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Abstract

Background: Spontaneous bacterial peritonitis (SBP) is a serious complication of advanced liver
cirrhosis which requires rapid diagnosis for the initiation of proper antibiotic therapy. Manual
examination of ascetic fluid is a rather time-consuming procedure. The leukocyte esterase (LE)
reagent dipstick is based on the esterase activity of activated granulocytes which reacts with an
ester-releasing hydroxyphenylpyrrole causing a color change in the azo dye of reagent strip.
Aim: the aim of this study was to evaluate the diagnostic value of leukocyte esterase reagent
dipstick in SBP diagnosis in patients with liver cirrhosis attending Suez Canal University Hospi-
tal. Methods: ascetic fluid cell count using the counting chamber method was compared to Leu-
cocyte Esterase strip rapid test in two groups of patients (65 ABP vs 65 non-SBP). The strips
were read in 120 seconds using colorimetric 5-grade scale (from o to 4). The grades (0-2) were
considered a negative test while grades (3-4) were considered a positive one. Results: Compari-
son of the SBP +ve and -ve groups showed a sensitivity of LE strips of (82%) with a high specifici-
ty (94 %), PPV (93 %) and NPV (84 %) for the diagnosis of SBP. A good correlation between the LE
strip color grade and the ascetic fluid PMNL cell count number (P<0.05) Conclusion: the leuko-
cyte esterase reagent dipstick test is a rather specific, rapid, inexpensive and simple bedside
method for diagnosis of SBP method for. A negative LE test result excludes SBP with a high ac-
curacy.
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Introduction

Spontaneous bacterial peritonitis is de-
fined as an infection of the ascetic fluid in
the absence of a contiguous source of in-
fection and/or an intra-abdominal inflam-
matory focus. Depending on the exam-
ined patient population (outpatients or
hospitalized), the prevalence of SBP varies
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from 3.5% and 30%. Around 50% of SBP epi-
sodes are present at the time of hospital
admission, whilst the remainders are ac-
quired during the hospitalization period®.
The mortality of untreated SBP remains
high (> 80%), and a satisfactory patient
course and clinical outcome is based on an
aggressive approach aiming to rapid diag-
nosis and prompt initiation of antibiotic
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therapy(®. An ascetic fluid polymorph nu-
clear (PMN) leukocyte count > 250/mm3,
irrespective of the ascetic fluid culture re-
sult, is universally accepted nowadays as
the best surrogate marker for diagnosing
SBP. The presence of positive ascetic fluid
cultures is confirmatory, but by no means
a necessary prerequisite for instigation of
antibiotic therapy. In fact, it is considered
a “fatal” mistake to wait 48 h for culture
results before initiating therapy, where it
is indicated®. Manual ascetic fluid PMN
counting is laborious and costly. There-
fore, any alternative test that may provide
or, more importantly, exclude a diagnosis
of SBP at the bedside and reduce the
“tap-to-first shot” time is considered wel-
come®. The leukocyte esterase reagent
strips (LERS), is commonly used in every-
day practice for the rapid diagnosis of uri-
nary tract infections (UTIs), LERS had al-
ready been successfully evaluated in the
diagnosis of infection in other sterile body
fluids i.e. synovial, pleural, cerebrospinal
fluid and peritoneal dialysate®). The LERS
test is based on the esterase activity of
the leucocytes. A pyrrole, esterified with
an amino-acid is used as the substrate;
hydrolysis of the ester (mediated by the
esterase) releases the pyrrole which in
turn reacts with a diazonium salt yielding
a violet or purple azo dye in the relevant
pad of the strip® LERS are not specific for
PMNs and the interpretation of the color-
imetric reaction is inherently subjective,
therefore the method is considered quali-
tative or semi-quantitative at best. Butani
et al were the first to present their results
on the use of LERS in SBP diagnosis(
.Then, various LERS were eventually vali-
dated while the grading system is differ-
ent for each dipstick, and therefore the
cut-off leucocyte count should be used
instead, in order to draw meaningful con-
clusions®. Two systematic reviews(9")
have been published in 2008, both point-
ing out that the heterogeneity in the

number of patients included in each study,
the ascetic fluid samples tested and the
SBP episodes observed did not allow pool-
ing of the results via meta-analysis. Over-
all, the Aution® and Combur® dipsticks
have performed better (regarding the
negative predictive value) than the Mul-
tistix®. The spectrophotometric analyzer
Clinitek® 50, compatible with the Mul-
tistix® dipstick, was used in only 6 stud-
ies(, The rather intense research on the
field has brought up important details on
the limitations of LERS. First, the results
seem to be influenced by the number of
PMNs in the ASITIC FLUID, LERS perform-
ing less well if the PMN count <1000/uL(?.
Second, all LERS validated in the SBP stud-
ies were initially designed for use in the
diagnosis of UTls; in infected urine
though, both the number of leucocytes
and the protein content are quite differ-
ent, the first being significantly higher
than in most SBP(?) while the latter does
not exceed the 1g/L level. The above 2 fac-
tors are considered significant for the ob-
served low sensitivity of some LERS but
aside the fact that there is significant in-
ter-study variability in terms of the LERS
brands used, as well as to the cut-off level
examined. LERS are not specific for PMNs
and the interchangeable use of PMNs and
leucocytes (seen in the majority of the
studies) is confusing to the reader. Finally,
LERS are not suitable for the few cases of
chylous ascites or peritoneal tuberculo-
sis(3). On the other hand, LERS have con-
sistently given a high negative predictive
value (NPV) of above 95% in the majority
of the studies and, as in SBP, a false posi-
tive result (which might eventually lead to
the ‘adverse’ administration of a single
dose of an overall well-tolerated antibiotic
is considered ethically and medically ac-
ceptable advocating the use of LERS as a
preliminary screening tool for SBP diagno-
sis(?), In addition, Castelote et al showed
that LERS, despite their qualitative nature,
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could be well used in the clinical manage-
ment of SBP. The low cost of the strips
can be considered a significant advantage
(14)- The aim of this study was to assess the
usefulness of using leukocyte esterase re-
agent strips for the diagnosis of sponta-
neous bacterial peritonitis (SBP) in pa-
tients with liver cirrhosis associated with
ascites attending Suez Canal University
Hospital.

Patients and Methods

Design: Cross-sectional analytic study.
Setting of the study: Inpatient wards
of Internal Medicine Department and
Emergency ward Suez Canal Universi-
ty Hospital.

Target population & sampling: All pa-
tients with liver cirrhosis associated
with ascites were enrolled according
to clinical, laboratory and ultra so-
nographic  criteria  regardless  the
presence or absence of clinical evi-
dence of SBP.

Inclusion criteria: Patients with liver cirrho-
sis, age above 18 years old, both genders
were involved. Exclusion criteria: Patients
with liver metastasis and hepatocellular
carcinoma. Patients with ascites due to
other cause (malignant, cardiac, renal,
pancreatic and tuberculous). Patients with
evidence of secondary bacterial peritoni-
tis. Recent abdominal surgical interven-
tion. Antibiotic administration in last 2
weeks.

Study Methods: Patients were divided into
2 groups: i) SBP +ve patients with cirrhosis
evident by PMN cell count in ascetic fluid
2250/ mm3(5). ii) SBP -ve patients with cir-
rhotic with ascetic fluid PMN count < 250
cells/mm?3.

Data collection: Through the follow-
ing: i) Full medical history. ii) Medical

examination:  (general, chest, ab-
dominal examination). iii) Laboratory
investigations:  Alanine  transaminase

(ALT), Aspartate transaminase (AST),
S. Albumin, S. Bilirubin (Total and Di-

rect), prothrombin time and INR.
Complete  blood picture. Random
blood sugar and S. creatinine. Diag-

nostic paracentesis: Immediately after
ascetic fluid paracentesis; the ascetic
fluid was tested by the leukocyte es-
terase reagent strips using the Mul-
tistix® dipstick( designed for testing
urine for leukocytes. The strips were
read in 120 seconds using colorimetric
5-grade scale (from o to 4). A correla-
tion between PMN and the s5-grade
scale was suggested by the manufac-
turer as follows: grade o= o PMN/mi;
grade 1= 15 PMN/ml; grade 2= 70
PMN/ml; grade 3= 125 PMN/ml; and
grade 4= 500 PMN/ml. The grades (o-
2) were considered a negative test
while grades (3-4) were considered a
positive test. Ascetic fluid was also
checked for cytology, PMN leukocyte
and lymphocyte count, glucose, pro-
tein and LDH).

Results

This study was a cross-sectional analytical
study, 130 participants were enrolled.
They were categorized into two equal
groups (65 SBP +ve and -ve patient in
each). The results showed no statistically
significant difference between the two
study groups in their background charac-
teristics Table (1). With regards to the eti-
ology of liver disease; HCV was higher in
the +ve SBP when compared to the -ve
SBP group; however, the difference was
not statistically significant even for either
causes, duration of liver disease or child’s
C distribution among the two groups. (P >
0.05). Table (2). There was no statistically
significant difference between the two
groups in terms of ascetic fluid analysis
parameters other than the total PNL
count (p > 0.05). The ascetic PNL count
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was significantly higher in the SBP group
compared to non- SBP (1297 + 685 vs. 224
+ 73, p <0.001) Table (4). The results of the
dipstick testing in each group demon-
strated a significant difference as 53 (82%)
patients in the SBP group showed positive
test (grade 3- 4) compared with only 4 (6
%) in the non SBP. Twelve (18 %) patients in
SBP group showed negative test (grades

0, 1, 2) compared to 61 (94%) patients in
the non SBP, Table (5). Thus, dipstick test-
ing grades 3 and 4 are highly sensitive (82
%) for the diagnosis of ascetic fluid infec-
tion with a high specificity (94 %) PPV (93
%) and NPV (84 %) Table (6). The validity of
different grades of leukocyte esterase
test in the diagnosis of SBP was shown in
figure 1 that showed the ROC curve.

Table 1: Comparison between the two study groups in terms of
socio-demographic characteristics

SBP +ve SBP -ve
Variable (n=65) (n=65) p value
n (%) n (%)

<50y 17(26.2) 19(29.2) 0.33
Age >50y 48(73.8) 46(70.8) '

Mean = SD 54.7 £ 6.2 56.3 £10 0.69
Gender Male 23(35.4) 32(49.2) 0.11
Residence Rural 42 (64.6) 41(63.1) 0.85
Occupation Not working 62 (95.4) 49(75.4) 0.21
Marital status | Not married 7 (10.8) 0 0.27
Education llliterate 33(50.8) 39 (60.0) 0.56

Table 2: Comparison between the study groups in terms of
the background liver disease

. SBP +ve (n=65 SBP -ve (n=65) p value
Variable N (75) ) N (%)
Etiology
HCV 45(69.2) 49 (75-3)
Bilharzial 13 (20.0) 12 (18.5) 0.33
HBV 2(3.0) 1(1.5)
Unknown 5(7.6) 3(4.6)
Duration of liver disease 912 £ 4.9 6.72+3.4 0.459
Mean + SD
Child’s C 52 (80.0) 59 (90.8) 0.082

Discussion

The aim of this study was to evaluate the
diagnostic validity of leukocyte esterase
reagent dipstick in rapid diagnosis of SBP
in patients with liver cirrhosis associated
with ascites to improve the outcome of
this lethal infection and to decrease mor-
tality in this group of patients. The most
common etiology of the liver disease in

our study population was HCV (72.31%)
then bilharziasis (19.25%) with no statisti-
cally significant difference between both
groups. The test used in our study is based
on the esterase activity released from
granulocytes present in the ascetic fluid
that reacts with an esterified chemical
compound (derivatized pyrrole amino acid
ester) in the reagent strip. Hydrolysis of
this ester by esterase release 3-Hydroxy
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-5-phenyl-pyrrol which in turn reacts with
a diazonium salt (in the reagent strip) to

yield a violet azo dye, the intensity of
which correlates to leukocyte count('®),

Table 3: Co-morbidities associated with liver disease in both study groups

. SBP +ve (n=65 SBP -ve (n=65) p value

Variable N (?E) ) N (%)

No co-morbidity 46 (70.8) 41(63.1)

DM 16 (24.6) 14 (21.5)

Renal Disease 3(4.6) 0 0.49
HTN 0 5(7.7)

Cardiac Disease 0 5(7.7)

Table 4: Ascetic fluid analysis in both study groups

Variable SBP +ve (n=65) | SBP -ve (n=65) P Value
Ascetic protein (gm/dl) 1.77% 0.66 2.12 £ 1.17 >0.05
Ascetic LDH (mg/dl) 157.9 + 81.8 101.3 £ 32.7 >0.05
Ascetic glucose (mg/dl) 146.0 +78.4 119.2 £ 27.7 >0.05
Ascetic count (PMN/ml) 1297.1+ 685.3 224.1+73.9 0.000
Ascetic albumin(gm/dl) 0.21+ 0.1 0.36 £ 0.2 >0.05
SAAG* 2.09+0.4 2.02 0.3 >0.0599

* SAAG= serum/ascetic albumin gradient; Data are presented as mean +SD

Table 5: Results of the dipstick testing of both study groups

Variable SBP +ve (n=65) | SBP -ve (n=65)
. Dipstick o 1(1.53%) 52 (80%)
Neii?ve Dipstick 1 2 (3.08%) 6 (9.23%)
Dipstick 2 9 (13.85%) 3 (4.63%)
Positive Dipstick 3 22 (33.85%) 2 (3.08%)
test Dipstick 4 31(47.69%) 2 (3.08%)
Total 65 (100%) 65 (100%)

Dipstick testing grade 0-2 were considered negative while grade 3-4
were considered positive

The study revealed that at a threshold of
250 PMNL/mm3 (grade 3) in ascetic fluid;
LE test is a rather sensitive (82 %) and spe-
cific (94 %) with a high NPV value, that
makes it a useful bedside screening tool,
especially in the ambulatory setting such
as outpatient clinics or in the emergency
room. In other words; in patients with
negative LE test; SBP can be ruled out
with a high degree of certainty. Converse-
ly, the satisfactory PPV of these strips

substantiates the immediate start of ap-
propriate antibiotic therapy in cases of
positive testing, without any delay. Our
results are similar to other three studies
evaluating the use of reagent strips in the
diagnosis of SBP. In one study 90 ascetic
fluid samples were tested. Sensitivity and
PPV were 89%, specificity and NPV were
99%, and only one false negative was re-
ported('”), Vanbiervliet et al. published the
first study on the use of LER strip test in
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ascetic fluid. They tested 72 consecutive
patients with liver cirrhosis using Multistix
8 SG strips, the most frequently used uri-
nary reagent strip in France. They found
100% sensitivity and specificity of this test
for the diagnosis of SBP. Since then, stud-
ies from different parts of the world have

confirmed these results. The sensitivity of
urinary reagent strips in these studies for
the diagnosis of SBP has ranged between
85% and 100%, with specificity between
98% and 100%(1%24), Sapey et al. showed
that different brands can achieve different
accuracy in the diagnosis of SBP (35).

Table 6: Sensitivity, Specificity, Positive and negative
predictive values of dipstick testing

Variable Value
Sensitivity 82%
Specificity 94 %
Positive Predictive Value 93 %
Negative Predictive Value 84 %

Dipstick testing grade 0-2 were considered negative while
grade 3-4 were considered positive

In Egypt a study showed a sensitivity of
92%, and specificity of 88% with positive
predictive value of 88% using urine testing
strips (Uristik) with a 4 grade colorimetric
scale (0-3)®%). Hence, such a discrepancy
among studies would justify further stud-
ies to determine the best reagent strip
brand that should be used for the prompt
SBP diagnosis. In view of our results and
those of others we believe that there is
great potential is using leukocyte esterase
reagent strips in the diagnosis of SBP.
Their particularly high NPV could make
them a useful bedside screening tool, es-
pecially in an ambulatory setting such as
an outpatient paracentesis clinic or in the
emergency room. Patients with negative
testing could be quickly discharged and
readmitted in the rare instance that cytol-
ogy informed the diagnosis. Conversely,
the satisfactory PPV of these strips sub-
stantiates the immediate start of appro-
priate antibiotic therapy in cases of posi-
tive testing, in any setting. In some small
hospitals with limited laboratory facilities,

PMN counts in ascetic fluid cannot be per-
formed on an emergency basis (at night
or on weekends). Thus, the use of this di-
agnostic modality could save lives by
prompting early therapy. The limitations
of the strip test include absence of a
cut-off corresponding to cell count of 250
PMNL/mL in the reagent strip, and the
possibility of inter-observer variation in
matching of color. Thus, it may be useful
to confirm grade 3 color changes with cell
count. Further, it may be possible to man-
ufacture modified test strips specifically
for the diagnosis of SBP, such that color
change corresponds to a cut-off for 250
PMNL/mL of fluid. Also, these data will
require confirmation in larger groups of
patients. The use of automation in reading
the reagent strip ¢7) and in the cell 28 may
eliminate human error and improve test
performance. Last, it may not be unrea-
sonable to consider initiating research and
development of a leukocyte reagent strip
specifically adapted to the detection of
PMN in ascites.
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Figure 1: Validity of different grades of leukocyte esterase test in the diagnosis of SBP
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