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Diagnosis of spontaneous bacterial peritonitis
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Background
Spontaneous infection of ascites is a severe complication of ascites and must be actively
searched for. Many studies have been carried out on inflammatory markers and their levels
in serum and ascitic fluid such as complement 3 (C3), complement 4 (C4), high-sensitive
C-reactive protein (CRP), and procalcitonin, and have identified their role in the diagnosis of
spontaneous bacterial peritonitis (SBP). The aim of our study was to measure and compare
the serum and ascitic fluid levels of procalcitonin, high-sensitive CRP, C3, and C4 in patients
with SBP and patients without SBP.

Patients and methods
This case–control study was carried out on 10 patients with cirrhotic ascites who were admitted
with SBP and 20 patients with cirrhotic ascites with no existing evidence of SBP. Serum and
ascitic fluid levels of C3, C4, high-sensitive CRP, and procalcitonin were determined using
the enzyme-linked immunosorbent assay method.

Results
The mean ± SD of the serum levels of C3, C4, high-sensitive CRP, and procalcitonin were 3.38
± 2.12, 0.36 ± 0.25, 18.76 ± 6.37, and 136.79 ± 58.14, respectively, in group I, whereas their
levels in group II were 2.04 ± 1.98, 0.36 ± 0.29, 16.80 ± 5.97, and 147.78 ± 58.65, respectively.
The mean ± SD of their ascitic fluid levels were 0.21 ± 0.14, 1.84 ± 1.69, 1.96 ± 1.15, and 162.43
± 82.51, whereas their levels in group II were 0.46 ± 1.01, 2.07 ± 1.93, 2.98 ± 5.90, and 180.51
± 93.70, respectively. Surprisingly, all these results were statistically insignificant. However, an
ascetic fluid polymorph nuclear leukocyte count higher than 200/mm3 has sensitivity, specificity,
positive predictive value, and negative predictive value of 100% in the diagnosis of SBP.

Conclusion
An ascitic polymorph nuclear leukocyte count higher than 200/ml was the accurate marker
for the diagnosis of SBP.
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Introduction
Ascites is the most common complication of liver
cirrhosis and it develops as a consequence of portal
hypertension and splanchnic vasodilatation [1].
Spontaneous bacterial peritonitis (SBP) is one of the
main infectious complications of cirrhosis and occurs
in 8–30% of hospitalized patients with ascites [2]. The
1-year probability of development of the first episode
of SBP in end-stage liver disease patients with ascites
is ∼10% [3].
It is defined as an infection of the previously sterile
ascitic fluid in the absence of a visceral perforation and in
the absence of an intra-abdominal inflammatory focus
such as abscess, acute pancreatitis, or cholecyctitis [4].
Also, the number of polymorph nuclear leukocytes
(PMN) from the ascetic fluid obtained by paracentesis
must exceed 250 cells/mm3 and only one germ must be
isolated in the bacteriological cultures [5].
1110-7782 © 2014 The Egyptian Society of Internal Medicine

In the setting of cirrhosis, several abnormalities have
been described in the humoral and cellular bactericidal
systems including decreased serum levels of complement
factors, impaired chemotaxis, poor function of phagocytes
activity of neutrophils, and decreased function of Fc-greceptors in macrophages [6].
One of the earliest signs of infection is the acutephase response. Acute-phase response may include
the changes in the concentration of many plasma
proteins, known as the acute-phase proteins that are
synthesized almost exclusively in the liver; most are
glycosylated [7].
Inflammatory markers, such as C-reactive protein
(CRP) and procalcitonin (PCT), and white blood cells
(WBCs) could be used easily for the diagnosis and
follow-up of several morbidities [8].
A 116-amino acid prohormone of calcitonin, PCT, is
normally synthesized in the C cells of the thyroid gland.
Other sources of PCT include liver and inflammatory
DOI: 10.4103/1110-7782.139525
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cells [9]. The serum PCT concentrations increase in
patients with bacterial infections or sepsis [10].
The increase in serum and ascitic fluid complement 3
(C3) level may be caused by several mechanisms, such
as inhibition of serum and ascitic fluid complementfactor consumption and/or improved hepatic
complement synthesis. However, activation of an
alternative complement pathway by bacteria or their
products in blood or ascitic fluid accounts for this
consumption [11].
The aim of this study was to measure and compare the
levels of PCT, high-sensitive CRP (hsCRP), C3, and
complement 4 (C4) in patients with SBP and patients
without SBP and to assess their role in detecting
patients at high risk of developing SBP.

Patients and methods
This case–control study was carried out on 30 patients;
10 of these patients had cirrhotic ascites and had been
admitted with SBP (cases) and 20 patients had cirrhotic
ascites with no existing evidence of SBP (controls).
Cases were recruited from among the attendants of
the Tropical and Internal Medicine Departments of Al
Zahra University Hospital, Cairo, Egypt, from January
2013 to August 2013.
Inclusion criteria for cases

Adult patients who presented with cirrhotic ascites
and were admitted with SBP diagnosed on the basis
of clinical (fever, abdominal tenderness, and prehepatic
coma manifestations) and laboratory diagnostic criteria
for SBP: ascetic fluid PMNs greater than 250/mm3 and
culture positive (culture-positive SBP), ascetic fluid
PMNs greater than 250/mm3 and culture negative
(culture-negative SBP), and ascitic fluid PMNs less
than 250/mm3 and culture positive [12].
Inclusion criteria for controls

Adult patients who presented with cirrhotic ascites
and were admitted with no existing evidence of SBP
assessed by clinical and laboratory evaluation.
Exclusion criteria for cases and controls

Patients with secondary causes of intra-abdominal
sepsis (ascitic fluid protein >2.5 g/dl), patients with
tuberculous peritonitis, patients with right-sided
heart failure and diabetes mellitus, patients with renal
impairment, rheumatoid arthritis, systemic lupus
erythemotosus, hepatocellular carcinoma, and grade
IV encephalopathy were excluded.

After explaining the purpose of the study and obtaining
the consents of both cases and controls, data were
collected through a personal interview.
The studied cases were subjected to the following:
Clinical evaluation

Full assessment of history was performed, with a
special focus on recent onset of fever, abdominal pain,
nausea, vomiting, and diarrhea, symptoms suggestive
of hepatic encephalopathy, symptoms suggestive of
associated infection anywhere in the body, especially
urinary tract infection, previous episodes of ascetic
fluid infection and history of prophylaxis, history
of iatrogenic procedures (intravenous catheters —
urinary catheters), lack of response to diuretics, history
of diagnostic or therapeutic paracentesis, and history of
gastrointestinal bleeding.
Thorough clinical examination was carried out, with
a special focus on signs of hepatic decompensation
in the form of signs of encephalopathy, signs of
hypoalbuminemia (white nails, muscle wasting, bilateral
lower limb edema, and ascites), and abdominal tenderness.
Imaging studies

Pelvic-abdominal ultrasonography examination was
performed, with a special focus on the liver and spleen
in terms of size and echogenicity and excluding the
presence of hepatocellular carcinoma. Portal vein
diameter and the presence of ascites and any abdominal
masses or lymph nodes were also reported.
Laboratory investigations
Routine laboratory investigations

Blood sample collection: after overnight fasting, 6 ml of
venous blood samples were collected by venipuncture
under aseptic conditions from each patient. They were
divided as follows:
(1) A volume of 2 ml was placed in a vacutainer tube
containing EDTA for complete blood picture
(CBC) using an automated cell counter model
SysmexKx N 21, (Sysmex Corporation, Kobe,
Hyogo, Japan) differential leukocyte count, and
erythrocyte sedimentation rate measurement.
(2) A volume of 2.7 ml was placed in a vacutainer tube
containing 0.3 ml of 3.8% sodium citrate for the
measurement of prothrombin time using Sysmex
A500 (Sysmex Corporation, Kobe, Hyogo, Japan).
(3) The remaining was placed in a tube with no
anticoagulant and centrifuged within 30 min of
collection at 4000 rpm for 10 min and the serum
from all blood samples was separated and used
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for fasting blood sugar, liver, and kidney function
tests using a Cobas C-311 auto analyzer (Roche
Diagnostics, Indianapolis, Indiana, USA).
The remaining serum was aliquoted and stored
at -20°C for subsequent detection of serum PCT,
hs-CRP, C3, and C4.
Ascitic fluid collection: ascitic fluid samples were
collected by diagnostic abdominal paracentesis from
the patients under complete aseptic conditions. The
abdominal wall in the right lower quadrant two fingers
breadths cephalic and two fingers breadths medial to
the anterior superior iliac spine was the preferred site
in most cases [13]. Each sample was subjected to the
following:
(1) Direct inoculation of ∼10 ml into anaerobic and
aerobic BactAlert blood culture bottles. These
bottles were then placed in an automated BacT/
Alert 3D culture system. Bottle incubation and
subsequent testing were carried out according
to the manufacturer’s protocol (bioMerieux,
Durham, North Carolina, USA).
(2) Ten to 20 ml was placed in a sterile container for
direct microscopic examination, gram-stained film,
and culture on routine laboratory media including
blood, MacConkey, Mannitol salt agar plates, and
thioglycollate broth. Culture-positive samples were
identified using Gram stain, biochemical reactions,
and an automated micro-dilution method using
the Micro Scan Walk-Away system (Siemens
Healthcare Diagnostics Inc., West Sacramento,
California, USA). All culture and identification
media were supplied by Oxoid (Basingstoke UK).
(3) Approximately 3 ml was placed in an EDTA tube
for estimation of the total cell count and PMN
count using an automated cell counter model
SysmexKx N 21.
(4) Approximately 10 ml was placed in a clean centrifuge
tube and centrifuged at 4000 rpm for 10 min. Ascitic
fluid supernatants were used for assay of total proteins,
glucose, lactate dehydrogenate levels, and ascitic fluid
albumin using a Cobas C-311 auto analyzer (Roche
Diagnostics) and the serum–ascites albumin gradient
was calculated. The remaining supernatants were
aliquoted and stored at -20°C for the subsequent
detection of serum PCT, hs-CRP, C3, and C4.
Specific investigations

Serum and ascitic fluid levels of PCT, hs-CRP,
C3, and C4 were measured by an enzyme-linked
immunosorbent assay technique using an SLT Spectra
ELISA reader (SLT Lab Instruments, Salzburg,
Austria).

(1) PCT assay was performed using kits supplied by
Ray Biotech (Norcross, Georgia, USA) (Cat #
ELH-PROCALC-001) with a detection limit of
50 pg/ml [14].
(2) hs-CRP assay was performed using kits supplied
by Immunospec Corporation (Immunospec, Los
Angeles, California, USA) (Cat # E29-058). The
range of the kit for adults was 0.068–8.2 mg/ml [15].
(3) C3 [16]and C4 [17] assays were performed using
kits supplied by Assay Pro (Assay Pro LLC, St.
Charles, Missouri, USA) (Cat#; EC2101-1 and
EC2102-1), respectively, with reference ranges of
0.5–1.8 and 0.2–0.5 mg/ml, respectively.
Statistical methods

Statistical Package for the Social Sciences (SPSS) TM,
Version 17, produced by IBM SPSS Inc., 233 South
Wacker Drive, 11th Floor, Chicago, United States.
(1) Descriptive statistics: mean and SD were
calculated to measure the central tendency and
dispersion of quantitative data.
(2) Analytic statistics: comparison of groups was
carried out using the Kruskal–Wallis test for
comparison of nonparametric data between more
than two groups. The correlation coefficient was
calculated to determine the association between
two variables. The level of significance was
considered at a P value of less than 0.05 and
insignificance at a P value greater than 0.05.

Results
The present study was carried out on 30 selected
patients who presented with cirrhotic ascites; they were
classified into two groups. Group I included 10 patients
with cirrhotic ascites with SBP (cases). According to
the Child–Pugh scoring system for cirrhosis [18], six
patients were Child C (60%) and four patients were Child
B (40%). Group II included 20 patients with cirrhotic
ascites without SBP (controls). Thirteen patients were
Child B (65%) and seven patients were Child C (35%).
All patients had posthepatitis C cirrhosis.
Table 1 shows the demographic data of the groups
studied. Group I included five women (50%) and five
men (50%); their ages ranged from 45 to 77 years,
with mean ± SD 56.7 ± 9.42. Group II included eight
women (40%) and 12 men (60%); their ages ranged
from 50 to 69 years, with mean ± SD 54.5 ± 4.95. There
was no statistically significant difference in age and sex
between the groups studied.
Table 2 shows the comparison between the two groups
in the CBC and liver function tests. For the CBC,
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the mean ± SD of WBCs count was 8.79 ± 5.536 and
5.85 ± 4.069 in group I and group II, respectively. There
was an increase in the total leukocyte count in group I
in comparison with group II, with no statistically
significant difference.
For the RBCs count, the mean ± SD was 3.42 ± 0.5308
and 3.556 ± 0.7223 in group I and group II, respectively.
There was no statistically significant difference between
the groups studied.
For the hemoglobin level, the mean ± SD was 10.73
± 1.3622 and 10.74 ± 1.6423 in group I and group
II, respectively. There was no statistically significant
difference between the groups studied.
For the platelet count, the mean ± SD was 88.5 ±
73.188 and 110.7 ± 62.483 in group I and group II,
respectively. There was a decrease in the platelet count
in group I in comparison with group II, with no
statistically significant difference.
For the liver function test, the mean ± SD of the total
bilirubin level was 3.56 ± 2.278 and 2.12 ± 1.1242 in
group I and group II, respectively, with an increase in the
serum level of total bilirubin in group I in comparison
with group II, with a statistically significant difference
between the groups studied (P < 0.05).
For the serum albumin level, the mean ± SD was 2.49 ±
0.4254 and 2.44 ± 0.5113 in group I and group II,
respectively. There was no statistically significant
difference between the groups studied.
For prothrombin time, the mean ± SD was 22.33 ± 8.234
and 18.03 ± 3.548 in group I and group II, respectively.
There was a statistically significant difference between
the groups studied (P < 0.05).
Table 3 shows the serum levels of C3, C4, hsCRP,
and PCT. For the serum C3 level, the mean ± SD
was 3.38 ± 2.12 and 2.04 ± 1.98 in group I and group
II, respectively. There was no statistically significant
difference between the groups studied. For the serum
C4 level, the mean ± SD was 0.36 ± 0.25 and 0.36 ±
0.29 in group I and group II, respectively. There was no
statistically significant difference between the groups
studied. For serum hs-CRP, the mean ± SD was
18.76 ± 6.37 and 16.80 ± 5.97 in group I and group II,
respectively. There was no statistically significant
difference between the groups studied Figure 1.
For the serum PCT level, the mean ± SD was 136.79 ±
58.14 and 147.78 ± 58.65 in group I and group II,
respectively. There was no statistically significant
difference between the groups studied Fig. 2.

Table 4 shows a comparison of the studied groups in
ascitic fluid levels of C3, C4, hs-CRP, and PCT. For the
ascitic fluid C3 level, the mean ± SD of C3 was 0.21 ±
0.14 and 0.46 ± 1.01 in group I and group II, respectively.
There was no statistically significant difference between
the groups studied. For the ascitic fluid C4 level, the
mean ± SD was 1.84 ± 1.69 and 2.07 ± 1.93 in group
I and group II, respectively. There was no statistically
Table 1 Comparison between the two studied groups in age
and sex
Variables
Sex
Females
Males
Age
Mean ± SD
Range

n (%)

χ2-test
P-value

SBP

Non-SBP

χ2

5 (50.00)
5 (50.00)

8 (40.00)
12 (60.00)

0.271

0.602

56.7 ± 9.42 54.5 ± 4.95
45–77
50–69

0.846

0.405

SBP, spontaneous bacterial peritonitis.

Table 2 Comparison between the two studied groups
of laboratory data
Variables

SBP

Non–SBP

Mean SD
Mean
SD
WBC
8.79 5.536
5.85 4.069
RBC
3.42 0.5308
3.556 0.7223
Hemoglobin
10.73 1.3622 10.74 1.6423
Platelets
88.5 73.188 110.7 62.483
Serum bilirubin
3.56 2.278
2.12 1.1242
Serum albumin
2.49 0.4254
2.44 0.5113
Prothrombin time 22.33 8.234
18.03 3.548

Independent
t-test
t
P-value
1.653 0.109
−0.527 0.603
−0.017 0.987
−0.867 0.393
2.34 0.027*
0.266 0.792
2.016 0.054*

RBC, red blood cell; SBP, spontaneous bacterial peritonitis;
WBC, white blood cell; *Significance difference (P < 0.05).

Table 3 Comparison between the two studied groups
in serum levels of C3, C4, hs-CRP, and procalcitonin
Serum

C3
C4
hs-CRP
Procalcitonin

SBP

Non-SBP

Mean SD
3.38 2.12
0.36 0.25
18.76 6.37
136.79 58.14

Mean
SD
2.04 1.98
0.36 0.29
16.80 5.97
147.78 58.65

Independent
t-test
t
P-value
1.713 0.098
−0.011 0.991
0.830 0.414
−0.485 0.631

C3, complement 3; C4, complement 4; hs-CRP, high-sensitive
C-reactive protein; SBP, spontaneous bacterial peritonitis.

Table 4 Comparison between the two studied groups
in ascitic fluid levels of C3, C4, hs-CRP, and procalcitonin
Ascitic

C3
C4
hs-CRP
Procalcitonin

SBP

Non-SBP

Mean
SD
0.21 0.14
1.84 1.69
1.96 1.15
162.43 82.51

Mean
SD
0.46 1.01
2.07 1.93
2.98 5.90
180.51 93.70

Independent
t-test
t
P-value
−0.764 0.452
−0.319 0.752
−0.541 0.593
−0.517 0.609

C3, complement 3; C4, complement 4; hs-CRP, high-sensitive
C-reactive protein; SBP, spontaneous bacterial peritonitis.

Spontaneous bacterial peritonitis El-gendy et al. 57

significant difference between the groups studied.
For the ascitic fluid hsCRP level, the mean ± SD was
1.96 ± 1.15 and 2.98 ± 5.90 in group I and group II,
respectively Fig. 3. There was no statistically significant
difference between the groups studied. For the ascitic
fluid PCT level, the mean ± SD was 162.43 ± 82.51
and 180.51 ± 93.70 in group I and group II, respectively.
There was no statistically significant difference between
the groups studied Figure 4.
Table 5 shows a comparison of the groups studied
in neutrophil counts in the ascitic fluid. The median
number was 700/mm3, with a range of 400–1800,
and 100/mm3, with a range of 50–150, in group I and
group II, respectively. There was a highly statistically
significant increase in group I in comparison with
group II (P=0.00) Figure 5.
Figure 1

Table 6 shows the cut-off value, sensitivity, specificity,
positive predictive value, and negative predictive
value for ascitic fluid PMN count using the receiver
operating characteristic curves.

Discussion
Our study was carried out on 30 patients who presented
with cirrhotic ascites; 10 of these patients had been
diagnosed with SBP by ascitic fluid PMNs greater
than 250/mm3 and culture negative (culture-negative
SBP) and 20 patients did not have SBP. All of them
Table 5 Comparison between the two studied groups
in neutrophil counts in the ascitic fluid

Neutrophil

Median (IQR)
Mann–Whitney test
SBP
Non-SBP
Z
P-value
700 (400–1800) 100 (50–150) 4.450
0.000

IQR, interquartile range; SBP, spontaneous bacterial peritonitis.

Figure 2

Comparison between the two studied groups in serum levels of C3,
C4, and hs-CRP. C3, complement 3; C4, complement 4; hs-CRP, highsensitive C-reactive protein; SBP, spontaneous bacterial peritonitis.

Figure 3

Comparison between the two studied groups in serum level of
procalcitonin. SBP, spontaneous bacterial peritonitis.

Figure 4

Comparison between the two studied groups in ascitic fluid levels
of C3, C4, and hs-CRP. C3, complement 3; C4, complement 4; hsCRP, high-sensitive C-reactive protein; SBP, spontaneous bacterial
peritonitis.

Comparison between the two studied groups in the ascitic fluid level
of procalcitonin. SBP, spontaneous bacterial peritonitis.
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Figure 5

Comparison between the two studied groups in neutrophil counts in
the ascitic fluid. SBP, spontaneous bacterial peritonitis.

Table 6 ROC curve for neutrophil count in the ascitic fluid
between the two studied groups
Criterion
>200

AUC
100.0

Sensitivity
100.00

Specificity
100.00

PPV
100.0

NPV
100.0

AUC, area under the curve; NPV, negative predictive value; PPV,
positive predictive value; ROC, receiver operating characteristic curve.

had posthepatitis C cirrhosis. Early detection of SBP
is very valuable for patients as the mortality rate among
untreated patients is around 50% [19]. The diagnosis
of SBP was established by ascitic fluid analysis. The
most common marker of infection is an ascitic fluid
PMN cell count of 250/mm3 or higher [20] and in a
meta-analysis, the negative likelihood ratio for SBP
if the PMN cell count was greater than 250/mm3
was 0.2 [21]. These data were in agreement with our
results as we found that an ascitic fluid PMN cell count
higher than 200/mm3 had a sensitivity and specificity
of 100% in the diagnosis of SBP patients.
Although ascitic fluid culture is an important diagnostic
test, the use of culture results for the diagnosis of SBP
would delay therapy, and ascitic fluid culture is negative
in as many as 60% of patients [20]. These findings
were in agreement with our results as the ascitic fluid
culture of the groups studied was negative in both
ordinary and blood cultures. However, Koulaouzidis
et al. [22] reported a 20% failure rate of cultures to
isolate microorganisms and also fluid cultures failed to
grow any bacteria.
Our results of C3 in the serum of cirrhotic patients of
both groups, those with SBP and those without SBP,
were high, with no significant difference between two
groups; also, C3 in ascitic fluid of patients showed a
low normal level in both groups, with a greater decrease
in the serum of patients without SBP, whereas C4 in
the serum was within the normal level in both groups
and higher in ascitic fluid in patients without SBP than
in those with SBP, but with no significant statistical
difference.

These results were in agreement with those of
Rabinovitz et al. [23], who carried out their study on
14 patients with end-stage liver disease and ascites,
and the diagnosis of SBP was made by a positive
ascitic fluid culture (three patients) and/or an ascitic
fluid neutrophil count greater than 250 cells/mm3 (all
patients); they concluded that serum immunoglobulin
and complement levels and the cell-mediated immune
system activity were similar in patients with advanced
liver disease who develop and do not develop SBP.
Thus, these parameters cannot be used as predictors for
the development of SBP.
However, these results are not in agreement with the
findings of Kamal et al. [24], who carried out their
study on 45 cirrhotic patients; 25 of these patients
had SBP. They found a low level of ascitic fluid C3 in
cirrhotic patients with SBP compared with patients
without SBP, probably because C3 plays an important
role in the local defense of ascitic fluid.
The explanation for the low level of C3 and C4 in
cirrhotic patients may be complement consumption
or reduced production because of a decrease in the
number of functioning hepatocytes. As the liver is
the major site of synthesis of most of the complement
components, the low serum complement level has been
proposed to be induced by the defective synthesis of
the components [25].
Also, in the present study, we found an increase in
the level of hsCRP in the serum of both groups, with
no significant difference between them, but a normal
level of hs-CRP in the ascitic fluid in both groups.
Our study found an increase in the PCT level in
patients without SBP compared with those with SBP,
with no significant difference, whereas the PCT level
in ascitic fluid was higher in the SBP group compared
with the group without SBP, but with no significant
difference.
These results were not in agreement with those
obtained by Yuan et al. [26], who carried out their study
on 42 patients with chronic hepatitis B liver disease
with SBP and another 42 patients without SBP. The
concentrations of PCT and hs-CRP and the WBC
count in the serum were significantly higher in the
chronic severe hepatitis B patients with SBP than in
those without SBP. Furthermore, there were significant
correlations between PCT and other inflammatory
markers such as the WBC count and hs-CRP. However,
PCT and hs-CRP concentrations were found to be
better than the WBC count for prediction of chronic
severe hepatitis B with SBP, and the accuracy of the
PCT concentration was not significantly different
from that for the hs-CRP concentration.
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Spahr et al. [27] carried out a study on 20 patients
with cirrhosis; 10 of these patients had SBP and
another 10 patients did not have SBP. They measured
the plasma and ascitic fluid levels of PCT, hsCRP,
and interleukin-6. PCT level in plasma, but not in
ascitic fluid, was significantly higher in patients with
SBP compared with the controls. Interleukin-6 levels
in ascitic fluid were similar between groups. hsCRP
concentrations were higher both in plasma and in
ascetic fluid of patients with SBP compared with the
controls. Thus, in SBP, the measurement of PCT is
not an accurate diagnostic test, possibly because of the
absence of systemic inflammatory response syndrome
in this condition. In addition, the diagnostic value of
hsCRP is limited by the wide overlap between values;
these results are in agreement with our result.

8 Massaro KS, Costa SF, Leone C, Chamone DA. Procalcitonin (PCT) and
C-reactive protein (CRP) as severe systemic infection markers in febrile
neutropenic adults. BMC Infect Dis 2007; 7:137.
9 Giamarellou H, Giamarellos-Bourboulis EJ, Repoussis P, Galani L,
Anagnostopoulos N, Grecka P, et al. Potential use of procalcitonin as a
diagnostic criterion in febrile neutropenia: experience from a multicentre
study. Clin Microbiol Infect 2004; 10:628–633.
10 Simon L, Gauvin F, Amre DK, Saint-Louis P, Lacroix J. Serum procalcitonin
and C-reactive protein levels as markers of bacterial infection: a systematic
review and meta-analysis. Clin Infect Dis 2004; 39:206–217.
11 Such J, Guarner C, Soriano G, et al. Selective intestinal decontamination
increases serum and ascetic fluid C3 levels in cirrhosis. Hepatology 2008;
12:1175–1178.
12 S Ali, RR Khan, Z Masood, I Haque. Frequency of spontaneous bacterial
peritonitis (SBP) in cirrhotic patients with ascites due to hepatitis B andC.
JUMDC 2012; 3:22–26.
13 Khan FY. Ascites in the state of Qatar: etiology and diagnostic value of
ascetic fluid analysis. Singapore Med J 2007; 48:434–443.
14 Riedel S, Melendez JH, An AT, Rosenbaum JE, Zenilman JM. Procalcitonin
as a marker for the detection of bacteremia and sepsis in the emergency
department. Am J Clin Pathol 2011; 135:182–191.
15 Van Leeuwen M, Van Rjswik MH. Acute phase protein in monitoring
inflammatory disorders. Bailieres Clin Rheumatol 1994; 8:513–552.

Conclusion
C3 and C4, hsCRP, and PCT serum and ascitic fluid
levels are not accurate markers for the diagnosis of
SBP, whereas an ascitic fluid polymorph leukocyte
count higher than 200/mm3 is a rapid, sensitive, and
specific test for the diagnosis of SBP.

16 Ram S, Lewis LA, Rice PA. Infections of people with complement
deficiencies and patients who have undergone splenectomy. Clin Microbiol
Rev 2010; 23:740–780.
17 Yang Y, Chung EK, Wu YL, Savelli SL, et al. Gene copy-number
variation and associated polymorphisms of complement component C4
in human systemic lupus erythematosus (SLE): Low copy number is
a risk factor for and high copy number is a protective factor against
SLE susceptibility in European Americans. Am J Hum Genet 2007;
80:1037–1054.
18 Albers I, Hartman H, Bircher J, Creutzfeldt W. Superiority of the Child–
Pugh classification to quantitative liver function tests for assessing
prognosis of liver cirrhosis. Scand J Gastroenterol 1989; 24:269–276.

Acknowledgements

19 Volk ML, Marrero JA. Advances in critical care hepatology. Minerva
Anestesiol 2006; 72:269–281.

There are no conflicts of interest.

20 Runyon BA. Management of adult patients with ascites due to cirrhosis: an
update. Hepatology 2009; 49:2087–2107.

Conflicts of interest

References

21 Wong CL, Holroyd-Leduc J, Thorpe KE, Straus SE. Does this patient
have bacterial peritonitis or portal hypertension? How do I perform a
paracentesis and analyze the results? JAMA 2008; 299:1166–1178.

1 Lee JM, Han KH, Ahn SH, et al. Ascites and spontaneous bacterial
peritonitis. J Gastroenterol Hepatol 2009; 24:1494–1503.

22 Koulaouzidis A, Bhat S, Saeed AA. Spontaneous bacterial peritonitis.
World J Gastroenterol 2009; 15:1042–1049.

2 Strauss E, Caly WR. Spontaneous bacterial peritonitis: a therapeutic
update. Expert Rev Anti Infect Ther 2006; 4:249–260.

23 M Rabinovitz, JS Gavaler, S Kumar, et al. Role of serum complement,
immunoglobulins, and cell-mediated immune system in the
pathogenesis of spontaneous bacterial peritonitis (SBP). Dig Dis Sci
1989; 34:1547–1552.

3 Angeloni S, Leboffe C, Parente A, et al. Efficacy of current guidelines for
the treatment of spontaneous bacterial peritonitis in the clinical practice.
World J Gastroenterol 2008; 14:2757–2762.
4 Guarner C, Soriano G. Bacterial translocation and its consequences in
patients with cirrhosis. Eur J Gastroenterol Hepatol 2005; 17:27–31.
5 Moore KP, Wong F, Gines P, et al. The management of ascites in
cirrhosis: Report on the consensus conference of the International Ascites
Club. Hepatology 2003; 38:258–266.

24 AT Kamal, EN Osman, RY Shahin. Role of ascitic fluid C3 in spontaneous
bacterial peritonitis. Egypt J Med Hum Genet 2012; 13:81–85.
25 Kourilsky O, C Leroy, AP Peltier. Complement and liver cell function in 53
patients with liver disease. Am J Med 1973; 55:783–790.

6 Wiest R, Garcia-Tsao G. Bacterial translocation in cirrhosis. Hepatology
2005; 41:422–433.

26 L-Y Yuan, Z-Q Ke, M Wang, Y Li. Procalcitonin and C-reactive protein
in the diagnosis and prediction of spontaneous bacterial peritonitis
associated with chronic severe hepatitis B. Ann Lab Med 2013;
33:449–454.

7 Strauss E, Gomes de Sá Ribeiro Mde F. Bacterial infections associated
with hepatic encephalopathy: prevalence and outcome. Ann Hepatol
2003; 2:41–50.

27 Spahr L, Morard I, Hadengue A, Vadas L, Pugin J. Procalcitonin is not
an accurate marker of spontaneous bacterial peritonitis in patients with
cirrhosis. Hepatogastroenterology 2001; 48:502–507.

