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SUMMARY
Background: Calprotectin is a well-established marker for intestinal inflammation, mainly in inflammatory bowel
disease, and represents one of the most studied biomarkers in stool samples.
Methods: Apart from its important diagnostic role in inflammatory bowel disease, there are few studies showing
that calprotectin can also be used as a diagnostic tool in patients suffering from hepatic encephalopathy (HE) and
spontaneous bacterial peritonitis (SBP) in cirrhosis.
Results: Since calprotectin concentration in the human stool or in ascites is elevated at an early stage of inflammation, it might serve as an early screening tool for patients suffering from cirrhosis who are at risk to develop these
conditions. As detection and monitoring of HE and SBP may be unclear and resource-intensive, identification of
valid new markers of disease activity is necessary. In this review, we summarize the current knowledge of calprotectin as a diagnostic biomarker in cirrhosis, indicating that it is a highly promising diagnostic surrogate marker
to screen for the presence of HE and SBP.
Conclusions: To screen cirrhotic patients for SBP, calprotectin should be assessed in ascitic fluid while it should be
measured in feces when screening for HE. However, the value of calprotectin in managing individual patients
must be considered in the specific clinical context.
(Clin. Lab. 2020;66:xx-xx. DOI: 10.7754/Clin.Lab.2019.190934)
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INTRODUCTION
The calcium-binding heterodimer calprotectin is an
abundant cytosolic antibacterial and antimycotic protein
which can be found in neutrophil granulocytes and
monocytes [1].
The inhibitory effect of calprotectin on the growth of
microbial pathogens is caused by a tight binding of transition metals e.g., manganese and zinc, resulting in reduced uptake and utilization by invading microbial
agents [2].
In case of an intestinal inflammation, fecal calprotectin
concentrations (FCCs) show a positive correlation with
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inflammation activity because it is released during cell
activation and cell death [3]. Since calprotectin can differentiate between inflammatory intestinal and non-inflammatory disorders, it can be used as a diagnostic
marker for disease activity, mainly in inflammatory
bowel disease [1].
The diagnostic value of FCCs, as a marker for mucosal
inflammation and as a screening tool for identification
of patients who need to undergo endoscopy, has been
well examined in numerous studies in both adults and
pediatric populations [1-11]. For example, in patients
suffering from Crohn´s disease of the small bowel, a
positive correlation between disease activity (as measured by leukocyte-scintigraphy) and elevation of FCCs
could be shown [4]. Moreover, calprotectin is resistant
to colonic degradation and can easily be measured in
stool by performing an enzyme-linked immunosorbent
assay using polyclonal antibody with high binding affinity [15-17]. Therefore, regarding its high stability and
sensitivity, fecal calprotectin represents one of the most
studied biomarkers in stool samples. However, studies
analyzing the diagnostic value of calprotectin and FCCs
in cirrhosis are extremely sparse [12-23].
Various alterations of the GI tract of cirrhotic patients
have been demonstrated including modifications of its
mucosal barrier [24-26]. Remarkably, cirrhotic patients
in particular are susceptible to bacterial infections due
to an increased intestinal permeability as the result of a
disruption of the gut barrier allowing migration of bacteria and bacterial products to translocate from the intestinal lumen into extraintestinal organs. These conditions
- an altered gut flora and bacterial translocation - are
known to play an important role in the pathogenesis of
certain complications of cirrhosis which are induced by
infections, e.g., of the lung or urinary tract [21]. Furthermore, the gastrointestinal tract of cirrhotic patients
shows various alterations of its mucosal barrier including infiltrates of neutrophils [26]. Since the occurrence
of infections represents a main precipitating factor for
the onset and course of hepatic encephalopathy (HE).
Calprotectin concentration (e.g., in feces) might be a
promising diagnostic parameter to diagnose the onset
and severity of these conditions. It is important to recognize these complications and their early stages as
soon as possible because adequate and subsequent treatment of HE and SBP reduces morbidity and mortality.
The cornerstone of SBP diagnosis is the ascitic fluid
analysis regarding polymorphonuclear leukocytes
(PMN) cell count [27]. Since accumulation of granulocytes in ascites represents the source of calprotectin, ascitic calprotectin seems to be a potential surrogate
marker for SBP. As detection and monitoring of HE and
SBP may be unclear and resource-intensive, identification of valid new markers of disease activity is necessary. Since calprotectin concentration in the stool is elevated at an early stage of inflammation, it might serve
as an early screening marker for patients suffering from
cirrhosis who are at risk for developing HE and SBP.
Furthermore, qualities of calprotectin, such as protein

stability up to 7 days at room temperature, make this
test very attractive for daily routine [1].
PubMed, Embase, and Scopus databases were searched
to identify relevant studies published through May
2019. A comprehensive literature search was developed
by an experienced medical reference librarian (M. B.).
The subsequent literature search was conducted by two
independent investigators (JR. A., L. H.). To find relevant publications, MEDLINE, Embase, and Scopus databases were searched through May 1, 2019. The MeSH
and keyword search terms included: “calprotectin and
cirrhosis,” “calprotectin and ascites,” and “calprotectin
and hepatic encephalopathy”. All identified records
were screened based on their title and abstract, and the
eligible articles were selected to be evaluated at the level of full text. Only English and German language articles were included. In addition, the bibliography of eligible articles was reviewed to identify more relevant
studies [12-23].
Calprotectin in cirrhosis
When correlating elevated FCCs with the severity of
cirrhosis, the published studies show conflicting results
(Table 1, 12 - 23). In a pilot study, Homann et al. first
described that high plasma calprotectin levels may characterize a group of cirrhotic patients prone to recurring
bacterial infections [12]. However, the same authors
found no association between increased plasma calprotectin concentrations and the severity of liver disease
[14]. Furthermore, Homann et al. investigated the prognostic value of FCCs in 84 patients suffering from decompensated alcoholic cirrhosis. Interestingly, they
were able to show a significant correlation between elevated plasma and ascitic calprotectin levels and overall
survival of these patients since high calprotectin concentrations were significantly associated with poor survival [12].
Yagmur et al. also identified higher FCCs in 53 patients
with mainly alcoholic cirrhosis compared to healthy
controls. In contrast to the results of Homann et al.,
higher FCCs showed a significant correlation with the
severity of cirrhosis (classified using Child Pugh-score).
Of note, Yagmur et al. described the highest of all FCCs
in two cirrhotic patients with SBP [15]. In studies performed by Gundling et al. and Alempijević et al. there
were also higher FCCs in cirrhotic patients compared to
healthy controls [17,18].
Burri et al. evaluated the value of fecal calprotectin in
55 patients with cirrhosis concerning its diagnostic accuracy to detect mucosal lesions in the upper intestinal
tract including peptic ulcers and signs of portal hypertension compared to well-established endoscopic diagnostics. They could show only limited value of fecal
calprotectin measurement since there was no positive
correlation between the occurrence of mucosal lesions
and the severity of cirrhosis (as assessed by Child Pughscore) and elevated FCCs [16]. The authors pointed out
that there are numerous factors influencing the diagnostic value of fecal calprotectin, including all processes
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inducing pharmacological mucosal alterations of the
small bowel, for example regular intake of non-steroidal
anti-inflammatory drugs (NSAIDs) or active gastrointestinal bleeding [16]. This methodic difficulty has to be
taken into consideration when interpreting elevated
FCCs and may serve as one possible explanation for the
partial discrepant results in the studies mentioned
above. Regarding factors influencing the diagnostic value of fecal calprotectin, Poullis et al. showed, that - besides NSAIDs - the intake of proton pump inhibitors
(PPIs) leads to significantly elevated FCCs. This effect
appears to be independent of the dyspepsia for which
the PPIs are prescribed [28].
Other factors which can affect the value of FCC interpretation are inflammatory bowel disease, colorectal
cancer, and peptic lesions in the upper intestinal tract [1,
10,11,29-31]. Table 2 summarizes these major factors
which can influence the value of FCC interpretation.
Taking these factors into consideration in interpreting
FCCs may often be a difficult process in daily clinical
work, because different complications of cirrhosis frequently occur simultaneously.

Hepatic encephalopathy and spontaneous bacterial
peritonitis
Hepatic encephalopathy (HE), consisting of a complex
of psycho-motoric symptoms, is one of the most serious
complications of cirrhosis, which is often triggered or
exacerbated by infectious processes [36-38]. Therefore,
many therapeutical or preventive approaches in manifest or minimal HE focus on a reduction of bacteria in
the intestinal lumen, for example the use of Rifaximine,
Metroindazole or non-absorbable amino-glycosides [3637].
HE is a frequent complication in cirrhosis with a high
prevalence up to 80% of all cirrhotic patients including
all stages [36-38]. Since this condition is associated
with poor quality of life and a high risk of traffic violations and accidents resulting in a poorer prognosis compared to cirrhotic patients without HE, diagnostic
screening must be performed routinely [38]. The valid
diagnosis, especially in early stages, represents a major
clinical problem. In the early stages of the condition,
HE can be difficult to diagnose since patients may present with only mild cognitive impairment. As a result,
HE seems to be an often overlooked condition since the
possibilities to diagnose this condition in everyday practice are limited to only a few feasible methods. Therefore, there is a need for new and objective diagnostic
markers for detection of HE, especially in early stages
[39,40]. Several diagnostic systems have been used to
diagnose the severity of HE clinically (e.g., West-Haven
criteria) and technically using objective techniques such
as critical flicker frequency (CFF) [39,40].
Infections are common among patients with cirrhosis
and include e.g., spontaneous bacterial peritonitis, urinary tract infections, pneumonia, skin and soft tissue infections. Intestinal bacterial overgrowth is also common
in cirrhosis resulting in hyperammonemia, which leads
to hepatic encephalopathy. The presence of infections
may serve as a trigger for hepatic encephalopathy which
is due to bacterial translocation from the intestinal lumen that occurs as a consequence of intestinal bacterial
overgrowth, increased permeability, and decreased motility. Small intestinal bacterial overgrowth is more often detected in cirrhosis than in healthy persons and is
associated with some features of cirrhosis. In a recent
meta-analysis of all studies performed on this topic,
SIBO in cirrhosis was associated with ascites (p <
0.001), minimal hepatic encephalopathy (p = 0.001),
bacterial translocation (p = 0.026), spontaneous bacterial peritonitis (p = 0.008), and prolonged orocecal transit time (p < 0.001) and was not associated with hypocoagulation [41].
Since increased concentrations of fecal calprotectin may
indicate a disturbed intestinal barrier function in cirrhotic patients, this could be of relevance for the diagnosis
of HE.
Another serious complication triggered by bacterial
translocation in patients suffering from cirrhosis is
spontaneous bacterial peritonitis (SBP). SBP defines the
development of a monomicrobial infection of ascites in

Infectious complications in cirrhosis
Patients suffering from cirrhosis are at high risk of infectious diseases of every type, which do not only influence overall prognosis and survival, but also trigger
multiple complications of chronic liver disease [32-35].
The great importance and relevance of immediate detection and treatment of these infections was clearly made
by Arvaniti et al. They were able to show a four-fold
higher mortality in case of bacterial infection in cirrhotic patients compared to cirrhotic patients without any
bacterial infection [32].
A key point in the development of manifest infections
seems to be an increased bacterial translocation, which
occurs in almost all cases of cirrhosis and which can induce numerous frequent complications, e.g., ascites or
hepatorenal syndrome [32].
Bacterial translocation itself is defined as migration of
bacteria or bacterial fission products from intestinal lumen to extra-intestinal organs via mesenterial lymph
nodes [33-35]. In the intestinal tracts of cirrhotic patients many immunological, structural, and microbiological changes have been identified, which enable increased bacterial translocation of infectious pathogens.
This “leaky gut” seems to be the Achilles heel of patients suffering from cirrhosis and fecal calprotectin can
be used as surrogate marker for its detection [34]. Increased concentrations of fecal calprotectin may indicate a disturbed intestinal barrier function in cirrhotic
patients which could be of relevance for the diagnosis
of associated complications [24].
Furthermore, qualities of calprotectin such as protein
stability up to seven days at room temperature make this
test very attractive for daily routine [1].
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Table 1. Summary of the studies regarding FCCs and cirrhosis.
Author

Yagmur
et al. [15]

Gundling
et al. [17]

Alempijević
et al. [18]

Burri
et al. [16]

n

Results

Conclusion

Year

53 cirrhotic
patients of
different entities
18 healthy controls

significantly higher FCCs in cirrhotic patients
significant association between FCCs and stage of
liver disease (Child Pugh-score)
trend towards higher FCCs in alcoholic cirrhosis
compared to other entities
no significant correlation of FCCs with systemic
inflammatory parameters

elevated FCCs in
cirrhotic patients as
potential sign of
intestinal inflammation

2006

61 cirrhotic
patients of
different entities
42 healthy controls

significantly higher FCCs in cirrhotic patients
significant correlation between FCCs and severity
of liver disease (Child Pugh- and MELD-score)
significant correlation between FCCs and HE
grading (West-Haven criteria and CFF) and SBP
higher FCCs in cirrhotic patients with additional
extra-intestinal inflammation
no influence of laboratory parameters of systemic
inflammation on FCCs in cirrhotic patients

FCCs as screening tool
for HE and SBP
assessment of FCCs may
facilitate grading of HE
severity

2011

60 cirrhotic
patients of
different entities
37 healthy controls

significantly higher FCCs in cirrhotic patients
no significant differences in FCCs between
different stages of liver disease (Child Pugh- and
MELD-score)
significant correlation between FCCs and HE
grading via West-Haven criteria
no significant correlation between FCCs and HE
grading via number connection test and serum
concentration of ammonium ion

significantly higher
FCCs in cirrhotic
patients, especially in
HE according to WestHaven criteria

2014

higher FCCs in patients with peptic lesions in the
upper GI tract than in patients without
no correlation between peptic lesions and portal
hypertension or Child Pugh-score

FCCs do not reliably
identify mucosal lesions
in the upper GI tract in
cirrhotic patients
only moderate
diagnostic value of
FCCs to detect mucosal
lesions in cirrhotic
patients

2011

55 cirrhotic
patients of
different entities

Table 2. Factors, which can influence the value of FCC interpretation.
inflammatory bowel disease [1-11,21]
active gastrointestinal bleeding [20]
PPI-intake [20]
NSAID-intake and NSAID-enteropathy [16]
peptic lesions in the upper intestinal tract [22]
colorectal cancer [21-23]

the absence of a contagious source of infection. SBP is
a frequent and serious complication of cirrhotic patients
with ascites [42-45]. When first described, its mortality
exceeded 90%, but in-hospital mortality has been reduced to approximately 20% with early diagnosis and
prompt treatment [42-45].
An acute decompensation of cirrhosis might result in

organ failure and short-term mortality (acute on chronic
liver failure, ACLF). ACLF is characterized by a complex and multifactorial form of systemic inflammatory
response which ends up in immunoparalysis predisposing the cirrhotic patient to secondary infectious events
such as extraintestinal infections including pneumonia
[46].
4
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Table 3. Summary of the studies regarding calprotectin levels (in ascites, feces and serum) and cirrhosis.
Author

n

Results

Conclusion

Year

Lutz
et al. [22]

120 ascites samples
of 100 cirrhotic
patients of different
entities
8 patients with
malignant
peritoneal effusion
as disease control

significantly lower calprotectin levels in samples
without infection compared to SBP samples and
malignant effusions
higher calprotectin levels in Child Pugh stage B
versus C and in alcoholic versus viral cirrhosis in
non-infected ascites
ratio of ascites calprotectin to total protein as a
better marker for SBP than calprotectin alone

ratio of ascites
calprotectin to total
protein as a promising
new diagnostic and
prognostic marker in
patients with liver
cirrhosis and SBP

2015

Burri
et al. [23]

130 ascites samples
of 71 cirrhotic
patients of different
entities

positive correlation between polymorphonuclear
(PMN) cell count and ascitic calprotectin levels

Ascitic calprotectin levels
reliably predicts PMN cell
count > 250/µL and
therefore may prove
useful in diagnosis of SBP

2013

prognostic importance of
calprotectin in alcoholinduced cirrhosis is
specific for alcoholinduced liver disease
low calprotectin levels are
indicated in viral liver
disease
association between high
ascites calprotectin levels
and malignant ascites

2003

plasma calprotectin as
new prognostic marker of
survival in alcoholic
cirrhosis, which seems
independent of severity of
liver disease
high plasma calprotectin
levels may characterize a
group of cirrhotic
patients with recurring
bacterial infections

1995
and
1996

Homann
et al. [12]

180 cirrhotic
patients of different
entities
30 healthy controls

significantly higher plasma and ascites
calprotectin levels in malignant disease
compared to non-malignant disease
association between high plasma and ascites
calprotectin levels and increased mortality in
decompensated cirrhosis
lower plasma calprotectin levels in viral liver
disease compared to non-viral liver disease and
healthy controls
plasma calprotectin level as highly significant
marker of poor survival in alcohol-induced
cirrhosis, no prognostic value in non-alcoholinduced cirrhosis
positive correlation between high plasma
calprotectin levels and poor survival
prognostic value of plasma calprotectin levels is
independent of severity of liver disease (eight
clinical and biochemical variables)
higher prognostic value of plasma calprotectin
levels than albumin, prothrombin complex,
bilirubin, and ascites
positive correlation between increased plasma
calprotectin levels and recurrent infection
no difference in plasma calprotectin levels when
comparing healthy controls with patients with
compensated cirrhosis and those with
decompensated cirrhosis

Homann
et al.
[13,14]

84 alcohol-induced
cirrhotic patients
16 healthy controls

Weil
et al. [21]

236 ascites samples
of 119 cirrhotic
patients of different
entities

significantly lower calprotectin levels in samples
without infection compared to SBP samples
no correlation of calprotectin levels with Child
Pugh and Model for End-Stage Liver disease
scores

dosage of ascites
calprotectin is a rapid and
reliable marker in
patients with liver
cirrhosis and SBP

2019

Fernandes
et al. [19]

ascites samples of
88 cirrhotic
patients of different
entities

positive correlation between polymorphonuclear
(PMN) cell count and ascitic calprotectin levels
in samples without infection compared to SBP
samples

Ascitic calprotectin levels
reliably predict PMN cell
count > 250/µL and
therefore may prove
useful in diagnosis of SBP

2016

Ascites samples if
79 cirrhotic
patients of different
entities, mainly
hepatitis B and C

Both serum procalcitonin and ascitic
calprotectin were significantly higher in SBP
patients than in non-SBP patients.
In addition, at a cutoff value of 445 ng/mL,
ascitic calprotectin had 95.4% sensitivity and
85.2% specificity for detecting SBP
positive correlation with ascitic fluid proteins
and PMN count.

Ascitic calprotectin levels
reliably predict PMN cell
count > 250/µL and
therefore may prove
useful in diagnosis of SBP

2016

AbdelRazik
et al. [20]
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Similar to HE, patients with SBP are frequently asymptomatic which implicates the danger of overlooking
these complications in daily routine. Due to the increased mortality caused by SBP, it is a complication of
cirrhosis, which also has to be diagnosed and sufficiently treated immediately. Up to date, diagnostic paracentesis and analysis of ascitic fluid is considered the diagnostic gold standard. Normally, diagnosis of SBP can
be made when a polymorphonuclear (PMN) leukocyte
cell count of more than 250/µL in ascites is determined
by performing a differential cell count using light microscopy and counting chambers [42-45]. However, the
diagnosis is time consuming and often delayed. Therefore, an accurate and convenient method of rapid diagnosis of SBP is needed. Even though diagnostic paracentesis is regarded as a safe procedure, there are undoubtedly complications inherent with the test. These
include bleeding, visceral perforation, local infection
and persistent leaks [39]. However, diagnostic alternatives are sparse. The use of diagnostic tools such as leukocyte esterase reagent strips, pH-testing or analysis of
procalcitonin and lactoferrin of ascitic fluid is doubtful
[47].
Both complications of elevated bacterial translocation HE as well as SBP - have in common, that it is hard to
set reliable and clear diagnosis in daily clinical work,
especially in an early stage of disease. Moreover, many
of the required diagnostic tools are not available in
broad clinical care, for example CFF as an important
objective diagnostic procedure for HE. Therefore, a
simple, non-invasive, rapid, and cheap screening test to
make a presumptive diagnosis of HE and SBP in cirrhotic patients would be really helpful in the clinical management of these complications of liver cirrhosis.

more, there was a significant correlation between elevated FCCs and HE grading as measured by WestHaven criteria and CFF. In this study, FCCs were higher in cirrhotic patients with additional extra-intestinal
inflammation, while there was no influence of laboratory parameters of systemic inflammation on FCCs in the
cirrhotic subgroup. Therefore, FCCs may serve as a
screening tool for HE and SBP and assessment of FCCs
may facilitate grading of HE-severity [17].
Our findings in this study were confirmed by the studies
of Alempijević et al. when they examined the role of fecal calprotectin in the assessment of HE in patients with
cirrhosis. In this study they also showed that there are
higher FCCs in cirrhotic subjects compared to healthy
controls, especially in HE according to West-Haven criteria [18].
Several studies have been performed showing a significant correlation between ascitic fluid calprotectin and
PMN cell count. Remarkably, this correlation was
shown in cirrhotic populations with different underlying
etiologies of chronic liver disease. It could be demonstrated that FCCs in active-drinking alcoholics are not
significantly different compared with the healthy controls, while FCCs do not significantly differ according
to the alcohol drinking status [48]. Therefore, ascitic
calprotectin represents an independent marker of SBP
independent from the cause of cirrhosis.
Burri et al. were able to show that measurement of calprotectin levels in ascitic fluid correlates with the polymorphonuclear cell count and reliably predicts levels >
250/µL (Table 3) [23]. Confirming these findings, Lutz
et al. showed that ascitic calprotectin levels were significantly lower in cirrhotic patients without SBP compared to those suffering from SBP or malignant effusions.
In addition, ascitic calprotectin levels are higher in
Child Pugh B compared to C and in alcoholic compared
to viral cirrhosis [22]. Furthermore, they pointed out
that the ratio of ascitic calprotectin levels to total protein levels is a better marker for SBP than calprotectin
alone [38-41].
Fernandes et al. analyzed the accuracy of a point-ofcare test (POCT) for ascitic calprotectin in diagnosing
patients with SBP by using a quantitative POCT developed by Bühlmann [19]. Calprotectin levels correlated
with PMN cell count and other inflammatory markers
and were significantly higher in patients with SBP. An
optimal cutoff of calprotectin above 1.57 µg/mL presented high sensitivity (87.8%), specificity (97.9%), and
positive (97.3%) and negative (90.2%) predictive values
for diagnosing SBP. Using calprotectin selectively in
patients with a serum albumin-ascites gradient above 11
g/L further increased the sensitivity and negative predictive values of the test.
Abdel-Razik et al. performed a prospective study in cirrhotic patients with ascites to evaluate the impact of serum procalcitonin and calprotectin in ascitic fluid [20].
In their study, the majority of patients (n = 79) were
suffering from cirrhosis due to chronic hepatitis B and
C. Both serum procalcitonin and ascitic calprotectin

Calprotectin in diagnosis of HE and SBP
Knowing this background, the use of calprotectin (assessed in feces, serum or ascites) as diagnostic marker
in patients suffering from cirrhosis is of great clinical
interest, especially in detection of HE and SBP, which
represent complications triggered by inflammatory processes. In the exclusive setting of HE and SBP, a significant correlation between elevated FCCs was shown by
Gundling et al. and Alempijevic et al. when common
factors influencing calprotectin values (like active gastrointestinal bleeding, chronic inflammatory bowel disease or colorectal carcinoma) were carefully ruled out
[17,18].
One paper which was published from the author’s group
was able to show that there is not only a positive correlation of elevated FCCs with the severity of liver disease as assessed by Child Pugh- and MELD-score and
with SBP, but also with the stage of HE as classified by
both West-Haven criteria as well as CFF. When comparing FCCs in cirrhotic patients with healthy controls,
there were significantly higher values in cirrhotic patients (p < 0.001). Among cirrhotic patients, FCCs were
elevated dependent on the severity of liver disease as
assessed by Child Pugh- and MELD-score. Further-
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were significantly higher in SBP patients than in nonSBP patients. In addition, at a cutoff value of 445 ng/
mL, ascitic calprotectin had 95.4% sensitivity and
85.2% specificity for detecting SBP while there was a
positive correlation with ascitic fluid proteins and PMN
count. Calprotectin was measured by an ELISA using
Immundiagnostik AG ELISA kit (MRP 8/14; Immundiagnostik AG, Bensheim, Germany).
Weil et al. aimed to evaluate the accuracy of the dosage
of calprotectin in ascitic fluid using the Quantum Blue
assay for diagnosis of SBP [21]. In this prospective
study, 236 ascitic fluid samples from 119 hospitalized
cirrhotic patients were assessed in two French centers
between May 2016 and May 2017. The Quantum Blue
Reader selectively measured the calprotectin antigen
within the measurable range from 0.18 to 1.80 µg/mL.
SBP had significantly higher median levels of calprotectin than non-SBP while calprotectin levels were positively and significantly correlated with neutrophils in
ascites and C-reactive protein but not with the ChildPugh and Model for End-Stage Liver Disease scores.
The authors conclude that the dosage of calprotectin in
ascites using the Quantum Blue assay is a rapid and reliable method of ruling out SBP in hospitalized cirrhotic
patients.

agnose the onset and severity of HE.
Of note, qualities of calprotectin such as protein stability up to 7 days at room temperature make this test very
attractive for daily routine [1].
Nevertheless, in analogy to other surrogate markers like
ammonia or neuronal markers (NSE, S100beta), calprotectin is not a specific marker for these complications
and frequent factors influencing its levels have to be
carefully taken into consideration. Additionally, cirrhotic patients often undergo conditions which can also
cause (e.g., fecal or ascitic) calprotectin elevations independent from HE and SBP such as gastrointestinal
bleeding or intake of certain drugs e.g., PPIs or
NSAIDs. Therefore, the limitations of this diagnostic
procedure and the danger of misinterpretation, e.g., in
the case of variceal bleeding, must be carefully considered in specific clinical contexts when calprotectin is
used in patients with cirrhosis. Furthermore, future prospective studies evaluating calprotectin before and after
successful treatment of HE and SBP are needed.
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CONCLUSION
To summarize, measuring calprotectin in patients suffering from cirrhosis is a highly promising diagnostic
tool to identify patients at a higher risk for developing
HE or SBP. However, calprotectin was analyzed differently in the available published studies. Similar results
were demonstrated in different studies for ascitic fluid,
showing that calprotectin correlates well with PMN
count. While the use of calprotectin in cirrhosis was investigated by analysis of measuring calprotectin in serum, feces, and ascites. Most studies evaluated the value
of FCCs and ascitic calprotectin.
In most studies evaluating its role in screening for SBP,
calprotectin was assessed in ascitic fluid. Since accumulation of granulocytes in ascites represents the cornerstone of SBP diagnosis and the source of calprotectin,
ascitic calprotectin seems to be superior to its assessment in serum or feces. Therefore, ascitic calprotectin
levels may also be a promising new diagnostic and
prognostic marker in cirrhotic patients with SBP, especially with a readily available bedside testing device,
which allows its measurement in settings with limited
equipment and/or technical personnel.
In HE, calprotectin serves as a surrogate marker for an
altered gut flora and bacterial translocation which are
known to play an important role as a trigger factor for
HE [19,20]. Since bacterial translocation from the gastrointestinal tract is a frequent source for HE, the assessment of calprotectin from feces seems to be superior to
its assessment in serum. Regarding this complication of
cirrhosis, calprotectin might be a valid parameter to di-
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