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INTRODUCTION
Apart from variceal bleeding, spontaneous bacterial 
peritonitis (SBP) is another serious complication that 
can develop in cirrhotic patients. Prompt diagnosis and 
treatment are essential for the survival of  patients with 
SBP[1,2]. Unfortunately, symptoms of  SBP including fever, 
abdominal pain, nausea, and vomiting are not presented 
in all cirrhotic patients who develop SBP[3,4]. In addition, 
many hospitalized cirrhotic patients develop SBP during 
their non-SBP related admissions especially those with 
gastrointestinal bleeding[5]. Therefore, routine diagnostic 
paracentesis is the recommended practice for patients 
with ascites who develop signs or risk factors for SBP. The 
standard criteria for diagnosis of  SBP are an ascitic fluid 
polymorphoneuclear (PMN) cell count of  ≥ 250/mm3 
and/or a positive ascitic fluid bacterial culture[6-8]. Due to 
the nature of  bacterial culture, the result is not available 
within a day. Therefore, decision making for SBP treatment 
is mainly based on PMN cell count. However, manual 
ascitic fluid PMN cell count is not always available in some 
small patient care units especially in the out patient offices 
and sometimes it cannot be done as in emergency basis. 

Recently, leukocyte esterase activity testing by dipstick 
has been used for a rapid diagnosis of  infection in many 
body fluids such as urine, pleural fluid, and cerebrospinal 
fluid[9-11]. The leukocyte esterase released from PMN cells 
reacts with an esterified chemical compound in the reagent 
strip yielding a violet azo dye, the intensity of  which 
correlates to leukocyte count[12]. Recently, many studies 
have shown the efficacy of  dipstick in diagnosing SBP[13-19]. 
However, strip tests used in these studies are not the same 
and have different colorimetric scales. Therefore, the 
sensitivity and accuracy of  different dipsticks may vary. To 
date, there has been no recommended calorimetric scale 
for each dipstick to diagnose SBP. 

The aim of  this study was to evaluate the usefulness of  
dipstick in rapid diagnosis of  SBP in cirrhotic patients who 
underwent abdominal paracentesis based on the locally 
available dipstick test and to define the validity scores from 
2 different thresholds of  colorimetric scales.
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Abstract
AIM: To evaluate the efficacy of dipstick test in diagnosis 
of spontaneous bacterial peritonitis (SBP) in cirrhotic 
patients who underwent abdominal paracentesis based 
on the locally available dipstick test.

METHODS: There were 200 consecutive samples 
from cirrhotic patients who underwent abdominal 
paracentesis. Urine dipstick (Combur10 Test®M, Roche, 
Mannheim, Germany) was used as a screening 
test. A manual cell count with differential study was 
done in all samples by experienced technicians. The 
polymorphonuclear (PMN) cell count more than 250 
cells/mm3 was used as a diagnostic cut off level. One 
to three plus dipstick results were used as cut off levels 
for a positive result. The dipstick test results had to be 
agreed by three experienced readers. The sensitivity, 
specificity, positive and negative predictive values and 
accuracy of two different colorimetric cut off scales (1+ 
and 2+) were calculated and compared.

RESULTS: The prevalence of SBP diagnosed by manual 
cell count was 21.0%. There were 128 specimens that 
had a true negative result by dipstick. The sensitivity, 
specificity, positive and negative predictive values and 
accuracy of 1+ and 2+ cut off scale to diagnose SBP 
were 88%, 81%, 55%, 96% and 83% respectively, and 
63%, 96%, 82%, 81% and 89% respectively. 

CONCLUSION: Dipstick test can be used as a rapid test 
for screening of SBP. The higher cut off colorimetric scale 
has a better specificity and positive predictive value but 
a lower sensitivity. 
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MATERIALS AND METHODS
During the period between July 2004 and November 
2005 at King Chulalongkorn Memorial Hospital, 200 
consecutive ascitic fluid specimens (including 21 from out 
patient unit) were collected from 127 cirrhotic patients 
(Table 1). The clinical indications for paracentesis were 
routine paracentesis (n = 95), relief  of  patient’s discomfort 
(n = 54), suspected SBP (n = 13), miscellaneous (n = 38). 
The diagnosis of  cirrhosis was established according 
to the histologic criteria or analytical, clinical, and 
ultrasonographic findings of  the liver. Informed consent 
was obtained from all patients, and the study was approved 
by the Ethics Committee of  the University.

Immediately after paracentesis, fresh ascitic fluid 
specimen was collected in a clean dry container and tested 
using a dipstick (Combur10 Test®M, Roche, Mannheim, 
Germany) for granulocyte esterase designed for urine 
analysis. The strip has a colorimetric 4-grade scale 
(negative, 1+ to 3+) and is read at 90 s for granulocyte 
esterase activity. The procedure was the same as what the 
manufacturer described for urine. 

Each of  the colorimetric scale readings was graded by 
2 well trained on-duty internists (the reading processes 
were scored separately). All the readings were confirmed 
by WR who is a house staff  covering for this project. 
WR made the final decision for all discrepancy results. A 
correlation between PMN cell count and the 4-grade scale 
was suggested by the manufacturer as follows: negative, 0 
PMN cell/mm3; 1+, 10-25 PMN cells/mm3; 2+, 75 PMN 
cells/mm3; 3+, 500 PMN cells/mm3. 

Ascitic fluid was conventionally processed including 
cytology, PMN cell count and lymphocyte count, and 
appropriate biochemical tests (glucose, protein, albumin, 
lactic dehydrogenase, and sugar). The sample for PMN 
and total leukocyte count was collected into a heparin 
anticoagulant tube and analyzed within 4 h of  extraction. 
Differential cell count and cytology were examined with a 
conventional optical microscope. A manual cell count with 
differential study was done in all samples by experienced 
technicians.

Ascitic fluid cultures were performed by inoculation 
of  at least 10 ml f luid in VersaTrek® REDOX 1® 
(TREK Diagnostic Systems, Cleveland, OH). All bottles 
were processed in a standard fashion according to the 
manufacturer’s guideline.

SBP was defined as PMN cell count in ascitic fluid ≥ 
250/mm3. The 1+ or 2+ result of  the leukocyte esterase 
from dipstick was considered as a positive test. The 
negative result from dipstick was considered as a negative 
test. We also defined bacterascites as the combination of  a 
positive ascitic fluid culture, PMN cell count in ascitic fluid 
< 250/mm3, and no evident intra-abdominal surgically 
treatable source of  infection. In patients with hemorrhagic 
ascites (i.e. ascites red blood cell count > 10 000/mm3), 
a subtraction of  one PMN leukocyte per 250 red blood 
cells was made[6]. Secondary peritonitis was suspected 
when there was an abdominal source of  infection, acute 
pancreatitis, or more than one organism in the ascitic fluid 
culture.

Statistical analyses
Results of  dipstick test were compared to PMN cell count, 
ascitic fluid culture and clinical data in all patients. The 
sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV) and accuracy of  dipstick 
in the diagnosis of  SBP from two different colorimetric 
scales (1+ and 2+) were calculated and compared (Figure 1).

RESULTS
We diagnosed 42 episodes of  SBP by PMN cell count, of  
which 37 (88.1%) was diagnosed using 1+ cut off  scale 
and 27 (64.3%) 2+ cut off  scale. Of  the 158 specimens 
with PMN cell count < 250/mm3, 128 had a true negative 
result by dipstick test (Table 2). Five patients were 
diagnosed as SBP by manual cell count but had a negative 
dipstick test result.

Sixteen specimens had a positive culture for bacteria, 
of  which four were compatible with bacterascites. The 
dipstick test results in these bacterascites specimens 
were all negative. No secondary bacterial peritonitis was 
diagnosed in this series. The most common organism 
growing from these specimens was E. coli (Table 3).

The sensitivity, specificity, PPV, NPV and accuracy of  
1+ and 2+ cut off  scales to diagnose SBP were 88%, 81%, 
55%, 96% and 83% respectively, and 63%, 96%, 82%, 91% 
and 89% respectively (Table 4).

DISCUSSION
Due to the high rates of  morbidity and mortality from 
delayed treatment in cirrhotic patients who suffered 
from SBP, diagnostic tests for early diagnosis are very 
important[20,21]. Currently, ascitic fluid PMN count is 
the standard tool for SBP treatment decision making. 
However, several-hour delay in reporting the result may 
arise from the laboratory department. In addition, this test 
may not be available in a small out patient setting.

leukocyte esterase has been shown as an important 
marker for PMN cell activity[22]. Originally, the purpose 

Table 1  Characteristics of 127 patients and 200 ascitic fluid 
specimens

Characteristics n  (%)

Male/Female 75/52
Age (mean + SD) 57.4 ± 13.3
Child-Pugh classification A/B/C 3/34/90
Etiology of cirrhosis
Hepatitis B 34 (26.8)
Hepatitis C   8 (6.3)
Alcohol 25 (19.7)
Alcohol and hepatitis B   9 (7.1)
Alcohol and hepatitis C   9 (7.1)
Hepatitis B and hepatitis C   1 (0.8)
Autoimmune   2 (1.6)
Hemochromatosis   2 (1.6)
Cryptogenic 10 (7.9)
Others 27 (21.3)
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of  leukocyte esterase test was limited to urine analysis[23]. 
Recently, it has been found to be useful across the wide 
range of  body fluid infections[9-11]. The efficacy of  this 
test in detecting infection in the ascitic fluid has been 
confirmed from many centers[14-19]. The overall sensitivity, 
specificity, PPV and NPV of  this test are approaching 90% 
(Table 5)[14-19]. However, the different commercial dipsticks 
used in previous studies had different colorimetric scales 
for PMN cell count. In addition, the cut off  colorimetric 
scale for each dipstick has not been standardized yet.

To date, there has been no dipstick that was specifically 
designed to use in ascitic fluid. Moreover, many dipsticks 
do not have a precise colorimetric scale for 250 PMN 
cells/mm3. In our study, we used the Combur10 Test®M 
that is widely available in Thailand as a screening test for 
SBP. According to the manufacturer’s guideline, the 1+, 2+ 
and 3+ scales are equivalent to 10-25 PMN cells/mm3, 75 
PMN cells/mm3 and ≥ 500 PMN cells/mm3 respectively. 
We chose the lower scales (1+ and 2+) as cut off  levels 
for SBP diagnosis. The limitation of  the Combur10 Test®M 
is an absence of  precise calorimetric scale for the cut off  
level of  PMN cell count at ≥ 250/mm3. Because of  this 
limitation, we speculated that our specificity might be lower 
than others[17-19]. Although our sensitivity (88%) from 1+ 
cut off  level was comparable to others, the specificity and 
PPV were lower (81% and 55% respectively) compared 
to other studies[17-19]. By using 2+ scale as a cut off  level 
for SBP, our specificity and PPV increased (96% and 82% 
respectively), unfortunately the sensitivity decreased to 
only 63%. Anyhow, NPV and accuracy from these two cut 
off  levels were comparable to other series[17-19]. 

Aution stick (A. Menarini Diagnostics, Firenze, Italy) 
is another dipstick that can be read at 90 s. The benefit 
of  the Aution stick over the Combur10 Test®M is the 
precise colorimetric scale that correlates with ≥ 250 PMN 

cells/mm3. The correlation between PMN cell count and 
colorimetric scale suggested by the manufacturer are as 
follow: grade 0, 0 PMN cell/ mm3; grade 1, 25 PMN cells/ 
mm3; grade 2, 75 PMN cells/ mm3; grade 3, 250 PMN 
cells/mm3; and grade 4, 500 PMN cells/mm3. Catellote  
et al[15] studied the use of  Aution sticks for diagnosis of  
SBP in cirrhotic patients with ascites who underwent 
abdominal paracentesis at a university based hospital, and 
found that the sensitivity, specificity and PPV are 89%, 
99% and 98%, respectively[15]. 

Multistix®10SG (Bayer Diagnostics Corporation, 
Puteaux, France) has colorimetric scales as follow: grade 
0, 0 PMN cell/ mm3; grade 1, 15 PMN cells/mm3; grade 
2, 70 PMN cells/ mm3; grade 3, 125 PMN cells/ mm3; 
and grade 4, 500 PMN cells/mm3. Butani et al[24] used the 
Multistix®10SG to diagnose SBP in 136 specimens by 
using grade 2 as a cut off  scale, and found the sensitivity, 
specificity, PPV and NPV of  the Multistix®10SG are 83%, 
99%, 91% and 98% respectively. Although, the Multistix
®10SG has no precise colorimetric scale for 250 PMN 
cells/ mm3, its specificity was still better than that of  
the Combur10 Test®M in our series. This may be due to 
a closer 250 PMN/mm3 colorimetric scale of  Multistix®

10SG (grade 3+ ≥ 125 PMN cells/mm3).
There are many factors that influence the accuracy of  

the dipsticks. False positive result can result from alteration 
of  pH, osmolality and temperature of  the specimens[25]. 

200 ascitic fluid samples

(1) Manual cell count
(2) Dipstick test

Positive for SBP by manual cell count       Negative for SBP by manual cell count
         (n  = 42)                  (n  = 158) 

≥ 1+ colorimetricscale (n  = 37)         ≥ 1+ colorimetricscale (n  = 30)
≥ 2+ colorimetricscale (n  = 27)         ≥ 2+ colorimetricscale (n  = 6)

 Calculation of sensitivity, specificity, PPV, NPV and accuracy

Figure 1  Flow diagram for SBP evaluation.
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Table 2  Dipstick test results in SBP and non-SBP groups

Table 3  Results of dipstick tests and PMN cell counts in 
positive culture specimens

Colorimetric scales PMN cell count
 ≥ 250/mm3

PMN cell count 
< 250/mm3 Total

1+ 10   24   34
2+ 19     6   25
3+   8     0     8
0   5 128 133
Total 42 158 200

Patient PMN cells/mL Calorimetric scale Culture result

  1       14 0 A.Baumanii
  2       20 0 S.agalactae
  3       21 0 P.aeruginosa
  4     100 0 K.pneumonia
  5     254 0 E. coli
  6     271 0 S.bovis
  7     257 0 K.pneumoniae
  8     672 1 E. coli
  9   3640 1 P.aeruginosa
10 13 312 1 E. coli
11   2129 2 Streptococcus gr.D 
12   3494 2 Streptococcus gr.D 
13 12 840 2 P.aeruginosa
14 25 805 2 E. coli
15 41 990 2 E. coli
16   3398 3 E. coli

Table 4  Validity scores of the Combur10 Test®M to diagnose 
SBP considering a positive test > 1 or > 2 in the 4-grade 
colorimetric scale

Variables ≥ 1 grade, % ≥ 2 grade, %

Sensitivity 88 63
Specificity 81 96
Positive predictive value 55 82
Negative predictive value 96 91
Accuracy 83 89
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In addition, non-leukocyte cells can release esterase and 
produce a false positive result[26]. Moreover, antibiotics 
can produce both false positive and negative results[27].
The false negative result in the present series was found in 
5 patients (12%), which is similar to the series presented 
by Sapey et al[19] None of  our patients with false negative 
result received antibiotics prior to abdominal paracentesis. 
Interestingly, 3 specimens had a manual PMN cell count 
between 250/mm3 and 300/mm3 (data not presented), 
suggesting that the smaller number of  PMN cells in these 
specimens may lead to a false negative result. Campillo  
et al [28] demonstrated that the sensitivity of  dipsticks 
remains low with PMN cell count ≤ 1000/mm3 when 
they used Multistix 8 SG and Combur 2 lN as dipstick 
tests.The false positive rate in our series was 19% which 
is higher than that of  Sapey et al[19], who found that only 
one patient form each test (Nephur-test® and MutistixSG®) 
had a false positive result. The possible explanation for a 
better result from their series is a much closer 250 PMN 
cells/mm3 of  their dipstick scales. Again this information 
helps to confirm that a precise colorimetric scale for 250 
PMN/mm3 is essential for an ideal dipstick to detect SBP.

Currently, there is no specific dipstick test for 
bacterial count in the ascitic fluid. In our series, it is not 
surprised that the correlation between the culture and 
dipstick results was very poor. There were 4 specimens 
that were compatible with a condition generally called 
“monomicrobial non-neutrocytic bacterascites (MNB)”. 
All the MNB specimens had a negative dipstick result. 
Generally, the clinical outcome of  asymptomatic MNB 
is much better than that of  classic SBP[29]. Our 4 patients 
with MNB did not receive any treatment and were 
asymptomatic during 3-6 mo follow-up. In addition, repeat 
ascitic fluid analysis and culture were performed and 
reported unremarkable results in these 3 patients. 

Patients with ≥ 250 PMN cells/mm3 in the absence of  
bacterial growth from the culture are classified as culture-
negative neutrocytic ascites (CNNA). In the present series, 
only 12 patients (28.6%) had a classic SBP (positive culture 
and cell count ≥ 250 PMN cells/mm3). Of  these culture 
negative SBP patients, at least 25 (83.3%) had CNNA 
(no history of  prior antibiotics use), demonstrating that 
CNNA has the same clinical course as classic SBP[6]. 
Therefore, dipstick that determines mainly for PMN cell 
activity can be used for SBP screening.

In conclusion, dipstick test in ascitic f luid from 
cirrhotic patients is a good screening tool for SBP. 

However, not all dipsticks have a precise colorimetric scale 
for a measurement of  ≥ 250 PMN cells/mm3, therefore 
the sensitivity of  different dipsticks may not be similar. 
With a good NPV the decision making not to treat SBP 
based on the results of  Combur10 Test®M can be made in 
the majority of  cases. Further study is needed to improve 
the efficacy of  the test in detecting PMN cells and bacteria 
in ascitic fluid.
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Background
The decision making for SBP treatment is mainly based on PMN count. 
However, manual ascitic fluid PMN count is not always available in every patient 
care unit.

Research frontiers
Leukocyte esterase activity testing by dipstick has been used for a rapid 
diagnosis of infection in a variety of body fluids such as urine, pleural fluid, and 
cerebrospinal fluid. The efficacy of this test in detecting infection in the ascitic 
fluid has been confirmed from many centers. The overall sensitivity, specificity, 
PPV and NPV of these tests are approaching 90%.

Innovations and breakthroughs
The sensitivity and NPV of dipstick test is excellent in all different types of stick. 

COMMENTS

However, some have a slightly better value due to their approximity to the 250 
cell/mm3 cut-off level.

Applications 
The dipstick may be used as a screening tool for SBP. A better designed test is 
awaited.

Peer review
The study used Combur as a screening test. The sensitivity of this test is slightly 
poorer than others. However, the other validity scores are comparable. The 
author may need to continue to explore other dipsticks and compare their results 
using manual cell count as a gold standard.


