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ECDC TECHNICAL REPORT 

Infection prevention and control and 
preparedness for COVID-19 in healthcare 
settings 
Second update – 31 March 2020 

Scope of this document 
This document aims to provide guidance to EU/EEA healthcare facilities and healthcare providers on infection 
prevention and control (IPC) measures for the management of suspected and confirmed cases of COVID-19 
infection in healthcare settings, including long-term care facilities. It also offers guidance on the management of 
specimens at laboratories in the EU/EEA. 

This is an update of the ECDC guidance dated 12 March 2020 ‘Infection prevention and control for COVID-19 in 
healthcare settings’ [1]. This update focuses on measures to be applied in settings with increasing community 
transmission, a growing demand for care of COVID-19 patients and ensuing staff issues in the event of shortages 
of personal protective equipment (PPE) for healthcare facilities in EU/EEA countries and the United Kingdom. 

Target audience 
Hospital administrators, long-term care facility administrators and healthcare practitioners in EU/EEA countries and 
the United Kingdom. 

Background 
As of 26 March 2020, more than 500 000 cases of COVID-19 had been reported worldwide by more than 150 
countries. The number of reported COVID-19 cases is rapidly rising in all EU/EEA countries and the UK, accounting 
for an increasing proportion of the cases worldwide.  

More up-to-date disease background information is available online from ECDC [2], WHO [3]) and in ECDC’s Rapid 
Risk Assessment [4]. 

Up to 10% of the reported cases in China [5] and up to 9% of all cases in Italy have been among healthcare 
workers [6]. It is probable that nosocomial outbreaks are important amplifiers of the local outbreaks which 
disproportionately affect the elderly and vulnerable populations. IPC practices are of critical importance in 
protecting the functioning of healthcare services and mitigating the impact on vulnerable populations.  

Measures to prevent transmission in healthcare facilities are an immediate priority in order to 1) slow the demand 
for specialised healthcare, such as intensive care unit (ICU) beds; 2) safeguard risk groups; 3) protect healthcare 
workers and 4) minimise the export of cases to other healthcare facilities and the wider community. 

In most instances, coronaviruses are believed to be transmitted from person to person via large respiratory 
droplets, either being inhaled or deposited on mucosal surfaces. Other routes implicated in transmission of 
coronaviruses include contact with contaminated fomites and inhalation of aerosols produced during aerosol-
generating procedures (AGPs). SARS-CoV-2 virus has been detected in respiratory and faecal specimens. Viral RNA 
has also been detected on rare occasions in blood specimens but there is no evidence of transmission through 
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Introducción

natural and human-controlled systems to better understand the role of antibiotics in
the ecology and evolution of microbes past and present.

THE ORIGIN OF ANTIBIOTICS AND THE ANTIBIOTIC ORIGIN STORY
The cornerstone of modern medicine was laid in the 1890s when Paul Ehrlich, work-

ing with in vivo stains, developed the idea of pairing stain-like compounds capable of
entering cells with toxins that could kill it. Ehrlich’s work led to the development of sal-
varsan, the world’s !rst antibacterial (3). Dyes continued to be a focus in the new !eld
of “chemiotherapy.” In 1935, Gerhard Domagk showed that prontosil, a red dye, was
effective against streptococcal infections (4), making it the !rst sulfa drug (5). Prontosil
was also highly effective against puerperal fever, most associated with deaths in
women following childbirth (6). Sulfa drugs suffered from negative side effects and
were used with limited success in the mid-twentieth century, particularly during World
War II (7).

ANTIBIOTICS
Salvarsan and prontosil were the "agship drugs of the !rst two classes of antimicro-

bial chemotherapy. But while bactericidal, they were both synthetic and not naturally
occurring biomolecules. The !rst true antibiotic, penicillin, was discovered by Alexander
Fleming in 1928. Fleming’s observation that a fungus, Penicillium notatum, inhibited the
growth of staphylococci on agar medium led to the isolation and identi!cation of what
became known as penicillin.

Contrary to how we think of penicillin today, medicine was not revolutionized over-
night, even though Fleming published his !ndings immediately (8). Rather, Fleming
found that cultivating the fungus was dif!cult and that purifying penicillin was prob-
lematic. As such, what would later be called the miracle drug was not well known until
the problem of production was taken up by Ernst Boris Chain, Howard Florey, Norman
Heatley, and Edward Abraham. The work of these chemists led to the isolation and

FIG 1 Antibiotic classes, their clinical introduction, and resistance identi!cation. The resistance-free life spans of the
major classes of antibiotics are indicated. Years of !rst clinical use (indicated by green triangles) re"ect approval by
regulatory agencies, usually in the United States. In most cases, the discovery of the class of compounds predates
clinical approval by several years, although widespread use of the drug would not occur until approvals were secured.
The year resistance was !rst reported in the literature is indicated by a red bar. In cases where resistance was reported
prior to clinical approval, the red bar precedes the green triangle, which then points toward the red resistance bar.
Cases where clinical approval was received in the same year that resistance was !rst reported are indicated by a
purple circle. The antibiotic class with the longest resistance-free lifetime is polymyxin, which was not commonly used
for decades due to toxicity in humans (108).
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La resistencia se notifica el mismo años de la aprobación clínica
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Estrategias para enfrentar la resistencia

The AMR crisis and vaccines
AMR emergence and focus on infection prevention. 
Antimicrobial-resistant infections are already very 
common, resulting in longer hospital stays and higher 
medical costs, as well as increased mortality. Global 
annual deaths from drug-resistant infections have been 
estimated to be ~700,000, and the increase of infections 
with antimicrobial-resistant pathogens may pose a health 
threat, with the number of deaths exceeding those due to 

cancer by 2050 (REF.11). The current situation is alarming. 
For example, a study conducted to estimate the incidence 
of infections due to antimicrobial-resistant pathogens ana-
lysed data from 2015 from the European Antimicrobial 
Resistance Surveillance Network (EARS-Net) and showed 
a substantial increase of infections with antibiotic-resistant 
bacteria since 2007 (REF.12).

The CDC13 and the WHO14 have listed pathogens with 
concerning drug-resistance patterns. In industrialized  

Box 1 | Alternative strategies to fight antimicrobial resistance

The global challenge of antimicrobial resistance needs an integrated 
strategy to develop new interventions to fight multidrug-resistant 
bacterial pathogens effectively. Although the focus of this Review is on 
the role of vaccines, other promising approaches have been considered 
and published in preclinical and clinical studies (see the figure).

Monoclonal antibodies (mAbs). mAbs have been used as 
therapeutics for many decades, and can be considered a key strategy 
to fight emerging infectious diseases and antimicrobial-resistant 
pathogens136,137. mAbs bind to virulence factors that are expressed 
by bacterial pathogens (for example, polysaccharides, toxins, adhesins 
or effector proteins) and can act through three main mechanisms: 
inhibiting the activity of the target; promoting complement-mediated 
cell lysis; and enabling opsonophagocytosis of bacteria by phagocytic 
effector cells. There are multiple mAbs to antimicrobial-resistant 
bacterial pathogens in different stages of development. The most 
important and most advanced examples are represented by a bispecific 
mAb that targets a virulence factor and the exopolysaccharide of 
Pseudomonas aeruginosa138 and a combination of two mAbs targeting 
Clostridioides difficile toxins A and B139. One key challenge for using 
mAbs to treat bacterial infections is that a mAb recognizes a single 
target, whereas diseases caused by bacterial pathogens are usually 
multifactorial. However, new technologies have enabled the 
generation of bispecific mAbs as described for P. aeruginosa, as well 
as the modification of the Fc portion for the generation of hexamers 
(through Hexabody technology) that can increase complement 
activation, as described for Neisseria gonorrhoeae140. In the context 
of antimicrobial-resistant targets, the use of mAbs to protect against 
hospital-acquired infections, such as P. aeruginosa or Klebsiella pneumoniae 
infection, in patients at high risk may be a more pragmatic approach than 
vaccination. A mAb-based approach is attractive as many patients with 
bacterial infections can be immunocompromised or elderly, and may not 
mount an effective immune response to vaccines.

Bacteriophages. A common approach for bacterial therapy involves 
lytic bacteriophages (phages) that enter a productive cycle in which 
progeny phages are released through bacterial lysis. Specificity, low 
toxicity towards mammalian cells and the possibility to administer a large 
number of phages in a very small dose are the key advantages of this 
approach. Phage therapy has been developed for antimicrobial-resistant 
bacterial targets, such as Staphylococcus aureus141 and P. aeruginosa142. 
In the case of P. aeruginosa and C. difficile infections, researchers have 
also explored the possibility of administering phages at the site of 
infections, such as directly into the lung by inhalation or orally into the 
gastrointestinal tract143,144. Phages can be stabilized through adsorption 
or encapsulation and, moreover, could be used as CRISPR–Cas delivery 
systems in bacteria145.

Microbiota. The human microbiota has a major impact on the health 
of the host and its immune response146. Antibiotics not only target 
pathogens but can also eliminate the commensal bacterial community, 
which may provide an opportunity for opportunistic bacteria to  
colonize the human host and cause infections. In the context of 
antimicrobial-resistant bacterial pathogens, examples to treat (recurrent) 
C. difficile-associated diarrhoea and re-establish the gut microbiota have 
been described: oral administration of a mixture of spores from several 
bacteria isolated from faecal samples from a healthy donor has shown 
promising results in preventing reinfection147; and administration of a 

non-toxigenic C. difficile that can outcompete the infecting toxic 
C. difficile resulted in a significant reduction in C. difficile infection 
recurrence and the possibility to restore the microbiota148. In addition 
to the gut microbiota, other microbiota-based intervention strategies 
might in the future be applied to prevent respiratory infections or sexually 
transmitted diseases149.

Diagnostic tools. Diagnostic tools are used to identify and 
characterize the causative agents of microbial infections, and to 
generate antimicrobial susceptibility profiles that can inform the 
treatment strategy. Antimicrobial susceptibility testing (AST) can be 
performed through phenotypic and genotypic methods150. AST is usually 
time-consuming, and it takes up to 48 hours for the identification of  
the causative agent and for the release of a complete and validated 
resistance profile that then allows the prescription of an appropriate 
therapy151. State-of-the-art techniques (for example, flow cytometry 
or mass spectrometry) are being explored for the development of 
more rapid AST, and some progress has been described152. However, 
reliable diagnostic tools for some pathogens still do not exist or are 
not accessible in some global geographical regions and, therefore, in 
most cases infections are treated without isolating or serotyping the 
infecting microorganism. For example, lack of appropriate diagnostic 
tools, particularly in Africa, hampers effective management of invasive 
non-typhoidal salmonellosis. Currently, these infections can be detected 
only by microbial culture, and facilities able to perform such tests are 
rare in developing countries73. The development of sustainable and rapid 
diagnostic tools is a priority in the context of antimicrobial resistance 
that will help to prevent inappropriate prescriptions and enable the use 
of targeted and effective antibiotics worldwide.

Antimicrobial 
resistance

Vaccines Antibiotics

Diagnostic tools Microbiota

Bacteriophages Antibodies
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I D S A P U B L I C P O L I C Y

The 10 ! ‘20 Initiative: Pursuing a Global
Commitment to Develop 10 New Antibacterial Drugs
by 2020

Infectious Diseases Society of Americaa

Infectious Diseases Society of America, Arlington, Virginia

The time has come for a global commitment to develop new antibacterial drugs. Current data document the
impending disaster due to the confluence of decreasing investment in antibacterial drug research and devel-
opment concomitant with the documented rapid increase in the level of resistance to currently licensed drugs.
Despite the good faith efforts of many individuals, professional societies, and governmental agencies, the
looming crisis has only worsened over the past decade.

THE PROBLEM

Drug-resistant infections and related morbidity and

mortality are on the rise in the United States and

around the world. The World Health Organization has

identified antimicrobial resistance as 1 of the 3 greatest

threats to human health. Two recent reports—one by

the Infectious Diseases Society of America (IDSA) [1]

and another by the European Centre for Disease Pre-

vention and Control and the European Medicines

Agency [2]—demonstrate that there are few candidate

drugs in the pipeline that offer benefits over existing

drugs and few drugs moving forward that will treat

infections due to the so-called “ESKAPE” pathogens

(Enterococcus faecium, Staphylococcus aureus, Klebsiel-

la pneumoniae, Acinetobacter baumannii, Pseudomonas

aeruginosa, and Enterobacter species), which current-

ly cause the majority of US hospital infections and ef-

Received 19 February 2010; accepted 19 February 2010; electronically published
9 March 2010.

a This statement was written by David N. Gilbert, Robert J. Guidos, Helen W.
Boucher, George H. Talbot, Brad Spellberg, John E. Edwards Jr, W. Michael Scheld,
John S. Bradley, and John G. Bartlett as members of the Infectious Diseases
Society of America’s Antimicrobial Availability Task Force. It was approved by the
Infectious Diseases Society of America Board of Directors on 3 February 2010.

Reprints or correspondence: Mr Robert J Guidos, Public Policy & Government
Relations, Infectious Diseases Society of America, 1300 Wilson Blvd, Suite 300,
Arlington, VA 22209 (RGuidos@idsociety.org).

Clinical Infectious Diseases 2010; 50:1081–1083
! 2010 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2010/5008-0001$15.00
DOI: 10.1086/652237

fectively “escape” the effects of approved antibacterial
drugs [1, 3].

The antibiotic pipeline problem may change the
practice of medicine as we know it. Advanced inter-
ventions currently taken for granted—for example, sur-
gery, cancer treatment, transplantation, and care of pre-
mature babies—could become impossible as antibiotic
options become fewer. Resistance to the current library
of antibacterial drugs is a serious problem in all parts
of the world including the Asia-Pacific region, Latin
America, Europe, and North America. Accordingly, the
regulatory, financial, and scientific challenges/impedi-
ments to antibacterial drug development are a global
problem.
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PRIORITIZATION OF PATHOGENS 
TO GUIDE DISCOVERY, 

RESEARCH AND DEVELOPMENT 
OF NEW ANTIBIOTICS 
FOR DRUG!RESISTANT 

BACTERIAL INFECTIONS, 
INCLUDING TUBERCULOSIS

WHO 2017
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TUBERCULOSIS: A GLOBAL PRIORITY FOR RESEARCH AND DEVELOPMENT 

OTHER PRIORITY PATHOGENS

FIVE REASONS WHY

1 MDR-TB – multidrug-resistant tuberculosis, that does not respond to at least isoniazid and rifampicin, the two most powerful first-line anti-TB medicines.
2 XDR-TB – extensively drug-resistant tuberculosis, defined as MDR-TB plus resistance to fluoroquinolones and injectable second-line anti-TB medicines.

Only two new 
antibiotics for 
treatment of MDR-TB 
have reached the 
market in over 70 
years. R&D investment 
in TB – seriously 
underfunded - is at 
its lowest level since 
2008.

Patients with 
M/XDR-TB face 
agonising, prolonged 
su!ering and often 
permanent disability 
while on treatment, 
compounded by 
devastating economic 
hardship, stigma and 
discrimination. 

In about 50% of MDR-
TB patients worldwide, 
treatment regimens are 
already compromised 
by second-line drug 
resistance. Treatment 
of extensively drug-
resistant disease 
(XDR-TB2) is successful 
in only one in three 
patients at best.

Patients with multidrug-
resistant TB (MDR-TB1) 
need complex and 
prolonged multidrug 
treatment with costly, 
highly toxic, and much 
less e!ective second-
line medicines. There 
is a limited number of 
second-line medicines to 
treat MDR-TB and only 52% 
of patients are successfully 
treated globally.

Tuberculosis (TB) is 
the number one global 
infectious disease killer 
today, causing 1.8 million 
deaths per year.
Drug-resistant TB is 
the most common and 
lethal airborne AMR 
disease worldwide today, 
responsible for 250 000 
deaths each year.
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1 MDR-TB – multidrug-resistant tuberculosis, that does not respond to at least isoniazid and rifampicin, the two most powerful first-line anti-TB medicines.
2 XDR-TB – extensively drug-resistant tuberculosis, defined as MDR-TB plus resistance to fluoroquinolones and injectable second-line anti-TB medicines.

Only two new 
antibiotics for 
treatment of MDR-TB 
have reached the 
market in over 70 
years. R&D investment 
in TB – seriously 
underfunded - is at 
its lowest level since 
2008.

Patients with 
M/XDR-TB face 
agonising, prolonged 
su!ering and often 
permanent disability 
while on treatment, 
compounded by 
devastating economic 
hardship, stigma and 
discrimination. 

In about 50% of MDR-
TB patients worldwide, 
treatment regimens are 
already compromised 
by second-line drug 
resistance. Treatment 
of extensively drug-
resistant disease 
(XDR-TB2) is successful 
in only one in three 
patients at best.

Patients with multidrug-
resistant TB (MDR-TB1) 
need complex and 
prolonged multidrug 
treatment with costly, 
highly toxic, and much 
less e!ective second-
line medicines. There 
is a limited number of 
second-line medicines to 
treat MDR-TB and only 52% 
of patients are successfully 
treated globally.

Tuberculosis (TB) is 
the number one global 
infectious disease killer 
today, causing 1.8 million 
deaths per year.
Drug-resistant TB is 
the most common and 
lethal airborne AMR 
disease worldwide today, 
responsible for 250 000 
deaths each year.

Haemophilus influenzae 
ampicillin-resistant

Streptococcus pneumoniae 
penicillin-non-susceptible

Shigella species 
fluoroquinolone-resistant

MEDIUM 
PRIORITY

HIGH  
PRIORITY
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Campylobacter 
species 
fluoroquinolone-resistant 

Staphylococcus aureus 
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Table 3. Bacteria included for prioritization

Bacteria Health burden

Acinetobacter baumannii
carbapenem-resistant

HIGH HEALTH-CARE BURDEN

 ! Great capacity to spread within hospital and to colonize environmental 
surfaces

 ! Leading cause of ventilator-associated pneumonia, and bloodstream and 
wound infections

 ! Intrinsically resistant to several classes of antibiotics and readily capable of 
acquiring resistance

 ! High mortality in invasive infections, especially in carbapenem-resistant 
strain

Serious threat for CDC and medium-high priority for PHAC

Campylobacter spp.
fluoroquinolone-resistant

MAJOR CAUSE OF ACUTE DIARROHEA

 ! Foodborne disease
 ! Campylobacter coli and Campylobacter jejuni are the most important 

species causing acute diarrhoea in humans
 ! Resistance increasing in both high-income and low-and middle-income 

countries, particularly in the WHO South-East Asia region
 ! Estimated annual cases: 4.4-9.3/1 000 patients in high-income countries

Serious threat for CDC and medium-high priority for PHAC

Enterococcus faecium
vancomycin-resistant

FREQUENT CAUSE OF SEVERE INFECTION IN IMMUNOCOMPROMISED 
POPULATIONS

 ! High propensity for persistence in the hospital environment
 ! Frequent cause of hospital-acquired infections (bloodstream and urinary 

tract infections) in patients with underlying conditions 
 ! Limited treatment options 

Serious threat for CDC and medium-high priority for PHAC

Enterobacteriaceae
carbapenem-resistant

Escherichia coli
Enterobacter spp.
Klebsiella spp.

HIGH HEALTH-CARE BURDEN

 ! Global spread of carbapenem resistance, mainly due to the production of 
carbapenemase enzymes

 ! Increasing rates of resistance reported in most countries
 ! High mortality rates 
 ! Very limited treatment options 

Urgent threat for CDC and high priority for PHAC

Enterobacteriaceae
third-generation 
cephalosporin-resistant

Escherichia coli
Klebsiella spp.
Enterobacter spp.
Citrobacter spp.
Morganella spp.
Providencia spp.
Proteus spp.
Serratia spp.

HIGH COMMUNITY AND HEALTH-CARE BURDEN

 ! Resistance to third-generation cephalosporins is conferred through 
extended-spectrum beta-lactamase or Amp-C beta-lactamase production 
(plasmid or chromosomally transmitted)

 ! Community- and hospital-acquired extended-spectrum beta-lactamase-
producing Enterobacteriaceae are widespread

 ! Responsible for community-acquired (urinary tract infections) and hospital-
acquired (urinary tract and bloodstream infections, ventilator-associated 
pneumonia) infections

 ! The presence of chromosomally determined AmpC is associated with 
clinical failure with third-generation cephalosporin therapy despite in vitro 
susceptibility 

Serious threat for CDC and high priority for PHAC
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Haemophilus influenzae 
ampicillin-resistant

CAUSE OF SEVERE INFECTION IN PAEDRIATIC POPULATIONS

 ! Before the routine use of Haemophilus influenzae type b (Hib) conjugate 
vaccines in infants, invasive Hib was the leading cause of bacterial 
meningitis in children under five years of age

 ! High morbidity in low-income countries with limited vaccine coverage
 ! Ampicillin resistance is a well-documented globally. Two resistance 

mechanisms have been described: production of beta lactamases (beta-
lactamase-positive ampicillin resistance) and alterations in penicillin binding 
protein 3, resulting in decreased a!nity for beta-lactams (beta-lactamase-
negative ampicillin resistance) 

 ! The beta-lactamase-negative ampicillin resistance phenotype could lead to 
clinical failure with empirical antibiotic treatment 

Not ranked by CDC and low priority tier for PHAC

Helicobacter pylori  
clarithromycin-resistant

VERY COMMON INFECTION IN ALL-INCOME COUNTRIES ASSOCIATED WITH 
NON-CARDIA GASTRIC CANCER

 ! Very common infection in countries of all income levels and a"ecting both 
adults and children

 ! Because of the increase of antibiotic resistance, the eradication rate has 
fallen to inadequate levels: current guidelines do not recommend standard 
triple therapy if the regional level of clarithromycin resistance is >20% and 
the eradication rate is <85%

 ! The e"ectiveness of the remaining treatments for clarithromycin-resistant 
infection is debated

 ! The treatment options in the paediatric population are limited 

Not ranked by CDC and medium-low priority for PHAC

Neisseria gonorrhoeae   
fluoroquinolone-resistant
third-generation 
cephalosporin-resistant

HIGH COMMUNITY BURDEN 

 ! Common sexually transmitted infection: 78 million cases of gonorrhoea 
estimated globally in 2012 

 ! Estimated 2012 global incidence of 19/1000 females and 24/1000 males
 ! Incidence is underestimated because of the lack of diagnostic capability in 

some parts of the world
 ! Resistance reported to all drugs recommended for empirical monotherapy
 ! Current recommended dual empirical treatment (fluoroquinolone-

free) does not guarantee clinical e!cacy, will not entirely prevent the 
development of resistance and is used in only a few parts of the world  

Urgent threat for CDC and medium-high priority for PHAC

Non-typhoidal 
Salmonella
fluoroquinolone-resistant

FREQUENT CAUSE OF MORBIDITY AND MORTALITY IN LOW- AND MIDDLE-
INCOME COUNTRIES 

 ! Responsible for most of the deaths caused by a bacterial foodborne agent 
in 2010 (over 59 000)

 ! Estimated global incidence of invasive infections in 2010: 49 cases/100 000 
people; burden greatest in Africa: 227 cases/100 000 people, especially in 
children under five years

 ! Increasing fluoroquinolone resistance detected in many countries   

Serious threat for CDC and medium-low priority for PHAC

Pseudomonas aeruginosa
carbapenem-resistant

HIGH HEALTH-CARE BURDEN 

 ! Primarily opportunistic nosocomial pathogen: one of the commonest 
causes of pneumonia in immunocompromised patients and those with 
lung diseases 

 ! Carbapenem resistance increases the risk of mortality among patients with 
bloodstream infections

 ! Very limited treatment options

Serious threat for CDC and medium-low priority for PHAC
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Figure 2. Escherichia coli. Percentage of invasive isolates resistant to third-generation 
cephalosporins (cefotaxime/ceftriaxone/ceftazidime), by country, EU/EEA, 2020

 

Figure 3. Escherichia coli. Percentage of invasive isolates resistant to carbapenems 
(imipenem/meropenem), by country, EU/EEA, 2020 
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Figure 4. Klebsiella pneumoniae. Percentage of invasive isolates resistant to third-generation 
cephalosporins (cefotaxime / ceftriaxone / ceftazidime), by country, EU/EEA, 2020 

 
Figure 5. Klebsiella pneumoniae. Percentage of invasive isolates resistant to carbapenems 
(imipenem/meropenem), by country, EU/EEA, 2020 
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Figure 5. Klebsiella pneumoniae. Percentage of invasive isolates resistant to carbapenems 
(imipenem/meropenem), by country, EU/EEA, 2020 

 

2020



 
 
 
Antimicrobial resistance in the EU/EEA (EARS-Net) – AER 2020 SURVEILLANCE REPORT 
 
 

22 
 
 
 

Figure 6. Pseudomonas aeruginosa. Percentage of invasive isolates with resistance to carbapenems 
(imipenem/meropenem), by country, EU/EEA, 2020 

 

Discussion 
EARS-Net data showed that at EU/EEA (excluding the United Kingdom) level, trends in resistance decreased 
significantly for P. aeruginosa in relation to several antimicrobial groups under surveillance during the period 2016 
to 2020. High AMR percentages and combined AMR nevertheless persisted in many countries, especially in the 
eastern and south-eastern parts of Europe. As P. aeruginosa is intrinsically resistant to many antimicrobial agents, 
additional acquired resistance is further complicating the treatment of P. aeruginosa infections. 

The public health implications of AMR in P. aeruginosa should not be ignored, as P. aeruginosa remains one of the 
major causes of healthcare-associated infection in Europe [38]. P. aeruginosa and Acinetobacter spp. bloodstream 
infections are proportionally far more commonly reported from some EU/EEA countries than others [1]. An 
analysis based on 2016 EARS-Net data highlighted that countries reporting high proportions of P. aeruginosa and 
Acinetobacter spp. bloodstream infections among all reported bloodstream infections were also those where the 
percentage of isolates with acquired AMR in gram-negative bacteria generally was the highest [39]. This finding is 
probably attributable to shared risk factors, such as a high proportion of consumption of broad-spectrum 
antimicrobials and varying infection prevention and control practices in healthcare [40]. Addressing these factors 
and implementing high standards of IPC in healthcare across these countries would probably have a positive 
impact on not only the burden of infections caused by bacteria with high levels of intrinsic AMR, such as 
P. aeruginosa and Acinetobacter spp., but most likely also bacteria with acquired AMR. 

At the global level, WHO has listed carbapenem-resistant P. aeruginosa as a pathogen of critical priority that 
requires research and the development of new antibiotics [37]. 
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Figure 7. Acinetobacter species. Percentage of invasive isolates with resistance to carbapenems 
(imipenem/meropenem), by country, EU/EEA, 2020 

 

Discussion 
Of all the bacterial species under surveillance by EARS-Net, Acinetobacter spp. is the least commonly reported and 
the one for which the intercountry range in AMR percentages is the widest. In 2020, the percentage of isolates 
resistant to at least one of the antimicrobial groups under surveillance (fluoroquinolones, aminoglycosides or 
carbapenems) ranged between 0.0% and 98.2%, depending on the reporting country. In general, the highest 
AMR percentages were reported from southern and eastern Europe. The high levels of AMR in these countries are 
of great concern since the most frequently reported AMR phenotype was combined resistance to all three 
antimicrobial groups under surveillance, severely limiting options for patient treatment. 

As Acinetobacter spp. are intrinsically resistant to many antimicrobial agents, additional acquired AMR is further 
complicating treatment of Acinetobacter spp. infections. The presence of multidrug-resistant Acinetobacter spp. in 
healthcare is problematic since it can persist in the healthcare environment for long periods and is notoriously 
difficult to eradicate once established. 

ECDC’s risk assessment on carbapenem-resistant Acinetobacter baumannii (A. baumannii) in healthcare settings 
highlights the need for increased efforts to face this significant threat to patients and healthcare systems in all 
EU/EEA countries. The document outlines options to reduce risks through clinical management, prevention of 
transmission in hospitals and other healthcare settings, prevention of cross-border transmission and improvement 
in the preparedness of EU/EEA countries. Options for response presented in the risk assessment include timely 
laboratory reporting, screening and pre-emptive isolation of high-risk patients, good infection prevention and 
control, rigorous environmental cleaning and disinfection, and antimicrobial stewardship programmes [41]. 

WHO has listed carbapenem-resistant A. baumannii as a pathogen of critical priority in its global priority list of 
antibiotic-resistant bacteria requiring research and the development of new antibiotics [37].  

Tasas de resistencia EARS/NET

2020
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Sources: 
Diabetes: www.whi.int/mediacentre/factsheets/fs312/en/   Cancer: www.whi.int/mediacentre/factsheets/fs297/en/   

Cholera: www.whi.int/mediacentre/factsheets/fs107/en/   Diarrhoeal disease: www.sciencedirect.com/science/article/pii/So140673612617280

Measles: www.sciencedirect.com/science/article/pii/So140673612617280   Road traffic accidents: www.whi.int/mediacentre/factsheets/fs358/en/

Tetanus: www.sciencedirect.com/science/article/pii/So140673612617280

DEATHS ATTRIBUTABLE 
TO AMR EVERY YEAR

AMR in 2050

10 million

Cancer

8.2 million

Cholera

100,000–
120,000

Diabetes

1.5 million

disease

1.4 million

Measles

130,000

Tetanus

60,000

accidents

1.2 million

Diarrhoeal

Road traffic

AMR now

700,000
(low estimate)

TACKLING DRUG-RESISTANT 
INFECTIONS GLOBALLY: 
FINAL REPORT AND 
RECOMMENDATIONS

THE REVIEW ON  
ANTIMICROBIAL RESISTANCE 
CHAIRED BY JIM O’NEILL

MAY 2016

O’Neill J. Rev Antimicrobial Resist 2016



Resistencia

R Resistente a < 3 

grupos de antibióticos

Resistente a > 3 

grupos de antibióticos

Resistente a todos los 

grupos de antibióticos
PDR

XDR

MDR

Magiorakos AP. CMI 2012

Resistente a > 3 y 

sensible a < 2 

Suggested citation: European Centre for Disease Prevention and Control. Infection prevention and control for COVID-19 in 
healthcare settings – Second update. 31 March 2020. ECDC: Stockholm; 2020.  

© European Centre for Disease Prevention and Control, Stockholm, 2020 
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ECDC TECHNICAL REPORT 

Infection prevention and control and 
preparedness for COVID-19 in healthcare 
settings 
Second update – 31 March 2020 

Scope of this document 
This document aims to provide guidance to EU/EEA healthcare facilities and healthcare providers on infection 
prevention and control (IPC) measures for the management of suspected and confirmed cases of COVID-19 
infection in healthcare settings, including long-term care facilities. It also offers guidance on the management of 
specimens at laboratories in the EU/EEA. 

This is an update of the ECDC guidance dated 12 March 2020 ‘Infection prevention and control for COVID-19 in 
healthcare settings’ [1]. This update focuses on measures to be applied in settings with increasing community 
transmission, a growing demand for care of COVID-19 patients and ensuing staff issues in the event of shortages 
of personal protective equipment (PPE) for healthcare facilities in EU/EEA countries and the United Kingdom. 

Target audience 
Hospital administrators, long-term care facility administrators and healthcare practitioners in EU/EEA countries and 
the United Kingdom. 

Background 
As of 26 March 2020, more than 500 000 cases of COVID-19 had been reported worldwide by more than 150 
countries. The number of reported COVID-19 cases is rapidly rising in all EU/EEA countries and the UK, accounting 
for an increasing proportion of the cases worldwide.  

More up-to-date disease background information is available online from ECDC [2], WHO [3]) and in ECDC’s Rapid 
Risk Assessment [4]. 

Up to 10% of the reported cases in China [5] and up to 9% of all cases in Italy have been among healthcare 
workers [6]. It is probable that nosocomial outbreaks are important amplifiers of the local outbreaks which 
disproportionately affect the elderly and vulnerable populations. IPC practices are of critical importance in 
protecting the functioning of healthcare services and mitigating the impact on vulnerable populations.  

Measures to prevent transmission in healthcare facilities are an immediate priority in order to 1) slow the demand 
for specialised healthcare, such as intensive care unit (ICU) beds; 2) safeguard risk groups; 3) protect healthcare 
workers and 4) minimise the export of cases to other healthcare facilities and the wider community. 

In most instances, coronaviruses are believed to be transmitted from person to person via large respiratory 
droplets, either being inhaled or deposited on mucosal surfaces. Other routes implicated in transmission of 
coronaviruses include contact with contaminated fomites and inhalation of aerosols produced during aerosol-
generating procedures (AGPs). SARS-CoV-2 virus has been detected in respiratory and faecal specimens. Viral RNA 
has also been detected on rare occasions in blood specimens but there is no evidence of transmission through 
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period. Healthcare-associated DTR was defined as any GNBSI 
occurring >3 calendar days after hospital admission, or earlier in 
patients from a healthcare facility and/or receiving hemodialy-
sis. Comorbid conditions and source of bacteremia were defined 
using International Classification of Diseases, Ninth Revision 
coding and the Elixhauser index [18] (Supplementary Table!1). 
The outcome was adjusted for the predicted mortality risk using 
the 3M All Patient Refined Diagnosis Related Group risk of 
mortality assignments [19]. Administration of reserve agent cat-
egories (aminoglycosides, colistin/polymyxin B, and tigecycline) 
and prevalence of aminoglycoside nonsusceptibility (intermedi-
ate/resistant) were compared across resistance phenotypes; the 
burdens of coresistance were compared across!taxa.

Univariate and multivariable mixed-e"ect models were 
developed used modi#ed Poisson regression with log-link func-
tion and robust error variances, controlling for facility-level 
random e"ects, to estimate adjusted relative risk (aRR) and 
95% con#dence intervals (CIs) for factors signi#cantly associ-
ated with GNBSIs with DTR (see Supplementary Data for full 
results) and in-hospital mortality. Separate models were devel-
oped to estimate the independent e"ects of resistance pheno-
type and the number of active #rst-line categories available on 
mortality risk. Multivariable models were adjusted for patient-, 
organism-, and hospital-level characteristics (covariates listed 
in the Supplementary Methods), for continuous reporting (see 
Supplementary Table!2 for hospital reporting patterns), and for 
previous episodes of bacteremia. Interactions between resistance 

phenotype and taxa or source of bacteremia were evaluated, as 
was possible multicollinearity. Among highly correlated vari-
ables (r!>!0.8), those with the maximal e"ect on outcome were 
retained. Signi#cance was assessed at the P!<!.05 level. Analyses 
were performed using SAS so$ware (version 9.4).

RESULTS

Prevalence of!DTR

At 173 institutions from 2009 to 2013, a total of 46 521 GNBSI 
isolates of interest were identified, spanning 45 011 unique 
episodes and 29 474 unique patients (Figure!2). Of these, 471 
GNBSIs (1.0%) exhibited DTR, compared with 1048 (2.3%) for 
CR, 4165 (9.0%) for ECR, and 10 240 (22%) for FQR (Figure!3). 
Characteristics of the 29 474 unique patients with GNBSI, 
21 410 with nonresistant phenotypes, are presented in Table!2 
and the Supplementary Data. The DTR prevalence was 1.1% 
when limited to hospitals with continuous reporting (n!=!42). 
Among GNBSIs with minimum susceptibility testing, the prev-
alence was 1.5% (471 of 31 719) overall and 2.5% (336 of 13 445) 
among intensive care unit encounters. The prevalence of 
GNBSIs displaying DTR varied considerably across taxa, rang-
ing from 0.04% for E.!coli to 18.3% for A.!baumannii (Figure!3). 
P.!aeruginosa had a CR/DTR prevalence ratio of 4.5, reflecting 
the underlying susceptibility of many CR isolates to piperacil-
lin-tazobactam (85.1% susceptible) and/or aztreonam (49.5% 
susceptible). Prevalence differences between CR and DTR were 
smaller but still significant for Klebsiella spp., Enterobacter spp., 

Figure!1. Schematic relationship between difficult-to-treat resistance (DTR) and Centers for Disease Control and Prevention (CDC)–defined coresistance phenotypes. As 
represented in this figure, DTR isolates fall completely within the CDC-defined multidrug-resistant (MDR) phenotype and overlap with the extensively drug-resistant (XDR) 
phenotype. Although pandrug-resistant (PDR) organisms all fall within the DTR phenotype, the DTR definition introduced here offers more clinical utility, in that it requires 
resistance only to all first-line agents, instead of all antimicrobial agents available. (Note that proportions of overlap among coresistance phenotypes are not displayed to 
scale. Refer to Magiorakos et!al [6] for CDC definitions.) 

Difficult-to-treat resistance

Kadri SS. CID 2018



BGN DTR

Strich J. Semin Respir Crit Care Med 2019 
Fig. 1 (A) Schematic relationship between DTR and CDC-de!ned co-resistance phenotypes. (B) Relationship between DTR phenotype and ICU stay.
(A)Overlap of PDR,XDR, andMDRde!nitionswithDTR,demonstrating thatDTR isolates fall completelywithin theCDC-de!nedMDRphenotypeandoverlap
with the XDR phenotype. While PDR organisms all fall within the DTR phenotype, the DTR de!nition introduced here offers more clinical utility in that it
requires resistanceonly to all!rst-line agents, insteadof all antimicrobial agents available. Furthermore, theDTRphenotype implies noactive!rst-lineagents
contrary to carbapenem-resistance pathogens for which !rst-line agents may still be available. (Figure adapted from Kadri et al12.) (B) Proportion of unique
inpatient encounters with gram-negative bacteremia associated with an ICU stay across resistance phenotypes. The !gure depicts the proportion of ICU
stays associated with inpatients with bacteremia resulting from select taxa of gram-negative bacteria (Escherichia coli, Klebsiella pneumoniae, Enterobacter
spp., Pseudomonas aeruginosa, and Acinetobacter baumannii) across various phenotypes of resistance. The association with ICU stay was greatest for
encounterswith gram-negative bacteremia displaying dif!cult-to-treat resistance (no active!rst-line agent categories) at 73%. Even among isolateswithone
ormore active !rst-line category, the associationwith ICU stay increasedwith increasing spectrum of the antibiotic category to which the isolate is resistant
(carbapenems> extended-spectrum cephalosporins> "uoroquinolones). Reprinted with permission of the American Thoracic Society. Copyright © 2018
AmericanThoracic Society.2 Kadri, SS. 2018, Recognizing the unique role of critical care providers in confronting antimicrobial resistance. Am J Respir Crit
CareMed, 198, 560–562. The American Journal of Respiratory and Critical Care Medicine is an of!cial journal of the AmericanThoracic Society. Abbreviations:
CDC,U.S. Centers forDiseaseControl and Prevention;DTR, dif!cult-to-treat resistant; GN, gram-negative; ICU, intensive care unit;MDR,multidrug resistant;
PDR, pan-drug resistant; XDR, extensively drug resistant. Note: The other resistance phenotypes shown are de!ned using U.S. Centers for Disease Control
and Prevention 2015 surveillance de!nitions.149 aFirst-line agents are carbapenems, other lactams, and "uoroquinolones. bWithout any of the four
resistance phenotypes in the !gure. cExtended-spectrum cephalosporins include third- and fourth-generation cephalosporins (for P. aeruginosa, limited to
antipseudomonal cephalosporins). dFor GN bloodstream isolates, “dif!cult-to-treat resistant” indicates intermediate susceptibility or resistance to all
carbapenems, other b-lactams, and "uoroquinolones tested.
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emergingMDRGN, including ESBL-Enterobacteriaceae, CRE, MDR
P. aeruginosa, and MDR A. baumannii, is then discussed in turn.

5. ESBL-Enterobacteriaceae

The development of community-acquired colonization or
infection with ESBL-producing organisms is not unusual and
include several risk factors (Table 2) [17–20]. The gastrointest-
inal tract may constitute the main reservoir for ESBL-
Enterobacteriaceae. Travel to central and western Asia, which
are areas with high prevalence of resistances, should also alert
physicians since traveler diarrhea may be a surrogate for con-
tact with fecally contaminated water or food [21]. Moreover,
patients admitted from refugee accommodations should be
considered an emerging risk population [22,23].

Two previous case-control studies developed predictive
scores for ESBL producers at hospital admission (Table 3)
[17–19]. A score value of !3 in both studies showed high
sensitivity (!94%) and negative predictive value but a poor
specificity, suggesting that it would be probably useful for
severe patients. On the other hand, a score value of !8
showed a high specificity (!95% in both models) and positive
predictive value with lower sensitivity, suggesting that it
would be probably useful for patients without severe sepsis
or septic shock [17–19].

The risk of nosocomial infection caused by ESBL-
Enterobacteriaceae varies greatly according to the local epide-
miology [24,25]. A clinical risk scoring system for predicting
ESBL E. coli infection in hospitalized patients has recently been
developed, but further studies are needed [26]. A clinical
decision tree has recently been reported to estimate a bac-
teremic patient’s likelihood of infection with an ESBL-produ-
cing bacterium, with high positive and high negative
predictive values (about 90%) [27].

6. CRE

Most studies investigating risk factors for infection or coloni-
zation by carbapenemase-producing organisms, mainly KPC,
were performed in the context of individual hospital outbreaks
[28–31]. Previous use of broad-spectrum antibiotics is an
important factor, which could also promote the selection of
KPC strains by eliminating susceptible competing clones [28–
31]. Additional risk factors that have been associated with CRE
infection or colonization are listed in Table 2.

Clinicians should be also aware that CRE in developed
countries have been associated with travel and recent medical
care in endemic areas such as the USA, Italy, Greece, and Israel
for KPCs; Greece for Verona integron–encoded metallo-!-

Table 2. Risk factors for antimicrobial-resistant Gram-negative bacteria.

Risk factors for MDR
pathogens

Baseline characteristics Epidemiological background
Recent (<3 months) antibiotic
therapy Prior colonization Indwelling devices

! Age >70 years ! Prior hospital admission (in the last
12 months)

! Recent aminopenicillins ! Gut colonization with ESBL ! Urinary catheter

! Diabetes mellitus ! Prolonged hospitalization ! Recent cephalosporins ! Gut colonization with CRE ! Gastrostomy or
jejunostomy

! Charlson index !3 ! Transfer from another health-care
facility

! Recent fluoroquinolones ! Colonization with MRSA ! Nasogastric tube

! Recurrent or
obstructive UTIs

! Current or prior ICU admission ! Recent carbapenems ! Colonization with Acinetobacter ! CVC

! Use of corticosteroids ! Local epidemiology, outbreak ! Recent aminoglycosides ! Endotracheal colonization with P.
aeruginosa

! Mechanical
ventilation

! Immunosuppression ! Travel from high endemic areaa ! Hemodialysis
! Trauma
! Malignancy
! Organ transplantation
! COPD
! Neutropenia
! Recent surgery

CVC: central venous catheter; COPD: chronic obstructive pulmonary disease; CRE: carbapenemase-resistant Enterobacteriaceae; ESBL: extended-spectrum beta-
lactamase; ICU: intensive care unit; MRSA: methicillin-resistant staphylococcus aureus; UTIs: urinary tract infections; VIM: verona integron-encoded metallo-beta-
lactamase.

aCentral and western Asia for ESBL; USA, Italy, Greece, and Israel for K. pneumoniae carbapenemases; Greece for VIMs; Turkey for OXA-48; and the Indian
subcontinent for New Delhi metallo-beta-lactamases.

Table 3. Predictive scores for infection due to extended-spectrum-beta-lacta-
mase producers at hospital admission for community-acquired infections.

Tumbarello et al.
Score [17]

Johnson et al.
Score [18]

Age !70 years 2 –
Charlson index >3 2 –
Immunosuppression (<3 months)a – 2
Recent hospitalization (<12 months) 3 2
Transfer from health-care facility 3 4
Recent use of beta-lactams or
fluoroquinolones (<3 months)

2 3

Recent history of urinary catheter
(<1 months)

2 5

Rodriguez-Bano et al. modified [19].
aImmunosuppressive therapy during the 3 months preceding the index admis-
sion (defined as glucocorticoids [equivalent to prednisone at 20 mg or above
for at least 2 weeks] or more than 48 h of any of the following: tacrolimus,
sirolimus, cyclosporine, mycophenolate, or antithymocyte globulin) and che-
motherapy (defined as alkylating agents) during the 3 months preceding the
index admission.

Tumbarello et al.: score !8; sensitivity: 48%; specificity: 100%; positive predictive
value: 98%; negative predictive value: 88%.

Johnson et al.: score !8; sensitivity: 58%; specificity: 95%; positive predictive
value: 79%; negative predictive value: 87%.
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countries have been associated with travel and recent medical
care in endemic areas such as the USA, Italy, Greece, and Israel
for KPCs; Greece for Verona integron–encoded metallo-!-

Table 2. Risk factors for antimicrobial-resistant Gram-negative bacteria.

Risk factors for MDR
pathogens

Baseline characteristics Epidemiological background
Recent (<3 months) antibiotic
therapy Prior colonization Indwelling devices

! Age >70 years ! Prior hospital admission (in the last
12 months)

! Recent aminopenicillins ! Gut colonization with ESBL ! Urinary catheter

! Diabetes mellitus ! Prolonged hospitalization ! Recent cephalosporins ! Gut colonization with CRE ! Gastrostomy or
jejunostomy

! Charlson index !3 ! Transfer from another health-care
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! Recent fluoroquinolones ! Colonization with MRSA ! Nasogastric tube

! Recurrent or
obstructive UTIs

! Current or prior ICU admission ! Recent carbapenems ! Colonization with Acinetobacter ! CVC

! Use of corticosteroids ! Local epidemiology, outbreak ! Recent aminoglycosides ! Endotracheal colonization with P.
aeruginosa

! Mechanical
ventilation

! Immunosuppression ! Travel from high endemic areaa ! Hemodialysis
! Trauma
! Malignancy
! Organ transplantation
! COPD
! Neutropenia
! Recent surgery
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aImmunosuppressive therapy during the 3 months preceding the index admis-
sion (defined as glucocorticoids [equivalent to prednisone at 20 mg or above
for at least 2 weeks] or more than 48 h of any of the following: tacrolimus,
sirolimus, cyclosporine, mycophenolate, or antithymocyte globulin) and che-
motherapy (defined as alkylating agents) during the 3 months preceding the
index admission.

Tumbarello et al.: score !8; sensitivity: 48%; specificity: 100%; positive predictive
value: 98%; negative predictive value: 88%.

Johnson et al.: score !8; sensitivity: 58%; specificity: 95%; positive predictive
value: 79%; negative predictive value: 87%.
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Mecanismos de resistencia

located on mobile genetic elements such as plasmids, 
which can carry one or more resistance genes. Many of 
the !-lactamase genes that confer resistance to the 
penicillin, cephalosporin, penem and monobactam 
antibiotics are located on such elements, as is the 
glycopeptide-resistance gene cluster vanHAX, which 
provides resistance to vancomycin. "e prevalence and 
mobility of resistance genes in previously sensitive 
pathogenic bacteria has now reached crisis levels in many 
cases because new antibiotics are no longer being 
developed at a rate that can keep pace with microbial 
evolution.

In the past two decades we have witnessed:
t� UIF� SJTF� PG� TP�DBMMFE� FYUFOEFE� TQFDUSVN�ȡ�MBDUBNBTFT�

(ESBLs), which are mutants of enzymes that previously 
could only inactivate penicillins but now have gained 
activity against many cephalosporins;

t� DBSCBQFOFNBTFT� TVDI� BT� ,1$� BOE� /%.��� UIBU�
inactivate all !-lactam antibiotics;

t� QMBTNJE�NFEJBUFE�	BOE�UIVT�IPSJ[POUBMMZ�EJTTFNJOBUFE
�
resistance to fluoroquinolone antibiotics;

t� UIF� TQSFBE� PG� WJSVMFOU� .34"� 	NFUIJDJMMJO�SFTJTUBOU�
Staphylococcus aureus) in the community;

t� UIF�SJTF�PG�NVMUJ�ESVH�SFTJTUBOU�Neisseria gonorrhoea;
t� UIF�FNFSHFODF�BOE�HMPCBM�EJTTFNJOBUJPO�PG�NVMUJ�ESVH�

resistant Acinetobacter baumannii, Pseudomonas aerugi-
nosa, Klebsiella pneumoniae and Enterobacteriaceae;

t� UIF�TQSFBE�PG�FYUFOTJWFMZ�ESVH�SFTJTUBOU�Mycobacterium 
tuberculosis;

t� UIF� EFWFMPQNFOU� PG� SFTJTUBODF� UP� UIF� UXP� OFXFTU�
antibiotics to be approved for clinical use - daptomycin 
and linezolid.

Resistance is relentless and unavoidable as long as we use 
antibiotics.

Where does resistance come from?
Antibiotic resistance is the evolutionary response to the 
strong selective pressure that results from exposure to 
these compounds. "e horizontal dissemination of 
resistance genes into bacterial species and genera that are 
not themselves intrinsically resistant, as well as the 
maintenance of resistance mutations vertically through 

Figure 1. Antibiotic targets and mechanisms of resistance. See text for details.
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Resistencia a betalactámicos
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Figura 2. Mecanismo de acción general de las β-lactamasas.  
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Esta resistencia puede ser propagada por 

expansión clonal y/o por transferencia 

genética horizontal a través de plásmidos
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BGN DTR

Agent Related-class Developer

Ceftolozane-tazobactam BLBLI Merck 

Ceftazidime-avibactam BLBLI Pfizer
Murepavadine OMPTA Polyphor

Imipenem-relebactam BLBLI Merck 

Aztreonam-avibactam BLBLI Pfizer

Cefiderocol Cephalosporin Shionogi

Eravacycline Tetracycline Tetraphase

Plazomicin Aminoglycoside Achaogen

Meropenem-vaborbactam BLBLI Melinta

New Agents being developed to treat 
resistant Gram-negative bacteria

Nuevos antibióticos contra BGN

 2014/2015

 2015/2016

 2019/2021

 2019/2020

 Fase 3

 2019/2020

 2018/2018

 2017/2018

FDA/EMA

OMPTA: Outer Membrane Protein Targeting Antibiotics 

 Peptidomimético



BGN DTRNuevos antibióticos contra BGN

Antibiótico Espectro actividad No actividad

Ceftolozano-
tazobactam 

Enterobacterias BLEE y AmpC (>E: coli) 
P. aeruginosa (+ 20-25%)

Productoras de 
carbapenemasa

Ceftazidima-
avibactam 

K. pneumoniae y P. aeruginosa BLEE, 
KPC, AmpC  
Algunas enzimas de clase D (OXA-10, 
OXA-48). 

MBL, Acinetobacter spp 

Murepavadina
P. aeruginosa DTR 
Cepas resistentes a cefto/tazo y 
colistina

Otros BGN no 
fermentadores 
Enterobacterias

Imipenem-
cilastatina-
relebactam 

K. pneumoniae y P. aeruginosa BLEE, 
KPC, AmpC  
Mutaciones de porinas

MBL y A. baumannii 
OXA-48 disminuida 

Van Duin. CID 2016

Martin-Loeches I. Expert Rew Antiinfec Ther 2018

Giamarellou H. Antibiotics 2022



BGN DTRNuevos antibióticos contra BGN

Antibiótico Indicaciones 

Ceftolozano-
tazobactam IIAc, ITUc, NAH, NAVM en adultos

Ceftazidima-
avibactam 

IIAc, ITUc en adultos y > 3 meses  

NAH, NAVM en adultos

Murepavadina NAH, NAVM en adultos

Imipenem-
cilastatina-
relebactam 

NAH, NAVM en adultos 
Infecciones BGN con escasas opciones 
terapéuticas

IIAc infección intraabdominal complicada 

ITUc infección del tracto urinario complicada 

NAH neumonia adquisión hospitalaria 

NAVM neumonia asociada a ventilación mecánica

Van Duin. CID 2016

Martin-Loeches I. Expert Rew Antiinfec Ther 2018

Giamarellou H. Antibiotics 2022



BGN DTRNuevos antibióticos contra BGN

Antibiótico Dosis

Ceftolozano-tazobactam  (1g/0,5g) 1,5 g ev/ 8 h, perfusión 1h  
NAH/ NAVM: 3g/8h, perfusión 3h

Ceftazidima-avibactam (2g/
500mg) 2,5 g ev/8h, perfusión 2-3h

Murepavadina 2,5mg/kg/8h

Imipenem-cilastatina-relebactam 
(500mg/500mg/250mg) 1,25 g ev/6h, perfusión 30 minutos



BGN DTRNuevos antibióticos contra BGN
Antibiótico Espectro actividad No actividad

Aztreonam-
avibactam

K. pneumoniae BLEE, KPC, AmpC, 
OXA-48 y MBL 
= aztreonam para P. aeruginosa y 
A. baumannii, incluyendoMBL

P. aeruginosa y A. 
baumannii DTR

Cefiderocol

K. pneumoniae BLEE, KPC, AmpC, 
OXA-48 y MBL.  
P. aeruginosa and A. baumannii 
productores de carbapenemasas

Gram + 

Anaerobios 

Eravaciclina

K. pneumoniae BLEE, KPC, AmpC, 
OXA-48 y MBL.  
A. baumannii productor de 
carbapenemasas

P. aeruginosa

Meropenem-
Vaborbactam

K. pneumoniae producing ESBL, 
KPC, AmpC.  
= meropenem para P. aeruginosa

OXA 48 
MBL

Van Duin. CID 2016

Martin-Loeches I. Expert Rew Antiinfec Ther 2018

Giamarellou H. Antibiotics 2022



BGN DTRNuevos antibióticos contra BGN

Antibiótico Indicaciones 

Aztreonam-
avibactam Fase 3

Cefiderocol

FDA: ITUc, NAH y NAVM  

EMA: infecciones por BGN 
aerobios con escasas opciones 
terapéuticas

Eravaciclina IIAc

Meropenem-
Vaborbactam

FDA: ITUc 

EMA: ITUc, IIAc, NAH, NAVM

IIAc infección intraabdominal complicada 

ITUc infección del tracto urinario complicada 

NAH neumonia adquisión hospitalaria 

NAVM neumonia asociada a ventilación mecánica

Van Duin. CID 2016

Martin-Loeches I. Expert Rew Antiinfec Ther 2018

Giamarellou H. Antibiotics 2022



BGN DTRNuevos antibióticos contra BGN

Antibiótico Indicaciones 

Aztreonam-avibactam Fase 3

Cefiderocol (1g)  2 g ev/8 h, perfusión 3 h 

Eravaciclina (50mg) 1 mg/kg/ev cada 12 h 

Meropenem-Vaborbactam 
(1g/1g)  4 g ev/8h, perfusión 3h
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!e mechanisms of carbapenem resistance in glucose-non-
fermenting organisms di"er according to the organism. 
Carbapenem-resistant P aeruginosa strains generally evolve 
because of an interplay of multiple complex mechanisms, in-
cluding mutations in OprD porins, hyperproduction of AmpCs, 
upregulation of e#ux pumps, and mutations in penicillin-bind-
ing proteins [8]. Carbapenemases are an infrequent$ mechanism 
behind carbapenem-resistant P aeruginosa in the United States 
[8] and are found more commonly in other regions of the world 
such as Europe, Asia, and Latin America; VIM carbapenemases 
are responsible for approximately 11% of carbapenem-resistant 
P aeruginosa infections in Europe [9], 12% of overall P aerugi-
nosa infections (regardless of carbapenem susceptibility) from 
Asia [10], and up to 19% of carbapenem-resistant infections 
in Latin America [11]. Carbapenem resistance in A bauman-
nii strains in both the United States and abroad is generally 
the result of the production of class D carbapenemases, with 
OXA-23-like, OXA-40-like, OXA-58-like, and OXA-143-like 
carbapenemases commonly implicated [8]. S maltophilia has 
a chromosomally mediated MBL, L1$ %-lactamase, that ren-
ders this organism intrinsically resistant to carbapenems [12]. 
A$ number of phenotypic and genotypic tests are available to 
clinical microbiology laboratories for identifying carbapen-
emase production by Gram-negative organisms and the spe-
ci&c carbapenemase(s) produced [13, 14]. Because the newer 
%-lactams exhibit unique pro&les in their activity against some 
carbapenemases but not others, we believe that the role of the 
clinical microbiology laboratory in identifying both the pres-
ence of a carbapenemase as well as the speci&c carbapenemase 

gene is becoming increasingly important for guiding e"ective 
treatment decisions.

AZTREONAM-AVIBACTAM

Spectrum of Activity

Aztreonam is known for its ability to withstand hydrolysis by 
MBL carbapenemases. Aztreonam, however, is generally sus-
ceptible to hydrolysis by serine %-lactamases, including ESBLs, 
AmpCs, KPCs, and OXA-48-like carbapenemases, which is 
concerning because plasmids that contain MBL genes gener-
ally also harbor genes that encode several of these other %-lac-
tamases [5]. Avibactam is a %-lactamase inhibitor that is not 
susceptible to hydrolysis by ESBLs, AmpCs, KPCs, or OXA-
48-like carbapenemases and therefore overcomes the short-
comings of aztreonam [15, 16]. Together, the combination of 
aztreonam and avibactam provides broad coverage against 
a wide range of %-lactamase–producing Enterobacteriaceae 
(Figure 1). More speci&cally, in a large surveillance study that 
included clinical isolates from both the United States and 
abroad, the minimum inhibitory concentrations required 
to inhibit the growth of 90% of organisms (MIC90) for azt-
reonam-avibactam against KPC producers (n$ =$ 102), MBL 
producers (n$ =$ 59), and OXA-48-like producers (n$ =$ 57) 
were '0.50$ µg/mL for all of these carbapenemase-producing 
Enterobacteriaceae [17]. A$ separate international collection 
of isolates yielded similar results [18]. MBL producers can be 
particularly challenging to treat given the limited number of 
agents with activity against them. Aztreonam-avibactam has 

Agent KPC-
producer

NDM-
producer

OXA-48-like-
producer

Carbapenem-
resistant

Pseudomonas 
aeruginosa 

Carbapenem-
resistant

Acinetobacter 
baumannii

Stenotrophomonas
maltophilia

Aztreonam-avibactam
Cefiderocol
Ce!azidime-avibactam1

Ce!olozane-tazobactam1

Eravacycline1,2

Fosfomycin (intravenous)
Imipenem-relebactam3

Meropenem-vaborbactam1

Plazomicin1,4

Polymyxin B1,5 or Colis"n1,5

Tigecycline1,2

Figure 1. Select antibiotics with activity against carbapenem-resistant organisms. Green, susceptibility anticipated to be >80%; yellow, susceptibility antic-
ipated to be 30% to 80%; red, intrinsic resistance or susceptibility anticipated to be <30%. 1, US Food and Drug Administration–approved agent; 2, synthetic 
tetracycline derivative; 3, imipenem-cilastatin–relebactam; 4, synthetic aminoglycoside; 5, polymyxin class. Abbreviations: KPC, Klebsiella pneumoniae car-
bapenemase; NDM, New Delhi metallo-!-lactamase.
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Table 2. Spectrum of activity of new antibiotics for di�cult-to-treat resistance (DTR) gram-negative
bacteria (GNB).

ESBL CRE-KPC CRE-OXA48 CRE-MBL DTR P. Aeruginosa DTR Acinetobacter

BL/BLI Combination

• Ceftolozane/Tazobactam
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Novel Tetracycline        

• Eravacyclin        
• Murepavadin       

 No activity or intrinsic or acquired resistance.  Activity. Abbreviations: BL/BLI, β-lactam/β-lactamase Inhibitor CRE, carbapenem resistant 

Enterobacteriacae; ESBL, extended-spectrum beta-lactamase; MBLs, metallo-β-lactamases; OMPTA, outer membrane protein targeting antibiotics. 1. Decreased 

activity for carbapenemase-producing strains of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM 

Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased resistance is observed; 7. Not active against 

many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin). 
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3

Antibiotics 2020, 9, x FOR PEER REVIEW 7 of 21 

Table 2. Spectrum of activity of new antibiotics for difficult-to-treat resistance (DTR) gram-negative bacteria (GNB). 

 ESBL CRE-KPC CRE-OXA48 CRE-MBL DTR P. Aeruginosa DTR Acinetobacter 
BL/BLI Combination        

• Ceftolozane/Tazobactam      
1 

 
 

• Ceftazidime-Avibactam       

• Imipenem-Relebactam   
2 

 
 

3 

 
 

• Meropenem-Vaborbactam       

• Aztreonam-Avibactam    
4 

 

5 

 
 

• Cefepime/Zidebactam       
• Meropenem/Nacubactam       
• Ceftaroline/Avibactam       

Novel Cephalosporine       
• Cefiderocol        

Novel Amynoglicoside        

• Plazomicin   
6 

 

7 

 

8 

 

8 

 
Novel Tetracycline        

• Eravacyclin        
• Murepavadin       

 No activity or intrinsic or acquired resistance.  Activity. Abbreviations: BL/BLI, β-lactam/β-lactamase Inhibitor CRE, carbapenem resistant 

Enterobacteriacae; ESBL, extended-spectrum beta-lactamase; MBLs, metallo-β-lactamases; OMPTA, outer membrane protein targeting antibiotics. 1. Decreased 

activity for carbapenemase-producing strains of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM 

Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased resistance is observed; 7. Not active against 

many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin). 
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Enterobacteriacae; ESBL, extended-spectrum beta-lactamase; MBLs, metallo-β-lactamases; OMPTA, outer membrane protein targeting antibiotics. 1. Decreased 

activity for carbapenemase-producing strains of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM 

Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased resistance is observed; 7. Not active against 

many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin). 
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Enterobacteriacae; ESBL, extended-spectrum beta-lactamase; MBLs, metallo-β-lactamases; OMPTA, outer membrane protein targeting antibiotics. 1. Decreased 

activity for carbapenemase-producing strains of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM 

Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased resistance is observed; 7. Not active against 

many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin). 
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activity for carbapenemase-producing strains of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM 

Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased resistance is observed; 7. Not active against 

many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin). 
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Enterobacteriacae; ESBL, extended-spectrum beta-lactamase; MBLs, metallo-β-lactamases; OMPTA, outer membrane protein targeting antibiotics. 1. Decreased 

activity for carbapenemase-producing strains of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM 

Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased resistance is observed; 7. Not active against 

many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin). 
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activity for carbapenemase-producing strains of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM 

Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased resistance is observed; 7. Not active against 

many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin). 
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Enterobacteriacae; ESBL, extended-spectrum beta-lactamase; MBLs, metallo-β-lactamases; OMPTA, outer membrane protein targeting antibiotics. 1. Decreased 

activity for carbapenemase-producing strains of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM 

Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased resistance is observed; 7. Not active against 

many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin). 
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Enterobacteriacae; ESBL, extended-spectrum beta-lactamase; MBLs, metallo-β-lactamases; OMPTA, outer membrane protein targeting antibiotics. 1. Decreased 

activity for carbapenemase-producing strains of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM 

Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased resistance is observed; 7. Not active against 

many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin). 
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 No activity or intrinsic or acquired resistance.  Activity. Abbreviations: BL/BLI, β-lactam/β-lactamase Inhibitor CRE, carbapenem resistant 

Enterobacteriacae; ESBL, extended-spectrum beta-lactamase; MBLs, metallo-β-lactamases; OMPTA, outer membrane protein targeting antibiotics. 1. Decreased 

activity for carbapenemase-producing strains of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM 

Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased resistance is observed; 7. Not active against 

many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin). 
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 No activity or intrinsic or acquired resistance.  Activity. Abbreviations: BL/BLI, β-lactam/β-lactamase Inhibitor CRE, carbapenem resistant 

Enterobacteriacae; ESBL, extended-spectrum beta-lactamase; MBLs, metallo-β-lactamases; OMPTA, outer membrane protein targeting antibiotics. 1. Decreased 

activity for carbapenemase-producing strains of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM 

Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased resistance is observed; 7. Not active against 

many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin). 
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 No activity or intrinsic or acquired resistance.  Activity. Abbreviations: BL/BLI, β-lactam/β-lactamase Inhibitor CRE, carbapenem resistant 

Enterobacteriacae; ESBL, extended-spectrum beta-lactamase; MBLs, metallo-β-lactamases; OMPTA, outer membrane protein targeting antibiotics. 1. Decreased 

activity for carbapenemase-producing strains of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM 

Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased resistance is observed; 7. Not active against 

many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin). 
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 No activity or intrinsic or acquired resistance.  Activity. Abbreviations: BL/BLI, β-lactam/β-lactamase Inhibitor CRE, carbapenem resistant 

Enterobacteriacae; ESBL, extended-spectrum beta-lactamase; MBLs, metallo-β-lactamases; OMPTA, outer membrane protein targeting antibiotics. 1. Decreased 

activity for carbapenemase-producing strains of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM 

Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased resistance is observed; 7. Not active against 

many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin). 
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Table 2. Spectrum of activity of new antibiotics for difficult-to-treat resistance (DTR) gram-negative bacteria (GNB). 
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 No activity or intrinsic or acquired resistance.  Activity. Abbreviations: BL/BLI, β-lactam/β-lactamase Inhibitor CRE, carbapenem resistant 

Enterobacteriacae; ESBL, extended-spectrum beta-lactamase; MBLs, metallo-β-lactamases; OMPTA, outer membrane protein targeting antibiotics. 1. Decreased 

activity for carbapenemase-producing strains of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM 

Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased resistance is observed; 7. Not active against 

many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin). 
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 No activity or intrinsic or acquired resistance.  Activity. Abbreviations: BL/BLI, β-lactam/β-lactamase Inhibitor CRE, carbapenem resistant 

Enterobacteriacae; ESBL, extended-spectrum beta-lactamase; MBLs, metallo-β-lactamases; OMPTA, outer membrane protein targeting antibiotics. 1. Decreased 

activity for carbapenemase-producing strains of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM 

Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased resistance is observed; 7. Not active against 

many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin). 
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Activity. Abbreviations: BL/BLI,�-lactam/�-lactamase Inhibitor
CRE, carbapenem resistant Enterobacteriacae; ESBL, extended-spectrum beta-lactamase; MBLs, metallo-�-lactamases;
OMPTA, outer membrane protein targeting antibiotics. 1. Decreased activity for carbapenemase- producing strains
of CR P. aeruginosa; 2. Very weak activity; 3. Not have activity against MBL; 4. Reduced activity against certain NDM
Escherichia coli isolates; 5. Activity comparable to aztreonam alone; 6. Activity against OXA-type CREs but increased
resistance is observed; 7. Not active against many NDMs; 8. Activity toward P. aeruginosa and A. baumannii is overall
comparable to existing aminoglycosides (tobramycin, amikacin, gentamicin).

3.3. DTR Pseudomonas aeruginosa

C/T can be considered the most potent agent against DTR P. aeruginosa, due to its activity against
common resistance mechanisms showed by P. aeruginosa, including loss of outer membrane porin
(OprD), chromosomal AmpC, and up-regulation of e✏ux pumps (MexXY, MexAB), the exception being
the carbapenamase-producing strains. A large multicenter study recording the clinical experience with
this agent at 22 Italian centers underlined its e�cacy in treating infections caused by P. aeruginosa,
regardless of the site of origin [31] C/T is often used as the backbone of combination therapy involving
dual treatment active against P. aeruginosa, for example in HAP/VAP or in high-mortality risk patients.
In this context, it is often associated with aminoglycosides, colistin, fosfomycin. Possible synergisms
between ceftolozane/tazobactam and other agents (including fosfomycin, colistin, and amikacin) in the
treatment of P. aeruginosa are being studied in vitro and may lead to the development of new treatment
options [32,33].

3.4. CRE and DTR Acinetobacter

Ceftolozane/tazobactam is inactive against carbapenemase-producing isolates, since it lacks activity
against CPE (MIC50/90, 32/>32 mg/L); Moreover, C/T shows no activity against metallo-�-lactamases,
K. pneumoniae carbapenemases, or class D enzymes [34].

3.5. Ceftazidime/Avibactam

Ceftazidime/avibactam (CAZ-AVI) is a BL/BLI combination of an old cephalosporin (ceftazidime)
with a new BLI (avibactam). This drug shows activity against ESBL, class C (e.g., AmpC) �-lactamases,
class A (e.g., KPC) and class D (e.g., OXA) CRE. In addition, it has demonstrated activity against some
DTR P. aeruginosa isolates (Table 2). CAZ-AVI was approved in 2015 by the FDA for complicated cUTI,
cIAI, HAP and VAP in adult and pediatric populations. Its use has also been extended by the European
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antimicrobial use and K. pneumoniae bacteraemia.41,42 According
to Spanish guidelines for managing catheter-related BSI,
Gram-negative bacilli are present in 17%–25% of such infections,
particularly in patients with special conditions, including spinal
cord injuries, femoral catheters, neutropenia and haematological
malignancy, or diabetes.43 As such, these guidelines recommend
empirical antibiotic therapy that includes Gram-negative coverage
and must include an anti-pseudomonal agent; however, they do
not stipulate how to address resistant organisms.43 An Italian
surveillance programme demonstrated the rapid increase in
carbapenem-resistant K. pneumoniae causing BSI, which rose
from 1.3% in 2009 to 34.3% in 2013.44

In an Italian study of carbapenem-resistant K. pneumoniae BSI
in critically ill patients (including those with septic shock, chronic
renal failure, or neutropenia), one of the factors associated with
reduced mortality was receiving an antimicrobial combination
that included high-dose meropenem (hazard ratio for death 0.64,
95% CI 0.43–0.95, P = 0.03).45 Another Italian study assessed the
efficacy of combination therapy containing high-dose continuous
meropenem infusion in which steady-state meropenem concen-
trations were optimized with therapeutic drug monitoring in
patients with KPC-producing K. pneumoniae infections, 60% BSIs
and 53% meropenem-resistant.46 Successful clinical outcomes

were achieved in 73% of cases, suggesting that optimizing
steady-state meropenem concentrations improves outcomes for
KPC-producing K. pneumoniae infections with meropenem MIC
!64 mg/L.

The literature generally appears to support the use of
carbapenem-sparing treatment of ESBL BSI, including possible de-
escalation to piperacillin/tazobactam or cefepime in non-critically
ill patients with BSIs susceptible to these therapies.47 However, the
international prospective, randomized MERINO study published
in 2018 did not establish non-inferiority of piperacillin/tazobactam
compared with meropenem for patients with E. coli or
K. pneumoniae BSI and ceftriaxone resistance, with 30 day mortal-
ity rates of 12.3% and 3.7%, respectively.48 In that study, patients
in the carbapenem group were arguably at higher risk, with a
higher APACHE II score and prevalence of diabetes.48

A survey of 616 infectious disease specialists from 56 countries
conducted between 2016 and 2017 showed that BSI manage-
ment practices vary significantly from institution to institution.49

The authors pointed out that such variations pose a threat to
antimicrobial stewardship (AMS) programmes, and that evidence-
based guidelines for the management of BSIs are urgently needed
so that AMS can be implemented effectively at a local level to
harmonize treatment.49
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Figure 1. Suggested treatments for carbapenem-resistant Enterobacterales, multidrug-resistant Pseudomonas aeruginosa, and multidrug-resistant
Acinetobacter baumannii.32,34 Treatment choice in each case should also depend on local epidemiology and bacterial susceptibility, and any potential
additional toxicity when combining therapy. BL/BLI, b-lactam/b-lactamase inhibitor; KPC, Klebsiella pneumoniae carbapenemase; MDR, multidrug-
resistant.
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Antibióticos del futuro



Antibacterials in Development

Drug Name (Company) Class Active vs Gram-
negative Pathogens Potential Indications

POL7080 (Polyphor/Roche) Macrolide LptD
inhibitor Yes (Pseudomonas) VABP

Debio 1452 (Debiopharm Group) Fabl Inhibitor No ABSSSI

CG-400549 (CrystalGenomics) Fabl Inhibitor No ABSSSI

Brilacidin (Cellceutix) Defensin-mimetic No ABSSSI

Ceftaroline-avibactam (AZ/Actavis) Cepalo + BLI Yes cUTI

Radezolid (Melinta) Oxazolidinone Yes ABSSSI, CAPB

TAKSTA (fusidic acid, Cempra) Fusidane No PJI

TD-1792 (Theravance)
Glycopeptide-
cephalosporin
heterodimer

No ABSSSI, HABP/VABP

Nemonoxacin (TiaGen Biotech) Quinolone Yes CABP, DFI, ABSSSI

Finafloxacin (MerLion
Pharmaceuticals) Fluoroquinolone Yes cUTI, cIAI, ABSSSI

Avarofloxacin (Furiex/Actavis) Fluoroquinolone Yes CABP/ABSSSI

Zalbofloxacin (Dong Wha Pharma) Fluoroquinolone No CABP

GSK2140944 (GSK) Type 2 topoisomerase 
inhibitor No ABSSSI, Resp

infection, CABP

http://www.pewtrusts.org/en/research-and-analysis/issue-briefs/2014/03/12/tracking-the-pipeline-of-antibiotics-in-development
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Conclusiones

- La resistencia a los antimicrobianos actualmente 

aprobados está aumentando.  

- El arsenal contra los BNG DTR ha crecido, y la mayoría 

de los antibióticos son activos contra los productores 

de BLEE y KPC. Sin embargo, es necesario dar 

prioridad a los productores de MBL y a A. baumannii 

DTR. 
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