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Abstract 

Background  Severe community-acquired pneumonia represents the most critical manifestation of pneumonia 
acquired outside the hospital and remains a major cause of intensive care admission and death worldwide. It is fre‑
quently complicated by acute respiratory failure, circulatory shock, and multiple organ dysfunction, with mortality 
commonly exceeding 25–40%. Despite progress in vaccination programmes, microbiological diagnostics, and critical 
care support, major uncertainties persist regarding early recognition, pathogen identification, antimicrobial selection 
and duration, management of co-infections, and assessment of treatment response. These challenges are amplified 
by increasing host heterogeneity and antimicrobial resistance.

Main body  Contemporary epidemiological studies consistently demonstrate that mortality in severe community–
acquired pneumonia is closely linked to the severity of organ dysfunction rather than to pulmonary involvement 
alone. In response, the recent international guideline definitions incorporate both respiratory and systemic criteria 
to standardise identification and guide early triage. However, these frameworks also reveal substantial variability 
related to host factors that influence clinical presentation, microbiological findings, and outcomes. Advanced age, sex, 
chronic cardiopulmonary disease, diabetes, frailty, and prior healthcare exposure modify risk, while immunocompro‑
mised populations—including transplant recipients, patients with malignancy, individuals receiving immunomodu‑
latory therapies, and people living with Human Immunodeficiency Virus in resource-limited settings—face distinct 
diagnostic and therapeutic challenges.

Accurate microbiological diagnosis remains difficult, with mixed or unidentified infections frequently encountered. 
Structured respiratory sampling and molecular diagnostic techniques, particularly lower respiratory tract multiplex 
polymerase chain reaction panels, have improved pathogen detection and support earlier optimisation of antimicro‑
bial therapy. Biomarkers such as procalcitonin and C-reactive protein provide complementary information on disease 
trajectory and response to treatment, enabling more confident reassessment and earlier discontinuation of antibiotics 
when aligned with clinical improvement. Severity stratification using combined clinical scores, radiological extent, 
and laboratory markers refines prognostication and informs treatment intensity. Empiric antimicrobial therapy should 
be initiated promptly and individualised according to patient-specific risk factors for resistant pathogens, with system‑
atic reassessment within 24–48 h. Adjunctive strategies, including advanced respiratory and haemodynamic support, 
corticosteroids in selected inflammatory phenotypes, and emerging host-directed therapies such as intravenous 
immunoglobulins, form part of a personalised management approach.
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Conclusions  An integrated, multidisciplinary strategy that links early recognition, diagnostic precision, severity 
assessment, and personalised therapy offers a coherent pathway to improve outcomes and promote responsible 
antimicrobial use in severe community-acquired pneumonia.

Keywords  Severe community-acquired pneumonia, Biomarkers, Diagnosis, Multiplex PCR, CURB-65, Antimicrobial 
stewardship, Corticosteroids, Immunomodulation, Intensive care

Background
Community-acquired pneumonia (CAP) remains one 
of the leading causes of morbidity and mortality world-
wide, in low income countries, and continues to pose a 
massive burden on healthcare systems. Lower respiratory 
tract infections caused by CAP accounted for nearly 2.38 
million deaths globally in 2016 [1]. Among CAP cases, a 
substantial fraction progress to its most dangerous form, 
severe community-acquired pneumonia (sCAP) which 
frequently leads to acute respiratory failure, septic shock, 
and multi-organ dysfunction. In high income countries, 
about 2–20% of CAP patients require ICU admission due 
to severity. Once admitted to the ICU with sCAP, mortal-
ity remains alarmingly high. Cohort studies report case-
fatality rates ranging from 21% up to 54%, with many 
analyses clustering around 25–35% [1, 2]. These sobering 
figures underscore that despite advances in diagnostics, 
vaccination, antimicrobial therapy and critical care sup-
ports, sCAP remains a life-threatening condition, a stark 
reminder of the urgent need for better risk stratification, 
rapid and precise microbiological diagnostics, personal-
ised therapeutic frameworks, and improved preventive 
measures.

Recognition and management are further complicated 
by diagnostic and therapeutic uncertainties, including 
undetermined aetiology at presentation, marked host-
related heterogeneity, and ambiguity around optimal 
antimicrobial duration. Substantial variation in clinical, 
host, pathogen(s), and treatment factors shapes disease 
presentation and response. Age, sex, and comorbidities 
such as chronic cardiopulmonary disease, diabetes, and 
frailty modify risk profiles, while immunosuppressed 
groups including solid-organ transplant recipients, 
patients with cancer or on immunomodulatory therapy, 
and individuals living with HIV in low- and middle-
income countries exhibit distinct trajectories and addi-
tional diagnostic challenges [3–5]. Clinicians across 
healthcare settings therefore face recurring questions 
during the course of illness such as, whether the patient 
is at risk of progressing to sCAP, whether infection is 
truly present and by which pathogen, whether infec-
tion has resolved with treatment, and whether refrac-
tory infection or infectious/non-infectious complications 
have emerged. These reflect the dynamic and often chal-
lenging decision-making inherent to sCAP [4]. The lack 

of definitive diagnostic markers, variability in biomarker 
interpretation, and challenges in defining antibiotic dura-
tion further compound these issues. Biomarker-embed-
ded algorithms can help but must always be applied 
within clinical context and importantly never as stand-
alone toll [6, 7]. Such uncertainty reinforces the need for a 
structured, integral approach that links early recognition, 
precise microbiologic diagnosis with biomarker support, 
severity stratification, and individualised therapy guided 
by contemporary international guidelines and system-
atic reassessment at 24–48 h [3, 4, 8, 9]. sCAP should not 
be regarded as a localised pulmonary infection but as a 
systemic inflammatory disease with multi-organ involve-
ment, a final common pathway of dysregulated host–
pathogen interaction leading to sepsis, Acute Respiratory 
Distress Syndrome (ARDS), and multi-organ failure [8].

Adding to this complexity is the fact that community-
acquired pneumonia is understood differently across 
clinical specialties, shaped by their distinct conceptual 
frameworks and priorities. CAP remains a heterogene-
ous clinical syndrome whose definition, assessment, and 
management vary according to care setting and disease 
severity. Although international guidelines offer stand-
ardised diagnostic and therapeutic criteria, substantial 
variation persists in how clinicians interpret and opera-
tionalise them in practice. For respiratory physicians, 
attention is often directed toward the extent of paren-
chymal involvement and the physiological impact on gas 
exchange whereas infectious diseases specialists tend to 
prioritise microbial aetiology, antimicrobial selection, 
and resistance profiles. Intensivists, in turn, often con-
ceptualise severe CAP within the broader framework 
of sepsis, shock, and evolving multi-organ dysfunction. 
These divergent perspectives drive heterogeneity in diag-
nostic pathways and therapeutic choices, underscoring 
the necessity for harmonised, multidisciplinary strategies 
to optimise patient outcomes [5, 10].

Given these conceptual and operational inconsist-
encies, there is a critical need for a unified framework 
that harmonises infection recognition, diagnosis, and 
management across clinical specialties. This review 
uses these uncertainties as a platform to examine and 
synthesise current evidence regarding the definition 
and epidemiology of sCAP, the diagnostic approach 
including the emerging role of biomarkers, the utility 



Page 3 of 16Asis et al. Journal of Intensive Care           (2026) 14:21 	

of risk-stratification tools for assessing disease severity, 
and the spectrum of management strategies encompass-
ing antimicrobial therapy, co-treatments, and adjunctive 
interventions. By integrating findings from the recent 
multicentre studies and contemporary clinical guidelines, 
this review aims to promote a cohesive and multidiscipli-
nary strategy for the recognition and treatment of sCAP, 
bridging the perspectives of respiratory medicine, infec-
tious diseases, and critical care to improve outcomes in 
this high-risk population.

Epidemiology
Classical population studies established the epide-
miologic foundations of CAP and demonstrated wide 
variation in outcomes depending on care setting. In a 
landmark study, Fine et  al. developed the Pneumonia 
Severity Index (PSI), showing that overall mortality for 
CAP ranges from < 1% among low-risk outpatients to 
approximately 27% in the highest-risk group requiring 
hospitalisation [11]. Subsequent work confirmed that 
mortality escalates sharply with severity, typically < 5% 
in ward-treated patients, 10–20% among those needing 
high-dependency care, and up to 30–50% in cases admit-
ted to ICU [9, 12, 13]. These early multicentre datasets 
remain highly relevant illustrating that CAP severity and 
outcome correlate with age, comorbidities, and physi-
ologic instability at presentation.

Within hospital cohorts, sCAP represents approxi-
mately 10–20% of all CAP admissions and accounts for 
most pneumonia-related ICU deaths. In a large multi-
centre analysis involving 664 patients admitted to ICU 
with sCAP, Ferrer et al. found that 30–day mortality was 
16% in those without shock or invasive mechanical ven-
tilation (IMV), 25% in those with shock alone, 30% with 
IMV alone, and 38% when both were present. Median 

ICU stay extended from 3 days in non-shocked patients 
to 11 days in those with combined shock and IMV, high-
lighting the additive risk of cardiorespiratory failure [14].

The data from the Global Burden of Disease (GBD) 
2019 project reinforce that lower respiratory infections 
including CAP remain a leading cause of death in all age 
groups, responsible for 2.6 million deaths worldwide in 
2019 despite improved vaccination and access to anti-
microbials [15]. Similarly, Jain et  al. demonstrated in a 
large prospective US cohort that pneumonia requiring 
hospitalisation continues to be associated with significant 
morbidity, particularly in elderly patients and those with 
chronic conditions [16]. However, because the data from 
many low- and middle-income countries remain limited, 
the true mortality burden is likely underestimated.

Definition
The definition of severe community-acquired pneumo-
nia (sCAP) has evolved from broad, radiology-driven 
descriptions to consensus-based frameworks integrating 
respiratory failure and systemic organ dysfunction, with 
the aim of standardising patient identification, optimising 
ICU triage, and harmonising clinical research inclusion 
criteria.

A major milestone was the 2007 American Thoracic 
Society/Infectious Diseases Society of America (ATS/
IDSA) guideline, which introduced a unified severity 
classification distinguishing severe from non-severe 
CAP using major and minor criteria (Table  1) [17]. 
Major criteria included the need for invasive mechani-
cal ventilation and septic shock requiring vasopres-
sors, while minor criteria encompassed physiological 
and radiological markers such as multilobar infiltrates, 
hypotension, and tachypnoea. These criteria were 
refined in the 2019 ATS/IDSA update, defining sCAP as 

Table 1  2019 ATS/IDSA criteria for severe community-acquired pneumonia [4]

BUN Blood urea nitrogen, DIC Disseminated intravascular coagulation, PaO₂/FiO₂ Ratio of arterial oxygen partial pressure to fraction of inspired oxygen, WBC White 
blood cell count

Category Criteria Clinical description/comment

Major criteria Septic shock requiring vasopressors Indicates circulatory failure secondary to infection

Need for invasive mechanical ventilation Indicates severe respiratory failure requiring intubation and ventilatory support

Minor criteria Respiratory rate ≥ 30 breaths/min Reflects respiratory distress and compensatory tachypnoea

PaO₂/FiO₂ ≤ 250 Reflects impaired gas exchange and hypoxemia

Multilobar infiltrates Radiologic indicator of disease extent and severity

Confusion/disorientation Marker of systemic inflammatory response and cerebral hypoperfusion

Uraemia (BUN ≥ 20 mg/dL) Reflects renal dysfunction or dehydration

Leukopenia (WBC < 4 × 10⁹/L) Suggests severe infection or sepsis-induced marrow suppression

Thrombocytopenia (platelet count < 100 × 10⁹/L) Marker of systemic inflammatory response or DIC

Hypothermia (core temperature < 36 °C) Indicator of severe systemic infection and poor host response

Hypotension requiring aggressive fluid resuscitation Reflects circulatory compromise prior to shock
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the presence of one major or three or more minor cri-
teria, thereby shifting emphasis away from radiographic 
extent alone toward markers of respiratory failure and 
systemic dysfunction [4], Validation studies have con-
sistently shown that these criteria reliably predict ICU 
admission and mortality, supporting their clinical util-
ity and practicality for bedside decision-making [18].

Building on this evolution, the joint European Res-
piratory Society (ERS), European Society of Intensive 
Care Medicine (ESICM), European Society of Clinical 
Microbiology and Infectious Diseases (ESCMID), and 
Latin American Thoracic Association (ALAT) inter-
national guidelines further reframed sCAP as a syn-
drome of critical infection, defined by the coexistence 
of pulmonary failure and systemic organ dysfunction 
rather than isolated respiratory compromise [5]. This 
conceptualisation aligns sCAP more closely with sep-
sis and acute respiratory distress syndrome paradigms 
and recognises its heterogeneous bacterial, viral, and 
mixed aetiologies. The framework incorporates micro-
biological confirmation where feasible, host-response 
profiling, biomarker integration, and structured 

organ-dysfunction assessment to support early ICU tri-
age and therapeutic precision (Table 2) [5].

Within this context, severity stratification remains 
essential for prognostication and escalation of care. Bio-
markers, such as procalcitonin (PCT) provide dynamic 
insight into host response, with persistently elevated or 
non-declining levels associated with treatment failure 
and mortality in CAP and sCAP [6, 7, 19]. However, bio-
marker interpretation must be integrated with physiolog-
ical assessment and clinical scoring systems to accurately 
reflect disease severity.

Among clinical tools, CURB-65 remains widely used 
and captures systemic involvement beyond the lung 
through renal, circulatory, and neurological parameters 
[8]. In sCAP, CURB-65 is particularly informative when 
combined with biomarker trajectories, as discordance 
between clinical scores and inflammatory markers may 
signal occult organ dysfunction or recovery [6, 7, 19].

Additional CAP-specific tools, including the sCAP 
score and SMART-COP, further refine risk stratification 
and have been externally validated for predicting ICU 
admission, need for advanced respiratory or vasopres-
sor support, and mortality [36, 37]. From a critical care 

Table 2  ERS/ESICM/ESCMID/ALAT framework for severe community-acquired pneumonia (sCAP) [5]

ARDS Acute Respiratory Distress Syndrome, CAP Community-Acquired Pneumonia, CRP C-reactive Protein, HFNO HighFlow Nasal Oxygen, ICU Intensive Care Unit, 
IMV Invasive Mechanical Ventilation, NIV Non-Invasive Ventilation, PCR Polymerase Chain Reaction, PCT Procalcitonin, RSV Respiratory Syncytial Virus, sCAP Severe 
Community-Acquired Pneumonia

Domain Key principle and rationale

Definition of severity Severe CAP is characterised by acute respiratory failure requiring advanced oxygenation or ventilatory 
support (HFNO, NIV, or IMV), or circulatory failure requiring vasopressors. These features reflect the transi‑
tion from isolated lung infection to systemic critical illness, helping clinicians identify patients needing 
urgent escalation and ICU admission

Diagnostic strategy Early acquisition of microbiological specimens (including sputum or tracheal aspirates, urine antigens, 
blood cultures, and multiplex PCR panels) before starting antimicrobials increases diagnostic yield 
and supports targeted therapy. Results should be reassessed within 24–48 h to refine treatment rather 
than continuing broad-spectrum therapy empirically

Role of biomakers Biomarkers such as PCT can complement clinical judgment by assisting in differentiating bacterial 
from viral infection, guiding antimicrobial duration, and monitoring response. However, they should be 
interpreted within a broader clinical context and not act as stand-alone decision-makers

Empirical antimicrobial therapy Initial broad-spectrum antimicrobial therapy covering both typical and atypical pathogens (e.g., β-lactam 
plus macrolide) is recommended to avoid delays in appropriate treatment, which are strongly associated 
with mortality. Local resistance epidemiology should guide drug choice

Viral and Mixed Infections Management Because viral and mixed aetiologies are increasingly recognised in sCAP, routine viral testing (influenza, 
SARS-CoV-2, RSV) is encouraged. Early initiation of antivirals when indicated may reduce progression 
and complications

Host and organ dysfunction assessment Severity assessment should encompass markers of systemic involvement (e.g., shock, ARDS, acute kidney 
injury, neurological impairment), recognising that sCAP is a multisystem disorder rather than solely 
a pulmonary process

Adjunctive co-therapies Corticosteroids can be considered in patients with sCAP complicated by shock, with evidence support‑
ing hydrocortisone use in carefully selected populations. Their role is to improve haemodynamic stability

Duration and de-escalation of antimicrobials Shorter treatment courses (5–7 days) are generally adequate for patients who demonstrate clinical 
improvement, reducing toxicity and antimicrobial resistance. Biomarker-guided strategies and culture 
results can support timely narrowing or discontinuation

Multidisciplinary care Optimal sCAP management benefits from close collaboration among respiratory physicians, infectious-
diseases specialists, and intensivists to align diagnostic, antimicrobial, and organ-support decisions 
and ensure rapid escalation when required
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perspective, ICU-oriented frameworks such as Sepsis-3, 
with SOFA-based organ dysfunction assessment, align 
conceptually with sCAP as a critical infection syndrome 
[20, 21]. From a critical care perspective, ICU-oriented 
frameworks such as Sepsis-3, with SOFA-based organ 
dysfunction assessment, align conceptually with sCAP 
as a critical infection syndrome [22]. Narrative and sys-
tematic reviews support combining clinical scores with 
biomarkers to enhance decision-making across the care 
pathway [23].

Radiologic extent of disease also contributes indepen-
dently to severity assessment. Bilateral or multilobar 
infiltrates are consistently associated with higher risks of 
sepsis, respiratory failure, and mortality. In a multicen-
tre prospective study, Liapikou et  al. demonstrated that 
bilateral involvement confers a worse prognosis than 
unilateral multilobar or localised disease, reinforcing the 
systemic nature of severe pneumonia [24].

Overall, these data support an integrated, multidimen-
sional approach to defining and stratifying sCAP, com-
bining clinical scores, radiologic findings, and biomarker 
kinetics. This framework, endorsed by the ERS/ESICM/
ESCMID/ALAT guidelines, enables more precise risk 
stratification, optimised ICU triage, and individualised 
management pathways, moving beyond one-size-fits-all 
definitions toward precision assessment based on infec-
tion biology and host response [5].

Diagnosis and stratification of severity
The diagnosis of sCAP remains one of the most challeng-
ing clinical tasks, primarily due to its multifactorial and 
polymicrobial aetiology but also several potential mim-
ickers such as pulmonary oedema, lung cancer, pneu-
monitis from any reasons. A large multicentre cohort 
study by Ferrer et al. provided a comprehensive aetiologic 
analysis of sCAP whereby, among 664 ICU patients with 
severe pneumonia, mixed infections were responsible for 
a significant proportion. This included bacterial and viral 
combinations, and cases with two or more bacterial path-
ogens. Classic bacterial pathogens such as Streptococcus 
pneumoniae, Staphylococcus aureus, and Haemophilus 
influenzae remained prominent, but up to one-third of 
cases with documented aetiology involved viral or pol-
ymicrobial origins. Importantly, a causative agent was 
not identified in approximately 45–50% of cases despite 
extensive microbiological testing, reflecting ongoing 
diagnostic limitations [14]. Furthermore, Garces et  al. 
demonstrated that failure to identify a causative patho-
gen in sCAP occurs more frequently in immunosup-
pressed patients where early targeted therapy to a defined 
pathogen could be of critical value given the high mor-
tality in this cohort [25]. This high proportion of undi-
agnosed or mixed aetiologies underscores the central 

challenge in sCAP, in distinguishing the primary patho-
gen from colonisation or secondary infection especially 
in patients already receiving empirical antimicrobials. It 
also reinforces the need for rapid molecular diagnostics 
and repeated sampling in non-responders.

The growing burden of viral and co-infections further 
complicates diagnosis. Martin-Loeches et  al. demon-
strated an increasing incidence of bacterial co-infection 
from 11% in 2009 to 23% in 2015 among critically ill 
patients with influenza, which correlated strongly with 
adverse outcomes. Co-pathogens such as S. aureus, S. 
pneumoniae, and Pseudomonas aeruginosa frequently 
accompanied influenza and other viral pneumonias, 
amplifying systemic inflammation and respiratory fail-
ure [26]. These findings underscore the idea that a posi-
tive viral test does not exclude bacterial involvement 
and that co-infection must always be considered and 
treated promptly. Complementary European data from 
almost 20  years across 46 studies from Welte et  al. fur-
ther illustrate this microbial diversity while S. pneumo-
niae remains the leading pathogen in CAP, the spectrum 
includes atypicals (Mycoplasma pneumoniae, Chla-
mydophila pneumoniae), Gram-negative bacilli, and 
respiratory viruses, particularly in older or immuno-
compromised populations [27]. Together, these stud-
ies confirm that sCAP is rarely monomicrobial and that 
empirical therapy and diagnostics must account for this 
complexity.

The diagnostic complexity is further compounded by 
the under-recognition of viral pneumonia, partly due to 
the taxonomic diversity of respiratory viruses, which vary 
by genomic type (RNA or DNA), polarity (positive- or 
negative-sense), and the presence or absence of an enve-
lope [24, 25]. Nevertheless, viral pneumonias regardless 
of their structural classification typically present with 
overlapping clinical and radiographic features such as 
fever, hypoxemia, and pulmonary infiltrates, rendering 
them largely indistinguishable from bacterial pneumonia 
[28]. Likewise, management decisions are virus-specific, 
determined by the pathogen identified (e.g., oseltamivir 
for influenza) and the patient’s immune and physiologic 
status, not by viral structures. Importantly, this also 
includes avoiding corticosteroids in confirmed influenza, 
in line with current guideline recommendations [4, 29, 
30]. Moreover, the severity of disease is driven more by 
the host inflammatory response and co-infection than by 
intrinsic viral characteristics such as envelope or genome 
type [30].

In response to these diagnostic challenges, the ERS/
ESICM/ESCMID/ALAT guidelines recommend a 
structured, evidence-based diagnostic strategy. Spe-
cifically, clinicians should obtain lower respiratory tract 
samples such as sputum, endotracheal aspirates, or 
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bronchoalveolar lavage for multiplex polymerase chain 
reaction (PCR) testing when clinically indicated. This 
recommendation reflects the superior diagnostic yield of 
lower respiratory specimens compared with nasopharyn-
geal or upper-airway swabs, particularly in critically ill or 
mechanically ventilated patients. Multiplex PCR enables 
rapid, simultaneous detection of common bacterial and 
viral pathogens, including mixed or atypical infections, 
and supports early refinement of empirical therapy [5]. 
Importantly, these assays should be performed prior to 
or shortly after antibiotic initiation to optimise diagnos-
tic accuracy and to facilitate targeted antimicrobial man-
agement. Nevertheless, a recent meta-analysis found that 
while syndromic PCR substantially improves pathogen 
detection and accelerates antimicrobial optimisation, it 
does not translate into reductions in major clinical out-
comes such as in-hospital mortality [31]. Integrating 
lower respiratory multiplex PCR into routine diagnostic 
pathways therefore represents a key step toward over-
coming the persistent gap between infection recognition 
and microbiologic confirmation in severe community-
acquired pneumonia [32, 33].

Although rapid lower-respiratory multiplex PCR pan-
els improve pathogen detection and time to actionable 
microbiologic results, robust evidence for improved hard 
clinical outcomes in sCAP remains limited. The INHALE 
WP3 multicentre pragmatic RCT in hospital-acquired 
and ventilator-associated pneumonia showed that ICU-
based syndromic PCR significantly improved early anti-
biotic stewardship compared with standard care, but 
failed to demonstrate non-inferiority for pneumonia cure 
at 14  days [34]. These findings suggest that while rapid 
molecular diagnostics are powerful tools for optimising 
antimicrobial use, their impact on mortality and clini-
cal cure in sCAP still requires confirmation in dedicated 
trials.

Biomarkers
Despite major advances in molecular diagnostics, a sub-
stantial proportion of patients with sCAP continue to 
have no identifiable pathogen, leaving clinicians to make 
therapeutic decisions amid uncertainty [14]. In this con-
text, host-response biomarkers have emerged as valu-
able adjuncts to support diagnosis, prognostication, and 
antimicrobial stewardship [19, 35]. These findings are 
reinforced by more recent evidence, including a 2023 
randomised trial by Papp et  al. showing safe reductions 
in antibiotic duration, and a systematic review and meta-
analysis by Dias et al. comparing PCT- and CRP-guided 
strategies, both confirming that biomarker-guided 
approaches can decrease antibiotic use without adversely 
affecting clinical outcomes [36, 37]. However, initial bio-
marker levels must be interpreted cautiously as PCT and 

CRP concentrations at presentation vary significantly 
with the duration of symptoms prior to admission, as 
demonstrated by Mendez et al. underscoring the need to 
apply biomarker algorithms within appropriate clinical 
context [38].

An ideal biomarker for pneumonia has been described 
as “SMART” which stands for Sensitive, Measurable, 
Actionable, Relevant, and Timely, reflecting its capac-
ity to provide clinically actionable information within 
the constraints of real-world practice [19]. A compre-
hensive review by Póvoa and colleagues, summarising 
evidence from major randomised and observational stud-
ies, concluded that biomarker-guided antibiotic algo-
rithms particularly those based on PCT and CRP can 
safely reduce antibiotic exposure and treatment dura-
tion without compromising clinical outcomes. Across 
these trials, the average reduction in antibiotic duration 
ranged from 2 to 4  days, with no significant difference 
in clinical cure or recurrence rates between biomarker-
guided and standard-care groups [35]. However, a recent 
systematic review and meta-analysis comparing PCT 
and CRP-guided strategies reported a modestly higher 
rate of infection recurrence in biomarker-guided arms, 
highlighting the need for cautious patient selection and 
close clinical monitoring [37]. Importantly, the review 
emphasised that the benefit arises not from biomarker 
measurement alone, but from structured interpretation 
within clinical algorithms. Interestingly a recent study 
Overreliance on biomarkers without clinical context risks 
misinterpretation, “a fool with a tool still remains a fool” 
[6]. This principle is reinforced by the ADAPT-Sepsis 
Trial [39], a large randomised controlled study compar-
ing procalcitonin- and CRP-guided antibiotic strategies, 
which demonstrated that biomarker guidance can safely 
reduce antibiotic exposure only when embedded within 
protocolised decision frameworks, without replacing 
clinical judgment. Collectively, these findings underscore 
that biomarkers should be used to augment, rather than 
substitute, clinical assessment, ideally within algorithms 
that combine biomarker-guided stopping rules with min-
imum or fixed-duration safeguards.

Beyond antimicrobial guidance, biomarkers also 
provide valuable prognostic insight. In a prospec-
tive case–control study evaluating predictors of treat-
ment failure in CAP, Martin-Loeches and colleagues 
demonstrated that elevated inflammatory markers 
and more importantly, persistent biomarker elevation 
during therapy were independently associated with 
poor outcomes and ICU mortality [7]. Persistent PCT 
or CRP elevation after 72  h of therapy often indicates 
ongoing infection or treatment failure, prompting cli-
nicians to reassess antimicrobial adequacy and investi-
gate for complications such as empyema or secondary 
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ventilator-associated pneumonia. Thus, biomarkers 
serve not only as therapeutic monitors but also as prog-
nostic indicators in the management of sCAP. Impor-
tantly, relative changes in biomarker trajectories such 
as percentage decline in PCT or CRP are often more 
informative than absolute values, as they better reflect 
dynamic response to therapy and correlate with clinical 
improvement. This concept is supported by the Procal-
citonin And Survival Study (PASS) group randomised 
controlled trial, in which PCT kinetics were evaluated 
as part of a biomarker-guided strategy for severe infec-
tions [40]. Reflecting these findings, the ERS/ESICM/
ESCMID/ALAT guidelines recommend incorporating 
biomarkers such as PCT as supportive tools to help to 
guide antibiotic initiation and duration, and to evaluate 
treatment response while emphasising that biomarkers 
should complement, not replace clinical judgment and 
microbiological testing [5].

Treatment strategies
The use of biomarkers such as PCT and CRP can refine 
diagnostic confidence and guide therapy duration, but 
they should never replace the need for prompt empiric 
treatment. The initial antimicrobial decision must there-
fore balance urgency, appropriateness, adequacy, and 
stewardship, guided by validated severity scores, bio-
marker kinetics, and epidemiologic risk. In their review 
of the challenges surrounding sCAP, Torres et al. empha-
sised that early appropriate antibiotic coverage remains 
the single most important modifiable factor influencing 
mortality. However, they also cautioned that the grow-
ing diversity of pathogens, increasing prevalence of 
multidrug-resistant (MDR) organisms, and variable host 
response complicate empiric selection [3].

These complexities highlight the need for support-
ive tools that can refine diagnostic certainty and guide 
therapeutic decisions. In this context, biomarkers such 
as PCT and CRP have emerged as valuable adjuncts, pro-
viding clinicians with additional information to help dis-
tinguish infectious from non-infectious processes, assess 
treatment response, and optimise antibiotic steward-
ship. Consequently, both the ATS/IDSA 2025 and ERS/
ESICM/ESCMID/ALAT guidelines advocate a struc-
tured, approach that agree on several key principles [5, 
41].

Key principles:

Early, effective empiric therapy covering Streptococ-
cus pneumoniae and atypical pathogens.
Risk-factor adaptation by extending coverage to 
MRSA or Pseudomonas aeruginosa only when epide-
miologic or clinical risk is clear.

Pair diagnostics with therapy by sending lower-
respiratory samples for culture and multiplex PCR 
before or immediately after the first dose.
Systematic reassessment using host biomarkers and 
clinical response to shorten duration and narrow 
spectrum as soon as possible.

In parallel with these guidelines, Martin-Loeches et al. 
propose a pragmatic, phenotype-driven framework 
(Figs.  1, 2) for empiric selection that integrates disease 
severity, comorbidities, and local resistance ecology [10].

Beyond established treatment regimens, several 
newer antimicrobials expand therapeutic options for 
challenging CAP phenotypes. Novel beta-lactam and 
beta-lactamase inhibitor combinations such as ceftazi-
dime-avibactam and ceftolozane-tazobactam provide 
extended activity against resistant Enterobacterales and 
Pseudomonas species, supporting their use in selected 
high risk cases [43, 44]. Additional agents include newer 
macrolide solithromycin and the fluoroketolide cethro-
mycin with improved potency against macrolide resistant 
Streptococcus pneumoniae [45].

Ceftaroline, an advanced cephalosporin with activ-
ity against MRSA, is licensed for CAP and has been 
evaluated as an option for severe presentations and 
cases involving MRSA when indicated [46]. Ceftobi-
prole represents another broad-spectrum cephalosporin 
with activity against MRSA and some activity against 
Pseudomonas, although its use remains dependent on 
national approvals and clinical context [47].

Lefamulin, a pleuromutilin antibiotic, demonstrated 
non inferiority to moxifloxacin in phase III trials for adult 
CAP with both intravenous and oral administration [48]. 
Omadacycline, an aminomethylcycline, also showed non 
inferiority to moxifloxacin in two pivotal trials [49]. It is 
important to emphasise that neither omadacycline nor 
lefamulin is currently validated for use in severe CAP, 
and their role remains limited to selected mild to moder-
ate cases [48, 49].

These drugs may represent alternative options where 
intolerance, allergy, documented resistance, or specific 
safety concerns prevent the use of preferred first line 
agents. Antimicrobial stewardship remains essential. 
Their use should be restricted to clearly defined clinical 
indications rather than broad empirical application in 
all severe CAP cases [4, 10]. When multidrug resistant 
Gram-negative pathogens are suspected in severe CAP, 
therapy must be guided by microbiological documenta-
tion and local epidemiology. Empirical treatment with 
extended spectrum agents should be limited to patients 
with strong risk factors or severe septic presentations, 
followed by early reassessment and de-escalation once 
diagnostic information is available [10, 33].
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Determining the optimal duration of antibiotic ther-
apy in sCAP remains a critical component of antimicro-
bial stewardship. Fixed-duration regimens, traditionally 
7–10 days for most pathogens, are supported by guideline 
recommendations and randomised trials showing that 
shorter courses (5–7 days) are non-inferior when patients 
demonstrate clinical stability [3, 4]. However, increasing 
attention has shifted toward biomarker-guided strategies, 
particularly using PCT or CRP, which enable earlier dis-
continuation in patients with favourable biomarker tra-
jectories. Multiple trials and meta-analyses demonstrate 
that PCT-guided cessation safely reduces antibiotic expo-
sure but require cautious interpretation given variability 
in biomarker kinetics and the higher recurrence signal, 
seen in a recent systematic review and meta-analysis 
[37]. To reconcile these approaches, several authors have 
proposed combination (“double-trigger”) algorithms, in 

which antibiotics can be discontinued once both clini-
cal stability is achieved, and biomarker decline meets 
pre-specified thresholds (e.g., ≥ 80% reduction in PCT or 
absolute value < 0.25 ng/mL or reduction in CRP by 50%). 
This integrated strategy aligns with the current steward-
ship principles, balancing safety with the imperative to 
minimise unnecessary antibiotic use, particularly in the 
context of rising MDR pathogens.

Co‑adjuvant therapy
Haemodynamic support
Severe community-acquired pneumonia (sCAP) rep-
resents not only a localised respiratory infection but 
a systemic inflammatory and circulatory disorder. 
Profound dysregulation of both humoral and cel-
lular immune responses including marked cytokine 
release, endothelial injury, and the T-cell suppression, 

Fig. 1  Integrated approach to empiric therapy in severe community–acquired pneumonia (sCAP) [10, 11]. Initial assessment confirms CAP 
or sCAP and includes baseline laboratory investigations. Empiric antimicrobial therapy is initiated promptly after recognition of severe disease, 
guided by likely pathogens and host risk factors. An early structured review at 24–48 h, integrating clinical evolution, microbiological results, 
and biomarkers, informs escalation, de-escalation, or discontinuation of therapy
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characteristics of severe sepsis drive the vasoplegia, 
capillary leak, and myocardial depression observed in 
septic shock. Early physiological studies by Natanson 
et  al. demonstrated that the haemodynamic response 

to sepsis is characterised by high-output, low-systemic 
vascular resistance shock, with sepsis-induced myocar-
dial depression contributing to impaired oxygen deliv-
ery despite preserved or elevated cardiac output [50]. 

Fig. 2  Framework for choosing empiric antibiotic therapy in scap. Empiric therapy for scap is guided by patient-specific factors, including β-lactam 
allergy and risk for MRSA or multidrug-resistant Gram-negative pathogens. Initial broad-spectrum therapy (β-lactam plus macrolide, or β-lactam 
plus respiratory fluoroquinolone if macrolide intolerance) may be escalated based on MRSA, Pseudomonas, or viral risk factors. In patients 
with severe β-lactam allergy, respiratory fluoroquinolone-based regimens with adjunctive coverage are recommended. Mandatory reassessment 
at 48–72 h, integrating clinical evolution, microbiology, and biomarkers (PCT/CRP), should guide continuation, de-escalation, or discontinuation 
of therapy. * penicillin allergy de-labelling [42]
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These foundational insights underpin current principles 
of haemodynamic support in sCAP, emphasising early 
fluid resuscitation, vasopressor initiation, and perfusion-
guided therapy.

According to the ATS/IDSA guidelines summarised 
by Metlay et al. episodes of sCAP complicated by shock 
or respiratory failure should be managed as sepsis syn-
dromes in accordance with the Surviving Sepsis Cam-
paign (SSC) principles [4]. Key components include:

Early haemodynamic stabilisation with balanced 
crystalloids as first-line resuscitation fluids, avoid-
ing excessive chloride load and reducing risk of 
renal dysfunction. The use of balanced crystalloids 
over normal saline, which has been associated with 
reduced kidney injury and improved outcomes in 
critically ill patients, including those with sepsis [51].
Noradrenaline/Norepinephrine as first-line vaso-
pressor, with vasopressin or adrenaline/epineph-
rine added if adequate mean arterial pressure 
(MAP ≥ 65 mmHg) cannot be maintained [52].
Assessment for sepsis-induced cardiomyopathy, with 
bedside echocardiography to guide inotropic sup-
port, recognising that myocardial depression may 
occur even with normal preload [53].

These elements aim to maintain systemic perfusion, 
prevent multi-organ failure, and create physiologic con-
ditions that support antibiotic delivery and gas exchange, 
forming a critical foundation for early survival in severe 
community-acquired pneumonia.

Respiratory support
Respiratory failure is a defining feature of sCAP and often 
precedes ICU admission. Oxygenation strategies there-
fore play a central role in early management, with the 
goal of improving gas exchange, reducing work of breath-
ing, and preventing progression to invasive mechani-
cal ventilation (iMV). Over the last decade, high-flow 
nasal oxygen (HFNO) has transformed respiratory sup-
port in acute hypoxaemic respiratory failure by deliver-
ing heated, humidified gas at high flow rates with precise 
FiO₂ control, washout of anatomical dead space, and 
generation of low-level positive airway pressure. Com-
pared with conventional oxygen, HFNO improves patient 
comfort, secretion clearance, and respiratory mechanics, 
allowing uninterrupted therapy during eating or conver-
sation [54–57].

Randomised trials have demonstrated that HFNO 
may reduce intubation rates in selected patients with 
acute hypoxaemic respiratory failure, including pneu-
monia, when applied early with close monitoring [58]. 
However, treatment success is contingent on trajectory 

recognition. Persistent tachypnoea, rising work of 
breathing, or increasing FiO₂ requirement should prompt 
timely escalation to non-invasive or invasive support to 
avoid delayed intubation. Current guidance advises cau-
tion when using non-invasive ventilation (NIV) in de 
novo hypoxaemic failure, as inappropriate use has been 
associated with higher mortality likely due to patient–
ventilator asynchrony and ventilator-induced lung injury, 
except in patients with COPD or hypercapnia where NIV 
remains first-line [59].

Awake prone positioning (APP) has emerged as a com-
plementary non-invasive measure. By recruiting dorsal 
lung regions and improving ventilation-perfusion match-
ing, APP enhances oxygenation and may delay or pre-
vent intubation when well tolerated [60, 61]. Its benefit is 
greatest when used early and for prolonged sessions, par-
ticularly in combination with HFNO. However, evidence 
is still evolving and large RCTs are ongoing to determine 
which phenotypes benefit most. Together, HFNO and 
APP illustrate a modern respiratory strategy focused on 
physiological optimisation, patient tolerance, and pre-
vention of ventilator-related complications.

When HFNO or non-invasive strategies fail, timely ini-
tiation of iMV is essential to prevent patient self-inflicted 
lung injury (P-SILI), progressive respiratory muscle 
exhaustion, and refractory hypoxaemia. Delayed intuba-
tion has been repeatedly associated with worse outcomes 
in severe pneumonia and ARDS, underscoring the need 
for close clinical monitoring and predefined escalation 
criteria [62, 63]. Once intubated, management follows 
lung-protective ventilation strategies similar to ARDS 
protocols with low tidal volume ventilation (6  mL/kg 
predicted body weight), plateau pressure < 30 cmH₂O, 
and adequate PEEP to prevent atelectrauma and improve 
oxygenation [64]. The application of PEEP should be indi-
vidualised based on recruitability, hemodynamics, and 
driving pressure response. Prone positioning for ≥ 16  h/
day is recommended in moderate–severe ARDS, which 
improves survival by enhancing dorsal lung recruitment 
and reducing ventilator-induced lung injury [64].

Neuromuscular blockade may be considered in early 
severe ARDS to improve ventilator synchrony and oxy-
genation, although routine prolonged use is discouraged 
due to risk of ICU-acquired weakness [65]. Conserva-
tive fluid management after initial resuscitation reduces 
ventilator days and risk of pulmonary oedema. Extracor-
poreal membrane oxygenation (ECMO) is reserved for 
refractory hypoxaemia despite optimal lung-protective 
ventilation and proning position, with evidence support-
ing its role as rescue therapy in carefully selected patients 
within experienced centres [66]. Together, HFNO, APP, 
NIV in selected phenotypes, and iMV with lung-pro-
tective strategies constitute a tiered respiratory support 
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pathway in sCAP. The objective is not solely to oxygenate 
but to minimise ventilator-induced injury, avoid delayed 
intubation, and individualise support according to evolv-
ing respiratory mechanics and host response.

Corticosteroids
Corticosteroids have long been considered an adjunc-
tive strategy in severe community–acquired pneumo-
nia, aiming to suppress excessive inflammation, preserve 
endothelial integrity, and enhance cardiovascular stability 
[67–69]. In addition to their genomic anti-inflammatory 
actions, corticosteroids exert rapid non-genomic effects, 
including improved expression and function of adrener-
gic receptors, which can augment vasopressor respon-
siveness in shock states [68, 70]. Early evidence was 
inconsistent, largely due to heterogeneity in patient selec-
tion, dosing strategies, timing, and clinical endpoints [71, 
72]. More recent high-quality randomised trials have 
helped clarify their role, although uncertainty remains 
regarding which populations derive the greatest benefit 
[73–75].

Martin-Loeches et  al. synthesised contemporary evi-
dence showing that adjunctive corticosteroid therapy in 
sCAP reduces time to clinical stability, improves oxy-
genation, and may prevent progression to septic shock 
or acute respiratory distress syndrome, with the greatest 
effect observed in critically ill patients with marked sys-
temic inflammation and hypoxaemia admitted to the ICU 
[76]. A broader review by Martin-Loeches and Torres 
which also examined influenza pneumonia and COVID-
19 highlighted the importance of precise patient selec-
tion. While corticosteroids appear beneficial in severe 
bacterial CAP and clearly reduce mortality in hypoxae-
mic COVID-19, observational studies consistently sug-
gest potential harm in influenza, including increased 
mortality and secondary infections [77].

The CAPE COD multicentre RCT provided important 
evidence by demonstrating that adjunctive hydrocorti-
sone 200 mg per day for 4 to 8 days significantly reduced 
28-day mortality and treatment failure in severe commu-
nity acquired pneumonia with shock requiring oxygen 
therapy or mechanical ventilation, without increasing 
secondary infections or gastrointestinal bleeding. These 
findings established hydrocortisone as the most evidence 
supported corticosteroid in this setting [73]. Reyes et al. 
commented that although corticosteroids represent pro-
gress, uncertainty remains regarding optimal duration, 
phenotype targeting, and integration with emerging 
immunomodulatory therapies [78].

A growing understanding of immune pathobiology pro-
vides additional context. The immune system attempts 
to restore homeostasis by balancing disease resist-
ance, which eliminates pathogens but may cause tissue 

damage, and disease tolerance, which limits host injury 
without reducing pathogen burden [79]. Corticosteroids 
act broadly across these pathways and although they may 
reduce shock related cardiovascular dysfunction as much 
as inflammatory injury, their non-specific effects include 
risks such as hyperglycaemia, secondary infections, gas-
trointestinal bleeding, and potential increased read-
mission rates. Many meta-analyses are based on older 
trials, with varied definitions, early termination, and 
limited power. Importantly, most trials exclude immu-
nosuppressed patients (e.g., transplant recipients, cancer 
therapy, chronic steroids), limiting the generalisability of 
results to these high-risk groups and there remains mini-
mal evidence to support corticosteroid use in non-severe 
community acquired pneumonia [80, 81].

The REMAP CAP platform trial found that a 7  day 
course of hydrocortisone did not reduce mortality in 
patients with severe community acquired pneumonia 
although smaller benefits and possible harm are not 
excluded [75]. However, when incorporated into updated 
meta-analyses, the conclusion that corticosteroids reduce 
short term mortality was maintained but not long-term 
[82]. Interpretations are complicated by overlap between 
severe community acquired pneumonia, septic shock, 
and acute respiratory distress syndrome, where corticos-
teroids may be used for reasons distinct from pneumonia 
itself. The SONIA RCT also assessed hydrocortisone in 
severe CAP but was limited by substantial heterogeneity, 
imprecise phenotype classification, and methodological 
concerns. Although widely discussed, the trial’s multiple 
biases and analytic limitations mean its findings should 
be interpreted cautiously [74].

Current guidelines reflect this nuance. The ERS/
ESICM/ESCMI/ALAT 2023 guideline recommends cor-
ticosteroids as adjunctive therapy in severe bacterial 
community acquired pneumonia requiring ICU admis-
sion or respiratory support, citing moderate quality evi-
dence for mortality reduction and faster recovery [5]. 
Recent ATS guidance advises against systemic corticos-
teroids in non-severe community acquired pneumonia 
and suggests use in severe bacterial pneumonia except in 
influenza, where evidence indicates potential harm and 
randomised controlled trials are lacking [41]. Both US 
and European guidelines remain cautious in non-shock 
inflammatory phenotypes and emphasise precision based 
rather than universal application [4, 5].

In summary, corticosteroid therapy in severe commu-
nity acquired pneumonia has progressed from contro-
versy toward a more refined consensus. Corticosteroids 
are now supported in selected severe bacterial cases with 
shock or high systemic inflammation admitted to ICU. 
Future studies should focus on patient phenotypes, prog-
nostic enrichment, and identification of treatable traits 
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rather than syndromic labels, to define who benefits and 
to avoid growing risks of indiscriminate steroid overuse.

Immunomodulation and personalised approaches
The recognition that sCAP involves heterogeneous 
immune dysregulation rather than a uniform hyper-
inflammatory state has led to the exploration of per-
sonalised immunotherapies that may benefit selected 
patients. Individuals may present with divergent immune 
responses, ranging from cytokine-driven hyperinflam-
mation to profound immunosuppression or “immunopa-
ralysis.” Recent work has proposed structured bedside 
approaches to assess immune function directly, support-
ing the concept that treatment should be aligned with 
the patient’s immune phenotype rather than applied 
uniformly across all presentations [83]. This variability 
has prompted the development of personalised immu-
nomodulatory strategies aimed at tailoring therapy to 
host immune trajectories rather than relying on syndro-
mic labels. Supporting this concept, Martin-Loeches 
et  al. demonstrated that the protective association of 
endogenous immunoglobulin levels against sepsis mor-
tality is restricted to patients with moderate organ failure, 
suggesting that only specific immunological phenotypes 
stand to benefit from immunoglobulin-based interven-
tions and that indiscriminate administration may not be 
advantageous [84]. Such findings underscore the need to 
identify patients whose humoral immunity is impaired 
yet still responsive to adjunctive support.

One of the most studied immunomodulators in this 
context is trimodulin, a polyvalent immunoglobulin 
preparation containing IgM, IgA, and IgG. In a multicen-
tre, randomised, double-blind, placebo-controlled phase 
II trial, Welte et  al. demonstrated that adjunctive tri-
modulin therapy in patients with sCAP and low baseline 
IgM levels was associated with lower mortality, reduced 
duration of mechanical ventilation, and shorter ICU 
stays compared with placebo. The proposed mechanisms 
include enhanced opsonisation and complement activa-
tion, restoration of humoral immunity, while suppressing 
dysregulated cytokine release [85]. Despite these prom-
ising results, uptake of immunoglobulin-based therapies 
such as trimodulin remains limited in many healthcare 
systems, including Japan, where immunoglobulin prepa-
rations are infrequently used in pneumonia. As further 
phase III trials and real-world data emerge, practice pat-
terns may evolve, but at present these agents should still 
be regarded as emerging, phenotype-targeted adjuncts 
rather than standard of care.

More recently, the research has shifted toward immune 
phenotyping to identify subgroups of pneumonia patients 
who may benefit from targeted immunotherapies. Mar-
tin-Loeches et  al. highlighted distinct immunological 

phenotypes such as hyperinflammatory, hypoinflamma-
tory, and mixed, characterised by variations in cytokine 
patterns, lymphocyte exhaustion markers, and innate 
immune responsiveness. Such immune profiling has 
revealed that some sCAP patients exhibit sustained 
immunosuppression with reduced monocyte HLA-DR 
expression, impaired neutrophil function, and lymphope-
nia features associated with secondary infection and late 
mortality [86].

Taken together, these findings reflect a broader shift 
in severe pneumonia care from a pathogen-centred to a 
host-response-centred paradigm, where supporting car-
diovascular stability and modulating inflammation are as 
vital as eradicating infection.

Future directions
The management of sCAP is evolving toward preci-
sion medicine where treatment is tailored not only to 
the pathogen but also to the host immune profile and 
dynamic risk trajectory. Current approaches still depend 
heavily on syndromic definitions, conventional microbi-
ology, and a limited panel of biomarkers. However, sev-
eral emerging tools promise to transform this landscape.

First, advances in integrated pathogen and host 
response diagnostics could substantially reduce the pro-
portion of microbiologically undiagnosed sCAP. Unbi-
ased metagenomic next generation sequencing and 
multiplex molecular platforms are being evaluated in 
lower respiratory samples to detect fastidious, atypical, 
and mixed infections while simultaneously characteris-
ing host transcriptomic responses. These approaches 
may enable discrimination between infectious and non-
infectious causes of respiratory failure and between viral 
and bacterial triggers [87]. This could support earlier de-
escalation of broad-spectrum antibiotics, more targeted 
use of antivirals and antifungals, and more appropriate 
selection of patients for adjunctive immunomodulatory 
therapy.

Second, host immunophenotyping and endotyping are 
likely to play a key role in guiding personalised thera-
pies. Increasing recognition of biological heterogene-
ity from hyperinflammatory states to immune paralysis 
supports the concept that adjunctive treatments such 
as corticosteroids, trimodulin, immunoglobulins, or 
cytokine directed therapies should be deployed based on 
specific immune signatures rather than uniformly. Host 
response classifiers derived from blood transcriptomic or 
proteomic signatures are under development to stratify 
patients according to expected benefit or risk. This mir-
rors advances in sepsis and acute respiratory distress syn-
drome where biologically defined subphenotypes have 
demonstrated differential responses to therapies in sec-
ondary analyses of randomised trials [84–86, 88].
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Third, adaptive and platform trial designs offer an effi-
cient infrastructure to evaluate multiple interventions 
across diverse severe community-acquired pneumonia 
phenotypes. Randomised embedded multifactorial adap-
tive platform trials such as REMAP-CAP demonstrate 
how continuously learning systems can test different 
antimicrobial regimens, immunomodulators, and venti-
latory strategies, updating allocation probabilities in near 
real time as evidence accumulates. [89–91]. However, 
their strengths in efficiency and pragmatic generalisabil-
ity do not always translate into clear mechanistic insights. 
The recent SONIA RCT illustrates how pragmatic 
designs with broad inclusion criteria and limited bio-
logical characterisation may generate more uncertainty 
than clarity when evaluating immunomodulatory thera-
pies [74]. If the aim is to identify well-defined biological 
subphenotypes and determine which immune-targeted 
or corticosteroid strategies benefit specific groups, high-
resolution explanatory RCTs with rigorous immune and 
clinical phenotyping are indispensable. Embedding both 
approaches, pragmatic platforms for real-world evalua-
tion and explanatory trials for mechanistic precision into 
ICU research pathways will be critical to resolving ques-
tions on optimal corticosteroid strategies, combinations 
of immune-directed therapies, and biomarker-guided 
antibiotic durations within clearly delineated biological 
groups.

Finally, implementation science and global equity are 
essential to ensure that these advances translate into 
improved survival. Although high-income regions move 
toward metagenomics, transcriptomics, and AI-based 
risk stratification [92, 93], many centres in low- and 
middle-income settings lack access even to basic micro-
biology, imaging, or ICU beds, underscoring the critical 
role of implementation frameworks in bridging this gap 
[15, 94]. Future work must therefore combine innova-
tion with scalable severity scores, biomarker-based tri-
age tools, and antimicrobial stewardship bundles that 
can be adapted to resource constrained environments. 
Core principles remain constant: early recognition, rapid 
but reviewable empiric treatment, thoughtful adjunctive 
therapy, and systematic reassessment.

Together, these developments highlight a transition 
from a uniform management strategy to a biologically 
informed adaptively tested and context aware model of 
care. The goal is clear: the right patient receiving the right 
therapy at the right time and for the right duration.

Conclusion
Severe community acquired pneumonia is a complex 
systemic syndrome in which outcomes depend on 
both pathogen factors and the host immune response. 
Despite advances in antimicrobials, diagnostics, and 

supportive care, sCAP remains a major cause of ICU 
admission and mortality. Early recognition and rapid, 
appropriate treatment are essential, as progression to 
shock and multiorgan failure strongly influences prog-
nosis. Accurate diagnosis continues to be challenging 
due to mixed and unidentified pathogens. Structured 
respiratory sampling and multiplex PCR significantly 
improve pathogen detection, while biomarkers such as 
procalcitonin and CRP support treatment monitoring 
and safe antimicrobial stewardships when used within 
clinical context. Severity assessment benefits from 
combining clinical scoring tools, radiologic severity, 
and biomarker dynamics to inform triage and treat-
ment intensity.

Optimal management follows a dynamic pathway to 
include immediate empiric therapy based on severity 
and risk factors, followed by formal reassessment at 24 
to 48 h guided by microbiology and clinical evolution. 
Adjunctive strategies, including evidence-supported 
corticosteroids in severe bacterial CAP with shock 
requiring respiratory support, reflect growing recog-
nition that modifying host response is as important 
as pathogen control. However, corticosteroids should 
not be used in influenza-associated pneumonia or in 
immunosuppressed patients, where available evidence 
suggests potential harm or lack of benefit.

Looking ahead, precision and phenotype-based 
care represent the future. Integration of rapid patho-
gen diagnostics, immune profiling, biomarker-guided 
duration of antibiotics, and adaptive clinical trial plat-
forms will be key to resolving current uncertainties and 
avoiding unnecessary antimicrobial use. A coordinated 
multidisciplinary model that unites early recognition, 
diagnostic precision, targeted therapy, and systematic 
reassessment offers the best opportunity to improve 
survival and deliver personalised care in severe com-
munity acquired pneumonia.

Abbreviations
ARDS	� Acute respiratory distress syndrome
BUN	� Blood urea nitrogen
CAP	� Community-acquired pneumonia
CRP	� C-reactive Protein
DIC	� Disseminated intravascular coagulation
HFNO	� High-flow nasal oxygen
ICU	� Intensive care unit
IMV	� Invasive mechanical ventilation
NIV	� Non-invasive ventilation
PaO₂/FiO₂	� Ratio of arterial oxygen partial pressure to fraction of inspired 

oxygen
PCR	� Polymerase chain reaction
PCT	� Procalcitonin
RSV	� Respiratory syncytial virus
sCAP	� Severe community-acquired pneumonia
WBC	� White blood cell count

Acknowledgements
Not applicable



Page 14 of 16Asis et al. Journal of Intensive Care           (2026) 14:21 

Author contributions
IML conceived the idea for the manuscript and coordinated the overall struc‑
ture and content. AA and DM contributed to the literature review and drafting 
of the manuscript. SF, PP, AR, and FR provided critical intellectual input, 
contributed to content refinement, and revised the manuscript for important 
clinical and scientific content. All authors participated in manuscript revision, 
read, and approved the final version.

Funding
No specific funding was received for the preparation of this manuscript. The 
authors declare that no funding body had any role in the conceptualisation, 
design, data collection, analysis, interpretation, decision to publish, or prepara‑
tion of the manuscript.

Data availability
Not applicable. No original data were generated or analysed for this review.

Declarations

Ethics approval and consent to participate
Not applicable. This manuscript is a narrative review based exclusively on pre‑
viously published literature and does not involve human participants, patient 
data, or animal experiments.

Consent for publication
Not applicable.

Competing interests
IML reports personal fees and/or non-financial support from Thermofisher 
Scientific, bioMérieux, MSD, Gilead Sciences, Mundipharma, and Pfizer, outside 
the submitted work. AA, DM, SF, PP, AR, and FR declare that they have no 
competing interests.

Author details
1 Department of Intensive Care Medicine, Multidisciplinary Intensive Care 
Research Organization (MICRO), St James’ Hospital, Dublin, Ireland. 2 School 
of Medicine, Trinity College Dublin, Dublin, Ireland. 3 Trinity Centre for Biomedi‑
cal Engineering (TCBE), Dublin, Ireland. 4 Department of Emergency and Criti‑
cal Care Medicine, St. Marianna University School of Medicine, Kanagawa, 
Japan. 5 NOVA Medical School, CHRC, NOVA University of Lisbon, Lisbon, Portu‑
gal. 6 Research Unit of Clinical Epidemiology, Department of Clinical Research, 
OUH Odense University Hospital, Odense, Denmark. 7 Department of Intensive 
Care, Hospital de São Francisco Xavier, ULSLO, Lisbon, Portugal. 8 Critical Care 
Unit, Joan XXIII University Hospital, Tarragona, Spain. 9 Clínica Universidad de La 
Sabana, Chía, Colombia. 10 Unisabana Center for Translational Science, School 
of Medicine, Universidad de La Sabana, Chía, Colombia. 11 ISARIC, Pandemic 
Sciences Institute, University of Oxford, Oxford, UK. 12 Universidad de La 
Sabana, Chía, Colombia. 

Received: 24 December 2025   Accepted: 14 January 2026

References
	1.	 Anderson R, Feldman C. The global burden of community-acquired 

pneumonia in adults, encompassing invasive pneumococcal disease and 
the prevalence of its associated cardiovascular events, with a focus on 
pneumolysin and macrolide antibiotics in pathogenesis and therapy. Int J 
Mol Sci. 2023. https://​doi.​org/​10.​3390/​ijms2​41311​038.

	2.	 Reyes LF, Conway Morris A, Serrano-Mayorga C, et al. Community-
acquired pneumonia. Lancet. 2025;406(10517):2371–88.

	3.	 Torres A, Chalmers JD, Dela Cruz CS, et al. Challenges in severe commu‑
nity-acquired pneumonia: a point-of-view review. Intensive Care Med. 
2019;45(2):159–71.

	4.	 Metlay JP, Waterer GW, Long AC, et al. Diagnosis and treatment of adults 
with community-acquired pneumonia. An official clinical practice guide‑
line of the american thoracic society and infectious diseases society of 
america. Am J Respir Crit Care Med. 2019;200(7):e45–67.

	5.	 Martin-Loeches I, Torres A, Nagavci B, et al. ERS/ESICM/ESCMID/ALAT 
guidelines for the management of severe community-acquired pneumo‑
nia. Eur Respir J. 2023. https://​doi.​org/​10.​1183/​13993​003.​00735-​2022.

	6.	 Póvoa P, Salluh JI. Biomarker-guided antibiotic therapy in adult critically ill 
patients: a critical review. Ann Intensive Care. 2012;2(1):32.

	7.	 Martin-Loeches I, Valles X, Menendez R, et al. Predicting treatment failure 
in patients with community acquired pneumonia: a case-control study. 
Respir Res. 2014;15(1):75.

	8.	 Lim WS, van der Eerden MM, Laing R, et al. Defining community acquired 
pneumonia severity on presentation to hospital: an international deriva‑
tion and validation study. Thorax. 2003;58(5):377–82.

	9.	 Bodí M, Rodríguez A, Solé-Violán J, et al. Antibiotic prescription for 
community-acquired pneumonia in the intensive care unit: impact 
of adherence to Infectious Diseases Society of America guidelines on 
survival. Clin Infect Dis. 2005;41(12):1709–16.

	10.	 Martin-Loeches I, Garduno A, Povoa P, et al. Choosing antibiotic therapy 
for severe community-acquired pneumonia. Curr Opin Infect Dis. 
2022;35(2):133–9.

	11.	 Fine MJ, Auble TE, Yealy DM, et al. A prediction rule to identify low-
risk patients with community-acquired pneumonia. N Engl J Med. 
1997;336(4):243–50.

	12.	 Rello J, Rodriguez A, Torres A, et al. Implications of COPD in patients 
admitted to the intensive care unit by community-acquired pneumonia. 
Eur Respir J. 2006;27(6):1210–6.

	13.	 British Thoracic Society Standards of Care Committee. BTS guidelines for 
the management of community acquired pneumonia in adults. Thorax. 
2001;56(Suppl 4):Iv1-64.

	14.	 Ferrer M, Travierso C, Cilloniz C, et al. Severe community-acquired 
pneumonia: Characteristics and prognostic factors in ventilated and non-
ventilated patients. PLoS ONE. 2018;13(1):e0191721.

	15.	 Bender RG, Sirota SB, Swetschinski LR, et al. Global, regional, and national 
incidence and mortality burden of non-COVID-19 lower respiratory infec‑
tions and aetiologies, 1990–2021: a systematic analysis from the global 
burden of disease study 2021. Lancet Infect Dis. 2024;24(9):974–1002.

	16.	 Jain S, Self WH, Wunderink RG, et al. Community-acquired pneu‑
monia requiring hospitalization among US adults. N Engl J Med. 
2015;373(5):415–27.

	17.	 Mandell LA, Wunderink RG, Anzueto A, et al. Infectious diseases society 
of America/American Thoracic society consensus guidelines on the 
management of community-acquired pneumonia in adults. Clin Infect 
Dis. 2007;44(Suppl 2(Suppl 2)):S27-72.

	18.	 Cilloniz C, Ferrer M, Pericàs JM, et al. Validation of IDSA/ATS guidelines 
for ICU admission in adults over 80 years old with community-acquired 
pneumonia. Arch Bronconeumol. 2023;59(1):19–26.

	19.	 Schuetz P, Wirz Y, Sager R, et al. Effect of procalcitonin-guided antibiotic 
treatment on mortality in acute respiratory infections: a patient level 
meta-analysis. Lancet Infect Dis. 2018;18(1):95–107.

	20.	 España PP, Capelastegui A, Quintana JM, et al. A prediction rule to identify 
allocation of inpatient care in community-acquired pneumonia. Eur 
Respir J. 2003;21(4):695–701.

	21.	 Charles PG, Wolfe R, Whitby M, et al. SMART-COP: a tool for predicting 
the need for intensive respiratory or vasopressor support in community-
acquired pneumonia. Clin Infect Dis. 2008;47(3):375–84.

	22.	 Singer M, Deutschman CS, Seymour CW, et al. The third international 
consensus definitions for sepsis and septic shock (Sepsis-3). JAMA. 
2016;315(8):801–10.

	23.	 Ranzani OT, Prina E, Menéndez R, et al. New sepsis definition (Sepsis-3) 
and community-acquired pneumonia mortality. A validation and clinical 
decision-making study. Am J Respir Crit Care Med. 2017;196(10):1287–97.

	24.	 Liapikou A, Cillóniz C, Gabarrús A, et al. Multilobar bilateral and unilateral 
chest radiograph involvement: implications for prognosis in hospitalised 
community-acquired pneumonia. Eur Respir J. 2016;48(1):257–61.

	25.	 Viñán Garcés AE, Sanabria-Herrera N, Duque S, et al. Severe community-
acquired pneumonia in immunosuppressed patients admitted to the 
ICU. Respir Med. 2025;240:108014.

	26.	 Martin-Loeches I, M JS, Vincent JL, et al. Increased incidence of co-
infection in critically ill patients with influenza. Intensive Care Med. 
2017;43(1):48–58.

	27.	 Welte T, Torres A, Nathwani D. Clinical and economic burden of 
community-acquired pneumonia among adults in Europe. Thorax. 
2012;67(1):71–9.

https://doi.org/10.3390/ijms241311038
https://doi.org/10.1183/13993003.00735-2022


Page 15 of 16Asis et al. Journal of Intensive Care           (2026) 14:21 	

	28.	 Falsey AR, Walsh EE. Viral pneumonia in older adults. Clin Infect Dis. 
2006;42(4):518–24.

	29.	 Musher DM, Thorner AR. Community-acquired pneumonia. N Engl J Med. 
2014;371(17):1619–28.

	30.	 Uyeki TM, Bernstein HH, Bradley JS, et al. Clinical practice guidelines by 
the infectious diseases society of america: 2018 update on diagnosis, 
treatment, chemoprophylaxis, and institutional outbreak management of 
seasonal influenzaa. Clin Infect Dis. 2019;68(6):895–902.

	31.	 de Albuquerque Pessoa Dos Santos Y, Tomazini BM, Dos Santos MHC, 
et al. Impact of syndromic molecular diagnostics on antimicrobial 
adequacy and time to therapy in critically ill patients with pneumonia: 
a systematic review and meta-analysis of randomized trials. Crit Care. 
2025;29(1):379.

	32.	 Hanson KE, Couturier MR. Multiplexed molecular diagnostics for respira‑
tory, gastrointestinal, and central nervous system infections. Clin Infect 
Dis. 2016;63(10):1361–7.

	33.	 Timsit JF, Bassetti M, Cremer O, et al. Rationalizing antimicrobial therapy in 
the ICU: a narrative review. Intensive Care Med. 2019;45(2):172–89.

	34.	 Enne VI, Stirling S, Barber JA, et al. INHALE WP3, a multicentre, open-label, 
pragmatic randomised controlled trial assessing the impact of rapid, ICU-
based, syndromic PCR, versus standard-of-care on antibiotic stewardship 
and clinical outcomes in hospital-acquired and ventilator-associated 
pneumonia. Intensive Care Med. 2025;51(2):272–86.

	35.	 Póvoa P, Coelho L, Cidade JP, et al. Biomarkers in pulmonary infections: a 
clinical approach. Ann Intensive Care. 2024;14(1):113.

	36.	 Papp M, Kiss N, Baka M, et al. Procalcitonin-guided antibiotic therapy 
may shorten length of treatment and may improve survival-a systematic 
review and meta—analysis. Crit Care. 2023;27(1):394.

	37.	 Dias RF, de Paula A, Hasparyk UG, et al. Use of C-reactive protein to guide 
the antibiotic therapy in hospitalized patients: a systematic review and 
meta-analysis. BMC Infect Dis. 2023;23(1):276.

	38.	 Méndez R, Menéndez R, Cillóniz C, et al. Initial inflammatory profile in 
community-acquired pneumonia depends on time since onset of symp‑
toms. Am J Respir Crit Care Med. 2018;198(3):370–8.

	39.	 Dark P, Hossain A, McAuley DF, et al. Biomarker-guided antibiotic duration 
for hospitalized patients with suspected sepsis: the adapt-sepsis rand‑
omized clinical trial. JAMA. 2025;333(8):682–93.

	40.	 Jensen JU, Hein L, Lundgren B, et al. Procalcitonin-guided interventions 
against infections to increase early appropriate antibiotics and improve 
survival in the intensive care unit: a randomized trial. Crit Care Med. 
2011;39(9):2048–58.

	41.	 Jones BE, Ramirez JA, Oren E, et al. 2025 Diagnosis and Management of 
Community-acquired Pneumonia. An Official American thoracic society 
clinical practice guideline. Am J Respir Crit Care Med.

	42.	 Keane S, Leone M, Martin-Loeches I. Penicillin allergy assessment 
and testing: worth the risk in critically ill patients. Intensive Care Med. 
2025;51(9):1714–6.

	43.	 Torres A, Zhong N, Pachl J, et al. Ceftazidime-avibactam versus merope‑
nem in nosocomial pneumonia, including ventilator-associated pneumo‑
nia (REPROVE): a randomised, double-blind, phase 3 non-inferiority trial. 
Lancet Infect Dis. 2018;18(3):285–95.

	44.	 Kollef MH, Nováček M, Kivistik Ü, et al. Ceftolozane–tazobactam versus 
meropenem for treatment of nosocomial pneumonia (ASPECT-NP): a ran‑
domised, controlled, double-blind, phase 3, non-inferiority trial. Lancet 
Infect Dis. 2019;19(12):1299–311.

	45.	 Fernandes P, Martens E, Pereira D. Nature nurtures the design 
of new semi-synthetic macrolide antibiotics. J Antibiot (Tokyo). 
2017;70(5):527–33.

	46.	 Torres A, Kuraieva A, Stone GG, et al. Systematic review of ceftaroline 
fosamil in the management of patients with methicillin-resistant Staphy‑
lococcus aureus pneumonia. Eur Respir Rev. 2023;32:170.

	47.	 Liapikou A, Cillóniz C, Torres A. Ceftobiprole for the treatment of pneumo‑
nia: a European perspective. Drug Des Devel Ther. 2015;9:4565–72.

	48.	 File TM Jr, Alexander E, Goldberg L, et al. Lefamulin efficacy and safety in a 
pooled phase 3 clinical trial population with community-acquired bacte‑
rial pneumonia and common clinical comorbidities. BMC Pulm Med. 
2021;21(1):154.

	49.	 Stets R, Popescu M, Gonong JR, et al. Omadacycline for community-
acquired bacterial pneumonia. N Engl J Med. 2019;380(6):517–27.

	50.	 Natanson C, Danner RL, Reilly JM, et al. Antibiotics versus cardiovas‑
cular support in a canine model of human septic shock. Am J Physiol. 
1990;259(5 Pt 2):H1440–7.

	51.	 Semler MW, Self WH, Wanderer JP, et al. Balanced crystalloids versus saline 
in critically ill adults. N Engl J Med. 2018;378(9):829–39.

	52.	 Evans L, Rhodes A, Alhazzani W, et al. Surviving sepsis campaign: interna‑
tional guidelines for management of sepsis and septic shock 2021. Crit 
Care Med. 2021;49(11):e1063–143.

	53.	 Vieillard-Baron A, Cecconi M. Understanding cardiac failure in sepsis. 
Intensive Care Med. 2014;40(10):1560–3.

	54.	 Nishimura M. High-flow nasal cannula oxygen therapy in adults. J Inten‑
sive Care. 2015;3(1):15.

	55.	 Roca O, Caralt B, Messika J, et al. An Index combining respiratory rate and 
oxygenation to predict outcome of nasal high-flow therapy. Am J Respir 
Crit Care Med. 2019;199(11):1368–76.

	56.	 Mauri T, Turrini C, Eronia N, et al. Physiologic effects of high-flow nasal 
cannula in acute hypoxemic respiratory failure. Am J Respir Crit Care Med. 
2017;195(9):1207–15.

	57.	 Sztrymf B, Messika J, Bertrand F, et al. Beneficial effects of humidified 
high flow nasal oxygen in critical care patients: a prospective pilot study. 
Intensive Care Med. 2011;37(11):1780–6.

	58.	 Frat JP, Thille AW, Mercat A, et al. High-flow oxygen through nasal 
cannula in acute hypoxemic respiratory failure. N Engl J Med. 
2015;372(23):2185–96.

	59.	 Rochwerg B, Brochard L, Elliott MW, et al. Official ERS/ATS clinical practice 
guidelines: noninvasive ventilation for acute respiratory failure. Eur Respir 
J. 2017;50:2.

	60.	 Weatherald J, Solverson K, Zuege DJ, et al. Awake prone positioning 
for COVID-19 hypoxemic respiratory failure: a rapid review. J Crit Care. 
2021;61:63–70.

	61.	 Ehrmann S, Li J, Ibarra-Estrada M, et al. Awake prone positioning 
for COVID-19 acute hypoxaemic respiratory failure: a randomised, 
controlled, multinational, open-label meta-trial. Lancet Respir Med. 
2021;9(12):1387–95.

	62.	 Azoulay E, Métais M, Lemiale V, et al. Outcomes in immunocompromised 
patients with acute hypoxemic respiratory failure treated by high-flow 
nasal oxygen. Intensive Care Med. 2025;51(4):731–41.

	63.	 Martin-Loeches I, David S, Pène F, et al. Advocating for the recognition 
of underlying immunosuppression in critical illness. EClinicalMedicine. 
2025;85:103300.

	64.	 Network ARDS, Brower RG, Matthay MA, et al. Ventilation with lower 
tidal volumes as compared with traditional tidal volumes for acute 
lung injury and the acute respiratory distress syndrome. N Engl J Med. 
2000;342(18):1301–8.

	65.	 Papazian L, Forel JM, Gacouin A, et al. Neuromuscular blockers in early 
acute respiratory distress syndrome. N Engl J Med. 2010;363(12):1107–16.

	66.	 Combes A, Hajage D, Capellier G, et al. Extracorporeal membrane oxy‑
genation for severe acute respiratory distress syndrome. N Engl J Med. 
2018;378(21):1965–75.

	67.	 Rhen T, Cidlowski JA. Antiinflammatory action of glucocorticoids—new 
mechanisms for old drugs. N Engl J Med. 2005;353(16):1711–23.

	68.	 Annane D, Pastores SM, Rochwerg B, et al. Guidelines for the diagnosis 
and management of critical illness-related corticosteroid insufficiency 
(circi) in critically ill patients (part I): Society of critical care medicine 
(sccm) and european society of intensive care medicine (esicm) 2017. Crit 
Care Med. 2017;45(12):2078–88.

	69.	 Stahn C, Buttgereit F. Genomic and nongenomic effects of glucocorti‑
coids. Nat Clin Pract Rheumatol. 2008;4(10):525–33.

	70.	 Stahn C, Löwenberg M, Hommes DW, et al. Molecular mechanisms of 
glucocorticoid action and selective glucocorticoid receptor agonists. Mol 
Cell Endocrinol. 2007;275(1–2):71–8.

	71.	 Confalonieri M, Urbino R, Potena A, et al. Hydrocortisone infusion for 
severe community-acquired pneumonia: a preliminary randomized 
study. Am J Respir Crit Care Med. 2005;171(3):242–8.

	72.	 Siemieniuk RA, Meade MO, Alonso-Coello P, et al. Corticosteroid therapy 
for patients hospitalized with community-acquired pneumonia: a sys‑
tematic review and meta-analysis. Ann Intern Med. 2015;163(7):519–28.

	73.	 Dequin PF, Meziani F, Quenot JP, et al. Hydrocortisone in severe commu‑
nity-acquired pneumonia. N Engl J Med. 2023;388(21):1931–41.



Page 16 of 16Asis et al. Journal of Intensive Care           (2026) 14:21 

	74.	 Lucinde RK, Gathuri H, Mwaniki P, et al. A pragmatic trial of glu‑
cocorticoids for community-acquired pneumonia. N Engl J Med. 
2025;393(22):2187–97.

	75.	 Investigators REMAP-CAP, Angus DC. Effect of hydrocortisone on 
mortality in patients with severe community-acquired pneumonia : The 
REMAP-CAP Corticosteroid Domain Randomized Clinical Trial. Intensive 
Care Med. 2025;51(4):665–80.

	76.	 Martin-Loeches I, Nagavci B, Torres A. Final approval for corticosteroids in 
severe CAP? For sure, in septic shock. Crit Care. 2023;27(1):342.

	77.	 Martin-Loeches I, Torres A. Corticosteroids for CAP, influenza and COVID-
19: when, how and benefits or harm? Eur Respir Rev. 2021. https://​doi.​
org/​10.​1183/​16000​617.​0346-​2020.

	78.	 Reyes LF, Martin-Loeches I. Corticosteroids in community-acquired 
pneumonia: a step forward, but questions remain. Lancet Respir Med. 
2025;13(3):191–3.

	79.	 Soares MP, Teixeira L, Moita LF. Disease tolerance and immunity in host 
protection against infection. Nat Rev Immunol. 2017;17(2):83–96.

	80.	 Wang P, Wan J, You Q, et al. Association between various types of corti‑
costeroids and mortality for severe community-acquired pneumonia in 
adults: a systematic review and network meta-analysis. Front Pharmacol. 
2024;15:1479804.

	81.	 Valsamaki A, Vazgiourakis V, Mantzarlis K, et al. Immune dysregulation in 
sepsis. A narrative review for the clinicians. Biomedicines. 2025. https://​
doi.​org/​10.​3390/​biome​dicin​es131​02386.

	82.	 Gu X, Yang P, Yu L, et al. Glucocorticoids can reduce mortality in patients 
with severe community-acquired pneumonia: a systematic review 
and meta-analysis of randomized controlled trials. Eur J Med Res. 
2025;30(1):215.

	83.	 Cidade JP, Guerreiro G, Póvoa P. A clinical guide to assess the 
immune response to sepsis: from bench to bedside. Crit Care Sci. 
2024;36:e20240179en.

	84.	 Martin-Loeches I, Muriel-Bombín A, Ferrer R, et al. The protective 
association of endogenous immunoglobulins against sepsis mortality 
is restricted to patients with moderate organ failure. Ann Intensive Care. 
2017;7(1):44.

	85.	 Welte T, Dellinger RP, Ebelt H, et al. Efficacy and safety of trimodu‑
lin, a novel polyclonal antibody preparation, in patients with severe 
community-acquired pneumonia: a randomized, placebo-controlled, 
double-blind, multicenter, phase II trial (CIGMA study). Intensive Care 
Med. 2018;44(4):438–48.

	86.	 Cajander S, Kox M, Scicluna BP, et al. Profiling the dysregulated immune 
response in sepsis: overcoming challenges to achieve the goal of preci‑
sion medicine. Lancet Respir Med. 2024;12(4):305–22.

	87.	 Langelier C, Kalantar KL, Moazed F, et al. Integrating host response 
and unbiased microbe detection for lower respiratory tract infec‑
tion diagnosis in critically ill adults. Proc Natl Acad Sci U S A. 
2018;115(52):E12353-e12362.

	88.	 Sweeney TE, Perumal TM, Henao R, et al. A community approach to 
mortality prediction in sepsis via gene expression analysis. Nat Commun. 
2018;9(1):694.

	89.	 Angus DC, Derde L, Al-Beidh F, et al. Effect of hydrocortisone on mortality 
and organ support in patients with severe COVID-19: The REMAP-
CAP COVID-19 corticosteroid domain randomized clinical trial. JAMA. 
2020;324(13):1317–29.

	90.	 Angus DC, Berry S, Lewis RJ, et al. The REMAP-CAP (randomized embed‑
ded multifactorial adaptive platform for community-acquired pneumo‑
nia) study. rationale and design. Ann Am Thorac Soc. 2020;17(7):879–91.

	91.	 Practical P. TRAITS, INCEPT, and REMAP-CAP investigators, The rise 
of adaptive platform trials in critical care. Am J Respir Crit Care Med. 
2024;209(5):491–6.

	92.	 Sweeney TE, Wong HR, Khatri P. Robust classification of bacterial and viral 
infections via integrated host gene expression diagnostics. Sci Transl 
Med. 2016;8(346):346ra91.

	93.	 Grumaz S, Stevens P, Grumaz C, et al. Next-generation sequencing diag‑
nostics of bacteremia in septic patients. Genome Med. 2016;8(1):73.

	94.	 Murthy S, Leligdowicz A, Adhikari NK. Intensive care unit capacity in low-
income countries: a systematic review. PLoS ONE. 2015;10(1):e0116949.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1183/16000617.0346-2020
https://doi.org/10.1183/16000617.0346-2020
https://doi.org/10.3390/biomedicines13102386
https://doi.org/10.3390/biomedicines13102386

	Severe community-acquired pneumonia: an integral approach
	Abstract 
	Background 
	Main body 
	Conclusions 

	Background
	Epidemiology
	Definition
	Diagnosis and stratification of severity
	Biomarkers
	Treatment strategies

	Co-adjuvant therapy
	Haemodynamic support
	Respiratory support
	Corticosteroids
	Immunomodulation and personalised approaches
	Future directions

	Conclusion
	Acknowledgements
	References


