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Abstract

Aim of the study: To determine risk factors predicting nosocomial, healthcare-associated and community- 
acquired infection in spontaneous bacterial peritonitis (SBP) and survival outcome.

Material and methods: This prospective observational study included confirmed cases of cirrhosis with ascites 
requiring paracentesis, age > 18 years, either gender, any aetiology and Child-Turcotte-Pugh (CTP) stage, with 
or without cirrhosis-related complications. Patient data included age, gender, co-morbidity, model for end-stage 
liver disease (MELD) score, CTP score, cirrhosis-related complications, details of previous hospitalization, ascitic 
tapping and antibiotics instituted. SBP was diagnosed as ascitic fluid polymorphonuclear leucocyte count great-
er than 250/mm3 (0.25 × 109/l) and/or culture positivity for a  single organism. Statistics – chi square test, 
Mann-Whitney U test, ANOVA, survival plot. A p value < 0.05 was statistically significant.

Results: 610 cases fulfilled the criteria for inclusion. 122 (20%) patients had SBP: community-acquired SBP 37 
(30.3%), nosocomial SBP 19 (16.5%) and healthcare-associated SBP 66 (54.5%). The majority were men (106; 
86%) with median age of 51.5 (27-78) years. A  significantly higher percentage of community-acquired SBP 
belonged to CTP class B. Thirtytwo and 7 patients respectively were blood and ascitic fluid culture positive. Sig-
nificant nosocomial SBP were blood culture positive (p < 0.02). The most common isolates were E. coli followed 
by Klebsiella. Survival plot analysis at 3 months showed the worst survival for nosocomial SBP (p = 0.0009).

Conclusions: Prevalence of SBP in our study was 20%, the majority with healthcare-associated SBP belonging to 
CTP C. Patients with nosocomial SBP had significant bacteremia with high mortality.
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(SBP), an important complication of cirrhosis, is con-
sidered as a marker of end stage liver disease and an 
indication for liver transplant. Previous studies have 
shown that mortality risk following SBP rises with 
increasing model for end-stage liver disease (MELD) 
score [3].

The present study was undertaken to study prev-
alence, differences and survival outcome following 
nosocomial (N-SBP), community-acquired (C-SBP) 

Introduction

The liver is an important site for removal of blood-
borne pathogens. In patients with cirrhosis, there is 
immune system dysfunction characterised by impaired 
phagocytosis, defective opsonic activity and abnormal 
neutrophil function. Consequent to this there is a five 
to sevenfold increase in the risk of bacterial infection 
in cirrhosis [1, 2]. Spontaneous bacterial peritonitis 
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and healthcare-associated (H-SBP) SBP infection in 
decompensated cirrhotic patients.

Material and methods

This prospective observational study was done at 
Gleneagles Global Health City, Chennai between Sep-
tember 2016 and February 2018. The study cohort 
included patients with confirmed liver cirrhosis by ei-
ther radiological imaging or histology seeking single 
or multiple paracentesis either during hospitalization 
or as a day care procedure.

Inclusion criteria: confirmed cirrhosis with ascites 
requiring diagnostic or therapeutic paracentesis, age  
> 18 years, either gender, any aetiology and Child- 
Turcotte-Pugh (CTP) stage, with or without cirrhosis- 
related complications such as sepsis, hepatic encepha-
lopathy, variceal bleed and renal dysfunction.

Exclusion criteria: secondary cause of ascites such as 
malignant ascites, peritoneal tuberculosis, chylous, bil-
iary, urinary or pancreatic ascites, cirrhotic ascites with 
partial small bowel obstruction or a perforated viscus.

Patient data (Fig. 1) included age, gender and 
co-morbidity (diabetes, hypertension, coronary heart 
disease, dyslipidaemia and hypothyroid state). Details 
of cirrhosis-related complications such as variceal 
bleeding, SBP, hepatic encephalopathy, ascites, renal 
dysfunction and sepsis in the present or in the past, 
details of previous hospitalization, ascitic tapping (in-
cluding duration of stay) and antibiotics instituted in 
the preceding 3 months were noted. MELD and CTP 
scores were calculated. Baseline laboratory tests in-
cluded blood counts, serum electrolytes, serum creati-
nine and liver biochemistry.

Diagnosis of SBP: This was based on either an as-
citic fluid polymorphonuclear leucocyte count greater 
than 250/mm3 (0.25 × 109/l) and/or culture positivity 
for a single organism.

Diagnostic paracentesis was performed by the bed-
side under aseptic conditions. Indications for therapeutic 
paracentesis were either tense ascites causing abdominal 

discomfort, breathlessness or a diffuse abdominal pain. 
Using a  16 G needle, a  20 ml sample was collected in 
a sterile ethylene diamine tetra acetate (EDTA) preserved 
tube and analyzed within 3 hours of extraction. The flu-
id was analyzed for total protein, albumin and total and 
differential leukocyte count. Giemsa stain was done for 
identifying bacteria. Another 10 ml of ascitic fluid was 
inoculated into the blood culture bottle (Bactec 9240) 
containing trypticase as the broth and observed for the 
next 72 h. Indications for blood culture were the pres-
ence of systemic signs of infection. Site-specific culture 
of urine, skin and sputum was done for urosepsis, cel-
lulitis and respiratory symptoms respectively. Antibiotic 
culture pattern was obtained for the major causative or-
ganisms: Escherichia coli, Klebsiella and Enterococcus, etc. 
Antibiotic sensitivity was assessed for cephalosporins, 
B-lactamase, piperacillin/tazobactam (PIP-TAZ), fluoro-
quinolones, aminoglycosides, carbapenems, tigecycline, 
colistin and polymyxin.

Patients with fever, and/or abdominal pain received 
prophylactic piperacillin/tazobactam in the scheduled 
dose of 4.5 g three times a day. The antibiotic was revised 
subsequently based on the sensitivity report. The antibi-
otic was also modified when there was no response within 
72 h of introduction of PIP-TAZ or there was an alterna-
tive antibiotic sensitivity pattern. The final alternative was 
introduction of meropenem when there was no response 
to a specific antibiotic and cultures were also negative.

The primary end point of the study was survival at 
3 months. 

Community-acquired SBP (C-SBP): SBP occurring 
within 72 h of admission to the hospital [4].

Nosocomial SBP (N-SBP): SBP occurring 72 h after 
admission to the hospital [5].

Healthcare-associated SBP (HCA-SBP): SBP in ad-
mitted patients who were hospitalized in the preceding 
90 days of current admission [6].

Multi-drug-resistant bacteria (MDR): These are 
resistant to 3 or more of the principal antibiotic fam-
ilies, including β-lactams. The most common bacteria 
are extended-spectrum β-lactamase-(ESBL)-produc-
ing E. coli, methicillin-resistant Staphylococcus aureus 
(MRSA), carbapenemase-producing Klebsiella (CPK) 
and vancomycin-resistant Enterococcus (VRE) [7].

Sample size: 110 subjects [8].

Statistical analysis

Demographic parameters (age, gender, clinical pa-
rameters such as CTP grading, etiology and co-mor-
bidities) were considered as other explanatory vari-
ables. Descriptive analysis was analysed by median 
and range for quantitative variables and frequency and 

•	Patients classified based on defined criteria for C-SBP, H-SBP and N-SBP
•	Prophylaxis with piperacillin-tazobactum combination initially

Initial 
treatment

•	Response within 48-72 h – continued on same antibiotic
•	No response/culture positive samples – antibiotics escalated as per sensitivity

Treatment 
response

•	Details of survival at 90 days
Survival 
analysis

Fig. 1. Study methodology
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proportion for categorical variables. The association 
between categorical explanatory variables and out-
comes was assessed by cross tabulation and compari-
son of percentages. The chi-square test was used to test 
statistical significance. Comparison of medians was 
done using the Mann-Whitney U  test and ANOVA. 
A survival plot was plotted for various variables using 
the log rank test. A p value < 0.05 was considered sta-
tistically significant. 

The study was performed with ethical standards 
which conform with the Helsinki Declaration of 1975, 
as revised in 2000 and 2008, confirming human and 

animal rights. The study was approved by the ethics 
committee of the institute.

Results 

Baseline characteristics

Of the 870 patients with cirrhosis and ascites regis-
tered during the study period, 610 fulfilled the criteria 
for inclusion. The majority were men (106; 86%), with an 
overall median age of 51.5 (27-78) years. 122 (20%) pa-
tients had SBP: C-SBP in 37 (30.3%), N-SBP in 19 (16.5%) 

Table 1. Comparative analysis of clinical profile in N-SBP, C-SBP and H-SBP

Parameter N-SBP (n = 19) C-SBP (n = 37) H-SBP (n = 66) p value

Age

Median (range) 48 (29-71) 52 (27-71) 51 (27-78) 0.32

Gender

Male 19 (100) 30 (82) 57 (86) 0.38

Female None 7 (18) 9 (14)

Co-morbidity

Diabetes 6 14 23 0.77

Other comorbidity 2 7 8

No comorbidity 11 16 35

Aetiology

Alcohol 8 (42.1) 21 (56.75) 34 (51.5) 0.43

Cryptogenic 5 (26.3) 11 (29.72) 20 (30.3)

HBV/HCV 4 (21) 2 (5.4) 5 (7.6)

Others 2 (10.5) 1 (2.7) 6 (9.1)

Alcohol + Virus None 2 (5.4) 1 (1.5)

CTP Class

B 2 (10.5) 8 (21.6) 3 (4.5) 0.03

C 17 (89.5) 29 (78.4) 63 (95.5)

MELD

Median (range) 21 (13-40) 24 (13-38) 22.5 (12-38) 0.37

0.67
< 15 3 (15.8) 3 (8.1) 7 (10.6)

> 15 16 (84.2) 34 (91.9) 59 (89.4)

Symptomatic SBP

Symptomatic SBP 3 (16) 17 (46) 22 (33) 0.07

Asymptomatic SBP 16 (84) 20 (54) 44 (67)

SBP + CRC 15 (79) 16 (43) 38 (58) 0.04

SBP + No CRC 4 (21) 21 (57) 28 (42)

Survival at 3 months

Alive 4 (42.2) 29 (78.3) 37 (56.1) 0.00043

Death 15 (78.9) 8 (21.6) 29 (43.9)
CRC – cirrhosis-related complications
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and H-SBP in 66 (54.5%). Clinically, 81 (65.7%) patients 
were asymptomatic, 20 had abdominal pain (16.3%), ab-
dominal pain with fever and only fever in 11 each (9%). 
Previous history of SBP was noted in 9 (7%) cases.

Comparative analysis between N-SBP, C-SBP 
and H-SBP

Clinical profile

Patients in the three groups were comparable for age, 
gender, comorbidity and etiological spectrum of cir-
rhosis. Also there were no significant differences in the 
clinical presentation. A significantly higher percentage 
of C-SBP belonged to CTP class B while the majority 
of H-SBP and N-SBP were in CTP class C with high-
er rates of associated cirrhosis-related complications.  

Survival outcome was worst with N-SBP (78.9% deaths) 
and least with C-SBP (54% survival) (Table 1).

Laboratory parameters

Patients with C-SBP had higher ALT levels (p < 0.05). 
There was no significant difference in the remaining liver 
biochemistry and renal parameters (Table 2).

Microbiological profile and response  
to antibiotics

Thirty-two and 7 patients respectively were blood 
and ascitic fluid culture positive. There were fewer as-
citic fluid culture positive results in N-SBP and H-SBP 
compared to blood culture. Significant number of cas-
es with N-SBP were blood culture positive (p < 0.02) 

Table 2. Comparison of laboratory parameters in N-SBP, C-SBP, H-SBP

Parameters    N-SBP (n = 19) C-SBP (n = 37) H-SBP (n = 66) p value

Haemoglobin (gm/dl)

< 12 19 (100) 35 (94.6) 64 (97) NA

> 12 0 2 (5.4) 2 (3.0)

White blood cell count (cells/mm3)

< 4000 3 (15.8) 1 (2.7) 5 (7.6) 0.27

4000-10 000 9 (47.4) 14 (37.8) 22 (33.3)

> 10 000 7 (36.8) 22 (54.5) 39 (59.0)

Platelet count (cells/mm3)

< 150 000 14 (73.7) 26 (70.3) 49 (74.3) 0.9

> 150 000 5 (26.3) 11 (29.7) 17 (25.7)

INR (median, range)

1.01 2.43 (1.35-5.7) 1.8 (1.3-2.9) 1.9 (1.19-3.92)

S. bilirubin (mg/dl)

< 1.2 1 (5.2) 2 (5.4) 2 (3) 0.81

> 1.2 18 (94.8) 35 (94.6) 64 (97)

AST (U/l)

< 30 3 (15.8) 8 (21.6) 10 (15.1) 0.69

> 30 16 (84.2) 29 (78.4) 56 (84.9)

ALT (U/l)

< 30 3 (15.8) 1 (2.7) 13 (19.7) 0.05

> 30 16 (84.2) 36 (97.3) 53 (80.3)

Albumin (gm/dl)

< 3.5 17 (89.5) 36 (97.3) 65 (98.5) 0.14

> 3.5 2 (10.5) 1 (2.7) 1 (1.5)

S. creatinine (mg/dl)

< 1.2 3 (15.8) 16 (43.2) 19 (28.8) 0.09

> 1.2 16 (84.2) 21 (56.8) 47 (71.2)
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(Table 3). The most common isolates were E. coli fol-
lowed by Klebsiella in both ascitic fluid and blood culture 
with significant MDR for E. coli and in H-SBP (Table 4). 

Antibiotic response: N-SBP most often required 
PIP-TAZ in combination with culture-sensitive anti-
biotic, while significant C-SBP and H-SBP responded 
to empirical PIP-TAZ (p < 0.0001). Fewer C-SBP re-
quired meropenem (Table 5).

Survival plot analysis at 3 months (Fig. 2) showed 
the worst survival for N-SBP (p = 0.0009) with better 
survival for H-SBP and C-SBP. 

Discussion

The prevalence of SBP in our study was 20%, sim-
ilar to other reports in the literature, where the preva-
lence has ranged from 3% to 25% [9, 10]. Two studies 
from India have reported a prevalence of 22% [11] and 
30% [12]. There are very few studies from India that 
have compared N-SBP, H-SBP and C-SBP in cirrhotic 
patients. In our study of 122 patients, 19 (16.5%) had 
N-SBP, 37 (30.3%) C-SBP, and 66 (54.5%) had H-SBP. 
In a  recent study by Balaraju et al. [13], the preva-
lence of C-SBP was 87% and 13% for N-SBP; C-SBP 
was comparatively low in our study (Table 6). Ours is 
a quaternary referral centre for liver transplant and the 
majority of the patients coming to our centre had been 
treated elsewhere, resulting in a higher prevalence of 
H-SBP. 

Nearly three fifth of patients were asymptomat-
ic. This observation highlights the fact that SBP may 
not have a clinically overt presentation in a significant 
proportion of cirrhotics and a high index of suspicion 
needs to be maintained with an absolute need for an 
ascitic fluid examination at each visit.

Clinically, there was no distinction between the  
3 types of SBP acquisition. Almost a  third of each 
group had either fever or abdominal pain as presenting 
complaints. This observation is similar to those made 
by Jain et al. [14]. In a study by Cheong et al., fever was 
common in N-SBP and abdominal pain in C-SBP [15].

Of 122 patients, 32 (26%) patients were blood cul-
ture positive, most frequent in N-SBP (42%) followed 
by H-SBP (30%) and C-SBP (10%). Only 7(6%) were 
ascitic culture positive. Baijal et al. [16] and Moham-
mad et al. [17] reported a  much higher positivity at 
15% and 25% respectively. The low culture yield in the 
present study may be related to prior antibiotic expo-
sure in our cases [18].

Table 3. Culture positivity in ascitic fluid and blood in N-SBP, C-SBP, H-SBP

Outcome N-SBP (No. %)
19 (16%)

C-SBP (No. %)
37 (30%)

H-SBP (No. %)
66 (54%)

p value

Ascitic fluid Positive 3 (15.8) None 4 (6.1) 0.71

Negative 16 (84.2) None 66 (93.9)

Blood Positive 8 (42.1) 4 (10.8) 20 (30.3) 0.02

Negative 11 (57.9) 33 (89.2) 46 (69.6)

Table 4. Bacterial isolates and MDR status in blood and ascitic fluid in N-SBP, C-SBP, H-SBP

E. coli Klebsiella Acinetobacter Salmonella Staphylococcus Enterococcus Enterobacter

Ascitic fluid culture (7)

N-SBP – – 1 (MDR) 1 (S) 1 (S) – –

C-SBP – – – – – – –

H-SBP 3 (S) 1 (S) – – – – –

Blood culture (32) 

N-SBP 3 (S); 2 (MDR) 1 (S); 1 (MDR) – – – – 1 (MDR)

C-SBP 1 (S) 1 (MDR) – – – 1 (S) 1 (S)

H-SBP 6 (S); 9 (MDR) 1 (S); 3 (MDR) – – – 1 (MDR) –

S – pan-sensitive, MDR – multi-drug-resistant 

Table 5. Antibiotic response in N-SBP, C-SBP and H-SBP

Response  
to antibiotic

N-SBP 
19 (16%)

C-SBP
37 (30%)

H-SBP 
66 (54%)

p value

Empirical PIP-TAZ 3 (15.8) 27 (73) 33 (50) 0.0001

PIP-TAZ + others 12 (63.2) 6 (16.2) 14 (21.2)

Meropenem 4 (21) 4 (10.8) 19 (28.8)
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Ascitic fluid culture positivity was very low in our 
series. Though the organisms isolated from ascitic flu-
id were similar to those reported in other studies from 
India [13, 16, 19], the overall culture positivity was low, 
possibly due to prior antibiotic exposure.

Thirty-two patients had positive blood cultures. 
An earlier report observed that 33% to 57% of patients 
with neutrocytic ascites may have positive blood cul-
ture, indicating bacteraemia [20] with worse outcomes. 
Acharya et al. [21] also made similar observations. 
Seventeen (44%) isolates in our series were multidrug 
resistant organisms, similar to reports by Baijal et al. 
[16] and relatively low compared to an earlier study 
from our centre [18].

The mortality at 3 months in our study was inter-
mediate, as reported by 2 other studies (Table 6). 

Summing up, the prevalence of SBP in our study 
was 20%, the majority with healthcare-associated SBP 
belonging to CTP C. Patients with nosocomial SBP 
had significant bacteremia with high mortality. 

Limitations of the study

Though the sample size was adequate in our series, 
50% of our patients had H-SBP with fewer cases in the 
other 2 groups. Ascitic fluid culture yield was very low, 
largely related to more patients with healthcare-asso-
ciated SBP who would have received antibiotics in the 
preceding 3 months. 
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