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Abstract: Systemic inflammation and immunodeficiency are the key components of Cirrhosis Associated 

Immune Dysfunction (CAID); its severity is dynamic and progressive and is associated with the greater 

deterioration of the liver function. There are two different immune phenotypes: the low-grade systemic 

inflammation phenotype and the high-grade systemic inflammation phenotype. Each of these phenotypes is 

related with the function of liver cirrhosis; thus, the presence of high-grade inflammation is correlated with the 

severity of the hepatic insufficiency, the bacterial translocation, and the organic insufficiency, with which the 

risk of infections increases and the prognosis worsens. Bacterial translocation plays a relevant role in the 

persistent systemic inflammation in patients with cirrhosis; the prophylactic employment of antibiotics is 

useful for reducing events of infection and mortality. 
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1. Introduction 

Liver cirrhosis is a morbid and multisystemic disease associated with frequent hospitalizations 

and high mortality, it represents 1.2 million deaths annually worldwide and is in 14th and 10th place 

among the principal causes of death worldwide and in the majority of developed countries, 

respectively 1. 

Cirrhosis is classically divided into two main periods: disease compensated cirrhosis 

(asymptomatic), and decompensated cirrhosis. The term acute decompensation (AD) defines the 

development of an acute complication (ascitis, variceal hemorrhage, hepatic encephalopathy, etc.); 

the first episode of AD signals the transition from compensated to decompensated cirrhosis. The 

course of decompensated cirrhosis is characterized by repeated episodes of AD; during these periods, 

patients are prone to developing bacterial infections. Finally, Acute-on-Chronic Liver Failure (ACLF) 

is characterized by the insufficiency of an organic system or of multiple organic systems, high short-

term mortality, and always occurs within the context of AD. Systemic Inflammation (SI) is a well-

recognized characteristic of decompensated cirrhosis 2. Cirrhosis is a systemic disease that affects 

various organs and systems, a systemic disease that, including the immune system 3, is considered 

an immunocompromised state that leads to a variety of infections, representing an approximate 

mortality of 30% 4. The term Cirrhosis Associated Immune Dysfunction (CAID) is characterized by 

two important components: immunodeficiency, due to an altered response to pathogens, and 

systemic inflammation, as a consequence of a persistent and inadequate stimulation of the immune 

system; CAID should be considered a complication of cirrhosis of any etiology. 5 The immune 

dysfunction syndrome associated with cirrhosis is a multifactorial state that diminishes the patient’s 

capacity to eliminate bacteria, cytokines, and endotoxins from the circulation. The liver contains 90% 

of the reticuloendothelial cells (RE), such as the Kupffer sinusoidal endothelial cells, which are 
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fundamental for the elimination of bacteria 6. The most serious immune alterations are found in 

patients with Acute-on-Chronic Liver Failure (ACLF), a syndrome characterized by the acute 

decompensation of cirrhosis and hepatic and/or extra-hepatic organ failure with high mortality at the 

short term 7. 

Systemic Inflammation in Cirrhosis 

The liver is a component of the innate immunological system. The molecular patterns associated 

with pathogens (PAMP) and the proinflammatory cytokines induce the sustained synthesis of acute-

phase proteins. Therefore, the liver is a site of intense anabolic metabolism during SI. The inhibition 

of liver biotransformation in sepsis is induced by proinflammatory cytokines; this explains the 

presence of hyperbilirubinemia and jaundice 2. Inflammation is a physiological response initially 

designed to restore homeostasis after different aggressions, such as bacterial infections or tissue 

lesions; similarly, it can be triggered by the recognition of distinctive bacteria-derived molecules (for 

example, Lipopolysaccharides LPS), known as PAMP. In the absence of infection, intracellular 

molecules released by damaged or dying cells, known as DAMP, could also activate systemic 

inflammation. DAMPs and PAMPs bind with PRR (Pattern Recognition Receptors) that are expressed 

in epithelial and in peripheral innate immune cells. PRR can be localized on the cellular surface (the 

type-4 Toll-like [TLP4]), the endolysosome (TLR9), or the cytosol (Nucleotide Oligomerization 

Dominion [NOD] 1) 3,8. PAMPs released into the systemic circulation can also be translocated 

directly from the intestinal lumen; once translocated, the PAMPs interact with the PRRs in the gut-

associated lymphoid tissue and the mesenteric lymph nodes; the latter leads to the expression of the 

genes codifying for the molecules responsible for the inflammation of the intestinal mucosa, and 

finally extends to the systemic circulation as well as to the peripheral organs 9. The PAMPs-induced 

inflammatory response is indispensable for combating invasive bacteria; however, an excessive or 

chronic response can cause collateral tissue damage (immunopathology) and provoke a marked 

compensatory anti-inflammatory response that, in the last instance, leads to immune suppression 

and to a greater risk of secondary infections and with that, greater mortality; the TLR (principally 

TLR2 and TLR4) not only recognize PAMPs, but also DAMP, thus favoring the release of IL-1, IL-6, 

and TNFα 10. (Figure A1) 
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Figure A1. Dysbiosis and increased intestinal permeability cause chronic inflammation in liver 

cirrhosis. 

8,16-18 fueron significativamenta mortalidad.l uso profil funcinttorios; encontrando que la IL6 e 

IL-18 fueron significativament 

Evidence of Systemic Inflammation 

Cirrhosis is associated with SI evidenced by the increase in the count of white globules, 

neutrophils, activated circulating monocytes, plasma C-reactive Protein (PCR), proinflammatory 

cytokines, macrophage activation markers, and systemic oxidative stress 8. The low-grade systemic 

inflammation is present in experimental models and in patients with compensated or decompensated 

cirrhosis without ACLF; this systemic inflammation is evidenced by the increase in the plasma 

concentration of acute-phase proteins (PCR and the LPS Binding Protein [LBP]), endothelial 

activation markers such as intercellular adhesion molecule 1 (ICAM1), the vascular cell adhesion 

protein 1 (VCAM1), the vascular endothelial growth factor (VEGF), von Willebrand Factor (vWF) P-

selectin, nitrites, cytokines (TNF, IL-1, IL-6, INF, and IL-17), and their soluble receptors 3. 

The dynamic nature of CAID is such that the intensity of the systemic inflammation increases as 

the cirrhosis progresses from the compensated to the decompensated stage. The mediators of 

adhesion and migration of leukocytes are particularly regulated in patients with ACLF, and 

curiously, some of these markers (VCAM1, ICAM1, granulocyte and macrophage colony-stimulating 

factor [GM-CSF]) are positively correlated with 3-month mortality in patients with ACLF. The 

extreme exacerbation of the SI in ACLF is exhibited by elevated levels of proinflammatory cytokines 

(TNF-, IL-6, IL-8) and the anti-inflammatory cytokines (IL-10, IL-1RA), soluble markers of 

macrophage activation (sCD163 and the mannose receptor), CRP and leukocytes in plasma of patients 

with ACLF, there is a greater contribution of the innate response than the adaptative response to the 

SI 3,11. 

Mechanisms of Systemic Inflammation 

8,16-18 fueron significativamenta mortalidad.l uso profil funcinttorios; encontrando que la IL6 e 

IL-18 fueron significativament 

There is the conversion of proinflammatory cytokines IL-1 and IL-18 into their active forms; the 

intracellular recognition of LPS is mediated by caspases 4 and 5, which triggers a type of programmed 

proinflammatory cellular death such as apoptosis. It has been demonstrated that IL-1 is an 

independent predictor of death in patients with ACLF and without previous clinical 

decompensations, while IL-1 is an independent predictor of death in those patients with previous 

episodes of ascites 12. 

• Low-grade Systemic Inflammation 

Bacterial translocation, defined as the passage of viable bacteria or bacterial subproducts 

(PAMPs, LPS) through the intestinal mucosa to the systemic circulation. 2 Intestinal permeability 

increases in patients with cirrhosis due to the presence of functional and anatomical alterations that 

affect the mucosal lining, the intercellular binding proteins, and the endothelial cells; in addition, 

excessive growth of bacteria and dysbiosis contribute to the migration of an increasing number of 

bacterial species and PAMPs of microbial origin from the intestinal lumen to the systemic circulation 

or the liver, following the lymphatic pathways and from the portal vein, respectively 13,14. 

The host and intestinal bacteria reside in a symbiotic state during health; any interruption of the 

intestinal homeostasis can cause quantitative and/or qualitative changes (dysbiosis) in the 

microbiota. Liver cirrhosis is associated as much with an excessive growth of intestinal bacteria as 

with dysbiosis, in that the native bacteria diminish and augment the potentially pathogenic bacteria; 

that is, there are fewer Bacteroidetes, but more Proteobacteria and Fusobacteria. Another common 

intestinal characteristic of cirrhosis is an altered intestinal barrier, which leads to pathological 

bacterial translocation 8, 15,16. Hypergammaglobulinemia, which is common in decompensated 

cirrhosis, was considered a sign of escape of intestinal antigens into the systemic circulation and 
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correlates with prognosis. Bacterial translocation and SI are chronically present in patients who are 

non-infected with decompensated cirrhosis 2. 

Infections represent a 4-fold increase in mortality among patients with cirrhosis; 30% of cases 

occur within the first month after the infectious process and 63% of patients die within 1 year. The 

Odds Ratio (OR) for dying in infected vs. non-infected patients is 3.75 (Confidence Interval [CI], 95% 

2.12-4.23) 17. Hospitalized patients with cirrhosis entertain a greater risk of developing infection, 

especially those with gastrointestinal (GI) bleeding. A 2001 study identified 34% (n = 150) bacterial 

infections in patients admitted with cirrhosis (89 were community-acquired and 61 were hospital-

acquired), the urinary tract was most frequent site of infection (41%), 60% of cases at the time of 

admission already had an infectious process, and 40% occurred during hospitalization, the 

prevalence of bacterial peritonitis was 12%; however, it is noteworthy that 51% of bacterial peritonitis 

was found in asymptomatic patients; the main bacteria found were Gram-negative 18. 

Since 1996, the effectiveness of antibiotic treatment was evaluated in the prevention of bacterial 

infections after hemorrhage in patients with cirrhosis; three groups were assigned: Group 1 included 

patients with Child-Pugh A or B without bleeding (without antibiotic prophylaxis); Group 2 were 

patients with Child-Pugh A or B and bleeding event as well as patients with Child-Pugh C with 

hemorrhage without antibiotic prophylaxis, and Group 3 included patients with Child-Pugh C with 

hemorrhage and antibiotic prophylaxis during 10 days. The incidence of bacterial infection was 

significantly higher in patients in group 2 than in those of group 1 (p 0.001), infections were more 

severe in group 2; however, when comparing mortality between groups 2 (23.5%) and 3 (13.3%) 

during the first 4 weeks, there was no significant difference 19. 

In the PREDICT study, a total 1,071 patients with AD were included; three groups of patients 

were identified, with the differential count of white globules and the PCR levels (as markers of 

inflammation); patients with pre-ACLF (n = 218) and who developed ACLF during the first 

hospitalization (20%) had a 3-month and 1 year mortality rate of 53.7% and 67.4%, respectively. 

Patients with unstable decompensated cirrhosis (n= 233) and who required >1 readmissions but 

without developing ACLF had lower mortality rates at 3 months (21%) and at 1 year (35.6%). Patients 

with stable decompensated cirrhosis (n = 620) who were not readmitted and who did not develop 

ACLF had a 1-year mortality rate of 9.5% 20. 

• High-grade Systemic Inflammation 

Bacterial infections are the most common trigger of ACLF. 7 Chronic consumption of alcohol 

alters the intestinal barrier, contributing to dysbiosis, altering the tight junctions, reducing the 

mucous layer, and diminishing the production of antimicrobial peptides; in the context of ACLF, 

there is an increase of bacterial translocation. Sterile mechanisms triggered by the release of DAMPs 

by apoptotic hepatocytes are also implicated in alcohol-induced liver injury. Specifically, ethanol 

contributes to the release of the mitochondrial cytochrome c, which increases the expression of the 

Fas ligand, thus promoting hepatocyte apoptosis 21.  

Immunological Role of the Resident Cells in the Liver 

Within the liver, antigen-presenting cells (APC) (such as Kupffer cells, dendritic cells, and 

sinusoidal endothelial cells), T cells, B cells, natural killer (NK) cells, and monocytes control the local 

and systemic inflammatory response. Parenchymal cells, such as hepatocytes, play a role in 

surveillance, acting as APC by expressing major histocompatibility complex (MHC) type I and II, and 

costimulatory molecules 22. In a sterile injury, the release of DAMPs from necrotic cells triggers 

recruitment of innate immune cells. The critical balance between immune activation and tolerance is 

altered in cirrhosis, which is correlated with dysregulation and altered synthesis of key immune 

proteins 23. 

Consequences of Systemic Inflammation 

Proinflammatory cytokines stimulate, to an even greater degree, the endothelial production of 

nitric oxide (NO) and reactive oxygen species (ROS), worsening peripheral vasodilatation, portal 
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hypertension, and cardiac dysfunction; the magnitude of the systolic dysfunction is related not only 

with the severity of the systemic circulatory dysfunction, but also with the markers of systemic 

inflammation and bacterial translocation 24. It has been observed that patients with a stable disease 

course present low-grade inflammation, which improves later, while those with an unstable disease 

course and who require hospital readmission present persistent low-grade inflammation, with severe 

portal hypertension and 1-year mortality of 9.1% and 35%, respectively; patients with pre-ACLF 

exhibit a higher degree of inflammation upon hospital admission, which confers on them a mortality 

of 67.4% 3. The hypothesis has been proposed that high-grade SI leads to organ failure by causing 

direct tissue damage (immunopathology) or as the result of an energy imbalance 

(immunometabolism). SI promotes ischemic acute renal tubular necrosis, caused by capillary 

leukocytes infiltration, microthrombosis, apoptosis, and mitochondrial injury, which substantially 

increases the risk of acute renal insufficiency in ACLF. The term “immunometabolism” refers to the 

energy imbalance that a metabolically active immune system causes in cells of other tissues, which 

contributes to organ dysfunction 25. 

The degree of inflammation parallels both the presence of hepatic encephalopathy and the 

severity of hepatic, circulatory, and renal dysfunction. It has been studied and established that 

infections, particularly pneumonia and sepsis without a specific focus, increase the mortality of 

patients with cirrhosis and hepatic encephalopathy 7, 8, 26. 

Immunodeficiency and Cirrhosis 

The presence of abnormalities of immune system cells compromise their effector function and 

cause immune paralysis, including functional defects, the expansion of immune inhibitors, or 

reduced expression of costimulatory molecules 27. Immunodeficiency is a dynamic characteristic of 

CAID that begins in compensated cirrhosis, increases with the progression of cirrhosis through the 

decompensated stage, and that reaches its maximal point in ACLF. Immunodeficiency in cirrhosis is 

the consequence of two main factors: structural distortion of the hepatic parenchyma, which 

compromises its surveillance function, and functional deterioration of circulating immune cells as an 

inadequate immune response to the triggering event 28. 

Progressive Loss of Tolerance in Cirrhosis 

Under physiological conditions, the “proinflammatory” hepatic environment (due to persistent 

exposure of low levels of gut-derived antigen) is altered by tolerance mechanisms that aim to 

decrease the capacity of APC to activate lymphocytes, a progressive deterioration of tolerance to 

antigen recognition in cirrhosis, in this manner conditioning the augmented proinflammatory 

response and that contributing to chronic inflammation. Monocytes from patients with cirrhosis 

exhibit hyperproduction of TNF after stimulation with LPS, due to the alteration in the IL-1R 

response (inducible suppressor of TNF); in the same manner, a defective production has been 

observed of the anti-inflammatory cytokine IL-10 by the Kupffer cells; in advanced cirrhosis, limited 

production of proinflammatory cytokines through stimulation with LPS 29. 

Increased Release of DAMPs from Injured Hepatocytes 

Chronic liver disease, of any etiology, progressively induces damage and death of hepatocytes. 

It has been proposed that the subsequent release of intracellular DAMPs contributes to sterile 

inflammation 30. Alcohol consumption promotes inflammation and exerts a harmful effect on 

immune cells, alcohol alters both innate and adaptive responses; similarly, dietary factors (fructose, 

saturated fats, trans-fats, or cholesterol) trigger inflammation by means of lipotoxic effects, 

mitochondrial dysfunction, oxidative and endoplasmic reticulum stress, and sterile cellular death 

mechanisms 31. 

Structural Distortion in Cirrhosis 
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The progression of cirrhosis alters the architecture of the liver, replacing the parenchymal and 

non-parenchymal cells with scar tissue, deposition of extracellular matrix, and sinusoidal 

capillarization renders difficult the surveillance function of the resident APC; the activity of the 

mononuclear phagocytic system is decreased in patients with cirrhosis, which is associated with a 

higher risk of bacterial infections and mortality. Furthermore, intrahepatic shunts through 

vascularized septa prevent systemic and portal bacteria from being filtered and eliminated by 

Kupffer cells 32. Associated with this, the loss of hepatocytes diminishes the synthesis of proteins 

and immune receptors (complement components, soluble PRRs such as LPS binding protein and 

soluble CD14), albumin and acute phase protein. Serum concentrations of C3 and C4, as well as the 

hemolytic activity of complement are reduced in patients with decompensated cirrhosis compared to 

controls; these alterations predispose to infectious processes and confer higher mortality in patients 

with alcoholic cirrhosis 34. 

Damage to the Circulating Immune Cells 

CAID implies not only local but also systemic alterations that affect circulating innate and 

adaptive immune cells. Damage to circulating immune cells is evidenced by hyperactivation and up 

regulation of cellular activation and a dysfunctional effector response. 

Table A1. Damage to the immune cells in cirrhosis 3. 

Immune cells Decompensated cirrhosis ACLF 

Monocytes 

 HLA-DR expression 

 TNF production 

 CD14+CD16+ 

 capacity of the APC 

Altered 

phagocytes 

Altered chemiotaxis  

Production of OH+ 

Defective production of Fc 

 

 HLA-DR 

 producción IL-10 

 producción TNF 

Altered phagocytosis  

 

MERKT inhibits the activity 

of TLR and the 

proinflammatory   cytokines 

inhibit the activity of NF-kB 

Neutrophils 

Altered phagocytosis 

Reduced chemiotaxis 

Re ROS 

Expression of CXCR1 and 

CXCR2 that favor apoptosis 

and necrosis 

Lymphocytes 

 

TCD4+ 

cytolytic activity of the NK 

cells 

 

Immunodeficiency is exemplified by alterations in APCs (i.e., monocytes and neutrophils) and 

reduced phagocytic capacity; however, it is more pronounced in patients with greater deterioration 

of liver function. Immunodeficiency in ACLF is characterized by decreased HLA-DR expression and 

impaired TNF production in response to LPS by monocytes, seriously altered phagocytic and 

oxidative capacity (by monocytes and neutrophils), elevated levels of MERKT+ monocytes, and by 

monocytes that produce anti-inflammatory cytokines (IL-10) 35. 

Compensatory Anti-Inflammatory Response Syndrome (CARS) 

Compensatory anti-inflammatory response syndrome (CARS) is characterized by an increase in 

lymphocyte apoptosis and anergy, a diminution in cytokine production and HLA expression 

following monocyte stimulation, and positive regulation of anti-inflammatory cytokines; it was 

originally described in critically ill patients with sepsis and trauma 36. The magnitude of this 

compensatory response predicts a poor result in patients with ACLF, as was observed in a cohort of 

51 patients with a diagnosis of ACLF and decompensated cirrhosis where the prognostic value of IL-
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10 levels on admission and its evolution during the early phase of treatment in the intensive care unit 

was investigated, in comparison with proinflammatory cytokines (IL-6 and TNF-). It was found that 

it is not only the degree of SI, as reflected by the levels of IL-6 and TNF-, that determines the 

outcome, but also the magnitude of the anti-inflammatory response. In patients with ACLF, IL-10 

levels are higher and correlated with poor prognosis (p <0.001). In addition to IL-10, another finding 

is that together with the International Normalized Ratio (INR) (OR 1.7), at the moment of admission, 

they predict unfavorable clinical outcomes 37. IL-10 constitutes an important part of CARS, which 

is closely related with the functional deactivation of monocytes, immunoparesis and predisposition 

to recurrent and opportunistic infections 38. 

Dysfunction of Immune Cells Due to Metabolic Anomalies of Cirrhosis 

In healthy individuals, albumin can bind in serum to proinflammatory molecules as well as to 

immunosuppressive mediators such as prostaglandin E2 (PGE), whose serum concentrations are 

markedly elevated; in patients with cirrhosis, in addition to presenting low albumin concentrations, 

they present alterations in their immune function 39. Low serum albumin levels (<30 mg/dl) are the 

main cause of immunosuppression in acute decompensation and end-stage liver disease, they present 

elevated concentrations of circulating PGE2 secondary to increased production which in combination 

with hypoalbuminemia, drives innate immune dysfunction, resulting in vulnerability to infection. 

Human albumin infusion reduces circulating levels of PGE2 and attenuates suppressed secretion of 

proinflammatory cytokines from macrophages 40. 

In a prospective multicenter study that included a total of 13,796 patients from 1,265 intensive 

care units (ICU), 410 of them patients had a diagnosis of cirrhosis; the hospital mortality rate due to 

an infectious process was 42%, compared to 24% in patients without cirrhosis with an infectious 

process (p <0.001) 41. 

Intestinal—Liver Axis and the Intestinal Immune System 

The gut—liver axis plays an important role in the pathogenesis of CAID. The intestinal and 

vascular epithelial barrier, the intestinal microbiota, the liver, and the immune system establish 

complex interactions in order to maintain tolerance to inoffensive stimuli and at the same time 

orchestrate an effective response against bacterial pathogens. However, cirrhosis is accompanied by 

harmful changes in the intestine, including dysbiosis and increased intestinal permeability, these 

alterations promote bacterial translocation from the intestinal lumen to the systemic and portal 

circulation, which notably contributes to systemic inflammation. The portal vein transports antigens 

derived from the intestine to the liver, which in turn supplies bile acids, lipids, and antibodies 

through the bile returning to the intestine; this bidirectional communication is profoundly altered in 

cirrhosis due to damage to intestinal, epithelial, vascular, and immune intestinal barriers at different 

levels 3. Gut-associated lymphoid tissue (GALT) represents the largest immune organ in the human 

body and constitutes the first defense against antigens and pathogens derived from the intestine. 

GALT is composed of Peyer’s patches, intestinal lymphoid follicles, intraepithelial lymphocytes, and 

mesenteric lymph nodes 42. 

In particular, the intestinal macrophages are effective in killing translocated bacteria, while 

intestinal dendritic cells transport them alive to mesenteric lymph nodes for antigen presentation and 

modulation of the adaptive T-cell response (that is, the induction of tolerance or preparation). The 

GALT houses about 94% of CD4 T cells; intraepithelial lymphocytes, particularly the  

subpopulation maintain a close relationship with intestinal epithelial cells, acting as essential 

mediators that balance host microbial homeostasis 4,43. (Figure A2) 
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Figure A2. Phatophysiology of cirrhosis-associated immune dysfunction. PAMPs y DAMPS bind to 

PRR for cytokine release. 

Patients with cirrhosis exhibit slower intestinal motility, which leads to an overgrowth of 

intestinal bacteria; this, together with the portosystemic shunt, permits the perpetuation of the 

bacteria and can condition cause bacteremia; this in turn causes greater oxidative damage due to the 

increase in endotoxins, proinflammatory cytokines, and Nitric Oxide (NO); it alters the structure and 

capacity of intestinal permeability 44. Toxins derived from bacteria, such as peptidoglycans from 

Gram-positive bacteria or LPS from Gram-negative bacteria, bind to Toll receptors, which initiate the 

cellular signaling cascade and release of cytokines such as TNF-, IL-6, and IL-1. In systemic 

inflammatory response syndrome (SIRS), anti-inflammatory cytokines (IL-10, IL-4, IL-13, and PGE2) 

balance proinflammatory cytokines, a process known as the “cytokine storm”, leading to excessive 

inflammation 45. The severity of the liver disease determines the development of SIRS, and this in 

turn favors the presence of variceal hemorrhage, hepatic encephalopathy, and negatively affects 

survival 46. 

In experimental models of cirrhosis, intestinal CD103+ dendritic cells are activated during liver 

decompensation (ascites), revealed by the expansion of the proinflammatory CD4+ dendritic cells 

subpopulation, the increase in the production of TNF, and the increase in phagocytosis and migration 

capacity. As cirrhosis progresses to the ascitic state, levels of intraepithelial and lamina propria 

lymphocytes (T helper cells, cytotoxic T cells, regulatory T cells, B cells, and NK cells) increase, T 

helper cells switch to a TH1 regulatory pattern with increased production of TNF and IFN in the 

lamina propria, with concomitant TH17 depletion. Interestingly, decontamination of the intestine 

leads to a redistribution of microbiota composition, a diminution in proinflammatory activation of 

mucosal immune cells, and a reduction in intestinal permeability and bacterial translocation, 

supporting the relevant role of the dysbiosis in intestinal inflammation in cirrhosis 47. 

Macrophages show caspase1 activation and a marked increase in IL-1 and IL-18 expression 

compared to circulating monocytes, suggesting inflammasome activation in ascites, facilitating an 

exacerbated inflammatory response, even in the absence of a primary signal 48. Spontaneous 

bacterial peritonitis (SBP) is characterized by the disparity between the low microbial load in ascites 

and the intensity of the inflammatory response in the peritoneum, this latter exhibiting correlation 

with SI and the clinical outcomes, such as kidney failure. During SBP, CD206 levels in ascites, but not 

in serum, correlate with SI, peritoneal inflammation, and mortality; the massive release of 

proinflammatory cytokines during bacterial inflection contributes to systemic inflammation and 

organ failure 50. 
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Decontamination with non-absorbable antibiotics decreases vascular NO production, reduces 

inflammation and hemodynamic alterations in animal models and in humans with cirrhosis 51. It 

has been observed that intestinal decontamination with antibiotics reduces endotoxemia and the 

severity of liver disease 3, due to that intestinal decontamination with antibiotics reestablishes 

immune surveillance in experimental cirrhosis. The intestinal microbiome can deplete the mucosal 

immune response capacity, the activation and function of intestinal dendritic cells in rats with 

cirrhosis and ascites, as well as its relationship with the bacterial translocation. Intestinal bacteria 

condition a different phenotypic and functional profile of the dendritic cells to produce effects that 

range from their activation and improvement of functions to exhaustion and tolerance 47. 

Humoral Factors in Circulation 

Endotoxins, prostaglandins, catecholamines, and products of cell death may contribute to CAID 

40. Norepinephrine has been demonstrated directly influence the microbiome, exerts detrimental 

effects on enterocytes, increases intestinal permeability, and contributes to the initiation and 

perpetuation of intestinal inflammation, observed in animal models as well as in humans models. 

Norepinephrine levels are known to be three times higher in ACLF than in acutely decompensated 

patients and strongly correlate with the severity of the systemic inflammatory response 52. 

T helper cells play a crucial role in the induction and regulation of the adaptive immune 

response. Th cell lymphopenia is a common finding in patients with cirrhosis, generally attributed to 

splenic sequestration, as well as a reduction in the naïve Th cell compartment 53. Lario et al. 

evaluated the number and distribution of circulating lymphocytes; compared with controls, patients 

with severe lymphopenia (p <0.001) with T-cell depletion (p <0.001) in peripheral blood showed a 

drastic reduction in the number of helper and cytotoxic T cells (p <0.001). The number of naive T cells 

was reduced 2.7-fold, while the number of memory Th cells was reduced 1.5-fold in patients with 

cirrhosis. The lymphopenic state of cirrhosis was associated with a redistribution of the peripheral 

Th cell compartment, characterized by a reduction in naïve Th cells, and an increase in memory Th 

cells, increased apoptosis and accumulation of splanchic Th-cells. The fundamental role that Th cells 

play in the regulating the immune response highlights the relevance of Th cells immunodeficiency in 

cirrhosis. Results reveal a severe reduction in the number of naïve CD31* Th cells in cirrhosis 54. 

Elevated levels of TNF- have been implicated in endothelial activation and hemodynamic 

disorders observed in cirrhosis 55. LPS increase plasma levels of LBP, the main plasma protein 

responsible for transporting LPS to effector immune cells; decontamination of the intestine with 

norfloxacin diminishes enteric bacterial load, and therefore the risk of bacterial infections, diminishes 

circulating levels of TNF- and LBP, and reduces hemodynamic abnormalities in patients with 

advanced cirrhosis. Not enough attention has been paid to alterations in immune effector cells 

responsible for modifying the humoral abnormalities and compromised immune function found in 

cirrhosis, as little is known about the immune cell source of TNF- production in liver cirrhosis 56. 

A prospective study was conducted that included 60 patients with alcoholic cirrhosis and a 

control population of 25 healthy subjects; the patients were aged between 25 and 70 years, with a 

diagnosis of cirrhosis, and at least 1 years of abstinence from alcohol; ascites were detected in 28 of 

60 patients (46%). Serum LBP levels were above the threshold level of healthy controls in 11 of the 28 

patients with ascites; the total number of monocytes is significantly increased in the peripheral blood 

of patients with ascites compared to that of patients without ascites and in healthy controls; the levels 

of LPS, LBP, sCD14, TNF-, sTNF-RI, and IL-6 were significantly increased in patients with ascites 

with normal LBP, patients without ascites and healthy controls; it was evident that the behavior of T 

cells is depleted, and that enteric bacteria play a relevant role in these abnormalities of cellular 

immunity 57. 

LPS lead to the activation of the signaling pathways that induce an increase expression of the 

MHC class II and the costimulator molecule CD80 on the surface of monocytes, as well as an increase 

in serum LBP and CD14. The subtype of patients with cirrhosis and ascites revealed a higher number 

of monocytes and a higher expression of HLA-DR on the cell surface and, in particular, of the CD80 
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and sCD14 molecules, a pattern consistent with LPS signaling, as well as with the ability to modulate 

Th cells function 58. 

Patients with acute decompensated liver cirrhosis have a reduced expression of HLA-DR 

antigen-presenting molecules on monocytes; this can also result in a decreased monocytes activation 

and cytokine secretion. In addition to dysfunction of the RE system, patients with cirrhosis 

demonstrate a diminution of neutrophil mobilization and phagocytic activity, a phenomenon that 

correlates with the severity of the liver disease 59. Patients with cirrhosis have much lower levels of 

the immunoglobins IgM, IgG, and IgA in ascites, and the concentrations of C3, C4 and CH50 are 

significantly lower in serum as well as in ascites 60. 

Most bacteria that cause serious infections must be phagocyted and eliminated by phagocytic 

cells; this process requires that the surface of the bacterial cell is first opsonized with IgG and/or with 

the third component of this process that requires complement (C3), with the fixation of the 

complement to the surface of the bacteria being the most important step in opsonization, and 

complement deficiencies are known to predispose to bacterial infections. Bruce et al. determined how 

opsonization activity in ascites correlates with the content of total protein (CH100) and complement 

(C3 and C4) in ascites; CH100 was measured in both ascites as well as in serum, observing that ascites 

caused by cirrhosis presents less opsonic activity than in ascites of other etiology 61. 

Patients with cirrhosis have high levels of circulating endotoxins that inversely correlated with 

the liver failure (p <0.05); plasma levels of endotoxins and serum bilirubin are important factors for 

predicting short-term survival 62. Protein C, high-density lipoproteins, and anti-inflammatory and 

anti-apoptotic factors are reduced in patients with cirrhosis; NO is increased in cirrhosis and it is 

known to contribute to oxidative stress and worsening vasodilatation in sepsis. Due to that 

endotoxemia improves the expression of inducible nitric oxide synthase (iNOS), the results suggest 

that circulating endotoxin in cirrhosis is responsible for the excessive synthesis and release of NO in 

the vasculature 63. 

Infections in Cirrhosis 

Gastrointestinal bleeding is associated with a higher incidence of infection, with approximately 

17% to 45% of cases lead to an episode of SBP or bacteremia. The presence of infection increases the 

risk of early bleeding; therefore, the preferred prophylactic strategies are third-generation 

cephalosporins, both for Gram-negative and Gram-positive bacteria. In patients with advanced 

cirrhosis, it was found that 1 g of intravenous ceftriaxone during 7 days after bleeding was found to 

be effective in preventing bacterial infections than oral norfloxacin. Prokinetic agents can reduce 

dysmotility and bacterial translocation, prophylaxis with norfloxacin and cisapride significantly 

reduces the rate of SBP compared with norfloxacin alone 65. 

The prevalence of SBP in hospitalized patients with cirrhosis and ascites ranges from 10% to 

30%, approximately half of the cases occurring at the time of hospitalization and the other half of 

cases occurring during hospitalization 66. The hospital mortality rate due to PBE is approximately 

32%; renal failure develops in approximately one third of all patients with PBE and is a strong 

predictor of mortality during hospitalization 67. The activation of the cytokine cascade and the 

production of NO in cirrhosis and SBP negatively impacts kidney function; therefore, the use of 

intravenous albumin (1.5 g/kg within 6 h of SBP followed by 1 g/kg on day 3) in conjunction with 

cefotaxime reduces the incidence of renal failure from 33% to 10% and the incidence of mortality from 

29% to 10%. Albumin increases the mean arterial volume and binds to TNF- and NO to counteract 

the inflammatory response due to the infectious process, eliminating toxins from the circulation 68. 

In those patients without antibiotic prophylaxis, the SBP recurrence rate is 43% at 6 months, 69% 

at 1 year, and 74% at 2 years after the initial episode. Ginés et al. determined that 400 mg of 

norfloxacin orally per day reduces the recurrence of SBP from 68% to 20% 69. 

It has been shown that in-hospital mortality is similar between patients with severe sepsis (32%) 

and ACLF (30%). The determination of CRP and procalcitonin (PCT) is higher in the sepsis group 

compared with patients with ACLF; the serum concentrations of IL-6 and IL-10 are considerably 

higher in patients with severe sepsis and different from those in subjects with ACLF or with stable 
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cirrhosis. By contrast, CRP, PCT, and the average values of IL-6 and IL-10 are significantly higher in 

patients with ACLF than in patients with non-compensated cirrhosis 27. 

As previously described, SI occurs in a setting attributable to the translocation of 

proinflammatory signals from the intestinal lumen to the systemic circulation and/or the release of 

DAMPs, that trigger proinflammatory mediators 70,71. The direct deleterious effects of these 

proinflammatory mediators on organ microcirculation and homeostasis of cellular physiology can 

lead to organ failure 8. At any stage of cirrhosis, patients can develop AD, but patients will only 

develop ACLF when systemic inflammation is widely activated 72. 

Half of the CANONIC cohort developed ACLF without a precipitating event, which highlights 

that the triggers of ACLF are not completely known or that in some cases, the SI may be so high that 

it favors the development of ACLF without an external triggering. SI is a hallmark of ACLF; however, 

the dynamics of SI has not been described after successful AD treatment (that is, in re-compensation), 

and its role in the development of ACLF remains unclear 7, 73. Inflammasome activation is a 

hallmark of the inflammatory response of the innate immune system leading to the release of IL-1 

and IL-1 74. 

Monteiro et al. evaluated inflammasome activation, estimated by the proinflammatory cytokines 

IL-1 and IL-1 of compensated and recompensated patients and its role in the development of fatal 

ACLF. The hypothesis of this study was that SI is a prerequisite and necessary for the development 

of ACLF in patients with compensated and recompensated state. In total, 88 (35%) patients died, the 

most common cause of death was ACLF in 52 (58.5%) patients; in 63.5% of cases the trigger of ACLF 

was not identified. Compared with compensated patients, recompensated patients had significantly 

higher levels of MELD and CLIF-C AD (Hazard Ratio [HR] 1.11, p = 0.052), and lower levels of 

hemoglobin and albumin, while the recompensated patients had significantly higher rates of fatal 

ACLF and overall mortality compared to those with compensated patients. IL-1 levels were 

significantly higher and more frequently detectable in patients with ACLF development compared 

to those without development of ACLF, (69% vs 34%, p <0.05); patients with ACLF demonstrated 

significantly higher rates of IL-10 (60% vs. 33%) and IL-1 (16% vs. 8%) compared to patients without 

ACLF 75. Evaluation of cytokine profiles in compensated and recompensated patients with cirrhosis 

could help identify patients at risk of developing fatal ACLF to a greater extent than MELD and CLIF-

C AD. In some patients, plasma IL-6 levels show an increasing profile, with extremely high peaks, 

whose duration ranges between days and weeks; it is possible that these peaks are related with 

transitory episodes of massive PAMPs translocation 2. 

In the observations carried out by Rolando et al., where 887 patients admitted to the hospital 

due to acute hepatic failure were included, the SI response was evaluated, which was present in 56% 

of the cases, regardless of whether the patients had or not bacterial infections. The prevalence of 

infections in patients with gastrointestinal hemorrhage is less than 2%. There is evidence that SI is 

involved in the development of ascites and renal failure; in fact, ascites and bacterial infections 

coincide in 30% of hospitalized patients with AD. Finally, as observed in sepsis, SI related with 

bacterial infections in decompensated cirrhosis may deteriorate in terms of liver failure to an even 

greater degree, may impair left ventricle contractility, and may reduce vascular resistance of the 

splenic and systemic systems. There are few clinical studies on the potential role of SI in 

gastrointestinal bleeding in cirrhosis; on the other hand, there are many experimental studies that 

indicate that SI can increase portal hypertension, and its severity correlates with the severity of portal 

hypertension in patients with cirrhosis. SI activates Toll-like receptors on hepatic stellate cells (HSC), 

making them sensitive to increased circulating levels or local release of vasoconstrictors (endothelin, 

norepinephrine, angiotensin II, leukotrienes, and thromboxane A2). The Kupffer cells are activated 

in the context of SI, which increases the production of proinflammatory cytokines and ROS; therefore, 

SI can induce an imbalance between vasoconstrictor and vasodilator mechanisms within the liver, 

leading to an increased vascular resistance 76. 

SI Is the Common Mechanism for Major Complications and Organ Failure in AD 
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The CANONIC and PREDICT studies aimed to characterize ACLF syndrome on hospital 

admission (CANONIC study) and explore the critical periods before and within 3 months after 

admission (early follow-up period) in AD patients without ACLF (PREDICT study). Mortality rates 

at 3 months and one year after admission increased progressively and in parallel with the severity of 

AD. 8,9 

“Sterile” inflammation can derive from acute hepatic inflammatory processes; the spread of 

activated immune cells within the liver and DAMPs released by hepatocytes cause the systemic 

inflammatory response 77. Preactivation of the innate immune system has been observed to be 

induced by an exaggerated inflammatory response to bacterial infections and other proinflammatory 

stimuli; in the same manner, it has been determined that the inflammasome is highly active in ascites 

in patients with cirrhosis without the presence of infection, explaining the exacerbated inflammatory 

response in the inflammasomes and that is associated with a higher degree of liver disease 78. 

IL-6 is a sensitive marker of SI, the plasma level of IL-6 was normal on admission in only 40 

(3.3%) patients among the 1,211 patients with AD included in the analysis; 37 of these patients 

showed elevated plasma levels of >2 of other SI markers (TNF-, IL-8, IL-10, IL-1RA, and CPR). Of 

the 97 patients with compensated cirrhosis (patients without history of AD) included in the analysis, 

48 (49.4%) showed normal plasma levels of IL-6 and IL-24 (24.7%). The SI correlates with the number 

of decompensations upon hospital admission, which is also a prognostic marker in AD 79, 80. 

Patients with any precipitating factor represent 44% of patients with ACLF without AD; and 

70% of ACLF patients with AD. Bacterial translocation is probably the precipitant of SI and AD in 

more than half of patients with ACLF-non-AD and in 30% of patients with ACLF-AD. The number, 

but not the type, of precipitants influences the severity of SI 81. The clinical course of the disease is 

closely correlated with the evolution of SI 2. 

Traditionally, it has been thought that SI causes dysfunction and organ failure through two 

different mechanisms that are not mutually exclusive. First, SI, by stimulating NO production in 

splanchnic arterioles, may accentuate preexisting systemic circulatory dysfunction, which results in 

increased inflammation, decreased effective arterial blood volume, and the overactivation of 

endogenous vasoconstrictor systems, resulting in organ hypoperfusion and subsequent impairment 

of organ function. In second place, SI may be associated with an activation of immune cells resulting 

in tissue damage and impairment of organ function 8. A third mechanism has been suggested 

involving metabolic alterations associated with SI, which also plays a role in the development of 

organ dysfunction and failure in patients with cirrhosis 82. 

Immunoparesis 

Immunoparesis, as a mechanism of primary infection or the development of secondary 

infections, was described for the first time in patients with sepsis. 83 In the study by J. Fernández et 

al., 407 patients with ACLF were included, as well as 235 patients with AD; 152 patients (37%) had 

bacterial infection at the diagnosis of ACLF; 117 patients (46%) of the remaining 255 patients with 

ACLF developed bacterial infection during the 4-week follow-up. Serious infections (SBP, 

pneumonia, severe sepsis/shock, nosocomial infections) were more prevalent in patients with ACLF. 

Patients with ACLF and bacterial infections (either at diagnosis or during follow-up) showed a higher 

degree of SI at diagnosis, worse prognosis, and decreased 90-day survival compared to patients with 

ACLF without infection. Fungal infections developed in 9 patients with ACLF (2%) and in none with 

AD, they occurred mainly after the diagnosis of ACLF (78%), conferring a high mortality at 90 days 

(71%) 84. The corresponding incidence of infections in the PREDICT study in patients with non-

ACLF AD was 53% 81. 

In patients with AD, the subset of circulating monocytes present characteristics of immune 

incompetence, these cells are present in patients with AD non-ACLF, and their number increases in 

patients with AD-ACLF. 85 In patients with decompensated cirrhosis, circulating neutrophils have 

differences in migration, bacteria recognition, and bacteria killing activities, including phagocytosis, 

phagocyte degranulation, as well as rapid production of large amounts of ROS 86. 
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Liver Failure and Acute Kidney Injury (AKI) in AD 

In a retrospective study of four cohorts of patients treated with terlipressin and albumin in 

patients with cirrhosis and hepato-renal syndrome (HRS) type 1 as well as different degrees of ACFL, 

it was observed that the renal response to treatment depends largely on the degree of ACLF. 

Resolution of HRS was obtained in 60% of patients with ACLF-1, in 48% of patients with ACLF-2, 

and in only 29% of patients with ACLF-3; which could be predominantly related with renal 

inflammation (p <0.001 when comparing the three grades) 87. 

Albumin Treatment Negatively Regulates Systemic Inflammation in Decompensated Patients with Cirrhosis 

A recent study in patients with AD suggests that these beneficial effects are related to the 

negative regulation of SI, since the administration of albumin, both short and long term (12 weeks), 

in high doses, significantly reduces plasma levels of CPR and cytokines. A prospective study was 

carried out in which the long-term effect (12 weeks) of treatment at a low dose (1 g/kg of body weight 

every 2 weeks) and high-dose treatment (1.5 g/kg every week) of albumin on serum albumin levels, 

plasma renin, circulatory function, portal pressure, and plasma cytokine levels; the data were 

collected from 18 patients without bacterial infection but with decompensated cirrhosis (Pilot—

PRECIOSA Study). Similarly, the effect of short-term treatment (1 week) with antibiotics alone vs. the 

combination of serum albumin plus antibiotics (1.5 g/kg on day 1 and 1 g/kg on day 3) on cytokine 

levels was evaluated in 78 patients with bacterial infections in a randomized controlled study 

(INFECIR-2). It was found that high dose of albumin for 12 weeks, but not the low dose of albumin, 

was associated with normalization of the serum albumin levels; improved the circulatory and left 

ventricular function, and reduced plasma cytokine levels (IL-6, granulocyte-stimulating factor, IL-

1RA, and endothelial growth factor) without significant changes in portal pressure. The 

immunomodulatory effect of albumin was demonstrated in both studies (PRECIOSA and INFECIR-

2) 88. 

Sarcopenia in Cirrhosis 

Sarcopenia is the progressive, widespread loss of skeletal muscle, mass, strength and function 

seen in up to 70% of patients with cirrhosis. Sarcopenia is relevant, because it leads to physical 

disability and functional impairment, low quality of life, poor prognosis, and increased mortality 

before and after liver transplantation 89,90. Sarcopenia is more prevalent in patients with cirrhosis 

with low left ventricle mass 91. Myokines are released by skeletal muscle in response to a 

contraction or degradation and they are relevant because they have multiple beneficial physiological 

functions, these include immunoregulation, they facilitate energy metabolism and the remodeling of 

cardiac architecture, in turn playing a role in improving insulin resistance and reducing systemic 

inflammation; due to all these functions, sarcopenia has a systemic impact. (Figure A3) Myostatin is 

a myokine responsible for inhibiting protein synthesis and regeneration; sarcopenia is the result of 

an imbalance between protein synthesis and catabolism 92. 
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Figure A3. Sarcopenia and Cirrhosis. Skeletal muscle has beneficial physiology functions, which 

deteriorate in liver cirrhosis. 

Hyperammonemia plays a critical role in the development of sarcopenia, regulates the rise of 

myostatin levels and activates autophagia; elevated ammonia levels lead to impairment of the mTOR 

pathway through an increase mitochondrial dysfunction and ROS production; similarly, 

hyperammonemia affects muscle contractility and increases fatigue, this contributes to muscle 

dysfunction 93. 

Physical disability and functional impairment, a result of sarcopenia, favors a sedentary lifestyle; 

this change in lifestyle plus reduction of energy expenditure can contribute to increase adipose tissue 

and obesity. Patients with cirrhosis can develop simultaneous loss of skeletal muscle and gain of 

adipose tissue, leading to sarcopenic obesity; this increase in adipose tissue observed in sarcopenia 

activates systemic inflammation 94. (Figure A4) 
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Figure A4. Sarcopenic obesity in cirrhosis. 

Sarcopenia is associated with an increased risk of decompensation; it is associated with a 5-fold 

increased risk of mortality, regardless of MELD sodium score; it is also associated with a 2-fold 

increased risk of cancer, a higher risk of infection, and a higher mortality at 12 months after liver 

transplantation 95. 

Cytokines and Their Correlation with Hepatic Encephalopathy (HE) 

Hepatic Encephalopathy (HE) is a neuropsychiatric syndrome present in patients with chronic 

and acute liver disease that is associated with short survival in cirrhotic patients; therefore, cirrhotic 

patients who develop a first episode of acute hepatic encephalopathy should be considered potential 

candidates for liver transplantation, because the syndrome is associated with a poor prognosis 96, 

97. Minimal HE (MHE) is the first stage in the HE spectrum; inflammation has been proposed to 

plays a major role in cognitive impairment and to exacerbates the neuropsychological alterations 

induced by hyperammonemia 98. 

Li W et al. studied 289 patients with liver cirrhosis of viral etiology; 3 groups were made: patients 

without HE (n =156); with MHE (n = 98), and with clinical HE (n = 213), in addition to including 88 

healthy volunteers; the serum levels of IL-6, IFN-, and IL-17a were correlated with the presence of 

MHE (p <0.001) 99. 

Shawcross et al. studied the role of ammonium and inflammation in MHE; 84 patients with 

cirrhosis were included, neuropsychological tests and serum determination of ammonia, leukocytes, 

CPR, nitrate/nitrite, IL-6, and amino acids, were performed before and after the induction of 

hyperammonemia through the administration of a solution that mimics the amino acid composition 
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of hemoglobin (60) or placebo (24). It was observed that the presence and severity of MHE were 

independent of the severity of liver disease and ammonia concentration, but markers of inflammation 

were significantly higher in patients with MHE (IL-6: 36.83 ± 7.57 pg/mL; CPR: 35.6 ± 7.45, and 

leukocytes: 11.36 ± 137) vs. without MHE (IL-6: 20.1 ± 1.67 pg/mL, PCR: 16.94 ± 1.62, and leukocytes: 

7.29 ± 0.42) 100. Similarly, Montoliu C et al. studied in 55 patients with liver cirrhosis and 26 controls, 

the performance of the HE psychometric score and the critical blinking frequency, ammonia and IL-

6 and IL-18 as inflammatory markers, these authors finding that IL-6 and IL-18 were significantly 

higher (2.5 times and 2.2 times, respectively) in patients with MHE; therefore, serum concentrations 

of IL-6 and IL-18 are considered to be useful to be useful for discriminating cirrhotic patients with 

and without MHE 100. 

2. Conclusions 

Alterations of the immune system are frequent findings in liver cirrhosis, from its initial stages 

to the development of ACLF; patients with cirrhosis develop an immune dysfunction favored both 

by the presence and persistence of systemic inflammation and by an immunodeficiency conditioned 

by alterations in their surveillance system against pathogens. Bacterial translocation is a determinant 

that favors the persistence of the inflammatory state and is a characteristic disorder in this condition; 

Likewise, it has been observed that the levels of certain cytokines play an important role in the 

development of hepatic encephalopathy. To date, we do not know if there is a characteristic 

inflammatory profile in the group of patients who frequently present clinical decompensation versus 

those patients who present only one decompensation during the course of their disease, or what 

causes one patient to decompensate and another not. Since, as mentioned, there are patients who 

develop decompensation or ACLF without a recognized triggering factor. We are currently carrying 

out a protocol with the intention of answering these questions. 
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