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Abstract
Pneumonia is the leading cause of death from infection in the developed world. In recent years, researchers and healthcare 
professionals have worked extensively to reduce this burden. Prevention is better than cure, and significant advances have 
been made in areas such as vaccination and the prevention of nosocomial pneumonia in intensive care units. Comprehensive 
surveillance programmes and new diagnostic methods have been developed to assess trends in this disease and to identify 
the infectious agents involved. Clinical presentation can be challenging in elderly patients or those with certain comorbidities, 
prompting new studies in these populations to address these issues. Correct and early management of severe community- 
acquired pneumonia represents a major opportunity to reduce its associated mortality. Although fungal pathogens are an  
uncommon cause of lung infection, they are associated with high morbidity and mortality, highlighting the need for new approa-
ches. Finally, new drugs are available for the treatment of pneumonia, and a thorough understanding of them is key to ensuring 
their correct use, particularly to combat multi-resistance. To provide an update on these points, a multidisciplinary team of 
Spanish experts convened at the Sixth Annual Meeting of Pneumonia Day, under the scientific sponsorship of GEIPC-SEIMC. 
This paper reflects the information shared at this meeting, offering the latest insights on these topics and supporting a holistic 
approach to pneumonia management.
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Resumen
La neumonía es la principal causa de muerte por infección en el mundo desarrollado. En los últimos años, investigadores y pro-
fesionales de la salud han trabajado intensamente para reducir esta carga. Más vale prevenir que curar, así que se han invertido 
importantes esfuerzos en ámbitos como la vacunación y la prevención de la neumonía nosocomial en las unidades de cuidados in-
tensivos. Se han desarrollado programas de vigilancia integral y nuevos métodos de diagnóstico para evaluar las tendencias de esta 
enfermedad e identificar los agentes infecciosos implicados. La presentación clínica puede ser desafiante en pacientes de edad 
avanzada o con ciertas comorbilidades, lo que ha impulsado la realización de nuevos estudios en estas poblaciones para abordar 
estos problemas. El tratamiento correcto y precoz de la neumonía adquirida en la comunidad grave representa una gran oportuni-
dad para reducir su mortalidad asociada. Aunque los hongos son una causa infrecuente de infección pulmonar, se asocian a una 
elevada morbilidad y mortalidad, lo que resalta la necesidad de nuevos enfoques diagnósticos y terapéuticos. Por último, se dispone 
de nuevos fármacos para el tratamiento de la neumonía, y un buen conocimiento de estos es la clave para su correcta utilización, 
especialmente para combatir la multirresistencia. Para actualizar estos temas, un equipo multidisciplinar de expertos españoles 
se reunió en la VI Jornada Anual de Neumonía, bajo el auspicio científico del GEIPC-SEIMC. Este documento refleja la información 
compartida en esta reunión, en la que se presentan los últimos avances sobre estos temas y se ofrece información relevante para 
un abordaje integral de la neumonía.

Palabras clave: Neumonía adquirida en la comunidad. Etiología. Manejo. Fracaso terapéutico. Neumonía nosocomial. Neumonía 
asociada a la asistencia sanitaria. Epidemiología. Diagnóstico. Prevención.

Introduction
Pulmonary infections are a major cause of death and 
morbidity worldwide. Community-acquired pneumo-
nia (CAP) is the infection disease with the highest 
mortality in industrialised countries [1]. Hospital- 
acquired pneumonia (HAP) is defined as a pulmo-
nary inflammatory and infectious process that begins 
more than 48 hours after hospital admission and was 
not present or incubating on admission. Ventilator- 
associated pneumonia (VAP) is a significant subset 
of HAP that occurs in patients with an artificial airway 
after 2-3 days of tracheal intubation [2–4]. Both enti-
ties are an important source of morbidity, disability, 
healthcare costs, and mortality [5–9].

In recent years, great efforts have been made to com-
bat this disease, from prevention to the use of new 
therapies to reduce the damage it causes. There are 
many and varied preventive measures. Improvements 
in vaccination of children and adults in the communi-
ty have been made in recent years, and new therapies 
are emerging to decontaminate the digestive tract 
to prevent VAP in the intensive care unit (ICU). Sur-
veillance programmes have also improved, and inte-
resting information is now available. The diagnostic  
process can be challenging in certain types of pa-
tients, such as those with immunosuppression, can-
cer, and advanced age. A correct approach to severe 
CAP is key to achieving better clinical outcomes. Al-
though uncommon aetiological agents such as fungi 
are associated with worse outcomes, partly due to 
late diagnosis, so better management is needed. Fi-
nally, in the last fifteen years, new antibiotics and beta- 
lactamase inhibitors have become available to treat 
our patients. Therefore, considering this vast and di-
verse amount of information, we will only be able to 
help our patients with pneumonia from a multidisci-
plinary perspective.

Since 2019, Spain has hosted an annual meeting 
bringing together major medical societies involved 
in the diagnosis and treatment of pneumonia. The  
sixth meeting was held on 11-12 November 2024 [10].  
Experts from different medical specialties involved 
in its management presented the latest advances in 
their respective fields and addressed the questions 
raised in the previous paragraph. This article aims 
to summarise the key ideas from each presentation 
given during the meeting, in relation to the scientific 
programme.

Material and methods
Design
The Study Group on Infection in Critically Ill Patients 
of the Spanish Society of Infectious Diseases and 
Clinical Microbiology (GEIPC-SEIMC) invited experts 
from various Spanish Medical Societies (listed in the 
affiliations of this document) involved in the diag-
nosis, treatment and prevention of CAP, HAP, and 
VAP caused by common and emerging pathogens, 
in different types of immunocompetent hosts (with 
or without comorbidities) and immunosuppressed 
(neoplastic, neutropenic, transplanted), to make a 
narrative review of their respective field of knowle-
dge and to present their conclusions in different  
workshops at the Annual Meeting on Pneumonia.

Search strategy
Between July and November 2024, the experts per-
formed a bibliographic search of their corresponding 
topics in PubMed ((http://www.ncbi.nlm.nih.gov/
pubmed/, accessed on 1 November 2024), Embase 
(http://www.elsevier.com/online-tools/embase/, ac-
cessed on 1 November 2024) and Scopus (http://
www.elsevier.com/onlinetools/scopus , accessed on 

http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.elsevier.com/online-tools/embase/
http://www.elsevier.com/onlinetools/scopus
http://www.elsevier.com/onlinetools/scopus
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1 November 2024). They selected the most relevant 
and up-to-date articles in their opinion for each issue, 
to prepare a presentation for the meeting. 

Drafting
On 11 and 12 November 2024, two medical writers 
(CMRL and CGC) attended and then, between Novem-
ber and December, they wrote a text with the main 
ideas exposed in the meeting. 

Revision
Between January and February of 2025, all the ex-
perts had the opportunity to read the complete text 
and raise objections and changes.

Results
New vaccines against respiratory pathogens: 
the power of prevention
The best approach to illness is prevention rather than 
cure. Preventing pneumonia is crucial. To achieve 
this, it is important to maintain a good level of health 
throughout life. This is also important to maintain a 
sustainable health system as people are ageing and 
it is predicted that by 2100, 28% of the world’s popu-
lation will be 65 years old or older [11–14].

The immune system changes and matures over the 
course of a person’s life. It works best in adulthood, 
but its functions decline again in old age [15–17]. This 
makes people more vulnerable to infectious agents 
in the extremes of life. There are several things that 
can be done to improve this, such as living a healthy 
lifestyle and avoiding toxins such as tobacco. Ano-
ther major intervention to improve the performance 
of the immune system is immunisation throughout  
life [13,14]. The goal is to achieve a good quality of life 
and prevent age-related disability. In fact, lower res-
piratory tract infections have been the fourth leading 
cause of morbidity and mortality worldwide in the last 
30 years, and COVID-19 was the second leading cau-
se in 2021 [18]. Vaccines against pneumonia-causing 
pathogens are available and may be useful in redu-
cing the disability and death associated with pneu-
monia. Surveillance systems, such as SiVIRA (Acute 
Respiratory Tract Infections Surveillance) can also 
help to demonstrate their success [19].

There was no influenza activity in 2020-21, but a 
very pronounced epidemic peak was recorded in 
2023-24. Influenza-related hospitalisations are more  
common in people aged less than four years or 
more than 65 years [19]. These infections have a 
multimodal negative impact on patients, leading to 
increased disability and adverse neurological, meta-
bolic, cardiovascular and respiratory events [20–23]. 

Moreover, vaccination rates do not reach the desired 
proportion of the target population [24]. This target 
population is made up of vulnerable people at risk of 
adverse events following influenza infection, as well 
as relatives and professionals who care for these 
patients [25]. Influenza vaccine is less effective than 
other classic vaccines, such as measles. In 2024, a 
tetravalent formulation has been chosen. There are 
newer formulations, such as adjuvanted, high-load, 
recombinant and made with mRNA which can achie-
ve a better effectiveness in particularly vulnerable 
people. There is no difference between them, and 
they provide better protection than the standard for-
mulations [26,27].

The COVID-19 vaccines were a major scientific achie-
vement, saving more than 20 million lives in their first 
year of use. However, vaccination rates are falling, 
and in the 2023-24 campaign, the rate of people with 
a booster dose was 46% over the age of 60 and 64.3% 
over the age of 80 [28,29]. A booster dose is recom-
mended for those at risk, as new variants emerge that 
are better able to evade the immune system. The im-
mune response to natural infection or vaccination is 
short and variable between individuals, and vaccines 
adapted to current circulating variants provide better 
immunity [29]. For the 2024-25 season, JN.1 adap-
ted vaccine has been chosen for the booster, it can 
be administered together with influenza vaccine and 
others, and its recommendation is independent of the 
number or previous doses [25].

Streptococcus pneumoniae is the third most deadly 
bacterial pathogen in the world, and its vaccine can 
save many lives [30]. In people of extreme age, the 
number of infections and deaths increases [31,32]. 
The most common serotypes vary by age group, 
but serotypes 3 and 8 are very common in patients 
aged less than one year and more than 65 years in 
Spain [33]. Vaccine efficacy will therefore vary ac-
cording to age group and circulating serotypes, so 
its surveillance is very important. Objective vacci-
nation coverage is over 95% for children and over 
75% for adults [34]. There are several vaccines on 
the market, each with a different number of sero-
types. It is not clear that, the greater the number of 
serotypes, the better the protection. So, the recom-
mendation of one over the other varies between re-
gions in Spain [35].

Respiratory syncytial virus (RSV) is another respira-
tory pathogen that also has a more severe impact on 
individuals at the extremes of age. Almost all chil-
dren have been infected by the age of 2, but immunity 
against it is not complete and wanes quickly, so rein-
fection is very common. Older adults are at higher risk 
of developing a severe infection, especially those with 
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co-morbidities [36–39]. As shown in Table 1, there is 
now a range of therapeutic arsenal to prevent serious 
infections [40]. In Spain, the use of nirsevimab, a mo-
noclonal antibody against RSV, has demonstrated to 
be an effective intervention against severe disease in 
infants, with an 87% reduction in attributable hospita-
lisations and a 92% reduction in ICU admissions [41]. 
In people over 60 years of age, with comorbidities or 
immunosuppression, adjuvanted vaccination is an in-
tervention that also protects against severe disease 
and this protection lasts for 3 years in more than 70% 
of people vaccinated [39,42–47].

Finally, the benefits of vaccines are not limited to pre-
venting the transmission and severe disease of their 
target pathogens but also help to reduce the inciden-
ce of antimicrobial resistance by reducing the need to 
prescribe antibiotics, which are sometimes inappro-
priately prescribed for viral infections [48].

Diagnosis in severe pneumonia
Latest news on biomarkers in the management of 
pneumonia 

Biomarkers are useful tools to guide medical actions, 
as can be seen in Table 2, but they must be used 

according to clinical judgement and a decision should 
never be made based solely on a biomarker value.

Procalcitonin (PCT) has been shown to be useful 
in reducing antibiotic use and duration of antibio-
tic treatment [49,50]. However, other researchers 
have reported conflicting results, probably because  
their target population was more likely to need  
antibiotics [51,52]. In a posterior meta-analysis, the 
use of PCT to guide antibiotic treatment demonstra-
ted a reduction in 30-day mortality, adverse events 
and antibiotic exposure [53]. PCT has shown its use-
fulness in immunosuppressed patients [54] and to 
predict bacteraemia in emergency departments [55]. 
In fact, current recommendations for stewardship in 
emergency departments suggest the use of PCT to 
guide antibiotic initiation in patients who are likely to 
be admitted to hospital with either a lower respira-
tory tract infection, acute exacerbation of asthma or 
chronic obstructive pulmonary disease (COPD) [56].  
Although some researchers have found an asso-
ciation between high PCT levels and infection by  
multidrug-resistant microorganisms, this finding is 
not consistent along the literature and more evidence 
is needed [57]. To date, no biomarker can predict an 
infection with a multidrug-resistant microorganism.

Mid-regional-pro-adrenomedullin (MR-proADM) is a 
biomarker with interesting prognostic properties. Its 
ability to identify patients at risk of clinical deterio-
ration has been demonstrated in several studies. It 
rises early in patients with future poor evolution in 
the next 24-48 hours, when the clinical examination 
and the rest of biomarkers are still normal. Its perfor-
mance to identify these patients is better than sco-
res, such as NEWS-2 and SOFA, and lactate [58,59], 
even in immunosuppressed patients [60]. Combi-
ning MR-proADM measurement with other scores 
or measures does not improve its yield [61]. It also 
provides information independent of that provided 
by PCT, as high persistent levels of MR-proADM are 
associated with poor prognosis, despite decreasing 
levels of PCT [59].

Table 1. Current and future options to prevent severe disease by respiratory syncytial virus. Adapted from Mejias A  
et al. [40].

Target population Possible strategies

Pregnant women Subunit vaccines.
Attenuated vaccines are contraindicated.

Babies under 6 months Monoclonal antibodies
Subunit vaccines are ineffective.

Children over 6 months Future: viral vectors and attenuated vaccines.

Older people Adjuvanted subunit vaccines.
Attenuated vaccines may be contraindicated.

Table 2. Biomarkers to guide medical acts. 

Medical issue Biomarker

Diagnosis PCT
MDW

Prognosis
Lactate
PCT
MR-pro-ADM

Monitoring
Lactate
PCT
MR-pro-ADM

Guide antibiotic therapy PCT

PCT: procalcitonin; MDW: monocyte distribution width; 
MR-Pro-ADM: Mid-regional-pro-adrenomedullin. 
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The timing of taking blood samples to determine bio-
marker levels is very important, as it may take several 
hours to reach levels that indicate a bacterial infec-
tion. This is particularly important for PCT. If a blood 
sample is taken too early in the course of the disea-
se, it can result in a false negative. So sometimes 
it is necessary to take a new blood sample 6 hours 
later to ensure a low level of a biomarker [62]. Patient 
characteristics are also important. In older adults,  
C-reactive protein (CRP) and white blood cell count 
are useless for infection management, although PCT 
retains its utility [63]. Using breakpoints in biomar-
kers like PCT could help in the decision-making pro-
cess. However, more important is their tendency over 
time to be interpreted to guide therapy and predict 
clinical evolution [64].

From antimicrobial stewardship to diagnosis 
stewardship and vice versa. Implications in 
pneumonia

Antimicrobial stewardship programmes (PROA) are 
multidisciplinary projects that have emerged in res-
ponse to the steady increase in micro-organisms 
resistant to various antimicrobial agents, particular-
ly in pneumonia, with the aim of improving clinical 
outcomes, minimising adverse effects, preserving 
the hospital and community ecology and reducing 
the costs of antimicrobial use. At the same time, the 
Microbiological Diagnosis Optimisation Programmes  
(PRODIM) are actions aimed at optimising the  
use of available diagnostic techniques in a coordi-
nated manner, promoting appropriate therapeutic,  
clinical and preventive decisions, adjusted to cost- 
effectiveness. Both PROA and PRODIM are direct 
tools for optimizing diagnostic and antimicrobial re-
sources with a direct impact on patient health and 
the healthcare system. They also allow the clinician 
to make appropriate decisions, oriented as recom-
mendations, which promote an optimized use of an-
timicrobial therapy [65]. Both programmes should be 
adapted to the work centre, with the approved recom-
mendations of each commission of the Emergency 
Department, Pharmacy, Microbiology, Infectious Di-
seases Unit, ICU or any other service, adapted to the 
guidelines of the different Autonomous Communities 
and the management that supervises it [66]. PROA 
and PRODIM work together to establish a syndromic 
diagnosis to define an empirical treatment for pneu-
monia. To do so, they must rely on the microbiologi-
cal diagnosis together with the available syndromic 
platforms, thus obtaining a targeted treatment for the 
appropriate time [67]. It is important to classify the 
patient according to whether it is severe CAP, HAP  
(or VAP), or whether it is a case of pneumonia in an 
immunosuppressed patient.

In severe CAP, blood culture collection is indicated 
when there are risk factors for methicillin-resistant 
Staphylococcus aureus (MRSA) or multidrug-resistant 
gram-negative bacteria (GNB), although their sensi-
tivity is low (4-16%). Thus, they have low impact on 
changing empiric therapy. Culture and Gram staining  
of respiratory specimens allows targeted therapy  
according to antibiogram (24-48h) and allows de- 
escalation when MRSA or BGN are not detected [68]. 
Currently, due to the existence of rapid multiplex pro-
tein chain reaction (PCR) and respiratory virus anti-
gen tests, they allow a rapid diagnosis of CAP when 
the aetiology is viral, reducing the use of antibiotics. 
The use of urinary antigens of S. pneumoniae and Le-
gionella serogroup 1 are widely commercialized, the-
se should be used according to clinical and in case 
of suspicion of Legionella, request it according to 
epidemiological history [69]. In HAP, it is advisable to 
perform quantitative cultures when invasive samples 
(bronchoscopy sample or bronchoalveolar lavage- 
BAL-) can be obtained, although non-invasive sam-
ples (sputum or tracheal aspirate) can be of great 
relevance when invasive tests are not available. The  
use of syndromic panels is a complementary tool 
to conventional microbiological techniques as it de-
creases the time to appropriate antimicrobial therapy 
and has a direct impact on antibiotic consumption. In  
patients with HAP and VAP, it is advisable to use syn-
dromic panels regardless of risk factors for multidrug- 
resistant bacteria or shock (always in combination 
with conventional techniques) allowing treatment to 
be adjusted according to the results of the panel (in 
patients with hemodynamic stability, delaying treat-
ment until results are available (< 3 hours) can be 
considered) [70]. In the immunosuppressed patient 
pneumonia, the probability of fungal infection must 
be taken in addition to the usual pathogens. Therefo-
re, techniques such as galactomannan antigen (GM) 
detection (to detect Aspergillus spp.) or β-D-glucan 
(to detect Candida spp., Aspergillus spp., Pneumo-
cystis or Fusarium spp.) should be used in a comple-
mentary manner on respiratory or blood samples to  
confirm the presence of fungal pneumonia [71].

Interpretation of molecular diagnostic results in the 
management of pneumonia

The use of syndromic panels for the detection of mi-
croorganisms and resistances in respiratory samples 
has been a great advance in the diagnosis of CAP, 
HAP and VAP. Standard methods frequently fail to 
identify the infectious aetiology due to the polymicro-
bial nature of respiratory specimens and the need to 
order specific tests to identify other viral and atypic 
agents. The potential severity of these infections, 
combined with the inability to clearly identify the 
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causative pathogen, leads to the administration of 
empirical antibiotics based on clinical presentation 
and other risk factors [72]. 

PCR multiplex panels present an increased detection 
yield compared to standard culture, with high ne-
gative predictive value of targets and high positive 
predictive value for genotypic markers of resistance. 
Commercialised PCR multiplex panels can be used 
with different sample types (sputum, BAL or bron-
chial aspirates) providing results within a few hours 
and allowing targeted treatment [73]. However, des-
pite its wide use, culture remains the gold-standard  
technique. However, there are still uncertainties regar-
ding the clinical interpretation of some results [74].  
For example, the correlation between genome co-
pies per mL and Colony Forming Units (CFUs) per 
mL could be difficult to interpret because it depends 
on several factors such as the type of sample, the 
semi-quantitative value obtained, and the type of 
microorganism detected. Despite the number of 
microorganisms and resistance genes already pre-
sent for detection, there are still some pathogens of  
interest such as Stenotrophomonas maltophilia,  
virus and some fungi (Aspergillus spp.) that are not 
yet available in all of these platforms. Despite these 
drawbacks, these platforms represent a great advan-
tage in the decision of empirical treatment in patients 
with CAP, HAP, VAP and especially, in those patients 
with multidrug-resistant risk factors [75].

GEIPC-GTEIS recommendation document of 
syndromic platforms for pneumonia in critically ill 
patients

The need for a consensus document for conside-
rations for the use of syndromic platforms is in-
creasingly evident in the day-to-day clinical practice 
and diagnosis of pneumonia. A Rapid Multiplex Sy-
ndromic Molecular Panels (RMMSP) is a platform 
that can detect 3 or more pathogens and resistan-
ce mechanisms. There are a lot of RMMSP marke-
ted in the European Union and/or approved by the 
Food and Drug Administration (FDA). To this end, 
the main objective of this work was to review the 
available scientific evidence on their use, the time 
until a microbiological diagnosis is available, and 
the management of the main infections in critica-
lly ill patients: pneumonia, bacteraemia-fungaemia,  
meningitis/encephalitis and off-label applications of 
syndromic panels. The participation of GEIPC (Study 
Group on Infections in Critical Patients)-SEIMC 
(Spanish Society of Infectious Diseases and Clinical 
Microbiology) and GTEIS  (Infectious Diseases and 
Sepsis Working Group of Spanish Society for Inten-
sive Care Medicine) -SEMICYUC (Spanish Society 
of Critical Intensive Medicine and Coronary Units) 
as collaborating working groups in the systematic 
review of the literature published up to the date of 
publication of the study was essential [76].

 
Figure 1. Algorithm for the use Rapid Multiplex Syndromic Molecular Panels of in severe community-acquired pneumonia. 
Adapted from Candel F.J. et al [76].
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This document shows in detail the most widely 
marketed RMMSP used for the different types of 
infection for which they are intended, presenting 
their targets, their main advantages and disadvan-
tages. Furthermore, it provides scientific evidence 
on potential clinical impact of the use of syndro-
mic pneumonia molecular panels on patients with  
HAP/VAP and multi-drug resistant (MDR) CAP pa-
tients. These patient profiles can benefit from being 
tested by a pneumonia syndromic platform inclu-
ding genotypic resistance marker targets. Another 
major challenge in using RMMSPs is how to inter-
pret their results: qualitative versus quantitative 
and implications for culture results. However, des-
pite the great help that these platforms can provi-
de in the rapid diagnosis of pneumonia, they still 
cannot replace conventional microbiological cultu-
re. They are highly sensitive tests with a very high 
negative predictive value, but they can detect non- 
viable genetic material or detect microorganis-
ms that do not cause infection, such as colonizing 
bacteria. The information provided by the RMMSP 
must be agreed upon in a multidisciplinary manner 
to make appropriate decisions for the choice of a  
well-founded antibiotic treatment [77–79]. 

The result of an RMMSP alone should not be used 
for diagnostic guidance; factors such as the patient’s  
condition, results of colonization studies, pre-
vious and current antibiotic therapy, and additional  
conventional microbiological tests must be conside-
red [80]. Several observational studies suggest that 
the use of RMMSP in critical ill patients with HAP/
VAP and MDR organism-CAP increased the diagnos-
tic yield, leads to a reduction in the time to appropria-
te antimicrobial therapy and decreases antibiotic 
consumption [81–83]. All this evidence has allowed  
us to develop a flowchart for the optimal indication 
of this type of tests in pneumonia as can be seen  
in Figure 1.

Zero Resistance
Impact of Zero Resistance programme in 
pneumonia

Zero Projects and Envin (National Surveillance Pro-
gramme for Nosocomial Infection) have had a pro-
found impact on patients’ safety in the ICU. They 
have led to a reduction in the incidence of VAP and 
device-associated infections. They are also likely to 
have improved survival, length of stay in intensive 
care and disability. Moreover, these programmes 
have raised awareness among healthcare professio-
nals and managers. As a result, we now have a lot of 
data to evaluate our practices and to improve them 
further [84–90].

Increased knowledge about infections in the ICU has 
also improved clinical practice [84,85]:

•	 Identification of MDR carriers allows for reduced 
transmission of these microorganisms in the ICU, 
improved empirical choice of antibiotics and tar-
geted therapy.

•	 A high proportion of MDR carriers in the ICU were 
present on admission, and these MDR were not 
acquired in the ICU.

•	 Enables better monitoring of MDR in the ICU.

The Envin-Helics report [87] is a national study of 
Spanish ICUs. It shows a decrease in median length 
of stay and crude mortality. It also shows a reduction 
in hospital-acquired infections and VAP rates. Howev-
er, VAP remains the most common hospital-acquired 
infection. Trends in the use of antibiotics are also pos-
itive: their use was less frequent, empirical treatment 
was more often adequate, cultures were taken more 
often before antibiotics were prescribed, and chang-
es in antibiotic therapy to reduce the spectrum were 
more frequent. However, meropenem, piperacillin- 
tazobactam, and linezolid remain the most prescribed 
antibiotics. The most isolated microorganisms are 
the same as usual: Pseudomonas aeruginosa, Klebsi-
ella pneumoniae, S. aureus, S. maltophilia, and Esche-
richia coli.

Envin surveillance began in 1994, and Zero Projects 
began their implementation in 2009. Since then,  
the incidence of ICU-acquired VAP has steadily de-
creased until 2016. This rate remained low and sta-
ble until the COVID-19 pandemic, when an increase 
was observed. In the last two years, the trend has 
been decreasing again, but we are now above the 
desired rate of 7 cases per 1000 days of mechanical 
ventilation [87].

Finally, the results of national surveys, give a good 
picture of declared compliance with Zero Pneumonia 
and Zero Resistance [84,85,91,92]. The main weak-
ness is the routine molecular identification of MDR 
bacteria. Identified barriers to the implementation of 
Zero Projects are learning programmes, care over-
load, burnout and high staff turnover rates.

Selective decontamination of the digestive tract in 
the prevention of VAP

Selective decontamination of the digestive tract (SDD) 
was first studied by Stoutenbeek et al. in 1984. They 
described the effect of administering non-absorbable 
oral antibiotics and cefotaxime intravenously (IV). 
Patients with SDD who received this regimen had a 
lower number of bacteria in their oropharynx and rec-
tum at the end of follow-up, whereas controls had a 
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higher rate of colonisation, with a change in orophary-
ngeal flora from a net predominance of gram-positive 
bacteria at the beginning of follow-up to almost 100 
percent gram-negative colonisation at the end. In ad-
dition, patients with SDD experienced a lower rate of 
infection [93].

Since then, much research has been done to replicate 
these results and tailor the best therapy for different 
types of patients. Changes in the lung microbiome 
are caused by bacterial translocation from the gut 
and facilitated secretion aspiration in sedated pa-
tients, related to muscle-induced paralysis, type of 
diet, use of anti-gastric secretagogues and immune 
dysfunction [94].

SDD is the tenth recommendation of Zero Pneumonia 
Programme [95]. It has a strong level of evidence, and 
its grade of recommendation is also strong. Comple-
te SDD is preferred, although oropharyngeal topical 
decontamination alone is used in patients who are 
unable to receive oral medication due to a compro-
mised digestive tract. The complete protocol can be 
seen in Table 3.

Several SDD regimens have been investigated in  
the past:

•	 In a meta-analysis, Pileggi et al. described a 27% 
reduction in infection rate with selective orophary-
ngeal decontamination (SOD) alone and a 36% 
reduction with a combination of topical deconta-
mination and intravenous antibiotics (SDD), both 
compared with controls. There was no difference 
in mortality [96].

•	 In another meta-analysis of randomised contro-
lled trials, Zhao et al. found that there was no 
difference in mortality in ICU patients between 
SOD alone and SDD, but surgical patients had a 
lower mortality rate with SDD. SDD also reduced 
the number of bacteraemia episodes and the 

isolation of resistant microorganisms, compared  
with SOD [97].

•	 In a recent clinical trial, 90-day mortality was the 
same in patients receiving SSD or placebo, but pa-
tients receiving SSD had fewer resistant microor-
ganisms, positive blood cultures, and C. difficile 
diarrhoea [98]. 

•	 Finally, in a Cochrane review, Minozzi et al. found 
a reduction in mortality and lung infections in pa-
tients treated with SDD compared with placebo, 
whereas SOD showed only a lower rate of lung 
infections and no difference in mortality compa-
red with placebo. Therefore, the greatest benefit 
is achieving through a combination of oral topical 
antiseptics, digestive decontamination, and sys-
temic antibiotics (SSD) [99].

There are some subgroups of ICU patients who may 
benefit more from SSD, as shown in Table 4 [100–106]. 

Despite these benefits, there are barriers to its im-
plementation, including the difficulty of preparing 
oral formulations (commercial formulations are now 
available), economic cost, nursing workload and the 
potential for the development of antimicrobial resis-
tance. However, the incidence of isolation of MDR 
microorganisms decreases with the use of SDD. 
Moreover, SDD is also associated with reduced an-
tibiotic consumption [107–110]. Finally, considering 
all possible interventions to reduce VAP, SDD is the 
only intervention supported by highly suggestive evi-
dence and is responsible for the 41.18% of the risk 
reduction [111].

Zero Resistance Document Update Project. GTEIS-
GEIPC collaboration

As mentioned in the previous section of this work, 
the main objective of the Zero Pneumonia project is 
to reduce by 20% the rate of patients in whom one 

Table 3. Selective decontamination of the digestive tract protocol. Adapted from Proyecto Neumonía Zero [95].

Timing of SDD
Regimen

Oral paste Digestive solution IV antibiotic Anti-MRSA therapy

As early as possible, 
when a patient is 
planned to be in MV 
more than 48 hours

After adequate oral 
hygiene, the health 
care professional 

will administer 
chlorhexidine 0.12-

0.2% oral paste

Oral administration 
of non-absorbable 

antibiotics by tablet 
or nasogastric tube. 
The most common 

combination is 
neomycin, nystatin 

and tobramycin

Administration on 
third generation 

cephalosporin for 3 
or 4 days.

If the patient is 
colonised with 

MRSA, add:
- � antiseptic nasal 

ointment and
- � IV vancomycin

SDD: Selective decontamination of the digestive tract, MV: mechanical ventilation; IV: intravenous; MRSA: methicillin-
resistant S. aureus. 
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or more multidrug-resistant GNB are isolated du-
ring their stay in the ICU [112]. The secondary ob-
jectives of this project are to describe the map of 
multidrug-resistant GNB acquired in the Spanish ICUs, 
promote and reinforce the safety culture in this type 
of Units and create a network of ICUs, through the 
different Autonomous Communities, that apply safe 
practices of proven effectiveness [113]. This project 
was implemented between 2014 and 2016 [113]. It 
is worth noting that the rate of multidrug-resistant 
GNB in patients at participating centres has decrea-
sed by 16% [114].

However, the initial proposals had to be updated 
due to the changes that arose during the years after 
their implementation. During this period, similar pro-
jects have been updated because of new scientific 
evidence, better understanding of resistance, imple-
mentation of PROA/PRODIM-type programmes and 
progress in the control of new pathogens causing 
outbreaks. The following changes were proposed as 
promising new content to relaunch the project:

•	 To identify new pathogens that were not initially 
considered in 2014; 

•	 To determine when contact precautions should 
be taken and for how long;

•	 To define the role of molecular techniques for  
rapid microbiological diagnosis;

•	 To implement new devices or strategies to fight 
outbreaks and special endemic situations. 

With this, they aimed to determine whether isolation 
is required for typical resistant bacteria and new spe-
cies, such as azole-resistant Candida spp. or Candida 
auris. The criteria involved in the antibiotic use policy 
(including new antimicrobials), the type of action plan 
to determine colonized patients, and developments 
in the detection of cross-resistance with specific  
identification of reservoirs in the ICU were also up-
dated. For its preparation, an updated review of the 
scientific evidence on the discussed topics was  
conducted [114,115]. 

In this way, new project recommendations will be de-
fined according to a specific multidisciplinary work 
plan in collaboration with GTEIS and GEIPC. They will 
be published by the second half of 2025.

Pneumonia in different clinical settings
Aetiopathogenesis and therapeutic implications 
of pneumonia and pneumonitis in patients with 
thoracic solid tumours

To understand the etiopathogenesis and implica-
tions of pneumonia in patients with solid thoracic 
tumour, general risk factors for immunosuppres-
sed patients can be used. The probability that these 
types of patients suffer an opportunistic infection  
or reactivation of a latent infection increases with 
their immunosuppressed state. In addition to the 
conventional agents that cause pneumonia in non- 
immunosuppressed patients (S. pneumoniae,  
S. aureus, H. influenzae, GNB), in patients with a 
weakened immune system the probable participation 

Table 4. Effect of selective digestive tract decontamination compared to placebo in different types of ICU patients.

Type of ICU patient Systemic 
antibiotics

Benefit in 
mortality

Benefit  
in RI Other benefits

Brain injuries Yes Yes Yes Fewer rate of C. difficile infection, resistance 
and positive blood cultures

Major heart surgery No No Yes Fewer rate of colonization with Pseudomonas

Elective gastrointestinal 
surgery Yes Not 

determined Yes Fewer rate of suture dehiscence, wound 
infections and infectious complications

Burn Yes* Yes Yes -

Medical and surgical Yes Yes Not 
determined

No difference between medical and surgical 
patients

MV Yes* Yes Yes Fewer rate of bacteriaemia, stay in ICU, days 
with VM

ICU: intensive care unit; RI: respiratory infections; MV: mechanical ventilation. 
*These studies compared, also, regimens with and without systemic antibiotic. Patients with systemic antibiotic had 
better outcomes. 
Adapted from Young PJ et al, Pérez-Granda MJ et al, Roos D et al, Rubio-Regidor M et al, Plantinga NL et al, Hammond NE 
et al, and Pérez-Torres D et al. [100–106].
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of other microorganisms such as Nocardia spp., 
non-tuberculous mycobacteria, respiratory viruses,  
and even agents that cause fungal pneumonia 
should be taken into account, such as Aspergillus fu-
migatus or Pneumocystis jirovecii [116]. In some ca-
ses, multidrug-resistant pneumonia-causing agents 
must also be considered, since these patients su-
ffer repeated admissions, cycles of antibiotics, and  
colonization by multidrug-resistant GNB [117].

To identify the causative agent of pneumonia, conven-
tional microbiological techniques must be used, such 
as culture of respiratory samples, urinary antigens and 
blood cultures [118]. In recent years, in addition to mul-
tiple syndromic platforms for the detection of the main 
pathogens that cause pneumonia and their possible 
resistance, specific PCRs have been developed to be 
performed on respiratory or whole blood samples (for 
cytomegalovirus -CMV-, Epstein Barr virus, respiratory 
viruses, or fungi). The use of β-D-glucan or galacto-
mannan antigen are available alternatives when inva-
sive fungal infection (IFI) is suspected [118]. Despite 
the battery of tests available for the diagnosis of pneu-
monia of infectious origin (including radiological and 
clinical tests), the onset of pneumonitis can be difficult 
to differentiate [117–119].

Pneumonitis arises as an inflammatory phenomenon 
in patients with solid thoracic tumours in response 
to exposure to radiotherapy, chemotherapy or immu-
notherapy [120]. It is important to make a differential 
diagnosis between pneumonia and pneumonitis due 
to the selection of targeted treatment [121]. Both may 
even coexist in complex patients. Differential diag-
nosis between these processes is difficult because 
they share some diagnostic features. In general, the 
use of microbiological tests is indicated for the diag-
nosis of infectious pneumonia; it can also be used 
to rule it out [122]. For the diagnosis of pneumonitis, 
microbiological tests with an individualized clinical 
diagnosis should also be used [123]. The diagnosis 
of pneumonitis may be accompanied by anatomopa-
thological study of transbronchial biopsy samples, 
although in most cases this type of sample is difficult 
to obtain [124].

The treatment of pneumonitis is mainly based on the 
use of corticosteroids. These drugs act as immuno-
suppressants, so it is crucial to rule out suspicion of 
infection. The use of corticosteroids concomitantly 
with an infectious process can markedly aggravate 
the situation. On the other hand, a pneumonitis pro-
cess not treated due to confusion with an infectious 
process will cause a worsening of the inflammatory 
situation [121,122,125]. Therefore, the differential 
diagnosis of pneumonitis and infectious pneumonia 
in patients with solid thoracic tumour is key to act 
quickly to achieve therapeutic success.

Aetiopathogenesis and therapeutic implications 
of pneumonia in immunosuppressed patients: 
solid organ transplantation, onco-haematological 
diseases, treatment with corticosteroids

Pneumonia in immunosuppressed patients has beco-
me common in clinical practice due to the increase 
in the number of immunosuppressed patients. Im-
munosuppression may be caused by the oncological 
disease, its treatment, immunosuppressive drugs 
such as corticosteroids, concomitant viral infections 
or previous transplantation [126]. Patients may show 
classic or atypical patterns of pneumonia on radio-
logical findings. Some of the common ones are the 
presence of nodular (or micronodular) lesions, cavi-
tations, glass-like opacifications, consolidations or 
pleural effusion [126]. It is important to be able to 
know the causative agent of pneumonia and differen-
tiate it from other causes such as chemical pneumo-
nitis due to gastric acid aspiration, tumour expansion 
or pharmacological pneumonitis [127]. Pulmonary 
infection can arise as CAP, HAP, VAP, associated to 
radiotherapy, opportunistic infection or of aspiration 
origin [128]. The use of Chimeric Antigen Receptor 
T-Cell (CAR-T) therapies and the concomitant use of 
check point inhibitors contributes to increase the risk 
of infection in these types of patients, mainly increa-
sing the risk of pneumonia as a complication [129]. 
The findings in radiological tests can be broadly divi-
ded into two groups: signs of angioinvasiveness and 
signs of invasion of the airway itself.

Regarding the signs of angioinvasiveness, it is worth 
highlighting these features: 

•	 The air crescent sign, which may be suggestive of 
invasive aspergillosis although it may be confu-
sed with bronchial tumours; 

•	 Monod sign: air surrounding a fungal mass in a 
pre-existing cavity, compatible with aspergilloma;

•	 Halo sign: it may present as a solitary pulmonary 
nodule or a mass surrounded by opacity with a 
ground-glass appearance, mainly compatible 
with amyloidosis, mucormycosis, sarcoidosis or 
vasculitis;

•	 Reverse halo sign: presented as a ground-glass 
opacity consolidation, consistent with sarcoido-
sis, paracoccidiomycosis, or lipoid pneumonia. 

As the main finding of airway invasion, the tree- 
in-buds sign should be highlighted. It is shown as the 
presence of multiple centrilobular nodules grouped 
in a linear branching pattern. This radiological image 
is compatible, among other causes, with viral bron-
chiolitis, aspiration pneumonia or infection by non- 
tuberculous mycobacteria. However, in many cases 
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patients do not show these features or they are not 
easily recognizable [127,130].

In addition to empirical coverage of conventional 
bacteria, when we suspect pneumonia in the im-
munosuppressed patient, the probable infection or 
reactivation of viruses such as CMV, herpes virus  
and other viruses such as influenza, adenovirus  
and SARS-CoV-2, or atypical bacteria must be consi-
dered [131–133]. Furthermore, this type of patient is 
more susceptible to IFI, mainly due to Pneumocystis 
jirovecii and Aspergillus spp. There are factors that 
increase the probability of IFI. The main ones are 
neutropenia (<500/mm3), haematological malignan-
cy, allogeneic bone marrow transplant, therapy with 
ibrutinib or corticosteroid therapy (>0.3 mg/kg/day, 
for more than three weeks) [134,135]. 

Given the high likelihood of infection in this type of 
patient during their treatment, procedure or hospi-
tal stay, it is advisable to assess risk factors on an 
individual basis so that prophylactic or empirical 
treatment can be determined in the event of pneu-
monia or the risk of developing it. [136]. In general, 
these patients must be vaccinated, with an updated 
serological study, with multidisciplinary follow-up 
in order to anticipate possible cases of pneumonia, 
especially in those patients who start immunosu-
ppressive therapy [137]. Empirical treatment should 
be as individualized as possible until it can be di-
rected with microbiological results when they are 
available [135].

Aetiopathogenesis and therapeutic implications of 
pneumonia in the elderly

Ageing is a poorly understood process by which living 
organisms deteriorate over time. In humans, nutritio-
nal deficiencies, mental state, exercise and genetic 
aspects are involved in this process [138]. The pro-
portion of the population aged over 60 in Spain has 
increased from 8.2% in 1960 to a projected 26.2% in 
2030. The proportion of people aged over 80 is also 
increasing and is projected to reach 13% of the total 
European population in 2080 [139]. Pneumonia is a 
very important disease in the elderly because its in-
cidence increases with age, almost half of all pneu-
monia cases occur in people over 65. It is the leading 
cause of sepsis in the elderly, 75% of elderly people 
with pneumonia require hospitalisation and 10-20% 
need admission to intensive care. It is the sixth cau-
se of death in the elderly, with a mortality rate 25% 
higher than in younger people. Three-hour sepsis 
bundle compliance in the ED is associated with lon-
ger survival in sepsis patients aged 65 years or older. 
Pneumonia also causes a reduction in quality of life 
and, finally, it represents a major economic burden on 
the health system [140–144].

But it is not just the biological aspects that are  
important. Patients’ personal preferences must be 
considered in the decision-making process [145].  
Hospital-associated disability is a real problem, 
affecting one in two old people who require hospi-
talisation [146]. This risk is greater for frail people, 
as frailty is a marker of biological age and its as-
sociated vulnerability to worse outcomes, in con-
trast to chronological age [147]. The performance of 
frailty scales, such as the Clinical Frailty Scale, the 
Functional Index - Emergency, or the Identification 
of Seniors at Risk scale, which are useful tools for 
identifying frail older patients at high risk of develo-
ping an adverse outcome (death, functional decline, 
hospitalization, or revisiting the ED) within 30 days 
after hospital discharge [148].

Furthermore, immune system function declines with 
age, with both innate and adaptive immunity func-
tioning worse [16,149]. All these elements form a 
complex network of interactions that make a frail 
patient more susceptible to pneumonia and its com-
plications [140–143,147,149–151], as can be seen 
in Figure 2.

The aetiology of pneumonia is similar in all age 
groups. However, co-morbidities, old infections such 
as tuberculosis, and previous antibiotic pressure 
can facilitate infection by unusual microorganisms 
such as viruses, mycobacteria and fungi [152]. In 
addition, as have been mentioned previously, viral 
infections such as influenza, can facilitate bacterial 
pneumonia, loss of autonomy, and endocrinologic 
and cardiovascular events [20–23]. Pneumococcal 
pneumonia has also been associated with an in-
creased rate of cardiovascular events [153]. So, cli-
nical complications in pneumonia in the elderly are 
frequent. They may be caused by a failure of initial 
treatment (Figure 3) or be related to the complexity 
of the elderly patient (Figure 4). 

Treating these patients is also complex. It must con-
sider factors such as the patient’s clinical condition, 
previous co-morbidities and social and economic 
environment. All these factors must be combined 
with the patient’s personal preferences to respect 
their beliefs and expectations. Most of these pa-
tients are polymedicated, so drug-drug interactions  
are very common. These must be considered  
when prescribing antibiotics to avoid adverse events 
(Table 5). Additionally, age-related physiological 
changes make these patients more susceptible to 
side effects [154].

Finally, prevention of pneumonia is essential to avoid 
these adverse events. Non-pharmacological interven-
tions such as smoking cessation, good hand hygiene 
and the use of face masks have been shown to be 
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Figure 2. Complex interactions between aging, frailty and pneumonia. Adapted from Torres OH et al, Henig O et al, 
Cillóniz C et al (2013), Cillóniz C et al (2018), Martín-Sánchez FJ et al, Cillóniz et al (2020), Rodríguez-Leal CM et al, Candel 
FJ et al. [140–143,147,149–151].

useful. Good nutrition and regular exercise also help 
prevent frailty. Vaccination programmes have also 
been shown to be an effective tool for prevention 
[13,14,155].

Current topics in severe pneumonia
Pharmacodynamic optimisation of antimicrobials in 
severe pneumonia. Special situations

In HAP/VAP, appropriate therapy requires not only 
the selection of the correct antibiotic, but also the 
optimal dose and route of administration to ensure 
that the antibiotic reaches the site of infection [156]. 
A classic example is vancomycin, an antibiotic with 
good in vitro activity against S. aureus but poor clini-
cal results because lung parenchyma concentrations 
are only one-sixth of serum concentration [157,158]. 

Fortunately, novel beta-lactams and beta-lactam with 
beta-lactamase inhibitor combinations have excellent 
lung parenchymal penetration [159].

However, not only the pharmacokinetic properties of 
antibiotics are important, but also the patient’s con-
dition, the microorganisms involved, the model of 
infection and previous treatments (Figure 5). Perio-
perative atelectasis worsens antibiotic penetration 
into lung parenchyma [160]. Pneumonia is a high 
inoculum infectious disease. This means that there 
are large numbers of bacteria in the tissues, and this 
can affect the effect of antibiotics. Cefiderocol and 
imipenem-relebactam are severely affected, while 
others, such as ceftazidime-avibactam, remain mildly 
affected [161]. However, for some antibiotics such as 
cefiderocol, this in vitro inoculum effect may not be 
clinically significant [162].
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Figure 3. Differential diagnosis of treatment failure. 

 

Figure 4. Complications of pneumonia in the elderly. 
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Table 5. Age-related risks of IV antibiotics. Adapted from Corsonello et al [154].

Antibiotic family Age-related mechanism Associated risk

All Faecal incontinency Antibiotic-related diarrhoea: falls, 
ulcers

Beta-lactams Impaired elimination Supratherapeutic levels, especially in 
IV route

Macrolides and quinolones

Impaired elimination Supratherapeutic levels, especially in 
IV route

CYP450 inhibition Drug-drug interactions

Interval QT prolongation Cardiac arrhythmias

Quinolones Cognitive impairment Cognitive alterations

Aminoglycosides, vancomycin, and 
amphotericin-B Impaired elimination Reduce dose and monitor 

concentrations

Rifampicin, azoles CYP450 alteration Risk of inefficacy or toxicity

Beta-lactams, 
amphotericin-B

Disfunction of renin-angiotensin-
aldosterone system Hypokalemia

IV: intravenous; CYP450: Cytochrome P-450. 

 

Figure 5. Factors to consider when choosing antibiotics for septic shock.

Real-world patients are not usually included in clinical 
trials. Obesity affects one in five patients and is as-
sociated with antibiotic treatment failure [163]. Phar-
macokinetic evidence suggests that excess body fat 
may increase volume of distribution and clearance of 
antibiotics [164].

Critical illness may also impact pharmacokinetic pro-
perties of antibacterial drugs in unexpected ways. On 
the one hand, augmented cardiac output, capillary 
leakage and volume resuscitation can reduce plas-
ma concentrations. On the other hand, end-organ 
dysfunction (kidney or liver) can increase plasma 
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concentrations. Altered protein binding may decrea-
se or increase plasma concentrations, depending on 
the type of drug [165,166]. Amikacin does not reach 
enough therapeutic levels in 33% of critically ill pa-
tients due to initial resuscitation [167]. Beta-lactams 
can also be affected by increased renal clearance, 
resulting in lower therapeutic levels than predicted 
[168,169].

Several strategies have been proposed to optimise 
antibiotic dosing in critically ill patients. For beta- 
lactams, a loading dose followed by continuous infu-
sion has the best pharmacokinetic profile [170]. This 
property has demonstrated a clinical benefit in ter-
ms of mortality for piperacillin-tazobactam against 
P. aeruginosa produced infections in critically ill 
patients [171]. Recently, an international consen-
sus for the use of prolonged-infusion beta-lactam 
antibiotics has been published. They recommend a 
prolonged beta-lactam infusion with a loading dose 
to improve patients’ prognosis [172]. In 2024, fur-
ther evidence has been published to support this 
practice, showing a net benefit in terms of morta-
lity and providing recommendations for its correct  
use [173–176].

Evidence for and importance of surveillance studies 
of colonisation in the ICU  

The role of surveillance of carriers of multidrug- 
resistant bacteria have become increasingly impor-
tant. VAP-attributable mortality in Spanish ICUs in 
2023 ranges from 20 to 44.8%, depending on the se-
verity of the patient being treated [177]. In general, 
patients colonised in the oropharyngeal area, and to 
a lesser extent by colonisation of the gastrointestinal 
tract, develop VAP by microaspiration or may develop 
bacteraemia by intestinal translocation [178]. Another 
possible route of transmission of multidrug-resistant  
bacteria is direct contact with the environment, 
contaminated water reservoirs, personnel handling 
other colonised patients or during intravenous devi-
ce changes. The ability of bacteria to form biofilms 
is a very important factor to consider for the selec-
tive decontamination of colonized patients [179]. 
Active surveillance involves the systematic search 
for pathogens in patients regardless of symptoms. 
This approach makes possible to detect asymptoma-
tic carriers who could act as reservoirs of infection. 
Passive surveillance, on the other hand, is performed 
when symptoms are present and the patient shows 
signs of infection, but not necessarily for asympto-
matic colonization [180]. This may be less effective 
in containing outbreaks. Active search records 1.69 
times more colonisations than passive search. Howe-
ver, they have not been shown to reduce the mortality 
rate. The culture of these bacteria for the surveillance 
of carriers in ICU allows to measure the incidence and 

prevalence in an individualized way to guide the empi-
rical treatment. This knowledge also makes possible 
to comply with national and international protocols 
and strategies to reduce the incidence of nosocomial 
infection. For example, the study of MRSA carriers as 
a predictor of pneumonia has a negative predictive 
value of 99.2%; however, this value does not reduce 
the number of infections or mortality [181]. P. aerugi-
nosa is the leading cause of VAP in the ICU, and the 
risk increases with length of stay and airway manipu-
lation, among other factors [177].

The most common surveillance programs inclu-
de the search for MRSA, vancomycin-resistant  
Enterococci (VRE), carbapenemase-producing ente-
robacteria (CPE), S. maltophilia, Burkholderia, Achro-
mobacter, Candida auris and azole-resistant Candida 
parapsilopsis to implement isolation measures and 
reduce cross-transmission to other patients. It is 
generally recommended to perform surveillance cul-
tures on patients on admission to the ICU and at re-
gular intervals to identify quickly carriers and adjust 
preventive measures [89]. Nowadays, in addition to 
conventional cultures, molecular biology techniques 
have been developed. They reduce the response 
time to hours, compared with classical techniques. 
Although the carrier state of resistant bacteria is 
important in making decisions about antibiotic use, 
the adjustment of the therapy should not be only ba-
sed on this information and more risk factors must 
be considered. Moreover, a negative carrier culture 
should also not reduce the antibiotic spectrum when 
other risk factors exist [89].

Initial management of severe pneumonia and 
criteria for ICU admission

CAP is the third leading cause of death worldwide, 
and the leading cause of death due to infection. Its 
incidence varies from 1.2 cases/1,000 adults in Eu-
rope to 2.4 in the USA and is higher in people under 5 
and over 65. The aetiology is unknown in more than 
half of cases, but identifying the causative microor-
ganism is key to avoiding resistance to treatment. 
It is estimated that one third of patients are mis-
diagnosed. CAP is a serious disease, with 40-60% of 
patients requiring hospitalisation, and 30% of these 
patients’ requiring admission to intensive care. Iden-
tifying this subgroup of patients is very important 
because they need specific tests and treatments. 
Delay in ICU admission is associated with increased 
mortality [1,182–185].

The most commonly isolated microorganism in 
CAP is S. pneumoniae, although a high proportion of 
CAP is of unknown origin. Viruses also play an im-
portant role in the development of CAP. However, 
some specific conditions are associated with other 
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microorganisms, such as exposure to air conditio-
ning and L. pneumophila [182,186,187]. 

CAP is diagnosed following a radiological examina-
tion in a patient with symptoms and signs of a respi-
ratory infection. The most common test performed 
is a chest X-ray. It has a sensitivity of 46-77% and 
can provide clues about the microorganisms invol-
ved. Computed tomography has a sensitivity of 100% 
and can provide information on complications, pos-
sible microorganisms involved and differential diag-
nosis (pulmonary embolism, pleural effusion, etc.). It 
exposes the patient to a high dose of radiation and 
its availability is limited. It is indicated in cases with 
poor clinical evolution, immunosuppressed patients, 
severe cases, and when differential diagnosis is nee-
ded. Finally, lung ultrasound has emerged in recent 
years as a powerful tool for diagnosing CAP. It is 
more sensitive than chest X-ray and can also detect 
complications. It requires appropriate medical trai-
ning [150,183,188].

Tests for microbiological diagnosis are not recom-
mended for outpatients. Patients requiring hospi-
talisation may require some tests, but patients with 
severe CAP need sputum and blood cultures and de-
termination of urine antigen for S. pneumoniae and L. 
pneumophila. Molecular testing for detection of bac-
terial and viral pathogens may be indicated, and nasal 
screening for MRSA is recommended if being treated 
for MRSA. During epidemics of respiratory viruses, 
such as influenza, molecular detection of viruses is 
warranted [183,189].

Biomarkers, such as PCT and MR-proADM can pro-
vide information about the patient’s prognosis. PCT 
must not be used as a guide to start antibiotic treat-
ment [182]. MR-proADM have a greater accuracy than 
PCT for risk stratification of poor outcome and can 
be useful even in immunosuppressed patients [190]. 
Combination of MR-proADM with other biomarkers or 
clinical scores does not improve the MR-proADM´s 
accuracy [58].

CAP treatment must be effective, safe and respect-
ful of the patient’s microbiota. Possible regimens are 
summarised in Table 6 [150,183]. A combination of 
a third-generation cephalosporin and a macrolide, 
such as ceftriaxone plus azithromycin, is strongly 
recommended [191–193]. In fact, this combination 
is associated with lower mortality than beta-lactam 
plus fluoroquinolone [194]. In some specific situa-
tions, other treatment regimens are recommended, 
such as levofloxacin for L. pneumophila, ertapenem 
for suspected anaerobes, or linezolid for suspected 
MRSA [182]. Another alternative is ceftaroline, a beta- 
lactam with a good activity against MRSA and with 
better clinical results than ceftriaxone [195]. In any 
case, time is of the essence for patients with severe 
CAP. The earlier the treatment is started, the better 
the outcomes, both in terms of hospital stay and mor-
tality. Following the Survival Sepsis Campaign rec-
ommendations for the administration of antibiotics 
within the first hour of presentation in the emergency 
department, concerns were raised about the potential 
for overprescription of antibiotics, particularly given 

Table 6. Initial treatment strategies for patients with community-acquired pneumonia. Adapted from Rodríguez-Leal CM 
et al and Candel FJ et al. [150,183].

Primary care regimen Hospital admission regimen ICU admission regimen

Oral amoxicillin 1g/8h or oral 
amoxicillin-clavulanic 875/125 mg/8h 
(if asthma or COPD) or cefditoren 400 
mg/12h (alternative)

Plus

Macrolide (oral azithromycin 500 
mg/24h/ 3 days or clarithromycin 500 
mg/12h)

Or

Levofloxacin 500 mg/12h (1-2 days) and 
then 500 mg/24h or moxifloxacin 400 
mg/24h

Ceftriaxone* 2g/24h IV or 
cefotaxime* 2g/8h IV or ceftaroline 
600mg/12h IV (if post-influenza 
pneumonia or risk of S. aureus)

Plus

Oral/IV macrolide (azithromycin 
500 mg/24h /3 days or 
clarithromycin 500mg/12h)

Or

Levofloxacin 500 mg/12h IV (1-2 
days) and then 500 mg/24h or 
moxifloxacin 400 mg/24h IV

Ceftriaxone* 2g/24h IV or 
cefotaxime* 2g/8h IV or 
ceftaroline 600mg/12h IV

Plus

Macrolide (azithromycin 
500mg/24h IV or clarithromycin 
500mg/12h IV) or quinolone 
(levofloxacin 500mg/12h or 
moxifloxacin 400mg/24h)

If risk factors for MDR bacteria:
Meropenem 1g/8h IV + 
levofloxacin 500 mg/12h IV + 
ceftaroline 600mg/12h IV or 
linezolid 600mg/12 h IV

COPD: chronic obstructive pulmonary disease; iv, intravenously, MDR: multidrug-resistant. 
*Cefepime may be an alternative for some patients with suspected P. aeruginosa.  



Rev Esp Quimioter 2025; 38(3): 152-186

 168

that the recommendation was based on a moderate 
level of evidence. As a result, the current recommen-
dation is the administration of antibiotics within the 
first 3 hours in patients with sepsis [196]. However, in 
patients with septic shock, treatment must be started 
in the first hour [197].

As mentioned above, if a patient requires admission to 
an intensive care unit and that admission is delayed, 
the risk of death increases [198]. Prognostic scales 
such as the Pneumonia Severity Index (PSI, FINE), 
CRB-65, CURB-65 and Severity Community Acquired 
Pneumonia (SCAP, PS-CRUXO 80) give an acceptable 
estimate of the risk of death and are useful for decid-
ing whether to manage the patient in the community 
or in hospital, but do not clearly identify the need for 
ICU admission. PSI underestimates risk in young pa-
tients, while CURB-65 overestimates risk in the elder-
ly. SCAP can identify patients at risk of mechanical 
ventilation [182,183,197,199–204]. SMART-COP is a 
tool for predicting the need for intensive respiratory 
or vasopressor support in CAP, but its complexity of 
use and the existence of different cut-points have 
prevented its widespread use [183,205]. Nowadays, 
American Thoracic Society/Infectious Diseases Soci-
ety of America (ATS/IDSA) criteria are the preferred 
tool for deciding whether a patient requires ICU ad-
mission (Table 7) [183,186]. Early detection of severe 
pneumonia in the emergency department allows early 
initiation of antibiotic treatment, respiratory support if 
needed, and resuscitation with fluids and vasoactive 
drugs if required. This strategy results in fewer ICU 
admission, shorter times to ICU admission and lower 
mortality [183,206–208].

Influenza-associated invasive aspergillosis (IAPA) 
and COVID-19-associated invasive aspergillosis 
(CAPA). Diagnosis and treatment 

IAPA and CAPA are opportunistic fungal infections 
caused by Aspergillus spp., that occur in patients 

with severe influenza infection or COVID-19, respec-
tively. Viral infections disrupt the epithelial barrier. 
Subsequently, macrophage phagocytosis is altered, 
and conidial clearance is impaired. Finally, hyphae 
destruction by neutrophils is also reduced, allowing 
Aspergillus spp. to multiply easily. This situation can 
be aggravated by some drugs, such as oseltamivir, 
corticosteroids, and immunomodulators [209].

The incidence of IAPA and CAPA varies widely be-
tween regions and types of patients and is estima-
ted to be around 10-20% in Europe. Awareness of 
the disease, the use of immunosuppressive drugs 
and a more severe clinical condition of patients, con-
tribute to a higher incidence in recent years [209]. 
Vaccination against COVID-19 has led to an increa-
se in the incidence of CAPA. This is due to a higher 
frequency of immunosuppressed patients with se-
vere and mechanical ventilated COVID-19 infections 
and the presence of European Organisation for 
Research and Treatment of Cancer/Mycoses Study 
Group Education and Research Consortium (EORTC/
MSGERC) host factors [210]. In contrast, influenza 
vaccination has led to a reduction in the incidence of 
IAPA but has not been associated with a decrease in 
its mortality [211].

Risk factors for IAPA include male sex, smoking 
habit, chronic lung disease, certain subtypes of 
H1N1 influenza virus, severe pneumonia requiring 
supportive care, use of corticosteroids prior to ICU 
admission, solid organ transplant recipients and 
haematological malignancy. In contrast, patients 
with CAPA are more likely to be older, have prolon-
ged mechanical ventilation, use of certain drugs 
such as dexamethasone and tocilizumab, and have 
an analytical profile with elevated interleukin-6 and 
CD-4 lymphocyte depletion. Immunosuppressed 
patients are more common in IAPA (20-30%) than in 
CAPA (10%) [209,212,213].

Table 7. ATS/IDSA criteria to define severe CAP. Adapted from File TM et al. [186].

Major criteria Minor Criteria

- Septic shock treated with vasopressors
- �Respiratory failure necessitating mechanical 

ventilation

- Respiratory rate ≥ 30 bpm
- Confusion or disorientation
- Hypothermia (temperature < 36ºC)
- �Hypotension necessitating aggressive fluid resuscitation
- Leukopenia (<4,000 cells/mm3).
- Thrombocytopenia (<100,000 platelets/mm3).
- Uremia: BUN ≥ 20 mg/dL.
- Ratio PaO2 to FiO2 ≤ 250
- Multilobar (≥2) infiltrates

bpm: breath per minute, BUN: blood urea nitrogen level, PaO2: partial pressure of arterial oxygen, FiO2: fraction of 
inspired oxygen.
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In recent years, intensive efforts have been made to 
reach a consensus on diagnostic criteria for IAPA and 
CAPA [209,214–216]. They can be found in Table 8.  
In 2024, the Invasive Fungal Diseases in Adult Patients 
in Intensive Care Unit (FUNDICU) published a new de-
finition that is useful for unifying concepts in research 
but lacks applicability in clinical practice [215].

BAL is very important for diagnosis. Its sensitivity is 
around 50-60%, but it provides valuable information on 
species identification, antifungal susceptibility, ana-
tomy of the bronchial tree and possible presence of 
tracheobronchitis, measurement of GM in BAL, which 
has a higher sensitivity than its determination in serum 
in this context, and finally, this procedure allows mole-
cular techniques to be performed [217].

The clinical presentation of both diseases is difficult, 
and it is common for diagnosis to be made late, some-
times after the death of the patient. Two histological 
patterns have been described in necropsies [218].

•	 Non-impeded. It was observed in IAPA and tissue 
presented with a low degree of inflammation and 
a high degree of fungal invasion.

•	 Impeded. It was observed with both IAPA and 
CAPA. Lung tissue had a high degree of inflam-
mation and a low degree of fungal invasion.

Other differences in the clinical presentation of IAPA 
and CAPA can be found in Table 9. IAPA tends to 
cause more epithelial damage and disruption of ma-
crophage activity than CAPA. Oseltamivir also has a 
dual effect. When given early during influenza infec-
tion, it prevents the development of IAPA in mouse 
models; but when given late, it interferes with fungal 
recognition and promotes the development of IAPA 
[209,219,220].

Treatment can be made with either voriconazole or 
isavuconazole. The latter has a favourable profile 
for patients in ICU, as its metabolism is linear, and 
it has fewer interactions and side effects. In cases 
of resistance or intolerance to azoles, either lipo-
somal amphotericin B or echinocandins, alone or 
in combination, can be used. The mortality rate of 
both entities is high, but it can be reduced with an 
early treatment. The duration of treatment must be 
individualised based on immunosuppression, clinical  

Table 8. Definition of proven and probable influenza-associated invasive aspergillosis (IAPA) and COVID-19-associated 
invasive aspergillosis (CAPA). Adapted from Feys S et al, Verweij PE et al, and Koehler P et al.  [209,214,216].

IAPA CAPA

Host factor
Influenza-like illness and positive 
influenza PCR or antigen 
And temporal relationship.

COVID-19 requiring intensive care and temporal relationship

Clinical factor Radiological evidence of pulmonary or cavitary infiltrate

Mycological 
evidence

Proven
Lung biopsy showing invasive 
fungal elements
and

• �Aspergillus growth on culture 
or

• �Positive Aspergillus PCR in 
tissue.

Proven (no clinical factor required)
Necrotic ulcer (or other lesions evidenced in bronchoscopy) 
in the trachea or bronchi, with evidence of Aspergillus in 
tissue biopsy
or
Aspergillus recovered by culture, microscopy, histology 
or PCR obtained by sterile aspiration or biopsy from a 
pulmonary site, showing an infectious disease process.

Probable. A or B
A: Pulmonary infiltrate 
and

• �Serum GM index > 0.5 or
• �BAL GM index ≥ 1.0 or
• �Positive BAL culture.

B: Cavitating infiltrate not 
attributed to another cause
and

• �Positive sputum or
• �Positive TA culture.

Probable
Microscopic detection of fungal elements in BAL fluid, 
indicating a mould or
Positive BAL culture or
Serum GM/LFA index >0.5 or
BAL GM/LFA index ≥ 1.0 or
≥ 2 positive Aspergillus PCR test in serum, plasma or whole 
blood or
Single positive Aspergillus PCR in BAL (<36 cycles) or
Single positive Aspergillus PCR in plasma, serum or whole 
blood and a single positive in BAL.

PCR: polymerase chain reaction. GM: galactomannan. BAL: bronchoalveolar lavage. TA: tracheal aspirate. LFA: lateral-
flow assay. 
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and radiological improvement. It is usually around  
6 – 12 weeks. Other important considerations inclu-
de optimising antiviral therapy, reducing or stopping 
immunosuppressive drugs as soon as possible, stop-
ping antibiotic therapy if sterile cultures are obtained, 
and giving nebulised antifungals for tracheobron-
chitis forms [209,213]. Future possible treatment  
options may include fosmanogepix and olorofim for 
azole-resistant Aspergillus, and inhaled opelconazo-
le (not active against A. niger) [221].

Finally, there is no evidence to recommend prophylaxis 
with either pocaconazole or isavuconazole [222,223].  
Nebulised liposomal amphotericin B was associa-
ted with a lower incidence of CAPA in a retrospective 
study [224].

As previously described, opportunistic fungal infec-
tions have been reported in severe SARS-CoV-2 and 
influenza infections. With appropriate surveillance, a 
similar entity may be identified in patients with severe 
RSV infections in the future.

Current evidence in combined therapy in invasive 
fungal infections in critical care

Although the incidence of fungal pneumonia in Spani-
sh ICUs does not yet exceed those caused by bacteria 
or viruses, patients arriving at the ICU are more com-
plex and more susceptible to invasive fungal infec-
tions [225]. The epidemiological environment, local 
resistance to antifungals, limited therapeutic options 
for certain isolates, the occurrence of infections that 
are difficult to control, and the high mortality of IFI all 
make combination fungal therapy a feasible alterna-
tive [226].

Due to the eminent increase of Candida spp. resistant 
to antifungals (C. auris, fluconazole and voriconazole- 
resistant C. parapsilopsis), empirical treatment of 
IFI is usually guided using echinocandins or ampho-
tericin B [227] until the details of sensitivity to other  
antifungals are known, given the severity of this type 
of infection and its complications [225,228]. For cri-
tically ill surgical patients with IFI, both appropriate 

source control and appropriate antifungal therapy 
were associated with reduced risk of 30-day morta-
lity, and the protective effects of the two appropriate 
treatments are additive [229]. IFI due to Aspergillus 
spp., Fusarium spp., or Mucorales are also a topical 
issue mainly when it affects onco-haematological 
patients under immunosuppressive drugs that make 
them more susceptible to this type of infection. It is 
not possible to make a definitive recommendation for 
CAPA/IAPA patients, owing to the scarcity of publi-
shed data [229,230]. Evidence supporting combina-
tion therapy as the first line of treatment in patients 
with IFI is weak, although it can be considered in cri-
tically ill patients with severe infection or when azole 
resistance is suspected. It is also important to consi-
der factors that may affect the use of antifungals in 
addition to resistance [230]. For example, extracorpo-
real membrane oxygenation (ECMO) use may affect 
the pharmacokinetics of some antifungals or bioavai-
lability in certain types of infection [231]. 

The current premises that support the use of com-
bined antifungal treatment can be summarised as 
follows: broadening the spectrum of activity in empi-
rical treatment in complex situations, greater fungici-
dal activity (synergistic effect), delaying or preventing 
the emergence of resistance, reducing doses and mi-
nimising toxicity, treatment of infections with the pre-
sence of biofilm, complex localised infections with 
difficult penetration of antifungal treatment, break-
through fungal infections and the treatment of mixed 
fungal infections. On the contrary, these combina-
tions may have drawbacks such as: drug interactions, 
lack of evidence for the use of some combinations in 
real life, increased toxicity, selection of resistant fun-
gi, incompatibility with increased side effects and the 
cost generated [232–234].

New evidence in the diagnosis and follow-up of 
fungal pneumonia

In order to cover an IFI, a diagnostic suspicion must 
first be raised. Among the main causes of fungal 
pneumonia, we can find: Aspergillus spp., Mucorales, 

Table 9. Clinical characteristics of influenza-associated invasive aspergillosis (IAPA) and COVID-19-associated invasive 
aspergillosis (CAPA). Adapted from Feys S et al [209].

IAPA CAPA

Presentation timing Early since ICU admission, usually in 
first 48 hours

Late presentation, usually during 
second half of the first week in ICU

Angioinvasiveness Very important Less important

Serum GM positivity 50% 20-30%

Tracheobronchitis 30-50% 20-50%

ICU: intensive care unit. GM: galactomannan.
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Lomentospora prolificans, Fusarium solani, Scedospo-
rium spp., other cryptic Aspergillus or even in seve-
re cases combinations of them. The type of patient 
who can present IFI is no longer focused solely on 
onco-haematological patients. It can also affect pa-
tients being treated with other biological immuno-
suppressive drugs, corticosteroids or patients with 
previous infections due to viruses (like SARS-CoV-2  
or influenza) or bacteria [235,236]. Pneumonia  
caused by fungi should be present in the arsenal of 
suspicions in patients who meet these risk factors in 
addition to classic immunosuppression criteria. An-
nually, over 2,113,000 people develop invasive asper-
gillosis in the context of COPD, intensive care, lung 
cancer, or haematological malignancy, with a crude 
annual mortality of 1,801,000 (85.2%) [226].

Suspicion of IFI should not be considered as a last 
resort, in patients who have been hospitalised for 
several days and with broad-spectrum coverage. It 
should be considered in the early days (ideally wi-
thin the first five days) of the illness, particularly in 
severe pneumonia [237]. Empirical coverage of IFI 
could also be considered until microbiological re-
sults are obtained in patients with radiological ima-
ges compatible with pneumonia due to fungi with 
other concomitant risk factors [238], since early tar-
geted treatment of an IFI potentially increases the 
chances of success [239]. Currently, microbiology 
laboratories are equipped with tools for the early 
detection of IFI such as conventional microscopy 
(calcofluor), PCR assays and other biomarkers (like 
β-D-glucan or galactomannan), tests based on de-
tection of fungal antigens released in their invasive 
stages which an earlier result than the conventional 
culture [240]. However, in many cases these tests 
may not be conclusive due to the type of sample or 
other characteristics of the causal microorganism, 
making empirical treatment also of great value when 
it is suspected [241].

However, despite the inclusion of rapid techniques 
applied to the diagnosis of IFI, there are still great fu-
ture challenges, such as the detection of resistance 
(for example azole resistance in Aspergillus spp.), 
growth of colonizing fungi in conventional cultures 
with difficult assessment, and the absence of mul-
tiplex platforms based on PCR marketed to detect 
main causes of IFI [238,240,241].

Express update in antimicrobial therapy
Delafloxacin

Delafloxacin is presented in the therapeutic arse-
nal as a new fluoroquinolone with a different anio-
nic chemical structure from the rest of those on 
the market. This anionic structure allows greater 

penetrability in acid environments, with good antibio-
film activity, and the ability to inhibit topoisomerases 
II and IV, achieving greater spectrum and potency on 
both gram-positive and gram-negative bacteria than 
previous quinolones. It also presents a greater anti-
biotic spectrum, with less capacity for resistance se-
lection and a more favourable safety profile than the 
rest of fluoroquinolones. It presents activity against 
gram positive bacteria (including S. pneumoniae 
resistant to penicillins, MRSA, coagulase negative 
Staphylococcus, even those gram-positive resistant 
to other quinolones). However, it does not present 
activity against E. faecium. It shows a broad spec-
trum against enterobacterales including P. aerugino-
sa, atypical bacteria (Mycoplasma spp., Legionella 
pneumophyla, Chlamydia spp.), and anaerobes. It 
does not present activity against ESBL-producing 
enterobacteria or carbapenemases with resistan-
ce to other quinolones [242–244]. It allows oral or 
intravenous administration, with time-dependent  
bactericidal activity and high penetration into lung tis-
sue [244]. In 2024, the National Health System included 
indication of delafloxacin for CAP subject to special 
situations. Changing aetiology and increasing anti-
microbial resistance have made CAP more challen-
ging to treat empirically, particularly among patients 
with chronic comorbid diseases [245]. Delafloxacin 
has demonstrated non-inferiority to moxifloxacin in 
a phase III clinical trial but was shown to be superior  
to moxifloxacin at early clinical response in CAP 
patients who also have COPD or asthma as a co- 
morbidity, and in CAP patients who have more severe 
illness [244]. All these properties make delafloxacin 
an alternative available in the therapeutic arsenal for 
CAP in special situations to avoid excessive use of 
other antibiotics [246].

Ceftaroline

Ceftaroline is a broad-spectrum, fifth-generation 
cephalosporin specifically targeted for the treatment 
of MRSA. Its structure presents modifications that 
allow it to evade resistances that make other cepha-
losporins not active for MRSA. It is worth highlighting 
its 1.3-thiazole group that confers anti-MRSA activity, 
and a 1,2,4-thiadiazole group that confers penetration 
and anti GNB activity [247]. It is also endowed with a 
phosphonic group present in the prodrug that increa-
ses its solubility in the plasma medium. It has low 
binding to plasma proteins, with mainly renal elimina-
tion and does not require dose adjustment in hepatic 
failure or in advanced age [247,248].  Its antibacte-
rial activity allows coverage of S. aureus sensitive or  
resistant to methicillin, vancomycin-intermediate/ 
resistant S. aureus, S. pyogenes, S. pneumoniae, S. an-
ginosus group and GNB such as E. coli, K. pneumonie/
oxytoca, H. influenzae/parainfluenzae, M. morganii 
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and Moraxella catarrhalis [248]. In the latest publica-
tions it has been shown that ceftaroline can be an al-
ternative in the treatment of conventional severe CAP 
and VAP, reducing the value of hospital mortality in 
seriously ill patients[249–251]. Ceftaroline could be 
used also in empirical treatment when MRS or peni-
cillinase S. pneumoniae is suspected; or in patients 
with post viral CAP [252,253]. In conclusion, cefta-
roline stands out from other cephalosporins due to 
its activity against MRSA. However, it is important to 
highlight its potent anti-pneumococcal activity, which 
has demonstrated an early clinical response. There-
fore, it should not be restricted exclusively to infec-
tions with a resistance profile.

Ceftobiprole

Ceftobiprole is an antibiotic belonging to the fifth 
generation cephalosporins. It has anti-MRSA acti-
vity, penicillin-resistant S. pneumoniae, and activity 
against P. aeruginosa like ceftazidime [254]. Appro-
ved by AEMPS for use in CAP and HAP (excluded 
VAP). Recent studies show that ceftobiprole does not 
display inferiority compared to ceftriaxone (combi-
ned or not with linezolid) in the treatment of CAP and 
HAP [255,256]. Furthermore, alternative studies show 
that ceftobiprole may be an available alternative in 
the treatment of complicated bacteraemia caused  
by methicillin sensitive S. aureus compared to 
other available alternatives such as daptomycin or  
vancomycin [257–261]. There is synergistic effect 
in combination with other drugs for the treatment of 
complicated infections, such as endocarditis, bone 
and joint infections, or in patients undergoing ECMO, 
caused by MRSA or E. faecalis. All these studies show 
that ceftobiprole could be a therapeutic alternative 
available both as monotherapy and in combination 
for the treatment of complicated infections apart 
from CAP and VAP [259–261] .

Cefepime-enmetazobactam

Cefepime-enmetazobactam emerges as a new com-
bination of a fourth-generation cephalosporin (Cefepi-
me) with a broad-spectrum beta-lactamase inhibitor 
(Enmetazobactam). The methyl group of the triazole 
ring of enmetazobactam allows many classical and 
non-classical hydrogen bonding interactions that are 
not observed in other widely known inhibitors such 
as tazobactam [262]. This combination presents ac-
tivity against ESBL-producing enterobacterales (spe-
cifically class A such as CTX-M, TEM or SHV), AmpC 
and OXA-48 like type carbapenemasas [263,264]. 
Since enmetazobactam restores the activity of ce-
fepime against ESBL-producing pathogens and sta-
bilizes the activity of cefepime against AmpC and 
OXA-48-producing pathogens, this constitutes a pro-
mising option for saving carbapenems. Furthermore, 

enmetazobactam has a zwitterion-type structure, 
which increases its penetration into the periplasmic 
space of bacteria [265]. 

However, despite these developments, this combi-
nation does not provide additional coverage for P. 
aeruginosa compared to Cefepime in monotherapy 
in susceptible isolates [266]. The FDA has appro-
ved the use of this antibiotic for the management of 
complicated urinary tract infections (including pyelo-
nephritis), HAP and VAP, with or without concurrent 
bacteraemia [267]. Regarding its pharmacokinetic 
and pharmacodynamic behaviour, it presents phar-
macodynamic optimization parameters similar to 
those of the rest of beta-lactams (T>MIC) but with 
a tissue diffusion ratio higher than other penicillins 
with penicillinases (similar to combinations of car-
bapenem with inhibitor) in modelling healthy adults 
and in murine pneumonia models [265,268]. It is not 
a therapeutic alternative for the treatment of entero-
bacterales producing KPC carbapenemase, MBL, P. 
aeruginosa MDR or Acinetobacter baumanii MDR (al-
though it has a partial effect on A. baumanii resistant 
to carbapenems) [262,266].

Ceftolozane-tazobactam

Ceftolozane-tazobactam is an antibiotic with an ex-
cellent activity against P. aeruginosa (PAER). It is a ro-
bust antibiotic against the resistance mechanisms of 
this bacterium. Tazobactam is a beta-lactamase in-
hibitor, which is not needed for antipseudomonal ac-
tivity, but extends the activity of ceftolozane against 
other bacteria with beta-lactamases [269]. Given that 
HAP is the most common nosocomial infection, this  
antibiotic plays an important role in its treatment [270].  
EPINE data show that PAER is commonly isolated 
in community-acquired infections requiring hospita-
lisation, with a prevalence of carbapenem resistant 
of 17%. It is more prevalent in nosocomial infections, 
causing 26% of VAPs with an associated mortality 
rate of 33% [271]. ENVIN-UCI-2023 data show similar 
results, perhaps with a higher incidence of resistance 
due to its different methodology [87].

HAP-VAP is an infection with inoculum effect. The 
high bacterial load and biofilm formation affect an-
tibiotic activity, especially with older beta-lactam an-
tibiotics, such as ceftazidime and cefepime. These 
conditions can lead to clinical failure and develop-
ment of resistance during antibiotic therapy [272,273].  
Ceftolozane-tazobactam has a very favourable phar-
macokinetic and pharmacokinetic profile. It is less 
affected by inoculum effect because its minimum 
inhibitory concentration (MIC) and minimum bac-
tericidal concentration (MBC) are very close. This 
property prevents resistant mutants [274,275]. This 
gap between MIC and MBC is known as the mutant 
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selection window, and the wider it is, the more likely  
is that resistant mutants will develop [276]. This  
advantage of ceftolozane-tazobactam translates cli-
nically into lower mortality in VAP compared to mero-
penem [277,278]. These results have been replicated 
in other settings, such as neutropenic patients [279]. 
Moreover, the earlier in the course of infection this 
drug is started, the more effective is [280]. For these 
reasons, a recent study suggests that ceftolozane- 
tazobactam must be a first-line antibiotic for infec-
tions caused by PAER [281]. Finally, current guidelines 
recommend ceftolozane-tazobactam for pseudomo-
nal infections [282–284]. 

Ceftazidime-avibactam

Ceftazidime-avibactam is an antibiotic that has been 
approved since 2015. It is an appropriate antibiotic 
for the treatment of HAP-VAP due to its appropriate 
spectrum, good penetration into the lung parenchy-
ma and favourable clinical results in clinical trials 
and observational studies [285–287]. Avibactam is a  
beta-lactamase inhibitor with activity against beta- 
lactamase classes A (including ESBLs and KPC-type 
carbapenemases), C (AmpC) and some subtypes of 
type D (OXA-48). It has no activity against metallo- 
β-lactamases (type B) [288].

As mentioned above, resistant bacteria are common 
in patients with HAP-VAP. PAER and K. pneumoniae 
are the most common microorganisms isolated in  
HAP-VAP, often with production of ESBLs or carbapene-
mases [87,289]. Although there is considerable hetero-
geneity between Spanish regions, the most frequently 
isolated carbapenemase type is OXA-48, followed by 
KPC [290]. As a result, ceftazidime-avibactam has in 
vitro activity against 83% of PAER isolates in 2022,  
only comparable to susceptibility of amikacin,  
tobramycin and colistin [291]. Pharmacokinetic  
properties are also favourable, with a good correlation 
(20-30%) of antibiotic concentrations between serum 
and epithelial alveolar surface [292]. This concentration 
is enough to achieve a bactericidal effect [293–295].  
These characteristics correspond to good clinical 
results with little influence from the inoculum effect 
and high cure rates in the case of associated bacte-
raemia [296–299]. Moreover, ceftazidime-avibactam 
has no activity against anaerobes. This condition has 
been associated with lower mortality in critically ill 
patients [300]. As a result, ceftazidime-avibactam is 
recommended as empirical treatment in specific si-
tuations and is now the sixth most commonly used 
antibiotic in HAP-VAP [87,150,151].

Aztreonam-avibacta

The combination of aztreonam with avibactam is 
a therapeutic alternative for MBL-producing GNB, 

although this combination has been shown to be less 
effective against some isolates such as P. aerugino-
sa [301]. However, this combination is also stable 
against Class A beta-lactamases (KPC), AmpC, Class 
D (OXA-48 like) and ESBL. It presents a potential in-
dication in HAP/VAP; complicated intra-abdominal 
infection (cIAI) associated with an antimicrobial 
against anaerobic bacteria such as metronidazole; 
complicated urinary tract infection (cUTI) and blood/
sistemic infectios (BSI). Since the aztreonam/avi-
bactam combination is still in clinical trials (currently 
mostly phase 3), various approaches using ceftazi-
dime/avibactam (CAZ/AVI) with aztreonam (AZT) 
have been employed in microbiology laboratories to 
evaluate the in vitro synergy of this drug combina-
tion against MBL-producing GNB [302]. Unified stan-
dardized methods to evaluate this synergy in vitro 
in laboratories have yet to be well established. The 
PANNUCI algorithm recommends the combination 
of CAZ/AVI + AZT or cefiderocol as a targeted thera-
py for MBL-producing GNB HAP/VAP. Particularly, for 
MBL-producing P. aeruginosa, cefiderocol is the first 
choice, better than the CAZ/AVI + AZT combination. 
For carbapenem-resistant A. baumannii (CRAB) or 
MBL-producers, the combination of CAZ/AVI + AZT 
is not an available alternative. In CRAB-MBL-producer  
infections, cefiderocol combined with other active 
antibiotic (tigecycline, eravacycline, fosfomycin or 
aminoglycosides) can be consider as the first treat-
ment option [301,303]. IDSA 2024 guidelines recom-
mends combination of CAZ/AVI + AZT as treatment 
of HAP/VAP by S. maltophilia, or two of the following 
agents: TMP/SMX, levofloxacin, minocycline or  
cefiderocol [304].

Cefiderocol

Cefiderocol is a treatment option for HAP that has de-
monstrated non-inferiority compared to meropenem 
in the APEKS-NP trial. It has a good profile against 
multi-resistant gram-negative bacteria [305]. Since 
the publication of this study, several publications of 
real-world data from different countries have shown 
its therapeutic efficacy and safety. It has a success 
rate of about 80% when used as first-line therapy, but 
this drops to 45-60% when used as second-line thera-
py or against A. baumanii [306–311]. For this microor-
ganism, it is important to optimise administration to 
avoid treatment failure [312]. Patients treated with 
ECMO do not require dose adjustment [313]. An active 
area of research is how to optimise dosing to reduce 
costs [314]. Finally, current IDSA recommendations 
suggests the use of cefiderocol as first-line thera-
py for infections caused by gram-negative bacteria  
with carbapenemase type NDM and as second-line 
therapy in combination with ampicillin/sulbactam for  
carbapenem-resistant Acinetobacter [315].
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Imipenem-relebactam

Imipenem is a bactericidal antibiotic with good activi-
ty against gram-negative bacteria, including those that 
produce ESBL (Extended-Spectrum-β-Lactamase), 
gram-positive bacteria, and anaerobes. It inhibits 
mural cell synthesis by inhibiting penicillin-binding- 
proteins (PBP). Relebactam is a new beta-lactamase  
inhibitor with activity against type A (including  
ESBL and KPC) and C. It is inactive against metalo- 
β-lactamases (MBL). It increases imipenem activity 
against enterobacteria and PAER fivefold and resto-
res activity in two out of three cases of carbapene-
mase producing PAER isolates. Neither imipenem nor 
relebactam are affected by efflux pumps. Moreover, 
the total dose of imipenem required with this combi-
nation is lower than with imipenem alone, and it has 
a better activity against gram-positive bacteria than 
meropenem. Also, it has a low risk of resistance de-
velopment [316]. Finally, it has high pulmonary diffu-
sion. Its exposure in epithelial lining fluid relative to 
plasma was 54% for relebactam and 55% for imipe-
nem, after adjusting for protein binding [317].

Clinical efficacy was demonstrated in the RESTORE- 
IMI 1 and RESTORE-IMI 2 trials against the combination  
of imipenem and colistin, and piperacillin- 
tazobactam, respectively. It was tested in intra- 
abdominal infections, urinary tract infections and  
HAP-VAP. Imipenem-relebactam also showed a good 
safety profile with no neurological toxicity and less renal 
toxicity [318–320]. Therefore, imipenem-relebactam is 
indicated for HAP-VAP with or without bacteraemia, 
intra-abdominal and urinary tract infections. The re-
commended duration of treatment is seven to fourteen 
days for HAP-VAP and five to ten days for the other two 
indications. The usual dose is 500 mg of imipenem in 
combination (one vial) given as a 30-minute infusion 
every six hours, but dose adjustment is required in  
patients with renal failure [316].

Meropenem-vaborbactam

Vaborbactam is a beta-lactamase inhibitor with ac-
tivity against class A (including KPC carbapenema-
ses) and C beta-lactamases. It is not hydrolysed by 
beta-lactamases and has potent and specific activity 
against KPC. It has no activity against class B and D 
carbapenemases. As a result, it restores the activity 
of meropenem against beta-lactamase A or C produ-
cing bacteria [321–323]. Carbapenemase-producing  
bacteria are a global problem, although Europe has 
a lower prevalence than other continents such as 
Asia, Latin America and Africa [324]. In Spain, the 
prevalence of carbapenemase-producing bacteria is 
heterogeneous, and the frequency of each class of 
beta-lactamase varies between regions. Moreover,  
the local epidemiology of each hospital and ICU service  

is important in making treatment decisions [325]. 
For infections caused by carbapenemase-producing 
bacteria, an early and appropriate treatment redu-
ces attributable mortality [326]. Susceptibility of  
KPC-producing bacteria to meropenem-vaborbactam,  
such as Enterobacterales, Achromobacter and  
Burkhorderia, is over 90 percent, and in some ca-
ses almost all isolates were susceptible [321,325]. 
It also has potent in vitro activity against isolates 
resistant to ceftazidime-avibactam. A mutant va-
riant of ompK36 in KPC-producing K. pneumoniae  
increases the MIC of meropenem-vaborbactam [327].  
From a pharmacokinetic point of view, it also has 
excellent penetration into the lung parenchyma 
[159,321]. Its clinical efficacy was demonstrated in 
the TANGO II trial, which was stopped early due to the 
good clinical results of meropenem-vaborbactam  
compared to the best available therapy [328].  
However, when used as rescue therapy after fai-
lure of a previous antibiotic regimen, clinical out-
comes are worse. This suggests that meropenem- 
vaborbactam should be started earlier in appropriate 
patients [329,330]. Current Spanish guidelines posi-
tion meropenem-vaborbactam as a recommended  
therapy against KPC-producing Enterobacterales, with 
the same level of evidence as ceftazidime-avibactam,  
although IDSA-guidelines favour meropenem- 
vaborbactam over ceftazidime-avibactam [282,283]. 
Both guidelines suggest that the use of cefiderocol 
should be reserved for specific cases.

Conclusions
With all this knowledge reviewed and updated, and 
planning content of maximum interest for upcoming 
World Pneumonia Day commemorations, it is diffi-
cult to refrain from making some final comments on 
personalised medicine and the role of artificial inte-
lligence (AI) in the management of pneumonia.  The 
future of pneumonia is heading towards a more per-
sonalised approach, where diagnosis and treatment 
will be tailored to the individual characteristics of 
each patient. Quite possibly, if not already happening, 
AI will facilitate the integration of genomic, clinical, 
microbiological, epidemiological, and environmen-
tal data to achieve this goal. Telemedicine, driven  
by improvements in interconnectivity and AI, will ena-
ble more effective remote monitoring of pneumonia  
patients, especially those with chronic diseases  
or in remote or rural areas. This will improve access  
to care and enable early intervention in case of  
complications [331]. 

Clearly, it can help achieve improved diagnostics, for 
example in advanced image analysis. AI can analyse 
X-rays and computed tomography scans more accu-
rately than the human eye, detecting subtle patterns 
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that indicate pneumonia (or pneumonitis) and diffe-
rentiating between bacterial, viral or fungal causes 
alongside other biomarkers and microbiological 
studies. This will enable faster and more accurate 
diagnosis, especially in resource-limited settings. In 
addition, it will play a key role in early detection, par-
ticularly by enabling AI algorithms to analyse clinical 
data (symptoms, vital signs, laboratory tests) and 
identify patients at high risk of developing pneumo-
nia, experiencing complications, or progressing to a 
worse prognosis, thereby allowing early intervention. 
AI can speed up the analysis of biological samples, 
such as sputum or bronchoalveolar fluid, identifying 
pneumonia-causing pathogens and their resistance 
to antibiotics more quickly [332]. 

Personalised treatment, supported by AI, can improve 
prediction of the severity of pneumonia and the risk 
of complications, helping clinicians to decide the le-
vel of care needed (outpatient, inpatient, ICU). Simi-
larly, it can optimise antibiotic treatment by analysing 
clinical and microbiological data and recommending 
the most effective antibiotic for each patient, minimi-
sing the risk of resistance, side effects and drug inte-
ractions. In addition, it can facilitate more continuous 
monitoring, through wearable devices and smart sen-
sors that could collect real-time data on lung function 
and other vital parameters, enabling successive mo-
nitoring of treatment response and early detection of 
complications [333].

However, several challenges and considerations 
about the role of AI in pneumonia cannot be neglec-
ted, including, as in many other infectious processes 
and syndromes, issues of data quality, clinical valida-
tion, ethics and privacy, integration into clinical practi-
ce, and accountability [331–333].

AI depends on high-quality data to function properly. 
Ensuring the accuracy and completeness of clinical 
and imaging data is crucial. AI algorithms in the ma-
nagement of pneumonia will need to be rigorously 
validated in clinical studies to demonstrate efficacy 
and safety before widespread implementation. Of 
course, it is critical to address the ethical and privacy 
issues related to the use of AI in healthcare, ensuring 
the confidentiality of patient data. And AI will also 
need to be seamlessly integrated into existing clinical 
workflows, facilitating its use by clinicians and other 
healthcare professionals. Furthermore, responsibili-
ties for the use of AI will need to be clearly defined, 
establishing clear protocols for clinical decision- 
making [331,333].

AI therefore has the potential to transform the 
management of pneumonia, improving diagnosis, 
treatment, and health outcomes at the population 
level and for individual patients. However, it will 

be critical to address ethical challenges and con-
siderations to ensure its responsible and effective 
implementation.

Acknowledgments
Ángel Estella (Hospital U. de Jerez) GEIPC-SEIMC, 
GTEIS-SEMICYUC; Susana Sancho (Hospital U. i 
Politècnic La Fe) GEIPC-SEIMC, GTEIS-SEMICYUC; 
Montserrat Rodríguez-Aguirregabiria  (Hospital 
Universitario La Paz, IdiPAZ) GEIPC-SEIMC, GTEIS- 
SEMICYUC; Natividad Tolosa (Hospital U. i Politècnic 
La Fe); Juan Carlos Rodríguez (Hospital General U. 
Dr. Balmis) GEIPC-SEIMC; Borja Suberviola (Hospi-
tal U. Marqués de Valdecilla) GEIPC-SEIMC, GTEIS- 
SEMICYUC; Juan González del Castillo (Hospital Clíni-
co San Carlos) INFURGSEMES-SEMES; Fátima Galán 
(Hospital U. Puerta del Mar), SEIMC; David Navarro 
(Hospital Clínico Universitario. València) SEIMC; Ale-
jandro Rodríguez (Hospital U. Joan XXIII) GEIPC-SEIMC,  
GTEIS-SEMICYUC; Juan Manuel García-Lechuz  
(Hospital U. Miguel Servet); GEIPC-SEIMC; Federi-
co Gordo (Hospital U. del Henares) GEIPC-SEIMC, 
GTEIS-SEMICYUC; David Andaluz (Complejo Asis-
tencial Universitario de Palencia) GEIPC-SEIMC, 
GTEIS-SEMICYUC; José Garnacho (Hospital U. Virgen 
del Rocío) GEIPC-SEIMC, GTEIS-SEMICYUC; Esperan-
za Merino (Hospital General Universitario Dr. Balm-
is) SEIMC; Jesús Fortún (Hospital U. Ramón y Cajal) 
SEIMC; Andrés Canut (Hospital U. de Araba) GEIPC-
SEIMC; Rafael Zaragoza (Hospital U. Doctor Peset) 
GEIPC-SEIMC, GTEIS-SEMICYUC; Emilio Maseda  
(Hospital Quirón Valle del Henares) GEIPC-SEIMC,  
SEDAR-GTIPO; Pedro Rascado (Complejo Hospitalario 
U. Santiago de Compostela) GEIPC-SEIMC, GTEIS- 
SEMICYUC; Cruz Soriano (Hospital U. Ramón y Cajal) 
GEIPC-SEIMC, GTEIS-SEMICYUC; Silvia Gómez-Zorrilla 
(Hospital Del Mar) SEIMC; Marina Machado (Hospital 
General U. Gregorio Marañón) SEIMC; Carolina García 
Vidal (Hospital Clínic) SEIMC. 

Funding
None to declare.

Conflict of interest
The authors declare no conflicts of interest.

Author contributions
Conceptualization (FJC and MS); methodology (CRL, 
CGC, FJC, and MS); writing and original draft prepara-
tion (CRL and CGC); review and editing (FJC, MS, and 
all addenda authors); supervision (FJC). All authors 
have read and agreed to the published version of the 
manuscript.



Rev Esp Quimioter 2025; 38(3): 152-186

 176

References
1.	 Torres A, Cilloniz C, Niederman MS, Menéndez R, Chalmers 

JD, Wunderink RG, et al. Pneumonia. Nat Rev Dis Primers. 
2021;7:25. 

2.	 Kalil AC, Metersky ML, Klompas M, Muscedere J, Sweeney DA, 
Palmer LB, et al. Executive Summary: Management of Adults 
With Hospital-acquired and Ventilator-associated Pneumonia: 
2016 Clinical Practice Guidelines by the Infectious Diseases 
Society of America and the American Thoracic Society. Clin 
Infect Dis. 2016;63:575–82. 

3.	 Torres A, Barberán J, Ceccato A, Martin-Loeches I, Ferrer M, 
Menéndez R, et al. Neumonía intrahospitalaria. Normativa de la 
Sociedad Española de Neumología y Cirugía Torácica (SEPAR). 
Actualización 2020. Arch Bronconeumol. 2020;56:11–9. 

4.	 Erb CT, Patel B, Orr JE, Bice T, Richards JB, Metersky ML,  
et al. Management of Adults with Hospital-acquired and 
Ventilator-associated Pneumonia. Ann Am Thorac Soc. 
2016;13:2258–60. 

5.	 Koulenti D, Tsigou E, Rello J. Nosocomial pneumonia in 27  
ICUs in Europe: perspectives from the EU-VAP/CAP study.  
Eur J Clin Microbiol Infect Dis [Internet]. 2017;36:1999–2006. 

6.	 Metersky ML, Wang Y, Klompas M, Eckenrode S, Bakullari A, 
Eldridge N. Trend in Ventilator-Associated Pneumonia Rates 
Between 2005 and 2013. JAMA. 2016;316:2427. 

7.	 Cillóniz C, Dominedò C, Torres A. An overview of guidelines  
for the management of hospital-acquired and ventilator- 
associated pneumonia caused by multidrug-resistant Gram- 
negative bacteria. Curr Opin Infect Dis. 2019;32:656–62. 

8.	 Dominedò C, Ceccato A, Niederman M, Cillóniz C, Gabarrús A, 
Martin-Loeches I, et al. Predictive Performance of Risk Factors 
for Multidrug-Resistant Pathogens in Nosocomial Pneumonia. 
Ann Am Thorac Soc. 2021;18:807–14. 

9.	 Torres A, Niederman MS, Chastre J, Ewig S, Fernandez- 
Vandellos P, Hanberger H, et al. International ERS/ESICM/
ESCMID/ALAT guidelines for the management of hospital- 
acquired pneumonia and ventilator-associated pneumonia. 
Eur Respir J. 2017;50:1700582. 

10.	 GEIPC (Grupo de Estudio de Infecciones en el Paciente  
Crítico). VI Jornada Anual de Neumonía [Internet]. 2024 [cited 
2024 Nov 29]. Available from: https://jornada-anual-neumo 
nia.com/

11.	 United Nations Department of Economic and Social Affairs 
Population Division. World Population Prospects 2019. [Internet]. 
2019 [cited 2024 Dec 10]. Available from: https://population.
un.org/wpp/Graphs/Probabilistic/PopPerc/60 plus/900

12.	 IFPMA Health Policy Partnership. Implementing a life course 
approach to immunization [Internet]. 2019 [cited 2024  
Dec 10]. Available from: https://www.ifpma.org/resource- 
centre/implementing-a-life-course-approach-to-immunization/

13.	 Doherty TM, Del Giudice G, Maggi S. Adult vaccination as  
part of a healthy lifestyle: moving from medical intervention 
to health promotion. Ann Med. 2019;51:128–40. 

14.	 Philip RK, Attwell K, Breuer T, Di Pasquale A, Lopalco PL. 
Life-course immunization as a gateway to health. Expert Rev 
Vaccines. 2018;17:851–64. 

15.	 Simon AK, Hollander GA, McMichael A. Evolution of the immune 
system in humans from infancy to old age. Proceedings of the 
Royal Society B: Biological Sciences. 2015;282:20143085. 

16.	 Weiskopf D, Weinberger B, Grubeck-Loebenstein B. The 
aging of the immune system. Transplant International. 
2009;22:1041–50. 

17.	 Global Coalition on Aging. Life Course Immunization.  
A driver of healthy aging . [Internet]. 2018 [cited 2024  

Dec 10]. Available from: https://globalcoalitiononaging.com/
wp-content/uploads/2018/07/life-course-immunization_
gcoa-for-web-1.pdf.

18.	 Naghavi M, Ong KL, Aali A, Ababneh HS, Abate YH, Abbafati C, 
et al. Global burden of 288 causes of death and life expectancy 
decomposition in 204 countries and territories and 811 
subnational locations, 1990–2021: a systematic analysis 
for the Global Burden of Disease Study 2021. The Lancet. 
2024;403:2100–32. 

19.	 Instituto de Salud Carlos III. Vigilancia de Infección Respiratoria 
Aguda: gripe, COVID-19 y VRS [Internet]. 2024 [cited 2024 
Dec 10]. Available from: https://cne.isciii.es/servicios/enfer 
medades-transmisibles/enfermedades-a-z/gripe-covid-19-y-
otros-virus-respiratorios.

20.	 Warren-Gash C, Blackburn R, Whitaker H, McMenamin J, 
Hayward AC. Laboratory-confirmed respiratory infections 
as triggers for acute myocardial infarction and stroke: a 
self-controlled case series analysis of national linked datasets 
from Scotland. Eur Respir J. 2018;51:1701794. 

21.	 Andrew MK, MacDonald S, Godin J, McElhaney JE, LeBlanc J, 
Hatchette TF, et al. Persistent Functional Decline Following 
Hospitalization with Influenza or Acute Respiratory Illness. J 
Am Geriatr Soc. 2021;69:696–703. 

22.	 Samson SI, Konty K, Lee W-N, Quisel T, Foschini L, Kerr D,  
et al. Quantifying the Impact of Influenza Among Persons 
With Type 2 Diabetes Mellitus: A New Approach to Determine 
Medical and Physical Activity Impact. J Diabetes Sci Technol. 
2021;15:44–52. 

23.	 Kubale J, Kuan G, Gresh L, Ojeda S, Schiller A, Sanchez N,  
et al. Individual-level Association of Influenza Infection With 
Subsequent Pneumonia: A Case-control and Prospective 
Cohort Study. Clin Infect Dis. 2021;73:e4288–95. 

24.	 Ministerio de Sanidad. Sistema de Información de 
Vacunaciones del Ministerio de Sanidad (SIVAMIN) [Internet]. 
2023 [cited 2024 Dec 10]. Available from: https://pestadistico.
inteligenciadegestion.sanidad.gob.es/publicoSNS/l/sivamin/
sivamin.

25.	 Ministerio de Sanidad. Recomendaciones de vacunación 
frente a la gripe y COVID-19 en la temporada 2024-2025 en 
España [Internet]. 2024 [cited 2024 Dec 10]. Available from: 
https://www.sanidad.gob.es/areas/promocionPrevencion/
vacunaciones/gripe_covid19/docs/RecomendacionesVacu 
nacion_Gripe-Covid19.pdf.

26.	 European Centre for Disease Prevention and Control. 
Systematic review of the efficacy, effectiveness and safety 
of newer and enhanced seasonal influenza vaccines for the 
prevention of laboratory-confirmed influenza in individuals 
aged 18 years and over [Internet]. 2024 [cited 2024 Dec 10].  
Available from: https://www.ecdc.europa.eu/en/publications- 
data/systematic-review-update-efficacy-effectiveness-and- 
safety-newer-and-enhanced.

27.	 Ferdinands JM, Blanton LH, Alyanak E, Chung JR, Trujillo L, 
Taliano J, et al. Protection against influenza hospitalizations 
from enhanced influenza vaccines among older adults: A 
systematic review and network meta-analysis. J Am Geriatr 
Soc. 2024;72(12):3875–89. Available from: http://dx.doi.
org/10.1111/jgs.19176. 

28.	 Ministerio de Sanidad. Informe de actividad. Vacunación 
frente a la COVID-19 en 2023-2024 [Internet]. 2024 [cited 
2024 Nov 10]. Available from: https://www.sanidad.gob.
es/areas/alertasEmergenciasSanitarias/alertasActuales/
nCov/documentos/Informe_GIV_Comunicacion_1204 
2024.pdf.

29.	 European Medicines Agency. EMA confirms its 
recommendation to update the antigenic composition of 

https://jornada-anual-neumonia.com/
https://jornada-anual-neumonia.com/
https://population.un.org/wpp/Graphs/Probabilistic/PopPerc/60 plus/900
https://population.un.org/wpp/Graphs/Probabilistic/PopPerc/60 plus/900
https://www.ifpma.org/resource-centre/implementing-a-life-course-approach-to-immunization/
https://www.ifpma.org/resource-centre/implementing-a-life-course-approach-to-immunization/
https://globalcoalitiononaging.com/wp-content/uploads/2018/07/life-course-immunization_gcoa-for-web-1.pdf
https://globalcoalitiononaging.com/wp-content/uploads/2018/07/life-course-immunization_gcoa-for-web-1.pdf
https://globalcoalitiononaging.com/wp-content/uploads/2018/07/life-course-immunization_gcoa-for-web-1.pdf
https://cne.isciii.es/servicios/enfermedades-transmisibles/enfermedades-a-z/gripe-covid-19-y-otros-virus-respiratorios
https://cne.isciii.es/servicios/enfermedades-transmisibles/enfermedades-a-z/gripe-covid-19-y-otros-virus-respiratorios
https://cne.isciii.es/servicios/enfermedades-transmisibles/enfermedades-a-z/gripe-covid-19-y-otros-virus-respiratorios
https://pestadistico.inteligenciadegestion.sanidad.gob.es/publicoSNS/l/sivamin/sivamin
https://pestadistico.inteligenciadegestion.sanidad.gob.es/publicoSNS/l/sivamin/sivamin
https://pestadistico.inteligenciadegestion.sanidad.gob.es/publicoSNS/l/sivamin/sivamin
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/gripe_covid19/docs/RecomendacionesVacunacion_Gripe-Covid19.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/gripe_covid19/docs/RecomendacionesVacunacion_Gripe-Covid19.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/gripe_covid19/docs/RecomendacionesVacunacion_Gripe-Covid19.pdf
https://www.ecdc.europa.eu/en/publications-data/systematic-review-update-efficacy-effectiveness-and-safety-newer-and-enhanced
https://www.ecdc.europa.eu/en/publications-data/systematic-review-update-efficacy-effectiveness-and-safety-newer-and-enhanced
https://www.ecdc.europa.eu/en/publications-data/systematic-review-update-efficacy-effectiveness-and-safety-newer-and-enhanced
http://dx.doi.org/10.1111/jgs.19176
http://dx.doi.org/10.1111/jgs.19176
https://www.sanidad.gob.es/areas/alertasEmergenciasSanitarias/alertasActuales/nCov/documentos/Informe_GIV_Comunicacion_12042024.pdf
https://www.sanidad.gob.es/areas/alertasEmergenciasSanitarias/alertasActuales/nCov/documentos/Informe_GIV_Comunicacion_12042024.pdf
https://www.sanidad.gob.es/areas/alertasEmergenciasSanitarias/alertasActuales/nCov/documentos/Informe_GIV_Comunicacion_12042024.pdf
https://www.sanidad.gob.es/areas/alertasEmergenciasSanitarias/alertasActuales/nCov/documentos/Informe_GIV_Comunicacion_12042024.pdf


 177

C. Rodriguez, et al. Towards a holistic approach to pulmonary infections

authorised COVID-19 vaccines for 2024-2025 [Internet]. 2024  
[cited 2024 Dec 10]. Available from: https://www.ema.europa. 
eu/en/documents/other/ema-confirms-its-recommendation- 
update-antigenic-composition-authorised-covid-19-vacci 
nes-2024-2025_en.pdf.

30.	 Ikuta KS, Swetschinski LR, Robles Aguilar G, Sharara F, Mestrovic 
T, Gray AP, et al. Global mortality associated with 33 bacterial 
pathogens in 2019: a systematic analysis for the Global Burden 
of Disease Study 2019. The Lancet. 2022;400:2221–48. 

31.	 National Center for Immunization and Respiratory Diseases 
(U.S.). Division of Bacterial Diseases.;Emerging Infections 
Program Network. Active Bacterial Core Surveillance (ABCs) 
Report Emerging Infections Program Network : Streptococcus 
pneumoniae, 2009 [Internet]. 2010 [cited 2024 Dec 10]. 
Available from: https://stacks.cdc.gov/view/cdc/56029.

32.	 Atkinson W, Hamborsky J, McIntyre L, Wolfe C. Epidemiology 
and prevention of vaccine-preventable diseases [Internet]. 
2006. [cited 2024 Dec 10]. Available from: https://stacks.cdc.
gov/view/cdc/78725.

33.	 Instituto de Salud Carlos III. Boletín epidemiológico semanal. 
Vol. 31. Núm. 4. [Internet]. 2023 [cited 2024 Dec 10]. Available 
from: https://revista.isciii.es/index.php/bes/issue/view/297.

34.	 Ministerio de Sanidad. Objetivos Programas de Vacunación 
[Internet]. 2023 [cited 2024 Dec 10]. Available from: https://www.
sanidad.gob.es/areas/promocionPrevencion/vacunaciones/
coberturas/docs/Objetivos_vacunacion_2025.pdf.

35.	 Asociación Española de Pediatría. Calendarios de vacunación 
[Internet]. 2024 [cited 2024 Dec 10]. Available from: https://
vacunasaep.org/profesionales/calendario-vacunas.

36.	 Centers for Disease Control and Prevention. Respiratory 
syncitial virus infection (RSV): symptoms and care. [Internet]. 
2023 [cited 2023 Jan 1]. Available from: https://www.cdc.gov/
rsv/about/symptoms.html.

37.	 Openshaw PJM, Chiu C, Culley FJ, Johansson C. Protective 
and Harmful Immunity to RSV Infection. Annu Rev Immunol. 
2017;35:501–32.

38.	 Walsh EE. Respiratory Syncytial Virus Infection. Clin Chest 
Med. 2017;38:29–36. 

39.	 Branche AR, Saiman L, Walsh EE, Falsey AR, Sieling WD, 
Greendyke W, et al. Incidence of Respiratory Syncytial Virus 
Infection Among Hospitalized Adults, 2017–2020. Clin Infect 
Dis. 2022;74:1004–11. 

40.	 Mejias A, Rodríguez-Fernández R, Oliva S, Peeples ME, Ramilo 
O. The journey to a respiratory syncytial virus vaccine. Ann 
Allerg Asthma Im. 2020;125:36–46. 

41.	 Barbas Del Buey JF, Íñigo Martínez J, Gutiérrez Rodríguez 
MÁ, Alonso García M, Sánchez-Gómez A, Lasheras Carbajo 
MD, et al. The effectiveness of nirsevimab in reducing the 
burden of disease due to respiratory syncytial virus (RSV) 
infection over time in the Madrid region (Spain): a prospective 
population-based cohort study. Front Public Health. 2024;12. 

42.	 Belongia EA, King JP, Kieke BA, Pluta J, Al-Hilli A, Meece JK, 
et al. Clinical Features, Severity, and Incidence of RSV Illness 
During 12 Consecutive Seasons in a Community Cohort of 
Adults ≥60 Years Old. Open Forum Infect Dis. 2018;5. 

43.	 Wyffels V, Kariburyo F, Gavart S, Fleischhackl R, Yuce H. A 
Real-World Analysis of Patient Characteristics and Predictors  
of Hospitalization Among US Medicare Beneficiaries  
with Respiratory Syncytial Virus Infection. Adv Ther. 2020; 
37:1203–17. 

44.	 Walsh EE, Pérez Marc G, Falsey AR, Jiang Q, Eiras D, Patton M,  
et al. RENOIR Trial — RSVpreF Vaccine Efficacy over Two 
Seasons. N Engl J Med. 2024;391:1459–60. 

45.	 Papi A, Ison MG, Langley JM, Lee D-G, Leroux-Roels 
I, Martinon-Torres F, et al. Respiratory Syncytial Virus 
Prefusion F Protein Vaccine in Older Adults. N Engl J Med. 
2023;388:595–608. 

46.	 Centers for Disease Control and Prevention. People Most 
Impacted by Respiratory Viruses [Internet]. 2024 [cited 
2024 Dec 10]. Available from: https://www.cdc.gov/respira 
tory-viruses/data/most-impacted.html?CDC_AA_refVal=ht 
tps%3A%2F%2Fwww.cdc.gov%2Frespiratory-viruses%2Fda 
ta%2Fhospitalizations.html.

47.	 Ison MG, Papi A, Athan E, Feldman RG, Langley JM, Lee D-G, 
et al. Efficacy and Safety of Respiratory Syncytial Virus (RSV) 
Prefusion F Protein Vaccine (RSVPreF3 OA) in Older Adults 
Over 2 RSV Seasons. Clin Infect Dis. 2024;78:1732–44. 

48.	 World Health Organization. Leveraging Vaccines to Reduce 
Antibiotic Use and Prevent Antimicrobial Resistance [Internet]. 
2021 [cited 2024 Dec 10]. Available from: https://www.who.
int/publications/m/item/leveraging-vaccines-to-reduce-anti 
biotic-use-and-prevent-antimicrobial-resistance.

49.	 Bouadma L, Luyt C-E, Tubach F, Cracco C, Alvarez A, Schwebel 
C, et al. Use of procalcitonin to reduce patients’ exposure to 
antibiotics in intensive care units (PRORATA trial): a multicentre 
randomised controlled trial. The Lancet. 2010;375:463–74. 

50.	 de Jong E, van Oers JA, Beishuizen A, Vos P, Vermeijden WJ, 
Haas LE, et al. Efficacy and safety of procalcitonin guidance 
in reducing the duration of antibiotic treatment in critically 
ill patients: a randomised, controlled, open-label trial. Lancet 
Infect Dis. 2016;16:819–27. 

51.	 Daubin C, Valette X, Thiollière F, Mira J-P, Hazera P, Annane 
D, et al. Procalcitonin algorithm to guide initial antibiotic 
therapy in acute exacerbations of COPD admitted to the 
ICU: a randomized multicenter study. Intensive Care Med. 
2018;44:428–37. 

52.	 Jensen JU, Hein L, Lundgren B, Bestle MH, Mohr TT,  
Andersen MH, et al. Procalcitonin-guided interventions against 
infections to increase early appropriate antibiotics and 
improve survival in the intensive care unit: A randomized trial. 
Crit Care Med. 2011;39:2048–58. 

53.	 Schuetz P, Wirz Y, Sager R, Christ-Crain M, Stolz D, Tamm M, 
et al. Effect of procalcitonin-guided antibiotic treatment 
on mortality in acute respiratory infections: a patient level 
meta-analysis. Lancet Infect Dis. 2018;18:95–107. 

54.	 Julián-Jiménez A. Febrile neutropenia in the emergency 
department: hospitalisation or discharge. Emergencias. 
2024;36:403–4. 

55.	 Julián-Jiménez A, García DE, García de Guadiana-Romualdo 
L, Merinos-Sánchez G, Candel González FJ. Models to predict 
bacteremia in the emergency department: a systematic 
review. Emergencias. 2023;36:48–62. 

56.	 Schoffelen T, Papan C, Carrara E, Eljaaly K, Paul M, Keuleyan E, 
et al. European society of clinical microbiology and infectious 
diseases guidelines for antimicrobial stewardship in emergency 
departments (endorsed by European association of hospital 
pharmacists). Clin Microbiol Infec. 2024;30:1384–407. 

57.	 Lin J-C, Chen Z-H, Chen X-D. Elevated serum procalcitonin 
predicts Gram-negative bloodstream infections in patients 
with burns. Burns. 2020;46:182–9. 

58.	 Gonzalez del Castillo J, Wilson DC, Clemente-Callejo C, Román 
F, Bardés-Robles I, Jiménez I, et al. Biomarkers and clinical 
scores to identify patient populations at risk of delayed 
antibiotic administration or intensive care admission. Crit 
Care. 2019;23:335. 

59.	 Elke G, Bloos F, Wilson DC, Brunkhorst FM, Briegel J,  
Reinhart K, et al. The use of mid-regional proadrenomedullin 
to identify disease severity and treatment response to sepsis -  

https://www.ema.europa.eu/en/documents/other/ema-confirms-its-recommendation-update-antigenic-composition-authorised-covid-19-vaccines-2024-2025_en.pdf
https://www.ema.europa.eu/en/documents/other/ema-confirms-its-recommendation-update-antigenic-composition-authorised-covid-19-vaccines-2024-2025_en.pdf
https://www.ema.europa.eu/en/documents/other/ema-confirms-its-recommendation-update-antigenic-composition-authorised-covid-19-vaccines-2024-2025_en.pdf
https://www.ema.europa.eu/en/documents/other/ema-confirms-its-recommendation-update-antigenic-composition-authorised-covid-19-vaccines-2024-2025_en.pdf
https://stacks.cdc.gov/view/cdc/56029
https://stacks.cdc.gov/view/cdc/78725
https://stacks.cdc.gov/view/cdc/78725
https://revista.isciii.es/index.php/bes/issue/view/297
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/coberturas/docs/Objetivos_vacunacion_2025.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/coberturas/docs/Objetivos_vacunacion_2025.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/coberturas/docs/Objetivos_vacunacion_2025.pdf
https://vacunasaep.org/profesionales/calendario-vacunas
https://vacunasaep.org/profesionales/calendario-vacunas
https://www.cdc.gov/rsv/about/symptoms.html
https://www.cdc.gov/rsv/about/symptoms.html
https://www.cdc.gov/respiratory-viruses/data/most-impacted.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Frespiratory-viruses%2Fdata%2Fhospitalizations.html
https://www.cdc.gov/respiratory-viruses/data/most-impacted.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Frespiratory-viruses%2Fdata%2Fhospitalizations.html
https://www.cdc.gov/respiratory-viruses/data/most-impacted.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Frespiratory-viruses%2Fdata%2Fhospitalizations.html
https://www.cdc.gov/respiratory-viruses/data/most-impacted.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Frespiratory-viruses%2Fdata%2Fhospitalizations.html
https://www.who.int/publications/m/item/leveraging-vaccines-to-reduce-antibiotic-use-and-prevent-antimicrobial-resistance
https://www.who.int/publications/m/item/leveraging-vaccines-to-reduce-antibiotic-use-and-prevent-antimicrobial-resistance
https://www.who.int/publications/m/item/leveraging-vaccines-to-reduce-antibiotic-use-and-prevent-antimicrobial-resistance


Rev Esp Quimioter 2025; 38(3): 152-186

 178

a secondary analysis of a large randomised controlled trial. 
Crit Care. 2018;22:79. 

60.	 Torrella Esteban P, Rodríguez Rojas C, Wikström Fernández S, 
Murillo Herrera A, Garrido Orta P, Montoro Jorquera E, et al. 
Usefulness of mid-regional pro-adrenomedullin for stratifying 
risk in emergency department patients with solid tumors 
attended for febrile neutropenia secondary to chemotherapy. 
Emergencias. 2024;36:417–24. 

61.	 Clemente C, Fuentes Ferrer ME, Ortega Heredia D, 
Julián-Jiménez A, Martín-Sánchez FJ, González del Castillo J.  
Usefulness of combining inflammatory biomarkers and 
clinical scales in an emergency department to stratify risk in 
patients with infections. Emergencias. 2023;36:9–16. 

62.	 Gendrel D, Bohuon C. Procalcitonin as a marker of bacterial 
infection. Pediatr Infect Dis J. 2000;19:679–88. 

63.	 García-Lamberechts EJ, Fuentes Ferrer M, Fernández-Alonso 
C, Burillo-Putze G, Aguiló S, Alquezar-Arbé A, et al. Predictive 
usefulness of qSOFA, NEWS and GYM scores in the elderly 
patient: EDEN-5 study. Enferm Infec Micr Cl (English ed). 
2024;42:468–77. 

64.	 Julián-Jiménez A, González del Castillo J, Candel FJ. Utilidad 
y valor pronóstico de los biomarcadores en los pacientes 
con neumonía adquirida en la comunidad en los servicios de 
urgencias. Med Clin (Barc). 2017;148:501–10. 

65.	 Rawson TM, Moore LSP. Understanding how diagnostics 
influence antimicrobial decision-making is key to successful 
clinical trial design. Clin Microbiol Infec. 2023;29:666–9. 

66.	 Abelenda-Alonso G, Rombauts A, Gudiol C, García-Lerma E, 
Pallarés N, Ardanuy C, et al. Effect of positive microbiological 
testing on antibiotic de-escalation and outcomes in community- 
acquired pneumonia: a propensity score analysis. Clin 
Microbiol Infec. 2022;28:1602–8. 

67.	 Messacar K, Parker SK, Todd JK, Dominguez SR. Implementation 
of Rapid Molecular Infectious Disease Diagnostics: the Role of 
Diagnostic and Antimicrobial Stewardship. J Clin Microbiol. 
2017;55:715–23. 

68.	 Vaughn VM, Dickson RP, Horowitz JK, Flanders SA.  
Community-Acquired Pneumonia. JAMA. 2024;332:1282. 

69.	 Schimmel JJ, Haessler S, Imrey P, Lindenauer PK, Richter SS, 
Yu P-C, et al. Pneumococcal Urinary Antigen Testing in United 
States Hospitals: A Missed Opportunity for Antimicrobial 
Stewardship. Clin Infect Dis. 2020;71:1427–34. 

70.	 Clavel M, Barraud O, Moucadel V, Meynier F, Karam E, Ploy M-C, 
et al. Molecular quantification of bacteria from respiratory 
samples in patients with suspected ventilator-associated 
pneumonia. Clin Microbiol Infec. 2016;22:812.e1-812.e7. 

71.	 Mercier T, Dunbar A, de Kort E, Schauwvlieghe A, Reynders 
M, Guldentops E, et al. Lateral flow assays for diagnosing 
invasive pulmonary aspergillosis in adult hematology 
patients: A comparative multicenter study. Med Mycol. 
2020;58:444–52. 

72.	 Buchan BW, Windham S, Balada-Llasat J-M, Leber A, Harrington 
A, Relich R, et al. Practical Comparison of the BioFire FilmArray 
Pneumonia Panel to Routine Diagnostic Methods and 
Potential Impact on Antimicrobial Stewardship in Adult 
Hospitalized Patients with Lower Respiratory Tract Infections. 
J Clin Microbiol. 2020;58. 

73.	 Enne VI, Aydin A, Baldan R, et al. Multicentre evaluation of 
two multiplex PCR platforms for the rapid microbiological 
investigation of nosocomial pneumonia in UK ICUs: the 
INHALE WP1 study. Thorax. 2022;77(12):1220-28. 

74.	 Moy A-C, Kimmoun A, Merkling T, Berçot B, Caméléna F, 
Poncin T, et al. Performance evaluation of a PCR panel 
(FilmArray® Pneumonia Plus) for detection of respiratory 
bacterial pathogens in respiratory specimens: A systematic 

review and meta-analysis. Anaesth Crit Care Pain Med. 2023; 
42:101300. 

75.	 Tomasello M, Mangioni D, Panigada M, Matinato C, Bandera 
A. Rapid multiplex PCR panels for the management of  
ventilator-associated pneumonia: pondering strengths and 
weaknesses. Intensive Care Med. 2024;50:789–91. 

76.	 Candel FJ, Salavert M, Cantón R, del Pozo JL, Galán-Sánchez 
F, Navarro D, et al. The role of rapid multiplex molecular 
syndromic panels in the clinical management of infections in 
critically ill patients: an experts-opinion document. Crit Care. 
2024;28:440. 

77.	 Kumar A, Ellis P, Arabi Y, Roberts D, Light B, Parrillo JE, et al. 
Initiation of Inappropriate Antimicrobial Therapy Results in a 
Fivefold Reduction of Survival in Human Septic Shock. Chest. 
2009;136:1237–48. 

78.	 Rhee C, Kadri SS, Dekker JP, Danner RL, Chen H-C, Fram 
D, et al. Prevalence of Antibiotic-Resistant Pathogens in 
Culture-Proven Sepsis and Outcomes Associated With 
Inadequate and Broad-Spectrum Empiric Antibiotic Use. 
JAMA Netw Open. 2020;3:e202899. 

79.	 Haque M, Sartelli M, McKimm J, Abu Bakar M Bin. Health 
care-associated infections &ndash; an overview. Infect Drug 
Resist. 2018;Volume 11:2321–33. 

80.	 Doppalapudi S, Adrish M. Community-acquired pneumonia: 
The importance of the early detection of drug-resistant 
organisms. World J Crit Care Med. 2024;13. 

81.	 Rodríguez A, Gómez F, Sarvisé C, Gutiérrez C, Giralt MG, 
Guerrero-Torres MD, et al. Clinical and Microbiological Impact 
of Implementing a Decision Support Algorithm through 
Microbiologic Rapid Diagnosis in Critically Ill Patients: An 
Epidemiological Retrospective Pre-/Post-Intervention Study. 
Biomedicines. 2023;11:3330. 

82.	 Karolyi M, Pawelka E, Hind J, Baumgartner S, Friese E, Hoepler 
W, et al. Detection of bacteria via multiplex PCR in respiratory 
samples of critically ill COVID-19  patients with suspected 
HAP/VAP in the ICU. Wien Klin Wochenschr. 2022;134:385–90. 

83.	 Adams J, Ferguson K, Hirschy R, Konopka E, Meckel J, Benanti 
G, et al. Antimicrobial Stewardship Techniques for Critically Ill 
Patients with Pneumonia. Antibiotics. 2023;12:295. 

84.	 SEMICYUC. Proyecto Neumonia Zero [Internet]. 2011 [cited 
2024 Jan 11]. Available from: https://semicyuc.org/proyecto- 
neumonia-zero/.

85.	 Ministerio de Sanidad. Proyecto Resistencia Zero [Internet]. 
2014 [cited 2024 Dec 13]. Available from: https://seguridad 
delpaciente.sanidad.gob.es/practicasSeguras/seguridadPaci 
enteCritico/resistenciaZero.htm.

86.	 Ministerio de Sanidad. Proyectos Zero [Internet]. 2022 [cited 
2024 Dec 13]. Available from: https://seguridaddelpaciente.
sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/
home.htm.

87.	 Sociedad Española de Med Intensiva C y UC (SEMICYUC). 
G de trabajo de enfermedades infecciosas y sepsis. Envin 
Helics. Informe 2023. [Internet]. 2023 [cited 2024 Dec 13]. 
Available from: https://hws.vhebron.net/envin-helics/Help/
Informe%20ENVIN-UCI%202023.pdf.

88.	 Carvalho-Brugger S, Miralbés Torner M, Jiménez Jiménez 
G, Badallo O, Álvares Lerma F, Trujillano J, et al. Criterios de 
aislamiento preventivo para la detección de portadores de 
bacterias multirresistentes en pacientes ingresados en la UCI: 
estudio multicéntrico dentro del programa Resistencia Zero. 
Med Intensiva. 2023;47:629–37. 

89.	 Álvarez-Lerma F, Catalán-González M, Álvarez J, Sánchez-García 
M, Palomar-Martínez M, Fernández-Moreno I, et al. Impact of 
the “Zero Resistance” program on acquisition of multidrug- 
resistant bacteria in patients admitted to Intensive Care Units 

https://semicyuc.org/proyecto-neumonia-zero/
https://semicyuc.org/proyecto-neumonia-zero/
https://seguridaddelpaciente.sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/resistenciaZero.htm
https://seguridaddelpaciente.sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/resistenciaZero.htm
https://seguridaddelpaciente.sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/resistenciaZero.htm
https://seguridaddelpaciente.sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/home.htm
https://seguridaddelpaciente.sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/home.htm
https://seguridaddelpaciente.sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/home.htm
https://hws.vhebron.net/envin-helics/Help/Informe%20ENVIN-UCI%202023.pdf
https://hws.vhebron.net/envin-helics/Help/Informe%20ENVIN-UCI%202023.pdf


 179

C. Rodriguez, et al. Towards a holistic approach to pulmonary infections

in Spain. A prospective, intervention, multimodal, multicenter 
study. Med Intensiva. 2023;47:193–202. 

90.	 Gordo Vidal F. Conocimiento, colaboración y liderazgo en la 
batalla contra la infección y aparición de resistencias. Med 
Intensiva. 2023;47:191–2. 

91.	 Álvarez Lerma F, Nuvials Casals X, Catalán González M. 
Evaluación de los Proyectos Zero [Internet]. 2023 [cited 2024 
Dec 13]. Available from: http://seguridaddelpaciente.sanidad.
gob.es/informacion/publicaciones/2024/docs/Seguridad_
del_paciente_critico_Evaluacion_de_los_PZ_2023.pdf.

92.	 Barcenilla F. Encuesta estructural y grado de cumplimiento 
de recomendaciones [Internet]. 2016 [cited 2024 Dec 13]. 
Available from: https://seguridaddelpaciente.sanidad.gob.es/ 
practicasSeguras/seguridadPacienteCritico/reuniones/docs/ 
2016/barnecilla-f-encuesta-estructura-y-grado-de-cumpli 
miento-de-recomendaciones.pdf.

93.	 Stoutenbeek CP, van Saene HKF, Miranda DR, Zandstra DF. The 
effect of selective decontamination of the digestive tract on 
colonisation and infection rate in multiple trauma patients. 
Intensive Care Med. 1984;10:185–92. 

94.	 Fernández-Barat L, López-Aladid R, Torres A. Reconsidering 
ventilator-associated pneumonia from a new dimension of 
the lung microbiome. EBioMedicine. 2020;60:102995. 

95.	 Ministerio de Sanidad. Proyecto Neumonía Zero [Internet]. 
2021 [cited 2024 Dec 17]. Available from: https://seguridad-
delpaciente.sanidad.gob.es/proyectos/financiacionEstudios/
colaboracionSSCC/semicyuc/neumoniaZero.htm.

96.	 Pileggi C, Bianco A, Flotta D, Nobile CG, Pavia M. Prevention of 
ventilator-associated pneumonia, mortality and all intensive 
care unit acquired infections by topically applied antimicrobial 
or antiseptic agents: a meta-analysis of randomized controlled 
trials in intensive care units. Crit Care. 2011;15:R155. 

97.	 Zhao D, Song J, Gao X, Gao F, Wu Y, Lu Y, et al. Selective 
oropharyngeal decontamination versus selective digestive 
decontamination in critically ill patients: a meta-analysis 
of randomized controlled trials. Drug Des Devel Ther. 
2015;3617–24. 

98.	 Boschert C, Broadfield E, Chimunda T, Fletcher J, Knott C, 
Porwal S, et al. Effect of Selective Decontamination of the 
Digestive Tract on Hospital Mortality in Critically Ill Patients 
Receiving Mechanical Ventilation. JAMA. 2022;328:1911. 

99.	 Minozzi S, Pifferi S, Brazzi L, Pecoraro V, Montrucchio G, 
D’Amico R. Topical antibiotic prophylaxis to reduce respiratory 
tract infections and mortality in adults receiving mechanical 
ventilation. Cochrane Db Syst Rev. 2021;2021. 

100.	 Young PJ, Devaux A, Li Q, Billot L, Davis JS, Delaney A, et al. 
Selective digestive tract decontamination in critically ill adults 
with acute brain injuries: a post hoc analysis of a randomized 
clinical trial. Intensive Care Med. 2024;50:56–67. 

101.	 Pérez-Granda MJ, Barrio JM, Hortal J, Burillo A, Muñoz P, Bouza 
E. Impact of selective digestive decontamination without 
systemic antibiotics in a major heart surgery intensive care 
unit. J Thorac Cardiovasc Surg. 2018;156:685–93. 

102.	 Roos D, Dijksman LM, Tijssen JG, Gouma DJ, Gerhards 
MF, Oudemans-van Straaten HM. Systematic review of 
perioperative selective decontamination of the digestive 
tract in elective gastrointestinal surgery. Brit J Surg. 2013;100: 
1579–88. 

103.	 Rubio-Regidor M, Martín-Pellicer A, Silvestri L, van Saene HKF, 
Lorente JA, de la Cal MA. Digestive decontamination in burn 
patients: A systematic review of randomized clinical trials and 
observational studies. Burns. 2018;44:16–23. 

104.	 Plantinga NL, de Smet AMGA, Oostdijk EAN, de Jonge E, Camus 
C, Krueger WA, et al. Selective digestive and oropharyngeal 
decontamination in medical and surgical ICU patients: 

individual patient data meta-analysis. Clin Microbiol Infec. 
2018;24:505–13. 

105.	 Hammond NE, Myburgh J, Seppelt I, Garside T, Vlok 
R, Mahendran S, et al. Association Between Selective 
Decontamination of the Digestive Tract and In-Hospital 
Mortality in Intensive Care Unit Patients Receiving Mechanical 
Ventilation. JAMA. 2022;328:1922. 

106.	 Pérez-Torres D, Martín-Luengo AI, Cuenca-Rubio C, 
Berezo-García JÁ, Díaz-Rodríguez C, Canas-Pérez I, et al. 
Selective decontamination of the digestive tract in a burns 
unit reduces the incidence of hospital-acquired infections: A 
retrospective before-and-after cohort study. Med Intensiva 
(English Edition). 2024;48:677–85. 

107.	 Oostdijk EAN, de Smet AMGA, Blok HEM, Thieme Groen ES, 
van Asselt GJ, Benus RFJ, et al. Ecological Effects of Selective 
Decontamination on Resistant Gram-negative Bacterial 
Colonization. Am J Respir Crit Care Med. 2010;181:452–7. 

108.	 Buitinck S, Jansen R, Rijkenberg S, Wester JPJ, Bosman RJ, 
van der Meer NJM, et al. The ecological effects of selective 
decontamination of the digestive tract (SDD) on antimicrobial 
resistance: a 21-year longitudinal single-centre study. Crit 
Care. 2019;23:208. 

109.	 Martínez-Pérez M, Fernández-Fernández R, Morón R, 
Nieto-Sánchez MT, Yuste ME, Díaz-Villamarín X, et al. Selective 
Digestive Decontamination: A Comprehensive Approach to 
Reducing Nosocomial Infections and Antimicrobial Resistance 
in the ICU. J Clin Med. 2024;13:6482. 

110.	 Rodríguez-Gascón A, Lloréns-Villar Y, Solinís MÁ, Barrasa H, 
Canut-Blasco A. Does selective digestive decontamination 
(SDD) increase antibiotic resistance? Long-term comparison 
of two intensive care units (with and without SDD) of the 
same tertiary hospital. Eur J Clin Microbiol. 2024;43:885–93. 

111.	 Zhu D, Zhao Q, Guo S, Bai L, Yang S, Zhao Y, et al. Efficacy 
of preventive interventions against ventilator-associated 
pneumonia in critically ill patients: an umbrella review of 
meta-analyses. J Hosp Infect. 2024;145:174–86. 

112.	 Álvarez-Lerma F, Catalán-González M, Álvarez J, Sánchez-García 
M, Palomar-Martínez M, Fernández-Moreno I, et al. Impact of 
the “Zero Resistance” program on acquisition of multidrug- 
resistant bacteria in patients admitted to Intensive Care Units 
in Spain. A prospective, intervention, multimodal, multicenter 
study. Med Intensiva. 2023;47:193–202. 

113.	 Garnacho Montero J, Lerma FÁ, Galleymore PR, Martínez MP, 
Rocha LÁ, Gaite FB, et al. Combatting resistance in intensive 
care: the multimodal approach of the Spanish ICU “Zero 
Resistance” program. Crit Care. 2015;19:114. 

114.	 Álvarez-Lerma F, Catalán-González M, Álvarez J,  
Sánchez-García M, Palomar-Martínez M, Fernández-Moreno I, 
et al. Impact of the “Zero Resistance” program on acquisition 
of multidrug-resistant bacteria in patients admitted to 
Intensive Care Units in Spain. A prospective, intervention, 
multimodal, multicenter study. Med Intensiva (English 
Edition). 2023;47:193–202. 

115.	 Garnacho Montero J, Lerma FÁ, Galleymore PR, Martínez MP, 
Rocha LÁ, Gaite FB, et al. Combatting resistance in intensive 
care: the multimodal approach of the Spanish ICU “Zero 
Resistance” program. Crit Care. 2015;19:114. 

116.	 Di Pasquale MF, Sotgiu G, Gramegna A, Radovanovic D, 
Terraneo S, Reyes LF, et al. Prevalence and Etiology of  
Community-acquired Pneumonia in Immunocompromised 
Patients. Clin Infect Dis. 2019;68:1482–93. 

117.	 Mourad DF, Radwan S, Hamdy R, Elkhashab DM, Kamel MM, 
Abdel-Moneim AS, et al. Identification of Lower Respiratory 
Tract Pathogens in Cancer Patients: Insights into Fatal 
Outcomes. Microorganisms. 2024;12:1686. 

http://seguridaddelpaciente.sanidad.gob.es/informacion/publicaciones/2024/docs/Seguridad_del_paciente_critico_Evaluacion_de_los_PZ_2023.pdf
http://seguridaddelpaciente.sanidad.gob.es/informacion/publicaciones/2024/docs/Seguridad_del_paciente_critico_Evaluacion_de_los_PZ_2023.pdf
http://seguridaddelpaciente.sanidad.gob.es/informacion/publicaciones/2024/docs/Seguridad_del_paciente_critico_Evaluacion_de_los_PZ_2023.pdf
https://seguridaddelpaciente.sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/reuniones/docs/2016/barnecilla-f-encuesta-estructura-y-grado-de-cumplimiento-de-recomendaciones.pdf
https://seguridaddelpaciente.sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/reuniones/docs/2016/barnecilla-f-encuesta-estructura-y-grado-de-cumplimiento-de-recomendaciones.pdf
https://seguridaddelpaciente.sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/reuniones/docs/2016/barnecilla-f-encuesta-estructura-y-grado-de-cumplimiento-de-recomendaciones.pdf
https://seguridaddelpaciente.sanidad.gob.es/practicasSeguras/seguridadPacienteCritico/reuniones/docs/2016/barnecilla-f-encuesta-estructura-y-grado-de-cumplimiento-de-recomendaciones.pdf
https://seguridaddelpaciente.sanidad.gob.es/proyectos/financiacionEstudios/colaboracionSSCC/semicyuc/neumoniaZero.htm
https://seguridaddelpaciente.sanidad.gob.es/proyectos/financiacionEstudios/colaboracionSSCC/semicyuc/neumoniaZero.htm
https://seguridaddelpaciente.sanidad.gob.es/proyectos/financiacionEstudios/colaboracionSSCC/semicyuc/neumoniaZero.htm


Rev Esp Quimioter 2025; 38(3): 152-186

 180

118.	 Zhang J-H, Chou S-F, Wang P-H, Yang C-J, Lai Y-H, Chang M-Y, 
et al. Optimizing patient outcomes in severe pneumonia: the 
role of multiplex PCR in the treatment of critically ill patients. 
Front Med (Lausanne). 2024;11. 

119.	 Kamel T, Helms J, Janssen-Langenstein R, Kouatchet A, Guillon 
A, Bourenne J, et al. Benefit-to-risk balance of bronchoalveolar 
lavage in the critically ill. A prospective, multicenter cohort 
study. Intensive Care Med. 2020;46:463–74. 

120.	 Matsuno O. Drug-induced interstitial lung disease: 
mechanisms and best diagnostic approaches. Respir Res. 
2012;13:39. 

121.	 Johkoh T, Lee KS, Nishino M, Travis WD, Ryu JH, Lee HY, et al. 
Chest CT Diagnosis and Clinical Management of Drug-Related 
Pneumonitis in Patients Receiving Molecular Targeting Agents 
and Immune Checkpoint Inhibitors. Chest. 2021;159:1107–25. 

122.	 Yang L, Li B, Xu Y, Zou B, Fan B, Wang C, et al. Pneumonitis With 
Combined Immune Checkpoint Inhibitors and Chemoradio-
therapy in Locally Advanced Non-Small-Cell Lung Cancer: 
a Systematic Review and Meta-Analysis. Future Oncology. 
2023;19:1151–60. 

123.	 Nishiyama O, Shimizu S, Haratani K, Isomoto K, Tanizaki J, 
Hayashi H, et al. Clinical implications of bronchoscopy for 
immune checkpoint inhibitor-related pneumonitis in patients 
with non-small cell lung cancer. BMC Pulm Med. 2021;21:155. 

124.	 Jeung YS, Chun JY, Choi BK, Park SY, Lim H, Park JW, et al.  
Infection-related Hospitalizations During Immune Checkpoint 
Inhibitor Treatment Without Immunosuppressants. J 
Immunother. 2024;47:139–47. 

125.	 Klitgaard A, Ibsen R, Lykkegaard J, Hilberg O, Løkke A. 
Inhaled corticosteroid treatment and pneumonia in patients 
with chronic obstructive pulmonary disease – nationwide 
development from 1998 to 2018. Eur Clin Respir J. 2024;11. 

126.	 Azoulay E, Russell L, Van de Louw A, Metaxa V, Bauer P, Povoa 
P, et al. Diagnosis of severe respiratory infections in immuno-
compromised patients. Intensive Care Med. 2020;46:298–314. 

127.	 Wudhikarn K, Perales M-A. Infectious complications, immune 
reconstitution, and infection prophylaxis after CD19 chimeric 
antigen receptor T-cell therapy. Bone Marrow Transpl. 
2022;57:1477–88. 

128.	 Gudiol C, Royo‐Cebrecos C, Laporte J, Ardanuy C, Garcia‐Vidal 
C, Antonio M, et al. Clinical features, aetiology and outcome 
of bacteraemic pneumonia in neutropenic cancer patients. 
Respirology. 2016;21:1411–8. 

129.	 Del Castillo M, Romero FA, Argüello E, Kyi C, Postow MA, 
Redelman-Sidi G. The Spectrum of Serious Infections Among 
Patients Receiving Immune Checkpoint Blockade for the 
Treatment of Melanoma. Clin Infect Dis. 2016;63:1490–3. 

130.	 Raju S, Ghosh S, Mehta AC. Chest CT Signs in Pulmonary 
Disease. Chest. 2017;151:1356–74. 

131.	 Ariza-Heredia EJ, Nesher L, Chemaly RF. Cytomegalovirus 
diseases after hematopoietic stem cell transplantation:  
A mini-review. Cancer Lett. 2014;342:1–8. 

132.	 Avery RK, Alain S, Alexander BD, Blumberg EA, Chemaly RF, 
Cordonnier C, et al. Maribavir for Refractory Cytomegalovirus 
Infections With or Without Resistance Post-Transplant: Results 
From a Phase 3 Randomized Clinical Trial. Clin Infect Dis. 
2022;75:690–701. 

133.	 Kim Y-J, Lee ES, Lee Y-S. High mortality from viral pneumonia 
in patients with cancer. Infect Dis. 2019;51:502–9. 

134.	 Gioia F, Filigheddu E, Corbella L, Fernández‐Ruiz M, López‐
Medrano F, Pérez‐Ayala A, et al. Invasive aspergillosis in solid 
organ transplantation: Diagnostic challenges and differences 
in outcome in a Spanish national cohort (Diaspersot study). 
Mycoses. 2021;64:1334–45. 

135.	 Donnelly JP, Chen SC, Kauffman CA, Steinbach WJ, Baddley 
JW, Verweij PE, et al. Revision and Update of the Consensus 
Definitions of Invasive Fungal Disease From the European 
Organization for Research and Treatment of Cancer and the 
Mycoses Study Group Education and Research Consortium. 
Clin Infect Dis. 2020;71:1367–76. 

136.	 Nucci M, Barreiros G, Reis H, Paixão M, Akiti T, Nouér SA. 
Performance of 1,3‐beta‐D‐glucan in the diagnosis and 
monitoring of invasive fusariosis. Mycoses. 2019;62:570–5. 

137.	 Walti LN, Mugglin C, Mombelli M, Manuel O, Hirsch HH, 
Khanna N, et al. Vaccine-Preventable Infections Among Solid 
Organ Transplant Recipients in Switzerland. JAMA Netw Open. 
2023;6:e2310687. 

138.	 da Costa JP, Vitorino R, Silva GM, Vogel C, Duarte AC, 
Rocha-Santos T. A synopsis on aging—Theories, mechanisms 
and future prospects. Ageing Res Rev. 2016;29:90–112. 

139.	 Instituto Nacional de Estadística. Una población envejecida 
[Internet]. 2020 [cited 2024 Dec 17]. Available from: https://
www.ine.es/prodyser/demografia_UE/bloc-1c.html?lang=es.

140.	 Torres OH, Gil E, Pacho C, Ruiz D. Actualización de la neumonía 
en el anciano. Rev Esp Geriatr Gerontol. 2013;48:72–8. 

141.	 Henig O, Kaye KS. Bacterial Pneumonia in Older Adults. Infect 
Dis Clin North Am. 2017;31:689–713. 

142.	 Cillóniz C, Polverino E, Ewig S, Aliberti S, Gabarrús A, 
Menéndez R, et al. Impact of Age and Comorbidity on Cause 
and Outcome in Community-Acquired Pneumonia. Chest. 
2013;144:999–1007. 

143.	 Cillóniz C, Dominedò C, Garcia-Vidal C, Torres A. Community- 
acquired pneumonia as an emergency condition. Curr Opin 
Crit Care. 2018;24:531–9. 

144.	 Carbó Díez M, Osorio Quispe G, Fresco Quindós L, Miota 
Hernández N, Perea Gainza M, Ortega Romero MDM. Sepsis 
3-hour bundle compliance and prognosis in emergency 
department patients aged 65 years or older. Emergencias. 
2024;36(3):179–87. Available from: http://dx.doi.
org/10.55633/s3me/009.2024.

145.	 Jonathan C. ¿Morir en la residencia o en el hospital? [Internet]. 
2020 [cited 2024 Dec 17]. Available from: https://geriatriaene 
lespejo.com/2020/06/12/morir-en-la-residencia-o-en-el-hos 
pital-escucha-menos-a-los-politicos-y-mas-a-ramon

146.	 Covinsky KE, Pierluissi E, Johnston CB. Hospitalization- 
Associated Disability. JAMA. 2011;306. 

147.	 Martín-Sánchez FJ, Fernández Alonso C, Gil Gregorio P. Puntos 
clave en la asistencia al anciano frágil en Urgencias. Med Clin 
(Barc). 2013;140:24–9. 

148.	 Fernández Alonso C, Del Arco Galán C, Torres Garate R, 
Madrigal Valdés JF, Romero Pareja R, Bibiano Guillén C, et 
al. Performance of 3 frailty scales for predicting adverse 
outcomes at 30 days in older patients discharged from 
emergency departments. Emergencia. 2023;35(3):196–204. 
Available from: http://dx.doi.org/10.55633/s3me/E062.2023. 

149.	 Cillóniz C, Dominedò C, Pericàs JM, Rodriguez-Hurtado 
D, Torres A. Community-acquired pneumonia in critically 
ill very old patients: a growing problem. Eur Respir Rev. 
2020;29:190126. 

150.	 Rodríguez-Leal CM, González-Corralejo C, Candel FJ, Salavert 
M. Candent issues in pneumonia. Reflections from the Fifth 
Annual Meeting of Spanish Experts 2023. Rev Esp Quimioter. 
2024;37:221–51. 

151.	 Candel FJ, Salavert M, Estella A, Ferrer M, Ferrer R, Gamazo JJ, 
et al. Ten Issues to Update in Nosocomial or Hospital-Acquired 
Pneumonia: An Expert Review. J Clin Med. 2023;12:6526. 

152.	 Kollef MH, Betthauser KD. New antibiotics for community- 
acquired pneumonia. Curr Opin Infect Dis. 2019;32:169–75. 

https://www.ine.es/prodyser/demografia_UE/bloc-1c.html?lang=es
https://www.ine.es/prodyser/demografia_UE/bloc-1c.html?lang=es
http://dx.doi.org/10.55633/s3me/009.2024
http://dx.doi.org/10.55633/s3me/009.2024
https://geriatriaenelespejo.com/2020/06/12/morir-en-la-residencia-o-en-el-hospital-escucha-menos-a-los-politicos-y-mas-a-ramon
https://geriatriaenelespejo.com/2020/06/12/morir-en-la-residencia-o-en-el-hospital-escucha-menos-a-los-politicos-y-mas-a-ramon
https://geriatriaenelespejo.com/2020/06/12/morir-en-la-residencia-o-en-el-hospital-escucha-menos-a-los-politicos-y-mas-a-ramon
http://dx.doi.org/10.55633/s3me/E062.2023


 181

C. Rodriguez, et al. Towards a holistic approach to pulmonary infections

153.	 Musher DM, Rueda AM, Kaka AS, Mapara SM. The Association 
between Pneumococcal Pneumonia and Acute Cardiac 
Events. Clin Infect Dis. 2007;45:158–65. 

154.	 Corsonello A, Abbatecola AM, Fusco S, Luciani F, Marino 
A, Catalano S, et al. The impact of drug interactions and 
polypharmacy on antimicrobial therapy in the elderly. Clin 
Microbiol Infec. 2015;21:20–6. 

155.	 Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in 
elderly people. The Lancet. 2013;381:752–62. 

156.	 American Thoracic Society (ATS), Infectious Diseases Society 
of America (IDSA). Guidelines for the Management of Adults 
with Hospital-acquired, Ventilator-associated, and Healthcare- 
associated Pneumonia. Am J Respir Crit Care Med. 2005;171: 
388–416. 

157.	 Lamer C, de Beco V, Soler P, Calvat S, Fagon JY, Dombret MC, 
et al. Analysis of vancomycin entry into pulmonary lining fluid 
by bronchoalveolar lavage in critically ill patients. Antimicrob 
Agents Chemother. 1993;37:281–6. 

158.	 Gonzalez C, Rubio M, Romero-Vivas J, Gonzalez M, Picazo 
JJ. Bacteremic Pneumonia Due to Staphylococcus aureus: 
A Comparison of Disease Caused by Methicillin-Resistant 
and Methicillin-Susceptible Organisms. Clin Infect Dis. 1999; 
29:1171–7. 

159.	 Rando E, Novy E, Sangiorgi F, De Pascale G, Fantoni M, Murri 
R, et al. A Systematic Review of the Pharmacokinetics and 
Pharmacodynamics of Novel Beta-Lactams and Beta-Lactam 
with Beta-Lactamase Inhibitor Combinations for the 
Treatment of Pneumonia Caused by Carbapenem-Resistant  
Gram-Negative Bacteria. Int J Antimicrob Agents. 2024;64: 
107266. 

160.	 Hutschala D, Kinstner C, Skhirtladze K, Mayer-Helm B-X, 
Zeitlinger M, Wisser W, et al. The impact of perioperative 
atelectasis on antibiotic penetration into lung tissue: an in vivo 
microdialysis study. Intensive Care Med. 2008;34:1827–34. 

161.	 Danjean M, Hobson CA, Gits-Muselli M, Courroux C, Monjault 
A, Bonacorsi S, et al. Evaluation of the inoculum effect of new 
antibiotics against carbapenem-resistant enterobacterales. 
Clin Microbiol Infec. 2022;28:1503.e1-1503.e3. 

162.	 Godron A-S, Amoura A, Pistien C, Birgy A, Magreault S, Jousset 
AB, et al. Inoculum effect of cefiderocol against NDM-1 
producing ‘Escherichia coli’ in vitro and in a murine model of 
peritonitis. J Antimicrob Chemoth. 2024;79:3323–31. 

163.	 Longo C, Bartlett G, MacGibbon B, Mayo N, Rosenberg E, 
Nadeau L, et al. The effect of obesity on antibiotic treatment 
failure: a historical cohort study. Pharmacoepidemiol Drug 
Saf. 2013;22:970–6. 

164.	 Lakota EA, Landersdorfer CB, Zhang L, Nafziger AN, Bertino 
JS, Bhavnani SM, et al. Population Pharmacokinetic Analyses 
for Ertapenem in Subjects with a Wide Range of Body Sizes. 
Antimicrob Agents Chemother. 2018;62. 

165.	 Dzierba AL, Abrams D, Brodie D. Medicating patients during 
extracorporeal membrane oxygenation: the evidence is 
building. Crit Care. 2017;21:66. 

166.	 Jamal J-A, Economou CJP, Lipman J, Roberts JA. Improving 
antibiotic dosing in special situations in the ICU: burns, 
renal replacement therapy and extracorporeal membrane 
oxygenation. Curr Opin Crit Care. 2012;18:460–71. 

167.	 de Montmollin E, Bouadma L, Gault N, Mourvillier B, Mariotte 
E, Chemam S, et al. Predictors of insufficient amikacin peak 
concentration in critically ill patients receiving a 25  mg/kg 
total body weight regimen. Intensive Care Med. 2014;40: 
998–1005. 

168.	 Udy AA, Varghese JM, Altukroni M, Briscoe S, McWhinney 
BC, Ungerer JP, et al. Subtherapeutic Initial β-Lactam 

Concentrations in Select Critically Ill Patients. Chest. 
2012;142:30–9. 

169.	 Taccone FS, Laterre P-F, Dugernier T, Spapen H, Delattre I, 
Wittebole X, et al. Insufficient β-lactam concentrations in 
the early phase of severe sepsis and septic shock. Crit Care. 
2010;14:R126. 

170.	 Udy AA, Roberts JA, Lipman J. Clinical implications of antibiotic 
pharmacokinetic principles in the critically ill. Intensive  
Care Med. 2013;39:2070–82. 

171.	 Lodise TP, Lomaestro B, Drusano GL. Piperacillin-Tazobactam 
for Pseudomonas aeruginosa Infection: Clinical Implications 
of an Extended-Infusion Dosing Strategy. Clin Infect Dis. 
2007;44:357–63. 

172.	 Hong LT, Downes KJ, FakhriRavari A, Abdul‐Mutakabbir JC, Kuti 
JL, Jorgensen S, et al. International consensus recommendations 
for the use of prolonged‐infusion beta‐lactam antibiotics: 
Endorsed by the American College of Clinical Pharmacy, 
British Society for Antimicrobial Chemotherapy, Cystic Fibrosis 
Foundation, European Society of Clinical Microbiology and 
Infectious Diseases, Infectious Diseases Society of America, 
Society of Critical Care Medicine, and Society of Infectious 
Diseases Pharmacists. Pharmacotherapy. 2023;43:740–77. 

173.	 Dulhunty JM, Brett SJ, De Waele JJ, Rajbhandari D, Billot 
L, Cotta MO, et al. Continuous vs Intermittent β-Lactam 
Antibiotic Infusions in Critically Ill Patients With Sepsis. JAMA. 
2024;332:629. 

174.	 Abdul-Aziz MH, Hammond NE, Brett SJ, Cotta MO, De Waele 
JJ, Devaux A, et al. Prolonged vs Intermittent Infusions of 
β-Lactam Antibiotics in Adults With Sepsis or Septic Shock. 
JAMA. 2024;332:638. 

175.	 Cojutti PG, Pai MP, Gatti M, Rinaldi M, Ambretti S, Viale 
P, et al. An innovative population pharmacokinetic/
pharmacodynamic strategy for attaining aggressive joint 
PK/PD target of continuous infusion ceftazidime/avibactam 
against KPC- and OXA-48- producing Enterobacterales and 
preventing resistance development in critically ill patients. J 
Antimicrob Chemoth. 2024;79:2801–8. 

176.	 Barton G, Rickard CM, Roberts JA. Continuous infusion of 
beta-lactam antibiotics in critically ill patients with sepsis: 
implementation considerations. Intensive Care Med. 
2024;50:2150–3. 

177.	 SEMICYUC y grupo de trabajo de enfermedades infecciosas 
y sepsis. Informes ENVIN HELICS 2008-2023 [Internet]. 2023 
[cited 2025 Jan 15]. Available from: https://hws.vhebron.net/
envin helics/Help/Informe%20ENVIN UCI%202023.pdf

178.	 Howroyd F, Chacko C, MacDuff A, Gautam N, Pouchet 
B, Tunnicliffe B, et al. Ventilator-associated pneumonia: 
pathobiological heterogeneity and diagnostic challenges.  
Nat Commun. 2024;15:6447. 

179.	 Gil-Perotin S, Ramirez P, Marti V, Sahuquillo JM, Gonzalez E, 
Calleja I, et al. Implications of endotracheal tube biofilm in 
ventilator-associated pneumonia response: a state of concept. 
Crit Care. 2012;16:R93. 

180.	 Scholte JBJ, van Mook WNKA, Linssen CFM. Surveillance 
cultures in healthcare-associated pneumonia. Curr Opin Pulm 
Med. 2014;20:259–71. 

181.	 Dangerfield B, Chung A, Webb B, Seville MT. Predictive Value 
of Methicillin-Resistant Staphylococcus aureus (MRSA) Nasal 
Swab PCR Assay for MRSA Pneumonia. Antimicrob Agents 
Chemother. 2014;58:859–64. 

182.	 Julián-Jiménez A, Adán Valero I, Beteta López A, Cano 
Martín LM, Fernández Rodríguez O, Rubio Díaz R, et al. 
Recommendations for the care of patients with community- 
acquired pneumonia in the Emergency Department. Rev  
Esp Quimioter. 2018;31:186–202. 

https://hws.vhebron.net/envin helics/Help/Informe%20ENVIN UCI%202023.pdf
https://hws.vhebron.net/envin helics/Help/Informe%20ENVIN UCI%202023.pdf


Rev Esp Quimioter 2025; 38(3): 152-186

 182

183.	 Candel FJ, Salavert M, Basaras M, Borges M, Cantón R, 
Cercenado E, et al. Ten Issues for Updating in Community- 
Acquired Pneumonia: An Expert Review. J Clin Med. 
2023;12:6864. 

184.	 Cillóniz C, Torres A, Niederman MS. Management of 
pneumonia in critically ill patients. BMJ. 2021;e065871. 

185.	 Long B, Long D, Koyfman A. Emergency Medicine Evaluation 
of Community-Acquired Pneumonia: History, Examination, 
Imaging and Laboratory Assessment, and Risk Scores. J Emerg 
Med. 2017;53:642–52. 

186.	 File TM, Ramirez JA. Community-Acquired Pneumonia. N Engl 
J Med. 2023;389:632–41. 

187.	 Jain S, Self WH, Wunderink RG, Fakhran S, Balk R, Bramley AM,  
et al. Community-Acquired Pneumonia Requiring 
Hospitalization among U.S. Adults. N Engl J Med. 2015; 
373:415–27. 

188.	 Muller NL, Fraquet T, Lee KS. Imaging of pulmonary infections. 
First. Philadelphia: Wolters Kluwer / Lipponcott Williams & 
Wilkins; 2007. 

189.	 Aliberti S, Dela Cruz CS, Amati F, Sotgiu G, Restrepo MI.  
Community-acquired pneumonia. Lancet. 2021;398:906–19. 

190.	 Torrella Esteban P, Rodríguez Rojas C, Wikström Fernández S, 
Murillo Herrera A, Garrido Orta P, Montoro Jorquera E, et al. 
Usefulness of mid-regional pro-adrenomedullin for stratifying 
risk in emergency department patients with solid tumors 
attended for febrile neutropenia secondary to chemotherapy. 
Emergencias. 2024;36:417–24. 

191.	 Metlay JP, Waterer GW, Long AC, Anzueto A, Brozek J, 
Crothers K, et al. Diagnosis and Treatment of Adults with 
Community-acquired Pneumonia. An Official Clinical 
Practice Guideline of the American Thoracic Society and 
Infectious Diseases Society of America. Am J Respir Crit Care 
Med. 2019;200:e45–67. 

192.	 Martin-Loeches I, Torres A, Nagavci B, Aliberti S, Antonelli M, 
Bassetti M, et al. ERS/ESICM/ESCMID/ALAT guidelines for the 
management of severe community-acquired pneumonia. 
Intensive Care Med. 2023;49:615–32. 

193.	 Menéndez R, Cilloniz C, España PP, Almirall J, Uranga A, Méndez 
R, et al. Neumonía adquirida en la comunidad. Normativa de la 
Sociedad Española de Neumología y Cirugía Torácica (SEPAR). 
Actualización 2020. Arch Bronconeumol. 2020;56:1–10. 

194.	 Ceccato A, Cilloniz C, Martin-Loeches I, Ranzani OT, Gabarrus 
A, Bueno L, et al. Effect of Combined β-Lactam/Macrolide 
Therapy on Mortality According to the Microbial Etiology and 
Inflammatory Status of Patients With Community-Acquired 
Pneumonia. Chest. 2019;155:795–804. 

195.	 Cilloniz C, Pericàs JM, Rojas J. Ceftaroline in severe community- 
acquired pneumonia. Rev Esp Quimioter. 2022;35:28–30. 

196.	 Cancella de Abreu M, Freund Y. Sepsis care bundles and 
pragmatic considerations from the emergency department. 
Emergencias. 2024;36(3):164–5. Available from: http://dx.doi.
org/10.55633/s3me/015.2024.

197.	 Davis D, Thadhani J, Choudhary V, Nausheem R, 
Vallejo-Zambrano CR, Mohammad Arifuddin B, et al. 
Advancements in the Management of Severe Community- 
Acquired Pneumonia: A Comprehensive Narrative Review. 
Cureus. 2023;15:e46893. 

198.	 Restrepo MI, Mortensen EM, Rello J, Brody J, Anzueto A. Late 
Admission to the ICU in Patients With Community-Acquired 
Pneumonia Is Associated With Higher Mortality. Chest. 
2010;137:552–7. 

199.	 Fine MJ, Auble TE, Yealy DM, Hanusa BH, Weissfeld LA, Singer 
DE, et al. A Prediction Rule to Identify Low-Risk Patients 

with Community-Acquired Pneumonia. N Engl J Med. 
1997;336:243–50. 

200.	 Renaud B, Coma E, Labarere J, Hayon J, Roy P, Boureaux H,  
et al. Routine Use of the Pneumonia Severity Index for Guiding 
the Site‐of‐Treatment Decision of Patients with Pneumonia 
in the Emergency Department: A Multicenter, Prospective, 
Observational, Controlled Cohort Study. Clin Infect Dis. 
2007;44:41–9. 

201.	 Jo S, Kim K, Jung K, Rhee JE, Cho IS, Lee CC, et al. The Effects of 
Incorporating a Pneumonia Severity Index into the Admission 
Protocol for Community-Acquired Pneumonia. J Emerg Med. 
2012;42:133–8. 

202.	 Lim WS. Defining community acquired pneumonia severity 
on presentation to hospital: an international derivation and 
validation study. Thorax. 2003;58:377–82. 

203.	 Carlos P, Gomes R, Coelho J, Chaves C, Tuna C, Louro M. 
CURB-65 and Long-Term Mortality of Community-Acquired 
Pneumonia: A Retrospective Study on Hospitalized Patients. 
Cureus. 2023;15:e36052. 

204.	 España PP, Capelastegui A, Gorordo I, Esteban C, Oribe M, 
Ortega M, et al. Development and Validation of a Clinical 
Prediction Rule for Severe Community-acquired Pneumonia. 
Am J Respir Crit Care Med. 2006;174:1249–56. 

205.	 Charles PGP, Wolfe R, Whitby M, Fine MJ, Fuller AJ, Stirling R, 
et al. SMART‐COP: A Tool for Predicting the Need for Intensive 
Respiratory or Vasopressor Support in Community‐Acquired 
Pneumonia. Clin Infect Dis. 2008;47:375–84. 

206.	 Chalmers JD, Taylor JK, Singanayagam A, Fleming GB, Akram 
AR, Mandal P, et al. Epidemiology, Antibiotic Therapy, and 
Clinical Outcomes in Health Care-Associated Pneumonia:  
A UK Cohort Study. Clin Infect Dis. 2011;53:107–13. 

207.	 Salih W, Schembri S, Chalmers JD. Simplification of the 
IDSA/ATS criteria for severe CAP using meta-analysis and 
observational data. Eur Respir J. 2014;43:842–51. 

208.	 Lim HF, Phua J, Mukhopadhyay A, Ngerng WJ, Chew MY, Sim 
TB, et al. IDSA/ATS minor criteria aid pre-intensive care unit 
resuscitation in severe community-acquired pneumonia. Eur 
Respir J. 2014;43:852–62. 

209.	 Feys S, Carvalho A, Clancy CJ, Gangneux J-P, Hoenigl M, 
Lagrou K, et al. Influenza-associated and COVID-19-associated 
pulmonary aspergillosis in critically ill patients. Lancet Respir 
Med. 2024;12:728–42. 

210.	 Feys S, Lagrou K, Lauwers HM, Haenen K, Jacobs C, 
Brusselmans M, et al. High Burden of COVID-19-Associated 
Pulmonary Aspergillosis in Severely Immunocompromised 
Patients Requiring Mechanical Ventilation. Clin Infect Dis. 
2024;78:361–70. 

211.	 Chen Y-J, Lin I-F, Chuang J-H, Huang H-L, Chan T-C. 
Influenza vaccination is associated with a reduced risk of 
invasive aspergillosis in high-risk individuals in Taiwan: a 
population-based cohort study. Emerg Microbes Infect. 
2023;12. 

212.	 Shi C, Shan Q, Xia J, Wang L, Wang L, Qiu L, et al. Incidence, 
risk factors and mortality of invasive pulmonary aspergillosis 
in patients with influenza: A systematic review and meta‐
analysis. Mycoses. 2022;65:152–63. 

213.	 Song L, Qiu L, Wang G, Zou W, Zhang S, Sai L. Investigation 
of risk factors for invasive pulmonary aspergillosis among 
patients with COVID-19. Sci Rep. 2024;14:20364. 

214.	 Verweij PE, Rijnders BJA, Brüggemann RJM, Azoulay E, 
Bassetti M, Blot S, et al. Review of influenza-associated 
pulmonary aspergillosis in ICU patients and proposal for 
a case definition: an expert opinion. Intensive Care Med. 
2020;46:1524–35. 

http://dx.doi.org/10.55633/s3me/015.2024
http://dx.doi.org/10.55633/s3me/015.2024


 183

C. Rodriguez, et al. Towards a holistic approach to pulmonary infections

215.	 Bassetti M, Giacobbe DR, Agvald-Ohman C, Akova M,  
Alastruey-Izquierdo A, Arikan-Akdagli S, et al. Invasive Fungal 
Diseases in Adult Patients in Intensive Care Unit (FUNDICU): 
2024 consensus definitions from ESGCIP, EFISG, ESICM, 
ECMM, MSGERC, ISAC, and ISHAM. Intensive Care Med. 
2024;50:502–15. 

216.	 Koehler P, Bassetti M, Chakrabarti A, Chen SCA, Colombo AL, 
Hoenigl M, et al. Defining and managing COVID-19-associated 
pulmonary aspergillosis: the 2020 ECMM/ISHAM consensus 
criteria for research and clinical guidance. Lancet Infect Dis. 
2021;21:e149–62. 

217.	 Feys S, Cardinali-Benigni M, Lauwers HM, Jacobs C, Stevaert 
A, Gonçalves SM, et al. Profiling Bacteria in the Lungs of 
Patients with Severe Influenza Versus COVID-19 with or 
without Aspergillosis. Am J Respir Crit Care Med. 2024;210: 
1230–42. 

218.	 Vanderbeke L, Jacobs C, Feys S, Reséndiz-Sharpe A, Debaveye 
Y, Hermans G, et al. A Pathology-based Case Series of 
Influenza- and COVID-19–associated Pulmonary Aspergillosis: 
The Proof Is in the Tissue. Am J Respir Crit Care Med. 2023; 
208:301–11. 

219.	 Dewi IMW, Cunha C, Jaeger M, Gresnigt MS, Gkountzinopoulou 
ME, Garishah FM, et al. Neuraminidase and SIGLEC15 modulate 
the host defense against pulmonary aspergillosis. Cell Rep 
Med. 2021;2:100289. 

220.	 van de Veerdonk FL, Brüggemann RJM, Vos S, De Hertogh G, 
Wauters J, Reijers MHE, et al. COVID-19-associated Aspergillus 
tracheobronchitis: the interplay between viral tropism, 
host defence, and fungal invasion. Lancet Respir Med. 
2021;9:795–802. 

221.	 Hoenigl M, Sprute R, Egger M, Arastehfar A, Cornely OA, 
Krause R, et al. The Antifungal Pipeline: Fosmanogepix, 
Ibrexafungerp, Olorofim, Opelconazole, and Rezafungin. 
Drugs. 2021;81:1703–29. 

222.	 Vanderbeke L, Janssen NAF, Bergmans DCJJ, Bourgeois M, Buil 
JB, Debaveye Y, et al. Posaconazole for prevention of invasive 
pulmonary aspergillosis in critically ill influenza patients 
(POSA-FLU): a randomised, open-label, proof-of-concept trial. 
Intensive Care Med. 2021;47:674–86. 

223.	 Jenks JD, Hoenigl M, Thompson GR. Study protocol:  
A randomized, double-blind, placebo-controlled trial of 
isavuconazole prophylaxis for the prevention of covid-19- 
associated pulmonary aspergillosis. Contemp Clin Trials 
Commun. 2024;39:101310. 

224.	 Van Ackerbroeck S, Rutsaert L, Roelant E, Dillen K, Wauters J, 
Van Regenmortel N. Inhaled liposomal amphotericin-B as a 
prophylactic treatment for COVID-19-associated pulmonary 
aspergillosis/aspergillus tracheobronchitis. Crit Care. 2021; 
25:298. 

225.	 Iliev ID, Brown GD, Bacher P, Gaffen SL, Heitman J, Klein BS,  
et al. Focus on fungi. Cell. 2024;187:5121–7. 

226.	 Denning DW. Global incidence and mortality of severe  
fungal disease. Lancet Infect Dis. 2024;24:e428–38. 

227.	 Paiva J-A, Pereira JM. Treatment of invasive candidiasis in 
the era of Candida resistance. Curr Opin Crit Care. 2023;29: 
457–62. 

228.	 Logan A, Wolfe A, Williamson JC. Antifungal Resistance and 
the Role of New Therapeutic Agents. Curr Infect Dis Rep. 
2022;24:105–16. 

229.	 Yan T, Li S, Ou H, Zhu S, Huang L, Wang D. Appropriate Source 
Control and Antifungal Therapy are Associated with Improved 
Survival in Critically Ill Surgical Patients with Intra‐abdominal 
Candidiasis. World J Surg. 2020;44:1459–69. 

230.	 Peral J, Estella Á, Nuvials X, Rodríguez A, Seijas I, Soriano C,  
et al. Managing the Next Wave of Influenza and/or SARS-CoV-2 

in the ICU—Practical Recommendations from an Expert Group 
for CAPA/IAPA Patients. Journal of Fungi. 2023;9:312. 

231.	 Jendoubi A, Pressiat C, De Roux Q, Hulin A, Ghaleh B, Tissier 
R, et al. The impact of extracorporeal membrane oxygenation 
on antifungal pharmacokinetics: A systematic review. Int J 
Antimicrob Agents. 2024;63:107078. 

232.	 Baddley JW, Pappas PG. Antifungal Combination Therapy. 
Drugs. 2005;65:1461–80. 

233.	 Vitale RG. Role of Antifungal Combinations in Difficult to Treat 
Candida Infections. Journal of Fungi. 2021;7:731. 

234.	 Neoh CF, Slavin MA. Reassessment of the role of combination 
antifungal therapy in the current era. Curr Opin Infect Dis. 
2024;37:443–50. 

235.	 Monzó-Gallo P, Chumbita M, Lopera C, Aiello TF, Peyrony O, 
Bodro M, et al. Real-life epidemiology and current outcomes 
of hospitalized adults with invasive fungal infections. Med 
Mycol. 2023;61. 

236.	 Marr KA, Platt A, Tornheim JA, Zhang SX, Datta K, Cardozo C, 
et al. Aspergillosis Complicating Severe Coronavirus Disease. 
Emerg Infect Dis. 2021;27:18–25. 

237.	 Dewi IM, Janssen NA, Rosati D, Bruno M, Netea MG, Brüggemann 
RJ, et al. Invasive pulmonary aspergillosis associated with viral 
pneumonitis. Curr Opin Microbiol. 2021;62:21–7. 

238.	 Davies GE, Thornton CR. A Lateral-Flow Device for the  
Rapid Detection of Scedosporium Species. Diagnostics. 2024; 
14:847. 

239.	 Mercier T, Castagnola E, Marr KA, Wheat LJ, Verweij PE, 
Maertens JA. Defining Galactomannan Positivity in the 
Updated EORTC/MSGERC Consensus Definitions of Invasive 
Fungal Diseases. Clin Infect Dis. 2021;72:S89–94. 

240.	 Huygens S, Dunbar A, Buil JB, Klaassen CHW, Verweij PE, van 
Dijk K, et al. Clinical Impact of Polymerase Chain Reaction–
Based Aspergillus and Azole Resistance Detection in Invasive 
Aspergillosis: A Prospective Multicenter Study. Clin Infect Dis. 
2023;77:38–45. 

241.	 Thornton CR, Davies GE, Dougherty L. Development of a 
monoclonal antibody and a lateral-flow device for the rapid 
detection of a Mucorales-specific biomarker. Front Cell Infect 
Microbiol. 2023;13. 

242.	 de Andrade AP, de Meneses JP, Suss PH, Ortis GB, Tuon FF. 
Evaluating the Efficacy of Delafloxacin and Combination 
Therapy Against Staphylococcus aureus Biofilms: Insights into 
Activity in Acidic Environments. 2024. [Internet]. 2024 [cited 
2024 Nov 29]. Available from: https://www.preprints.org/
manuscript/202408.1870/v1.

243.	 Pfaller MA, Sader HS, Rhomberg PR, Flamm RK. In Vitro Activity 
of Delafloxacin against Contemporary Bacterial Pathogens 
from the United States and Europe, 2014. Antimicrob Agents 
Chemother. 2017;61. 

244.	 Bassetti M, Melchio M, Giacobbe DR. Delafloxacin for the 
treatment of adult patients with community-acquired bacterial 
pneumonia. Expert Rev Anti Infect Ther. 2022;20:649–56. 

245.	 Horcajada JP, Salata RA, Álvarez-Sala R, Nitu FM, Lawrence L, 
Quintas M, et al. A phase 3 study to compare delafloxacin with 
moxifloxacin for the treatment of adults with community-ac-
quired bacterial pneumonia (DEFINE-CABP). Open Forum 
Infect Dis. 2020;7(1):ofz514. Available from: http://dx.doi.
org/10.1093/ofid/ofz514.

246.	 Sharma R, Sandrock CE, Meehan J, Theriault N. Community- 
Acquired Bacterial Pneumonia—Changing Epidemiology, 
Resistance Patterns, and Newer Antibiotics: Spotlight on 
Delafloxacin. Clin Drug Investig. 2020;40:947–60. 

247.	 Zhanel GG, Sniezek G, Schweizer F, Zelenitsky S, Lagacé-Wiens 
PRS, Rubinstein E, et al. Ceftaroline. Drugs. 2009;69:809–31. 

https://www.preprints.org/manuscript/202408.1870/v1
https://www.preprints.org/manuscript/202408.1870/v1
http://dx.doi.org/10.1093/ofid/ofz514
http://dx.doi.org/10.1093/ofid/ofz514


Rev Esp Quimioter 2025; 38(3): 152-186

 184

248.	 Casapao AM, Davis SL, Barr VO, Klinker KP, Goff DA, Barber 
KE, et al. Large Retrospective Evaluation of the Effectiveness 
and Safety of Ceftaroline Fosamil Therapy. Antimicrob Agents 
Chemother. 2014;58:2541–6. 

249.	 Nolley EP, Sahetya SK, Hochberg CH, Hossen S, Hager DN, 
Brower RG, et al. Outcomes Among Mechanically Ventilated 
Patients With Severe Pneumonia and Acute Hypoxemic 
Respiratory Failure From SARS-CoV-2 and Other Etiologies. 
JAMA Netw Open. 2023;6:e2250401. 

250.	 Cilloniz C, Ferrer M, Liapikou A, Garcia-Vidal C, Gabarrus 
A, Ceccato A, et al. Acute respiratory distress syndrome in 
mechanically ventilated patients with community-acquired 
pneumonia. Eur Respir J. 2018;51:1702215. 

251.	 Taboada M, Melnick D, Iaconis JP, Sun F, Zhong NS, File TM, 
et al. Ceftaroline fosamil versus ceftriaxone for the treatment 
of community-acquired pneumonia: individual patient data 
meta-analysis of randomized controlled trials. J Antimicrob 
Chemoth. 2016;71:862–70. 

252.	 Soriano A, Bassetti M, Gogos C, Ferry T, de Pablo R, Ansari W, 
et al. Ceftaroline fosamil treatment patterns and outcomes 
in adults with community-acquired pneumonia: a real-world 
multinational, retrospective study. JAC Antimicrob Resist. 
2024;6. 

253.	 Cilloniz C, Mendez R, Peroni H, Garcia-Vidal C, Rico V, Gabarrus 
A, et al. Impact on in-hospital mortality of ceftaroline versus 
standard of care in community-acquired pneumonia: a 
propensity-matched analysis. Eur J Clin Microbiol. 2022; 
41:271–9. 

254.	 Zimmerman J, Giuliano C, Kale-Pradhan PB. Ceftobiprole 
medocaril: A new fifth-generation cephalosporin. Ann 
Pharmacother. 2024;10600280241293773. Available from: 
http://dx.doi.org/10.1177/10600280241293773.

255.	 Awad SS, Rodriguez AH, Chuang Y-C, Marjanek Z, Pareigis AJ, 
Reis G, et al. A Phase 3 Randomized Double-Blind Comparison 
of Ceftobiprole Medocaril Versus Ceftazidime Plus Linezolid 
for the Treatment of Hospital-Acquired Pneumonia. Clin Infect 
Dis. 2014;59:51–61. 

256.	 Nicholson SC, Welte T, File TM, Strauss RS, Michiels B, Kaul P,  
et al. A randomised, double-blind trial comparing ceftobiprole 
medocaril with ceftriaxone with or without linezolid 
for the treatment of patients with community-acquired 
pneumonia requiring hospitalisation. Int J Antimicrob Agents. 
2012;39:240–6. 

257.	 Holland TL, Cosgrove SE, Doernberg SB, Jenkins TC, Turner 
NA, Boucher HW, et al. Ceftobiprole for Treatment of 
Complicated Staphylococcus aureus Bacteremia. N Engl J Med. 
2023;389:1390–401. 

258.	 Overcash JS, Kim C, Keech R, Gumenchuk I, Ninov B, 
Gonzalez-Rojas Y, et al. Ceftobiprole Compared With 
Vancomycin Plus Aztreonam in the Treatment of Acute 
Bacterial Skin and Skin Structure Infections: Results of a 
Phase 3, Randomized, Double-blind Trial (TARGET). Clin Infect 
Dis. 2021;73:e1507–17. 

259.	 Giuliano S, Angelini J, D’Elia D, Geminiani M, Barison RD, 
Giacinta A, et al. Ampicillin and Ceftobiprole Combination for 
the Treatment of Enterococcus faecalis Invasive Infections: 
“The Times They Are A-Changin”. Antibiotics. 2023;12:879. 

260.	 Hidalgo-Tenorio C, Pitto-Robles I, Arnés García D, de Novales F, 
Morata L, Mendez R, et al. Cefto Real-Life Study: Real-World 
Data on the Use of Ceftobiprole in a Multicenter Spanish 
Cohort. Antibiotics. 2023;12:1218. 

261.	 Duncan LR, Hamed KA, Smart JI, Pfaller MA, Flamm RK, 
Mendes RE. Ceftobiprole activity against Gram-positive and 
Gram-negative pathogens causing bone and joint infections 

in the United States from 2016 to 2020. Diagn Microbiol Infect 
Dis. 2022;103:115713. 

262.	 Vázquez-Ucha JC, Arca-Suárez J, Bou G, Beceiro A. New 
Carbapenemase Inhibitors: Clearing the Way for the 
β-Lactams. Int J Mol Sci. 2020;21:9308. 

263.	 Papp-Wallace KM, Bethel CR, Caillon J, Barnes MD, Potel G, 
Bajaksouzian S, et al. Beyond Piperacillin-Tazobactam: Cefepime 
and AAI101 as a Potent β-Lactam−β-Lactamase Inhibitor 
Combination. Antimicrob Agents Chemother. 2019;63. 

264.	 McCullough AR, Parekh S, Rathbone J, Del Mar CB, Hoffmann 
TC. A systematic review of the public’s knowledge and 
beliefs about antibiotic resistance. J Antimicrob Chemoth. 
2016;71:27–33. 

265.	 Das S, Fitzgerald R, Ullah A, Bula M, Collins AM, Mitsi E, 
et al. Intrapulmonary Pharmacokinetics of Cefepime and 
Enmetazobactam in Healthy Volunteers: Towards New 
Treatments for Nosocomial Pneumonia. Antimicrob Agents 
Chemother. 2020;65. 

266.	 Morrissey I, Magnet S, Hawser S, Shapiro S, Knechtle P. 
In Vitro Activity of Cefepime-Enmetazobactam against 
Gram-Negative Isolates Collected from U.S. and European 
Hospitals during 2014–2015. Antimicrob Agents Chemother. 
2019;63. 

267.	 Food and Drug Administration. Technical information  
about cefepime-enmetazobactam [Internet]. 2024 [cited 2025 
Jan 27]. Available from: https://www.fda.gov/drugs/develop 
ment-resources/cefepime-and-enmetazobactam-injection

268.	 Johnson A, McEntee L, Farrington N, Kolamunnage-Dona R, 
Franzoni S, Vezzelli A, et al. Pharmacodynamics of Cefepime 
Combined with the Novel Extended-Spectrum-β-Lactamase 
(ESBL) Inhibitor Enmetazobactam for Murine Pneumonia 
Caused by ESBL-Producing Klebsiella pneumoniae. Antimicrob 
Agents Chemother. 2020;64. 

269.	 Martin-Loeches I, Bruno CJ, DeRyke CA. Perspectives on the 
use of ceftolozane/tazobactam: a review of clinical trial data 
and real-world evidence. Future Microbiol. 2024;19:465–80. 

270.	 Kollef MH, Torres A, Shorr AF, Martin-Loeches I, Micek ST. 
Nosocomial Infection. Crit Care Med. 2021;49:169–87. 

271.	 Sociedad Española de Medicina Preventiva SP y GS. EPINE. 
Estudio de Prevalencia de las Infecciones Nosocomiales en 
España. [Internet]. 2023 [cited 2025 Jan 24]. Available from: 
https://epine.es/api/documento-publico/2023%20EPINE%20
Informe%20España%2025012024.pdf/reports-esp.

272.	 Lenhard JR, Bulman ZP. Inoculum effect of β-lactam antibiotics. 
J Antimicrob Chemoth. 2019;74:2825–43. 

273.	 Liu HY, Prentice EL, Webber MA. Mechanisms of antimicrobial 
resistance in biofilms. npj Antimicrobials and Resistance. 
2024;2:27. 

274.	 Caro L, Nicolau DP, De Waele JJ, Kuti JL, Larson KB, 
Gadzicki E, et al. Lung penetration, bronchopulmonary 
pharmacokinetic/pharmacodynamic profile and safety of 
3 g of ceftolozane/tazobactam administered to ventilated, 
critically ill patients with pneumonia. J Antimicrob 
Chemoth. 2020;75:1546–53. 

275.	 Mensa J, Barberán J, Soriano A, Llinares P, Marco F, Cantón R, 
et al. Antibiotic selection in the treatment of acute invasive 
infections by Pseudomonas aeruginosa: Guidelines by 
the Spanish Society of Chemotherapy. Rev Esp Quimioter. 
2018;31:78–100. 

276.	 Menéndez R, Cantón R, García-Caballero A, Barberán J. [Three 
keys to the appropriate choice of oral antibiotic treatment 
in the respiratory tract infections]. Rev Esp Quimioter. 
2019;32:497–515. 

http://dx.doi.org/10.1177/10600280241293773
https://www.fda.gov/drugs/development-resources/cefepime-and-enmetazobactam-injection
https://www.fda.gov/drugs/development-resources/cefepime-and-enmetazobactam-injection
https://epine.es/api/documento-publico/2023%20EPINE%20Informe%20España%2025012024.pdf/reports-esp
https://epine.es/api/documento-publico/2023%20EPINE%20Informe%20España%2025012024.pdf/reports-esp


 185

C. Rodriguez, et al. Towards a holistic approach to pulmonary infections

277.	 Martin-Loeches I, Shorr AF, Wunderink RG, Kollef MH, Timsit 
J-F, Yu B, et al. Outcomes in participants with ventilated 
nosocomial pneumonia and organ failure treated with 
ceftolozane/tazobactam versus meropenem: a subset analysis 
of the phase 3, randomized, controlled ASPECT-NP trial. Ann 
Intensive Care. 2023;13:8. 

278.	 Timsit J-F, Huntington JA, Wunderink RG, Shime N, Kollef MH, 
Kivistik Ü, et al. Ceftolozane/tazobactam versus meropenem 
in patients with ventilated hospital-acquired bacterial 
pneumonia: subset analysis of the ASPECT-NP randomized, 
controlled phase 3 trial. Crit Care. 2021;25:290. 

279.	 Bergas A, Albasanz-Puig A, Fernández-Cruz A, Machado 
M, Novo A, van Duin D, et al. Real-Life Use of Ceftolozane/
Tazobactam for the Treatment of Bloodstream Infection Due 
to Pseudomonas aeruginosa in Neutropenic Hematologic 
Patients: a Matched Control Study (ZENITH Study). Microbiol 
Spectr. 2022;10. 

280.	 Gallagher JC, Satlin MJ, Elabor A, Saraiya N, McCreary EK, 
Molnar E, et al. Ceftolozane-Tazobactam for the Treatment 
of Multidrug-Resistant Pseudomonas aeruginosa Infections:  
A Multicenter Study. Open Forum Infect Dis. 2018;5. 

281.	 Falcone M, Galfo V, Tiseo G. Not all carbapenem-resistant 
Pseudomonas aeruginosa strains are alike: tailoring antibiotic 
therapy based on resistance mechanisms. Curr Opin Infect  
Dis. 2024;37:594–601. 

282.	 Pintado V, Ruiz-Garbajosa P, Aguilera-Alonso D, Baquero- 
Artigao F, Bou G, Cantón R, et al. Executive summary of the 
consensus document of the Spanish Society of Infectious 
Diseases and Clinical Microbiology (SEIMC) on the diagnosis 
and antimicrobial treatment of infections due to carbapenem- 
resistant Gram-negative bacteria. Enferm Infec Micr Cl 
(English ed). 2023;41:360–70. 

283.	 Tamma PD, Heil EL, Justo JA, Mathers AJ, Satlin MJ, Bonomo 
RA. Infectious Diseases Society of America 2024 Guidance 
on the Treatment of Antimicrobial-Resistant Gram-Negative 
Infections. Clin Infect Dis. 2024;ciae403. Available from: 
https://doi.org/10.1093/cid/ciae403.  

284.	 Viasus D, Gudiol C, Carratalà J. Treatment of multidrug- 
resistant Gram-negative bloodstream infections in critically ill 
patients: an update. Curr Opin Crit Care. 2024;30:448–55. 

285.	 Buckman SA, Krekel T, Muller AE, Mazuski JE. Ceftazidime- 
avibactam for the treatment of complicated intra-abdominal 
infections. Expert Opin Pharmacother. 2016;17:2341–9. 

286.	 AEMPS. Ficha técnica de ceftazidima/avibactam [Internet]. 
2021 [cited 2025 Jan 26]. Available from: https://cima.aemps.
es/cima/dochtml/ft/1161109001/ft_1161109001.html

287.	 Bush K. A resurgence of β-lactamase inhibitor combinations 
effective against multidrug-resistant Gram-negative 
pathogens. Int J Antimicrob Agents. 2015;46:483–93. 

288.	 Aktaş Z, Kayacan C, Oncul O. In vitro activity of avibactam 
(NXL104) in combination with β-lactams against Gram- 
negative bacteria, including OXA-48 β-lactamase-producing 
Klebsiella pneumoniae. Int J Antimicrob Agents. 2012;39: 
86–9. 

289.	 European Centre for Disease Prevention and Control. 
Surveillance Atlas of Infectious Diseases [Internet]. 2024 [cited 
2025 Jan 26]. Available from: https://atlas.ecdc.europa.eu/
public/index.aspx.

290.	 Gracia-Ahufinger I, López-González L, Vasallo FJ, Galar A, Siller 
M, Pitart C, et al. The CARBA-MAP study: national mapping 
of carbapenemases in Spain (2014–2018). Front Microbiol. 
2023;14. 

291.	 Sastre-Femenia MÀ, Fernández-Muñoz A, Gomis-Font 
MA, Taltavull B, López-Causapé C, Arca-Suárez J, et al. 
Pseudomonas aeruginosa antibiotic susceptibility profiles, 

genomic epidemiology and resistance mechanisms: a 
nation-wide five-year time lapse analysis. Lancet Reg Health 
Eur. 2023;34:100736. 

292.	 Shen Y, Kuti JL. Optimizing antibiotic dosing regimens 
for nosocomial pneumonia: a window of opportunity for 
pharmacokinetic and pharmacodynamic modeling. Expert 
Opin Drug Metab Toxicol. 2023;19:13–25. 

293.	 Boselli E, Breilh D, Rimmelé T, Poupelin J-C, Saux M-C,  
Chassard D, et al. Plasma and lung concentrations of 
ceftazidime administered in continuous infusion to critically 
ill patients with severe nosocomial pneumonia. Intensive Care 
Med. 2004;30:989–91. 

294.	 Gul S, Gallo R, Bertolino L, Patauner F, Buono S, De Rosa R, 
et al. Pharmacokinetic parameters of CAZ–AVI in the normal 
lung and in models of pneumonia: lessons for treatment 
optimization in critical care. J Chemother. 2024;36:465–73. 

295.	 Dimelow R, Wright JG, MacPherson M, Newell P, Das S. 
Population Pharmacokinetic Modelling of Ceftazidime and 
Avibactam in the Plasma and Epithelial Lining Fluid of Healthy 
Volunteers. Drugs R D. 2018;18:221–30. 

296.	 Torres A, Wible M, Tawadrous M, Irani P, Stone GG, Quintana 
A, et al. Efficacy and safety of ceftazidime/avibactam in 
patients with infections caused by β-lactamase-producing  
Gram-negative pathogens: a pooled analysis from the 
Phase 3 clinical trial programme. J Antimicrob Chemother. 
2023;78:2672–82. 

297.	 Castón JJ, Cano A, Pérez-Camacho I, Aguado JM, Carratalá J,  
Ramasco F, et al. Impact of ceftazidime/avibactam versus  
best available therapy on mortality from infections caused 
by carbapenemase-producing Enterobacterales (CAVICOR 
study). J Antimicrob Chemother. 2022;77:1452–60. 

298.	 Shields RK, Horcajada JP, Kamat S, Irani PM, Tawadrous M, 
Welte T. Ceftazidime-Avibactam in the Treatment of Patients 
with Bacteremia or Nosocomial Pneumonia: A Systematic 
Review and Meta-analysis. Infect Dis Ther. 2024;13:1639–64. 

299.	 Pitart C, Santillana G, Narváez S, Sellarés A, Campo I, 
Casals-Pascual C, et al. Inoculum effect of CTX-M-15, OXA-48, 
and KPC-2 producing Klebsiella pneumoniae on meropenem 
and ceftazidime-avibactam efficacy. Eur J Clin Microbiol Infect 
Dis. 2024. Available from: http://dx.doi.org/10.1007/s10096-
024-04749-3.

300.	 Chanderraj R, Baker JM, Kay SG, Brown CA, Hinkle KJ, Fergle 
DJ, et al. In critically ill patients, anti-anaerobic antibiotics 
increase risk of adverse clinical outcomes. Eur Respir J. 
2023;61:2200910. 

301.	 Hidalgo-Tenorio C, Bou G, Oliver A, Rodríguez-Aguirregabiria M, 
Salavert M, Martínez-Martínez L. The Challenge of Treating 
Infections Caused by Metallo‐β‐Lactamase–Producing Gram- 
Negative Bacteria: A Narrative Review. Drugs. 2024;84: 
1519–39. 

302.	 Harris H, Tao L, Jacobs EB, Bergman Y, Adebayo A, Tekle T,  
et al. Multicenter Evaluation of an MIC-Based Aztreonam and  
Ceftazidime-Avibactam Broth Disk Elution Test. J Clin 
Microbiol. 2023;61. 

303.	 Zaragoza R, Vidal-Cortés P, Aguilar G, Borges M, Diaz E, Ferrer 
R, et al. Update of the treatment of nosocomial pneumonia in 
the ICU. Crit Care. 2020;24:383. 

304.	 Tamma PD, Aitken SL, Bonomo RA, Mathers AJ, van Duin 
D, Clancy CJ. Infectious Diseases Society of America 2023 
Guidance on the Treatment of Antimicrobial Resistant 
Gram-Negative Infections. Clin Infect Dis. 2023. Available 
from: http://dx.doi.org/10.1093/cid/ciad428.

305.	 Wunderink RG, Matsunaga Y, Ariyasu M, Clevenbergh P,  
Echols R, Kaye KS, et al. Cefiderocol versus high-dose, extended- 
infusion meropenem for the treatment of Gram-negative 

https://cima.aemps.es/cima/dochtml/ft/1161109001/ft_1161109001.html
https://cima.aemps.es/cima/dochtml/ft/1161109001/ft_1161109001.html
https://atlas.ecdc.europa.eu/public/index.aspx
https://atlas.ecdc.europa.eu/public/index.aspx
http://dx.doi.org/10.1007/s10096-024-04749-3
http://dx.doi.org/10.1007/s10096-024-04749-3
http://dx.doi.org/10.1093/cid/ciad428


Rev Esp Quimioter 2025; 38(3): 152-186

 186

nosocomial pneumonia (APEKS-NP): a randomised, double- 
blind, phase 3, non-inferiority trial. Lancet Infect Dis. 2021; 
21:213–25. 

306.	 Ramírez P, Merino E, Sarda J, Gonzalez AJ, Verardi S, Fortún J. 
Real-world effectiveness and safety of cefiderocolin patients 
with Gram-negative bacterial infections in the early access 
programmein Spain: results of the PERSEUS study. Poster 
2523. 34th ECCMID Congress. Barcelona; 2024. 

307.	 Balandín B, Pintado V, Pérez-Pedrero MJ, Martínez-Sagasti 
F, Sancho-González M, Soriano-Cuesta C, et al. Multicentre 
study of cefiderocol for treatment of Gram-negative bacteria 
infections in critically ill patients. Int J Antimicrob Agents. 
2024;63:107121. 

308.	 Giacobbe DR, Labate L, Russo Artimagnella C, Marelli C, 
Signori A, Di Pilato V, et al. Use of Cefiderocol in Adult  
Patients: Descriptive Analysis from a Prospective, Multicenter, 
Cohort Study. Infect Dis Ther. 2024;13:1929–48. 

309.	 Marcella S. PROVE study. Poster 2750. ID Week. Boston; 2023. 

310.	 Clancy C, Cornely O, Marcella S, Nguyen S, Gozalo L, Cai B. 
Effectiveness and Safety of Cefiderocol in Clinical Practice 
for Treatment of Patients with Gram-Negative Bacterial 
Infections: US Interim Results of the PROVE Study. Infect Drug 
Resist. 2024;Volume 17:4427–43. 

311.	 Vacheron C-H, Kaas A, Rasigade J-P, Aubrun F, Argaud L, 
Balanca B, et al. Cefiderocol in Difficult-to-Treat Nf-GNB in ICU 
Settings. Ann Intensive Care. 2024;14:73. 

312.	 Massol J, Dinh A, Jeannot K, Duran C, Bouchand F, Potron A, et 
al. Should we, and how to, optimize cefiderocol administration 
during severe nosocomial pneumonia due to carbapenem- 
resistant Acinetobacter baumanii? A viewpoint. J Glob 
Antimicrob Resist. 2024;38:140–5. 

313.	 Marín-Cerezuela M, Martín-Latorre R, Frasquet J, Ruiz-Ramos J,  
Garcia-Contreras S, Gordón M, et al. Cefiderocol 
pharmacokinetics in critically ill patients undergoing ECMO 
support. Crit Care. 2024;28:337. 

314.	 Oda K, Jono H, Saito H. Optimizing cefiderocol dosing through 
population pharmacokinetic/pharmacodynamic simulation: 
An assessment of drug cost reductions. Ther Drug Monit. 
2025;47(2):274–80. Available from: http://dx.doi.org/10.1097/
FTD.0000000000001240. 

315.	 IDSA. IDSA 2024 Guidance on the Treatment of Antimicrobial 
Resistant Gram-Negative Infections. 2024 [cited 2024 
Nov 29]. Available from: https://www.idsociety.org/ 
practice-guideline/amr-guidance/.

316.	 AEMPS. Ficha técnica de Recarbrio (imipenem/relebactam) 
[Internet]. 2020 [cited 2025 Jan 25]. Available from: https:// 
cima.aemps.es/cima/dochtml/ft/1191420001/FT_11914 
20001.html.

317.	 Rizk ML, Rhee EG, Jumes PA, Gotfried MH, Zhao T, Mangin 
E, et al. Intrapulmonary Pharmacokinetics of Relebactam, 
a Novel β-Lactamase Inhibitor, Dosed in Combination with 
Imipenem-Cilastatin in Healthy Subjects. Antimicrob Agents 
Chemother. 2018;62. 

318.	 Merck Sharp & Dohme LLC. Imipenem/​Relebactam/​Cilastatin 
Versus Piperacillin/​Tazobactam for Treatment of Participants 
With Bacterial Pneumonia. 2020 [cited 2025 Jan 25]. Available 
from: https://clinicaltrials.gov/study/NCT02493764.

319.	 Motsch J, Murta de Oliveira C, Stus V, Köksal I, Lyulko O, 
Boucher HW, et al. RESTORE-IMI 1: A Multicenter, Randomized, 
Double-blind Trial Comparing Efficacy and Safety of 
Imipenem/Relebactam vs Colistin Plus Imipenem in Patients 
With Imipenem-nonsusceptible Bacterial Infections. Clin 
Infect Dis. 2020;70:1799–808. 

320.	 Titov I, Wunderink RG, Roquilly A, Rodríguez Gonzalez D,  
David-Wang A, Boucher HW, et al. A Randomized, Double- 
blind, Multicenter Trial Comparing Efficacy and Safety 
of Imipenem/Cilastatin/Relebactam Versus Piperacillin/
Tazobactam in Adults With Hospital-acquired or Ventilator- 
associated Bacterial Pneumonia (RESTORE-IMI 2 Study). Clin 
Infect Dis. 2021;73:e4539–48. 

321.	 Novelli A, Del Giacomo P, Rossolini GM, Tumbarello M. 
Meropenem/vaborbactam: a next generation β-lactam 
β-lactamase inhibitor combination. Expert Rev Anti Infect 
Ther. 2020;18:643–55. 

322.	 Ruppé É, Woerther P-L, Barbier F. Mechanisms of antimicrobial 
resistance in Gram-negative bacilli. Ann Intensive Care. 
2015;5:21. 

323.	 Hillyer T, Shin WS. Meropenem/Vaborbactam—A Mechanistic 
Review for Insight into Future Development of Combinational 
Therapies. Antibiotics. 2024;13:472. 

324.	 Wise MG, Karlowsky JA, Mohamed N, Hermsen ED, Kamat S,  
Townsend A, et al. Global trends in carbapenem- and  
difficult-to-treat-resistance among World Health Organization 
priority bacterial pathogens: ATLAS surveillance program 
2018–2022. J Glob Antimicrob Resist. 2024;37:168–75. 

325.	 Cañada-García JE, Moure Z, Sola-Campoy PJ, Delgado-Valverde 
M, Cano ME, Gijón D, et al. CARB-ES-19 Multicenter Study 
of Carbapenemase-Producing Klebsiella pneumoniae 
and Escherichia coli From All Spanish Provinces Reveals 
Interregional Spread of High-Risk Clones Such as ST307/
OXA-48 and ST512/KPC-3. Front Microbiol. 2022;13. 

326.	 Falcone M, Tiseo G, Carbonara S, Marino A, Di Caprio G, Carretta 
A, et al. Mortality Attributable to Bloodstream Infections 
Caused by Different Carbapenem-Resistant Gram-Negative 
Bacilli: Results From a Nationwide Study in Italy (ALARICO 
Network). Clin Infect Dis. 2023;76:2059–69. 

327.	 Wilson WR, Kline EG, Jones CE, Morder KT, Mettus RT,  
Doi Y, et al. Effects of KPC Variant and Porin Genotype on 
the In Vitro Activity of Meropenem-Vaborbactam against  
Carbapenem-Resistant Enterobacteriaceae. Antimicrob Agents  
Chemother. 2019;63. 

328.	 Groft LM, Claeys KC, Heil EL. An evaluation of meropenem/
vaborbactam for the treatment of nosocomial pneumonia. 
Expert Opin Pharmacother. 2021;22:265–71. 

329.	 Ackley R, Roshdy D, Meredith J, Minor S, Anderson WE, Capraro 
GA, et al. Meropenem-Vaborbactam versus Ceftazidime- 
Avibactam for Treatment of Carbapenem-Resistant Enterobac-
teriaceae Infections. Antimicrob Agents Chemother. 2020;64. 

330.	 Tumbarello M, Raffaelli F, Giannella M, De Pascale G, Cascio 
A, De Rosa FG, et al. Outcomes and Predictors of Mortality 
in Patients With KPC-Kp Infections Treated With Meropenem 
Vaborbactam: An Observational Multicenter Study. Open 
Forum Infect Dis. 2024;11. 

331.	 Cilloniz C, Ward L, Mogensen ML, Pericàs JM, Méndez R, 
Gabarrús A, et al. Machine-Learning Model for Mortality 
Prediction in Patients With Community-Acquired Pneumonia. 
Chest. 2023;163:77–88. 

332.	 Qin Q, Yu H, Zhao J, Xu X, Li Q, Gu W, et al. Machine 
learning-based derivation and validation of three immune 
phenotypes for risk stratification and prognosis in community- 
acquired pneumonia: a retrospective cohort study. Front 
Immunol. 2024;15. 

333.	 Pan J, Guo T, Kong H, Bu W, Shao M, Geng Z. Prediction of 
mortality risk in patients with severe community-acquired 
pneumonia in the intensive care unit using machine learning. 
Sci Rep. 2025;15:1566. 

http://dx.doi.org/10.1097/FTD.0000000000001240
http://dx.doi.org/10.1097/FTD.0000000000001240
https://www.idsociety.org/practice-guideline/amr-guidance/
https://www.idsociety.org/practice-guideline/amr-guidance/
https://cima.aemps.es/cima/dochtml/ft/1191420001/FT_1191420001.html
https://cima.aemps.es/cima/dochtml/ft/1191420001/FT_1191420001.html
https://cima.aemps.es/cima/dochtml/ft/1191420001/FT_1191420001.html
https://clinicaltrials.gov/study/NCT02493764

	_GoBack
	_Hlk152947812
	_Ref184919396
	_Hlk188632848
	_Hlk188635705

