account for more than 
25% of all CPEs in our environment [21].

Another aspect that should be monitored is the emer-
gence of HRC with KPC variants, such as ST307, that confer 
resistance to ceftazidime-avibactam [22,23] and that, at least 
partially, recover the susceptibility to carbapenems such as 
meropenem-vaborbactam and imipenem-relebactam. This sus-
ceptibility recovery is due to collateral susceptibility to mer-
openem or imipenem and due to the maintenance of inhibi-
tory activity of vaborbactam and relebactam over these KPC 
variants [22-26]. Cases of KPC variants with resistance to new 
antibiotics such as cefiderocol have also been described [27].

Experts’ Opinion

“There is a relationship between mortality and bacte-
rial resistance, and between resistance and the excessive 
use of antibiotics, although many other aspects have an 
influence on the appearance of resistance and its evolu-
tion.”

The attendees expanded on the proposed statement by 
adding that “multi-resistance may be related to increased mor-
tality”. Several studies show that the wrong choice of initial 
treatment (due to resistance to the chosen agent) is related to 
mortality, regardless of the virulence [28,29] (Table 2). Howev-
er, in these studies there may be a bias of patients with multi-
ple pathologies and other risk factors with a worse prognosis, 
common in patients infected by MR bacteria, so it is not easy 
to weigh up the importance of resistance in the patient’s mor-
tality. Mortality cannot always be unequivocally attributed to 
an MR microorganism, either due to its virulence or due to the 
inadequacy of the empirical treatment. Moreover, it is difficult 
to compare the studies due to the variation in their design or in 
defining mortality, and this is often due to local epidemiologi-
cal matters (not only to the species, but to specific strains) [28]. 

There are also other factors that influence the appearance 
of resistance. It is accepted that an excessive use, number and 
duration of antibiotic therapies is associated with its appear-
ance. Nevertheless, other factors can also affect the emergence 
of resistance, such as the specific microbiota of the niche [53] 
or the existing policy in each hospital regarding control over 
antibiotics and infections [54-61]. 

Hence, it would be suitable to supplement the classic 
policy of containment in using antibiotics with initiatives 
generated through the ASP that improve early detection 
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systems. A combined treatment was set up against KPC in K. 
pneumoniae if both scores were high [76].

For early diagnosis, various studies emphasise that, al-
though such diagnosis is fast, it is still essential that a team 
of experts from ASP should be responsible for conveying the 
information to the clinical prescriber to consequently optimise 
management of the patient. This is the only way to have an 
influence on their survival [78,79].

Finally, it is important to underline the importance of 
treating the infection well, either through non-antibiotic 
treatment (support and control of the focus) or antibiotics, 
taking into account the CPEs present in the hospital, the 
patient’s risk factors and the drugs available [80]. Good 
treatment goes beyond administering an antibiotic. In 
addition to controlling the focus, the emergence of new types 
of resistance must be considered [81,82], which is related, 
among other factors, to the inoculum effect [83]. In this 
vein, the drugs’ pharmacokinetic-pharmacodynamic (PK-PD) 
parameters are part of the optimisation of the treatment and 
the prevention of resistance [84,85]. It is essential to generate 
new evidence related to the PK-PD optimisation of new drugs, 
such as imipenem-relebactam and meropenem-vaborbactam.

Experts’ Opinion

“In general, multi-resistance score systems are not 
considered useful in routine clinical practice.”

Repeatedly, the experts in the regional discussions con-
sidered the existing scores to be generally of little use in rou-
tine practice due to their complexity, lack of sensitivity, lack of 
discrimination and difficulty to extrapolate them, as they have 
been designed for specific populations. Most prescribers are not 
familiar with them due to their complexity or the low dissemi-
nation they obtained. Moreover, these scores, which group and 
summarise risk factors known to specialists, in some cases re-
inforce the introduction of broad-spectrum antibiotic therapy, 
which is difficult to de-escalate later. In any case, in the opinion 
of the experts, common sense should prevail, with good knowl-
edge of the local epidemiology and an individualised assessment 
of the patient’s risk, their treatments and previous colonisations.

On the other hand, the severity of the infection should be 
stressed as a key factor in decision-making, especially in vul-
nerable patients. The presence of multi-resistance risk factors 
in any case increases the pressure or need to make the right 
choice of empirical antibiotic therapy. This places great impor-
tance on the speciality of Microbiology in terms of the need to 
optimise early diagnosis and improve the sensitivity of current 
diagnostic methods to favour targeted treatment over empiri-
cal treatment, so it is necessary for the Microbiology laborato-
ry to be open 24 hours (see below) [86]. As far as possible, the 
resulting information should always be placed in the hands of 
an infectious disease expert.

“On introducing antibiotic treatment, knowledge of 
the local epidemiology, individualised risks, clinical histo-
ry of infections and colonisation, and previous experience 
are all considered to be of greater importance.”

used in the laboratory can also fail and other types of tools 
such as molecular ones must be used to detect them. Given 
that it is possible that some KPC variants are not being de-
tected, it may be useful to use differential chromogenic plates 
adapted to their profile in studying the carriers. 

To end this block, the experts pointed out the differences 
between large and small hospitals, which makes it difficult to 
follow common guidelines. Each of them must continuously 
evaluate their local epidemiological situation and establish 
specific protocols to respond to it in the right time and place 
[68,69].

2. CLINICAL PRACTICE
Background. Infections associated with MR Gram- 

negative bacteria are significantly associated with higher costs, 
longer hospital stays and higher mortality, as revealed in a re-
cent systematic review and meta-analysis [70]. Other studies 
concentrating on CPE consider that susceptibility to carbapen-
ems is a protective factor against the outcome of an infection 
and its long-term sequelae [71]. 

There are different solutions in clinical practice to tackle 
this problem. Firstly, there is prevention, avoiding colonisation 
or infection by keeping risk factors under control (which may 
depend on the microorganism, the host, the route of transmis-
sion or the selective pressure of antibiotics), or the application 
of ASP measures for good use of antimicrobials [62-64]. To do 
this, it is essential to have well-established nosocomial infec-
tion prevention programmes. If, despite this, a CPE infection 
occurs, it is essential to make an early diagnosis and identify 
possible MR risk factors in the patient, such as immunosup-
pression, admissions to the Intensive Care Unit (ICU), exposure 
to antimicrobials, history of surgery, mechanical ventilation, or 
catheters [72], and to confirm this using the available micro-
biological techniques. The risk factors will differ depending on 
whether the risk of CPE infection is considered compared to 
an absence of infection or an infection by bacteria susceptible 
to carbapenems (with risk factors mainly related to interven-
tionism) [73]; or else compared only to infection by bacteria 
susceptible to carbapenems, with risk factors such as length of 
stay, previous admission, kidney failure, neurological disease, 
dialysis or exposure to quinolones and glycopeptides, in addi-
tion to considering possible reservoirs in the environs such as 
fibrescopes or endoscopes [74]. 

One of the scoring systems described to assess CPE risk fac-
tors is the score from Giannella et al [75], aimed at determining 
the weight of different risk factors regarding acquisition of bac-
teraemia through carbapenemase-producing K. pneumoniae. It 
sets out a score of 7 as the cut-off point for considering a high 
risk of infection by this microorganism in previously colonised 
patients. A subsequent study [76] related this score with the 
INCREMENT score [77], which relates risk factors for mortality 
in patients with CPE bacteraemia. Based on this relationship, a 
strategy for action was set up, whether the patient is an asymp-
tomatic carrier (Giannella score <7), or if patients with possible 
bacteraemia require empirical treatment with a lower or higher 
spectrum depending on the risk established by the two scoring 
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mortality and bacterial resistance, and between resistance and 
the excessive use of antibiotics, though many other aspects 
have an influence on its appearance and evolution.”

“It is necessary for the ASP teams to train profes-
sionals in estimating the risk of MR infections and other 
aspects such as the interpretation of antibiograms and 
PK-PD optimisation.”

Most of the attendees point out the relevance of the 
ASP’s role in training. Also, the need of specific specialisation 
in Microbiology and Infectious Diseases was pointed.

“The Microbiology Service timetable varies a lot, 
which leads to delays in results and inequality for 
patients. Clinical professionals are needed, who are 
experts in infectious diseases, trained and involved in 
the management of patients with complicated or serious 
infections, who can make quick, accurate decisions.”

The experts agreed on the great disparity of resources avail-
able, in terms of both the Microbiology Service opening hours 
and the number of specialists in Microbiology and Infectious 
Diseases per hospital. It is possible that the need for both ser-
vices can be established based on the hospital’s complexity, the 
number of beds and extrahospitalary area. It is considered a pri-
ority to have a Microbiology Service available 24 hours a day, 7 
days a week, as recommended by the Spanish Society of Infec-
tious Diseases and Clinical Microbiology (SEIMC) and as is hap-
pening in many sites due to COVID-19 [86]. For small hospitals 
where this is not possible, hybrid models have been proposed in 
which the expert works in one hospital and provides assistance 
to others. The problem can also be alleviated by using point-of-
care (POC) diagnostic systems or ones for use in the patient care 
setting, which must be backed by advice and assessment from 
the microbiologist to launch and/or validate it. 

Along these lines, there is a need for clinical profession-
als trained and involved in the management of patients with 
complicated or serious infections who can take quick, accurate 
decisions based on individualised risk estimation and microbi-
ological results.

“There is a very heterogeneous antibiotic arsenal 
available, with complex approval in each centre, which 
leads to inequalities in treating patients with serious in-
fections. All the therapeutic options must be available in 
a hospital, since they all provide some advantage.”

There was agreement on these issues, which are addressed 
in the following block (“Key aspects of new therapies”). 

“Due to the epidemiological situation, the availability 
of antibiotics against Gram-negatives is of greater im-
portance.”

The experts agreed that, on a clinical level, Gram-negative 
bacilli infections are of greater concern, as well as the ther-
apeutic options available to treat them properly. This can be 
explained by the greater involvement of Gram-negatives in 
healthcare-associated infections (HAIs).

It is essential for experts in the area of infectious diseases 
to be able to know the patient’s colonisation status, as well as 
to establish the positive and negative predictive value of such 
data. Carrier status screening may need to be carried out in units 
other than the ICU and the like, depending on the local epidemi-
ology (screening the entire hospital would overload the Microbi-
ology laboratory). Based on clinical experience, the carrier status 
appears to be of greatest value at the time infection occurs.

It should also be noted that colonisation cannot be equat-
ed with infection. It is essential to know the patient’s type and 
degree of colonisation and the presence or absence of HRCs 
circulating in the hospital. This requires monitoring and cau-
tion when planning treatment based on the patient’s coloni-
sation. Carrier status as a risk factor for infection varies from 
one microorganism to another, and it is sometimes difficult to 
establish its involvement in the risk of infection. This knowl-
edge must be in expert hands. 

It is also useful to evaluate colonisation as an epidemi-
ological parameter, since this will help to establish the strat-
egies in empirical treatment guides for the ASP teams on a 
local scale. Experts highlight the value of the “Zero Resistance 
Project” [87] and the monitoring of EPC colonisation incidence 
density carried out by the Microbiology laboratories, the ASP 
teams and the nosocomial infection control teams [62-64].

“The perception of the risk of multi-drug resistance 
is not homogeneous among healthcare professionals, 
and the unnecessary excess of antibiotic coverage and 
the lack of timely de-escalation are considered to be 
problematic.”

The risk of multi-drug resistance may be influenced by the 
prevalence of MR microorganisms. Other specialists should be 
trained, emphasising the ASP’s role and the optimised use of 
antibiotics. It is necessary to foster “new” initiatives through 
the ASP with a greater ability to directly improve the prognosis 
of serious infections. This justifies the need to have microbiol-
ogists and experts in infectious diseases available in hospitals 
on a continuous timetable.

“The risk of multi-resistance is mistakenly associated 
with the patient’s severity.”

In this regard, the fact that non-expert clinicians link MR 
infection to a serious infection has been posed. This miscon-
ception often leads to the unnecessary use of broad-spectrum 
antibiotic therapies. This fact once again reinforces the need 
for experts in designing empirical treatment policies and their 
transferal into routine clinical practice.

“Empirical antibiotic therapies could be improved 
by different strategies such as including new antibiotics 
with a better antimicrobial activity or optimising the use 
of those already available (those with a broader spectrum 
or a better PK-PD profile). Additionally, the use of more 
adequate antibiotic combinations is also very useful.”

There was agreement on this matter, according to the first 
statement from the first block: “There is a relationship between 
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bactam was non-inferior to the imipenem placebo [102], and 
likewise in complicated intra-abdominal infection [103] and 
nosocomial pneumonia (RESTORE-IMI 2 trial) [104]. It is worth 
highlighting the study that compared it to colistin-imipen-
em in infections caused by imipenem-resistant bacteria (RE-
STORE-IMI 1 trial) [105], resulting in similar efficacy and lower 
mortality figures with imipenem-relebactam.

Imipenem-relebactam’s safety profile is similar to that 
of other carbapenems. The AEs may include seizures, confu-
sional states, and myoclonus due to imipenem. The ones most 
frequently reported in the two phase II clinical trials were di-
arrhoea, nausea, vomiting, headache, increased alanine ami-
notransferase and increased aspartate aminotransferase. In 
the RESTORE-IMI 1 trial, the AEs included lower creatinine 
clearance, hyperglycaemia, infusion site erythema, and pyrexia. 
In the RESTORE-IMI 2 trial, the most common AEs were diar-
rhoea, increased alanine aminotransferase and increased as-
partate aminotransferase [106].

Meropenem-vaborbactam. As for meropenem-vabor-
bactam is a non-beta-lactam inhibitor of class A serine be-
ta-lactamases, including KPC, and class C cephalosporinases. 
It acts by forming a covalent bridge with beta-lactamases and 
is stable against beta-lactamase-mediated hydrolysis. Vabor-
bactam does not inhibit class B enzymes (metallo-beta-lacta-
mases) or class D (OXA) carbapenemases. It also has no anti-
bacterial activity per se [107]. It is the first inhibitor derived 
from cyclic boronic acid that has been approved by the FDA, 
in 2017, in combination with meropenem [108]. On the other 
hand, it has a lower capacity for selecting resistant mutants. 
No specific mutations have been described in KPC that affect 
its inhibition profile, but resistance due to overexpression of 
the blaKPC gene has been described, as well as resistance due 
to mutations in porins and as a possible effect of mutations in 
efflux pumps [99].

Its two components share the same pharmacokinetics. 
Its renal elimination is very extensive (80-90%) and it binds 
to proteins at 33%, so the dose must be administered every 8 
hours. It shows excellent lung penetration (ratios vs. plasma of 
0.63 and 0.53 for the two components respectively) [109].

Furthermore, the binding of vaborbactam to the boron 
atom rapidly inactivates the enzyme, so it inhibits KPC very 
powerfully without being hydrolysed (unlike avibactam) and 
with a reversible bond [110]. As a result, meropenem-vabor-
bactam demonstrates pharmacokinetics that are dependent on 
the area under the curve (AUC) rather than on time [111]. In 
addition, its proportion and dosage have been designed to pre-
vent resistant mutants from being selected [111]. In contrast, 
avibactam forms irreversible bonds and hydrolyses, so it is 
necessary to maintain high concentrations (≥8 mg/l) between 
doses. This is difficult to achieve in alveolar epithelial fluid for 
a long time, given that the mean peak is 5-6 mg/l after a 500 
mg dose of avibactam [112,113].

Meropenem-vaborbactam is indicated for complicated 
urinary infections, including pyelonephritis; complicated intra-
abdominal infection; and nosocomial pneumonia, including 

3. NEW THERAPIES
Background. Focusing on the new antibiotics against 

Gram-negative beta-lactamase-producing bacteria, the fol-
lowing lines deal with ceftazidime-avibactam, imipenem- 
relebactam, meropenem-vaborbactam, ceftolozane-tazobac-
tam and cefiderocol. 

Beta-lactamases are divided into 4 classes based on their 
structure [88], although within each class they can have dif-
ferent functionalities (Figure 1). Metallo-beta-lactamases are 
the most difficult to treat due to the lack of specific inhibitors 
on the market at the present time. 

Ceftazidime-avibactam. Avibactam is an inhibitor for 
ESBL, both plasmid and chromosomal AmpC enzymes and most 
of the serine-dependent carbapenemases, including KPCs and 
OXA-48 enzymes. It is not active against metallo-beta-lacta-
mases. There are seven clinical trials with ceftazidime-avibac-
tam: RECLAIM 1/2 [89] and RECLAIM-3 [90] in complicated 
intra-abdominal infections, RECAPTURE 1/2 in lower urinary 
tract infections [91], REPRISE in infections caused by microor-
ganisms resistant to ceftazidime [92] and REPROVE in nosoco-
mial pneumonia [93,94]. 

There are also various observational studies with ceftazi-
dime-avibactam in infections caused by KPC, with success rates 
of 60-85% and a resistance emergence of 8% [95]. The obser-
vational series with OXA-48 also give success rates of 60-80%, 
and resistance rates of up to 9% have been reported in com-
parative studies [94]. Adverse effects (AEs) include acute renal 
failure or infections due to Clostridioides difficile. In studies on 
bacteraemia due to KPC, ceftazidime-avibactam demonstrates 
it is superior to the control treatment in terms of survival 
[94,96]. It is worth noting that in bacteria that cause infections 
subjected to successive cycles of ceftazidime-avibactam, ge-
netic changes such as transpositions, insertions and deletions 
are observed that foster the appearance of resistance to this 
association [97].

Ceftazidime-avibactam’s safety profile is consistent with 
that of ceftazidime monotherapy and similar to other inject-
able cephalosporins [91]. The most commonly reported AEs in 
the seven phase II and III clinical trials were a positive direct 
Coombs test, nausea, and diarrhoea. In the phase III trials, the 
frequencies of serious AEs leading to discontinuation of treat-
ment or death among recipients of ceftazidime-avibactam 
were generally low and similar to those of the comparators. 
Renal insufficiency may affect clearance of the drug and thus 
lead to increased exposure, as a result of which neurological 
effects such as tremor, myoclonus, nonconvulsive status epi-
lepticus, seizure, encephalopathy, and coma have all been re-
ported occasionally [98].

Imipenem-relebactam. Imipenem-relebactam is a KPC-
type carbapenemase inhibitor with no inhibitory activity 
against OXA and good activity against P. aeruginosa MDR [99]. 
Both components are poor substrates for efflux pumps, giving 
it a competitive advantage over P. aeruginosa [100,101].

In complicated urinary tract infections, imipenem-rele-
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several molecular class A beta-lactamases, including the en-
zymes CTX-M, SHV and TEM but not carbapenemases [119]. It 
is very active against P. aeruginosa, including multidrug re-
sistant rods. Ceftolozane/tazobactam has obtained its approval 
by regulatory agencies based on a series of three clinical tri-
als, the phase III ASPECT trials. It demonstrated non-inferiority 
compared to active comparators in hospitalised patients. Then, 
ceftolozane-tazobactam obtained an indication for complicat-
ed intra-abdominal infections, complicated urinary tract infec-
tions, acute pyelonephritis, and hospital-acquired pneumonia 
[120].

The AEs most frequently associated with ceftolozane-tazo-
bactam are those associated with any other cephalosporin, such 
as nausea, vomiting and diarrhoea. In the phase III ASPECT clinical 
trials, a similar frequency of AEs was observed between ceftolo-
zane-tazobactam and those treated with comparators [121].

Cefiderocol. Cefiderocol is a cephalosporin siderophore 
that uses the iron transport system to increase its periplasmic 
penetration. It is stable against many class A, B, C and D be-
ta-lactamases, and very active against P. aeruginosa. It is one 
of the future molecules with the greatest antimicrobial spec-
trum [122,123].

In the phase II trial, APEKS-cUTI was non-inferior to imi-

the kind associated with mechanical ventilation [107], a 
bacteraemia co-occurring or suspected to be associated with 
any of the infections mentioned above.

Meropenem-vaborbactam is also indicated for the treat-
ment of infections due to aerobic Gram-negative organisms in 
adults with limited treatment options [107]. It demonstrated 
superiority in terms of efficacy and lower mortality compared 
to the best available therapy in the phase III TANGO II clinical 
trial, specifically designed to evaluate the efficacy and safe-
ty of meropenem-vaborbactam in patients with suspected or 
confirmed CPE infection [114,115]. Based on the available da-
ta, meropenem-vaborbactam monotherapy is associated with 
higher clinical cure rates and lower rates of AEs, especially 
with regard to nephrotoxicity, when compared to older com-
bination therapies [115]. There is also real-life data published 
about meropenem-vaborbactam, with clinical success rates of 
65-70% in critical patients [116-118].

In the pivotal studies on meropenem-vaborbactam, the 
most common AEs were headache, diarrhoea, infusion-site 
phlebitis, and nausea [107]. In the TANGO II clinical trial, the 
most frequently reported AEs were diarrhoea, anaemia and hy-
pokalaemia [119]. 

Ceftolozane/tazobactam. Tazobactam is an inhibitor of 

Figure 1  Beta-lactamase classification. Adapted from Ambler et al [88]. Class A: serine-
beta-lactamases; Class B: metallo-beta-lactamases; Class C: chromosomal 
or plasmid AmpC; and Class D: OXA-beta-lactamases. Main beta-lactamases 
regarding epidemiology are included.
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manded at the institutional level from healthcare heads and 
authorities in the search for solutions to improve the progno-
sis of serious infections.

“The new options need to be available to avoid exces-
sive use of certain molecules.”

The importance of diversified use of antibiotics was men-
tioned, as well as the need for new antibiotics due to the ap-
pearance of resistance.

“Beta-lactamase inhibitors improve the efficacy of 
beta-lactams.”

The experts agreed with this statement, which has diverse 
evidence to back it up [94,96,114,126].

“Depending on their spectrum of action, the differ-
ent antibiotics could be recommended for different ap-
proaches against CPEs.”

The importance of diversified use of antibiotics was men-
tioned, as well as the need to have new antibiotics given the 
emergence of resistance. Table 3 gives the spectrum of action 
of ceftolozane-tazobactam, ceftazidime-avibactam, imipen-
em-relebactam, meropenem-vaborbactam, and cefiderocol.

CONCLUSIONS

The arrival of new antibiotics makes it necessary to train 
professionals involved in studying them in the laboratory and 
in prescribing them, in order to optimise their use and improve 
patient health outcomes.

This work reviews the most notable aspects of the evi-
dence published and adds to it with expert opinions, placing 
special emphasis on local peculiarities. The current epidemiolo-
gy in Spain of antimicrobial resistance in Gram-negative bacilli 
is described, as well as its relationship with local clinical prac-
tice and new aspects in this sphere. 

Microbiology laboratories must be available as much as 
possible on a continuous timetable (24×7) in hospitals, and 

penem in urinary tract infections [124]. In the APEKS-NP trial 
it demonstrated clinical and microbiological curing of nosoco-
mial pneumonia, with mortality not inferior to meropenem in 
extended perfusion [125]. The CREDIBLE-CR study is notewor-
thy, where cefiderocol was compared with the best available 
treatment for pneumonia and urinary tract infections caused 
by carbapenemase-resistant Enterobacterales [126]. In this 
study, similar cure rates between the two treatments were ob-
tained, but very favourable ones for cefiderocol in the case of 
metallo-beta-lactamases (75% vs. 29%). In contrast, mortality 
was higher with cefiderocol in infections caused by A. bau-
mannii (49% vs. 18%).

AEs associated with cefiderocol are also consistent with 
those of other cephalosporins and similar to those of the com-
parators in clinical trials. The most frequent ones were diar-
rhoea, administration site reactions, constipation, skin rash, 
candidiasis, cough, elevations in liver tests, headache, hypo-
kalaemia, nausea and vomiting in patients with complicated 
urinary tract infections, and elevations in liver function tests, 
hypokalaemia, diarrhoea, hypomagnesemia, and atrial fibrilla-
tion in patients with nosocomial pneumonia [127].

Finally, among the possible new molecules designed 
to treat infections caused by beta-lactamases-producing 
Gram-negative bacteria there are: aztreonam-avibactam, 
eravacycline, and plazomicin [128].

Experts’ Opinion

“Some hospitals do not have all of the new antibiotic 
options.”

All antibiotics must be available when needed and their 
correct use must be learned. Once they are approved by the 
regulatory agencies (EMA, AEMPS), there should be no delay 
in including them in the centres’ therapeutic guidelines or in 
giving access to them due to screening by pharmacy boards 
and hospitals. It is the ASP teams that must work to include 
the new antibiotics and set out the antimicrobial strategies in 
the guidelines and protocols of the sites and of the affected 
specialties. Equally, there should be greater involvement de-

Table 3  Spectrum of action of commonly-used antibiotics against multi-resistant Gram-negative 
bacilli. Expected susceptibility: green >80%; yellow 30-80%; red <30%. Adapted from 
Tamma 2019 [128,129]

KPC: Carbapenemase-producing Klebsiella pneumoniae; NDM: metallo-betalactamase; OXA: oxacillinase.
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All antibiotics must be available when necessary and their 
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