Ding et al. BMC Infectious Diseases (2019) 19:463
https://doi.org/10.1186/s12879-019-4102-4

BMC Infectious Diseases

RESEARCH ARTICLE Open Access

Causative agents and outcome of
spontaneous bacterial peritonitis in

Check for
updates

cirrhotic patients: community-acquired
versus nosocomial infections

Xiurong Ding, Yanhua Yu, Ming Chen, Chen Wang, Yanfang Kang and Jinli Lou”

Abstract

clinical and laboratory data were analyzed.

Background: Spontaneous bacterial peritonitis (SBP) is a serious complication and common cause of death in
patients with liver cirrhosis. This study was conducted to compare the microbiological characteristics, drug
resistance, and treatment outcomes for nosocomial SBP and community-acquired SBP.

Methods: A retrospective study was performed on 334 patients with culture-positive SBP at Beijing Youan Hospital,
China, between January 2012 and December 2016. The medical records for these patients were reviewed, and their

Results: A total of 155 (46.4%) patients with nosocomial SBP and 179 (53.6%) with community-acquired SBP were
included in this study. From the patients” ascitic fluids, 334 pathogenic strains, including 178 Gram-negative bacterial
strains, 138 Gram-positive bacterial strains and 18 other microbial strains were isolated. E. coli was the major pathogen
(24.3%), followed by Klebsiella pneumoniae (12.0%) and Enterococcus faecium (10.5%). The proportion of Enterococcus
was significantly higher in the patients with nosocomial SBP (6.1% vs. 27.7%, P < 0.001) than in the patients with
community-acquired SBP. The main pathogens isolated from the nosocomial infections were significantly more
resistant to the first-line recommended drug. Compared with community-acquired SBP, nosocomial SBP had a poorer
outcome (36.8% vs. 24.6%; P=0.016). The independent predictors for 30-day mortality included nosocomial infection,
Child-Pugh classification, hepatocellular carcinoma, renal failure and hepatic encephalopathy.

Conclusion: Gram-negative bacteria were the major pathogens involved in SBP in the cirrhotic patients. The strains isolated
from the patients with nosocomial SBP displayed higher drug resistance than those isolated from patients with community-
acquired SBP. Compared with community-acquired SBP, nosocomial SBP had a poorer outcome. When choosing drug
treatments, the acquisition site of infection and the local epidemiological situation should be taken into account.
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Background

Spontaneous bacterial peritonitis (SBP) is a well-recognized
and prevalent complication seen in cirrhotic patients with as-
cites, occurring in 10-25% of these patients [1-4]. It leads to
more severe liver function damage, multi-organ failure and
sepsis, thus affecting the prognosis of such patients [5-7].
Once SBP is diagnosed, appropriate antibiotic treatment
must be started as soon as possible, without prior knowledge
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of the causative organisms or their in vitro drug sensitivities
[1, 2]. Because Gram-negative Enterobacteriaceae members
are recognized as the most common causative organisms of
SBP, third-generation cephalosporins (TGCs) have been
recommended as the first-line therapies for this condition [1,
2, 8]. However, as cirrhotic patients require frequent
hospitalization, undergo numerous invasive procedures, and
are subject to antibiotic prophylaxis, some studies have sug-
gested that the bacterial spectrum and resistance profiles of
the causative pathogens of SBP have changed and show huge
regional variation [4, 9, 10]. Thus, the latest guidelines from
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the European Association for the Study of Liver (EASL) rec-
ommend that for empirical treatment of SBP in cirrhotic pa-
tients with ascites, distinguishing nosocomial SBP from
community-acquired SBP is necessary [11]. Moreover,
whether the infection site is community-acquired or nosoco-
mically acquired will influence the clinical outcome for pa-
tients with SBP, but large differences exist in the data from
different studies [4, 12, 13].

This study aimed to determine whether differences
exist between the clinical and microbiological character-
istics of nosocomial and community-acquired SBP. We
also explored the use of a comprehensive approach to
determine the possible prognostic factors for hospital
mortality in relation to SBP.

Methods

Patients and study design

The medical records of 334 patients (> 18years) with
culture-positive SBP and who were hospitalized at Beijing
Youan Hospital, Capital Medical University (Beijing Insti-
tute of Hepatology) from January 2012 to December 2016
were reviewed. We only included one episode of SBP for
each patient within the study period. Patients with a cul-
ture that was positive for highly suspicious skin contami-
nants, namely, coagulase negative Staphylococci (when the
same strain was isolated twice or more from one patient
and the treatment records were available, it was counted
in this study), Corynebacterium, Propionibacterium, or
Bacillus spp., and those with secondary peritonitis were
excluded from our study. This study was carried out in ac-
cordance with the principles of the Declaration of Helsinki
and was formally approved by the Institutional Medical
Ethics Committee of Beijing Youan Hospital, Capital
Medical University, China.

Definitions

Culture-positive SBP was defined as a sample having a
polymorphonuclear leukocyte count of 2250 cells per
mm? in ascitic fluid and an ascitic fluid culture that was
positive for a single organism. Community-acquired SBP
was defined as an infection diagnosed within the first 48
h of admission to hospital, whereas a diagnosis made
more than 48 h after hospitalization was defined as
nosocomial SBP. Secondary peritonitis was considered in
patients where the following applied: a polymicrobial in-
fection, peritoneal dialysis, an indwelling abdominal
catheter, and a recent history of abdominal surgery. The
baseline data of patients with nosocomial SBP were
assessed at the moment of SBP diagnosis. By reviewing
the medical records and implementing a telephone
follow-up survey, each patient was followed for 30 d
after their diagnosis of SBP to determine the outcome.
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Laboratory testing

Bacterial identification and antibiotic susceptibility tests
were performed according to the standard procedures
established by the Clinical and Laboratory Standards Insti-
tute (CLSI). Cultivated microorganisms were identified
using PHOENIX-100 (Becton Dickinson, Mountain View,
CA, United States) instrumentation and matrix-assisted
laser desorption/ionization-time of flight mass spectrom-
etry (Bruker Daltonics, Germany). The antibiotic suscepti-
bility testing was performed using PHOENIX-100 and
confirmed by the Kirby-Bauer method on Miiller-Hinton
agar (Oxoid, Basingstoke, UK). The drug sensitivity test
results were assessed according to the CLSI standards of
2012. Staphylococcus aureus ATCC25923, Escherichia coli
ATCC25922, and Pseudomonas aeruginosa ATCC27853
were used as the quality control strains.

Statistical analysis

SPSS 17.0 (SPSS, Chicago, IL, USA) was used for all the
statistical analyses. Comparisons of the categorical variables
were performed using x?, Fisher’s exact test, or continuity
correction, as appropriate. Continuous variables were com-
pared using the Student’s ¢ test. To determine the risk fac-
tors associated with mortality, the proportional-hazards
Cox regression model was used to control the effects of the
confounding variables. Variables with P< 0.05 in the uni-
variate analyses were candidates for multivariate analysis.
All P values were 2-tailed, and P values of < 0.05 were con-
sidered to be statistically significant.

Results

Patient characteristics

During the study period, 748 patients were diagnosed
with SBP. From these patients, 334 (44.7%) who were di-
agnosed with culture-positive SBP were enrolled in this
study, of which 270 were males and 64 were females.
Their ages ranged from 18 to 87 years and the mean age
was 55.5 + 10.4 years. Hepatitis B virus (145 patients,
43.4%) was the most common cause of cirrhosis,
followed by alcohol (123 patients, 36.8%), and hepatitis
C virus (31 patients, 9.3%). The patients were divided
into two groups according to the type of infection: the
nosocomial SBP group (n=155 46.4%) and the
community-acquired SBP group (n =179, 53.6%). There
were no statistically significant differences in age, sex,
liver cirrhosis cause, Child-Pugh classification, hepatic
encephalopathy, septic shock or gastrointestinal bleeding
between the two groups. Concerning clinical signs, such
as fever, abdominal pain, renal failure and hepatocellular
carcinoma were statistically significantly more common
among the patients with nosocomial infections. The
clinical and demographic characteristics of the study
population are shown in Table 1.
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Table 1 Baseline characteristics of patients with spontaneous bacterial peritonitis

Characteristic Total Nosocomial SBP Community-acquired SBP P value

(n =334, %) (n =155, %) (n =179, %)

Age, mean years + SD 555+104 563+103 549+104 0.222

Sex, Male 270 (80.8) 127 (81.9) 143 (79.9) 0.635

Main cause of liver cirrhosis (n, %) 0.903
HBV infection 145 (434) 67 (43.2) 78 (43.6) 0.949
HCV infection 31(93) 17 (11.0) 14 (7.8) 0.323
Alcohol use 123 (36.8) 55 (35.5) 68 (38.0) 0.636
Primary biliary cirrhosis 15 (4.5) 7 (4.5) 8 (4.5) 0.984
Other 20 (6.0) 9(58) 11 6.1) 0.896

Child-Pugh classification 0453
Class B 82 (24.6) 41 (26.5) 41 (22.9)
Class C 252 (754) 114 (73.5) 138 (77.1)
MELD score = SD 169+97 176£10.0 160+94 0218

Initial presenting symptoms
Fever 178 (53.3) 107 (69.0) 71 (39.7) <0.001
Vomiting/diarrhea 57 (17.1) 30 (194) 27 (15.1) 0301
Abdominal pain 153 (45.8) 81 (52.3) 72 (40.2) 0.028
Hepatic encephalopathy 69 (20.7) 38 (24.5) 31 (17.3) 0.105
Gastrointestinal bleeding 38 (114) 18 (11.6) 20 (11.2) 0.900
Renal failure 65 (19.5) 40 (25.8) 25 (14.0) 0.006
Septic shock 25 (7.5) 13 (84) 12 6.7) 0.560
Hepatocellular carcinoma 93 (28.7) 55 (35.5) 38 (21.2) 0.004

Microbiological characteristics

A total of 334 pathogens were isolated from the ascetic
fluid samples from the patients with SBP. There were
178 (53.3%) strains of Gram-negative bacteria, 138
(41.3%) strains of Gram-positive bacteria, 14 strains of
fungi and 4 anaerobic strains. E. coli was the major
pathogen (81 isolates, 24.3%), followed by Klebsiella
pneumoniae (40 isolates, 12.0%) and Enterococcus fae-
cium (35 isolates, 10.5%). As shown in Table 2, in the
nosocomial group, the most common bacteria were En-
terococcus (n =43, 27.7%), followed by E. coli (n=32,
20.6%), K. pneumoniae (n = 14, 9.0%), coagulase-negative
Staphylococci (n=12, 7.7%) and S. aureus (n=9, 5.8%).
Contrastingly, in the community-acquired group, the
most common bacterial species were E. coli (n=49,
27.4%) and K. pneumoniae (n =26, 14.5%), followed by
the Streptococcus genus (n =23, 12.8%), coagulase-nega-
tive Staphylococci (n=19, 10.6%) and the Enterococcus
genus (n=11, 6.1%). No statistically significant differ-
ences were found in the distribution of E. coli, K. pneu-
moniae, coagulase-negative Staphylococcus, and S.
aureus between the two groups. However, there were
more Gram-positive cocci in the nosocomial group (n =
73) than in the community-acquired group (n =65, P <
0.05). Statistically significant differences were also found

in the distribution of Enterococci between the two
groups (6.1% vs. 27.7%, P < 0.001), and Enterococci were
more commonly found in the nosocomial group.

The carbapenem antibiotics, amikacin and piperacillin/
tazobactam, were the most consistently active in vitro
drugs against E. coli and K. pneumonia in both the noso-
comial and community-acquired infection groups
(Table 3). Piperacillin/tazobactam and levofloxacin were
significantly more effective against community-acquired
E. coli infections, whereas cefepime was significantly more
effective against community-acquired K. pneumonia infec-
tions (all P<0.05). In addition, forty strains of
extended-spectrum beta lactamase (ESBL)-producing E.
coli and 6 strains of ESBL-producing K. pneumonia were
detected, with detection rates of 49.4% (40/81) and 15.0%
(6/40), respectively. The number of ESBL-producing E.
coli was significantly higher for the nosocomial infections
than for the community-acquired infections (P < 0.001).
However, no obvious differences were observed for the K
pneumonia infections.

Vancomycin, linezolid and teicoplanin showed good
antibacterial activities against S. aureus and Enterococci
(Table 4). In addition, S. aureus displayed fairly high sen-
sitivity (>85%) to nitrofurantoin, rifampin and sulfa-
methoxazole, but the community-acquired isolates of S.
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Table 2 Bacteria distributions in nosocomial and community-acquired spontaneous bacterial peritonitis
Pathogen No. (%) of patients p value
Total Nosocomial SBP Community-acquired
(n=334, %) (n=155, %) SBP (n=179, %)
Gram-negative bacteria 178 (53.3) 75 (484) 103 (57.5) 0.094
Escherichia coli 81 (243) 32 (20.6) 49 (274) 0.152
Klebsiella pneumoniae 40 (12.0) 14 (9.0) 26 (14.5) 0.123
Acinetobacter spp. 11 (3.3) 6 (3.9 5(28) 0.582
Enterobacter cloacae 7.0 3(19 4(2.2) 0.849
Enterobacter species 19 (5.7) 8 (5.2) 11 6.1) 0.699
Pseudomonas aeruginosa 7 (2.1) 3(1.9) 4(22) 0.849
Aeromonas species 4(12) 1(0.6) 3(1.7) 0.719
Sphingomonas paucimobilis 1(0.3) 1(06) 0 (0.0) 0464
Salmonella 1(0.3) 0 (0.0) 1(0.6) NS
Stenotrophomonas maltophilia 7(2.1) 7 (4.5) 0 (0.0) 0.004
Gram-positive bacteria 138 (41.3) 73 (47.1) 65 (36.3) 0.046
Streptococcus pneumoniae 6 (1.8) 1(0.6) 5(2.8) 0.289
Streptococcus (other than S. pneumoniae) 26 (7.8) 8(52) 18 (10.1) 0.096
Enterococcus faecalis 16 (4.8) 14 (9.0) 20 0.002
Enterococcus faecium 35 (10.5) 28 (18.1) 7 (3.9) < 0.001
Other Enterococcus 3(09) 1(06) 2(1.) NS
Staphylococcus aureus 16 (4.8) 9 (5.8) 7 (3.9 0418
Coagulase-negative staphylococci 31 (9.3) 12 (7.7) 19 (10.6) 0376
Listeria monocytogenes 5(1.5) 0(0.0) 5298 0.064
Fungi 14 (4.2) 6 (4.5) 839 0.786
Candida albicans 7.0 3(26) 4(1.7)
Candida glabrata 3(09) 1(0.6) 2(1.0)
Candida tropicalis 2 (0.6) 1(0.6) 1(0.6)
Candida parapsilosis 1(0.3) 1(06) 0 (0.0)
Cryptococcus neoformans 1(03) 0 (0.0) 1(0.6)
Anaerobe 4(1.2) 1(0.6) 3(1.7) 0.627

aureus were more sensitive to clindamycin than the
nosocomial-acquired isolates (P =0.044). Enterococci
susceptibility to erythromycin and nitrofurantoin in the
community-acquired group was stronger than in the
nosocomial isolates (all P < 0.05).

Clinical outcome and predictors of mortality

The overall 30-day mortality rate for patients with SBP
was 30.2% (101 of 334 cases). The mortality rate for noso-
comial SBP was significantly higher than that for
community-acquired SBP (36.8%, 57/155 cases vs. 24.6%,
44/179 cases; P=0.016). The factors associated with the
30-day mortality rate are shown in Table 5. The multivari-
ate analysis revealed that the Child-Pugh classification (p
=0.007; HR, 2.167; 95% CI,1.236—3.798), nosocomial in-
fection (p = 0.044; HR,1.514; 95% CI,1.012-2.267), hepato-
cellular carcinoma (p = 0.002; HR, 1.930; 95% CI, 1.284—

2.901), renal failure (p < 0.001; HR, 2.244; 95% CI, 1.440—
3.496) and hepatic encephalopathy (p =0.012; HR, 1.739;
95% CI, 1.129-2.677) were the independent predictors of
30-day mortality.

Discussion
SBP is a serious complication and common cause of
death in patients with liver cirrhosis, but early diagnosis
and the timely application of antibiotic therapy can sig-
nificantly decrease its mortality rate [1, 2]. However, the
etiological patterns of peritonitis show huge regional dif-
ferences [4, 9, 10]. Thus, studying the epidemiology of
SBP should be conducted at a local level with regard to
the use of empirical therapy.

Gram-negative bacteria like E. coli and K. pneumonia
are the most common causes of SBP [1, 2]. But several
studies in recent years have shown that the major
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Table 3 Comparison of the drug resistance of major gram-negative bacteria to commonly used antibacterial agents between

nosocomial and community-acquired SBP
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Antibiotics Escherichia coli (n = 81) Klebsiella pneumoniae (n = 40)
Nosocomial Community-acquired p value Nosocomial Community-acquired p value
(n=32) (n=49) (n=14) (n=26)

ESBL 25 (78.1) 15 (30.6) 0.000 4 (28.6) 2(7.7) 0.194
Ampicillin 29 (90.6) 43 (87.8) 0.968 14 (100) 24 (92.3) 0.533
Piperacillin 28 (87.5) 37 (75.5) 0.299 6 (42.9) 3(11.5) 0.062
Amoxicillin-clavulanic acid 12 (37.5) 10 (20.4) 0.091 3(214) 1(3.8) 0224
Piperacillin/tazobactam 4(12.5) 0 0.022 2 (143) 0 0.117
Cefazolin 26 (81.2) 13 (26.5) 0.000 4 (286) 4 (154) 0.562
Ceftazidime 25 (78.1) 13 (26.5) 0.000 4 (286) 2(7.7) 0.194
Cefotaxime 27 (84.3) 15 (30.6) 0.000 4 (28.6) 2(7.7) 0.194
Cefepime 23(719) 11 (224) 0.000 4 (286) 0 0.011
Aztreonam 18 (56.3) 10 (204) 0.001 2(143) 1(338) 0.571
Imipenem 2(6.3) 0 0.153 2 (143) 0 0.117
Meropenem 1 (3.1 0 0.395 1(7.1) 0 0350
Amikacin 2 (6.3) 0 0.153 1(7.0) 0 0.350
Levofloxacin 23 (71.9) 21 (429 0.01 3214 1(3.8) 0.224
SMZ 21 (65.6) 30 (61.2) 0.688 3214 4 (154) 0.965
Gentamicin 17 (53.1) 25 (51.0) 0.853 2(14.3) 2(7.7) 0912
Tetracycline 25 (78.1) 39 (79.6) 0.874 4 (28.6) 4(154) 0.562
pathogens responsible for SBP have shifted from organisms were predominant in the nosocomial infec-

Gram-negative bacteria to Gram-positive cocci [14-17].
In contrast to these findings, and in agreement with the
traditional model, our results show that Gram-negative
bacteria (53.3%) remain the main etiological agents of SBP
and that E. coli (24.3%) was its most common cause. Not-
ably, Gram-negative bacteria were predominant in the
community-acquired infections, whereas Gram-positive

tions. This result is consistent with the data obtained from
other investigations in mainland China [18, 19], indicating
that no significant changes in the proportion of
Gram-negative to Gram-positive infections occurred in
the Chinese patients with SBP.

In recent years, some studies have reported on the emer-
gence of resistance to TGCs in SBP [20-22]. Indeed,

Table 4 Comparison of the drug resistance of major gram-positive bacteria to commonly used antibacterial agents between

nosocomial and community-acquired SBP

Antibiotics Staphylococcus aureus (n = 16) Enterococcus (n = 54)

Nosocomial Community-acquired p value Nosocomial Community-acquired p value

(n=9) (n=7) (n=43) (n=11)
Penicillin 8 (88.9) 5(714) 0.550 37 (86.0) 8(72.7) 0.546
Oxacillin 6 (66.7) 3(42.9) 0615 - - -
Erythromycin 8 (88.9) 4 (57.1) 0.262 36 (83.7) 6 (54.5) 0.038
Clindamycin 7 (778) 1(14.3) 0.041 - - -
Nitrofurantoin 0 0 NS 25 (58.1) 2(182) 0.043
Rifampicin 0 0 NS 37 (86.0) 8(72.7) 0.546
Tetracycline 4 (44.4) 2 (286) 0.633 24 (55.8) 6 (54.5) 0.940
Ciprofloxacin 5 (55.6) 2 (286) 0.358 32 (744) 8(72.7) 0.909
SMZ 1(11.1) 1(143) NS - - -
Linezolid 0 0 NS 0 0 NS
Vancomycin 0 0 NS 8 (18.6) 101 0.762
Teicoplanin 0 0 NS 4 (9.3) 0 0.571
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Table 5 Risk factors for 30-day mortality in patients with spontaneous bacterial peritonitis
Risk factor Survivors Nonsurvivors Univariate Multivariate

(n=233) (n =101) P value p value HR 95% Cl
Age, mean years _ SD 553+ 107 56.1+9.9 0.869 - - -
Male 191 79 0401 - - -
Child-Pugh classification 0.007 0.007 2.167 1.236-3.798
Class B 67 15
Class C 166 86
Hepatocellular carcinoma 53 40 0.005 0.002 1.930 1.284-2.901
Nosocomial infection 98 57 0.005 0.044 1514 1.012-2.267
Resistance to third - generation cephalosporins 77 40 0321 - - -
Gastrointestinal bleeding 23 15 0.105 - - -
Renal failure 34 31 0.001 < 0.001 2244 1.440-3.496
Septic shock 14 11 0.156 - - -
Hepatic encephalopathy 37 32 <0.001 0012 1.739 1.129-2.677

nosocomial infections are considered an independent pre-
dictor of resistance to these agents [4, 23]. In the present
study, the resistant organisms cultured from ascites fluid
mainly included Enterococci, ESBL-producing Enterobacte-
riaceae and some other naturally resistant bacteria (Steno-
trophomonas maltophilia and Listeria monocytogenes). We
found that ESBL production was higher in the samples
from the nosocomial infection cases. Consequently, TGC
resistance in the major Gram-negative bacteria was higher
in the nosocomial group than in the community-acquired
group. However, in a recent meta-analysis, Fiore et al found
no significantly higher risk of TGC-resistant strains in
nosocomial SBP compared with community-acquired SBP
in China, although the total rate of TGC resistance was
much higher than that seen in other countries [24]. This
discrepancy may be partly explained by differences in the
study populations. Beijing Youan Hospital is one of the lar-
gest liver disease treatment centers in China, with patients
coming from all over the country. Some of these patients
might have been undergoing antibiotic therapy in other
hospitals. In addition, the E. coli strains obtained from the
patients with nosocomial SBP showed much higher resist-
ance to piperacillin/tazobactam (12.2% vs. 0.0%) and levo-
floxacin (71.9% vs. 42.9%), than those from patients with
community-acquired SBP. K. pneumoniae, however, was
more resistant to cefepime when it was isolated from the
nosocomial cases than from the community-acquired cases
(28.8% vs. 0.0%). There was also a significant difference in
the distribution of Enterococci between the two groups
(nosocomial, 6.1% vs. community-acquired, 27.7%). Entero-
cocci are resistant to a variety of antibacterial agents, includ-
ing TGC, but are highly sensitive to vancomycin, linezolid
and teicoplanin. This suggests that when choosing the
treatment for empiric therapy of patients with SBP medics
should consider both the acquisition site of infection

(nosocomial or community-acquired infection) and the
local epidemiological situation. The new guidelines from
EASL also mention another epidemiological entity; specific-
ally, health-care associated SBP, which requires the same
therapeutic approach as that used for nosocomial SBP [11].
However, as there is still controversy about its utility [25],
health-care associated SBP was not divided into a separate
group in the present study.

Continual progress in health technology has markedly
improved the prognosis for cirrhotic patients with SBP.
But the one-year survival rate after recovery from the
first episode of SBP is only 30-40% [26, 27]. A number
of studies have sought to identify prognostic factors in
patients with SBP [4, 10, 12, 23, 28, 29]. Consistent with
other studies [4, 28, 29], our results show that the
Child-Pugh classification, concomitant hepatocellular
carcinoma, renal failure presentation and hepatic en-
cephalopathy are all significant risk factors for the
30-day mortality associated with SBP. As for nosocomial
infections being a prognostic factor for SBP, some diver-
gent opinions still exist. In our study, even after adjust-
ing for the other prognostic factors associated with
mortality, nosocomial SBP (p = 0.044; HR, 1.514; 95% CI,
1.012-2.267) was still identified as an independent risk
factor for mortality. This view is consistent with the
study findings of Cheong et al, [4] but differs from other
studies in Korea [12, 13], which have all highlighted that
the acquisition site of infection does not affect the clin-
ical outcomes for patients with SBP. Differences in the
study populations and variable therapeutic regimens
may play a part in this discrepancy. But researchers also
think that the high mortality rate for patients with SBP
reflects both the presence of infectious diseases and the
underlying illness itself. In general, patients with nosoco-
mial SBP have more severe underlying illnesses than
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those with community-acquired SBP [14]; hence, it is
not surprising that nosocomial SBP has a worse progno-
sis. Previous studies [4, 23, 28, 29] have also reported
that resistance to TGC is an independent predictor of
mortality in patients with SBP. However, the effects of
such resistance could not be confirmed in our study.
The difference between these other studies and our own
may result from heterogeneity in the pathogens. Clearly,
a bigger sample size will be needed in future research to
verify this.

Our study has some limitations. First, the study com-
prised a single-center retrospective design and a rela-
tively small sample size, and this may have compromised
its statistical power. Second, the 2 groups are not com-
pletely comparable in their baseline characteristics (i.e.,
the higher prevalence of HCC in nosocomial infections
reflect that these patients had a more advanced liver dis-
ease), to some extent, these selective bias could have in-
fluenced the higher mortality rate in the nosocomial SBP
group. Third, only patients with SBP based on positive
cultures were included in this study; we excluded pa-
tients with culture-negative neutrocytic ascites. Thus, se-
lection bias may have occurred.

Conclusion

In conclusion, in the present study, Gram-negative bac-
teria remain the most prevalent cause of SBP, but com-
pared with the community-acquired group, the
proportion of Enterococci responsible for SBP was sig-
nificantly higher in the nosocomial group. The resistance
rate of the main pathogenic bacteria to TGC was very
high, particularly in patients with nosocomial SBP. Thus,
the choice of antibiotics used as empirical therapy in pa-
tients with SBP should consider both the acquisition site
of infection and the local epidemiological situation. Of
particular note, nosocomial acquisition was found to be
significantly associated with higher mortality rates, along
with Child-Pugh classification, concomitant hepatocellu-
lar carcinoma, renal failure, and hepatic encephalopathy.

Abbreviations
SBP: Spontaneous bacterial peritonitis; ESBL: Extended-spectrum beta
lactamase; TGC: Third-generation cephalosporins

Acknowledgements

We thank Dr. Zhizhong Liu (China Rehabilitation Research Center Clinical
Laboratory) who helped to draft this manuscript. We also thank Sandra
Cheesman, PhD (Liwen Bianji, Edanz Group China), for editing the English
text of a draft of this manuscript.

Funding
None.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Page 7 of 8

Authors’ contributions

XRD conceived the study, carried out most of the data collection, and
drafted the manuscript. YHY participated in the data analysis and
interpretation, and drafted the manuscript. JLL conceived the study,
participated in the study design, and revised the manuscript. MCH, CHW,
and YFK contributed to the data analysis. All authors have read and
approved publication of the final manuscript.

Ethics approval and consent to participate

The study was approved by the Medical Ethics Committee of Beijing Youan
Hospital, Capital Medical University, China. As the analysis used anonymous clinical
data, the patients were not required to give informed consent for the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 11 June 2018 Accepted: 16 May 2019
Published online: 23 May 2019

References

1. European Association for the Study of the Liver. EASL clinical practice
guidelines on the management of ascites, spontaneous bacterial peritonitis,
and hepatorenal syndrome in cirrhosis. J Hepatol. 2010,53(3):397-417.

2. Angeloni S, Leboffe C, Parente A, Venditti M, Giordano A, Merli M, Riggio O.
Efficacy of current guidelines for the treatment of spontaneous bacterial
peritonitis in the clinical practice. World J Gastroenterol. 2008;14(17):2757—
62.

3. Lutz P, Nischalke HD, Strassburg CP, Spengler U. Spontaneous bacterial
peritonitis: the clinical challenge of a leaky gut and a cirrhotic liver. World J
Hepatol. 2015;7(3):304-14.

4. Cheong HS, Kang Cl, Lee JA, Moon SY, Joung MK, Chung DR, Koh KC, Lee
NY, Song JH, Peck KR. Clinical significance and outcome of nosocomial
acquisition of spontaneous bacterial peritonitis in patients with liver
cirrhosis. Clin Infect Dis. 2009;48(9):1230-6.

5. Arroyo V, Jimenez W. Complications of cirrhosis. Il. Renal and circulatory
dysfunction. Lights and shadows in an important clinical problem. J
Hepatol. 2000;32(1 Suppl):157-70.

6. Arvaniti V, D'Amico G, Fede G, Manousou P, Tsochatzis E, Pleguezuelo M,
Burroughs AK. Infections in patients with cirrhosis increase mortality four-
fold and should be used in determining prognosis. Gastroenterology. 2010;
139(4):1246-56.

7. Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J, Durand F, Gustot
T, Saliba F, Domenicali M, et al. Acute-on-chronic liver failure is a distinct
syndrome that develops in patients with acute decompensation of cirrhosis.
Gastroenterology. 2013;144(7):1426-37.

8. Ribeiro TC, Chebli JM, Kondo M, Gaburri PD, Chebli LA, Feldner AC.
Spontaneous bacterial peritonitis: how to deal with this life-threatening
cirrhosis complication? Ther Clin Risk Manag. 2008:4(5):919-25.

9. Lee JM, Han KH, Ahn SH. Ascites and spontaneous bacterial peritonitis: an
Asian perspective. J Gastroenterol Hepatol. 2009,24(9):1494-503.

10. Ferndndez J, Navasa M, Gomez J, Colmenero J, Vila J, Arroyo V, Rodés J.
Bacterial infections in cirrhosis: epidemiological changes with invasive
procedures and norfloxacin prophylaxis. Hepatology. 2002;35(1):140-8.

11. European Association for the Study of the Liver. EASL clinical practice
guidelines for the management of patients with decompensated cirrhosis. J
Hepatol. 2018;69(2):406-60.

12. Song JY, Jung SJ, Park CW, Sohn JW, Kim WJ, Kim MJ, Cheong HJ.
Prognostic significance of infection acquisition sites in spontaneous
bacterial peritonitis: nosocomial versus community acquired. J Korean Med
Sci. 2006;21(4):666-71.

13, Kim SU, Chon YE, Lee CK, Park JY, Kim DY, Han KH, Chon CY, Kim S, Jung KS,
Ahn SH. Spontaneous bacterial peritonitis in patients with hepatitis B virus-
related liver cirrhosis: community-acquired versus nosocomial. Yonsei Med J.
2012;53(2):328-36.



Ding et al. BMC Infectious Diseases

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

(2019) 19:463

Sheikhbahaei S, Abdollahi A, Hafezi-Nejad N, Zare E. Patterns of
antimicrobial resistance in the causative organisms of spontaneous bacterial
peritonitis: a single Centre, six-year experience of 1981 samples. Int J
Hepatol. 2014;2014:917856.

Piroth L, Pechinot A, Minello A, Jaulhac B, Patry |, Hadou T, Hansmann Y,
Rabaud C, Chavanet P, Neuwirth C. Bacterial epidemiology and
antimicrobial resistance in ascitic fluid: a 2-year retrospective study. Scand J
Infect Dis. 2009;41(11-12):847-51.

Bert F, Andreu M, Durand F, Degos F, Galdbart JO, Moreau R, Branger C,
Lambert-Zechovsky N, Valla D. Nosocomial and community-acquired
spontaneous bacterial peritonitis: comparative microbiology and
therapeutic implications. Eur J Clin Microbiol Infect Dis. 2003;22(1):10-5.
Alexopoulou A, Papadopoulos N, Eliopoulos DG, Alexaki A, Tsiriga A,
Toutouza M, Pectasides D. Increasing frequency of gram-positive cocci and
gram-negative multidrug-resistant bacteria in spontaneous bacterial
peritonitis. Liver Int. 2013;33(7):975-81.

Shi L, Wu D, Wei L, Liu S, Zhao P, Tu B, Xie Y, Liu Y, Wang X, Liu L, et al.
Nosocomial and community-acquired spontaneous bacterial peritonitis in
patients with liver cirrhosis in China: comparative microbiology and
therapeutic implications. Sci Rep. 2017;7:46025.

Li YT, Yu CB, Huang JR, Qin ZJ, Li LJ. Pathogen profile and drug resistance
analysis of spontaneous peritonitis in cirrhotic patients. World J
Gastroenterol. 2015;21(36):10409-17.

Ariza X, Castellote J, Lora-Tamayo J, Girbau A, Salord S, Rota R, Ariza J, Xiol
X. Risk factors for resistance to ceftriaxone and its impact on mortality in
community, healthcare and nosocomial spontaneous bacterial peritonitis. J
Hepatol. 2012,56(4):825-32.

Tandon P, DelisleA, Topal JE, Garcia-Tsao G. high prevalence of antibiotic-
resistant bacterial infections among patients with cirrhosis at a US liver
center. Clin Gastroenterol Hepatol 2012; 10(11):1291-1298.

Acevedo J, Silva A, Prado V, Ferndndez J. The new epidemiology of
nosocomial bacterial infections in cirrhosis: therapeutical implications.
Hepatol Int. 2013;7(1):72-9.

Chaulk J, Carbonneau M, Qamar H, Keough A, Chang HJ, Ma M, Kumar D,
Tandon P. Third-generation cephalosporin-resistant spontaneous bacterial
peritonitis: a single-Centre experience and summary of existing studies. Can
J Gastroenterol Hepatol. 2014;28(2):83-8.

Fiore M, Gentile |, Maraolo AE, Leone S, Simeon V, Chiodini P, Pace MC,
Gustot T, Taccone FS. Are third-generation cephalosporins still the empirical
antibiotic treatment of community-acquired spontaneous bacterial
peritonitis? A systematic review and meta-analysis. Eur J Gastroenterol
Hepatol. 2018;30(3):329-36.

Maraolo AE, Gentile |, Pinchera B, Nappa S, Borgia G. Current and emerging
pharmacotherapy for the treatment of bacterial peritonitis. Expert Opin
Pharmacother. 2018;19(12):1317-25.

Garcia-Tsao G. Current management of the complications of cirrhosis and
portal hypertension: variceal hemorrhage, ascites, and spontaneous bacterial
peritonitis. Gastroenterology. 2001;120(3):726-48.

Singh N, Wagener MM, Gayowski T. Changing epidemiology and predictors
of mortality in patients with spontaneous bacterial peritonitis at a liver
transplant unit. Clin Microbiol Infect. 2003;9(6):531-7.

Park YH, Lee HC, Song HG, Jung S, Ryu SH, Shin JW, Chung YH, Lee YS, Suh
DJ. Recent increase in antibiotic-resistant microorganisms in patients with
spontaneous bacterial peritonitis adversely affects the clinical outcome in
Korea. J Gastroenterol Hepatol. 2003;18(8):927-33.

Heo J, Seo YS, Yim HJ, Hahn T, Park SH, Ahn SH, Park JY, Park JY, Kim MY,
Park SK, et al. Clinical features and prognosis of spontaneous bacterial
peritonitis in Korean patients with liver cirrhosis: a multicenter retrospective
study. Gut Liver, 2009;3(3):197-204.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients and study design
	Definitions
	Laboratory testing
	Statistical analysis

	Results
	Patient characteristics
	Microbiological characteristics
	Clinical outcome and predictors of mortality

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

