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RESUMEN

La neumonía es una enfermedad polifacética con una 
amplia gama de manifestaciones clínicas, niveles de gra-
vedad y microorganismos causantes potenciales. A pesar 
de la intensa investigación de las últimas décadas, la neu-
monía adquirida en la comunidad sigue siendo la tercera 
causa de mortalidad en los países desarrollados y la pri-
mera debida a infección; y la neumonía adquirida en el 
hospital es la principal causa de muerte por infección no-
socomial en pacientes críticos. En todo el mundo existen 
directrices para el manejo de esta enfermedad, pero hay 
cuestiones que generan controversia y los últimos avances 
dificultan su actualización. Un enfoque multidisciplinar 
puede superar estas limitaciones y ayudar a mejorar los 
resultados clínicos. Varias sociedades médicas españolas 
implicadas en el diagnóstico y tratamiento de la neumonía 
han realizado un esfuerzo colaborativo para actualizar e 
integrar los últimos conocimientos sobre esta infección. El 
objetivo de este trabajo es reflejar estos conocimientos, 
comunicados en el V Día de la Neumonía en España. En él 
se revisan las cuestiones más importantes sobre este tras-
torno, como el diagnóstico microbiológico, los avances en 
la terapia antibiótica y secuencial, el manejo del pacien-
te alérgico a betalactámicos, las medidas preventivas, el 
manejo de microorganismos inusuales o multirresistentes 
y las terapias coadyuvantes o avanzadas en la Unidad de 
Cuidados Intensivos.

Palabras clave. Neumonía adquirida en la comunidad, etiología, manejo, 
fracaso terapéutico, neumonía nosocomial, neumonía asociada a la asis-
tencia sanitaria, epidemiología, diagnóstico, administración, prevención.

Review

ABSTRACT

Pneumonia is a multifaceted illness with a wide range 
of clinical manifestations, degree of severity and multiple 
potential causing microorganisms. Despite the intensive 
research of recent decades, community-acquired pneu-
monia remains the third-highest cause of mortality in 
developed countries and the first due to infections; and 
hospital-acquired pneumonia is the main cause of death 
from nosocomial infection in critically ill patients. Guide-
lines for management of this disease are available world-
wide, but there are questions which generate controversy, 
and the latest advances make it difficult to stay them up 
to date. A multidisciplinary approach can overcome these 
limitations and can also aid to improve clinical results. 
Spanish medical societies involved in diagnosis and treat-
ment of pneumonia have made a collaborative effort to 
actualize and integrate last expertise about this infection. 
The aim of this paper is to reflect this knowledge, com-
municated in Fifth Pneumonia Day in Spain. It reviews 
the most important questions about this disorder, such 
as microbiological diagnosis, advances in antibiotic and 
sequential therapy, management of beta-lactam allergic 
patient, preventive measures, management of unusual or 
multi-resistant microorganisms and adjuvant or advanced 
therapies in Intensive Care Unit.

Keywords: Community-acquired pneumonia, aetiology, management, the-
rapeutic failure, nosocomial pneumonia, healthcare-associated pneumo-
nia, epidemiology, diagnosis stewardship, prevention.
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cessed on 1 November 2023). They chose the most relevant 
and current articles in their opinion for each issue, to prepare a 
presentation of 45 minutes for the meeting. 

Drafting. On 14 November 2023, two medical writers 
(CMRL and CGC) attended and then, between November and 
December, they wrote a text with the main ideas exposed in 
the meeting. 

Revision. Between January and February of 2024, all the 
experts had the opportunity to read the complete text and 
raise objections and changes.

RESULTS

Microbiological diagnosis. Targeted treatment has al-
ways been a great challenge in planning clinical work algo-
rithms for infectious diseases, especially in sepsis with respira-
tory origin or HAP/VAP [8]. The time elapsed from the start of 
empirical antibiotics to the selection of targeted treatment in 
intensive care units (ICUs) is marked mainly by the microbiologi-
cal results obtained. This time is conditioned by clinical identifi-
cation of infection, obtention of specimens for microbiological 
testing and laboratory processing of samples. Clinicians initiate 
empirical treatment, which becomes targeted treatment when 
microbiological results are available. That empirical treatment 
can be appropriate or inappropriate, so microbiological results 
can be used to maintain the same therapy, deescalate therapy 
or to escalate spectrum based on identification and suscepti-
bility testing [15].

Due to the potential appearance of resistant bacteria 
and possible therapeutic failures associated with an incorrect 
choice of antibiotic, the microbiological diagnostic techniques 
have evolved mainly in two aspects: response time and kind of 
information provided. Molecular biology has been decisive to 
improve them. It provides results on samples of the respira-
tory tract and blood in few hours and this information allows 
to transform an empirical treatment into a targeted one ear-
lier. Polymerase Chain Reaction (PCR) is an example of these 
molecular techniques and has greatly developed in last years. 
Main advantages given by these procedures are [12]: i) High 
negative predictive value for studied microorganisms, ii) High 
positive predictive value for genotypic markers of resistance 
and iii) Increased detection yield compared to standard culture. 
However, they also have several limitations: i) Clinical signifi-
cance of qualitative detection debatable (sample dependent), 
ii) Interpretation of (semi)quantitative result, iii) Interpretation 
of mixed detections and iv) Colonization microorganisms of 
doubtful clinical significance.

Despite these rapid techniques have dramatically im-
proved time response of microbiological laboratory, it is ear-
ly to make general recommendations about their use. In any 
case, progress in reducing time for identification of microor-
ganism and resistance mechanisms is evident. Potential impact 
is especially relevant for sicker patients, such as ones with VAP 
or immunosuppressed. However, conventional bacteriological 
culture is still essential for the correct interpretation of results 

INTRODUCTION

Community-acquired pneumonia (CAP) is the infection 
with the higher mortality in industrialized countries. Not tak-
ing account COVID-19 (coronavirus disease 2019), it has an 
incidence of 1.2 cases per 1000 adults in Europe and 2.4 in 
USA. Higher rate of pneumococcal vaccination in Europe is 
believed to cause this difference. At extreme ages (under 5 
and over 70-year-old) the incidence increases [1]. Hospital-ac-
quired pneumonia (HAP) is also an important cause of morbid-
ity, decreased quality of life, increased sanitary spending and 
mortality [2–6]. HAP is a pulmonary inflammatory process of 
infectious origin that develops after more than 48 hours from 
hospital admission time, was not previously incubating and 
was absent at time of admission. Ventilator-associated pneu-
monia (VAP) is a significant sub-set of HAP that appears in pa-
tients with an artificial airway more than 48-72 hours after 
tracheal intubation [7–9]. HAP is the main cause of death from 
nosocomial infection in critically ill patients (with an incidence 
of 5 to 10 cases per 1000 hospital admissions), while VAP af-
fects 10-25% of all patients in intensive care units (ICU), with 
a higher mortality than HAP: 20-30% vs 20-50% respectively 
[10, 11].

Despite international guidelines implemented in all health 
systems, there is variability in the diagnostic and therapeutic 
management of these entities. Moreover, morbidity and mor-
tality remain high and a multiprofessional approach is neces-
sary to improve these rates [12, 13]. Finally, new information 
from clinical trials and epidemiological studies arises regularly 
so frequent actualization of knowledge is necessary.

Since 2019, an annual meeting of Pneumonia has been 
held by main Medical Societies involved in diagnosis and treat-
ment of this disease in Spain. The fifth meeting happened on 
14 November 2023 [14]. Experts of different medical speciali-
ties related to CAP, HAP and VAP presented the latest advances 
in their respective fields of action. The aim of the present paper 
is to synthesize the main ideas of each presentation showed in 
the meeting regarding the scientific program.

MATERIAL AND METHODS

Design. The Study Group of Infection in the Critically Ill 
Patient of the Spanish Society of Infectious Diseases and Clin-
ical Microbiology (GEIPC-SEIMC) called experts of different 
Spanish Medical Societies involved in diagnosis and treatment 
of CAP, HAP, and VAP (listed in this document’s affiliation) to 
make a narrative review of their respective field of knowledge 
and to present their conclusions in different workshops in the 
Annual Meeting of Pneumonia. 

Search strategy. Between July and November 2023, the 
experts performed a bibliographic search of their correspond-
ing topics in PubMed ((http://www.ncbi.nlm.nih.gov/pubmed/, 
accessed on 1 November 2023), Embase (http://www.elsevier.
com/online-tools/embase/ , accessed on 1 November 2023) 
and Scopus (http://www.elsevier.com/onlinetools/scopus , ac-

http://www.ncbi.nlm.nih.gov/pubmed/
http://www.elsevier.com/online-tools/embase/
http://www.elsevier.com/online-tools/embase/
http://www.elsevier.com/onlinetools/scopus
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orative effort was preceded by a SWOG and CAME analysis to 
perform a good strategy, as can be seen in Table 1.

Experts wrote about ten important issues about commu-
nity-acquired and nosocomial pneumonia. 

Most relevant issues for CAP

Changing aetiology. Thanks to introduction of syndro-
mic panels [19], proportion of pneumonia caused by identified 
bacteria grew from 15-30% to 62-71%, compared to classic 
methods, such as cultures [20, 21]. Also, the impact of COV-
ID-19 made Haemophilus influenzae and Staphylococcus au-
reus were more frequent than Streptococcus pneumoniae [22].

Diagnostic procedures [23–25]. Primary care, outpatient 
clinic and long-term facilities: Only rapid antigen detection of 
SARS-CoV-2 in nasopharyngeal swab is recommended for vul-
nerable patients, such as aged ones. Emergency department. 
Recommended: rapid antigen detection of SARS-CoV-2 in na-
sopharyngeal swab. In severe cases: gram stain and culture of 
respiratory secretions, blood culture, urinary antigen test for 
S. pneumoniae and Legionella pneumophila and molecular 
tests for detection of bacterial and viral pathogens. In patients 
empirically treated for methicillin-resistant S. aureus (MRSA): 
nares screening for MRSA. Procalcitonin is not recommended 
to determine initiation of antibacterial therapy.

Use of corticosteroid therapy. Risks (corticosteroid in-

and decision making. Moreover, the development and im-
provement of conventional microbiology techniques continue 
to play an important role in obtaining better results [16]. 

Actualization in pneumonia. New documents driven 
by Spanish medical societies. Eleven medical societies collab-
orated in 2022 to prepare two documents to actualize knowl-
edge about CAP, HAP, and VAP [17, 18]. These societies were 
GEIPC-SEIMC (critical patient infection study group, Span-
ish Society of Clinical Microbiology and Infectious Diseases), 
SEQ (Spanish Society of Chemotherapy), Infurgsemes-SEMES 
(Emergency Department Infection Study Group, Spanish So-
ciety of Emergency Medicine), GEVAC-SEIMC (Vaccines Study 
Group, Spanish Society of Clinical Microbiology and Infectious 
Diseases), GTEIS-SEMICYUC (Working Group on Infectious Dis-
eases and Sepsis-Spanish Society of Intensive Care Medicine, 
Critical Care and Coronary Units), GEMARA-SEIMC (Task Force 
on Mechanisms of Action and Antimicrobial Resistance, Span-
ish Society of Clinical Microbiology and Infectious Diseases), 
GEIRAS-SEIMC (Healthcare-associated Infection Study Group, 
Spanish Society of Clinical Microbiology and Infectious Dis-
eases), SEPAR (Spanish Society of Pneumology and Thoracic 
Surgery), SEGG (Spanish Society of Geriatrics and Gerontolo-
gy), SEDAR-GTIPO (Perioperative Infections Task Force, Spanish 
Society of Anaesthesiology, Resuscitation and Pain Therapy), 
and SEHAD (Spanish Society of Hospital at Home). This collab-

SWOT analysis

Strengths

Motivation, capacitation, values, and compromise (attitude and aptitude).

Effort culture.

Weakness

Toxic competitivity between different medical specialities.

Apathy.

Opportunities

Strategic alliances between study groups (SG).

Strategic alliances between SG and Pharmaceutical Industry.

Execution of inversions and grants.

Treats

SG with same fields of interest and competition between them.

CAME analysis

Correct the Weakness

Empowerment SG.

Stimulation of members of SG.

Renovation of board of directors.

To improve attraction of new members.

Generational replacement.

Diffusion in social networks. 

Adapt to the Threats

Stimulation of own identity and mark.

Create differential value.

To search for alliances.

Maintain the Strengths

Awards for young investigation and publications.

Awards for clinical cases.

Relationship among Sepsis Code and with foundations.

Explore the Opportunities

Consensus documents and recommendations.

Own clinical trials and epidemiological studies. Derived publications.

To improve web page.

Table 1  Strengths, Weakness, Opportunities and Treats (SWOT) and Correct, Adapt, Maintain y Explore (CAME) 
analysis.
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Main risk factors for readmission. CAP related [33–35]: wors-
ening signs and symptoms of CAP, treatment failure, clinical insta-
bility at discharge, PSI (pneumonia severity index) ≥ 4, leucocytosis 
over 12000/mm3, and multidrug-resistant bacteria. Non-CAP re-
lated [36–38]: comorbidities, age over 65 years, Charlson comor-
bidity score over 2, coronary heart disease, COPD, non-metastatic 
cancer, complicated diabetes, chronic kidney disease, ≥3 previous 
admissions, chronic respiratory failure, heart failure, chronic liver 
disease, and discharge to hospital at home unit. Dementia was a 
protective factor for readmission, despite aspiration risk.

Other issues were the Spanish recommendations for 
pneumococcal vaccination (Table 3) and new advances given 
by artificial intelligence are available, such as machine learn-
ing for the prediction of sepsis [39] and interpretation of chest 
radiographs [40].

Most remarked issues in HAP and VAP (some of them are 
showed in other parts of the present document).

duced hyperglycaemia) and potential benefits (to avoid ICU ad-
mission and reduction of treatment failure) must be balanced 
towards a personalized medicine [26, 27]. A deeper review will 
follow in next sections, but the most important remarks are: 
Influenza pneumonia. Clinicians must avoid corticosteroid [28], 
refractory septic shock (in context of respiratory focus origin). 
Corticosteroid therapy has demonstrated benefit [29]. Other 
situations such as COVID-19, autoimmune disease, or concur-
rent asthma of chronic obstructive pulmonary disease (COPD), 
employment of corticosteroid can be considered [30, 31].

Recommended initial treatment is shown in Table 2 [32]. 
The duration of treatment should be individualized according 
to clinical stability with a minimum of 5 days. Risk factors for 
multidrug resistant (MDR) bacteria include prior respiratory 
isolation of MRSA or Pseudomonas aeruginosa, severe COPD, 
bronchiectasis, or recent hospitalization and receipt of paren-
teral antibiotics (in the last 3 months).

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 
400mg/12h (alternative)

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

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

Plus Plus Plus

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

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

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

or or

Levofloxacin500mg/12h (1-2 days) and then 500mg/24h 
or Moxifloxacin 400mg/24h

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

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

Table 2  Initial treatment strategies for patients with CAP. Adapted from Candel et al. [17].

Population group Recommended pattern Modifications in autonomous regions

Over 65 years without risk factors PPSV23v (1 dose) PCV20v or PCV13v (1 dose)

Over 18 years with chronic pathology: chronic cardiovascular and respiratory disease, severe 
neurological and neuromuscular disease, chronic liver disease, diabetes mellitus, celiac disease, 
institutionalized persons.

PPSV23v 1 dose

+

Revaccination each 5 years

PCV20v or PCV13v (1 dose)

Over 18 years high risk groups: immunodeficiencies and complement system deficiencies, 
immunosuppressive treatment, asplenia or severe splenic dysfunction, HIV infection, chronic 
renal failure and nephrotic syndrome, transplant, CSF fistula, cochlear implant, history of invasive 
pneumococcal disease, liver cirrhosis and chronic alcoholism, Down syndrome.

PCV13v (1 dose)

+

PPSV23v (1 dose)

(at least 8 weeks)

PCV20v (1 dose)

+

PPSV23v (1 dose)

(at least 8 weeks)

Table 3  Pneumococcal vaccination guidelines in Spain. Adapted from Candel et al. [17]

PPSV23v: 23-valent Pneumococcal polysaccharide vaccine. PCV13v: 13-valent pneumococcal conjugate vaccine, PCV20v: 20-valent pneumococcal conjugate vaccine. HIV: 
Human Immunodeficiency Virus. CSF fistula: cerebrospinal fluid fistula.
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(ATS/IDSA) guideline [46] recommends tracheal aspiration, 
which is the easiest, safest, and cheapest way, although it is 
vulnerable to upper respiratory tract contamination, so some-
times it is difficult to differentiate colonization from real in-
fection and a derived risk of overuse of antibiotics exists. On 
the other hand, the International ERS/ESICM/ESCMID/ALAT 
(European Respiratory Society, European Society of Inten-
sive Care Medicine, European Society of Clinical Microbiology 
and Infectious Diseases, Latin American Thoracic Association) 
guideline [47] suggest the use of bronchoscopy with broncho-
alveolar lavage (BAL), that requires trained staff, but it obtains 
a lower respiratory tract sample, has higher specificity, easily 

Molecular techniques. They are very useful for rapid di-
agnosis of HAP and VAP. They detect a wide range of micro-
organisms, with a variety of commercial panels. The range of 
answer time goes from 20 to 120 minutes. They have demon-
strated an improvement in health, mortality, and a good cost/
benefit profile. They are especially helpful for immunocom-
promised patients and for detection of viruses such as SARS-
CoV-2 [41–45].

Nowadays, two main guidelines recommend different 
samples to reach microbiological diagnosis in VAP. The Amer-
ican Thoracic Society/Infectious Diseases Society of America 

Figure 1  Modified PANNUCI algorithm from empirical to targeted treatment on nosocomial pneumonia in ICUs in 
European countries (both immunocompetent and immunosuppressed). Adapted from Candel et al. [18]

Suspected nosocomial pneumonia in the ICU

Early onset without 
previous AT

vHAP and/or prior 
AT failure

Patient risk factors Epidemiological context  
(>5% incidence) PCR result

MDR P. aeruginosa

3G cephalosporin

S. aureus

Methicillin-S: cloxacillin/
cefazolin 

Methicillin-R:  
linezolid/vanco/ceftaroline

CFT/TAZ 
(3g/8h)

MER/VAR  
or CAZ/AVI

CAZ/AVI
CAZ/AVI + AZT or 

cefiderocol  
or colistin

Colistin  
or cefiderocol  
+/- tigecycline

Cefepime
TMP/STX  

+/- candine

Antifungal 
(Isavuconazol, 
voriconazole, 

candine, anpho B)

Associate linezolid or vancomycin according to meticillin-resistant S. aureus local incidence

CFT/TAZ +/- AMG  
or Quinolone

MDR P. aeruginosa  
and/or bacteremia

Metallo-β-lactamase Acinetobacter
Cromosomic AmpC  

(not expressed)
Pj AspergillosisOxa-48*KPC

CAZ/AVI +/- 
AMG  

or Quinolone

MER/VAR  
+/- AMG  

or Quinolone

PIP/TAZ or carbapenem  
or cefepime+/- AMG  

or Quinolone
CFT/TAZ  

or CAZ/AVI + MER or 
AMG + linezolid or 

ceftaroline

TMP/SXT Antifungal 
(Isavuconazole, 

voriconazole, candine, 
anpho B)

KPC Enterobacteriaceae No or Unkown Yes
Opportunistic 

microorganisms 
suspect

OXA-48

MDR incidence >5%  
or severilly ill

VAP Immnosupressed patient

AT: antimicrobial therapy; vHAP: ventilated hospital-acquired pneumonia; VAP: ventilator-associated pneumonia; MDR: multidrug resistant; PCR: polymerase chain 
reaction; CFT/TAZ: ceftolozane/tazobactam; CAZ/AVI: ceftazidime/avibactam; PIP/TAZ: piperacillin/tazobactam; AMG: aminoglycoside; AZT: Aztreonam; EAT: empirical 
antimicrobial treatment; TAT: targeted treatment; OXA-48: OXA-48 Carbapenemase; KPC: Klebsiella pneumoniae Carbapenemase; MER-VAR: meropenem-vaborbactam; 
IMI-REL: imipenem-relebactam; ESBL-E: extended spectrum beta-lactamase-producing enterobacteria; PJ: Pneumocystis jirovecii. * If Oxa-48 susceptible to CAZ/AVI.
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acillin-tazobactam and meropenem are less frequent, but their 
occurrence has been increased in last years and their severity is 
higher [58]. Moreover, people who are allergic to beta-lactam 
antibiotics have worse outcomes: they are more days in hos-
pital, have higher rates of hospital readmission, costs, ICU stay 
and mortality; have more postsurgical complications and high-
er risk of Clostridioides difficile diarrhoea and multidrug re-
sistant bacterial infections [56, 59, 60]. In addition, alternative 
antibiotics such as quinolones have an unfavourable adverse 
reaction profile, with publication of safety notes by regulatory 
agencies [61].

Despite being a frequent problem among general popula-
tion, different studies have demonstrated that only 18.3% to 
28.6% of people who claim being allergic to beta-lactam are 
really allergic to them [62–64]. This false label limits possibil-
ities of treatment and potentially causes worse outcomes as 
has been mentioned.

Chemical structure of beta-lactam antibiotics is important 
because it determines cross reactivity between different mol-
ecules. They have a shared beta-lactam ring, a specific ring for 
each group and one or more lateral chains, that can be similar 
between different beta-lactam antibiotics, even if they are of 
different families. Generic chemical structure is showed in Fig-
ure 2 [65–67].

Owing to their different chemical structure, hypersen-
sitivity to penicillin, for example, does not mean hypersensi-
tivity to other beta-lactam antibiotics. In fact, cross reactivity 
between first generation cephalosporins and penicillin is less 
than 10%. Lateral chain is a good predictor of cross reactivity, 
so that different beta-lactam antibiotics with a similar lateral 
chain have a relative risk of cross reactivity of 3 (confidence 
interval -CI- 1.6-5.5), whereas second and third generation 
cephalosporins, such as ceftriaxone, have a very low chance 
of cross reactivity with penicillin, due to their different lateral 
chains [65, 66, 68, 69]. In fact, 75 - 97% of penicillin allergic 
patients tolerate cephalosporins, and 99% tolerate aztreonam 
and carbapenems. Although aztreonam has been classically 
considered secure in these patients, it shares the same lateral 
chain than ceftazidime and cefiderocol, so cross reactions are 
expected between them and its use in patients allergic to these 

distinguishes infection from colonization and is safe. Finally, 
mini-BAL is a reasonable alternative when bronchoscopy is not 
available [48–51].

Immunosuppressed patients can benefit from a wide 
range of microbiological procedures [18]. Some of them are: 
i) Microbiological stains or respiratory secretions, with imme-
diate results and low costs. Despite these advantages, there are 
derived risk of false negative results, and they are also observ-
er dependent, ii) Traditional culture of respiratory specimens 
and blood, which are time dependent and have medium-low 
performance, iii) Detection of fungal antigens, such as galac-
tomannan in respiratory samples or blood; and (1-3)-β-D-glu-
can or cryptococcal antigen in serum sample. More useful in 
neutropenic patients and some techniques are not completely 
validated, iv) PCR (polymerase chain reaction) in respiratory 
samples, nasopharyngeal swab, or blood. It is very sensitive 
but with risk of false positive (colonizing microorganisms) and 
false negative (inadequate sample, microorganisms not in-
cluded in the panel), v) Direct fluorescent antibodies directed 
against certain microorganisms, vi) Detection of soluble anti-
gens in urine.

The prior PANNUCI algorithm for antibiotic treatment of 
pneumonia [52] has been updated [18]. It is shown in Figure 
1. Use of antibiotics for hospital at home (HaH) is an useful 
tool to improve quality of life of some patients with HAP that 
requires intravenous treatment for a long time and reach clin-
ical stability. New devices such as electronic and elastomeric 
pumps allow a safe administration at home [53–55]. Finally, a 
review of causes of therapeutic failure and recommendations 
to solve them can be seen in Table 4 [18].

Allergy to beta-lactam antibiotics. Allergy to be-
ta-lactam antibiotics is a frequent problem among patients 
and in Spain it is estimated that a 10-12% of the population 
has some type of hypersensitivity and women are more often 
affected. Overall, 17% of all these adverse drug reactions are 
severe and 0.6% are the cause of death [56, 57]. Clinical spec-
trum of allergic reactions is very wide. They include cutaneous 
reactions, anaphylaxis, blood dyscrasias and kidney diseases. 
Amoxicillin-clavulanic is the antibiotic more often involved, al-
though more of the reactions are mild. Cases caused by piper-

Cause Recommendation

Inadequate antibiotic treatment Escalate based on microbiological results.

Sub-therapeutic antibiotic concentrations Increase antimicrobial dosing. Use extended or continuous antibiotic infusions to optimize PK/PD parameters

New pathogens isolated Antimicrobial treatment according to microbiological data

Undrained pyogenic focus (i.e., empyema) Therapeutic drainage

Drug fever Change antibiotic treatment

A non-infectious illness presenting as HAP Management as appropriate

Table 4  Causes of therapeutic failure in patients with HAP-VAP. Adapted from Candel et al. [18]

PK/PD: pharmacokinetics/pharmacodynamics.
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as has been mentioned. So, it is very important to take a de-
tailed clinic history and consultation with allergology if avail-
able [74]. PEN-FAST is an instrument designed to stratify risk 
in these patients and it evaluates time since allergic reaction, 
clinic manifestations and severity of them, and treatment re-
quired for reaction [75]. So, after a careful evaluation, a pa-
tient can be classified as not allergic if he has an adverse re-
action such as vomiting or diarrhoea; mild reaction probably 
not mediated by IgE, so cephalosporins of third generation and 
newer, carbapenems and aztreonam can be used; and severe 
reactions, that can be mediated by IgE, such as anaphylaxis, or 
not mediated by IgE, such as interstitial nephritis. In these last 
cases, only aztreonam can be employed. In all cases, a subse-
quent evaluation by allergy service is strongly recommended. 
Other instruments have been developed to evaluate the risk 

specific cephalosporines is not recommended. In the case of 
carbapenems, a history of penicillin allergy contraindicates 
their use, but in practice it is important to know result of his-
torical cutaneal allergy test against penicillin, which has a high 
negative predictive value [64]: in case it is negative, use of 
carbapenems is considered secure; in case it is positive or un-
known, carbapenem should be administrated in a gradual way, 
with increasing concentration and with narrow surveillance of 
allergic reactions [70–73] .

So, beta-lactam allergy is a heterogeneous problem be-
cause a patient can be allergic to a specific family (e.g. amin-
openicillins) but can tolerate other families (e.g. carbapenems). 
Moreover, false label of beta-lactam allergy is a frequent issue 
that can be dangerous because it can lead to worse outcomes 

Figure 2  Beta-lactam structure

Penicillins Cephalosporins

Solid arrow: beta-lactam ring. Dashed arrow: group ring. R, R1, R2: lateral chains.

Carbapenems Monobactams
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oration of doctors and nurses from most ICUs in the country 
and different working groups of the SEMICYUC. The main ob-
jective of the ZN project is to reduce the national VAP rate to 
less than 9 episodes per 1,000 days of mechanical ventilation, 
which means a 40% reduction respect to previous rates (2000-
2008) and a 25% reduction compared to 2009 and 2010 rates. 

To achieve it, medical doctor and nurses, appointed by 
their respective societies, defined ten recommendations. Seven 
of them have the highest scientific evidence and are obliga-
tory [81]. They are: Training of staff in airway manipulation, 
control of pneumotamponade, oral hygiene with chlorhexidine 
(0.12-0.2% every 6-8h), hand hygiene, avoid supine position 
whenever possible, promoting the process of respiratory me-
chanical weaning, avoid the scheduled change of humidifiers 
and tracheal tubes. Another three recommendations are highly 
recommended, but at the beginning they were not mandatory: 
Selective decontamination of the digestive tract, aspiration of 
subglottic secretions, use of systemic antibiotics during intu-
bation in patients with a low level of consciousness.

The applications of these measures made incidence of 
VAP decrease until 5.41 episodes per 1,000 days of mechanical 
ventilation in 2019. However, COVID-19 pandemic made it rise 
to 19.99 in 2021. Therefore, the latest ZN guideline made all 
recommendations mandatory. This change, along with control 
of COVID-19 pandemic, made incidence of VAP decreases to 
8.55 [81]. 

Finally, aetiology of VAP has maintained without great 
changes in the last 10 years, with P. aeruginosa and K. pneu-
moniae predominating among Gram-negative Bacilli (GNB), 
and methicillin-susceptible S. aureus among Gram Positive 
Cocci (GPC). As resistance mechanisms associated with GNB, 

of cross reaction and they have demonstrated an increment 
in utilization of beta-lactam without a higher rate of adverse 
effects [76, 77].

Recommended empirical antibiotic treatment is shown in 
Table 5. Recommended duration of treatment is 3-5 days in 
CAP, 8 days in HAP-VAP, and individualized until drainage in 
the case of lung abscess. Clinicians also must consider anti-
biotic coverage of S. aureus and/or P. aeruginosa if needed. 
If a beta-lactam antibiotic is used, they may perform a previ-
ous controlled exposition trial [56]. As it has been stated, it is 
important to eliminate false allergy labels and to stratify risk. 
Allergy consultation, if available, is strongly recommended. 
Alternatives with non-beta-lactam antibiotics, such as mox-
ifloxacin, omadacycline, eravacycline or plazomicin may be 
considered for some patients with multidrug resistant bacteria 
[78–80]. Currently, the optimized management of beta-lactam 
allergy is included in stewardship strategies or programs.

Zero Pneumonia. The Zero Pneumonia (ZN) project is a 
multifactorial intervention proposal based on the simultane-
ous application of a package of measures to prevent VAP. Its 
intention is to reduce the infectious complications in Spain. 
The project is sponsored by the Quality Agency of the Ministry 
of Health, Social Policy, and Equality (MSPSI) with the collab-
oration of the Spanish Society of Intensive Care Nursing and 
Coronary Units (SEEIUC) and the Spanish Society of Intensive 
Care Medicine and Coronary Units (SEMICYUC). Zero Bacter-
iemia project was developed previously, and its structure was 
used to implement ZN project. It is an ambitious project that 
involves the MSPSI Quality Agency, the Health Departments of 
the Autonomous Communities (AACC) and the management 
team of several national hospitals. It also includes the collab-

Low risk of allergic reaction High risk of allergic reaction

CAP Levofloxacin 750 mg/24 h vo
If severe:
Ceftriaxone 2 g/24 h iv plus
Azithromycin 500 mg/24 h vo
or
Levofloxacin 750 mg/24 h iv

Levofloxacin 750 mg/24 h iv

Early HAP-VAP (less than 5 days in hospital) Ceftriaxone 2 g/24 h iv or
Levofloxacin 750 mg/24 h iv

Aztreonam 2 g/8 h plus
Linezolid 600 mg/12 h iv 
or
Vancomycin 30 mg/kg/d in 2-3 doses iv

Late or severe HAP-VAP Ceftazidime 2 g/8 h iv or 
Meropenem 1-2 g/8 h iv.
Consider add:
Linezolid 600 mg/12 h iv 
or
Vancomycin 30 mg/kg/d in 2-3 doses iv

Lung abscess or aspiration pneumonia Ceftriaxone 2 g/24 h iv plus
Clindamycin 600 mg/8 h iv

Aztreonam 2 g/8 h plus
Clindamycin 600 mg/8 h iv

Table 5  Empirical treatment in patients allergic to beta-lactam antibiotics. Adapted from Barberán et al. [79]
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a decreased susceptibility to ceftriaxone in 5-10% of isolates, 
depending on studied region. In contrast, quinolones and cef-
taroline maintains an excellent profile, with susceptibilities of 
almost all studied isolates [94]. 

Severe CAP pneumonia is defined as a CAP with a major 
criterion or at least 3 minor criteria established by the Ameri-
can Thoracic Society and Infectious Diseases Society of America 
-ATS/IDSA- [84,95]. These criteria are shown in table 6.

Recommended empiric antibiotic treatment can be read 
in table 2. Guidelines worldwide recommend a combination of 
a beta-lactam plus macrolide or quinolone [29,96–98]. Due to 
potential serious adverse effects of quinolones [61] and proven 
benefits of macrolide combinations of 3 days, this last is the 
preferred option. Election of beta-lactam is an important issue 
with new evidence emerging in last years. Traditionally, choice 
of election has been ceftriaxone or cefotaxime. An ideal antibi-
otic in severe CAP has these qualities: to reach an adequate se-
rum concentration, to compensate distribution volume of critic 
patient, to create a high gradient to tissue, to reduce quickly 
bacterial charge and to achieve enough concentration to avoid 
mutant selection [99]. Two relatively news beta-lactam anti-
biotics have properties like the ones described. Ceftobiprole 
demonstrated a better rate of improvement than comparator 
[100]. Ceftaroline also proved better outcomes than ceftriaxone 
in different settings and in presence of bacteriemia [101–103]. 
Duration of treatment must be tailored to patient evolution, 
but in many cases five days is enough. Procalcitonin serum lev-
els (PCT) can guide this, but there is not a specific threshold to 
take a decision. Dynamic changes, considering clinical state of 
patient, may be helpful [96,104]. If viral aetiology is demon-
strated, in absence of signs of bacterial coinfection, antibiotic 
therapy can be safely stopped. Signs of bacterial coinfection 
are positive culture, radiographic findings suggestive of bacte-
rial origin, high white-cell count (>15000/mm3), high c reactive 
protein (>150 mg/L) and/or PCT over 0.25 ng/mL.

So, to make mortality rates become lower in severe CAP, 

extended-spectrum beta-lactamase (ESBL) producing En-
terobacterales, multi-resistant Pseudomonas spp, and metal-
lo-beta-lactamase producing GNB stand out. Meropenem and 
linezolid are the most used antibiotics, whereas utilization of 
piperacillin/tazobactam has decreased and the appearance of 
new molecules have allowed the development of new thera-
peutic regimens [14, 29, 81].

Therapeutic optimisation in community-acquired 
pneumonia

Community-acquired pneumonia in intensive care 
unit (ICU). Pneumonia is an important cause of death world-
wide. It was the first cause of death at the end of twentieth 
century and nowadays is the second cause, only overcome by 
cardiovascular diseases [82]. Moreover, it frequently causes the 
death of aged people [83]. Among CAP that require ICU admis-
sion, mortality have maintained high (around 30%), despite ef-
forts to reduce it [84–87]. Apart from distress syndrome, which 
severity is correlated with likelihood of death, other factors 
related with higher risk of decease are advance age, previous 
antibiotic therapy, comorbidities, multiorgan failure and an 
inadequate empiric antibiotic treatment [88]. Another factor 
related with higher mortality is delayed intubation in patients 
who needed it [89].

The main identified aetiology of CAP is S. pneumoniae, 
identified in more than 80% of isolates, but its prevalence 
has become slightly lower in last years. It is followed by other 
microorganism such as Streptococcus spp., Haemophilus spp., 
enterobacteria, Pseudomonas spp. and others [21,90,91]. How-
ever, in 50% of pneumonias, etiologic agent is not identified. 
This lack of identification is related with antibiotic treatment 
before obtaining sample and non-invasive tests [92]. Decreased 
susceptibility to penicillin of S. pneumoniae is observed in some 
pneumococcal pneumonia. An intermediate susceptibility can 
be observed in 5-10% of cases, while high resistance is con-
firmed in less than 4% of all cases [93]. S. pneumoniae has 

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 (<4000 cells/mm3).

Thrombocytopenia (<100000 platelets/mm3).

Uremia: BUN ≥ 20 mg/dL.

Ratio PaO2 to FiO2 ≤ 250

Multilobar (≥2) infiltrates

Table 6  ATS/IDSA criteria to define severe CAP. Adapted from File et al. [84]

bpm: breath per minute, BUN: blood urea nitrogen level, PaO2: partial pressure of arterial oxygen, FiO2: fraction of inspired oxygen.
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the following criteria [29,110]: Resolution of vital sign abnor-
malities (heart rate less than 100 beats per minute, respiratory 
rate less than 24 breaths per minute, systolic blood pressure 
more than 90 mmHg, arterial oxygen saturation more or equal 
to 90% with usual oxygen flow for the patient, temperature 
less than 37.8ºC, normal mental status) and the ability to eat.

In a study conducted in Japan, sequential therapy was per-
formed in 30.1% of patients, and was more frequent among 
mild patients and in people treated by pulmonologists [111]. 
Early intravenous-to-oral conversion of antibiotic therapy is 
safe, with the same rate of mortality, recurrent infections, and 
treatment success than exclusive intravenous therapy; and it 
is associated with a shorter length of hospital stay and lower 
costs [112,113].

Despite its advantages, there are resistances to implant se-
quential therapy. Some identified barriers are wrong concepts, 
practical issues, factors related to organization and insufficient 
medical education [114]. To overcome these barriers, it is nec-
essary to establish a clear hospital program, with the identifica-
tion of patients who can benefit from early switching from in-
travenous treatment to make recommendations to physicians 
and to maintain an open channel of two-way communication 
to create an appropriate culture. Finally, it is important a sur-
veillance of these patients to implement improvement meas-
ures [108].

Characteristics of an ideal oral antibiotic to implement a 
sequential therapy are [115] similar antimicrobial spectrum, 
high bioavailability, favourable pharmacokinetic characteristics 
(oral route, administration every 12 to 24 hours), low resistance 
selection and, if possible, low cost. In table 7, available options 
to swich from an intravenous to an oral antibiotic treatment 
are shown. Due to high rate of pneumococcal resistance of ce-

an energic approach is needed. Focus on vulnerable patients, 
early intubation in people who need it and wisely use of antibi-
otic therapy might aid to achieve this objective.

Sequential treatment in community-acquired pneu-
monia. Antibiotic stewardship can be defined as a set of strat-
egies to promote the responsible use of antimicrobials for the 
purpose of protecting public health [105]. A lot of interven-
tions can contribute to this objective, but some of them are 
easier to implement than others and with stronger evidence 
of cost-saving results, such as formulary restrictions, batching 
of intravenous antimicrobials, therapeutic substitutions, and 
intravenous-to-oral conversions -sequential therapy- [106]. 
This last one intervention is also a basic element of stewardship 
programs in pneumonia treatment [107]. There are three kinds 
of intravenous-to-oral conversions [108]:

• Sequential therapy. To replace the same antibiotic with an 
oral formulation. E. g. substitution of levofloxacin iv (intra-
venous) for levofloxacin, moxifloxacin (or perhaps or in the 
near future, delafloxacin po (per oral)).

• Switch therapy. To substitute an antibiotic for an equiva-
lent with an oral formulation. The best candidate for se-
quential therapy since ceftriaxone, by in vitro activity and 
with the best pharmacodynamic profile, is cefditoren at a 
dose of 400 mg every 12 hours. Its absorption improves if 
taken with food [109].

• Step down therapy. To replace an antibiotic for another of 
other class with an oral formulation. E. g. substitution of 
ceftriaxone iv for levofloxacin po.

Sequential therapy is a universal recommendation in cur-
rent guidelines for the treatment of pneumonia [95,96]. To do 
so, patient must have reached clinical stability, defined with 

Advantages Disadvantages

Cefditoren

Almost no pneumococcal resistance

Administration each 12 hours

Dose of 400 mg each 12 hours has an optimal pharmacokinetic 
profile, even against S. pneumoniae with decreased penicillin 
susceptibility

Lowest risk of resistance selection

Bioavailability of 20%. It can improve with food [109]

Amoxicillin-clavulanate
Low resistance rate

Bioavailability of 60%

Commercial formulation (875/125 mg) needs to be given each 8 ours

High dose of amoxicillin (2000 mg twice a day) is needed for S. 
pneumoniae with decreased penicillin susceptibility and to avoid 
resistance selection

Highest ecological impact

Levofloxacin
Administration each 12 -24 hours

Highest bioavailability (>95%)

Risk of severe side effects: QT syndrome, tendonitis, retinal 
detachment, aortic dissection, dysglicemia, psychiatric side effects

High dose (500 mg twice a day) is needed to avoid resistance selection

Table 7  Available options for sequential treatment of pneumonia. Adapted from Barberán et al. [116]
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Current guidelines recommend empiric treatment with an 
antibiotic against methicillin-resistant S. aureus -MRSA- (lin-
ezolid or vancomycin) with a combination of two antibiotics 
with action against P. aeruginosa (beta-lactam plus fluoro-
quinolone or aminoglycoside or polymyxin) [6,7]. European 
guideline adapts empiric antibiotic coverage attending to se-
verity and local epidemiology [124]. As antibiotic consumption 
in Spain shows, these recommendations are often followed 
[121]. A common suggested combination is meropenem plus 
linezolid plus amikacin, but due to predominant profiles of re-
sistance of microorganisms, there is a high risk of a functional 
monotherapy of aminoglycoside, which is a not recommended 
option [7,121] . The most important risk factors for infection 
by a multidrug resistant microorganism are [125–134]: anti-
biotic pressure, immunosuppression, comorbidity, hospital-
ization-length of stay, severity of illness, local epidemiology, 
colonization of the patient by resistant microorganism and di-
agnostic and therapeutic invasive procedures performed.

There are some strategies that can help to design a more 
precise empiric treatment. These approaches are a potent tool 
to anticipate classical microbiological results, such as surveil-
lance of colonization by bacteria of interest [135–138]. In table 
8 the most used techniques are show, knowledge about local 
and regional epidemiology, and trends in resistance profile. 
Among enterobacteria in Spain, the most frequent kind of car-
bapenemase is OXA-48, but other types such as KPC are also 
rising [139]. In contrast, frequency of carbapenemase produc-
tion by PAER is lower [140], previous antibiotic pressure in-

fixime, almost 70% of isolates, this antibiotic is considered in-
appropriate. Finally, cefuroxime in usual dosage (500 mg twice 
a day) does not reach enough serum concentration to be active 
against S. pneumoniae [61,116–119].

Therapeutic optimisation in healthcare-associated 
pneumonia

Antibiotic therapy in hospital-acquired pneumonia 
and ventilation associated pneumonia. Empiric antibiotic 
treatment for HAP and VAP in ICU is tailored to microbiologic 
results of samples, which usually last 24 to 48 hours to be 
known with traditional microbiological methods [120]. In Spain 
there is intensive surveillance of aetiology of infections in ICUs 
[121]. This surveillance shows that the most frequent microor-
ganisms are P. aeruginosa (17.56%), S. aureus (10.43%) and K. 
pneumoniae (10.32%). Among the ten most common microor-
ganisms isolated are also S. maltophilia (5.49%), A. fumigatus 
(2.63%) and cytomegalovirus -CMV- (2.09%), which are not 
routinely covered by empirical treatments. Moreover, around 
20% of all empiric treatments for bloodstream infections do 
not treat the aetiology properly and the main predictor of em-
piric treatment failure is the isolation of a resistant microor-
ganism [122]. Delayed appropriate treatment is associated with 
higher length of antibiotic treatment, hospital stay, disability 
and costs [123]. An early BAL is recommended for these infec-
tions to obtain a good sample for microbiological analysis and 
to adjust empiric treatment as soon as possible [120]. 

Carbapenemase

PAER MR Acinetobacter S. maltophilia

Class A Class B Class D

KPC, GES MBL: VIM, NDM, IMP OXA-48

Ceftazidime-avibactam S R S S R R

Ceftolozane-tazobactam R R R S R R

Imipenem-relebactam S R R S R R

Meropenem-vaborbactam S R R R R R

Cefiderocol S S S S S S

Table 9  Mechanisms of resistance and susceptibility of new beta-lactams. Adapted from Doi et al. [151]

R: resistant, S: susceptible, PAER MR: P. aeruginosa multi-drug resistant.

Bacteria Sample PPV NPV

MRSA Nasal exudate Moderate Very high

CPE Perineal exudate Moderate Very high, combined with local epidemiology

PAER Respiratory or perineal High Low

Table 8  Surveillance of bacteria of interest. Adapted from Parente et al. [135]

CPE: carbapenemase producing enterobacteria, PAER: P. aeruginosa, PPV: positive predictive value, NVP: negative predictive value. 
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OXA-48 [164]. Data on the effectiveness of ceftazidime-avibac-
tam in critically ill patients, such as mechanically ventilated 
patients, are limited. In 2020, a retrospective observational 
cohort study in central Greece compared critically ill and me-
chanically ventilated patients (41 subjects) suffering from CRE 
infections receiving ceftazidime-avibactam to 36 patients who 
received other appropriate available antibiotic therapy, such as 
polymyxin B, tigecycline and aminoglycosides. There was a sta-
tistically significant improvement in the Sequential Organ Fail-
ure Assessment (SOFA) score on days 4 and 10 in the ceftazi-
dime-avibactam group compared to that in the control group. 
Ceftazidime-avibactam was better than other treatments in all 
evaluated outcomes: microbiological eradication, clinical cure, 
and mortality. Illness severity was also associated with mortal-
ity. In conclusion, a ceftazidime-avibactam-containing regime 
was more effective than other available antibiotic agents for 
the treatment of CRE infections in the high-risk, mechanically 
ventilated ICU population evaluated [165]. 

Despite these encouraging results, resistance to ceftazi-
dime-avibactam has developed in recent years, such as KPC-2 
and KPC-3 variants. Resistance caused by the plasmid with a 
mutation in the blaKPC-3 gene (D179Y variant, described in the 
ST258 clone) is a challenge for microbiology laboratory. It re-
duces the MIC to carbapenems and other beta-lactams, which 
can lead to false negative result in carbapenemase immuno-
chromatography detection kits. This mutation produces chang-
es in the KPC Ω-loop zone (165–179 positions), it increases the 
affinity for ceftazidime and meropenem and it restricts binding 
to avibactam [166].

Meropenem-vaborbactam is another novel antibiotic. Va-
borbactam is a serine-β-Lactamase inhibitor, derived from bo-
ronic acid. It is defined as Ambler class A inhibitor (especially 
KPC) and C, but it does not inhibit B and D classes [167]. A 
Phase 3, multinational, open-label, randomized controlled trial 
(TANGO II) was conducted from 2014 to 2017 to evaluate the 
efficacy and safety of meropenem-vaborbactam monothera-
py versus best available therapy (BAT) for CRE. Eligible patients 
were randomized 2:1 to meropenem-vaborbactam (2g/2g over 
3 h-8h for 7-14 days) or BAT (mono or combination therapy 
with polymyxins, carbapenems, aminoglycosides, tigecycline; 
or ceftazidime-avibactam alone). Efficacy endpoints included 
clinical cure, day-28 all-cause mortality, microbiologic cure, 
and overall success (clinical cure + microbiologic eradication). 
Meropenem-vaborbactam was better than BAT for cure rates 
and test cure, but there was not a statistically significant dif-
ference for day-28-all-cause mortality [145]. As in the case of 
ceftazidime-avibactam, resistance to this new drug has been 
described, such as OmpK35 and 36 mutations [168].

Cefiderocol has potent in vitro and in vivo activity against 
multidrug-resistant (MDR) gram-negative bacilli, including 
carbapenem-resistant isolates (including A, B, C and D Ambler 
beta-lactamase classification). Exceptional reduced susceptibil-
ity during treatment to cefiderocol have al ready been reported 
[169].

Imipenem-relebactam is a new combination of a be-

creases risk of antibiotic resistance, especially in case of PAER 
[141], microscopic examination of samples and detection of re-
sistance genes by molecular techniques such as PCR [120,142].

There are recently commercialized beta-lactam antibiotics 
that have a higher rate of susceptibility than older ones against 
PAER. Also, aminoglycosides and colistin maintain low rates of 
resistance [143], but new beta-lactams have demonstrated bet-
ter results than combinations of older ones [144–150]. In table 
9 there is a review of mechanisms of resistance and suscepti-
bility of different recently developed beta-lactams [151,152].

Attending to all aspects commented in last paragraphs, 
a new approach to empiric treatment has been developed by 
Spanish Medical Societies, that is available in Figure 1 [18]. As 
it is shown, a suggested empirical treatment guided by clues 
given by patient profile, local epidemiology, gram staining 
and molecular techniques is strongly recommended. Empiric 
treatment against PAER must include a beta-lactam antibiot-
ic, although double antibiotic empiric regimen is optional and 
it may be prescribed in case or risk of therapeutic failure, to 
achieve synergic action and to optimize pharmacokinetic and 
pharmacodynamic properties [153].

Although European Guidelines recommends a duration of 
treatment of less than 7 days [6], length of treatment is not 
well determined in case of multidrug resistant microorgan-
isms [18]. Regarding the duration of antibiotic treatment for P. 
aeruginosa pneumonia, a recent clinical trial failed to demon-
strate non-inferiority of 8 days versus 15 days. Moreover, the 
shorter length of treatment was associated with increased re-
currencies [154].

Finally, benefit of nebulized antibiotics for VAP has been 
argued in last years. Pneumonia is an infection of high inocu-
lum and due to bronchi obstruction and atelectasis, nebulized 
antibiotics fails to achieve enough concentration in target tis-
sues of animal models [155–158]. In humans, different devices 
have been used to give these treatments, and membrane inhal-
ers are preferred in ventilated patients [159]. Experts advise to 
avoid nebulized antibiotics for treatment of HAP and VAP, due 
to the lack of effectiveness in reducing mortality and length 
of ICU stay, and a high rate of respiratory adverse effects 
[160,161]. Whereas inhaled antibiotics for treatment are not 
recommended, amikacin may prevent VAP if given to patients 
recently intubated [162].

HAP-VAP by producing-carbapenemase enterobacte-
ria non metallo-beta-lactamase (non-MBL CRE). Infectious 
Diseases Society of America (IDSA) in 2023 has proposed sever-
al recommendations for the treatment of infections caused by 
resistant bacteria [163]. Ceftazidime-avibactam and meropen-
em-vaborbactam are two current alternatives in the treatment 
of HAP-VAP caused by non-MBL CRE, especially carbapene-
mases OXA-48 like and KPC types. 

Ceftazidime-avibactam has excellent activity against bac-
teria that produce β-lactamases of Ambler class A and C, as 
well as some of group D (OXA), including extended-spectrum 
β-lactamases (ESBL), AmpC, KPC-type carbapenemases and 
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Lancet Regional Health-Europe [140]. The work reveals that, 
in 2022, bacteria showed lower resistance to all the antibiot-
ics evaluated, both the oldest and the newest, which implies 
that the bacteria were more susceptible to these treatments. 
Additionally, a significant decrease in the prevalence of mul-
tidrug resistance (resistance to three or more families of an-
tibiotics) and extensive resistance (resistance to all, except 1 
or 2 families) bacterial profiles was found in 2022 compared 
to 2017. However, a significant increase in the proportion of 
strains with the most dangerous mechanism, the production of 
carbapenemases, has been described. Moreover, it is associat-
ed with the dissemination of the hypervirulent epidemic strain 
ST235. This strain, along with ST175, and others associated with 
high frequency to MBL production, are great challenges for 
antibiotic management [140]. Alternatives currently available 
in MBL-producing P. aeruginosa isolates are: cefiderocol, fos-
fomycin, high doses of amikacin and synergistic combinations 
[173]. The combination of ceftazidime/avibactam with aztre-
onam is an attractive alternative in MBL-producing enterobac-
terales. However, in the case of P. aeruginosa, due to the co-
existence of collateral mechanisms, such as overexpression of 
efflux pumps or loss of porins, it is not the preferred alternative 
if other drugs are available [174]. 

The novel beta-lactam cefiderocol is stable against dif-
ferent serine- and metallo-beta-lactamases, and, due to its 
iron channel-dependent uptake mechanism, is not impacted 
by porin channel loss. Furthermore, the periplasmic level of 
cefiderocol is not affected by upregulated efflux pumps. The 

ta-lactam and a beta-lactamase inhibitor. Relebactam has the 
power to inhibit type A (KPC, GES, IMI) and C (AmpC, PCD) be-
ta-lactamases, but it is useless against type B and D. It also 
inhibits ESBL. This combination has demonstrated non-inferi-
ority compared to piperacillin-tazobactam in HAP-VAP, with 
or without bacteraemia [170]. Its safety profile is comparable 
to that of imipenem-cilastatin. It is a useful alternative in the 
treatment of HAP-VAP caused by non-MBL CRE type A, in a 
targeted treatment setting or in settings of high prevalence 
and clinical suspicion as empirical treatment [171].

Metallo-beta-lactamase-producing Pseudomonas 
aeruginosa. Infections caused by multidrug-resistant 
Gram-negative bacteria are becoming a worldwide problem 
due to their increasing incidence and associated high mor-
tality. Carbapenem-resistant bacteria such as K. pneumoniae, 
P. aeruginosa and A. baumannii are the most important in 
clinical practice [172,173]. P. aeruginosa is presented as one 
of the main microorganisms causing HAP/VAP in the last few 
years [18]. Metallo-beta-lactamase (MBL) production has been 
the cause of therapeutic failures with the antibiotics available 
in the therapeutic arsenal. However, the appearance of new 
antimicrobials and the rescue of old known drugs have pro-
vided alternatives for this type of isolates [173]. Several teams 
from the CIBER for Infectious Diseases (CIBERINFEC) led by the 
Balearic Islands Health Research Institute (IdISBa)/Son Espases 
Hospital have analysed the evolution of antibiotic resistance in 
P. aeruginosa. The results have recently been published in The 

IDSA ESCMID

The use of high doses of ampicillin-sulbactam is recommended (6-9g/day) in 
combination with another antibiotic at least until clinical improvement is observed.

Associate minocycline, tigecycline, polymyxin B or cefiderocol.

do not associate fosfomycin, rifampicin or meropenem.

It is recommended to use ampicillin-sulbactam, even if it is in-vitro resistant.

For patients with A. baumannii CR pneumonia sensitive to sulbactam, suggests 
ampicillin-sulbactam (Low level of evidence)

Consider the use of polymyxin B in combination with another antibiotic, because 
of limitations of this antibiotic: narrow therapeutic range, suboptimal pulmonary 
penetration, potential clinical failure, and emergency of resistance during treatment.

For patients with A. baumannii CR resistant to sulbactam, polymyxin or high doses of 
tigecycline are recommended if they are active in vitro. There is not enough evidence 
and a preferred antibiotic could not be recommended.

High doses of minocycline or tigecycline can be used with at less another antibiotic.

Tigecycline is associated with higher mortality rates and should not be used in 
presence of bacteriemia.

We conditionally advise against the use of cefiderocol for treatment of infections 
caused by A. baumannii CR (low level of evidence).

Cefiderocol should be limited to the treatment of A. baumannii CR if other 
treatments fail, or it is resistant. It is recommended to prescribe it in combined 
treatment.

Neither combinations are recommended: polymyxin-meropenem (high level of 
evidence) nor polymyxin-rifampicin (moderate level of evidence).

The use of nebulized treatment is not recommended for respiratory infections. In high risk and severe-ill patients, a combination of two antibiotics with in vitro 
activity among available therapies should be used: polymyxins, aminoglycosides, 
tigecycline, sulbactam. (very low level of evidence). If meropenem MIC is less than 
8mg/L, combined therapy with meropenem extended infusion is suggested (good 
practice).

Table 10  Differences in the IDSA and ESCMID A. baumannii CR infections treatment recommendations. 
Adapted from Tamma et al. [163] and Carrara et al. [178]
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potential for on-treatment resistance development currently 
appears to be low, although more clinical data are required. In-
formation from surveillance programs, real-world compassion-
ate use, and clinical studies demonstrate that cefiderocol is an 
important treatment option for MBL-producing P. aeruginosa 
infections, including pneumonia [140,173–175].

Acinetobacter baumannii and Stenotrophomonas 
maltophilia. A. baumannii complex and S. maltophilia are two 
opportunistic bacterial species that cause nosocomial infection 
(mainly HAP-VAP and bacteraemia). A. baumannii is associated 
with resistance mechanisms that the World Health Organiza-
tion (WHO) introduced in the “WHO priority list for research 
and development of new antibiotics for antibiotic-resistant 
bacteria” (Priority 1: critical) [176]. Especially in HAP-VAP in-
fections, combinations of ampicillin-sulbactam together with 
cefiderocol, tigecycline or colistin have been proposed to in-
crease the probability of therapeutic success [177]. IDSA and 
ESCMID recommendations in high-risk and severe ill patients 
suggest the combination of at least of two antibiotics with in 
vitro activity. Table 10 shows the differences between the rec-
ommendations for treatment of A. baumannii Carbapenems 
Resistant (CR) provided by IDSA and ESCMID [163,177,178]. 
Among the future options, it is worth highlighting the trials 
that are being carried out with sulbactam/durlobactam.

Infections caused by the opportunistic pathogen S. 
maltophilia in immunocompromised patients are complicated 
to treat due to antibiotic resistance and the ability of the bac-
teria to produce biofilm [179]. These bacteria colonize the sur-
face of medical devices such as urinary catheters, endoscopes, 
and ventilators; they can cause respiratory tract infections. Low 
outer membrane permeability due to multidrug-resistant efflux 
systems and the two chromosomally encoded β-lactamases 
present are a challenge for antimicrobial treatment. Moreover, 
there is a wide spread of antibiotic resistance genes among S. 
maltophilia that contribute to enhanced resistance to multiple 
antibiotics, such as penicillin, quinolones, and carbapenems. 

Nevertheless, tetracycline derivatives, fluoroquinolones, tri-
methoprim-sulfamethoxazole (TMP-SMX) and cefiderocol are 
considered promising antibiotics. Due to the adaptive nature of 
the intrinsically resistant mechanism and its ability to acquire 
new resistance via mutation and horizontal gene transfer, it re-
mains a challenge for clinicians [179,180]. The combination of 
ceftazidime-avibactam plus aztreonam could be a good option 
when there is resistance to TMP-SMX and fluoroquinolones 
[181]. Table 11 displays the differences between the recom-
mendations for treatment of S. maltophilia treatment provided 
by IDSA and ESCMID [163,178,182].

Current debates in respiratory sepsis

Steroids. Role of corticosteroids in severe pneumonia 
is controversial, as available evidence suggests [183–185]. 
In severe viral respiratory infections, causing pathogen is an 
important issue. As previously it has been mentioned, severe 
influenza pneumonia does not benefit from corticosteroid 
treatment [186], whereas dexamethasone is a corner stone for 
treatment of severe COVID-19 pneumonia [30]. However, some 
unanswered questions persist about the effectiveness of corti-
costeroids for this last entity. There is contradictory evidence 
about reduction of mortality in ventilated patients. A retro-
spective study of prospectively collected data conducted in 70 
ICUs (mainly Spanish), included mechanically ventilated COV-
ID-19-associated acute respiratory distress syndrome (ARDS) 
patients admitted in 2020. Patients exposed to corticosteroids 
at admission were matched with patients without, through 
propensity score matching. Primary outcome was all-cause ICU 
mortality. Secondary outcomes were to compare in-hospital 
mortality, ventilator-free days at 28 days, respiratory superin-
fection, and length of stay between them. ICU mortality did not 
differ between patients treated with and without corticoster-
oids and untreated patients. In survival analysis, corticosteroid 
treatment at ICU admission was associated with short-term 
survival benefit (HR 0.53; 95% CI 0.39–0.72), although beyond 

IDSA ESCMID

We recommend the use of 2 of the following antibiotics in combination: TMP-SMX, 
minocycline, tigecycline, cefiderocol or levofloxacin.

Consider combined therapy in severe infections, especially in immunocompromised 
patients.

We recommend the combination ceftazidime-avibactam plus aztreonam in clinical 
instability, intolerance, or resistance to other alternatives.

In patients with infections resistant to TMP-SMX or if it cannot be used, perform 
combined treatment based on in vitro activity.

Use TMP-SMX 8-12mg/kg (TMP) in combination therapy, at least until clinical 
improvement.

Use TMP-SMX at 15mg/Kg/day (TMP) in 3-4 doses adjusted to renal function.

High doses of minocycline (200mg/12h) in combination therapy is reasonable, until 
clinical improvement. Tigecycline is a sensible option.

Levofloxacin monotherapy is non-inferior to TMP-SMX monotherapy. If 
fluoroquinolones are used, emergence of resistance during treatment may appear.

We recommend cefiderocol in combined therapy until clinical improvement. In patients with limited options consider second-line agents based on in vitro test.

Use levofloxacin as part of combination therapy. It is not advised leave it on 
monotherapy after clinical improvement.

Table 11  Differences in the IDSA and ESCMID S. maltophilia infections treatment recommendations. Adapted 
from Tamma et al. [163] and Carrara et al. [178]
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the 17th day of admission, this effect switched and there was 
an increased ICU mortality (long-term HR 1.68; 95% CI 1.16–
2.45). The sensitivity analysis reinforced the results. Subgroups 
of age less of 60 years, severe ARDS and corticosteroids plus 
tocilizumab could have greatest benefit from corticosteroids. 
Short-term courses of corticosteroids decreased ICU mortali-
ty without long-term negative effects. Longer length of stay 
was observed with corticosteroids among non-survivors both 
in the ICU and in hospital. There were no significant differences 
for the remaining secondary outcomes [187]. So, it seems that 
long term treatment of corticosteroid in ICU does not give any 
benefit.

CAP requiring intensive care unit admission, as it was 
previously mentioned, is associated with significant acute and 
long-term morbidity and mortality. Some papers support it use 
[27,184], whereas others show lack of benefit [31,185,188,189]. 
Recently, hydrocortisone has shown utility in a randomized 
clinical trial, but it only showed benefit in patients with spon-
taneous ventilation, unknown microorganism, younger than 65 
years, women, milder pneumonia, and patients with strong in-
flammatory reaction -C reactive protein more than 15 mg/dL- 
[27]. So, patient’s phenotype plays an important role to reach 
benefit from corticosteroid therapy in severe CAP [31,190].

Some meta-analyses have been performed to try to solve 
this question, but they lack enough validity due to risk of bias 
or because they included too old studies [191–195]. It seems 
that corticosteroid can aid to avoid death in patients in ICU 
with septic shock [196].

The controversy over the impact of corticosteroids on CAP 
still persists. The limitations of the studies and meta-analy-
ses do not allow us to give a definitive answer. New machine 
learning techniques might resolve this controversy, which may 
allow evaluating the impact of corticosteroids according to dif-
ferent clinical phenotypes based on large real-life databases 
[197–199].

Use of vasoactive amines. Sepsis is an organic dysfunc-
tion caused by a dysregulated patient’s answer to infection and 
it can cause death. Sepsis and septic shock are important and 
prevalent health issues worldwide and they kill between one 
and three of each six affected patients. Sepsis caused death 
of 11 million people in 2017, which is 20% of total worldwide 
mortality. Early identification and proper management in first 
hours are key to improve outcomes. The main priority is to cor-
rect hypoperfusion [200,201].

Current guidelines recommend offering 30 mL/kg of in-
travenous crystalloid within the first three hours, with a low 
quality of evidence. They also recommend considering addi-
tional fluids which must be guided by frequent reassessment 
of hemodynamic status [201]. However, there is a risk of un-
der or over-resuscitation in some patients, so alternative ap-
proaches have been proposed. To offer 10 mL/kg of intravenous 
crystalloid within first hour seems a safer method. After this, 
a revaluation of the patient must be done to assess signs of 
hypovolemia or congestion and to tailor therapy to those signs 
[202].

Objectives of hemodynamic reanimation are to assure an 
adequate perfusion pression and to correct hypoperfusion data 
[203], as can be seen in Figure 3. Mean arterial pressure (MAP) 
objective is 65 mmHg. Higher objectives, such as 85 mmHg, 
increase risk of atrial fibrillation, but in patients with previous 
chronic hypertension this objective can reduce rate of use of 
renal replacement therapies [204]. Early use of vasopressors is 
advised to achieve this personalized objective. Norepinephrine 
is the first choice because it potentiates the efficacy of volume 
expansion, and it is associated with lower mortality, shorter 
time to achieve target MAP and less volume of intravenous flu-
ids [205,206]. Dose of norepinephrine must be tailored to pa-
tient’s response until doses between 0.25-0.5 µg/Kg/min. Nor-
epinephrine perfusion can be delivered by a peripheric venous 
access, such as a vein in antecubital fossa with a wide catheter 
(number 18 or wider). This approach allows to begin with vas-
opressor administration earlier until a central venous access is 
secured [201,207]. Although norepinephrine is the preferred 
option to achieve MAP objective in septic shock, there are oth-
er drugs with different profiles of effects over adrenergic and 
other vascular wall and heart receptors [208]. There is strong 
evidence against use of dopamine in septic shock because it is 
associated with higher mortality and risk of arrhythmias [209].

If objective MAP is not achieved despite an adequate fluid 
resuscitation and optimized norepinephrine perfusion, guide-
lines recommend adding vasopressin (0.01 – 0.03 U/min, fixed 
dose) instead of increasing norepinephrine doses. In case this 
combination is not enough, epinephrine must be considered. 
Also, corticosteroids can be employed if hypotension persists. 
Terlipressin must be avoided because it increases risk of periph-
eral and mesenteric ischemia. End of vasoactive drug perfusion 
may be considered if patient is stable and without hypoper-
fusion signs for at least six hours, and catecholamines are the 
first drugs to be progressively withdrawn [201].

Patients with myocardial disfunction will also need in-
otropes. There are two choices: to use a combination of 
dobutamine and norepinephrine or epinephrine alone. Neither 
has demonstrate superiority over the other option, but the em-
ployment of dobutamine and norepinephrine allows to adjust 
each drug independently from the other and prevents potential 
lactic acidosis produced by epinephrine [201]. Levosimendan 
is associated with higher frequency of supraventricular tach-
yarrhythmias and lower rates of successful weaning from me-
chanical ventilation, so it must be avoided [210].

These facts are summarized in an algorithm (Figure 3). As 
can be seen, therapy must be tailored to patient’s characteris-
tics and response to therapies. A personalized approach is key 
to get best results.

Ventilatory support. Severe pneumonia is a leading cause 
of acute respiratory distress syndrome -ARDS-. Classic defini-
tion of ARDS attends only to relationship between oxygen arte-
rial partial pression and oxygen inspired fraction -PAFI- [211]. 
Emerging evidence in recent years, as well as the experience 
with the COVID-19 pandemic, have made evident the need 
for other parameters in addition to PAFI to adapt ventilatory 
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Figure 3  Algorithm of hemodynamic management.

MAP: mean arterial pressure, cvSO2: central venous oxygen saturation, P(v-a)CO2: partial pression veno-arterial of CO2, Tv: tidal volume, PPV: pulse pression variation, 
SVV: systolic volume variation, IVT: integral of velocity with respect to left ventricular outflow tract flow, DIVC: inferior vein cava diameter, MFC: mini-fluid challenge, 
PLE: passive leg elevation, EEO: end-expiratory occlusion, SV: systolic volume, CW: cardiac waste, LVEF: left ventricle ejection fraction, CI: cardiac index, CFI: cardiac 
function index, ELWI: extravascular lung water index, GEDI: global end-diastolic global volume index, PAFI: relationship between oxygen arterial partial pression and 
oxygen inspired fraction, e/e’: echocardiogram e/e’ index.
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points, mechanical ventilation more than 7 days (special con-
sideration with plateau pressure >30 cmH2O, impossibility of 
pressure>10 mmH2O, FiO2 > 0.9). It is a relative contraindica-
tion, severe pharmacological immunosuppression (neutrophils 
< 400/mm3), coma after cardiac arrest, comorbidities (active 
malignant disease, obesity, chronic heart disease, non-trans-
plantable lung disease, cirrhosis with ascites, irreversible neu-
rological disease), haemorrhagic or potentially haemorrhagic 
central nervous system lesions, impossible cannulation.

Patients with severe bacterial pneumonia can benefit from 
this technique [221,222] and it also has demonstrated utility in 
severe COVID-19 [223–225].

Although it is a live saving procedure for severe ill pa-
tients, it is associated with potential lethal complications such 
as catheter-related bacteraemia (14-44 ‰ catheter days), VAP 
(20-60‰ days of ventilation), catheter-related urinary tract 
infection (1-14‰ days of catheterization) and it also affects 
the pharmacokinetics and pharmacodynamics of some drugs 
(for example lipophilic drugs) [220,226–231]. In Spain, nosoco-
mial infections were more frequent in patients with COVID-19 
pneumonia [226]. Moreover, diagnosis of infectious complica-
tions is difficult due to frequent absence of fever, blood dyscra-
sias caused by technique and hypotension. Biomarkers, such 
as procalcitonin and lactate, are useful to recognize infectious 
complications [232].

Nowadays, ECMO could be consider as an essential tech-
nique that contributes to improving the patient’s condition 
with refractory SDRA for clinical recovery.

Approach to fungal pneumonia

Pneumonia by Pneumocystis jirovecii in patients 
without human immunodeficiency virus (HIV). P. jirovecii 
pneumonia (PJP) in patients without HIV infection is an im-
portant problem to clinicians nowadays. Its prevalence is ris-
ing because there is a growing number of vulnerable patients 
each year, diagnosis is usually delayed because of low grade of 
suspicion and, therefore, mortality is higher than in patients 
with HIV infection [233]. Risk factors for developing PJP are 
[119,234–237]:

• Acute lymphoblastic leukaemia.

• Allogenic stem cell transplant.

• Solid organ transplant. In those patients, PJP usually de-
velops in the first two months from transplant. Additional 
risk factors for those patients are age more than 65 years, 
CMV infection in the year preceding the transplant, im-
munosuppressive therapy containing tacrolimus and lym-
phopenia in the 50 days prior to transplant (<750 mm3).

• Autologous stem cell transplant for underlying hemato-
logic malignancy.

• Chimeric antigen receptor-modified T-cell therapy.

• Primary immunodeficiency: severe combined immunode-
ficiency, idiopathic CD4 T-lymphopenia, hyper IgM syn-
drome.

support to patients with ARDS [212]. In fact, a great variabil-
ity in mortality between different ICU services was observed 
during COVID-19 pandemic. These variations were attributed 
to heterogeneous organization and level of training, early use 
of respiratory support and prevention of secondary infections 
[213]. It also showed importance of longitudinal assessment 
of patients. Several phenotypes were recognized in patients 
with COVID-19, and an increase of dead space and mechanical 
power were associated with poorer prognosis [214]. Precision 
medicine, along with tailored therapies to single characteristics 
of each patient, has been recognized as an important require-
ment to improve outcomes in intensive care. To realise this, 
it is necessary an exhaustive monitoring and data-driven de-
cision-making [215]. Current guidelines recognize importance 
of different phenotypes based on systemic inflammatory re-
sponse, lung radiographic morphology, clinical features, and 
longitudinal changes in respiratory parameters; but they are 
not very flexible, and they lack enough detailed recommenda-
tions to tackle these longitudinal evolutionary changes [216]. 
The identification of these phenotypes may allow better out-
comes. It is also important to recognize ARDS in illness that 
do not affect lungs primarily, because in these cases a delayed 
diagnosis is frequent [216,217]. Moreover, in non-invasive ap-
proaches, election of interface is very important. For example, 
in COVID-19 pandemic, continuous positive airway pressure 
-CPAP- was better than high flow nasal oxygen -HFNO- [218].

A protective strategy to perform invasive mechanical ven-
tilation is key to prevent harm derived of medical procedures 
and to improve clinical results. Periodical evaluations are need-
ed to tailor ventilatory parameters to patient’s evolution. Com-
mon mistakes to avoid are [219]: Breath-stacking or expiratory 
dysynchrony, excessive or insufficient ventilator assistance, 
excessive or insufficient sedation and excessive or insufficient 
PEEP (positive end-expiratory pressure).

Finally, considering these concepts, a unified approach is 
proposed to treat patients with ARDS (Figure 4).

Extracorporeal membrane oxygenation (ECMO). ECMO 
provides circulatory (venous and/or arterial) and/or respiratory 
support for a short period of time (days or weeks) in patients 
with cardiac or respiratory failure refractory to conventional 
treatments [220]. Clinicians can indicate ECMO in these set-
tings when all other available treatments fail [220]: Pneumonia 
of any aetiology, aspiration syndromes, alveolar proteinosis, 
obstetric pathology, inhalation syndromes, airway obstruction, 
pulmonary contusion, bronchopleural fistula, bridge therapy, 
intraoperative respiratory support, asthmatic status, pulmo-
nary haemorrhage or massive haemoptysis, hypercapnia (pH < 
7.20) and/or PaCO2 > 80 mmHg, inability to maintain plateau 
pressure < 30 cmH2O, pulmonary vasculitis.

ECMO contraindications in ARDS are [220]: lung disease 
without predictable recovery of lung function if lung trans-
plant is not indicated, contraindications for anticoagulation 
treatment, age > 65 years (more limited evidence). It is a 
relative contraindication, multiorgan failure with SOFA > 15 
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Figure 4  Unified approach to treat ARDS.
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do this test prior to bronchoscopy and to avoid it if test result 
is negative [245]. Patients with high grade of suspicion may 
need molecular techniques in respiratory samples. In patients 
with both negative tests, PCP is very unlikely. If both tests are 
positive, PCP is probable. Finally, in patients with serum positive 
β-D-glucan and negative PCR in respiratory sample, it must 
be reconsidered to perform a bronchoscopy and other fungal 
infections should be discarded.

These concepts are aligned with the European Organiza-
tion for Research and Treatment of Cancer and the Mycoses 
Study Group Education and Research Consortium (EORTC/
MSEGERC) consensus to define invasive fungal disease [247]. 
Host factors -immunosuppression-, clinical criteria -symptoms, 
signs, and radiological findings -, and microbiologic criteria 
must be fulfilled to achieve a diagnosis. According to the de-
gree of certainty, two categories can be distinguished:

• Proven PCP. Patient with clinical and radiological criteria, 
who also has a positive immunofluorescence staining in 
tissue or respiratory sample.

Probable PCP. Patient with predisposing host factors, clin-
ical and radiological criteria who also has a positive molecu-
lar technique in respiratory specimens or positive detection of 
β-D-glucan. In this last scenario, clinicians should have a high 
grade of suspicion for another invasive fungal infection, be-
cause it could be a false positive.

As it has been shown, there is still some uncertainty to 
make a sure diagnosis of PCP. Novel approaches such as de-
tecting circulating DNA of P. jirovecii in serum and machine 
learning tools have been demonstrated itself promising and 
their routine employment may be near [248,249].

Despite new diagnostic tools developed in last years, treat-
ment of PCP has remained without changes and high dose of 
trimethoprim-sulfamethoxazole (15 mg/kg/d iv) continues 
being treatment of choice for most patients [119]. However, 
this high dose is often associated with negative adverse events 
which can be treatment limiting, so a clinical trial is nowadays 
active to compare standard dose with low dose (10 mg/kg/d) 
[250]. In patients not infected with HIV, the use of corticoster-
oids in moderate-severe pneumonia with hypoxemia remains 
controversial.

Invasive aspergillosis. The clinical presentation of asper-
gillosis lung disease is determined by the interaction between 
fungus (Aspergillus spp., with their virulence factors and/or re-
sistance to antifungals) and their host (generally dependent on 
its immune status and previous structural bronchopulmonary 
local involvement). Invasive pulmonary aspergillosis (IPA) de-
velops in severely immunocompromised patients, such as on-
co-haematology patients -especially those with neutropenia-, 
and its incidence is rising in the non-neutropenic, including 
lung transplant recipients, the critically ill patients and patients 
on corticosteroid treatment [251]. 

A high index of suspicion is required in patients with-
out the typical risk factors (severe and prolonged neutrope-
nia, HIV infection, high dose steroids, cirrhosis, alteration of 

• Patients receiving high-dose corticosteroid treatment 
(equivalent to 20 mg or more of prednisone daily for more 
than one month) who have additional cause of immuno-
deficiency, such as malignancy or additional immunosup-
pressive medications.

• Patients with COVID-19 and low count of lymphocytes, 
prior immunosuppression, more days of illness, high doses 
of corticosteroids or long courses of them.

• Other immunosuppressive therapies, such as anti-CD20 
monoclonal antibody, cytotoxic chemotherapy, mTOR in-
hibition, calcineurin inhibition, phosphatidylinositol 3-ki-
nase inhibition, etc.

• Previous episode of PJP.

Although there is not a complete consensus for all these 
groups of patients, they should take PJP chemoprophylaxis, 
usually with low dose of trimethoprim-sulfamethoxazole (e.g. 
800/160 mg by mouth thrice a week) [119,234].

Patients with PJP usually suffer from sudden shortness 
of breath with respiratory failure, non-productive cough, and 
fever. They also have serum lactate-dehydrogenase (LDH) lev-
els higher than patients with PCP and HIV. Chest X-ray can be 
initially normal or with interstitial infiltrates. Traditional mi-
crobiological methods for diagnosis are special staining of res-
piratory samples (toluidine blue, Giemsa, silver-methenamine) 
and immunofluorescence. This last one, made in BAL sample, 
is considered gold-standard test. Recently, molecular tech-
niques such as PCR of respiratory specimens and detection of 
β-D-glucan in serum are available [233]. However, it is neces-
sary to facilitate the diagnosis, so innovative approaches have 
been developed in last years:

• Detection of P. jirovecii by molecular techniques (PCR) in 
oral wash samples in immunocompromised patients or na-
sopharyngeal swabs. Both methods have a high negative 
predictive value (NPV) near to 100%, but a lower positive 
predictive value -70-80%- [238,239].

• PCR in respiratory samples is an extremely sensitive tech-
nique, so it is vulnerable to false positives. Cycle threshold 
(Ct) is useful to distinguish false from true positives. Lower 
Ct -less than 30- is associated with illness, whereas higher 
Ct -more than 35- is associated with colonization [240].

Detection of high serum concentration of β-D-glucan 
(>200 pg/mL with Fungitell®) is correlated with likelihood of 
illness in oncologic patients, and it has a high negative predic-
tive value in patients with negative PCR [241].

There are several commercial kits to detect β-D-glucan in 
serum, with different thresholds. Serum levels associated with 
PCP are higher than the ones registered with candidemia [242].

This emerging knowledge can be summarized as 
[241,243–246]: Immunofluorescence performed in BAL re-
mains gold-standard test. Immunofluorescence stains made in 
induced sputum is also accepted as diagnostic proof of PJP. In 
patients unable to endure a bronchoscopy, serum β-D-glucan 
has a high NPV that allows rule-out PJP in patients with low 
to moderate grade of suspicion. In fact, Bigot et al propose to 
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with respiratory origin or HAP/VAP. Molecular biology tech-
niques in microbiology could contribute to obtain quicker 
results to achieve therapeutic success. New documents that 
give answers to important questions about CAP, HAP, and 
VAP are available. Interdisciplinary teams generate knowl-
edge that might improve clinical results. Beta-lactam al-
lergy in patients with pneumonia is associated with worse 
outcomes due to therapeutical limitations. False label of 
beta-lactam allergy must be removed as soon as possible, 
and profile of hypersensitivity must be defined to allow use 
of beta-lactam antibiotics which lack of cross-reactions in 
a particular patient. Multidisciplinary projects such as Ze-
ro Pneumonia are useful to prevent VAP. Severe CAP is a 
main cause of mortality despite efforts done in last dec-
ades. A timely approach is essential to change this, and a 
tailored use of antibiotics may help to achieve better end-
ings. Sequential therapy is strongly recommended to treat 
pneumonia, because it is a safe alternative and is associ-
ated with lower cost and length of stay than exclusive in-
travenous therapy. Several options are available. Alterna-
tives currently available in MBL-producing P. aeruginosa 
isolates are: cefiderocol, aztreonam-avibactam, high doses 
of amikacin and synergistic combinations tailored to an-
tibiotic in vitro test results, including fosfomycin, colistin 
or others, systemically and/or nebulized. New beta-lactam 
antibiotics are available to treat HAP and VAP, with better 
outcomes than older alternatives. A personalized approach 
must be employed to choose the best empiric treatment 
available, and clinicians must bear in mind specific patient 
profile, local epidemiology, and results of stains and mo-
lecular methods such as PCR. Nebulized antibiotics are not 
recommended for treatment, whereas they may be useful 
for prophylaxis of VAP. Ceftazidime-avibactam, meropen-
em-vaborbactam and cefiderocol are current alternatives in 
the treatment of HAP-VAP caused by non-MBL CRE, espe-
cially carbapenemases OXA-48 like and KPC types. A. bau-
mannii complex and S. maltophilia are two opportunistic 
bacterial species that cause nosocomial infection (mainly 
HAP-VAP and bacteraemia). The IDSA and ESCMID recom-
mendations could be of help to elaborate an individualized 
treatment in multi-resistant isolates. The controversy over 
the impact of corticosteroids on CAP still persists. It can be 
resolved by applying new machine learning techniques that 
could identify phenotypes that benefit from this treatment. 
Sepsis and septic shock are illness with a high associated 
prevalence and mortality. Early correction of hypoperfusion 
with intravenous fluids and promptly vasoactive therapy 
can enhance patient’s results. An adapted therapy to pa-
tients with severe pneumonia and respiratory failure might 
improve clinical results. A holistic approach and intensive 
monitorization allow get ahead of potential problems. EC-
MO provides circulatory and/or respiratory support for pa-
tients with refractory SDRA. It allows patients to heal when 
other methods are ineffective. In fungal world, IPA caused 
by Aspergillus spp remains a great challenge in the ICU for 
both its diagnosis and treatment, in part due to the diffi-
culty of differentiating between colonization and infection. 

T lymphocyte function, acute myeloid leukaemia, and alloge-
neic hematopoietic cell transplantation) as early presentation 
is usually silent and non-specific and pyrexia is uncommon. 
This high index of suspicion is very important because timely 
treatment is crucial for survival. Recently, acute viral infec-
tions have been associated with IPA leading to the concepts 
of influenza-associated IPA (IAPA) and COVID-19-associated 
IPA (CAPA) [251,252]. These viral infections may affect pa-
tients without underlying disease. Invasive aspergillosis has 
also been diagnosed in normal hosts after massive exposure 
to fungal spores (mainly A. fumigatus). Chronic pulmonary as-
pergillosis affects patients without obvious immune compro-
mise, but with an underlying lung condition such as chronic 
obstructive pulmonary disease (COPD) or sarcoidosis, prior or 
concurrent tuberculous or non-tuberculous mycobacterial 
disease [252–254]. An invasive form of aspergillosis is seen in 
lung and heart transplant recipients that involves the trachea 
and bronchi, and in particular, the bronchial anasthosmosis.. 
Asymptomatic colonisation of the respiratory tract needs 
close monitoring as it can lead to clinical disease especially 
with future immunosuppression [253,254]. The halo sign is 
the radiological representation of lung infarction that follows 
angioinvasion by hyphae. The nodule represents the coagula-
tion necrosis, and the halo is the oedema and haemorrhage 
that surround the zone of infarction. Although not specific, 
its presence in persistently febrile neutropenic patients must 
be interpreted as suggestive of an invasive disease. An im-
portant contribution to the management of IPA was made 
by studies showing the importance of the halo sign as the 
earliest detectable mark of disease [252].

Several tests are available for the diagnosis of IPA main-
ly in two types of clinical sample: BAL and serum. In both 
of them, specific PCR, lateral flow device, determination of 
β-1-3 D-glucan and galactomannan can be performed. In 
BAL samples the culture could be recommended to study sus-
ceptibility. [254].

Currently, there is not scientific evidence to support the 
superiority of one antifungal over another for the treatment of 
CAPA/IAPA. Therefore, it is recommended to follow the treat-
ment indications in current national and international guide-
lines, considering the peculiarities of critical patients and, in 
particular, of patients with severe viral pneumonia due to in-
fluenza or COVID-19 [253,254]. It is recommended to include 
voriconazole, isavuconazole or liposomal amphotericin B as 
first-line drugs for the treatment of CAPA/IAPA patients. Sur-
gery must be considered in case of great vessel affectation or 
massive haemoptysis. The antifungal treatment of CAPA/IAPA 
patients is recommended until diagnosis is confirmed [254]. 
New antifungal could be in the future therapeutic arsenal to 
treat Aspergillus spp. resistant isolates such as fosmanogepix, 
olorofim, opelconazol, ibrexafungerp and rezafungin [255,256].

CONCLUSIONS

Targeted treatment has always been a great challenge 
in planning clinical work algorithms, especially in sepsis 
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