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Bacterial translocation markers in liver cirrhosis

Alexandra Alexopoulou, Danai Agiasotelli, Larisa E. Vasilieva, Spyros P. Dourakis
Medical School, National and Kapodistrian University of Athens, Hippokration Hospital, Athens, Greece

Abstract Bacterial translocation (BT) is an important mechanism in the development of infection in 
liver cirrhosis. The migration and colonization of bacteria and/or bacterial products from the 
bowel to mesenteric lymph nodes is a controlled process in healthy persons. Increased intestinal 
permeability, bacterial overgrowth and defect of gut-associated lymphatic tissue promote 
impaired BT in cirrhotics. We reviewed the reports on markers used for the evaluation of BT 
published between 1987 and 2016. We focused on the clinical consequences of BT in cirrhosis, 
as indicated by the values of the BT markers. Patients with cirrhosis are reported to have elevated 
levels of surrogate markers associated with BT compared with controls. The most widely used BT 
parameters are C-reactive protein, procalcitonin, bacterial DNA, endotoxin or lipopolysaccharide, 
lipopolysaccharide binding protein, calprotectin, and bactericidal/permeability increasing 
protein. High levels of these factors in serum and/or ascitic fluid in humans may be associated 
with advanced liver disease, hemodynamic instability, high levels of proinflammatory cytokines, 
susceptibility to the development of severe or recurrent infections, acute-on-chronic liver 
failure, hepatic encephalopathy, hepatorenal syndrome and poor prognosis during follow up. In 
conclusion, high levels of BT markers are associated with a high inflammatory response, increased 
complications of liver cirrhosis and occasionally high fatality rates.

Keywords C-reactive protein, bacterial DNA, lipopolysaccharide binding protein, calprotectin, 
bactericidal/permeability increasing protein, soluble form of receptor for lipopolysaccharide
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Introduction

Bacterial infections are frequent in cirrhosis and represent 
the most common cause of hospitalization [1,2]. Despite 
progress in their pathogenesis, prevention and management, 
bacterial infections still remain a cause of mortality and 
admission to intensive care units. The European Association 
for the Study of the Liver (EASL), after a special session in 
2013 in Barcelona, reported that the severity and incidence of 
infections in cirrhosis is higher than in the general population 
and pointed out the increasing risk of infection by multi-
resistant bacterial strains [3]. In addition, they highlighted 

the importance of the empirical use of antibiotics in both 
community-acquired and nosocomial or healthcare-associated 
infections.

The most common infections in patients with cirrhosis are 
spontaneous bacterial peritonitis (SBP), urinary tract infection, 
pneumonia, infections of soft tissues, and spontaneous 
bacteremia [4]. Factors associated with a high incidence 
of infection are liver failure, variceal bleeding, decreased 
albumin concentration in ascitic fluid, a history of SBP and 
previous hospitalization [5,6]. Given the high frequency of 
Gram-negative infections, it seems that most infections in 
patients with liver cirrhosis are of enteric origin and that the 
pathogenetic mechanism explaining the development of SBP 
is the passage of viable bacteria from the intestinal lumen 
through the intestinal wall to the mesenteric lymph nodes or 
other sites. This phenomenon was first described in 1979 and is 
called bacterial translocation (BT) [7].

BT

BT is defined as the migration of live microorganisms or 
bacterial endotoxins (e.g.  bacterial lipopolysaccharide [LPS], 
peptidoglycan, lipopeptide) from the intestinal lumen to the 
mesenteric lymph nodes and extraintestinal sites [7,8]. The 
most common bacteria involved in BT are derived from the 
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family of Enterobacteriaceae (Escherichia coli [E. coli], Klebsiella 
spp, etc.), Enterococci and Streptococci spp., while species of 
anaerobic microorganisms are rarely responsible for BT [9,10]. 
It has been shown that BT is related to the stage of liver failure 
and is more prominent in advanced liver disease as estimated 
by the Child-Pugh score [11]. Moreover, it is more frequent in 
experimental models with ascites than in those without [12].

Our knowledge of the pathogenesis of BT is based on studies 
in experimental animals, in which BT is defined as positive 
bacterial culture of surgically removed mesenteric lymph 
nodes. However, in humans the difficulty of surgical access to 
mesenteric lymph nodes means that only a few studies have 
been reported [13]. The mechanisms related to the pathogenesis 
of BT in cirrhosis vary and include bacterial overgrowth in 
the small intestine, disorders of intestinal permeability and 
impairment of the immune system (Fig. 1) [14-17].

Bacterial overgrowth in the small intestine

This is a syndrome characterized by an increased number 
and/or abnormal type of bacteria in the small intestine [14]. 

The optimal method for diagnosis is quantitative culture 
of jejunal aspirates [18,19]. Hydrogen and methane breath 
tests [20,21] have also been used as noninvasive methods, but 
they are characterized by low sensitivity [18]. Slow intestinal 
transit due to decreased bowel motility, low secretion of 
gastric acid and bile acid, and local intestinal immunological 
defects are factors related to bacterial overgrowth (Fig. 1) [14]. 
Increased catecholamine activity, high production of nitric 
oxide (NO) inducing vasodilatation, and portal hypertension 
causing hyperemia of submucous capillaries and veins may 
further facilitate bacterial overgrowth [22-24].

Increased intestinal permeability

Structural and functional changes in the intestinal mucosa 
increase its permeability and result in BT (Fig. 1). The intestinal 
barrier includes secretory and natural defense mechanisms 
against microorganisms. Intestinal mucosa and intercellular 
junctions among epithelial cells form a layer that allows 
selective passage of the toxins and bacterial products [14]. 
Mucus produced by intestinal epithelial cells forms a thick 
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Figure 1 Mechanisms of bacterial translocation in liver cirrhosis.
Factors involved in the process of bacterial translocation include increased intestinal permeability, impaired immunity and bacterial overgrowth. 
These alterations may lead to migration of bacteria/bacterial products to either the systemic circulation or the mesenteric lymph nodes, causing a 
wide range of clinical manifestations, including hemodynamic instability, high proinflammatory cytokine levels, development of severe or recurrent 
infections, acute-on-chronic liver failure, hepatic encephalopathy, hepatorenal syndrome and poor prognosis
LPS, lipopolysaccharide; NO, nitric oxide; TNF-α, tumor necrosis factor-α
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layer on the mucosa that prevents bacterial penetration. 
Mucous secretions are rich in immunoglobulin A, which 
neutralizes toxins and microorganisms and prevents their 
adhesion and colonization [13,25]. Bile acid secretion also 
plays a role in intestinal permeability by affecting intestinal 
mucosa and by neutralizing endotoxin [14]. In cirrhosis with 
portal hypertension, the microcirculation in the intestinal 
mucosa is disturbed, resulting in a reduction of mucosal blood 
flow that leads to congestion, edema, ischemia, and potentially 
to erosions and impaired mucosal integrity [23]. It has been 
shown that patients with advanced cirrhosis and previous 
episodes of SBP, hepatic encephalopathy or sepsis displayed 
high intestinal permeability [26,27].

Impaired immunity

The intestine is an active organ of the immune system that 
contains every type of white blood cells involved in both innate 
and adaptive immune response. Bacteria that translocate to the 
mesenteric lymph nodes are usually neutralized before they 
cause infections in immunocompetent individuals [12]. In 
advanced cirrhosis, local immunity changes such as impaired 
mucosal integrity, altered intestinal defenses and systemic 
immunity abnormalities (Fig.  1) such as deficiency in 
bactericidal and opsonic function, low serum complement 
concentration, defective monocyte activity and chemotaxis 
may promote the development of BT [23]. Moreover, the 
phagocytic role of the reticuloendothelial system (which is 
represented in the liver by Kupffer cells) may be disordered, 
and the presence of portosystemic shunts explain the failure to 
eradicate bacteria and endotoxins [28].

Moreover, it is worth mentioning that bacteria and bacterial 
products are associated with a marked immune response, as 
shown by elevated levels of proinflammatory cytokines such 
as interleukin (IL)-6 and -12, tumor necrosis factor (TNF)-α, 
interferon (IFN)-γ, and effector molecules such as NO [29,30]. 

Therefore, the high inflammatory response associated with BT 
acts on intestinal barrier function, inducing further derangement 
in both mucosal integrity and the intestinal immune system, 
favoring the translocation of bacteria and bacterial products 
and thus creating a positive feedback mechanism.

BT in cirrhosis has a significant clinical impact, as it leads 
to both increased susceptibility to bacterial infections [31] 
and a high systemic inflammatory response, resulting in an 
increase in portal pressure, disturbance of hemodynamic 
markers, deterioration of hepatic failure and worsening of 
hemostasis [12,13]. Considering the importance of BT in this 
setting, it would be of great interest to evaluate the surrogate 
markers of BT and their role in the severity and prognosis of 
liver disease.

Materials and methods

Relevant articles in English published between 1987 and 
2016 were extensively searched from the databases of Medline 

(PubMed), the Cochrane Library, Scopus and Google Scholar. 
The key words used for the search were “markers”, “bacterial 
translocation”, “cirrhosis”, “c-reactive protein”, “procalcitonin”, 
“bacterial DNA”, “lipopolysaccharide”, “lipopolysaccharide-
binding protein”, “CD14”, “calprotectin”, and “bactericidal/
permeability increasing protein”. These words were used 
individually or with the Boolean operator “AND”. Initially, 
63 articles were identified. Reviews and meta-analyses were 
excluded. Authors AA and DA were responsible for the 
literature search. We carefully checked the titles and abstracts 
of all returned articles. References listed in these articles were 
also reviewed. If several publications reported on a single 
study, the publication that provided the most data was selected. 
Monocyte or other activation biomarkers, such as mannose 
receptor, sCD163 and soluble urokinase plasminogen activator 
receptor (suPAR) were omitted, as they correlate more strongly 
with organ failure than with BT.

BT markers

C-reactive protein (CRP) and procalcitonin (PCT)

CRP and PCT have been widely used as acute-phase proteins 
and BT biomarkers (Tables 1,2). As the infections in cirrhosis are 
usually subclinical, it is difficult to differentiate whether these 
parameters are indicative of infection or whether they represent 
BT markers. There is controversy regarding the accuracy of BT 
diagnosis and the cutoff values of these markers in patients with 
liver cirrhosis. CRP is produced by hepatocytes [32,33] and 
its production may therefore be downregulated in advanced 
chronic liver failure. Silvestre et al [34], who studied patients 
with sepsis and fulminant hepatic failure, found that CRP was 
significantly decreased, suggesting that this marker should not 
be used in cases of severe liver dysfunction. On the other hand, 
CRP is promoted by IL-6, a proinflammatory IL upregulated 
in advanced liver disease [32,33]. Its value reflects the degree 
of systemic inflammation, regardless of the underlying cause. 
Cervoni et al [35] studied 148 consecutive patients with 
decompensated cirrhosis (including 37.2% with infection at 
baseline) who were followed for 182 days. Investigators evaluated 
CRP as a surrogate marker of systemic inflammatory response 
and found that CRP levels were higher in patients who developed 
systemic inflammatory response syndrome, infection, and 
alcoholic hepatitis. Short-term mortality was associated with 
high baseline CRP levels. The CRP cutoff of 29 mg/L was the 
optimal value (receiver operating characteristic [ROC] analysis, 
area under the curve [AUC] 0.63). In multivariate analysis, CRP 
was one of the predictors of mortality [35]. Likewise, Cervoni 
et al [36] assessed the prognostic value of sustained high CRP 
levels (at least 29  mg/L both at baseline and at day 15±6) 
in 583  patients with decompensated cirrhosis (Child-Pugh 
score>B7) who were enrolled in the CANONIC cohort (20% 
had bacterial infection at baseline). In multivariate analysis, 
predictors related to 3-month mortality were high model for 
end-stage liver disease (MELD) score, age, and persistently 
elevated CRP.
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Another large study by Papp et al [37], including 368 
cirrhotic patients (37.7% with infection), showed that CRP, 
PCT and lipopolysaccharide-binding protein (LBP) levels were 
significantly higher in patients with overt infections. More 
specifically, a CRP cutoff value of 10 mg/L proved to be the most 
accurate factor for identifying infection at baseline (AUC 0.93). 
On the other hand, in patients without overt infections, a CRP 
value of >10 mg/L (P=0.035) was demonstrated to be a good 
prognostic factor for the development of clinically significant 
bacterial infection during a 3-month follow-up period. The 
performance of PCT was rather inferior compared to CRP 
(cutoff value 0.15 μg/L for predicting infection with sensitivity 
of 72%, specificity of 84% and AUC 0.84). However, the 
combination of CRP and PCT offered an increase in sensitivity 
and negative prognostic value by 10% and 5%, respectively, 
compared to CRP alone [37]. Other studies illustrated that 
short-term mortality was related to high values of both CRP 
and PCT [38,39]. More specifically, CRP or PCT levels of 
>29.5 mg/L or >1.10 ng/mL showed a sensitivity of 82% or 67% 
and specificity of 81% or 90%, respectively, in the diagnosis 
of infection. Significantly elevated CRP and PCT values were 
observed among patients who died within three months after 
admission, according to the study of Lazzarotto et al [38] 
(including 29.6% admissions with infection).

A recent retrospective study by Ximenes et al [40], involving 
149  patients with decompensated cirrhosis (including 48.3% 
infections at baseline), reported that patients with infection 
showed CRP concentrations higher than 59.4 mg/L as well as 
lymphopenia (≤900/mm3). However, CRP was not a predictor 
of mortality in multivariate analysis. Measurement of high 
sensitivity CRP (hs-CRP) in ascitic fluid was performed by 
Kadam et al [41]. One hundred patients were studied (50 
with SBP and 50 with sterile ascites). Patients with SBP were 
proved to have significantly higher hs-CRP ascitic fluid levels 
compared to those without SBP (77.50 vs. 42 mg/dL), which 
declined after antibiotic treatment. According to a study by 
Tsiakalos et al [42], in which 88 consecutive cirrhotic patients 
were studied (21.6% had documented infection at baseline), 
CRP offered the best diagnostic accuracy (AUC 0.91) compared 
to other acute phase proteins (fibrinogen, haptoglobin, ferritin, 
β2-microglobulin, and complement levels) in discriminating 
infection. More specifically, a cutoff value of >55.8 mg/L offered 
a sensitivity of 79% and specificity of 96% [42]. Connert et al 
[43] showed that serum PCT levels were higher in patients with 
documented infection compared to those without and were 
associated with 50% mortality in the first two months. In this 
study, 127 cirrhotic patients were followed and divided into 
three groups: decompensated cirrhosis with infection (28.3%), 
decompensated cirrhosis without infection and compensated 
cirrhosis without infection. PCT levels varied significantly 
among the groups and a concentration of 0.58 ng/mL was the 
best cutoff value for discriminating infection (sensitivity 92% 
and specificity 78%). PCT in ascitic fluid appeared to be a less 
accurate marker in identifying underlying infection [43]. Ascitic 
fluid PCT has been studied in patients with decompensated 
cirrhosis and SBP (SBP in 31.2%) and has been found not to 
correlate with other laboratory parameters, according to the 
results of Lesinska et al [44]. Viallon et al [45] demonstrated 

that PCT in serum and IL-6 in ascitic fluid were the best 
surrogate markers for the diagnosis of SBP in 21 cirrhotic 
patients with SBP (34.4% of the total) and 40  patients with 
sterile ascites. The serum PCT cutoff of 0.75  ng/mL was the 
optimal value, offering a sensitivity of 95% and a specificity of 
98% in differentiating between patients with and without SBP.

LPS, LBP and sCD14

The LPS or endotoxin is the main component of Gram-
negative bacteria (section of the outer membrane) and is a BT 
marker when detected in the systemic circulation [46,47]. It 
consists of a lipid and a polysaccharide molecule. LPS has a short 
half-life (2-3 h) and is influenced by many factors, including 
the concentration of LPS transporters, antibodies, high-density 
lipoproteins, and other immunogenic and microbiological 
parameters [48,49]. The transient character and the parameters 
mentioned above prevent LPS from being considered as a 
reliable surrogate marker of BT. Old studies demonstrated 
that plasma LPS values in alcoholic cirrhosis were significantly 
higher than in non-alcoholic and appeared to be correlated 
with proinflammatory cytokine values (TNF-α levels) and the 
stage of liver disease (Child-Pugh) (Table 1) [50,51].

LBP is an acute-phase protein (molecular weight 60 KDa) 
produced by hepatocytes in response to bacteremia and 
endotoxemia [52]. It binds specifically to the lipid A of bacterial 
LPS to facilitate its transfer to cell receptors such as CD14 [52]. 

Thus, the LPS-LBP complex binds to CD14 in myeloid cells 
and promotes an inflammatory response cascade [53-56]. 

Kupffer cells, which are specialized macrophages of the liver, 
are activated when exposed to LPS and produce cytokines 
such as TNF-α, IL-1, IL-6, and IL-12, a mechanism implicated 
in the pathogenesis of liver injury [57]. Due to its long half-
life (2-3  days) [58], LBP levels are displayed for a prolonged 
time in serum after an episode of bacteremia and it is a 
relatively reliable marker for the diagnosis of BT (Tables 1, 2). 
Increased LBP levels have been found to be associated with 
hemodynamic instability in cirrhotic patients and predict the 
development of bacterial infection [59,60]. More specifically, 
in the study of Albillos et al [59] (no infected patients were 
included as infection was in the exclusion criteria), 102 
cirrhotic patients and 30 controls were followed and LBP 
and soluble CD14 (sCD14) were detected before and four 
weeks after norfloxacin or placebo treatment. LBP values were 
significantly more elevated in patients with ascites compared 
to those without (P<0.01). It was also observed that increased 
levels of serum LBP in cirrhotic patients correlated with 
high sCD14, TNF-α, and IL-6 values. In patients with high 
LBP, norfloxacin treatment normalized both LBP levels and 
sCD14. Moreover, Albillos et al [60] (infection on admission 
was an exclusion criterion) demonstrated that serum LBP 
levels in 84 cirrhotic patients with ascites was the only factor 
in the multivariate analysis associated with severe bacterial 
infection (relative risk 4.49, 95% confidence interval 1.42-14.1) 
during a 46-week follow-up period. LBP values were found 
to be elevated in patients with severe portal hypertension 
compared to those with low portal pressure and decreased 
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after non-selective β-blocker treatment (mean decrease 
16%) [60], a finding that may be associated with a beneficial 
effect of β-blockers on intestinal permeability and BT [23]. It 
has also been shown that serum LBP values are associated with 
Gram-negative, but not Gram-positive bacteria, since they 
are elevated only in patients with bacterial DNA (bactDNA) 
from Gram-negative microorganisms [26]. Furthermore, it 
is noteworthy to mention the study by Agiasotelli et al [61], 
who assessed serum and ascitic fluid LBP and examined their 
association with mortality in patients with decompensated 
cirrhosis. More specifically, 88 consecutive patients (20.4% 
with infection) were included and underwent investigation for 
infection. Serum LBP was higher in 18 patients with infection 
compared to those without (P<0.001). Serum and ascitic fluid 
LBP showed a positive correlation with surrogate markers of 
inflammation and displayed a very good negative predictive 
value for ruling out infection and SBP. In ROC curve analyses, 
serum natural logarithm LBP showed good diagnostic accuracy 
in discriminating patients with from those without infection 
(c-statistic 0.773). The optimal cutoff of 13.49 offered a 
sensitivity of 72.2%, a specificity of 64.3%, a negative predictive 
value of 90.0%, and a positive predictive value of 34.2% in 
discriminating infection. CRP showed a lower diagnostic 
accuracy (c-statistic 0.708). The optimal cutoff of 23.65 mg/L 
offered a sensitivity of 61.1%, a specificity of 60.0%, a negative 
predictive value of 85.71%, and a positive predictive value of 
28.20%. In univariate Cox regression analysis, neutrophils, 
LBP, MELD score, and CRP were predictive of mortality. 
However, only high LBP and MELD score were predictive of 
mortality in multivariate analysis.

BactDNA

Circulating and peritoneal fluid fragments of bactDNA is a 
modern BT parameter. Its detection by the polymerase chain 
reaction (PCR) is associated with a systemic inflammatory 
response and poor prognosis of liver disease (Tables 1,2) [14]. 
Such et al [62] (no infection included) showed that bactDNA 
was detected in both serum and ascitic fluid in one third of 
cirrhotic patients with non-neutrocytic ascites and negative 
ascitic fluid culture indicating bactDNA presence. E. coli was the 
most frequently and Staphylococcus aureus the less frequently 
detected nucleotide sequence. In other research [29], BactDNA 
was detected in 7 of 17 patients with non-neutrocytic ascites, 
in both serum and peritoneal fluid (no infection included). 
Therapeutic paracentesis was performed at the time of 
admission and serum samples were obtained at baseline and 
every 8 h over a 3-day period. The nucleotide sequencing method 
illustrated that bacteria detected in the first were identical to 
those identified in subsequent samples. BactDNA fragments 
persisted in blood for a period of 24-72  h in some patients, 
a phenomenon that was related to the presence of recurrent 
BT episodes [29]. Furthermore, Frances et al [30] evaluated 
10 patients with cirrhosis and non-neutrocytic ascitic fluid (no 
infection included). Peritoneal macrophages were collected 
and characterized by flow cytometry. The authors concluded Pr
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that peritoneal macrophage activation was associated with the 
production of NO and cytokines (IFN-γ, TNF-α, IL-2, IL-12), 
indicating that bactDNA is a factor in BT and is involved in 
the activation of liver macrophages, inducing cell mediated 
immune response and NO production [30]. Subsequently, the 
same group [63] investigated 226 patients with cirrhosis and 
non-infected ascites, 22 patients with SBP and 10 patients with 
ascites receiving continuous norfloxacin. They showed that 
bactDNA was present in 34% of non-infected patients and in 
all patients with SBP, even in those with culture-negative ascitic 
fluid, but was absent in those receiving norfloxacin. Levels of 
all cytokines in serum and ascitic fluid were higher in patients 
with positive bactDNA compared to those without.

Likewise, Gonzales-Navajas et al reported that cirrhotic 
patients with positive bactDNA (infection was excluded) 
displayed increased proinflammatory cytokine concentrations 
(TNF-α and IL-6) [26]. In addition, bactDNA levels were higher 
in patients with Gram-negative than in those with Gram-
positive bacteria [26,64]. A relevant report (positive culture of 
blood and ascites and SBP were excluded) demonstrated that 
serum and ascitic fluid bactDNA was positively correlated with 
TNF-α and NO levels [64].

BactDNA was also used as a marker of prognosis and 
survival in liver disease. Zapater et al [25] demonstrated that 
the presence of bactDNA in serum and ascites of cirrhotic 
patients without overt infection is a marker of poor prognosis 
and is probably related to the development of acute-on-chronic 
liver failure, but did not predict SBP development. Another 
investigation by El-Naggar et al [65] illustrated that serum and 
ascitic fluid TNF-α was significantly higher in patients with 
evidence of bactDNA compared to those without (no infection 
included), while most importantly, patients with bactDNA had 
a higher relative risk for death, hepatorenal syndrome and SBP.

In contrast, an investigation by Sersté et al [66], which 
included 31 cirrhotic outpatients with non-neutrocytic ascites 
(no infection included), 18 of whom had several consecutive 
paracenteses over a 13-week period, reported that bactDNA 
was rarely detected in serum or ascites. Mortensen et al [67] 
evaluated bactDNA in blood obtained by the portal and hepatic 
veins in cirrhotic patients undergoing transjugular intrahepatic 
portosystemic shunt insertion (no infection included). The 
investigators showed that no transhepatic gradient of bactDNA 
was evident, suggesting that no major hepatic elimination 
of bactDNA occurs in advanced liver disease. They also 

Table 2 The pros and cons of bacterial translocation (BT) biomarkers

BT markers Pros Cons

Lipopolysaccharide •The first BT marker •Short half-life

Serum C-reactive protein •�Persistent high values in the absence of infection at 
baseline are predictive of high 3-month mortality 
rate

•�High values at baseline without overt infection are 
predictor of infection development

•Cheap method

•�It is mainly used as an acute phase protein 
indicative of infection

•It lacks specificity as BT marker
•It is downregulated in advanced liver disease

Serum procalcitonin Cheap method •It lacks specificity as BT marker
•�It was mainly used to differentiate infection 
from non infection

Soluble CD14 •�It is correlated with markers of inflammation and 
liver disease activity

•A less well-studied marker

Serum lipopolysaccharide-binding 
protein

•It has a prolonged half life
•�High values at baseline without overt infection are 
predictor of infection development

•�It is correlated with severity of liver disease and 
portal hypertension

•�It is an acute phase protein and it is 
increased in infection episodes

•Expensive method

Serum and ascitic fluid bacterial 
DNA

•�Positively correlated with proinflammatory 
cytokines

•Persistence for long time in serum
•�Its presence is correlated with complications of 
cirrhosis

•Non-standardized method
•�Its clinical relevance in BT is not well 
validated

Plasma, ascitic fluid and fecal 
calprotectin

•�Its presence is correlated with complications of 
cirrhosis and poor survival

•�Its role is mainly validated in inflammatory 
bowel disease

•�Its clinical relevance in BT of cirrhosis is not 
well investigated

Anti-neutrophil cytoplasmic 
antibodies

•It is correlated with severity of liver disease
•It is associated with future infection episodes

Its role in BT of cirrhosis is not well 
investigated

Plasma bactericidal/permeability 
increasing protein

•�It is correlated with severity of liver disease and high 
inflammatory response

•�Its role in BT of cirrhosis is not well 
investigated
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observed that bactDNA levels were not related to markers of 
inflammation and portal pressure [67].

Similar results were reported by Krohn et al [68] in 
356 ascites samples from cirrhotic patients with end-stage 
liver disease. BactDNA was detected in 35% of ascitic fluid 
samples and only a small proportion of bactDNA-positive 
samples showed positive culture results (3%). Mean bactDNA 
quantities were higher in culture-positive than in culture-
negative samples. Most bactDNA-positive samples (79%) 
showed a total leukocyte count in ascites below or equal to 
500 cells/mm3. Polymicrobial DNA contents were identified in 
67% of bactDNA-positive ascites samples.

Engelmann et al [69] suggested the new term “molecular 
bacterascites” and quantified bactDNA in ascitic fluid samples 
using a culture-independent 16S rRNA gene-based method. 
They demonstrated that patients’ survival was positively 
associated with bactDNA levels.

All the five aforementioned studies [66-69] demonstrated 
that the clinical and diagnostic relevance of bactDNA in patients 
with liver cirrhosis has not been well documented [70]. In all 
the above studies, bactDNA was determined by PCR for the 
universal amplification of a region of the 16S ribosomal RNA 
(16SrRNA) gene followed by nucleotide sequencing. In a number 
of studies, a qualitative PCR was used to detect the presence 
or absence of bactDNA [25,26,30,62,64,66], while in others 
a quantification of bactDNA was performed [29,63,67,69]. 
Recently, more standardized methods, such as multiplex PCR, 
and different patient cohorts have been used. For instance, 
in a recent research work by Bruns et al [71] bactDNA was 
detected by multiplex polymerase chain reaction in serum and/
or ascitic fluid in 61% of patients with suspected infection at 
baseline. BactDNA was associated with SBP and bacteremia, 
acute-on-chronic liver failure, encephalopathy and markers of 
inflammation, but was not a predictor of survival. However, 
the detection of resistance genes in blood or ascitic fluid in 
the absence of overt infection was associated with poor 1-year 
survival. In another study by Bruns et al [72], 68 consecutive 
patients were evaluated and underwent diagnostic paracentesis 
of ascitic fluid, which was further analyzed for neutrophils, 
bacterial culture and bactDNA by multiplex PCR. BactDNA 
was detected in 5/5 culture-positive neutrocytic ascitic 
samples, in 1/6 culture-negative neutrocytic ascites samples 
and in 8/56 culture-negative non-neutrocytic samples. Three-
month mortality did not differ according to the bactDNA 
status. However, patients older than 65 years, with severe liver 
disease and positive bactDNA had shorter survival.

Calprotectin

Calprotectin is a calcium-  and zinc-binding protein of 
granulocytes and an established marker for the assessment of 
localized intestinal inflammation [73]. The presence of fecal 
calprotectin is related to intestinal neutrophil migration [74]. 
Fecal calprotectin has been studied mostly in gastrointestinal 
(GI) disorders as a diagnostic and prognostic marker, especially 
in inflammatory bowel disease [75]. As the GI tract of cirrhotic 

patients has evidence of various alterations of its mucosal barrier, 
calprotectin might be a promising diagnostic parameter for BT 
(Table 1). Ascitic fluid calprotectin is a surrogate marker for the 
presence and prognosis of SBP, according to studies by Burri 
et al and Lutz et al [76,77]. More specifically, Burri et al [76] 
prospectively studied 130 ascitic samples from 71 cirrhotic 
patients and reported that ascitic fluid calprotectin levels 
were higher in samples with polymorphonuclear cell count 
>250/μL, The cutoff of 0.63 μg/mL was the optimal value, with 
a sensitivity of 94.8% and a specificity of 89.2%. Likewise, Lutz 
et al [77] (patients with and without infection were included) 
studied 120 ascitic fluid samples from 100 cirrhotic patients 
and showed that samples without infection had significantly 
lower calprotectin levels (median 34 ng/mL) than SBP samples 
(median 928 ng/mL). Furthermore, the ratio of calprotectin to 
total protein in ascitic fluid was a better surrogate marker for 
SBP diagnosis than calprotectin alone (AUROC 0.93, P<0.001, 
sensitivity 93%, specificity 79%) and high levels of the ratio 
were associated with poor 30-day survival [77]. Homann et al 
in 1995 [78] showed that plasma calprotectin seemed to be a 
predictor of recurrent infection and poor prognosis in alcoholic 
cirrhosis. Similar results were demonstrated for ascitic fluid, 
showing that calprotectin was a predictor of survival in alcohol-
induced liver disease [79]. The research work by Alempijević 
et al [80] highlighted the role of fecal calprotectin in patients 
with hepatic encephalopathy. Higher values of this protein were 
found in patients with hepatic encephalopathy comparing to 
healthy controls. Another study by Gundling et al [81] focused 
on the role of fecal calprotectin concentrations in evaluating 
the onset and severity of SBP and hepatic encephalopathy. 
More specifically, 61 cirrhotic patients and 42 healthy controls 
were studied and stool samples were collected. Median fecal 
calprotectin values were higher in cirrhotic patients compared 
with controls (65.8 vs. 17.5 mg/kg, P<0.001). Fecal calprotectin 
concentrations were dependent on the severity of liver disease 
expressed by Child-Pugh and MELD scores, as well as on SBP 
and grade of hepatic encephalopathy.

Other BT markers

Anti-neutrophil cytoplasmic antibodies (ANCA) comprise 
a family of antibodies that recognize diverse components 
of neutrophil granulocytes [82]. ANCA formation may be 
induced by underlying bacterial infections, probably reflecting 
an abnormal immune response to bacteria. A  study by Papp 
et al [82] stressed the clinical importance of the IgA class ANCA 
in cirrhosis and showed that its prevalence was higher in 385 
cirrhotic patients compared to 202  patients with chronic 
liver disease without cirrhosis or to 100 healthy controls. IgA 
class ANCA presence was significantly associated with severity 
of liver disease, as indicated by the Child-Pugh score and the 
presence of ascites. In addition, the risk of infection was higher 
among patients with class  IgA ANCA compared to those 
without (41.8% vs. 23.4%, P<0.001) during a 2-year follow-up 
period. ANCA IgA presence was associated with a shorter time 
to the development of the first infection and was identified 
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as an independent predictor of future infection episodes in 
multivariate Cox-regression analysis (Table 1).

Bactericidal/permeability increasing protein (BPI) [83] 
is a protein found in neutrophils that has endotoxin-binding 
and neutralization capacity. It has been assessed to be high 
(BPI mRNA and plasma BPI) in patients with advanced liver 
disease and plasma BPI levels correlated with TNF-α. High 
levels of BPI in plasma were able to significantly reduce in vitro 
TNF-α release by monocytes after a challenge with LPS. The 
authors suggested that BPI possibly had a regulatory role by 
antagonizing the proinflammatory response mediated by 
TNF-α (Table 1) [83]. A promising tool that has recently been 
mentioned in studies is human β defensin-1 (hBD-1) [15]. 
Defensins are natural antimicrobial peptides derived from 
Paneth cells and epithelial cells, T cells and neutrophils. They 
have broad antimicrobial activity that includes Gram-negative 
and Gram-positive bacteria, viruses and fungi [15]. Kaltsa 
et al [84] investigated the role of hBD-1 as a surrogate marker 
of pathological BT. Three groups of patients were compared: 
cirrhotic patients, patients with chronic viral hepatitis but no 
cirrhosis, and healthy controls. This study found higher plasma 
concentrations of hBD-1 in cirrhotic patients compared to 
both the other groups, a difference that was sustained when 
cirrhotic viral hepatitis patients were compared to non-
cirrhotic ones. Levels of sCD14 correlated significantly with 
hBD-1 in the hepatic venous blood of cirrhotic patients but not 
in the peripheral blood [84].

Concluding remarks

Infections are associated with increased mortality in 
patients with decompensated cirrhosis and are a precipitating 
event in acute-on-chronic liver failure. The most common 
underlying mechanism of bacterial infections in patients with 
cirrhosis is abnormal BT. BT disorder is also associated with an 
advanced stage of liver disease, a high inflammatory response, 
development of other complications of cirrhosis such as hepatic 
encephalopathy, hepatorenal syndrome, variceal bleeding, and 
poor survival.

CRP and PCT are inexpensive surrogate markers and 
have been widely used for the diagnosis of infection and BT. 
However they are produced by the liver and their synthesis 
may be impaired in advanced liver failure. In addition, they 
lack specificity, as increased levels of these markers may not 
be indicative of BT disorder but of a latent bacterial infection. 
Infection is often difficult to diagnose and empiric antibiotic 
treatment is frequently prescribed. This carries the long-
term risk of potentially increasing rates of antimicrobial 
resistance. Investigators showed that serum CRP and PCT 
have good diagnostic accuracy in discriminating patients with 
or without infection. However, there is controversy among 
studies regarding the clinically significant cutoff levels that 
may differentiate infected from non-infected cirrhotic patients, 
ranging from 29 to 59.4 mg/L and from 0.58 to 1.10 ng/mL for 
CRP and PCT, respectively. Hence, if these findings could be 
incorporated into clinical practice, empiric antibiotics should 

be administered in patients with high values but borderline 
documentation of infection and stopped in those with low 
values and no definitive evidence of infection.

As CRP and PCT are acute phase proteins and are 
elevated in the case of infection, investigators excluded cases 
with infection at baseline and considered that patients with 
persistently high CRP levels in the absence of infection have 
impaired BT. They also demonstrated that persistently high 
CRP or PCT levels without documented infection at baseline 
may predict the development of infection during follow up.

LPS is not used any more because of its short half life and 
consequent low sensitivity. LBP has a prolonged half life and 
is still a promising surrogate marker of BT in liver cirrhosis. 
High LBP levels are associated with hemodynamic instability 
and susceptibility to developing infections. Similar to CRP 
and PCT, LBP levels could be used as a surrogate marker to 
discriminate infection and find patients who have no infection 
at baseline but are at high risk of developing infection during 
follow up. First, it was shown that LBP displayed a better 
negative predictive value to rule out infection. Second, high 
LBP levels were identified in patients with decompensated 
cirrhosis, but no evidence of infection, who died during 
the following 90-day period, a finding probably related to 
mechanisms of abnormal intestinal permeability and BT. In 
addition, antibiotics and treatment with β-blocker decrease 
LBP levels, denoting a decline in BT disorder. A limitation of 
LBP assessment in clinical practice is the high cost of the test. 
Hence, the routine use of this tool in everyday clinical practice 
is questionable because of the complexity of the assay and its 
high cost.

BactDNA is a new investigative marker of BT. Its persistence 
for a long time in serum is well documented. It is present in 
about one third of patients with cirrhosis without infection and 
two thirds of patients with suspected infection. Its presence is 
associated with elevated inflammatory indexes, complications 
of cirrhosis, acute-on-chronic liver failure, and poor prognosis. 
BactDNA is a better marker than endotoxin (LPS), as it 
persists in blood for a long period of 1-3 days and is associated 
with an immune activation mechanism, suggesting that the 
impaired process of translocation may be due to bacterial 
products as opposed to viable microorganisms. Recently, 
bactDNA quantification in ascitic fluid samples using culture-
independent methods seems to be an interesting approach 
for identifying patients at risk of cirrhosis complications, 
acute-on-chronic liver failure, and/or low survival. The new 
term “molecular bacterascites” means a culture-negative, 
non-neutrocytic ascites, rich in bactDNA, which seems to be 
associated with high mortality rates.

Plasma, peritoneal fluid and fecal calprotectin have been 
used as BT surrogate markers in cirrhosis and have been 
associated with the development of complications such as 
SBP and hepatic encephalopathy, severity of chronic hepatic 
failure and poor survival. More studies are needed for further 
evaluation of this marker.

IgA class ANCA presence has been significantly associated 
with the severity of liver disease and with the future 
development of infection episodes. A new promising marker, 
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the bactericidal/permeability increasing protein, is associated 
with severity of liver disease/portal hypertension and high 
inflammatory response, respectively.

To date, all the aforementioned BT biomarkers have 
been used, but no single marker has been proved reliable for 
the prediction of infection and mortality. It is believed that 
bacterial infections in cirrhosis are often subclinical. However, 
the majority of the current surrogate markers do not allow the 
discrimination of sterile inflammation due to non-viable BT 
from infections by viable BT. The above markers have been 
detected in plasma, serum, peritoneal fluid, and/or stools. 
However, the optimal detection site has not been determined 
and the threshold levels where BT becomes pathologic have 
not been defined for each of the parameters. Even though their 
number is expanding and their role is increasingly studied in 
the literature, a valid and specific biomarker that could reliably 
evaluate the impact of BT in advanced liver disease is still 
needed.

Studies of acute kidney injury found that the removal of 
LBP from plasma was crucial for eliminating the effects of LPS 
on endothelial cell dysfunction and endotoxemia-related renal 
tissue fibrosis [85]. Removal of BT factors like bactDNA or LBP 
might represent a future therapeutic option to prevent the BT 
process and complications of cirrhosis.
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