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Cirrhosis is well recognized as a condition associated with a markedly increased
susceptibility to infections, and although overall mortality from cirrhosis-related
complications has declined over time, mortality attributable to sepsis remains
disproportionately high". Beyond being a frequent complication, infections play a
pivotal role in liver disease progression, often acting as triggers for acute
decompensation or acute-on-chronic liver failure. Pathophysiological evidence
suggests that this heightened vulnerability arises from a combination of impaired
innate and adaptive immune responses due to hepatic dysfunction, alongside
increased bacterial translocation and alterations in gut microbiota composition®?!.
Importantly, as infectious episodes are strongly associated with adverse outcomes in
patients with cirrhosis, this burden is further exacerbated in the current era of
antimicrobial resistance, where therapeutic options are increasingly limited. In this
context, studies such as the recent work by Cai et al. are particularly important,
offering valuable insights into the evolving global landscape of infections in
cirrhosis'.

In their comprehensive systematic review and meta-analysis, Cai et al. examined the
evolving epidemiology of infections among patients with cirrhosis globally™. The
authors explored temporal trends alongside geographical variability, providing a
detailed assessment of differences in pathogen distribution and antimicrobial
resistance patterns across regions. Their analysis underscores substantial
geographical and temporal variation in the microbiological landscape of infections in
cirrhosis, while the pattern of infection sites remains relatively stable, with
spontaneous bacterial peritonitis and urinary tract infections consistently
representing the most common clinical entities. Gram-negative bacteria remain
predominant in low- and lower-middle-income settings, particularly in South-East
Asia, whereas Gram-positive pathogens are more frequently encountered in
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high-income regions, especially in Europe, with their relative contribution increasing over time. This
divergence likely reflects differences in healthcare exposure. In high-income settings, easier access to medical
care is associated with more frequent hospitalizations and invasive procedures - such as central venous
catheterization, transjugular intrahepatic portosystemic shunt placement, and repeated paracentesis - which
may predispose patients to infections caused by Gram-positive bacteria. Additional factors may further
contribute to the rising prevalence and resistance of these pathogens. The widespread use of quinolones for
prophylaxis may exert selective pressure favoring Gram-positive bacteria, while emerging evidence suggests
that rifaximin use in cirrhosis could be linked to cross-resistance to daptomycin in vancomycin-resistant
Enterococcus faecium'. In this context, it is not surprising that over time, the effectiveness of commonly used
antibiotics such as quinolones and third-generation cephalosporins has declined, as also highlighted in the
present meta-analysis.

Nevertheless, based on this study', there is a global rise in antimicrobial resistance among both Gram-
positive and Gram-negative organisms, with multidrug-resistant pathogens accounting for roughly one-third
of all positive cultures in their meta-analysis. Notably, this burden is unequally distributed, with a
disproportionate impact on resource-limited regions. A plausible explanation for this finding may be related
to the fact that in response to the growing threat of antimicrobial resistance, structured efforts to optimize
antimicrobial use have been developed since the early 21st century, mostly through the implementation of
antimicrobial stewardship programs'®. These programs represent coordinated, multidisciplinary initiatives
typically involving infectious diseases specialists, clinical pharmacists with relevant expertise, microbiologists,
infection control professionals, epidemiologists, and information systems support”. Their primary goal is to
promote the judicious use of antimicrobials through appropriate selection, dosage, route, and duration of
therapy, particularly in vulnerable populations such as critically ill or immunocompromised patients.
However, the successful implementation of such strategies depends on the availability of adequate human,
financial, and technical resources, which are more readily accessible in high-income settings. Additionally,
infrastructural limitations in lower-income countries constrain access to advanced diagnostic tools, such as
molecular techniques and next-generation sequencing, despite these approaches not yet being considered
standard-of-care strategies in cirrhosis management. As a result, timely identification of pathogens and
antimicrobial susceptibility testing may be challenging, limiting the ability to implement targeted therapy
and complicating practices such as antimicrobial de-escalation. In such circumstances, prolonged use of
empiric broad-spectrum antibiotic therapy may become necessary, which in turn exerts selective pressure
and contributes to the emergence of antimicrobial resistance. Collectively, these factors may contribute to the
higher prevalence of multidrug-resistant pathogens observed in Asian regions.

A major strength of the study by Cai et al,, lies in its large pooled sample and its broad global scope, enabling
the assessment of temporal trends and regional variation in infection characteristics, microbiological profiles,
antimicrobial resistance patterns, and clinical outcomes in patients with cirrhosis!*. Nevertheless, as the
authors also acknowledge, these findings should be interpreted with caution. The observed differences are
likely shaped by multiple underlying factors, and a careful appraisal of potential sources of heterogeneity is
essential when considering their clinical applicability. Beyond the well-recognized disparities in healthcare
access and infrastructure between low- and high-income regions, another limitation is the unequal
representation of many geographical areas (e.g., only three of the 169 included studies were from Africa).
Regions with limited research capacity and/or scientific activity may be underrepresented, whereas data from
more resource-rich settings are more readily available, potentially introducing bias into global estimates.
Consequently, the disproportionate contribution of studies from high-income countries, particularly Europe,
may limit the generalizability of these findings to regions with distinct epidemiological profiles and
healthcare infrastructures. Furthermore, the inclusion of studies across a wide temporal range adds another
layer of complexity. Over time, shifts in antimicrobial resistance patterns, evolving diagnostic technologies,
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and changes in microbiological methods and susceptibility testing standards may affect the comparability of
results. In addition, variability in the definitions of infections and multidrug-resistant organisms across
included studies, along with differences in antimicrobial susceptibility testing methodologies, may further
contribute to heterogeneity and limit the consistency of pooled estimates. Overall, as a considerable
proportion of the included studies were published more than two decades ago, preceding major advances in
culture techniques, susceptibility testing methodologies, diagnostic standards, and the definitions of
antimicrobial resistance, part of the observed heterogeneity may reflect methodological evolution rather than
true changes in the epidemiology of infections and antimicrobial resistance.

In parallel, variations in local and national treatment guidelines across different healthcare systems further
limit the extent to which findings can be generalized across settings.

Another notable finding of this meta-analysis is the increase in in-hospital mortality among patients with
community-acquired infections over time, despite a simultaneous decline in 30-day mortality for both
community-acquired and nosocomial infections. This apparent discrepancy likely reflects changes in patient
characteristics and evolving healthcare practices. Individuals presenting with community-acquired infections
may now have more advanced liver disease and a higher burden of comorbidities, which could contribute to
increased early mortality during hospitalization. Conversely, improvements in post-discharge management
and follow-up care may help explain the reduction in 30-day mortality. Furthermore, the growing prevalence
of antimicrobial resistance may negatively impact the effectiveness of initial empirical therapy, particularly in
community-acquired infections, thereby influencing in-hospital outcomes.

In summary, even though reported findings by Cai et al. should be interpreted as broad descriptive estimates
rather than precise epidemiological rates, this comprehensive analysis underscores the need for continuous
reassessment of empirical antibiotic strategies and prophylactic approaches in patients with cirrhosis, in light
of the dynamic and evolving microbial landscape, both in terms of pathogen distribution and resistance
patterns'. Three key implications emerge from these findings. First, sustained, high-quality epidemiological
surveillance is essential to characterize regional variations in antimicrobial resistance and guide locally
adapted prevention and treatment strategies, particularly in settings with heterogeneous healthcare resources.
Second, healthcare institutions should establish dedicated antimicrobial stewardship programs involving
multidisciplinary teams responsible for implementing targeted interventions, including risk-based screening
for colonization with multidrug-resistant organisms, appropriate cohorting or infection-control measures for
colonized patients, systematic monitoring of antibiotic consumption, and timely optimization of
antimicrobial therapy through microbiologically guided de-escalation strategies. Third, incorporating
colonization status and local resistance patterns into clinical decision-making may improve risk
stratification, enhance the appropriateness of empirical therapy, and reduce unnecessary antimicrobial
exposure. Together, these measures represent essential components of a proactive approach to balancing
effective infection management in cirrhosis with the urgent need to limit the further emergence of
antimicrobial resistance'®. Nevertheless, even with optimal antimicrobial management, infection-related
morbidity and mortality are unlikely to be fully eliminated in cirrhotic patients, reflecting the underlying
vulnerability and complexity of this population.
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