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ABSTRACT
Ascetic fluid polymorphonuclear leukocyte count (PMNL) 250/mm3 is diagnostic for spontaneous
bacterial peritonitis (SBP) but rapid and simple screening test is needed. The aim of our study is to compare
leukocyte esterase reagent strips (LERS) and high sensitive c reactive protein (hs – CRP) as two rapid methods
for diagnosis of SBP in Egyptian cirrhotic patients with ascites. Ascetic fluids of 100 patients with liver cirrhosis,
ascites and clinical suspicion of SBP were tested by LERS, hs - CRP and PMNL counts. Patients were divided into
2 groups. Group 1: patients with PMNL count≥ 250 cells/ mm3 and group 2: patients PMNL count < 250 cells/
mm3. By LERS group 1 were all positive while in group 2 (5) patients were positive and 53 were negative. The
cut-off point of LERS was > grade 2. Sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) of LERS were 100%, 91.38%, 89.4% and 100% with accuracy 95% area under the curve
was 0.915-0.994. The sensitivity, specificity, PPV and NPV of hs-CRP for SBP diagnosis was 83.33%, 74.14%,
70% and 86% respectively with accuracy 0.78% and area under the curve was 0.814. LERS is rapid and bed side
diagnosis for SBP and has higher accuracy than hs-CRP.
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INTRODUCTION
Spontaneous bacterial peritonitis is one of the most feared and potentially fatal complications of
cirrhotic ascites, [1] it is a bacterial infection of ascites occurring in the absence of contagious source of
infection with an absolute neutrophil count of more than 250 cells/ mm3 or a positive culture.[2] Its
prevalence in hospitalized patients with liver cirrhosis and ascites ranges from 10% to 30%. And the hospital
mortality rate of it is also very high (30%–50%).[3-4] Early diagnosis and treatment of SBP is necessary for
preventing mortality.[5] It can be diagnosed by the clinical manifestations that require a high index of clinical
suspicion as the symptoms of SBP are nonspecific.[6] An AF polymorphonuclear (PMN) leukocyte count
250/mm3 irrespective of the AF culture result, is universally accepted nowadays as the best surrogate marker
for diagnosing SBP.[7-8] The ascetic fluid total leukocyte and PMN count are not always done stat, thereby
delaying time to diagnosis. Therefore, a rapid, simple screening test is needed for the prompt diagnosis of
SBP.[9] LERS which has been found to be a sensitive and accurate predictor for the presence of PMN in body
fluids such as urine and can be used in the diagnosis of SBP and has shown promising results in rapid
diagnosis of SBP.[10-12] hs-CRP is more sensitive than C-Reactive Protein (CRP) as an inflammatory marker. High
sensitive CRP is elevated in collagen vascular diseases, inflammatory arthritis, infective hepatitis, alcoholic
liver diseases, cirrhosis and SBP.[13] The aim of our study is to compare LESR and hs-CRP as two rapid methods
for diagnosis of SBP in Egyptian cirrhotic patients with ascites.
PATIENTS AND METHODS
Our study was prospective case control study. With one hundred patients with liver cirrhosis, ascites
and a clinical suspicion of SBP, randomly selected from chronic liver disease patients admitted to Tropical
medicine, internal medicine departments, Minia University hospital, Egypt after providing written informed
consent. None of all patients had received antibiotics 14 days prior to the hospital admission. The diagnosis of
liver cirrhosis was made by using standard clinical, laboratory and radiological criteria. Ascites was confirmed
clinically and by abdominal ultrasonography. Patients with any contiguous source of intra-abdominal infection,
with or without a positive culture and other causes of elevated PMN count in ascetic fluid such as tuberculosis,
peritoneal carcinomatosis, pancreatitis, collagen vascular diseases, and inflammatory arthritis were excluded
from the study. Also patients with coronary artery diseases were excluded from the study. The patients were
divided into two groups according to the results of ascetic fluid PMNL count as follows: Group 1: included 42
patients with infected ascetic fluid (SBP group) and Group 2: included 58 patients without ascetic fluid
infection (Non SBP group). Ascetic fluid infection was diagnosed as the PMNL  250 cells/ mm3 (Thevenot et
al., 2004) [14]. All patients were subjected to full history taking, clinical examination, complete blood picture,
Liver function tests and abdominal ultrasonography. The ascetic fluid was aspirated under complete aseptic
conditions. The needle was introduced in the midline between the umbilicus and the symphysis pubis in the
area of maximum dullness to percussion. (Runyon, 1986) [15]. Aspiration of 40 cc ascetic fluid sample will be
taken using 20 G spinal needles under aseptic condition. The ascetic fluid is first examined with naked eye for
its color and turbidity. Immediately after the procedure, a 15 ml of ascetic fluid was sent to the laboratory in
heparinized tube for determination of differential white blood cell counts. Another 15 ml of ascetic fluid was
sent for the culture. Ten ml of ascetic fluid will be tested by the use of the reagent strips designed for the
testing of urine (Aution Sticks 10 EA; Arkray, Kyoto, Japan) where the strip was immersed in the ascetic fluid,
immediately removed and after 120 seconds (the required waiting period), the color of the different reagents
was compared with the color chart on the bottle and accordingly colorimetric grading was done (scale from 0
to 4). A correlation between PMN and a 5-grade scale was suggested by the manufacturer, as follows: grade 0,
0 PMN mm3; grade 1, 25 PMN /mm3; grade 2, 75 PMN/ mm3; grade 3, 250 PMN /mm3; and grade 4, 500 PMN
/mm3. hs - CRP was estimated in ascetic fluid by tubidimetry method which measures turbidity changes in the
latex immunoagglutination reaction using a latex reagent containing an antibody or antigen conjugated to
latex particles.
Statistical analysis of the data was performed by using SPSS_20 software package. Categorical data
parameters were presented in the form of frequencies and percentages. Chi-square test was used to study
significant association between two categorical variables. Quantitative data were expressed in the form of
mean and SD. T-test was used to test the significance between groups for quantitative data (P-value) was
assumed significant if less than 0.05 and confidence intervals were at 95% level. Sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV) were performed using the ROC curve.
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RESULTS
There were no statistical significant difference between the two studied groups as regards age and
sex. Gastrointestinal bleeding, fever, abdominal pain, rebound tenderness and hepatic encephalopathy were
significantly higher (p< 0.05) in group 1 than in group 2 (21.4%, 57.2%, 90.4%, 69.0%, 23.8% vs. 6.89%, 24.1%,
74.1%, 25.9%, 8.6%) respectively (Table 1).
There were statistical significant increase in serum creatinine in group1 than group2 (2.66±1.97
mg/dl vs. 1.74±2.17mg/dl) also total leucocyte count is significantly higher in group 1 than group 2 (5.5±1.4
thousands cells/mm3 vs. 4.9  1.4 thousands cells/mm3) P<0.05. Hb level of group I decreased significantly
that of group II (8.79±1.7 gm. /dl vs. 9.68±1.9 gm. /dl) P<0.05. As regards PMNL cell count of the ascetic fluid
it was significantly higher in group 1 than group (2 687.6±457.8 cells/ mm3 Vs 124.5±33.9 cells/ mm3) P<0.001
(Table2).
By testing ascetic fluid samples by LE activity test there was 47 positive samples and 53 negative
samples, These results compared with PMNL count indicated that all 42 patients with PMNL ≥250 cells/mm3
were positive using the LE strips while in the rest 58 patients with PMNL <250 cells/mm3 (53) of them were
found negative by the use of LE strips meaning that LE test was false positive in 5 patients. The cut-off point
reported in this study by ROC curve for leucocyte esterase was > grade 2. Fifteen cases were positive in Grade
3 and 32 cases were positive in grade 4. In non SBP group (58 cases) there were 5 cases had false positive
results. Three of them had grade 3 positive scale and only 2 had grade 4 positive scale. The level of hs-CRP
was significantly higher in group 1 than in group 2 (67.3±15.8 mg/ml vs. 48±14.6 mg/ml) with p value 0.001
(Table 3).
Leukocyte esterase reagent strips give results of sensitivity, specificity, positive predictive value (
PPV ) and negative predictive value (NPV) at > grade 2 cut-off scale to diagnose SBP (100%, 91.38%, 89.4% and
100%) respectively with accuracy 95% using the ROC curve and area under the curve was 0.915-0.994. The
cut-off point reported in this study by ROC curve for hs-CRP was >50 mg/ml. The sensitivity, specificity, PPV
and NPV of hs-CRPl for SBP diagnosis was 83.33% , 74.14%, 70% and 86% respectively with accuracy 0.78%
using the ROC curve, area under the curve was 0.814(Table 4& figure 1) .
DISCUSSION
Spontaneous bacterial peritonitis is a consequence of ascites in cirrhotic patients with prevalence rate
of 3.5% to 30%.[16] Over 60% of the SBP episodes are caused by Gram-negative enteric bacilli like E.coli and
Klebsiella pneumonia. The key pathogenic mechanism initiating SBP is bacterial translocation, a process
through which enteric bacteria cross the intestinal barrier and infect the mesenteric lymph nodes, thus
entering the blood circulation and ascitic fluid. The high rate of bacterial translocation in cirrhosis is due to
intestinal bacterial overgrowth, loss of integrity of intestinal mucosal barrier and local immune system.[17] The
mortality of untreated SBP remains high (>80%), Patient course and clinical outcome is based on an aggressive
approach aiming to rapid diagnosis and prompt initiation of antibiotic therapy. [12] The gold standard for
diagnosis of SBP is AF culture. Also the PMNs ≥ 250 cell/μL is diagnostic.[18-19] The use of urine dipstick in the
diagnosis of SBP has been studied and has shown promising results in rapid diagnosis of SBP. [12]
Ascetic fluid hs-CRP measures low levels of CRP using Laser nephelometry. This test gives immediate
results within 25 minutes. It is elevated in chronic liver diseases and Spontaneous Bacterial Peritonitis (SBP). A
study by Kadam et al., 2016 reported that hs-CRP is a prognostic marker in cirrhosis with spontaneous bacterial
peritonitis with high sensitivity.[13]
The present study was designed to compare the diagnostic validity of LE urine strips as rapid test and
ascetic fluid hs-crp for diagnosis of SBP in Egyptian cirrhotic patients with ascites. In the present study, the
most important clinical and laboratory data in the two studied groups (SBP and non SBP groups) of ascetic
patients were compared. Of the important clinical data in the present study that, fever, pallor, abdominal pain,
rebound Tenderness, upper GIT bleeding and encephalopathy were significantly prevalent in SBP group than
non-SBP group, While presentation of palmar erythema and lower limb oedema was parallel in both groups.
This clinical presentation is similar to that of the study by Sheer and Runyon, 2005 who found that symptoms
of infection occur in most patients with SBP, including fever, abdominal pain and tenderness. [7] On the other
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hand, a study done by Mlwati, 2013 found that the most common presenting symptoms were upper
gastrointestinal bleeding, abdominal pain and fever.[20] Jaundice and hepatic encephalopathy was found in
only 5%, this could be due to the fact that Mlwati study screened large sample size and all patients at a specific
time with portal hypertension and ascites due to any liver problems or periportal fibrosis. In contrast, our
study had small sample size of cases with decompensated liver cirrhosis complicated with portal hypertension
or not. In our study, results of liver function tests showed no statistical significant difference between the two
studied groups. These results were parallel to that of Rizk et al., 2014 who found that there was no significant
difference in ALT, serum bilirubin and serum albumin levels between SBP and non SBP groups. Serum albumin
level in our study showed no statistical significant difference between the two studied groups. [21] On the other
hand Mlwati, 2013 found that serum albumin and total protein concentrations decreased significantly in SBP
patients than non SBP patients, this may be due to previous treatment of our studied groups with salt free
human albumin after paracentesis.[20] In the present study, significant increase were observed between the 2
groups regarding serum creatinine, this is in accordance with Ruiz-Del-Arbol et al 2003, who found that
patients with SBP frequently develop a rapidly progressive impairment in systemic hemodynamics, leading to
severe Renal failure.[22] In our study, the total leukocytic count in the peripheral blood in group I (SBP group)
was higher than in patients of group II (Non SBP), the difference was statistically significant, this coincides with
Rizk et al., 2014. He reported significant increase in the peripheral WBC count and PMNL percentage in
patients with SBP more than patients with sterile ascites and this returns to that ascetic fluid infection
increases cytokine secretion that leads to increase the phagocytosis of leukocytes. [21] In contrast Mlwati, 2013
found that no significant difference between SBP and non SBP patients as regard the peripheral WBC count,
stated that chronic liver disease patients were immunocompromised patients and this contributed to the
greater risk of infections encountered in patients with liver cirrhosis.[20] No significant difference in platelet
count noticed between the SBP group and the non-SBP group in our study. Gill et al., 2012 found that platelet
count significantly decreased in SBP patients than those without SBP, stated that severe bacterial infections
involving the blood (bacteraemia) cause suppression of the reticuloendothelial system.[23] The present results
indicated that there was highly significant increase in ascitic PMNL count in SBP group than non SBP group
(620.1 vs. 131.6 (cells/mm3) (p < 0.01), this agree with Runyon, 2009.[19] they documented that the ascetic
fluid cell count has been used to diagnose SBP and the PMNs ≥ 250 cell/μL is diagnostic. For AF culture,
patients with positive culture in SBP group was 22 cases (46.8%) in our study and no cases recorded in non SBP
group this difference between both groups was highly significant (p<0.01) and this coincides with Fernández
et al., 2000 who found significant increase of positive culture results in SBP patients than non SBP. [18] The
present results showed that the sensitivity, specificity, PPV and NPV of leukocyte esterase reagent strip test for
˃ grade 2 cut-off scales to diagnose SBP were 100%, 91.38%, 89.4%, 100%, respectively with an accuracy 95%
and area under the curve 0.97%. These results coincides with the findings of Bafandeh et al., 2012 they found
that the diagnostic value of leukocyte esterase reagent strip test is very high, as the sensitivity, specificity, PPV
and NPV of leukocyte esterase reagent strip test for the 1+ and 2+ cut-off scales to diagnose SBP were 97.5%,
84.6%, 74%, 98.7%, and 87.8%, 96.7%, 92.3%, 94.6%, respectively.[24] Chugh, et al., 2015 evaluated the
diagnostic utility of LE reagent strips for rapid diagnosis of SBP. They found that the sensitivity and specificity
of the LE test for detecting SBP taking grade 2 as cut off were 95% and 96.4% respectively, with a positive
predictive value of 86.4% and a negative predictive value of 98.8%. Diagnostic accuracy of LE test was
96.1%.[25] Ribeiro et al., 2007 evaluated the accuracy of a urine reagent dipstick to determine ascitic fluid
leukocyte count, and found 86% sensitivity and 96% specificity with positive and negative predictive values of
60% and 99%, respectively and 95% diagnostic accuracy.[26] We also detected the diagnostic validity of ascetic
fluid high sensitive c-reactive protein for rapid diagnosis of SBP and we found that at cutoff value >50 the
sensitivity, specificity, positive predictive value, negative predictive value, accuracy and AUC of hs-CRP for SPB
diagnosis was 83.33% , 74.14, 70%, 86%, 78% and 0.814 respectively. This means leukocyte esterase has high
sensitivity, specificity, PPV and NPV than high sensitive C-reactive protein. Also the accuracy of leukocyte
esterase is higher than hs-CRP and leukocyte esterase is rapid test while hs-CRP takes 25 minutes.
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Table (1) Comparison of the clinical data in the two studied groups

Gastrointestinal bleeding
Past history of SBP
Fever
Lower limb edema
Abdominal pain
Rebound tenderness
Hepatic encephalopathy

Group
I (n = 42)
No.
%
9
21.4
27
64.3
24
57.2
37
88.1
38
90.4
29
69.0
10
23.8

Group
II (n = 58)
No.
%
3
6.8
24
41.3
14
24.1
51
87.9
43
74.1
15
25.9
5
8.6

P-value
0.013
0.023
<0.001
0.980
0.039
0.001
0.037

Table (2): Laboratory data in the 2 studied groups

ALT (IU/L)
AST (IU/L)
total bil.(mg/dl)
direct bil.(mg/dl)
Albumin (g/dl)
INR
Creatinine (mg/dl)
HB gm/dL
WBCs (x10³ / mm³)
Platelet count
(x10³ / mm³)
PMNL count of ascetic
fluid (cells/mm)

Group I
88.2±66.3
94.9±86.9
4.79±2.78
2.66±2.14
2.74±0.66
1.6±0.23
2.66±1.97
8.7±1.7
5.54±1.4
128±65.1

Group II
81.2±34.9
80.3±29.6
4.65±3.38
2.65±2.29
2.77±.055
1.62±0.20
1.74±2.17
9.6±1.9
4.9±1.4
127±43.9

P-Value
0.294
0.236
0.820
0.994
0.820
0.644
0.032
0.017
0.041
0.896

687.6±457.8

124.5±33.9

<0.001

Table (3): LE activity and hs-CRPl in relation to PMNL count

hs-CRP
LE activity

Mean ± SD
Grade I
Grade II
Grade III
Grade IV

Group1
N=42
67.3±15.8mg/ml
0(0%)
0(0%)
12(28.6%)
30(71.4%)

Group2
N=58
48±14.6mg/ml
10(17.2%)
43(74.1%)
3(5.2%)
2(3.4%)

P value
<0.001*
<0.001*

Table (4): ROC curve analysis of LE activity and hs-CRPl for diagnosis of SBP
Hs-CRP
>50mg/ml
0.814
0.724-0.885
<0.001*
83.33
74.14
70
86
78

Cutoff point
AUC
95% CI
P value
Sensitivity
Specificity
PPV
NPV
Accuracy

LE activity
> grade 2
0.970
0.915-0.994
<0.001*
100
91.38
89.4
100
95

AUC: area under curve; CI: Confidence interval; PPV: positive predictive value; NPV: negative predictive value
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Figure (1): ROC curve of leucocyte esterase and Hs-CRPl in diagnosis of SBP
CONCLUSION
The reagent strip testing of ascetic fluid is a very sensitive and specific method for diagnosis of SBP in
cirrhotic patients with ascites especially when the patient has manifestation suggestive of SBP. It can be used
every-where at the patient’s bedside as it is rapid, easy to use, inexpensive and good negative test. It is more
sensitive, specific and accurate than hs-CRP. A positive result should be an indication for empirical antibiotic
therapy. It may be useful as a screening test in cirrhotic patients with ascites or who suspected to have SBP
for early detection of SBP. In patient with cirrhosis when there is fever, pallor, abdominal pain, rebound
tenderness, bleeding tendency and renal impairment it is better to diagnose SBP by LES test as a rapid and
bed side test and give empirical antibiotics.
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