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ABSTRACT

Background: Spontaneous bacterial peritonitis (SBP) is one of the serious complexities in patients with cirrhosis and
ascites. 30-50% of death may occur if it not treated properly. The leucocyte esterase reagent (LER) strip test is a special
apparatus for prior detection of neutrophils in the ascetic fluid. The aim of the study was to investigate the diagnostic
accuracy of the LER strip test and platelet indices in the early detection of SBP in cirrhotic patients.

Methods: This cross-sectional study was carried out in the department of gastrointestinal hepatobiliary and pancreatic
disorders (GHPD), BIRDEM, Dhaka, Bangladesh, from January 2018 to October 2019. A total of 110 indoor patients
of liver cirrhosis with ascites were enrolled after fulfilment of the inclusion and exclusion criteria with adequate history
taking and clinical examination.

Results: Out of 110 cases, 68 were male and 42 were female, and among them 23 (20.9%) patients had SBP. LER strip
test at grade 4 set as a cut-off value which showed sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), accuracy was 91.3%, 90.8%, 70%, 97.5%, and 90% respectively. Mean platelet volume (MPV)
and platelet distribution width (PDW) were done by complete blood count, where the MPV cut-off value set as 12.5 fl
showed sensitivity, specificity, PPV, NPV, and accuracy were 82.6%, 90.8%, 66%, 96.25%, and 88.18% respectively.
PDW cut-off value set on 18.10% revealed sensitivity, specificity, PPV, NPV, accuracy was 82.6%, 83.9%, 50%,
95.71% and 79% respectively. ROC curve was plotted to set the cut-off value by examining sensitivity and specificity.
Results were considered statistically significant at p<0.05.

Conclusions: This study was undertaken to detect LER strip tests that showed significant results in bedside diagnosis
of SBP. Apart from this, a significant increase in MPV and PDW was observed in SBP. So, LER strip tests and platelet
indices measurement can be economical and reliable appliances for early diagnosis of SBP.
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INTRODUCTION

Cirrhosis is defined as a diffuse process characterized by
fibrosis and the conversion of normal liver architecture
into structurally abnormal nodules which lack normal
lobular organization according to the World Health

Organization (WHO).! Patient with liver cirrhosis is
generally inclined to develop a bacterial infection, a
primarily ascitic fluid infection which represents 10-30%
of patients with cirrhosis and ascites.? Conn coined the
term ‘spontaneous bacterial peritonitis’ to depict a
syndrome of peritonitis and bacteremia in Laennec’s
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cirrhosis without an apparent cause of infection.® There is
around a 10% prospect of expanding SBP in patients with
end-stage liver disease and ascites over one year.* About
50% of SBP episodes are present at the time of hospital
admission, and mortality rates 1 and 2 years after an
episode of SBP is reported to be 50-70% and 70-75%,
respectively.>® However, 87% of patients with SBP are
symptomatic when the infection is diagnosed. Symptoms
of SBP are nonspecific. These include fever, abdominal
pain, nausea, vomiting, and diarrhea.” Sometimes only
hepatic encephalopathy or a precipitating event such as an
upper gastrointestinal hemorrhage from ruptured
esophageal varies cause SBP. Unfortunately, typical
symptoms of SBP are not presented in all cirrhotic patients
who develop SBP.2 Sometimes clinical hints according to
the presence of symptoms of SBP in an emergency room
setting had a sensitivity of only 76% and specificity of
34% for the identification of SBP.° The International
Ascites Club advises essential analysis of ascitic fluid in
all cases of new-onset of ascites, worsening of ascites, and
in all other cases whenever there is a suspicion of SBP.”
Therefore, routine diagnostic paracentesis is advised for
patients with ascites who evolve signs or risk factors for
SBP. In most laboratories, the ascitic fluid cell count is
assimilated by applying manual cell counting techniques.
This is time-consuming and liable for a high error rate.
Consequently, automated cell counts are standard.*® For
early detection of SBP, the leukocyte esterase reagent strip
test and platelet indices could be the very supportive
appliance.*>* The use of reagent strip testing for leukocyte
esterase has been proposed for the rapid diagnosis of
urinary tract infections, meningitis, and peritonitis in
patients on peritoneal dialysis.'* MPV and PDW are
frequently concluded as parts of complete blood count. An
increase in MPV and PDW has been found in chronic viral
hepatitis as of an increase in the entry of newly produced
platelets into circulation, which is greater than the old
platelets.'* Several studies in developed countries revealed
that the LER strip test took a few minutes to identify
SBP.® With sensitivity of 92% and specificity of 100%. In
Bangladesh where ascitic fluid analysis is not possible in
many rural hospitals set up, the LER strip test could be a
feasible, inexpensive, and swift diagnostic kit for analysis
of SBP. Besides this in many pragmatic conditions where
ascitic fluid analysis is not practticable, MPV and PDW
could be a good option of infection which can
noninvasively diagnose SBP with the sensitivity 95.9%
and specificity 91.7% and sensitivity 90% and specificity
559% respectively.'12¢ That is why; this study is designed
to evaluate the diagnostic accuracy of LER strip test and
platelet indices for early diagnosis of SBP both invasive
and noninvasively respectively among the patient of liver
cirrhosis. The aim of the study was to investigate the
diagnostic accuracy of the LER strip test and platelet
indices in the early detection of SBP in cirrhotic patients.

METHODS

This cross-sectional study was carried out in the
department of gastrointestinal, hepatobiliary and

pancreatic disorders (GHPD), BIRDEM General Hospital,
Shahbagh, Dhaka, Bangladesh from January 2018 to
October 2019. Study aimed to evaluate the diagnostic
accuracy of the LER strip test and Platelet indices in the
early detection of SBP in cirrhotic patients. A total of 110
indoor diagnosed patients of liver cirrhosis with ascites
having inclusion criteria admitted to the GHPD, BIRDEM
General Hospital which was taken as the study population.

Inclusion criteria

All patients with cirrhotic ascites, newly and previously
diagnosed based on clinical, laboratory, radiological and
endoscopic intervention methods in the GHPD department
of BIRDEM, and patients with age more than 18 years
were included.

Exclusion criteria

Patients who had received antibiotics within the previous
two weeks within or outside the hospital for any reason,
who had a history of surgery for any reason in the past
month; secondary bacterial peritonitis, peritonitis
carcinomatosis, pancreatic ascites, and subjects with
ascites due to malignancy or tuberculosis will also be
excluded. Patients who were taking antiplatelet,
anticoagulants, steroids, and other immunosuppressive
drugs, and patients who were not willing to take part in the
study were also excluded.

RESULTS

Figure 1 depicts that the mean age of the patients was
60.39 (£11.52) years. The maximum age of patients was
90 years old and the minimum age was 30 years. The
proportion of the participants was highest in 51-60 years
(33.6%) and the lowest in 81-90 years (7%). A pie diagram
showed, the distribution of patients according to gender.
Among 110 patients, 61.8% were male and 38.2% were
female. And the male, female ratio was 1.6:1 (Figure 2).
Patients were divided into SBP group includinf 23 patients
(17 men and 6 women) and a non-SBP group of 87 patients
(51 men and 36 women) (Table 1). Table 2 showed that
clinical features of SBP were abdominal pain (23,57.5%),
fever (20,54%), altered mental status (8,80%),
hematemesis (8,72.7%), melena (7,70%) in SBP group.
HBV related cirrhosis was the common (65,59.1%)
diagnosed of etiology of cirrhosis, 12 (10.9%) patients had
cirrhosis related HCV infection whereas, 31 (28.2%) of the
cirrhotic patients were non-B/non-C. The difference of
leucocyte beween the SBP and non-SBP group was
125455 and 7.96+3.69, respectivelyand they were
significant, neutrophyll count compared between the both
group was 84.9+3.5 and 72.3+9.3 which was highly
significant. The difference between platelet count and ESR
between SBP group and non-SBP group was 73.67+31.11,
72.5+21.1 and 113.25+46.65, 48.5+27.6, respectively.
And CRP showed huge difference between two groups
(92.8+£29.5 versus 20.9+21.2) (Table 3). The mean£SD of
the MPV level of cirrhotic patients with SBP was 13.5+1.5

International Journal of Advances in Medicine | July 2023 | Vol 10 | Issue 7 Page 503



Dutta R et al. Int J Adv Med. 2023 Jul;10(7):502-510

and without SBP was 10.9+1.1 and PDW was highly ROC Curve
significant in cirrhotic patients with SBP (18.8+1.1) and ' /” _/ Source of the
without SBP (15.1+£2.2) (Table 4). Table 5 depicts that }{ o i
“‘Uric 10 CF” reagent strip has colorimetric scales and most /] - Reference e
of the patients showed a color change to grade 1(37.3%) , ‘,'

followed by grade 4 (26.36%) and between two groups
grade 4 (26.36%) color change was more prominent in
SBP group and grade 1 was observed more in non-SBP |
group. Figure 3 showed that the discrimination between |

SBP and non-SBP group. Table-6 showed that a cut-off |
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Table 1: Distribution of SBP and non-SBP patients according to their age and gender (N=110).

Ascitic fluid PMN >250 cells/’cmm=SBP

Age and gender SBP (n=23),n (%)  Non-SBP (n=87), n (%)

Age

Below 40 2(8.7) 4 (4.6) 6 (5.5)

41-50 2 (8.7) 13 (14.9) 15 (13.6)

51-60 7 (30.4) 30 (34.5) 37 (33.6) 0.28
61-70 5 (21.7) 27 (31.1) 32 (29.1)

71-80 5 (21.7) 12 (13.8) 17 (15.5)

Above 80 2 (8.7) 1(1.1) 3(2.7)

Mean+SD 62.83£14.16 50.75+10.72 60.39+11.52

Gender

Male 17 (73.9) 51 (58.6) 68 (61.8) 0.18
Female 6 (26.1) 36 (41.4) 42 (38.2)

P value determined by y? test; SBP: spontaneous bacterial peritonitis; PMN: polymorphonuclear leukocyte

Table 2: Distribution of the patients according to history suggestive of SBP and etiology of liver cirrhosis (N=110).

Ascitic fluid PMN >250 cells/’cmm=SBP

Parameters SBP, n (%) Non-SBP, n (%)

History suggestive of SBP

Abdominal pain 23 (57.5) 17 (42.5) 40 (33.4) <0.001
Fever 20 (54.1) 17 (46) 37 (33.6) <0.001
Altered mental status 8 (80) 02 (20) 10 (9.9) <0.001
Hematamesis 8 (72.7) 03 (27.3) 11 (10) <0.001
Melena 7 (70) 03 (30) 10 (9.9) <0.001
Etiology of liver cirrhosis

HBV 16 (69.6) 49 (56.3) 65 (59.1)

HCV 4 (17.4) 8(9.2) 12 (10.9)

Non B, non C 2(8.7) 29 (33.3) 31(28.2) 0.047
Hemochromatosis 1(4.3) 0 (0.0) 1(0.9)

Alcohol related 0 (0.0) 1(1.1) 1(0.9)

Total 23 (100.0) 87 (100.0) 110 (100.0)

P value determined by y? test; SBP: spontaneous bacterial peritonitis; PMN: polymorphonuclear leukocyte

Table 3: Comparison of complete blood counts in patients with and without SBP (N=110).

Ascitic fluid PMN >250 cells/cmm=SBP

Parameters . P value
Hemoglobin (gm/dl) 9.01+1.77 (4.2-11.8) 9.62+1.81 (6.0-14.4) 0.149

ESR (mmin 1%thour)  72.5+21.1 (24.0-120.0) 48.5+27.6 (5.0-136.0) <0.001
Total WBCs (10%/cmm)  12.5+5.5 (4.3-29.1) 7.96+3.69 (0.006-18.98) <0.001
Neutrophil (%) 84.9£3.5 (77.1-91.6) 72.3+9.3 (42.0-89.6) <0.001
Platelets (10%1) 103.26+28.29 (45.0-145.0) 151.55+73.72 (42.0-390.0) 0.003

CRP (mg/l) 92.8+29.5 (52.0-193.0) 20.9+21.2 (3.0-139.0) <0.001

P value determined by independent sample t-test; ESR: erythrocyte sedimentation rate; WBC: white blood cells; CRP: C-reactive protein;
SBP: spontaneous bacterial peritonitis; PMN: polymorphonuclear leukocyte

Table 4: Comparison of platelet indices in patients with and without SBP (N=110).

Ascitic fluid PMN>250 cells/cmm=SBP
SBP, mean+SD Non-SBP, mean+SD _
MPV (fl) 13.5+1.5 (10-15.8) 10.94+1.1 (8.4-13) <0.001
PDW (%) 18.8+1.1 (16-20.4) 10.94+1.1 (8.4-13) <0.001

Continued.

Parameters P value
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Table 5: Comparison of LER strip test color grades in patients with and without SBP (N=110).

Leukocyte esterase Ascitic fluid PMN>250 cells/'cmm=SBP

Total N (%) P value

reagent strip test SBP, (n=23), n (%) Non-SBP, (n=87), n (%)

Grade 0 0(0.0) 9 (10.3) 9(8.2)

Grade 1 0 (0.0 41 (47.1) 41 (37.3)

Grade 2 1(4.3) 23 (26.4) 24 (21.8) <0.001
Grade 3 1(4.3) 6 (6.9) 07 (6.4)

Grade 4 21 (91.3) 8(9.2) 29 (26.36)

Total 23 (100.0) 87 (100.0) 110 (100.0)

Table 6: Sensitivity and specificity corresponding to the cut-off values of MPV, PDW and LER strip test as
obtained from the ROC curve.

Cut-off value Sensitivity (%) Specificity (%)
MPV (fl)

12.25 82.6 87.4
12.35 82.6 89.7
12.45 82.6 90.8
12.65 69.6 96.6
12.85 52.2 97.7
PDW (%)

17.55 87 79.3
17.80 87 80.5
18.10 82.6 83.9
18.20 73.9 85.1
18.30 73.9 88.5
LER strip test (color grade)

Grade 1 100.0 10.3
Grade 2 100.0 57.5
Grade 3 95.7 83.9
Grade 4 91.3 90.8

Table 7: Cross-tabulation showing the concurrent diagnosis by MPV (cutoff value: 12.45 fl) and PMN cell cytology

(N=110).

Diagnosis based on ascitic fluid PMN cell count

Test result . .
~ (standard diagnosis

Diagnosed by MPV SBP Non-SBP Patients with SBP as
SBP (MPV >12.45 fl)  True positive (TP)*=20 False positive (FP)*=10 diagnosed by MPV (TP+FP)
Non-SBP (MPV . — . . Patients without SBP as
<12.45fl) False negative (FN)*=3 True negative (TN)*=77 suggested by MPV (TN+FN)
Total All patients with true SBP All patients without SBP

(TP+FN)=23 (FP+TN)=87

Table 8: Cross-tabulation showing the concurrent diagnosis by PDW (cutoff value:18.10%) and PMN cell cytology
(N=110).

Diagnosis based on ascitic fluid PMN cell count
Test result . .

(standard diagnosis)
Diagnosed by PDW SBP Non-SBP Patients with SBP as
SBP (PDW >18.10%)  True positive (TP)*=20 False positive (FP)*=20 diagnosed by PDW (TP+FP)
Non-SBP (PDW . o . . Patients without SBP as
<18.10%) False negative (FN)*=3 True negative (TN)*=67 suggested by PDW (TN+FN)
Total All patients with true SBP All patients without SBP

(TP+FN)=23 (FP+TN)=87
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Table 9: Cross-tabulation showing the concurrent diagnosis by LER strip test (cutoff value: grade 4) and PMN cell
cytology (N=110).

Diagnosis based on ascitic fluid PMN cell count

Test result
Diagnosed by LER i Patients with SBP as
T S ?Ir?’upe positive (TP)*=21 E;rs]espizitive (FP)*=9 alimzszsl (7 Y
SBP (>LER grade 4) (TP+FP)=30
Patients without SBP as

N:)ar:j-eSEP (SLER False negative (FN)*=2 True negative (TN)*=78 suggested by MPV
g (TN+FN)=80

All patients with true SBP All patients without SBP
Total (TP+FN)=23 (FP+TN)=87 110

Diagnostic potential of LER strip test
120 among the patlents (N=110)
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Figure 6: Performance characteristics of LER strip
test in the diagnosis of spontaneous bacterial
peritonitis (N=110).

Comparison of diagnostic validity of LER
strip test, MPV, and PDW in SBP
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Figure 7: Comparative performance characteristics of
the LER strip test, MPV and PDW in the diagnosis of
spontaneous bacterial peritonitis (N=110).

DISCUSSION
This cross-sectional study was carried out in the GHPD

Department of BIRDEM, from January 2018 to October
2019. A total of 110 indoor diagnosed cases of liver

cirrhosis with ascites were admitted into the hospital.
According to ascitic fluid analysis and clinical data,
patients were included in the study and they were divided
into SBP group including 23 patients (17 men and 6
women) and a non-SBP group of 87 patients (51 men and
36 women). The mean age was 60.39+11.52 years (age
range: 30-90 years) and the most prominent age group
involved was 51-60 years (33.6%) Males (61.8%) were
predominant than females (38.2%) with a male-female
ratio of 1.6:1 One of the studies reported that the mean and
standard deviation of the age was 55.7+10.3 years.'’ In this
current analysis, clinical features suggestive of SBP were
abdominal pain (57.5%), fever (54%), altered mental
status (80%), hematemesis (72.7%), melena (70%) in SBP
groups. These differences in clinical features between SBP
and non-SBP groups were significant. In a previous study
showed a wide variation in presenting features of SBP. In
another study, found (89%) of the patients had fever, upper
gastrointestinal bleeding (42%), abdominal pain (53%),
and hepatic encephalopathy (50%) of cases.'® In the
present study, HBV-related cirrhosis was the most
common 65 (59.1%) diagnosed etiology of cirrhosis, 12
(10.9%) patients had cirrhosis related to HCV infection,
while 31 (28.2%) of the cirrhotic patients were non-B/non-
C. Sarker et al observed more or less the same in their
study with 22 (60%) patients being HBsAg positive, 2
(5.7%) patients having anti-HCV, and 12 patients being
non-B/non-C.*° The most common causes of liver cirrhosis
globally are thought to be HBV, HCV, and alcohol but the
causes vary from country to country and from region to
region. This is similar to other studies done in Africa but
differs from reports from the western countries.?
Moreover, the prevalence of SBP in the latter study was
25.24% which is comparable to the prevalence of SBP in
the present study (20.9%). This is similar to a prevalence
of 10-30% of SBP in cirrhotic patients found by most
studies around the world.?* In our study neutrophil count
compared between the SBP and non-SBP groups was
84.9+3.5 and 72.3+9.3, which was highly significant
(p<0.001). Similar results were echoed in a study by
Galvez-Martinez et al which found a significantly greater
count of leucocytes, (p<0.001) in the SBP group of
patients.!” In our study, the difference between platelet
count was 103.26+28.29 and 151.55+73.72 in SBP and
non-SBP groups respectively which was significant
(p=0.003). Several study found the difference of platelet
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count between SBP and the non-SBP group was
73.67+31.11 and 113.25+46.65 respectively.?? In the
present study, ESR also revealed a difference between the
SBP and non-SBP groups 72.5+21.1 versus 48.5+£27.6, and
it was statistically significant (p<0.001). Behiry et al found
ESR difference between SBP and non-SBP groups seen
36.4+24.0 and 19.1%+9.3 respectively.®® In the present
study, CRP showed a huge difference between the SBP
and non-SBP groups (92.8+£29.5 versus 20.9+21.2) and it
was statistically significant (p<0.001). In a study by
Elkafoury et al, differences in CRP among SBP, non-SBP,
and control groups were reported to be statistically
significant at a cut-off value of more than 6 mg/l
(p<0.001), which was in agreement with other
findings.1#162425 Ascitic fluid culture resulted in 2 (8.6%)
positive culture cases among 23 SBP cases while all the
non-SBP patients were culture negative. Among the 2 SBP
cases with positive culture results, there were 2 (100%)
cases of Escherichia coli. Keeping in line with our report,
the rate of ascitic fluid bacterial growth was less in the
study by Kamani et al (23%) as compared to other reports,
where it usually ranges from 50% to 71%.% In the present
study, the MPV level was significantly increased in
cirrhotic patients with SBP compared with cirrhotic
patients without SBP (meantSD=13.5+1.5 versus
10.9£1.1) and the differences were highly significant
(p<0.001). A cut-off MPV value of 12.45 fl, was the best
to discriminate between cirrhotic patients with SBP and
those without it (AUROC: 0.873, p<0.001). This value
yielded a sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy of 82.6%, 90.8%,
66.6%, 96.2%, and 88.2%. Khorshed et al also observed
likewise results in their study.’® However, these studies
used normal ranges of MPV which was lower than the one
used in our setting 7.5-11.5 fl in our study versus 6.5-11.5
fl in the study by another author which could be the reason
why the cutoff differed from other studies.!® In the present
study, PDW was statistically highly significant at
(p<0.001) in cirrhotic patients with SBP (18.8+1.1) than in
those without SBP (15.1£2.2) It was also reported that at a
cutoff value of 18.10%. PDW had sensitivity, specificity,
PPV, NPV, accuracy for detecting SBP of 82.6%, 83.9%,
50%, 95.7% and 79% respectively (AUROC: 0.881,
p<0.001). However, this finding was not supported by
Suvak et al who claimed no significant changes in PDW in
cirrhotic patients with AFI than in those without
infection.?* In our study most of the patients out of 110
showed a color change to grade 1 (37.3%) followed by
grade 4 (26.36%). However, when compared between 2
groups, grade 4 (91.3%) color change was more prominent
in the SBP cases while grade 1 color change was observed
more in non-SBP cases. The differences were statistically
highly significant (p<0.001). From the ROC curve, a
cutoff value of grade 4 color change was the best to
discriminate between cirrhotic patients with ascitic fluid
infection and those without it (AUROC: 0.940, p<0.001).
This value yielded a sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy
of 91.3%, 90.8%, 70%, 97.5%, and 90%. Butani et al
applied the Multistix 10SG to diagnose SBP in 136

specimens by using grade 2 as a cut off the scale and found
the sensitivity, specificity, PPV, and NPV of the Multistix
10SG to be 83%, 99%, 91%, and 98% respectively.?’
These oucomes were in agreement with that of Castellote
et al who demonstrated sensitivity (96%) and specificity
(89%) for detecting SBP in cirrhotic patients with ascites.?
In a study, the diagnostic performance of MPV with cut off
value 9.2 fl showed as a good diagnostic marker for SBP
with sensitivity 75%. The leukocyte esterase reagent strips
showed that specificity 93%, sensitivity 80%, and
accuracy 86.5%, but where PDW parameter was not
included in that study.?®

Limitations

Sample size is relatively small. No definite calibration of
250 PMN’s/mm? in the LER strip which is the gold
standard of the diagnosis of SBP. There may b a possibility
of inter-ovserver variation in the matching of the colors in
LER strip test. After completion of treatement the follow-
up of the measurement of indices was not done.

CONCLUSION

To conclude, this study aimed at high sensitivity and
specificity as well as high diagnostic accuracy of both LER
strip tests and platelet indices in detecting SBP. LER strip
test showed sensitivity, specificity, and accuracy of 91.3%,
90.8%, and 90% respectively. MPV found sensitivity,
specificity and accuracy 82.6%, 90.8%, 88.2%
respectively and PDW revealed sensitivity, specificity and
accuracy 82.6%, 83.9%, 79% respectively. Among the
LER strip test and platelet indices, the LER strip test
revealed greater accuracy than platelet indices. Among the
platelet indices, PDW showed lower accuracy than MPV.
Several shreds of evidence support the use of these
diagnostic tools in the early detection of SBP and initiation
of treatment of SBP before ascitic fluid analysis. These
tests can be beneficial alternative methods for early
detection of SBP in the gastroenterology department.

Recommendations

The study should be done in a multicentre with a large
sample size in the available time. Follow-up after
treatment with inflammatory markers also recommended.
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