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Background and Aims: Spontaneous bacterial peritonitis (SBP) requires rapid diagnosis and the initiation of an-
tibiotics. Diagnosis of SBP is usually based on cytobacteriological examination of asciticfluid. These tests require
good laboratory facilities and reporting time of few hours to 1–2 day. However, the 24 h laboratory facilities not
widely available in country like India. We evaluated the diagnostic utility of reagent strip (Multistix 10 SG�) for
rapid diagnosis of SBP.Material and methods: The study was prospectively carried out on patients of cirrhosis with
ascites. Bedside leukocyte esterase reagent strip testing was performed on ascitic fluid. Cell count as determined
by colorimetric scale of reagent strip was compared with counting chamber method. Sensitivity, specificity, pos-
itive predictive value, negative predictive value, and accuracy were calculated. Result:Out of 100 patients with cir-
rhotic ascites, [72 males: 28 female; mean age 44.34 (SD 13.03) years] 18 patients were diagnosed to have SBP by
counting chambermethod as compared to 14 patients detected to have SBP by reagent strip test$++ positive. The
sensitivity, specificity, positive predictive value, negative predictive value and accuracy of reagent strip $++ pos-
itive were 77.77%, 95.12%, 77.77%, 95.12% and 92% respectively compared to counting chamber method. Conclu-
sion: Reagent strip to diagnose SBP is very specific but less sensitive as compared to counting chamber method.
This can be performed rapidly, easily and efficiently even in remote area of developing countries. This bedside
test could be a useful tool for the diagnosis of SBP in country like India. ( J CLIN EXP HEPATOL 2012;2:224–228)
Spontaneous bacterial peritonitis (SBP) is a poten-
tially life-threatening complication of liver cirrhosis
with ascites.1 The prevalence of SBP in hospitalized

patients with liver cirrhosis and ascites is up to 30%. The
in-hospital mortality rate is also very high (30%–50%).2

SBP requires timely diagnosis that is usually based on
total and differential leukocyte count of ascitic fluid
(AF). A polymorphonuclear leukocyte (PMN) cell count
in AF >250/mm3, irrespective of the AF culture, is the diag-
nostic criterion of SBP.1 The urgent leukocyte count of the
AF is warranted for the initiation of appropriate antibi-
otics.2,3 However, 24 h laboratory facilities are not
available in many hospitals. This is particularly true in
developing country like India. Therefore, alternative
methods for rapid diagnosis of SBP are an obvious
s: spontaneous bacterial peritonitis, leukocyte esterase dipstick
ltistix 10 SG� reagent strips
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requirement.4,5 Use of reagent strip testing for leukocyte
esterase has been described in order to reduce the time
from paracentesis to a provisional diagnosis of SBP from
a few hours to a few minutes.5,6 The reagent strips
detecting leukocyte esterase activity in biological fluids
have been validated for the diagnosis of urinary tract
infections, meningitis, and pleural infections.7–9

Aim of the study was to determine the sensitivity, spec-
ificity, positive predictive values (PPV), negative predictive
values (NPV), and accuracy of leukocyte esterase reagent
strips (LERS) for the diagnosis of SBP in cirrhotic patients
with ascites.
MATERIALS AND METHODS

This study was prospectively conducted at the Department
of Internal Medicine, Rabindra Nath Tagore (RNT) Medi-
cal College, Udaipur, India from April 2005 to June 2007.
The local ethics committee of the RNT medical college,
Udaipur approved the study and informed consent was ob-
tained from each patient.

A total of one hundred liver cirrhotic patients with as-
cites, who were hospitalized, were included in this study.
The patients of ascites were admitted with the following
indications: a) large or tense ascites; b) mild to moderate
ascites associated with other complications of CLD such
as coagulopathy, encephalopathy, hypotension, shock,
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past or present history of gastrointestinal bleeding, dyse-
lectrolytemia and renal impairment; c) on treatment
worsening of ascites; d) for investigation of cause of
CLD; and f) for the purpose of monitoring of serum
and urine electrolyte and education regarding dietary
salt restriction. Patients with low SAAG and hemorrhagic
ascites and those who were receiving any antibiotics were
excluded. All patients were tested for complete blood
count, liver function tests, alpha-fetoprotein, renal func-
tion tests, prothrombin time, serum electrolytes, urine
routine microscopic examination and culture, chest ra-
diograph, abdominal ultrasonography and esophagogas-
troduodenoscopy. Appropriate tests for viral hepatitis,
autoimmune liver disease, Wilson disease, and hemo-
chromatosis were performed. Diagnosis of cirrhosis was
established by clinical, laboratory, endoscopic and/or ul-
trasonographic findings.

Paracentesis was performed under strict aseptic condi-
tion at admission and during the hospital stay for treat-
ment of ascites or with clinical signs of SBP. Immediately
after the paracentesis, AF was tested using LERS (Multistix
10 SG�, Bayer Diagnostics, Illinois). The LERS was im-
mersed in 5 mL of AF placed on a dry and clean container
as described by the manufacturer for identification of leu-
kocyte esterase. After 2 min, the LERS was read comparing
the color of the leukocyte reagent strip area with the color-
imetric scale depicted on the bottle. The strips had a color-
imetric 5-grade scale. A correlation between leukocyte and
a 5-grade scale was suggested by the manufacturer, as fol-
lows: grade 0, 0 leukocyte/mm3; grade trace, 15 leukocyte/
mm3; grade + (small), 70 leukocyte/mm3; grade ++ (moder-
ate), 125 leukocyte/mm3; and grade +++ (large), 500 leuko-
cyte/mm3. Two different cut-offs, grade ++ or grade +++
were tested. Laboratory analysis of the AF was performed
without delay in all patients. For testing a standard sterile
technique was used and included total and differential cell
counts, Gram stain, total protein and albumin levels. Leu-
kocytes cell count in AF was done by counting chamber
methods using microscopy, and percentage of PMN was
determined using methylene blue stain on a concentrated
smear of AF collected in EDTA. Cultures of AF were done
at bedside using blood culture bottles. Ten milliliter of AF
was inoculated into each bottle. The diagnosis of SBP was
Table 1 Final diagnosis of ascitic fluid samples and Multistix 10 S

Diagnosis

0 (0 leukocytes/
mm3)

Trace (15 leukocytes/
mm3)

Cirrhotic ascites (non-SBP) 60 12

SBP culture (+) 0 0

SBP culture (�) 1 2

SBP (total) 1 2

SBP: spontaneous bacterial peritonitis; RS: reagent strip.
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based on a PMN cell count >250/mm3 in AF, irrespective of
AF culture result, and an absence of intra-abdominal sour-
ces of infection, inflammation or tuberculosis.

After paracentesis, suspected SBP was treated with in-
travenous cefotaxime initially empirically and later accord-
ing to the culture sensitivity patterns. Appropriate
treatments for etiology and complications of cirrhosis
were done. Patients were discharged on primary or second-
ary prophylaxis for SBP according to clinical profile of pa-
tient.

Data are presented as means� SD for quantitative vari-
ables and as frequencies for qualitative variables. Sensitiv-
ity, specificity, PPV, NPV, and accuracy were calculated.
RESULTS

One hundred patients of cirrhotic ascites were enrolled
(72 were males and 28 were females), mean (SD) age was
44.34 (�13.03) years. Of the 100 patients, there were 73
(73%) with Child class C and 27 (27%) with Child class B.
The etiology of cirrhosis was alcohol in 42 (42%), chronic
B hepatitis in 22 (22%), chronic C hepatitis in 12 (12%),
and other causes in 24 (24%).

Eighteen patients (18%) were diagnosed to have SBP by
counting chamber method as compared to 12 (12%) de-
tected to have SBP by LERS test +++ positive. The sensitiv-
ity, specificity, PPV, NPV and accuracy of LERS+++ positive
were 66.66%, 100%, 100%, 93.18% and 94% respectively
compared to cell count by manual counting chamber
method. When we considered LERS test $++ as cut-off,
14 patients (14%) detected to have SBP. The sensitivity,
specificity, PPV, NPV and accuracy of LERS $++ positive
were 77.77%, 95.12%, 77.77%, 95.12% and 92% respectively
compared to cell count by manual counting chamber
method (Tables 1 and 2).

Out of 18 patients of SBP, 14 patients were symptom-
atic (fever, abdominal pain, abdominal tenderness and
others). LERS test result $++ was positive in 11 of 14
symptomatic SBP patients. Empiric antibiotic was started
in all symptomatic patients immediately after paracentesis.
The remaining 4 patients had no clinical feature suggestive
of SBP. LERS test result $++ was positive in 3 out of 4
these asymptomatic SBP patients (Figure 1). The sensitivity
G� RS test result.

Reagent strip result

+ (70 leukocytes/
mm3)

$++ (125 leukocytes/
mm3)

+++ (500 leukocytes/
mm3)

6 4 0

0 2 2

1 12 10

1 14 12
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Table 2 Sensitivity, specificity, PPV, NPV and accuracy of
Multistix 10 SG� RS, using two different cut-off.

Variable RS $++ (%) RS = +++ (%)

Sensitivity 77.77 66.66

Specificity 95.12 100.0

PPV 77.77 100

NPV 95.12 93.18

Accuracy 92 94

DIAGNOSIS OF SBP JHA ET AL

C
irrh

o
sis

–
C
o
m
p
lica

tio
n
s

of LERS test ($++ as cut-off) in symptomatic and asymp-
tomatic SBP was 78.57% and 75% respectively.

The mean (SD) cell count in patients with grade +++
change was 1805 (1167) leukocyte/mm3 and that in those
with grade ++ change was 743 (517) leukocyte/mm3. Cul-
ture of AF was positive in 4 (22.22%) cases and negative
in 14 (77.77%) cases. The bacterium isolated from cultures
of AF was Escherichia coli.
DISCUSSION

Rapid diagnosis and treatment are very important in the
management of SBP, a potentially dangerous complication
of cirrhosis. The yield of bacterial culture is usually low (up
to 40%) in these groups of patients, and that test results
may be delayed for several days. Therefore, a polymorpho-
nuclear leukocyte (PMN) cell count in AF >250/mm3, irre-
Figure 1 Reagent strip test result and early antibiotic treatment in SBP.

226
spective of the AF culture, is the diagnostic criterion of
SBP.1 The manual cell count of AF is standard method.
However, the AF manual cell count has a few problems.
It is not always available in all hospitals, especially on an
emergency basis. Reporting usually requires few hours
and sometimes 1–2 days. Sometimes, there is formation
of the leukocyte clump in AF precludes the laboratory anal-
ysis of AF even in a tertiary care hospital. In our study, re-
peat AF samples were required on six occasions.
Unfortunately, we do not have data regarding the categor-
ical reason of repeat AF sample demand by the laboratory.

Recently, reagent strips have emerged as an attractive
means for rapid diagnosis of SBP. These tests have the abil-
ity to detect esterase activity of PMN cells.10 These cells re-
lease leukocyte esterase into the extracellular milieu reacts
with an ester releasing 3-hydroxy-5-phenyl-pyrrole which
causes a color change in the azo dye in the reagent strip.

Numerous independent studies have evaluated the di-
agnostic value of LERS (Multistix�, Combur�, Nephur�,
UriScan� and Aution� strips) in settings involving SBP.
The published studies have shown widely variable results
in term of sensitivity specificity, PPV and NPV. Compared
with the manual PMN count (‘gold standard’), LERS were
found to have sensitivity ranging from 45 to 100%, specific-
ity ranging from 81 to 100%, PPV value ranging from 42 to
100% and NPV ranging from 87 to 100%.4–6,11–24 Similarly,
the published studies in which Multistix reagent strips
were used have also shown widely variable test results
(Table 3).4,12–14,17–20,24 In an only study from India,
authors have shown the Multistix strip's sensitivity,
specificity, PPV and NPV of 97%, 89%, 87% and 83%
respectively using a cut-off of grade 2. However, when us-
ing a cut-off of grade 3, the sensitivity, specificity, PPV
and NPV were 92%, 100%, 100% and 98% respectively.24

Our study showed less sensitivity but high specificity and
NPV (Table 2). The result of our study was nearly similar
to studies published by Butani et al and Ribeiro et al.14,20

Our study expands previous findings of the potential
utility of the LERS test as a simple, rapid and
inexpensive means for testing in settings involving SBP.
If we compare two cut-offs ($++ and +++) used by us,
both had performed fairly well for the diagnosis of SBP.
Table 3 The Multistix reagent strip: range of results in various
studies.4,12–14,17–20,24

Cut-off Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Grade $1
(15 leukocytes/mm3)

64.7–100 83–100 42–100 96–100

Grade $2
(70 leukocytes/mm3)

45.7–100 98–99 75–99 93.3–100

Grade $3
(125 leukocytes/mm3)

45.3–89 99.2–100 77.2–100 94–99

PPV: positive predictive values; NPV: negative predictive values.
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Notably, the selection of a cut-off point +++ yielded 100%
specificity and 100% PPV for the diagnosis of SBP. By
contrast, results of an LERS test $++ yielded 77.77%
sensitivity and 95.12% NPV, which excluded SBP in these
individuals. It may be better to use the cut-off of $++
with a higher sensitivity and higher NPV, even at the cost
of some false positives.

Two recently published systematic reviews have pointed
the heterogeneity in the number of patients included in
each study, the AF samples tested and SBP episodes ob-
served, as well as in all measures of LERS performance.25,26

The other limitations of the RS test include the possibility
of inter-observer variation inmatching of color. There is di-
chotomy of opinion regarding the use of LERS test in SBP.
Because of wide variation in sensitivity and PPV between re-
ported studies, some authors have raised doubt over the
use of LERS as a valid surrogate marker of SBP.25 However,
because of the consistently excellent NPV (>95% in the ma-
jority of the studies) of LERS, others have advocated its
place in the ascitic tap diagnostic algorithm specially as
a preliminary screening tool for SBP diagnosis.26,27

The reagent strip has several advantages, such as: it is
easy to use, there is no need of expertise for matching of
color, and very rapid (takes 90–120 s). With use of bedside
LERS test early antibiotic therapy can be started in a fair
percentage of asymptomatic SBP patients. On the basis
of LERS test $++ result; we could have started early treat-
ment in 3 out of 4 asymptomatic SBP patients. Despite the
lower sensitivity of LERS test in our study, decision of an-
tibiotic therapy could have changed in 16.66% of patients
(3 out of 18 SBP patients) (Figure 1).

Furthermore, it is much cheaper than the manual cell
count. The cost of one reagent strip is Rs 15–20 Indian ru-
pees (INR) and the cost of manual cell count ranges be-
tween Rs 200–350 Indian rupees (INR). In case of urgent
reporting (especially at night time or on vacations or on
week-ends), cost may be 30–50% higher in comparison to
the routine cost.

Our study has a few limitations. Firstly, there was rela-
tively small sample size. Secondly, reading of colorimetric
scale was performed by single examiner. Therefore, one
cannot deny the possibility of inter-observer variation. Fi-
nally, there was absence of a cut-off corresponding to cell
count of 250 PMN/mm3.

To summarize, as the laboratory facilities still not
widely available in country like India use of this cheap,
easy to use and rapid bedside test could be rewarding in
fair proportion of SBP patients. In patients of cirrhotic as-
cites with positive LERS test results, first dose of antibiotic
therapy should be started without delay. As the standard
ascites analysis remains the gold standard for SBP diagno-
sis, further management could be planned after result of
cytobacteriological examination.

In conclusion, LERS test is a useful tool for the very
rapid diagnosis of SBP. Specifically, this test can be per-
Journal of Clinical and Experimental Hepatology | September 2012 | Vol. 2
formed easily and efficiently even in remote area of devel-
oping countries where the facilities to carry out
lymphocyte count of AF are scarce. Furthermore, bedside
LERS test ($++ as cut-off) can be used to start early antibi-
otic therapy in asymptomatic SBP. Hence, it can be reward-
ing even in a tertiary care center.
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