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Abstract

AIM: To evaluate the diagnostic capability of calprotectin in ascitic fluid for detecting a polymorphonuclear (PMN) cell count > 250/μL ascites. 

METHODS: In this prospective observational study, a total of 130 ascites samples were analysed from 71 consecutive patients referred for paracentesis. Total and differential leukocyte cell counts were determined manually with a Neubauer chamber and gentian-violet stain. Calprotectin was measured in 1mL ascetic fluid by enzyme-linked immunosorbent assay (ELISA) and a point-of-care (POC) lateral flow assay with the Quantum Blue® Reader (Bühlmann Laboratories). All measurements were carried out in a central laboratory by senior personnel blinded to patient history. A PMN count > 250/μL was the primary endpoint of the study. The diagnostic value of ascitic calprotectin measurement was assessed by comparing to the final diagnosis of each patient that had been adjudicated by investigators blinded to calprotectin values. 

RESULTS: The PMN count was > 250/μL in 19 samples (14.6%) from 15 patients (21.1%) and varied widely among the study population (range 10-19 800/mL and 1-17 820/mL, respectively). Spontaneous bacterial peritonitis (SBP) was the final diagnosis in four patients (5.6%). All patients with PMN ≤ 250/μL had negative bacterial culture. PMN count was elevated in five patients with peritoneal carcinomatosis, three with lymphoma, one with neuroendocrine carcinoma, and two with secondary peritonitis due to abdominal perforation. PMN cell counts correlated with ascitic calprotectin values (Spearman’s rho; R = 0.457 for ELISA, R = 0.473 for POC). A considerable range of ascitic calprotectin concentrations was detected by ELISA [median 0.43 μg/mL, interquartile range (IQR) 0.23-1.23 (range 0.10-14.93)] and POC [median 0.38 μg/mL, IQR 0.38-0.56 (range 0.38-13.31)]. Ascitic calprotectin levels were higher in samples with PMN > 250/μL, by both ELISA [median 2.48 μg/mL (IQR 1.61-3.65) vs 0.10 μg/mL (0.10-0.36), P < 0.001] and POC [2.78 μg/mL (2.05-5.37) vs 0.38 μg/mL (0.38-0.41), P < 0.001]. The area under the receiver operating characteristics curve for identifying an elevated PMN count was 0.977 (95% confidence interval (CI): 0.933 to 0.995) for ELISA and 0.982 (95% CI: 0.942 to 0.997) for POC (P = 0.246 vs ELISA). Using the optimal cut-off value for ELISA (0.63 μg/mL), ascitic calprotectin had 94.8% sensitivity, 89.2% specificity, positive and negative likelihood ratios of 8.76 and 0.06 respectively, positive and negative predictive values of 60.0% and 99.0% respectively, and 90.0% overall accuracy. Using the optimal cut-off value for POC (0.51 μg/mL), the respective values were 100.0%, 84.7%, 6.53, 0.00, 52.8%, 100%, and 87.7%. Correlation between ELISA and POC was excellent (R = 0.873, P < 0.001). The mean ± SD of the difference was -0.11 ± 0.48 μg/mL with limits of agreement of + 0.8 μg/mL (95% CI: 0.69 to 0.98) and -1.1 μg/mL (95% CI: -1.19 to -0.91).
CONCLUSION: Ascitic calprotectin reliably predicts PMN count > 250/μL, which may prove useful in the diagnosis of SBP, especially with a readily available bedside testing device. 
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INTRODUCTION
Liver cirrhosis is the clinical end-stage of different entities of chronic liver disease when patients suffer from substantial mortality and morbidity, both of which are positively correlated with disease severity1 \* MERGEFORMAT [ ADDIN EN.CITE , 2]
. Ascites is the most common complication, and around 60% of patients with compensated cirrhosis develop ascites within 10 years of disease onset3[]
. Spontaneous bacterial peritonitis (SBP) is an important cause of morbidity and mortality in cirrhotic patients with ascites. SBP is estimated to affect 10%–30% of cirrhotic patients hospitalised with ascites, and mortality in this group approaches 30%4 \* MERGEFORMAT [ ADDIN EN.CITE , 5]
. Many of these patients are asymptomatic, and it is therefore recommended that all patients with ascites undergo paracentesis at the time of admission to confirm the SBP status5[]
. Although SBP is less prevalent in an outpatient setting, it is reasonable to also evaluate the ascitic fluid of outpatients because of the high mortality associated with SBP.

The diagnosis of SBP is based upon the polymorphonuclear (PMN) leukocyte cell count exceeding 250/μL in ascitic fluid6 \* MERGEFORMAT [ ADDIN EN.CITE , 7]
. Currently, differential cell count is usually performed by a manual method using light microscopy and counting chambers. However, the diagnosis is often delayed when laboratory personnel are not readily available or in the private practice setting where specimens are sent to an offsite laboratory. This is a major drawback, as rapid diagnosis of SBP and immediate initiation of antibiotic treatment is of paramount importance. Alternative methods using automated PMN counting[8, 9], reagent strips (urine dipsticks)[10-26], or ascitic lactoferrin[27] have been developed; unfortunately, their diagnostic accuracies are limited and their use is dependent upon availability of laboratory personnel and reagents/components from the commercial source. Therefore, an accurate and convenient method of rapid diagnosis of SBP remains an unmet clinical need.

Calprotectin, a calcium and zinc-binding protein, is detected almost exclusively in neutrophils28[]
, and its presence in body fluids is proportional to the influx of neutrophils29-33 \* MERGEFORMAT [ ADDIN EN.CITE ]
. However, only one study to date has investigated calprotectin levels in ascites and found higher concentrations in patients with malignant disease than in those with non-malignant disease34[]
. In contrast, faecal calprotectin is a well-established marker of inflammation and is used to monitor inflammatory bowel disease35[]
. A rapid bedside test has been developed to measure calprotectin in faeces; systematic comparison with the established enzyme-linked immunosorbent assay (ELISA) technique showed good correlation between the two tests’ results36[]
 and the rapid bedside test has been suggested as an equally valuable tool for diagnosing inflammatory bowel disease37[]
. It is possible that such a rapid bedside test may be useful for measuring calprotectin in ascitic fluid to indicate PNM levels and SBP status, however the diagnostic accuracy of such a measurement in ascitic fluid is unknown. 

This study was designed to test our hypothesis that calprotectin in ascitic fluid could be useful as a surrogate PMN marker for identifying SBP patients (> 250/μL PNM). To this end, we measured calprotectin in ascites of consecutive patients referred for paracentesis using a rapid bedside test and compared the results to those from the traditional ELISA. 
MATERIALS AND METHODS
Setting and participants
In this prospective observational study, we recruited patients with ascites referred for paracentesis to the Department of Gastroenterology and Hepatology at the University Hospital Basel, and to the Department of Gastroenterology, Hepatology and Clinical Nutrition at the Cantonal Hospital Liestal in Switzerland. All patients with ascites were eligible for study enrolment, irrespective of the aetiology of ascites. The decision to perform paracentesis was based on clinical findings evaluated by the referring physician who was otherwise not involved in the study. Exclusion criteria were age < 18 years and recent abdominal surgery (< 3 mo). Standardised patient history, clinical symptoms, and demographic data were obtained from all participants. The study was carried out in accordance with the principles of the Declaration of Helsinki and with pre-approval from the local Ethic Committees of both study sites. All patients provided written informed consent prior to participation in any protocol-specific procedures.
Endpoint
The diagnostic value of ascitic calprotectin measurement was assessed in comparison to the adjudicated final diagnosis. A PMN count > 250/μL was the primary endpoint of the study. 
Adjudication of the final diagnosis
One month after study participation, the final diagnosis (SBP) and the aetiology of ascites were independently adjudicated in a blinded fashion by two board-certified gastroenterologists not involved in the patients’ care. Their final assessment was based upon available medical records, including PMN count and the results of all diagnostic investigations, as well as the patient’s response to treatment. Current recommendations were followed6 \* MERGEFORMAT [ ADDIN EN.CITE , 7]
. The two physicians designated the aetiology of ascites by choosing one or more of the following diagnoses from a standardized list: liver cirrhosis (alcoholic, chronic hepatitis, non-alcoholic steatohepatitis, hemochromatosis, primary biliary cirrhosis, others to be specified), hepatocellular carcinoma, cholangiocellular carcinoma, liver metastasis, peritoneal carcinomatosis, right heart failure, nephrotic syndrome, and others to be specified. If more than one cause of ascites was identified, the leading disorder responsible for the current episode was established and recorded. Any disagreements in the final diagnosis of a given study participant were resolved by consensus with a third clinician who was considered an expert in the field and recruited to independently review and adjudicate the cases.
Paracentesis
Paracentesis was performed under aseptic conditions with the patient in the supine position and the puncture site in the left or right lower quadrant. Prior to needle insertion, ultrasound was performed to visualise the intra-abdominal structures. No study participant suffered complications related to the abdominal puncture procedure. All samples for diagnostic testing were immediately collected at the bedside and processed by laboratory personnel without further delay. Specifically, aliquots of approximately 1mL ascites were centrifuged for 15 min at 500 ( g. The supernatant phase was transferred to a fresh tube and stored at -20°C until analysis by ELISA or POC, which occurred within 72 h.

Blood samples were also obtained at this time. The ascites samples were used to measure total cell count, PMN count, calprotectin, albumin, total protein, glucose, and lactate dehydrogenase. In addition, two 10 mL aliquots of ascites were subjected to bacterial culture (bottle method) respectively. The serum-ascites albumin gradient (SAAG) was calculated as the difference of albumin in serum and albumin in ascites.
Differential cell count and cytopathology
All laboratory analyses were performed in the Central Laboratories BL (Schönenbuch, Switzerland) by senior laboratory personnel blinded to patient history and calprotectin levels. Total and differential leukocyte cell counts were determined by the manual method using a Neubauer chamber and gentian-violet staining (Leukotic®; bioanalytic GmbH, Freiburg, Germany). The Central Laboratories BL is accredited according to ISO/IEC 17025 and ISO 15189 standards. For all study participants who underwent repeated paracentesis, the cytopathological analysis was performed at least once.
Laboratory-based quantitative calprotectin measurement
Ascitic calprotectin in ascites was assayed using a commercially-available ELISA (Bühlmann Laboratories AG, Schönenbuch, Switzerland) and following the manufacturer’s instructions. Briefly, 10 μL aliquots of the supernatant samples were diluted 1:50 in incubation buffer and 100 μL was applied to a microtiter plate coated with a monoclonal capture antibody highly specific for the calprotectin heterodimeric and polymeric complexes. After incubation, washing and further incubation with a detection antibody conjugated to horseradish peroxidase, the tetramethylbenzidine chromogenic substrate was added. The reaction was terminated by a stop solution and the absorbance (optical density at 450 nm) was measured by spectrophotometry. The measuring range of the test was 0.2-12 μg calprotectin/mL ascites with an intra- and interassay coefficient of 4.7% and 11.3%, respectively. 
Point-of-care quantitative calprotectin measurement
The Quantum Blue® quantitative calprotectin lateral flow assay (Bühlmann Laboratories AG) was used for the point-of-care (POC) measurement of ascitic calprotectin. The Quantum Blue® reader is currently marketed for 2500 USD ($), and the test cartridges cost 20 USD per sample and analysis. Aliquots of 60 μL 1:10 diluted ascites samples (20 μL ascites in 180 μL extraction buffer) were pipetted respectively onto the sample loading port of the test cartridge. After a 12 min incubation, the test cartridge was quantitatively read by the Quantum Blue® Reader. The measurement range of the lateral flow test was 0.38 μg to 3.8 μg calprotectin/mL ascites, with an interassay coefficient of 15.6%. Specimens with concentrations above this measurement range were further diluted with extraction buffer. 

In addition, a random subgroup of samples (n = 17) was immediately measured by POC, without first performing the centrifugation step of processing. These results were compared to the results from the POC measurements obtained in the laboratory setting after processing and storage. 
Statistical analysis
All statistical analyses were performed using the SPSS software package, version 19.0 (SPSS Inc., Chicago, IL, USA). A P-value of less than 0.05 indicated statistical significance. Intergroup comparisons were made using the Mann-Whitney U test and the Chi-squared ((2) test where appropriate. Correlations between numerical data were determined with the Spearman’s rank correlation coefficient. All hypothesis testing was two-tailed. The Bland-Altman plot was used to assess agreement between ELISA test results and POC test results, in which the differences between the results of the two tests for each individual patient were plotted against the corresponding mean of the two readings. The mean and standard deviations (SD) of the differences and the limits of agreement, defined as the mean ± 2 SD of the difference (95% confidence interval, CI), were calculated. Analysis of the receiver operator characteristics (ROC) and calculation of the area under the curve (AUC) were used to evaluate the capability of calprotectin to identify a PMN count > 250/μL. The ROC analysis identified the cut-off points for maximal diagnostic capability. The test characteristics of sensitivity, specificity, positive and negative likelihood ratios (LR+ and LR-), and positive and negative predictive values (NPV and PPV) were determined. Overall accuracy of the test was calculated according to the following formula: [(true positive test results + true negative test results)/total population]. As this study was exploratory in design, no formal power calculations were carried out.
RESULTS
Patient characteristics
A total of 136 samples from 75 patients were prospectively collected from October 2010 to January 2012. Among these, 130 samples were included in the final analysis, representing 71 patients (94.7% of the total; 40 males and 31 females) with a median age of 64 years (IQR 55-71 years). Sixty-three of the patients (88.7%) had been referred for diagnostic paracentesis. Twenty-four of the patients (33.8%) underwent the procedure more than once (median 3, range 2-12). 

The majority of patients (54, 76.1%) suffered from liver cirrhosis (Table 1). A total of 11 patients (15.5%) had malignant ascites, which included three ovarian, two lymphomas, two breast, one stomach, one colorectal, one pancreatic cancer, and one neuroendocrine carcinoma. Of those 11 patients, two also had liver cirrhosis. Additionally, three patients with ascites also had heart failure and five patients with ascites also had portal hypertension from metastatic liver disease (but no malignant cells were present in the ascites). No intervention-related complications occurred after paracentesis. 
Ascitic fluid cell count 
Total cell count and PMN cell count at presentation varied widely among the study population (range 10-19 800/mL and 1-17 820/mL, respectively). PMN count > 250/mL was detected in 19 samples (14.6%) from 15 patients (21.1%). Among the study population, SBP was the final diagnosis for four patients (5.6%) and only one of these four had positive ascitic bacterial cultures (Streptococcus pneumoniae). All bacterial cultures from patients with PMN ≤ 250/mL were negative. Additionally, PMN count was elevated in five patients with peritoneal carcinomatosis (two with ovarian cancer, and one each with gastric, colorectal and pancreatic cancer), in three patients with lymphoma, in one patient with neuroendocrine carcinoma, and in two patients with secondary peritonitis due to an abdominal perforation. All patients with SBP received antibiotic treatment and recovered well. None of the patients died. Table 2 details the findings from ascitic fluid analysis.
Calprotectin measurement in ascitic fluid
The ascitic calprotectin concentrations ranged considerably in the ELISA [median 0.43μg/mL, IQR 0.23-1.23 (range 0.10-14.93)] and POC test [median 0.38 μg/mL, IQR 0.38-0.562 (range 0.38-13.31)]. However, the calprotectin values measured by the laboratory-based ELISA and the POC test correlated well with the PMN count (R = 0.476, P < 0.001 and R = 0.473, P < 0.001, respectively), and the correlation between the two tests was excellent (R = 0.873, P < 0.001). The degree of agreement between the measurements of ascitic calprotectin from the ELISA and the POC test is illustrated in Figure 1. The mean ± SD of the difference was -0.11 ± 0.48 μg/mL, with limits of agreement of +0.8 μg/mL (95% CI: 0.69 to 0.98) and -1.1 μg/mL (95% CI: -1.19 to -0.91). 
Comparative analysis of the POC detection of ascitic calprotectin levels in samples measured at the bedside (unprocessed and processed after centrifugation) and in the lab (after centrifugation) showed that the calprotectin measurements correlated well. For unprocessed samples, R = 0.831 (P < 0.001), and for processed samples, R = 0.656 (P = 0.004). 
Diagnostic value of ascitic calprotectin
Ascitic calprotectin levels were higher in samples (n = 19) with PMN > 250/μL, both when measured by ELISA [median 2.48 μg/mL (IQR 1.61-3.65) vs 0.10 μg/mL (0.10-0.36), P < 0.001] and the POC test [median 2.78 μg/mL (2.05-5.37) vs 0.38 μg/mL (0.38-0.41), P < 0.001] (Figure 2). Evaluation of the ascitic calprotectin measurement as a diagnostic test to identify patients with PMN count > 250/μL yielded an AUC of 0.977 (95% CI: 0.933-0.995) for the ELISA and an AUC of 0.982 (95% CI: 0.942-0.997) for the POC test. Furthermore, the two tests did not show significantly different diagnostic capacity (P = 0.246 vs ELISA) (Figure 3). 

Using the optimal cut-off value from the ROC of ELISA (0.63 μg/mL), ascitic calprotectin yielded a sensitivity of 95%, a specificity of 89.2%, and an accuracy of 90.0% (Table 3). To identify all patients with PMN count > 250/μL and to obtain 100% test sensitivity, a slightly lower cut-off value (0.44 μg/mL) is necessary. However, use of this lower value is accompanied by lower specificity (82.9%) and lower LR+ (5.84). 

Analysis of the POC test characteristics revealed a nearly identical profile to the ELISA characteristics (Table 3). The optimal cut-off value for POC (0.51 μg/mL) yielded a sensitivity of 100% and a specificity of 84.7%, with 6.53 LR+ and 0.0 LR-. The overall accuracy of the POC test was 87.7% (Figure 4). 

Patients with false positive test results had PMN counts between 3 and 212 (median 70.0, IQR 35.0-127.5) for the ELISA, and between 3 and 197 (median 45.0, IQR 16.0-100.0) for the POC test.

The ELISA and POC test had similar diagnostic capability for identifying PMN > 250/μL in the subgroup of patients with liver cirrhosis (95 samples from 54 patients; ELISA AUC 0.987, and POC test AUC 0.982). In addition, when the ascites samples were analysed according to the serum-ascites albumin gradient (SAAG) > 11g/L (115 samples from 62 patients), the AUCs of ascitic calprotectin were 0.983 for the ELISA and 0.988 for the POC test (data not shown).
DISCUSSION
This prospective study evaluated the diagnostic utility of measuring calprotectin in ascites to identify ascitic PMN counts > 250/μL in patients referred for paracentesis, and provides the following new information: Patients with an elevated PMN count (> 250/μL) had higher ascitic calprotectin levels than those with normal cell counts; this finding indicates that ascitic calprotectin levels correlate well and reliably with PMN count. It is clinically significant that calprotectin levels in ascitic patients can identify elevated PMN counts using both laboratory-based ELISA and bedside POC testing. Indeed, ascitic calprotectin may serve as a surrogate marker for PMN count and would be amenable to routine SBP screening, especially when measured by a bedside test.

Ascites is commonly found in patients with liver cirrhosis and may promote bacterial translocation, enhancing the risk of SBP3[]
. SBP in outpatients is rare, but when it occurs it often requires hospitalisation to manage to disease course4 \* MERGEFORMAT [ ADDIN EN.CITE , 5]
. In our study, four of 71 patients were diagnosed with SBP (5.6%). In general, SBP symptoms are nonspecific and current guidelines recommend paracentesis be performed in all patients with ascites to rule out abdominal infection6 \* MERGEFORMAT [ ADDIN EN.CITE , 7]
. The diagnosis of SBP in patients with liver cirrhosis is based on a PMN count of > 250/μL in ascitic fluid, with or without positive bacterial cultures5-7 \* MERGEFORMAT [ ADDIN EN.CITE ]
. This cut-off is recognized as more sensitive than other criteria (PMN > 500/μL; white blood cell count > 500/μL)38 \* MERGEFORMAT [ ADDIN EN.CITE , 39]
 for identifying SBP40[]
. SBP diagnosis based solely on bacterial culture is considered unreliable, since up to 60% of patients with increased PMN count are reported as culture-negative41 \* MERGEFORMAT [ ADDIN EN.CITE , 42]
. In our study, all patients with culture-positive abdominal infection, including both SBP and secondary peritonitis patients, had elevated PMN counts. In the four SBP patients, the bacterial cultures were positive for only one (25.0%).

Our study measured calprotectin in ascitic fluid in 130 unselected samples from 71 consecutive patients. Ascitic calprotectin levels correlated well and reliably with PMN counts, and the samples with PMN > 250/μL also had higher ascitic calprotectin levels than the samples with PMN ≤ 250/μL. Both the ELISA and the POC test accurately measured ascitic calprotectin, and the correlation between the two tests was excellent with high sensitivity (95% and 100%, respectively) and high specificity (89% and 85%, respectively) at the optimal cut-off points (from ROC analysis). In a diagnostic test that is used to screen for a specific disease, it is preferred to test all patients at risk, especially when potentially life-threatening complications may occur. In screening tests, high sensitivity is therefore favoured over high specificity. In our study, the NPVs of calprotectin testing in ascites were excellent (99% for the ELISA and 100% for the POC test). Notably, these results suggest that no patient with elevated PMN count would have been missed by the bedside test.  

In daily clinical practice, PMN count is often not readily available and clinicians frequently rely on total cell count when initiating empiric antibiotic treatment43[]
. It has been suggested that a total cell count < 1000/μL (obtained from automated cell counting procedures) is unlikely to signify SBP, having a NPV of 96%44[]
. In our study, using such a criteria would have misclassified five patients (26.3%) with elevated PMN counts. Moreover, the use of total cell count in combination with ascitic calprotectin measurement did not increase the diagnostic accuracy of calprotectin testing, as calculated by ROC analysis (data not shown). 

To avoid diagnostic delay, it has been proposed that automated PMN counting should replace the laborious and time-consuming manual cell counting technique8 \* MERGEFORMAT [ ADDIN EN.CITE , 9]
. Studies have demonstrated that automated blood cell counts correlate well with manual ascitic leukocyte differential counts45[]
. However, despite the potential benefit of automated cell counters in clinical practice, widespread use of this technology is limited by the cost of the sophisticated laboratory equipment and requirement for trained operators; this is a particular challenge for practitioners’ office settings and small clinics without in-house laboratories.
The use of reagent strips (urine dipsticks) for PNM counting (by colorimetric detection of leukocyte esterase activity) has also been evaluated as a rapid SBP diagnostic tool[45, 46]. A number of these studies have reported sensitivities between 85% and 100% and specificities between 90% and 100%[10-25]. However, these results came from mostly single-centre studies with small numbers of SBP cases. The only large, multicentre study reported in the literature produced very different results; in particular, using 2123 paracenteses, the sensitivity was only 45% for identifying PMN > 250/μL in cirrhotic patients[26]. Although specificity was still high, it was concluded that urinary dipstick testing lacks sufficient accuracy for diagnosing SBP. The risk of false negative results seemed to be especially problematic in patients with lower PMN counts[46]. These results dampened the initial enthusiasm for reagent strips, and currently this method is not recommended for rapid diagnosis of SBP[45].

Only one study in the literature, to date, has provided data on calprotectin measurement in ascites35[]
. In that study, Homann et al[34] compared ascites from patients with malignant disease to ascites from patients with non-malignant disease. Higher ascitic calprotectin levels were found in the malignant patients and shown to correlate with increased mortality in patients with decompensated liver cirrhosis. However, the authors did not investigate the diagnostic potential of ascitic calprotectin. More recently, Parsi et al27 \* MERGEFORMAT [ ADDIN EN.CITE ]
 measured ascitic lactoferrin (an iron-binding protein also found in PMNs) in cirrhotic patients with ascites and investigated its potential for identifying SBP. The lactoferrin measurements correctly identified PMN counts > 250/μL in 22 of 218 samples (10.1%), yielding a sensitivity of 95.5% and specificity of 97.0%. However, the quantitative assay (ELISA) used in that study is not commercially available, and to date no bedside test, qualitative or quantitative, exists for lactoferrin. 

The results from our current study confirm the findings reported by Parsi et al[27]. Specifically, we show that measurement of calprotectin, a leukocyte-specific protein, may serve as a surrogate marker for the PMN count in ascitic fluid. A particular strength of our study is the quantitative measurement of calprotectin by two methods, a laboratory-based ELISA and a commercially available bedside test. Rapid bedside measurement is advantageous for hospitalised patients, as it supports early antibiotic intervention and limits unnecessary treatments. It will also benefit the outpatient setting by providing on-site testing, since samples are otherwise required to be transported to an offsite laboratory. The POC test that we used can accomplish quantitative measurement of ascitic calprotectin within minutes, and this feature is expected to minimize the problems associated with diagnostic delay that clinicians currently face. Additionally, the cost of POC testing may be less than the other methods, such as contracting with the offsite laboratories.

There are several limitations to the current study that merit consideration. First, the prevalence of SBP in our study cohort was lower than expected from the literature. Second, we included all patients with ascites, irrespective of the aetiology, and it may be that our results cannot be generalised to all patients with liver cirrhosis. Third, this was an exploratory study that aimed to establish the concept of measuring a PNM-related inflammatory protein, rather than PNM cells themselves, as an indicator of elevated cell count in ascites; therefore, no formal sample size calculation was performed. Finally, our sample size was small and larger studies are needed to evaluate this test in different clinical settings and to establish a reliable cut-off for ascitic calprotectin for optimal identification of PMN counts > 250/μL.

In conclusion, we have demonstrated that measurement of calprotectin in ascitic fluid correlates well with the PMN count and reliably predicts levels > 250/μL. Additionally, we showed that an elevated PMN count could easily be measured by a point-of-care test device which may enable a treating physician to obtain useful bedside measurements, especially those practicing in settings with limited equipment and/or technical personnel. Further studies are warranted to define a clinically useful cut-off for the diagnosis of SBP in cirrhotic patients with ascites.

ACKNOWLEDGEMENTS
We would like to express our sincere gratitude to the patients and staff of the Gastroenterology Departments, especially to Eric Pflimlin and Margot Brenneisen, and to the laboratory technicians, especially Chantal Brülhardt, for their valuable efforts. In addition, we would like to thank Kathleen A Bucher for English language editing of the manuscript.
COMMENTS

Background

Ascites is the most common complication of patients with cirrhosis, and around 60% of patients will develop ascites within 10 years of disease commencement. Spontaneous bacterial peritonitis (SBP) is an important cause of morbidity and mortality in these patients. SBP is estimated to affect 10%–30% of hospitalised patients with ascites, and it is recommended that all patients with ascites undergo paracentesis at the time of admission to assess SBP status and initiate timely therapy. 

Research frontiers

The diagnosis of SBP is based on a polymorphonuclear leukocyte (PMN) cell count >250/μL in the ascitic fluid. Currently, differential cell count is usually performed manually using light microscopy and counting chambers. This procedure is time consuming, and diagnosis may be further delayed when laboratory personnel are not readily available. Several other methods to diagnose SBP (automated cell counting and urine dipstick-based screening for leukocytes) have proven unreliable in clinical practice and are inferior to the manual method. In this study, authors investigated the potential of calprotectin, a neutrophilic protein and established marker of intestinal inflammation, to screen for SBP when measured in ascites. 

Innovations and breakthroughs

To date, only one study in the public literature has measured calprotectin in ascites, and the conclusion was that higher concentrations of calprotectin exist in malignant disease conditions as compared to non-malignant conditions. However, diagnostic accuracy was not assessed and calprotectin was measured using a laboratory-dependent enzyme-linked immunosorbent assay (ELISA). In this study, authors have demonstrated that measurement of calprotectin in ascitic fluid correlates well with PMN count and reliably indicates PNM levels > 250/μL. Additionally, we showed that an elevated PMN count could be easily measured within minutes using a point-of-care bedside test, suggesting its potential as a rapid diagnostic approach for SBP. 

Applications

The rapid diagnosis of SBP and immediate start of antibiotic treatment is of paramount importance as mortality estimates approach 30%. A particular strength of this study is the quantitative measurement of ascitic calprotectin by two methods: a laboratory-based ELISA and a commercially available point-of-care (POC) test device. Rapid bedside measurement is advantageous for hospitalised patients, since it facilitates timely antibiotic therapy and minimizes unnecessary treatments. However, it may be especially beneficial to an outpatient setting, where samples are otherwise required to be transported to an offsite laboratory for testing. The POC test device that we used allows quantitative measurement of ascitic calprotectin within minutes and is likely to minimize the diagnostic delay that clinicians currently face. 

Terminology

Calprotectin, a calcium and zinc-binding protein, is found almost exclusively in neutrophils. The presence of calprotectin in body fluids is proportional to the influx of neutrophils during inflammation. 

Peer-review

This article discusses a new method for the diagnosis of SBP. This is a well-designed and methodologically correct exploratory study. 
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Figure 1 Measurement of ascitic calprotectin with the enzyme-linked immunosorbent test and the point-of-care test (Bland Altman Plot). The differences between the results of the enzyme-linked immunosorbent (ELISA) and point-of-care (POC) tests in each patient are plotted against the mean of the two measurements, showing the limits of agreement, defined as the mean ±2 SD of the difference.
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Figure 2 Ascitic calprotectin values in patients with normal and elevated ascitic polymorphonuclear cell count. Box-and-whisker plot representing the median, 25th to 75th percentiles, minimum/maximum values, and outliers outside 1.5 times (○) and 3 times (×) the interquartile range of ascitic calprotectin values, measured with the enzyme-linked immunosorbent (ELISA) test (A) and the point-of-care (POC) test (B). PMN: Polymorphonuclear.
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Figure 3 Receiver operating characteristics analysis of the enzyme-linked immunosorbent test and the point-of-care test to identify elevated ascitic polymorphonuclear cell count. The area under the receiver operating characteristics curve (AUC) for ascitic calprotectin for identifying a polymorphonuclear count > 250/μL. No differences between the two tests (P = 0.155) were detected. The diagonal line represents no discrimination. POC: Point-of-care; ELISA: Enzyme-linked immunosorbent.
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Figure 4 Diagnostic accuracy. For the enzyme-linked immunosorbent (ELISA) test, the overall test accuracy of ascitic calprotectin was 87% when 0.63 μg/mL was used as the best cut-off value (upper panel) and was 84% for the point-of-care (POC) test when 0.51 μg/mL was used as best cut-off (lower panel). PMN: Polymorphonuclear.

Table 1 Baseline characteristics of patients with liver cirrhosis 

	Variable
	n = 54

	Aetiology of liver cirrhosis 
Alcoholic

Viral hepatitis

Alcoholic + viral hepatitis

Non alcoholic steatohepatitis

Others
	36 (66.6%)

7 (13.0%)

5 (9.3%)

1 (1.9%)

5 (9.3%)

	Child-turcotte-pugh class
Child A

Child B

Child C
	0

29 (53.7%)

25 (46.3%)

	MELD Score
	12.2 (10.0-16.0)


Others included 2 patients with autoimmune hepatitis, 2 patients with primary biliary cirrhosis and 1 patient with primary sclerosing cholangitis. The Child-Turcotte-Pugh classification contains five variables, including serum levels of bilirubin and albumin, prothrombin time, ascites, and encephalopathy. Child A: 5-6 points; Child B: 7-9 points; Child C: 10-12 points. The Model for End-Stage Liver Disease (MELD) score: 9.57Ln [serum level of creatinine(mg/dL)] + 3.78 Ln [serum bilirubin(mg/dL)] + 11.2 Ln (international normalised ratio for prothrombin time, INR) + 6.43. Data are presented as number of patients (%) or medians (25th to 75th percentiles).
Table 2 Ascitic fluid analysis

	Variable
	PMN count > 250/μL
(n = 19)
	PMN count ≤ 250/μL

(n = 111)

	Total cell count
	1300.0 (350.0-19800.0)
	250.0 (10.0-1970.0)

	PMN count
	553.0 (277.0-17820.0)
	21.0 (1.0-212.0)

	Albumin, g/L
	13.0 (4.8-16.8)
	7.0 (3.0-10.0)

	Protein, g/L
	22.0 (9.3-37.5)
	12.0 (8.0-20.0)

	LDH, U/L
	117.0 (100.8-138.5)
	55.0 (42.0-81.0)

	Glucose, mmol/L
	7.6 (6.2-9.7)
	7.0 (6.2-8.2)


Values are given as medians (range) for total cell count and polymorphonuclear cell count (PMN) count and median (25th to 75th percentiles) for all other values. LDH: Lactate dehydrogenase.

Table 3 Test characteristics of ascitic calprotectin to identify > 250 polymorphonuclear leukocytes per mL ascites

	
	AUC

(95% CI)
	Best cut-off

(μg/mL)
	Sens (%)


	Spec (%)
	LR +
	LR -
	PPV (%)
	NPV (%)
	Accu-racy (%)

	ELISA
	0.977

(0.933-0.995)
	0.63
	94.8
	89.2
	8.76
	0.06
	60.0
	99.0
	90.0

	POC
	0.982

(0.942-0.997)
	0.51
	100
	84.7
	6.53
	0.00
	52.8
	100
	87.7


Area under the receiver operating characteristics curve (AUC) with corresponding sensitivity (Sens), specificity (Spec), positive and negative likelihood ratio (LR+, LR-), and negative and positive predictive values (NPV, PPV) for ascitic calprotectin to identify PMN >250/μL. Overall accuracy was calculated using the following formula: (true positive test results + true negative test results)/total population. ELISA: Enzyme-linked immunosorbent; POC: Point-of-care.


