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ABSTRACT

Article info: Acute respiratory infections (ARIs) are a major cause of global critical illness and remain a
ﬁiﬁi;ﬁ‘;ﬁ‘;%ﬁfﬁé; leading reason for intensive care unit (ICU) admission and mortality. While pathogen-related
factors and treatment timing have long dominated prognostic research, recent evidence
highlights the decisive influence of host characteristics, particularly comorbidities and immune
competence, on clinical outcomes. Chronic diseases such as diabetes, cardiovascular disorders,
Keywords: chronic kidney or liver disease, and chronic obstructive pulmonary disease substantially modify
Acute respiratory infections  the course of ARIs by amplifying systemic inflammation, altering immune regulation, and
Egﬁﬂ;?g'vt;‘f’fmc tion impairing pulmonary and multi-organ recovery. Similarly, primary and secondary
ICU outcomes immunosuppression arising from malignancy, transplantation, or therapeutic interventions
Prognostic models further increase the risk of severe infection, ventilator dependency, and mortality. Despite these
associations, current prognostic models in respiratory critical care largely depend on physiologic
or pathogen-specific variables, overlooking the complex host interplay that determines disease
severity and treatment response. This narrative review synthesizes contemporary evidence on
how comorbidities and immune alterations shape outcomes in critically ill patients with ARIs,
with a focus on mortality, duration of mechanical ventilation, and ICU length of stay. It
addresses key research questions regarding the relative contribution of host versus pathogen
factors, the prognostic value of immune-inflammatory biomarkers, and the potential integration
of host data into predictive models. Understanding this interplay is essential for advancing
precision critical care, guiding individualized management, and informing the development of
ethical, host-inclusive frameworks for ICU triage and resource allocation in increasingly
multimorbid populations.
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1. Introduction

Acute respiratory infections (ARIs) remain among the
leading causes of morbidity and mortality worldwide,
with a particularly high impact on intensive care unit
(ICU) populations [1]. Recent epidemiological data
indicate that ARIs account for millions of
hospitalizations each year and impose a substantial
burden on healthcare resources [1]. Outcomes among
critically ill patients vary substantially across studies
and regions, with significant differences observed in
mortality rates, duration of mechanical ventilation, and
ICU length of stay [2]. For example, a multicenter study
of ICU patients with viral respiratory infections reported
an all-cause mortality rate of approximately 30% [3].
While pathogen virulence and treatment timing play
central roles, host factors including comorbidities and
immune competence are increasingly recognized as
critical determinants of prognosis [4-6]. Chronic
diseases such as diabetes mellitus, chronic obstructive
pulmonary disease (COPD), cardiovascular disease, and
chronic kidney disease (CKD) are frequently associated
with higher ICU mortality and prolonged mechanical
ventilation in ARI patients [7]. Data from the LUNG
SAFE study demonstrated that ICU mortality rose from
27% among patients with no comorbidity to 46% in
those with immune incompetence and 67% in patients
with chronic liver failure [4].

Moreover, immunosuppression whether due to cancer
therapy, organ transplantation, or  systemic
corticosteroid therapy has been consistently associated
with higher susceptibility to severe acute respiratory
infections, prolonged ICU stays, and increased mortality
[8,9]. Despite these findings, prognostic models in
respiratory critical care remain focused mainly on
physiological indices (e.g., PaO,/FiO; ratio, sequential
organ failure assessment [SOFA]) or pathogen-specific
variables rather than host determinants. Given the high
prevalence of multimorbidity and immunosenescence in
ICU populations, understanding the interplay between
comorbidities and immune dysfunction is crucial to
refining risk stratification and improving outcomes [10-
13].

Therefore, this narrative review aims to synthesize
recent evidence on how pre-existing comorbidities and
immune alterations influence outcomes mortality,
length of stay, and ventilator dependency in critically ill
patients with acute respiratory infections.

2. Epidemiological overview of ARIs in ICU

Globally, ARIs remain a leading cause of ICU
admissions for respiratory failure [1]. In a ten-year
European study, ICU admissions for ARIs increased
among older adults, with mortality rates reaching
approximately 20% in patients aged 75-89 years [14].
Data from multiple regions confirm that the burden of
ARIs in ICUs is driven by both bacterial (e.g.,
Streptococcus pneumoniae, Klebsiella pneumoniae) and
viral pathogens, including influenza, respiratory
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syncytial virus (RSV), and SARS-CoV-2 [15-18].
Recent multicenter studies have quantified this burden:
in one large cohort, the incidence of viral respiratory
infections in the ICU was 30.45 per 10,000 patient-days,
with a mortality rate of 22.1% [2]. In a retrospective
cohort of 807 ICU patients with severe respiratory
infections due to four viruses (RSV, SARS-CoV-2,
seasonal influenza, HIN1), patients in the RSV group
had a significantly greater comorbidity burden
compared with the other groups, and outcome variation
was observed across pathogens [3].

The overlap between chronic disease prevalence and
ARI outcomes is particularly notable. For instance, in a
Swiss cohort of adults hospitalized with RSV, 98% had
at least one comorbidity, and both CKD (OR 2.64) and
immunosuppression (OR 5.7) were independently
associated with severe disease and ICU admission [19].
Comparable findings have been observed in coronavirus
disease 2019  (COVID-19)  cohorts,  where
immunocompromised  status  predicted  longer
ventilation and higher mortality [20].

ICU resource utilization in ARI is significant. Studies
report that a significant proportion of patients require
respiratory support, including invasive or non-invasive
mechanical ventilation, along with continuous
hemodynamic and monitoring support throughout their
ICU stay [21]. Beyond acute mortality, ARI survivors
often experience post-ICU sequelae, including reduced
pulmonary function and increased readmission risk
[22].

Together, these findings highlight that while
pathogens and treatment strategies contribute to ICU
outcomes, regional comorbidity profiles and immune
competence  substantially modify  risk.  The
heterogeneity of outcomes underscores the importance
of integrating host factors into predictive models and
critical care protocols for ARIs.

3. Comorbidities as predictors of ICU
outcomes

Comorbidities play a pivotal role in shaping outcomes
among critically ill patients with ARIs. Beyond
pathogen virulence, the host’s baseline health status
including cardiometabolic, respiratory, renal, and
hepatic  diseases strongly influences mortality,
ventilation requirements, and ICU length of stay [23-
25]. Recent studies emphasize that multimorbidity and
frailty contribute to worse recovery outcomes and
higher post-ICU complications, underscoring the need
for individualized prognostic assessment and tailored
management in this heterogeneous population [26].

3.1 Cardiometabolic comorbidities

Patients with cardiometabolic disorders particularly
diabetes mellitus and obesity represent a high-risk
subgroup among those admitted to the ICU for ARIs.
Diabetes, obesity and overweight are associated with
impaired immune regulation and increased systemic
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inflammation, which together contribute to higher
disease severity and mortality in patients with ARIs
such as COVID-19 [27]. In a retrospective study of 650
hospitalized COVID-19 patients, those with diabetes
had significantly higher rates of ICU admission (35.4%
vs 27.7%; p = 0.035) and need for invasive ventilation
(17.5% vs 11.4%; p = 0.026) compared with non-
diabetics [28]. Obesity adds further complexity to
respiratory critical illness. Excess adiposity influences
ventilatory mechanics by increasing chest wall and
abdominal pressures, reducing lung compliance and
contributing to ventilation—perfusion mismatch. A
recent analysis of 19,311 ICU patients found that
patients with higher BMI had a greater likelihood of
receiving mechanical ventilation, although obesity
appeared paradoxically associated with lower mortality
in some cohorts [29]. These findings underscore that
while obesity may predispose to respiratory
deterioration in ARI, its relationship with ICU outcome
is multifactorial and may reflect a complex interplay of
physiology, inflammatory status and treatment
response.

3.2 Chronic respiratory and cardiovascular
diseases

Pre-existing respiratory diseases such as COPD,
asthma and interstitial lung disease diminish baseline
pulmonary reserve and contribute to worse clinical
outcomes [30]. In a recent retrospective study of 100
ICU-admitted COPD patients, 43% required invasive
mechanical ventilation, and the ICU and 90-day
mortality rates were 21% and 39%, respectively [13].
These findings highlight that impaired pulmonary
mechanics and systemic inflammation in COPD amplify
the severity of respiratory infections and worsen critical
care outcome [13]. Co-existing cardiac dysfunction
significantly increases the risk of adverse outcomes in
critically ill patients with ARIs, as heart failure leads to
combined pulmonary—vascular compromise that
prolongs ventilator dependence, promotes multi-organ
dysfunction, and raises ICU mortality; for instance,
previous multicenter studies reported that patients with
pre-existing heart failure had nearly double the ICU
mortality rate compared with those without cardiac
disease [31,32].

3.3 Chronic kidney and liver diseases

Chronic kidney disease (CKD) and chronic liver
disease (CLD) both alter immune homeostasis and
pharmacokinetics of ICU therapies. Patients with CKD
exhibit impaired clearance of inflammatory mediators
and antimicrobials, increasing vulnerability to infection
and treatment failure. One large-scale observational
study found that, among diabetic patients with ARIs,
CKD significantly increased the odds of ICU admission
(OR =~ 1.88) and invasive ventilation (OR = 2.16) [28].
In CLD, portal hypertension and hepatic
immunodeficiency may amplify systemic inflammatory

I
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response, delay resolution of infection and prolong ICU
stay. Although direct ICU ARI-specific data remain
limited, the cumulative evidence suggests these organ
failures markedly increase host vulnerability [33,34]. As
a result, liver dysfunction in critically ill patients not
only exacerbates systemic and pulmonary inflammatory
responses but also increases the risk of developing acute
respiratory  distress  syndrome (ARDS).  This
dysfunction  impairs  bacterial  clearance and
detoxification of harmful mediators, aggravating lung
injury and contributing to worsened outcomes in
patients with liver disease [35]. Although this is a
bidirectional relationship, as has been recently shown in
critically ill patients with liver cirrhosis, the
development of ARDS within the first 72 hours of ICU
admission significantly increases 28-day and 90-day
mortality rates, highlighting its role as a major
prognostic factor for poor outcomes [36].

3.4 Multimorbidity and frailty

Multimorbidity defined as the presence of >2 chronic
conditions and frailty reflect a host phenotype of
diminished physiologic reserve and increased
vulnerability in the critical care setting [37]. Traditional
prognostic models often undervalue this “host
vulnerability”. Evidence consistently indicates that ICU
patients with ARIs tend to be older and have a heavier
burden of chronic diseases compared with non-ARDS
or general populations [38]. Frail patients are more
likely to require prolonged mechanical ventilation,
experience ICU-acquired complications (e.g., delirium,
neuromuscular blockade), and have longer ICU and
hospital lengths of stay. Recognizing multimorbidity in
ARI patients may improve risk stratification and help
select personalized management pathways [1,39,40].

4. Immune status and immunosuppression
in ICU infections

Immune competence is a decisive determinant of
prognosis in critically ill patients with ARIs. Both innate
and adaptive immune functions can be profoundly
altered by pre-existing conditions or therapeutic
immunosuppression, leading to higher infection risk and
poorer clinical outcomes. Recent ICU studies highlight
that immune dysregulation whether due to hematologic
malignancies, corticosteroid exposure, or biologic
therapies modifies disease severity, ventilator
dependence, and mortality rates, emphasizing the
importance of incorporating immune-status assessment
into critical-care decision-making [41-43].

4.1 Primary versus
immunosuppression

secondary

Immunological impairment in ICU patients admitted
with ARIs can stem from primary (inborn) immune
defects or more commonly from acquired (secondary)
immunosuppression [44,45]. While congenital immune
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deficiency remains rare in adult critical-care
populations, secondary immunosuppression arises from
conditions such as HIV infection, hematologic
malignancies, organ transplantation, chemotherapy,
high-dose corticosteroids or biologic therapies [44,45].
Outcomes in ICU patients with ARIs and
immunosuppression are heterogeneous. In the landmark
multicenter study by Azoulay et al., which included
1,004 cancer patients with ARDS across 14 ICUs, 86%
had hematologic malignancies and 44% presented with
neutropenia; nearly 90% of ARDS cases were infection-
related, one-third due to invasive fungal infections, and
overall hospital mortality reached 64% [41].

Also, a recent post-hoc analysis further confirmed
that, beyond in-ICU mortality, immunocompromised
survivors remain at substantial long-term risk, where
among 299 patients, 6-month mortality approached
50%, with solid cancers and higher SOFA scores being
independent predictors of poor outcome [43]. Together,
these findings highlight that acquired
immunosuppression not only increases vulnerability to
infection-related ARDS but also shapes ICU
management decisions and post-discharge trajectories,
complicating critical-care recovery.

4.2 Mechanisms of immune impairment

The pathophysiology of immunosuppression in ARI-
related ICU admissions involves multiple mechanisms
including lymphocyte exhaustion, cytokine imbalance,
and dysregulated neutrophil activity [46]. In a recent
cohort study of immunocompromised ICU patients,
authors observed profound lymphopenia, elevated
neutrophil counts, and high neutrophil/lymphocyte
ratios (NLR), indicating suppressed adaptive immunity
and exaggerated innate inflammation [47].

These alterations impair pathogen clearance and
predispose patients to secondary infections and
worsening pulmonary injury. For example, in the global
LUNG SAFE study encompassing 2,813 patients with
ARDS from 459 ICUs, 20.8% were
immunocompromised, most commonly due to
pneumonia or non-pulmonary sepsis; their hospital
mortality (52.4%) was significantly higher than that of
immunocompetent patients (36.2%) despite comparable
ARDS severity highlighting how immune dysfunction
worsens outcome [43].

4.3 COVID-19 as a model

The COVID-19 pandemic provided a unique model to
study the effects of immune status on ICU outcomes.
Patients receiving immunosuppressive therapies
exhibited T-cell dysfunction, altered cytokine profiles,
and diminished viral clearance, which contributed to
worse outcomes in many reports.

Investigations of immunocompromised COVID-19
ICU cohorts revealed that pre-existing
immunosuppression was associated with increased
ventilatory requirements and multi-organ failure,
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though some studies noted no significant difference in
mortality when early aggressive ICU management was
employed [48,49].

These observations underscore the need for refined
prognostic frameworks that integrate immune-status
parameters to optimize treatment in ARI-critical-care
settings.

5. Integrating host factors into prognostic
models

Traditionally employed ICU prognostic scoring
systems such as the acute physiology and chronic health
evaluation (APACHE II) and SOFA scores provide
valuable mortality risk estimates in general critical-care
populations, but they lack detailed incorporation of host
immune status or specific comorbidity burden [50,51].
For example, although the SOFA score correlates with
mortality in sepsis, its incremental prognostic value
beyond age, comorbidity and infection severity is
modest [50,51].

Thus, current models may not fully capture the
heterogeneity observed in patients with ARIs who
present with varied host factors. Emerging research has
therefore explored integrating genetic, immunologic
and detailed comorbidity data into precision prognostic
frameworks.

A recent systematic review of AI/ML prognostic
models for in-hospital mortality in intensive care
analysed 15 retrospective studies (2015-2025) and
found that, although machine-learning approaches
(notably XGBoost, random forest and various neural-
network  architectures)  generally  outperformed
conventional scores such as APACHE, SOFA and
SAPS, the reviewed models largely relied on routinely
collected physiologic and laboratory variables from a
small set of retrospective databases (principally MIMIC
and elCU-CRD) and rarely incorporated dedicated
immune-inflammatory biomarkers or genomic features.
The review therefore concludes that current ICU
prognostic models do not yet integrate host immune-
status data in a systematic or standardized way, and it
highlights methodological weaknesses (retrospective
design, limited external validation, heterogeneity in
preprocessing and performance reporting) that must be
addressed before immune-biomarker-driven ML models
can be widely adopted in clinical practice [52].

Biomarkers such as C-reactive protein (CRP),
interleukin-6 (IL-6) and Nod-like receptors NLRs have
been shown to improve prediction of in predicting the
severity or outcomes in patients with COVID-19 [4].
Also, elevated IL-6 and NLR on admission in COVID-
19 patients with diabetes predicted need for ICU care
[53]. Figure 1 illustrates the layered conceptual
framework proposed in this review, highlighting how
pathogen factors, host comorbidities, and immune
competence interact with therapeutic modifiers to
determine ICU outcomes in patients with acute
respiratory infections.
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Figure 1. Interactions between host, pathogen, and ICU outcomes in ARIs. This schematic illustrates the multifactorial interactions determining
outcomes (ICU mortality, ventilator days, length of stay, and readmission) in ARIs requiring intensive care. Pathogen-related factors (such as virulence
variation, load, and resistance) interact with host determinants including comorbidities, age, and baseline immune competence to influence disease
severity and clinical trajectory. Treatment-related variables, such as timing of antimicrobial therapy, ventilatory strategy, and resource availability,
further modify these relationships. Immune status functions (e.g. CRP, IL-6, NLR, lymphocyte count, HLA profile, serostatus) as a central mediator
linking host vulnerability to infection outcomes, modulating the inflammatory response, organ dysfunction, and recovery potential. Understanding this
dynamic interplay supports personalized risk assessment and precision-guided critical care for patients with severe respiratory infections.)

6. Clinical implications

The complex interaction between host comorbidities
and immune status in ARIs has direct implications for
critical-care practice. Personalized risk stratification is
essential for optimizing management in the ICU,
allowing clinicians to shape respiratory support,
antimicrobial ~ therapy, and immunomodulatory
interventions to individual patient profiles. Integrating
host-specific factors such as metabolic disease, immune
suppression, and chronic organ dysfunction into early
triage can refine prognosis and guide intensity of
monitoring [54-58].

Preventive strategies are pivotal, as optimizing the
management of chronic conditions such as diabetes and
cardiovascular disease, together with prioritizing
vaccination against respiratory pathogens like influenza
and pneumococcus, may reduce the likelihood of ICU
admission and lead to improved downstream clinical
outcomes [59,60].

Multicenter prospective studies combining host
phenotyping, immune profiling, and genomic data are
needed to establish predictive biomarkers and guide
precision-based therapies [61,62].

At a systems level, ecthical considerations remain
central to ICU triage and resource allocation,
particularly for immunocompromised or multimorbid
patients who face heightened vulnerability. Developing

equitable, evidence-based frameworks that incorporate
host risk factors into admission and treatment decisions
is therefore critical for advancing precision and fairness
in critical-care medicine.

7. Conclusion

Host-related factors particularly comorbidities and
immune competence are decisive determinants of
outcomes in patients with acute respiratory infections
admitted to intensive care. Evidence from recent
multicentre studies indicates that the interaction
between metabolic, cardiorespiratory, renal, and hepatic
dysfunctions, together with acquired or treatment-
related immunosuppression, substantially influences
mortality, mechanical-ventilation  duration, and
recovery trajectories. Despite advances in infection
management, current prognostic tools remain limited by
their insufficient integration of host biology.
Incorporating  immune-inflammatory  biomarkers,
genomic signatures, and detailed comorbidity indices
into predictive models could enhance precision in risk
stratification and treatment planning. Future research
should prioritize prospective, multicentric validation of
such models and establish ethical, evidence-based
frameworks to ensure equitable allocation of critical-
care resources in increasingly multimorbid ICU
populations.
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