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INTRODUCTION 

Liver disease, including cirrhosis, is one of the leading causes of 

morbidity and mortality in Korea and ranked the 8th most com-

mon cause of death in 2007.1 Spontaneous bacterial peritonitis 

(SBP) is a bacterial infection of the ascitic fluid and is diagnosed 

based on the following criteria: the presence of more than 250 

neutrophils in ascitic fluid, which is not associated with surgery or 

an intraabdominal origin of infection in liver cirrhosis patients.2,3 

SBP is the most common type of infection in hospitalized cirrhotic 

patients, occurring in about 9% of cases and accounting for about 

25% of all infections.4 About 10% of cirrhotic patients with asci-
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tes may develop SBP within a year.5 Despite the use of sensitive 

methods, only 39-41% of culture-positive SBP are in Korean pa-

tients with SBP compared to around 60% in Western studies.1,6,7 

Among positive culture results, both Gram positive and negative 

organisms can be isolated, the more common being Gram nega-

tive. Common Gram negative organisms are E. coli , Klebsiella 
pneumoniae and Aeromonas, while Streptococci  and Enterococci  
comprise most of the Gram positive organisms.6,7 When SBP was 

first described in the 1960s, its prognosis was extremely poor, 

with in-hospital mortality rate reaching 100%.8 Currently, the out-

come of SBP has considerably improved due to the introduction of 

effective antibiotics and the appropriate use of prophylactic anti-

biotics to high risk patients of SBP.6,7 Nevertheless, the recent 

growing percentage of antibiotic-resistant strains remains a seri-

ous medical problem in many countries.1 Particularly, the propor-

tion of Gram negative organisms that are resistant to quinolones 

and that produce the extended spectrum ß-lactamase (ESBL) have 

increased significantly.1,6 In one study, ESBL-producers are associ-

ated with higher mortality and treatment failure rate compared to 

those not producing ESBL.2 In addition, the proportion of Staphy-
lococci , another factor known to be associated with higher mor-

tality rate, is increasing according to recent studies.9 Despite these 

facts, the studies that focused on the association between the 

cultured bacteria species and the clinical outcome of the SBP pa-

tients are still limited. The aim of this study was to investigate 

whether the cultured bacteria species are associated with the poor 

outcome in liver cirrhosis patients with SBP. In addition, we tried 

to evaluate other predictive factors for mortality in cirrhotic pa-

tients with SBP.

PATIENTS AND METHODS

Patients

From January 1st 2003 through December 1st 2010, the study 

included patients with both liver cirrhosis and SBP at Seoul Paik 

Hospital. Diagnosis of cirrhosis was established using clinical and 

ultrasonographic findings. SBP was diagnosed based on a poly-

morphonuclear leukocyte (PMN) count ≥250 cells/mm3 in ascitic 

fluid in the absence of any clinical and radiologic findings sugges-

tive of secondary peritonitis.10 We excluded patients who showed 

a sign of free air in their abdominal X-ray and had a recent history 

of surgery or trauma which increased the possibility of secondary 

peritonitis rather than SBP. We also excluded patients with severe 

cardiopulmonary disease or cardiovascular disease, evidence of 

severe immunosuppression, and other combined malignancies ex-

cept hepatocellular carcinoma (HCC). 

All of the patients’ data were collected retrospectively from 

their electronic and paper medical records. This study was ap-

proved by the Institutional Review Board of Seoul Paik Hospital. 

Bacterial culture

Ascitic fluid culture using diagnostic paracentesis was per-

formed in all patients with ascites who developed local symptoms 

or signs of peritoneal infection, systemic signs of infection, such as 

fever or leukocytosis, or clinical deterioration without any obvious 

precipitating factors. Ascitic fluid and peripheral blood were 

placed in blood culture bottles, incubated at 37°C for 7 days, and 

examined daily for turbidity. At least 10 mL of ascitic fluid was in-

oculated into 2 bottles for aerobic and anaerobic cultures. All iso-

lated organisms in the culture were tested for antimicrobial sus-

ceptibility according to the diffusion methods. 

Treatment response

The empirical antibiotic was administered immediately when 

SBP was diagnosed. Follow up ascitic fluid tapping was performed 

if the signs and symptoms of SBP failed to disappear after 48 

hours of initial empirical antibiotics therapy. The resolution of SBP 

was defined as a fading of all signs and symptoms of SBP or PMN 

count in ascitic fluid had reduced to <250 cells/mm3. Treatment 

failure was defined as persistent or worsening of the signs and 

symptoms of SBP or less than 25% decreased of PMN count in the 

ascitic fluid tapped 48 hrs after the treatment  when compared 

with that from the first tapped ascites. The initial empirical antibi-

otic used was a third-generation cephalosporin (cefotaxime). 

When initial treatment had failed, antibiotic therapy was then 

changed based on the susceptibility of the cultured organisms to 

the antibiotics. When initial antibiotic treatments had failed when 

the ascitic fluid culture came out negative, we switched antibiotics 

from the 3rd generation cephalosporin (cefotaxime) to a combina-

tion of vancomycin and carbapenem (meropenem) considering the 

presence of ESBL-producing organisms and methicillin-resistant 

Staphylococcus aureus (MRSA). 

Statistical analysis

Cumulative survival rates were calculated using Kaplan-Meier 
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analysis and the difference was determined by the log-rank test. 

To find the predictors for survival, multivariate analysis using a 

proportional hazards Cox regression model was performed. Cause 

of liver cirrhosis, Child-Pugh grade, MELD (model for end-stage 

liver disease) score, serum laboratory findings including serum 

prothrombin time (INR), bilirubin, and albumin levels, cultured 

bacteria (isolated microorganisms, Gram stain of cultured bacteria, 

numbers of cultured bacteria), laboratory findings of ascitic fluid, 

and presence of recurrence of SBP were used on multivariate anal-

ysis. MELD score was determined using an online calculator (avail-

able at http://www.mayoclinic.org/meld/mayomodel6.html) with 

the three components of score including serum bilirubin, creati-

nine, and prothrombin time (INR). A value of P<0.05 was consid-

ered statistically significant. All analyses were performed using 

SPSS version 16.0 (SPSS Inc, Chicago, IL, USA).

RESULTS

Baseline characteristics

A total of 95 liver cirrhosis patients diagnosed with SBP were 

recruited. 82 patients were diagnosed with SBP for the first time 

and 13 had a previous history of SBP. Among 13 patients, 4 pa-

tients had not received prophylactic antibiotic therapy and 9 pa-

tients did not have medical records about the antibiotic therapy 

because they had been transferred to our hospital after the diag-

nosis of SBP. 

The patients consisted of 70 men (73.7%) and 25 women 

(26.3%) with a mean age of 58.5±11.8 years. The most common 

cause of liver cirrhosis was hepatitis B, which was found in 46 pa-

tients (48.4%), followed by alcohol abuse in 27 patients (28.4%), 

hepatitis C in 10 patients (10.5%) and cryptogenic in 12 patients 

(12.6%). According to the Child-Pugh classification, 2 patients 

(2.1%) were classified as grade A, 29 (30.5%) were grade B, 64 

(67.4%) were grade C. Among 92 patients in whom the MELD 

scoring was available, the patients with a score higher than or 

equal to 20 and lower than 20 were found in 51 (55.4%) and 41 

(44.6%), respectively. The presence of HCC at the time of diagno-

sis of SBP was noted in 39 patients (41.5%). Recurrence of SBP 

was found in 10 of the 95 patients (Table 1). 
Laboratory findings in serum and ascitic fluid

Serum and ascitic fluid were sampled at the diagnosis of SBP. 

The levels of albumin (g/dL), bilirubin (mg/dL), prothrombin time 

(INR), and creatinine (mg/dL) in serum and the levels of PMN 

Table 1. Baseline characteristics of the enrolled patients

Patients (n=95)

Gender (M/F) 70/25

Age (yr, mean±SD) 58.5±11.8 

Cause

   HBV 46 (48.4%)

   HCV 10 (10.5%)

   Alcohol 27 (28.4%)

   Cryptogenic 12 (12.6%)

Child-Pugh class 

   A 2 (2.1%) 

   B 29 (30.5%)

   C 64 (67.4%)

MELD score*

   <20 41 (44.6%)

   ≥20 51 (55.4%)

Combined HCC†

   Yes 39 (41.5%)

   No 55 (58.5%)

Laboratory findings‡ 

   Serum

      Albumin (g/dL) 2.5 (1.6-3.7)

      Bilirubin (mg/dL) 3.9 (0.3-38.1)

      Prothrombin time (INR) 1.7 (1.0-4.6)

      Creatinine (mg/dL) 1.1 (0.5-8.1)

   Ascitic fluid

      PMN (cells/mm3) 1,290 (250-25,592)

      Protein (mg/dL) 893 (228-3,780)

      LDH (IU/L) 79 (19-9,400)

      Glucose (mg/dL) 157 (0-570)

SD, standard deviation; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD, 
model for end-stage liver disease; HCC, hepatocellular carcinoma; PMN, 
polymorphonuclear leukocyte; LDH, lactate dehydrogenase.
*MELD scoring was not available in 3 patients because there were no 
prothrombin time results.
†There were no radiologic images in one patient.
‡Expressed as median (range).
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count (cells/mm3), protein (g/dL), lactate dehydrogenase (LDH) (IU/

L), and glucose (mg/dL) in ascitic fluid were obtained. These labo-

ratory findings are summarized in Table 1.

Isolation of cultured organisms

Microorganisms in ascitic fluid were isolated in 39 patients 

(41.1%) and a total of 47 species of microorganisms were isolated. 

Among the 39 patients, 9 patients (23.1%) had 2 or more species 

of microorganisms. Gram negative organisms were found in 20 

patients (51.3%), Gram positive organisms were found in 13 pa-

tients (33.3%) and 6 patients (15.4%) had both Gram positive and 

negative organisms in their ascitic fluid. Among the 47 isolated 

microorganisms, 27 (57.4%) were Gram negative organisms, 19 

(40.4%) were Gram positive organisms, and 1 (2.2%) was a Can-
dida species. E. coli was the most frequently isolated organism (12 

of 47 cases, 25.5%), followed by Klebsiella  species (9 cases, 

19.1%), Streptococcus species (9 cases, 19.1%), and Enterococcus 
species (6 cases, 12.8%). Table 2 shows a profile of the isolated 

microorganisms. The patient who had spontaneous fungal perito-

nitis with candida in ascitic fluid (categolized in SBP according to 

the definition of SBP) was in terminal stage with metastatic HCC 

and died due to hepatic failure shortly after diagnosis of SBP. 

Predictive factors of overall mortality

Median follow up period for survival after diagnosis of SBP was 

2.5 months (range, 0.1-60 months). The in-hospital mortality rate 

was 38.9%. The overall cumulative survival rates at 6 months, 12 

months and 24 months were 44.5%, 37.4%, and 32.2%, respec-

tively. In univariate analysis, the presence or absence of the bacte-

ria, the types of isolated microorganism, the Gram stain of the 

bacteria, and the number of isolated microorganisms all did not 

significantly affect the survival rate of patients with SBP. Survival 

rate was also not associated with serum albumin levels. Moreover, 

no statistical significance was found between the laboratory find-

ings of the peritoneal fluid and the survival rates of the patients. 

On the other hand, patients with Child-Pugh score ≥10 showed 

significantly lower survival rate than patients with Child-Pugh 

score <10 (P=0.019; Fig. 1). In addition, patients with MELD score 

higher than or equal to 20 had significantly lower survival rates 

Table 2. Profiles of the microorganisms isolated from ascitic fluid

Microorganisms n (%)

Gram negative organisms

   Escherichia coli 12 (25.5%)

   Klebsiella 9 (19.1%)

   Enterobacteriaceae 2 (4.3%)

   Pseuodomonas 2 (4.3%)

   Vibrio vulnificus 1 (2.1%)

   Acinectobacter baumannii 1 (2.1%)

Gram positive organisms

   Streptococcus 9 (19.1%)

   Enterococcus 6 (12.8%)

   Staphylococcus 3 (6.4%)

   Micrococcus 1 (2.1%)

Fungus

   Candida 1 (2.1%)

Figure 1. Cumulative survival rates according to the Child-Pugh score 
in SBP patients. A Child-Pugh score of ≥10 reflects a poor survival.

Figure 2. Cumulative survival rates according to the Model for End-
Stage Liver Disease (MELD) score in SBP patients. A MELD score of ≥20 
reflects a poor survival.
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than patients with <20 (P=0.001; Fig. 2). The patients with higher 

serum bilirubin (≥3 mg/dL) showed higher mortality than patients 

with <3 mg/dL (P=0.012; Fig. 3). Prolonged serum prothrombin 

time (INR) also had a significant influence on the survival rate 

when the interval was categorized as <1.7, 1.7-2.3 and >2.3 

(P<0.001; Fig. 4). Renal dysfunction (serum creatinine >1.3 mg/dL; 

normal range, 0.7-1.3 mg/dL; P<0.001; Fig. 5), the presence of 

HCC at the time of diagnosis of SBP, and lower glucose levels in 

ascitic fluid (<50 mg/dL) influenced the survival rates. The survival 

rates according to the variable factors in univariate analysis are 

summarized in Table 3. In multivariate analysis, the presence of 

HCC at the time of diagnosis of SBP (OR, 3.305; P=0.001), higher 

serum bilirubin levels (≥3 mg/dL; OR,3.872; P=0.002), the pro-

longed serum prothrombin time (INR) (>2.3; OR, 4.117; P=0.001), 

renal dysfunction (serum creatinine >1.3 mg/dL; OR, 3.752; 

P<0.001), and lower glucose levels in ascitic fluid (<50 mg/dL; 

OR, 28.849; P<0.001) were the independent predictive factors of 

overall survival rates in cirrhotic patients with SBP (Table 4).

DISCUSSION

In the present study, the microorganisms were isolated in 39 of 

95 patients (41.1%). The result was similar to the previous studies 

conducted in Korea (39-41%) which is lower than that of the 

Western studies (~60%).11 Only 12-18% of organisms were Gram 

positive in the 1990s and the proportion increased to 24.1% in 

2007 in Korea.7 Similarly, in Western studies, the proportion was 

19-34%.12-14 However, in our study, 19 out of 47 isolated microor-

ganisms (40.4%) were Gram positive organisms which was much 

higher than that in previous studies. Although Eschericia coli  (12 

of the 47 cases, 25.5%), Klebsiella  species (9 cases, 19.1%) and 

Streptococcus  species (9 cases, 19.1%) were still the most com-

mon organisms in this study, Enterococcus  species (6 cases, 

12.8%) was noticeably higher in our study compared to the previ-

ous studies in Korea and Western countries.1,15-18 One possible ex-

planation that might account for the higher proportion of Gram 

positive organisms in the present study, compared to the previous 

studies, is the wide abuse of prophylactic antibiotics in cirrhotic 

patients with SBP; however, we could not conclude that prophy-

lactic antibiotic therapy is associated this phenomenon because 

prophylactic antibiotic therapy was not performed or not known in 

their medical records of 13 patients with a previous history of SBP.

Figure 3. Cumulative survival rates according to serum bilirubin level 
in SBP patients. A serum bilirubin level of ≥3 mg/dL is related to a poor 
prognosis.

Figure 4. Cumulative survival rates according to serum prothrombin 
time [international normalized ratio (INR)] in SBP patients. A prolonged 
serum prothrombin time (INR of >2.3) is related to poor prognosis.

Figure 5. Cumulative survival rates according to serum creatinine level 
in SBP patients. Renal dysfunction is associated with poor survival. 
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It is widely accepted that the prophylaxis of SBP should be per-

formed in patients with an acute gastrointestinal hemorrhage, a 

low total protein content in ascitic fluid or a previous history of 

SBP due to high recurrence rates.6,19 One study showed that pa-

tients with serum bilirubin >2.5 mg/dL also had a higher incidence 

of SBP recurrence rates, which explains for the need for prophy-

laxis of SBP.20 Despite the documented evidences of high recur-

rence rates, the studies that focus on the factors that influence the 

mortality of liver cirrhosis patients with SBP are limited. This is 

why the aim of this study was to investigate the factors that influ-

ence the survival rates of patients with SBP.

Table 3. Results of univariate analysis for survival in cirrhotic patients 
with SBP

n (%) P-value

Gender 0.688

   Male 70 (73.7%)

   Female 25 (26.3%)

Age 0.903

   ≥60 39 (41.1%)

   <60 56 (58.9%)

Cause 0.020

   HBV 46 (48.4%)

   HCV 10 (10.5%)  

   Alcoholic 27 (28.4%)

   Cryptogenic 12 (12.6%)

Child-Pugh class 0.026

   A 2 (2.1%)

   B 29 (30.5%)

   C 64 (67.4%)

MELD score* 0.002

   <20 41(44.6%)

   ≥20 51(55.4%)

Combined HCC* 0.031

   Yes 39 (41.5%)

   No 55 (58.5%)

1st diagnosis of SBP 0.139

   Yes 82 (86.3%)

   No 13 (13.7%)

Recurrence of SBP 0.578

   Yes 10 (10.5)

   No 85 (89.5)

Serum albumin (g/dL) 0.217

   ≥2.8 29 (30.5%)

   <2.8 66 (69.5%)

Serum bilirubin (mg/dL) 0.017

   <3.0 37 (38.9%)

   ≥3.0 58 (61.1%)

Serum prothrombin time (INR)* 0.001

   <1.7 42 (45.7%)

   1.7-2.3 36 (39.1%)

   >2.3 14 (15.2%)

Serum creatinine (mg/dL) <0.001

   ≤1.3 60 (63.2%)

   >1.3 35 (36.8%)

Ascitic PMN (cells/mm3) 0.456

   <1,000 41 (43.2%)

   ≥1,000 54 (56.8%)

Ascitic protein (mg/dL)* 0.343

   <1,000 mg 47 (56.6%)

   ≥1,000 mg 36 (43.4%)

Ascitic LDH (IU/L) * 0.587

   <225 64 (81.0%)

   ≥225 15 (19.0%))  

Ascitic glucose (mg/dL)* 0.044

   <50 2 (2.5%)

   ≥50 77 (97.5%)

Presence/absence of bacteria 0.218

   Presence 39 (41.1%)

   Absence 56 (58.9%)

Gram stain 0.657

   Positive 13 (33.3%)

   Negative 20 (51.3%)

   Both 6 (15.4%)

Types of isolated microorganisms 0.651

   E. coli 12 (26.7%)

   Klebsiella 9 (20.0%)

   Streptococcus 9 (17.8%)

   Enterococcus 6 (13.3%)

   Others 11 (22.2%)

Numbers of cultured bacteria 0.914

   ≥2   9 (23.1%)

   1 30 (76.9%)
*Data was not available in all of the enrolled patients.
HBV, hepatitis B virus; HCV, hepatitis C virus; MELD, model for end-stage 
liver disease; HCC, hepatocellular carcinoma; SBP, spontaneous bacterial 
peritonitis; PMN, polymorphonuclear leukocyte; LDH, lactate dehydrogenase.
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In the literature, SBP caused by ESBL-producing organisms or 

Staphylococcus species was identified as factors closely associated 

with high mortality.9,21,22 However, despite the relatively low pro-

portion of ESBL-producing organisms (n=1) and Staphylococcus 

species (n=3), our data showed that the types of cultured bacterial 

organisms did not affect the survival rates of cirrhotic patients 

with SBP. Our data also compared the relationship between the 

presence and absence of the bacteria, the positivity of bacterial 

Gram stain, the number of isolated microorganisms, and the mor-

tality rates. However, no statistical significances were found. 

Moreover, the laboratory findings of the ascitic fluid including 

PMN, protein, and LDH did not show any association with the sur-

vival of the patients. 

A multicenter retrospective study performed in Korea at a com-

paratively recent date reported that high mortality rates were seen 

in the patients with a high MELD score. In addition to MELD score, 

ESBL producing organisms-induced SBP and combined HCC were 

associated with poor prognosis in SBP patients.21 The other study 

reported that bacteremia, higher MELD score, and no microbio-

logical response were prognostic factors for a poor outcome in 

SBP patients.23 Recently, Tandon and Garcia-Tsao reviewed 18 

prognostic studies for in-hospital and 1 month mortalities in adult 

patients with SBP. In their review, renal dysfunction was the most 

important independent predictor for mortality in cirrhotic patients 

with SBP, followed by the MELD score.24 

In this study, there was no relationship between the bacterial 

factors at the time of diagnosis of SBP and the survival rate; on 

the other hand, patients with Child-Pugh score ≥10 showed sig-

nificantly lower survival rates than patients with Child-Pugh score 

<10. MELD score higher than or equal to 20 was also strongly as-

sociated with high mortality. However, both higher Child-Pugh 

and MELD score were not significant independent predictors of 

survival in SBP patients. In multivariate analysis, the presence of 

HCC at the time of diagnosis of SBP, higher serum bilirubin levels, 

the prolonged serum prothrombin time (INR), renal dysfunction at 

the diagnosis of SBP, and lower glucose levels in ascitic fluid were 

the independent predictive factors of overall survival rates in cir-

rhotic patients with SBP.

There were several limitations in this study. First, it was a single 

center study. Therefore, it unlikely reflects all of the characteristics 

of isolated organisms in Korea. Second, the number of patients in-

volved in this study was relatively small. Third, the follow-up peri-

ods after diagnosis of SBP were short; we even failed to obtain 

follow-up records of 10 patients for sufficiently long duration. 

Fourth, we could not have the assessment of treatment response 

in many patients, which was not available in multivariate analysis, 

owing to the retrospective characteristic of this study. Fifth, the in-

hospital mortality and cumulative mortalities at 6, 12, and 24 

months in this study was high compared to the previous results, 

which may be influenced by the fact that the percentage of pa-

tients with combined HCC was high up to 41.5%.

In conclusion, the proportion of Gram positive organisms, espe-

cially Enterococcus species, is increasing. The bacterial factors in-

cluding the presence or absence of the bacteria, the types of iso-

lated microorganism, the positivity of bacterial Gram stain and the 

number of isolated microorganisms did not influence the survival 

Table 4. Results of multivariate analysis for survival in cirrhotic patients with SBP

Variables 
Survival

OR, 95% CI P-value

Presence of HCC at the time of diagnosis of SBP 3.305, 1.646-6.638 0.001

Higher serum bilirubin (≥3 mg/dL) 3.827, 1.631-8.976 0.002

Prolonged serum PT (INR) <0.001

   <1.7 1.0 (reference)

   1.7-2.3 0.675, 0.310-1.470 0.322

   >2.3 4.117, 1.782-9.619 0.001

Renal dysfunction (Cr >1.3 mg/dL) 3.752, 1.884-7.475 <0.001

Lower ascitic glucose (<50 mg/dL) 28.849, 5.384-154.583 <0.001

Higher Child-Pugh score (≥10) - NS

Higher MELD score (≥20) - NS

OR, Odds ratio; 95% CI, 95% confidence interval; HCC, hepatocellular carcinoma; SBP, spontaneous bacterial peritonitis; Dx, diagnosis; PT, prothrombin time; 
INR, international normalized ratio; Cr, creatinine; NS, not significant; MELD, model for end-stage liver disease.
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rate of patients with SBP. The presence of HCC and laboratory 

findings at the time of diagnosis of SBP including higher serum bil-

irubin level, the prolonged serum prothrombin time (INR), renal 

dysfunction at the diagnosis of SBP, and lower glucose level in as-

citic fluid were the independent predictive factors of mortality in 

cirrhotic patients with SBP.
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