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Abstract

Background & aims

Spontaneous Bacterial Peritonitis (SBP) is an infection in patients with cirrhosis and carries

significant mortality. The management of SBP is evolving with the rise of multidrug resistant

organisms. Our aim was to perform a retrospective analysis to determine if identification of

bacteria in culture could aid in prognosis and provide information regarding optimal

treatment.

Methods

We analyzed our 10-year experience of SBP in a single academic center (Northwestern

Memorial Hospital). We obtained information regarding SBP prophylaxis, culture data and

resistance patterns of bacteria, choice/duration of inpatient antibiotics, and key laboratory

measurements and determined outcomes including mortality, hospital duration, and ICU

stay.

Results

Patients with SBP had a 17.8% mortality and had culture positive SBP 34.4% of the time.

Antimicrobial resistance was seen in 21.3% of cases and trended towards worsening mor-

tality, with worsened mortality associated with first line use of piperacillin-tazobactam (p =

0.0001). Patients on SBP prophylaxis who developed SBP had improved mortality

(p<0.0001) unless there was a positive culture, in which case patients had worsened mortal-

ity (p = 0.019). Patient with a higher PMN counts after repeat paracentesis had higher mor-

tality (p = 0.02).

Conclusions

Our results show that SBP continues to be a morbid and deadly condition and identification

of an organism is key in treatment. The standard initial antibiotic for SBP may need to be

modified to reflect emerging resistant pathogens and gram-positive organisms. Further,
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antibiotic prophylaxis should be utilized only in select cases to prevent development of

resistance.

Introduction

Spontaneous Bacterial Peritonitis (SBP) is an infection in the peritoneum that develops in

patients with ascites related to cirrhosis. SBP remains an important complication in persons

with cirrhosis and is a significant cause of mortality, with rates between 20–40% in decompen-

sated cirrhosis [1] and as high as 75% in some cohorts [2–4]. The mechanism of SBP is poorly

understood and is thought to be secondary to bacterial translocation from the gut, reduced gut

motility leading to bacterial overgrowth, and/or altered intestinal defenses and immune

responses [5, 6]. The most common organisms causing SBP arise from the gastrointestinal

tract and include Escherichia coli, Klebsiella pneumoniae, Streptococcus species (spp.) and

Enterococcus spp. [7].

The incidence of SBP has been estimated to be between 10 and 30% in chronic liver disease

patients [8], with up to 3% occurring in the outpatient setting [6, 9]. Laboratory diagnosis of

SBP is established by identifying an elevated ascitic fluid polymorphonuclear cell (PMN) count

greater than or equal to 250 cells/ul and a positive culture of the ascitic fluid. Without a posi-

tive culture, the diagnosis is referred to as Culture Negative Neutrocytic Ascites (CNNA) and

SBP with a positive culture and a PMN threshold less than 250 is referred to as Non-Neutrocy-

tic Bacteria-Ascites (NNBA). SBP, CNNA and NNBA are often used interchangeably. A recent

retrospective review demonstrated no difference in mortality in patients with SBP vs. NNBA

[10]. With proper technique, up to 60% of peritoneal fluid samples will be positive for a bacte-

rial pathogen [11–14].

SBP prevention is recommended for higher risk cirrhotic patients, such as those with low

ascitic fluid protein, risk factors for hepatorenal syndrome, and a prior history of SBP. Oral fluo-

roquinolones are currently the prophylactic antibacterial of choice [15, 16] Empiric therapy for

SBP typically relies on the use of third-generation cephalosporins and when possible therapy

should be targeted for the cultured organism [17, 18]. Treatment is often modified or continued

based on a follow-up paracentesis done on day 3 of treatment [19], although there is limited data

on repeating paracentesis and this strategy may not improve mortality [20]. Resistance to stan-

dard first line agents and prophylaxis is high, ranging from 33–49% [7, 11, 21] of cases, and con-

tinues to increase [22–25]. Infection with a resistant bacteria portends a poor prognosis [26].

Our project is a single center review on the causative agents of SBP in patients with cirrho-

sis. We reviewed data among patients with cirrhosis and SBP from a single academic center

and identify a sub-set of risk factors that could potentially change standard treatment and

management of SBP. Our aim was to determine the incidence, mortality and morbidity of

SBP, the percentage of patients with positive bacterial cultures, the types of bacteria grown

from those cultures and the morbidity/mortality of each individual bacteria, the change in Day

1 and Day 3 paracentesis results, and the resistance rates to standard treatment and prophy-

laxis. We hypothesized that identification of bacteria in culture could aid in prognosis and pro-

vide targeted treatment given resistance patterns to first line agents.

Patients and methods

We performed a chart review using the Northwestern Enterprise Data Warehouse(EDW) with

the approval of the Northwestern Biomedical IRB (STU00204726). Consent: Consent order

was waived by approved IRB. Rationale: The study was retrospective and involves collection of
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data elements, which have already been obtained as part of clinical care. We queried the data-

base to report all patients who underwent paracenteses at Northwestern Memorial Hospital in

the inpatient and outpatient settings from January 1st, 2006 to December 31st, 2016.

Inclusion criteria for review were patients with a diagnosis of SBP, cirrhosis (identified by

ICD-9, ICD-10 and CPT codes) and adults between the ages of 18 and 88 years old. We

excluded patients <18 years old and >88 years old, individuals undergoing post-surgical para-

centesis, individuals with HIV infection, patient who received a stem cell transplant, and those

without cirrhosis at the time of the procedure. We reviewed the Epic Electronic Medical

Record system to verify information from EDW queries in all cases (Fig 1).

Demographic information including age, gender, and ethnicity, date of paracentesis, and

etiology of cirrhosis diagnosis was extracted from each chart. Information regarding the details

of the diagnosis of SBP from the paracentesis were obtained via chart review and included

PMN count, culture data and species/resistance patterns. Data related to agent used for SBP

prophylaxis, the choice/duration of inpatient antibiotics for treatment of SBP, whether changes

were made in antibiotic choice, and key laboratory measurements at the time of diagnosis

were analyzed from the subjects’ chart. Outcomes of patient stay were determined including

hospital duration, all-cause mortality, ICU stay, in- hospital and recurrence of SBP.

Descriptive statistics were produced using frequencies to describe the SBP cohort. To assess

the differences in demographics and other hospitalization factors between those with positive

SBP cultures and negative SBP cultures, Student’s t-tests and Chi-square tests were performed.

Other univariate testing was done to assess types of bacteria in positive cultures, drug resis-

tance, and prophylactic antibiotics. Statistical significance was set at p<0.05. Statistical analy-

ses were performed using Statistical Analysis System (SAS) version 9.4 (SAS Institute Inc.,

Cary, North Carolina, USA) and Microsoft Excel 2019.

Results

In total, 2159 patients were identified as having cirrhosis and undergoing a paracentesis over

the 10-year study period. Of these subjects, 314 patients were diagnosed and treated for SBP at

Northwestern Memorial Hospital for a rate of 14.5% (Table 1).

Fig 1. Stepwise process of data mining starting with EDW patient data.

https://doi.org/10.1371/journal.pone.0239470.g001
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Bacterial culture data

Among all episodes of SBP, 34.4% were culture positive and yielded 27 unique organisms, with

50.4% being gram negative organisms (Table 2). There were no significant differences in cul-

ture positive and culture negative patients in terms of age, gender, etiology of cirrhosis, race,

length of stay and percentage of patients on prophylactic antibiotics; there were significant dif-

ferences in mortality (25.7% vs. 13.7%, p = 0.008), ICU Transfer rates (52.3% vs. 36.1%,

p = 0.007) and MELD-Na score (28.5 vs. 25.9, p = 0.009) (Table 1).

Table 1. Descriptive statistics of patients in the SBP cohort.

Culture Positive Culture Negative

n = 108 n = 206 P

Average Age at SBP diagnosis (Years,
Range 20–87)

57.8 56.1 0.177

Gender 62.4% Male, 37.6% Female 63.4% Male, 36.6% Female 0.857

Etiology of Cirrhosis 75.2% Non-Alcoholic Cirrhosis 67.3% Non-Alcoholic Cirrhosis 0.169

Race 65% Caucasian, 10% Hispanic, 8% African-Amer, 3%

Asian, 14% Other

54% Caucasian, 18% Hispanic, 7% African-Amer, 2%

Asian, 19% Other

0.203

Average Hospital Length of Stay (Days) 13.1 11 0.107

Mortality during Hospitalization 25.7% 13.7% 0.008�

Transfer to ICU during Hospitalization 52.3% 36.1% 0.007�

Average MELD-Na 28.5 25.9 0.009�

Percentage on prophylactic antibiotics 27.5% 19.0% 0.083

https://doi.org/10.1371/journal.pone.0239470.t001

Table 2. Details on positive culture including bacteria, mortality and susceptibility to ceftriaxone or piperacillin-tazobactam.

Bacteria Frequency of Positive

Culture

Mortality ICU Stay MELD-Na Susceptibility to

Ceftriaxone

Susceptibility to Piperacillin-

Tazobactam

Gram-negative

bacteria

Escherichia coli 28 36% 50% 30 25/28 26/27

Klebsiella pneumonia 18 17% 56% 28 15/18 11/12

Klebsiella oxytoca 4 25% 25% 25 4/4 3/3

Citrobacter spp. 4 0% 75% 26 4/4 ND

Corynebacterium spp. 3 33% 67% 30 ND ND

Pseudomonas
aeruginosa

2 0% 100% 43 0/2 1/1

Enterobacter cloacae 2 0% 100% 20 1/2 1/2

Serratia marcescens 1 100% 100% 20 1/1 ND

Acinetobacter spp. 1 0% 0% 23 1/1 ND

Proteus mirabilis 1 0% 0% 17 1/1 1/1

Gram-positive bacteria

Streptococcus spp. 21 10% 14% 27 14/16 ND

Enterococcus spp. 15 33% 73% 27 0/15 7/7

Other Staph spp. 9 22% 56% 28 ND 2/2

Staphylococcus aureus 3 0% 67% 30 0/1 2/3

Total/Average 112 22% 56% 28.2 66/93 (71%) 52/59 (88%)

Note not all isolates were tested against ceftriaxone and/or piperacillin-tazobactam. Of note, susceptibility of Enterococcus spp. to piperacillin-tazobactam were

extrapolated from ampicillin susceptibilities.

https://doi.org/10.1371/journal.pone.0239470.t002
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The four most common organisms include Escherichia coli n = 28, Klebsiella pneumoniae
n = 18, Enterococcus faecium or faecalis. n = 15, and viridans group Streptococcus n = 9. Of

note, one patient grew Clostridium perfringens and two grew Candida spp. which were not

included in the overall analysis. These organisms were included in analysis to determine mor-

tality and morbidity (Table 3). There was no statistically significant difference in mortality

between Gram Positives vs. Gram Negatives or between specific organism, although common

organisms trended towards significantly worse mortality (p = 0.08, Table 3). The three most

common organisms were associated with increased ICU transfer (p = 0.01) and increased

length of stay (p<0.001). Infection with a gram-negative organism was associated with an

increased length of stay (p = 0.002). The MELD-Na score was not statistically different between

Gram Positive vs. Gram Negative organisms or between specific organisms.

Antimicrobial resistance

Among the bacteria isolated, 27 (21.3%) were resistant to at least one first line antibacterial

agent for the treatment of SBP. Of the 27 resistant bacteria isolated 15 were identified as

Enterococcus spp. (bacteria inherently resistant to ceftriaxone), 9 were gram negative bacteria

and two were Streptococcus species. Of those with a gram negative isolate resistant to ceftriax-

one, 3 also had resistance to piperacillin-tazobactam. Patients with drug resistant bacteria had

a mortality rate of 25.9% compared to 22.3% mortality rate for any positive culture (Table 4).

Patient with positive cultures and drug resistant bacteria were more likely to be transferred to

the ICU (p = 0.026) compared to the main cohort.

First-line antibiotic treatment

Ceftriaxone and piperacillin-tazobactam were the most frequently used empiric antibiotics.

Empiric antimicrobials were changed in 47.8% of cases and broadening of antibiotics was not

Table 3. Mortality and ICU stay comparisons for gram type among the most common organisms (E. coli, K. pneu-
moniae and Enterococcus spp).

Death Gram Total

Positive Negative

Yes 6 13 19

No 18 33 51

Total 24 46 70

Chi-Square = 0.08 p-value = 0.77

Note that there was no statistical difference in mortality for Gram Type but the most three most common bacteria

trended towards worsened mortality (p = 0.08) but were significantly more likely to lead to ICU transfer (data not

shown) (p = 0.01).

https://doi.org/10.1371/journal.pone.0239470.t003

Table 4. Comparison of all patient with SBP, patients with positive cultures and patient with resistant organisms.

Patient Characteristics All SBP Patients Culture Positive SBP Cultures with Drug Resistant Bacteria P

Number of Patients 314 108 27

Age (years) 56.7 57.8 58.6 0.33

MELD-Na 26.7 28.5 28.5 0.393

Mortality 17.8% 25.7% 25.9% 0.298

ICU Transfer 41.4% 52.3% 66.7% 0.028

Of note, drug resistant bacteria implies drug resistance to either ceftriaxone or piperacillin-tazobactam.

https://doi.org/10.1371/journal.pone.0239470.t004
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associated with a change in mortality (p = 0.16). Use of piperacillin-tazobactam was associated

with higher mortality (29.1% compared to 10.4%, p = 0.0001, Fig 2), transfer to an ICU (62.0%

compared to 29.7%, p<0.001) and longer length of stay (p<0.001) without any statistically sig-

nificant difference in MELD-Na (p = 0.056).

SBP prophylaxis

In our cohort of patients, 22% of patients (69 total) were on SBP prophylaxis (most commonly

ciprofloxacin) prior to diagnosis of SBP. Among these 69 patients, 30 were culture positive,

with 16 out of 30 (53%) being resistant to the prophylaxis used (Table 5).

Overall, patients who developed SBP while on prophylaxis had improvement in overall

mortality (p<0.0001) compared with patients not on prophylaxis. However, the development

of culture positive peritonitis while on prophylaxis was associated with higher mortality when

compared to all patients not on prophylaxis (p = 0.019).

Fig 2. First line antibiotic choice. Using Piperacillin/Tazobactam as the first line agent leads to statistically worsened

mortality (p = 0.0001).

https://doi.org/10.1371/journal.pone.0239470.g002

Table 5. Analysis of patients on prophylactic antibiotics.

Number of Patients MELD-Na Age (years) Mortality P ICU Transfer p
Patients not on Prophylaxis 245 26.6 57.6 18.3% n/a 40.8% n/a

Patients on Prophylaxis 69 27.2 53.6 15.9% < .00001� 43.5% 0.692

Culture Positive 30 26.6 53.4 36.7% 0.019� 50.0% 0.336

Resistant Bacteria to Prophylaxis 11 29.1 59.8 18.2% 0.988 45.5% 0.76

Sensitive Bacteria to Prophylaxis 8 28.3 46.1 25.0% 0.635 62.5% 0.221

Mortality and ICU transfer rate were compared between patients not on prophylaxis and subsets of groups of patients on prophylaxis.

https://doi.org/10.1371/journal.pone.0239470.t005
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Repeat paracentesis data

Most patients (77.1%) underwent a repeat paracentesis at Day 3 to determine a repeat PMN

count. A decrease in the PMN count was seen in most patients, however 42 patients (17.4%)

had a higher Day 3 PMN count. Therapy was changed in 72% of patients regardless of the

repeat peritoneal fluid PMN count. A majority of patients started on ceftriaxone (84%) had

their antibacterial changed, compared to 53.6% of patients empirically started on piperacillin-

tazobactam (p = 0.045). Patients with a higher day 3 PMN count in the peritoneal fluid had

higher mortality rates compared to those that had a decrease in the PMN count (17.3% com-

pared to 13.7%, p = 0.02). There was no statistically significant difference in ICU transfer

(p = 0.38), length of stay (p = 0.39), and MELD-Na (p = 0.75) in patients with higher compared

to lower day 3 paracentesis counts. Patients who did not undergo a repeat paracentesis had a

mortality of 27.8%, significantly higher than patients who had repeat paracenteses.

Discussion

Our results indicate SBP continues to be a very challenging infection to treat and carries with

it a high mortality rate (17.8% in our review). Culture positive peritonitis was seen in 34.4% of

patients, with an equal distribution between Gram Positive and Gram-Negative organisms.

Culture positive peritonitis was associated with higher MELD-Na score, rate of ICU transfer

and mortality.

Antimicrobial resistance was seen in 27 cases of peritonitis, to either ceftriaxone or pipera-

cillin-tazobactam. Antimicrobial resistance was associated with ICU transfer and a trend

towards worsening mortality. First line use of piperacillin-tazobactam was associated with sig-

nificantly worsened mortality. Worse mortality was also seen in patients who had a higher

PMN count on repeat paracentesis or whom never had a repeat paracentesis.

A majority of episodes of SBP in our study were culture negative. The most common patho-

gens identified in our study were Escherichia coli and Klebsiella pneumonia, in agreement with

the bacteriology of SBP seen in the literature [7, 27], although recent studies demonstrate a

trend toward more Gram Positive organisms [28, 29]. In our study, patients who had positive

bacterial cultures had significantly worse morbidity and mortality. A potential explanation for

this finding is that patients who have positive cultures are more ill due to worsened gut translo-

cation, poorer immune defenses, or lack of antibiotic prophylaxis. Further research into

improved diagnostics for SBP, namely use of multiplex polymerase chain reaction (PCR) bac-

terial panels, should be undertaken to help identify pathogens and potential resistance patterns

quicker which should lead to earlier targeted therapy.

Patients receiving prophylaxis for SBP had overall improved mortality compared to patients

not on prophylaxis. However, those with a positive bacterial culture on prophylaxis had wors-

ened mortality. A likely explanation for this finding is selecting for more resistant bacteria, as

multi-drug resistant organisms are on the rise in SBP [27, 30]. Rostkowska et al. presents data

that long term use of fluoroquinolones as prophylaxis may increase the risk of ESBL producing

Enterobacter spp. by 4 fold [30]. Further research will be needed to determine if prophylaxis

leads to enough resistance to warrant cessation of this practice.

Of the patients with a positive bacterial culture, 21% had antimicrobial resistance to first

line SBP treatment, similar to what has been found in the literature [11, 20, 28, 31, 32]; these

patients tended to be sicker and had a trend towards worsened mortality. Lutz et al. describes a

series of 86 patients with SBP in which resistance to initial antibiotic treatment worsened 30

day mortality from 18% to 68% [32]. Oliveira et al. performed a retrospective study of 113

patients with SBP which found 46.9% with multidrug resistant bacteria, including 39% resis-

tance to third generation cephalosporins [31]. Our data as well as the literature demonstrate
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the value of culture data in management of SBP by allowing for targeted therapy based on bac-

terial sensitivities and potentially affecting outcomes. Clinicians managing patients who have

cultures that grow resistant bacteria should modify therapy and be mindful of the worsened

prognosis seen in these individuals.

Performing a repeat paracentesis is still a valuable tool in the management of SBP. Patients

found to have worsening PMN values on repeat paracentesis, as well as those that did not have

a repeat paracentesis, have a higher mortality than patients with improving PMN numbers.

The latter of these findings is unclear but may indicate patients who may have been too unsta-

ble to get a repeat procedure or may have already been clinically worsening. Repeat paracent-

esis often led to significant management changes, either based off of culture data or PMN

values. Thus, we recommend continuing to perform a repeat paracentesis on day 3 of patient

care in agreement with recent recommendations [20].

In our cohort broader initial therapy was not better therapy. Patients who received pipera-

cillin-tazobactam as first line therapy had worsened mortality compared with patients receiv-

ing ceftriaxone. One obvious reason for this would be that the patients receiving piperacillin-

tazobactam were sicker, thus warranting broader initial treatment. However, there was no dif-

ference in patients receiving either antibiotic in terms of MELD-Na, meaning that the overall

illness level of these patients was relatively similar. Further, all of these patients were suitably

stable for management on a general medicine or hepatology floor on admission, which sug-

gests a similar level of illness throughout the cohort, although we did not chart blood pressure

or lactate in our analysis.

Our data bring into question the use of standard first line regimens in SBP and whether the

first line antibiotic should account for multi-drug resistant organisms not covered by ceftriax-

one or piperacillin-tazobactam. Although these agents are still effective for the majority of

patients, two factors drive the ineffectiveness of these medications: 1). The emergence of gram-

positive bacteria not covered by these agents and 2). multi-drug resistant pathogens that are on

the rise. Our results support the growing literature in SBP [32, 33] that indicate that the

empiric antibiotic therapy for SBP likely needs to be changed [27, 31, 34]. Further research

needs to be conducted in order to determine if extended spectrum antibiotics, e.g. carabape-

nems, or the addition of resistant gram-positive therapy, e.g. daptomycin, should be used as

first line therapy.

Our research was limited to a single center study and may not necessarily be generalizable.

Further, the study was retrospective and occurred over a period of 10 years, of which there

have been many changes in SBP and cirrhosis management (more prevalent antibiotic prophy-

laxis, improvements in cirrhosis treatment, recent emergence of more resistant pathogens,

etc.) which may have affected the result of the work.

Conclusions

Our study demonstrates the importance of choice of initial therapy, identification of a causa-

tive organism and the impact of prophylaxis on the outcomes of SBP. Further, our results dem-

onstrate that while prophylaxis is beneficial for patients with cirrhosis who are at higher risk

for SBP, it may impact morbidity if patients develop SBP.

Antimicrobial resistant pathogens, as demonstrates by our results as well as others, are play-

ing a more important role in SBP and outcomes from SBP. Choice of antibiotics should con-

sider local antibiotic resistance patterns to ceftriaxone or piperacillin-tazobactam. Perhaps the

use of more modern pathogen identification (rapid, multiplex polymerase chain reaction

searching for the most common SBP bacteria for instance) would help to aid in targeted ther-

apy for patients.

PLOS ONE A retrospective analysis of cases of SBP in cirrhosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0239470 September 28, 2020 8 / 11

https://doi.org/10.1371/journal.pone.0239470


Supporting information

S1 Dataset.

(XLSX)

Acknowledgments

We would like to acknowledge the statisticians at the Northwestern Electronic Data Ware-

house for assisting in data collection.

Author Contributions

Conceptualization: Phillip Pasquale Santoiemma, Michael Peter Angarone.

Data curation: Phillip Pasquale Santoiemma, Omar Dakwar, Michael Peter Angarone.

Formal analysis: Phillip Pasquale Santoiemma, Omar Dakwar, Michael Peter Angarone.

Funding acquisition: Phillip Pasquale Santoiemma.

Investigation: Phillip Pasquale Santoiemma.

Methodology: Phillip Pasquale Santoiemma, Michael Peter Angarone.

Project administration: Phillip Pasquale Santoiemma, Michael Peter Angarone.

Software: Phillip Pasquale Santoiemma, Omar Dakwar.

Supervision: Michael Peter Angarone.

Validation: Phillip Pasquale Santoiemma.

Visualization: Phillip Pasquale Santoiemma.

Writing – original draft: Phillip Pasquale Santoiemma.

Writing – review & editing: Phillip Pasquale Santoiemma, Omar Dakwar, Michael Peter

Angarone.

References
1. Borzio M, Salerno F, Piantoni L, et al. Bacterial infection in patients with advanced cirrhosis: a multicen-

tre prospective study. Dig Liver Dis 2001; 33:41–8. https://doi.org/10.1016/s1590-8658(01)80134-1

PMID: 11303974

2. Bal CK, Daman R, Bhatia V. Predictors of fifty days in-hospital mortality in decompensated cirrhosis

patients with spontaneous bacterial peritonitis. World J Hepatol 2016; 8:566–72. https://doi.org/10.

4254/wjh.v8.i12.566 PMID: 27134704

3. Hung TT, Hsieh CC, Tsai YH, CC. The long-term mortality of spontaneous bacterial peritonitis in cir-

rhotic patients: A 3-year nationwide cohort study. Turkish Journal of Gastroenterology 2015; 26:159–

62. https://doi.org/10.5152/tjg.2015.4829 PMID: 25835115

4. Lim KH, Potts JR, Chetwood J, et al. Long-term outcomes after hospitalization with spontaneous bacte-

rial peritonitis. J Dig Dis 2015; 16:228–40. https://doi.org/10.1111/1751-2980.12228 PMID: 25564761

5. Berg RD. Bacterial translocation from the gastrointestinal tract. Adv Exp Med Biol 1999; 473:11–30.

https://doi.org/10.1007/978-1-4615-4143-1_2 PMID: 10659341

6. Dever JB, Sheikh MY. Review article: spontaneous bacterial peritonitis—bacteriology, diagnosis, treat-

ment, risk factors and prevention. Aliment Pharmacol Ther 2015; 41:1116–31. https://doi.org/10.1111/

apt.13172 PMID: 25819304

7. Alexopoulou A, Papadopoulos N, Eliopoulos DG, et al. Increasing frequency of gram-positive cocci and

gram-negative multidrug-resistant bacteria in spontaneous bacterial peritonitis. Liver Int 2013; 33:975–

81. https://doi.org/10.1111/liv.12152 PMID: 23522099

8. Hurwich DB, Lindor KD, Hay JE, et al. Prevalence of peritonitis and the ascitic fluid protein concentration

among chronic liver disease patients. Am J Gastroenterol 1993; 88:1254–7. PMID: 8393275

PLOS ONE A retrospective analysis of cases of SBP in cirrhosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0239470 September 28, 2020 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239470.s001
https://doi.org/10.1016/s1590-8658%2801%2980134-1
http://www.ncbi.nlm.nih.gov/pubmed/11303974
https://doi.org/10.4254/wjh.v8.i12.566
https://doi.org/10.4254/wjh.v8.i12.566
http://www.ncbi.nlm.nih.gov/pubmed/27134704
https://doi.org/10.5152/tjg.2015.4829
http://www.ncbi.nlm.nih.gov/pubmed/25835115
https://doi.org/10.1111/1751-2980.12228
http://www.ncbi.nlm.nih.gov/pubmed/25564761
https://doi.org/10.1007/978-1-4615-4143-1%5F2
http://www.ncbi.nlm.nih.gov/pubmed/10659341
https://doi.org/10.1111/apt.13172
https://doi.org/10.1111/apt.13172
http://www.ncbi.nlm.nih.gov/pubmed/25819304
https://doi.org/10.1111/liv.12152
http://www.ncbi.nlm.nih.gov/pubmed/23522099
http://www.ncbi.nlm.nih.gov/pubmed/8393275
https://doi.org/10.1371/journal.pone.0239470


9. Evans LT, Kim WR, Poterucha JJ, et al. Spontaneous bacterial peritonitis in asymptomatic outpatients

with cirrhotic ascites. Hepatology 2003; 37:897–901. https://doi.org/10.1053/jhep.2003.50119 PMID:

12668984

10. Na SH, Kim EJ, Nam EY, et al. Comparison of clinical characteristics and outcomes of spontaneous

bacterial peritonitis and culture negative neutrocytic ascites. Scand J Gastroenterol 2017; 52:199–203.

https://doi.org/10.1080/00365521.2016.1245776 PMID: 27797274

11. Oliveira AM, Branco JC, Barosa R, et al. Clinical and microbiological characteristics associated with

mortality in spontaneous bacterial peritonitis: a multicenter cohort study. Eur J Gastroenterol Hepatol

2016; 28:1216–22. https://doi.org/10.1097/MEG.0000000000000700 PMID: 27391170

12. Friedrich K, Nussle S, Rehlen T, et al. Microbiology and resistance in first episodes of spontaneous bac-

terial peritonitis: implications for management and prognosis. J Gastroenterol Hepatol 2016; 31:1191–

5. https://doi.org/10.1111/jgh.13266 PMID: 26676553

13. Runyon BA, Canawati HN, Akriviadis EA. Optimization of ascitic fluid culture technique. Gastroenterol-

ogy 1988; 95:1351–5. https://doi.org/10.1016/0016-5085(88)90372-1 PMID: 3049220

14. Wiest R, Krag A, Gerbes A. Spontaneous bacterial peritonitis: recent guidelines and beyond. Gut 2012;

61:297–310. https://doi.org/10.1136/gutjnl-2011-300779 PMID: 22147550

15. Cohen MJ, Sahar T, Benenson S, et al. Antibiotic prophylaxis for spontaneous bacterial peritonitis in cir-

rhotic patients with ascites, without gastro-intestinal bleeding. Cochrane Database Syst Rev 2009:

CD004791. https://doi.org/10.1002/14651858.CD004791.pub2 PMID: 19370611

16. Segarra-Newnham M, Henneman A. Antibiotic prophylaxis for prevention of spontaneous bacterial peri-

tonitis in patients without gastrointestinal bleeding. Ann Pharmacother 2010; 44:1946–54. https://doi.

org/10.1345/aph.1P317 PMID: 21098755

17. Runyon BA, McHutchison JG, Antillon MR, et al. Short-course versus long-course antibiotic treatment

of spontaneous bacterial peritonitis. A randomized controlled study of 100 patients. Gastroenterology

1991; 100:1737–42. https://doi.org/10.1016/0016-5085(91)90677-d PMID: 2019378

18. Franca A, Giordano HM, Seva-Pereira T, et al. Five days of ceftriaxone to treat spontaneous bacterial

peritonitis in cirrhotic patients. J Gastroenterol 2002; 37:119–22. https://doi.org/10.1007/

s005350200006 PMID: 11871762

19. Ljubicic N, Spajic D, Vrkljan MM, et al. The value of ascitic fluid polymorphonuclear cell count determi-

nation during therapy of spontaneous bacterial peritonitis in patients with liver cirrhosis. Hepatogas-

troenterology 2000; 47:1360–3. PMID: 11100352

20. Goel A, Biewald M, Huprikar S, et al. A Real-World Evaluation of Repeat Paracentesis-guided Manage-

ment of Spontaneous Bacterial Peritonitis. J Clin Gastroenterol 2016.

21. Novovic S, Semb S, Olsen H, et al. First-line treatment with cephalosporins in spontaneous bacterial

peritonitis provides poor antibiotic coverage. Scand J Gastroenterol 2012; 47:212–6. https://doi.org/10.

3109/00365521.2011.645502 PMID: 22191479

22. Sheikhbahaei S, Abdollahi A, Hafezi-Nejad N, et al. 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. https://doi.org/10.1155/2014/917856 PMID: 24778884

23. 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; 9:531–7. https://

doi.org/10.1046/j.1469-0691.2003.00691.x PMID: 12848729

24. Hawser SP, Bouchillon SK, Hoban DJ, et al. Incidence and antimicrobial susceptibility of Escherichia

coli and Klebsiella pneumoniae with extended-spectrum beta-lactamases in community- and hospital-

associated intra-abdominal infections in Europe: results of the 2008 Study for Monitoring Antimicrobial

Resistance Trends (SMART). Antimicrob Agents Chemother 2010; 54:3043–6. https://doi.org/10.1128/

AAC.00265-10 PMID: 20421398

25. Kim J, Kang CI, Joo EJ, et al. Risk factor of community-onset spontaneous bacterial peritonitis caused

by fluoroquinolone-resistant Escherichia coli in patients with cirrhosis. Liver Int 2014; 34:695–9. https://

doi.org/10.1111/liv.12374 PMID: 24267669

26. Alexopoulou A, Vasilieva L, Agiasotelli D, et al. Extensively drug-resistant bacteria are an independent

predictive factor of mortality in 130 patients with spontaneous bacterial peritonitis or spontaneous bac-

teremia. World J Gastroenterol 2016; 22:4049–56. https://doi.org/10.3748/wjg.v22.i15.4049 PMID:

27099449

27. Sofjan AK, Musgrove RJ, Beyda ND, et al. Prevalence and predictors of spontaneous bacterial peritoni-

tis due to ceftriaxone-resistant organisms at a large tertiary centre in the USA. J Glob Antimicrob Resist

2018; 15:41–47. https://doi.org/10.1016/j.jgar.2018.05.015 PMID: 29842975

PLOS ONE A retrospective analysis of cases of SBP in cirrhosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0239470 September 28, 2020 10 / 11

https://doi.org/10.1053/jhep.2003.50119
http://www.ncbi.nlm.nih.gov/pubmed/12668984
https://doi.org/10.1080/00365521.2016.1245776
http://www.ncbi.nlm.nih.gov/pubmed/27797274
https://doi.org/10.1097/MEG.0000000000000700
http://www.ncbi.nlm.nih.gov/pubmed/27391170
https://doi.org/10.1111/jgh.13266
http://www.ncbi.nlm.nih.gov/pubmed/26676553
https://doi.org/10.1016/0016-5085%2888%2990372-1
http://www.ncbi.nlm.nih.gov/pubmed/3049220
https://doi.org/10.1136/gutjnl-2011-300779
http://www.ncbi.nlm.nih.gov/pubmed/22147550
https://doi.org/10.1002/14651858.CD004791.pub2
http://www.ncbi.nlm.nih.gov/pubmed/19370611
https://doi.org/10.1345/aph.1P317
https://doi.org/10.1345/aph.1P317
http://www.ncbi.nlm.nih.gov/pubmed/21098755
https://doi.org/10.1016/0016-5085%2891%2990677-d
http://www.ncbi.nlm.nih.gov/pubmed/2019378
https://doi.org/10.1007/s005350200006
https://doi.org/10.1007/s005350200006
http://www.ncbi.nlm.nih.gov/pubmed/11871762
http://www.ncbi.nlm.nih.gov/pubmed/11100352
https://doi.org/10.3109/00365521.2011.645502
https://doi.org/10.3109/00365521.2011.645502
http://www.ncbi.nlm.nih.gov/pubmed/22191479
https://doi.org/10.1155/2014/917856
http://www.ncbi.nlm.nih.gov/pubmed/24778884
https://doi.org/10.1046/j.1469-0691.2003.00691.x
https://doi.org/10.1046/j.1469-0691.2003.00691.x
http://www.ncbi.nlm.nih.gov/pubmed/12848729
https://doi.org/10.1128/AAC.00265-10
https://doi.org/10.1128/AAC.00265-10
http://www.ncbi.nlm.nih.gov/pubmed/20421398
https://doi.org/10.1111/liv.12374
https://doi.org/10.1111/liv.12374
http://www.ncbi.nlm.nih.gov/pubmed/24267669
https://doi.org/10.3748/wjg.v22.i15.4049
http://www.ncbi.nlm.nih.gov/pubmed/27099449
https://doi.org/10.1016/j.jgar.2018.05.015
http://www.ncbi.nlm.nih.gov/pubmed/29842975
https://doi.org/10.1371/journal.pone.0239470


28. Al-Ghamdi H, Al-Harbi N, Mokhtar H, et al. Changes in the patterns and microbiology of spontaneous

bacterial peritonitis: analysis of 200 cirrhotic patients. Acta Gastroenterol Belg 2019; 82:261–266.

PMID: 31314186

29. Guo J, Shi J, Wang H, et al. Emerging Gram-positive bacteria and drug resistance in cirrhosis patients

with spontaneous bacterial peritonitis: A retrospective study. Exp Ther Med 2019; 17:4568–4576.

https://doi.org/10.3892/etm.2019.7502 PMID: 31186679

30. Rostkowska KA, Szymanek-Pasternak A, Simon KA. Spontaneous bacterial peritonitis—therapeutic

challenges in the era of increasing drug resistance of bacteria. Clin Exp Hepatol 2018; 4:224–231.

https://doi.org/10.5114/ceh.2018.80123 PMID: 30603669

31. Oliveira JC, Carrera E, Petry RC, et al. High Prevalence of Multidrug Resistant Bacteria in Cirrhotic

Patients with Spontaneous Bacterial Peritonitis: Is It Time to Change the Standard Antimicrobial

Approach? Can J Gastroenterol Hepatol 2019; 2019:6963910. https://doi.org/10.1155/2019/6963910

PMID: 31214551

32. Lutz P, Nischalke HD, Kramer B, et al. Antibiotic resistance in healthcare-related and nosocomial spon-

taneous bacterial peritonitis. Eur J Clin Invest 2017; 47:44–52. https://doi.org/10.1111/eci.12701 PMID:

27861767

33. Fiore M, Maraolo AE, Gentile I, et al. Current concepts and future strategies in the antimicrobial therapy

of emerging Gram-positive spontaneous bacterial peritonitis. World J Hepatol 2017; 9:1166–1175.

https://doi.org/10.4254/wjh.v9.i30.1166 PMID: 29109849

34. Fiore M, Gentile I, Maraolo AE, et al. 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; 30:329–336. https://doi.org/10.1097/MEG.

0000000000001057 PMID: 29303883

PLOS ONE A retrospective analysis of cases of SBP in cirrhosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0239470 September 28, 2020 11 / 11

http://www.ncbi.nlm.nih.gov/pubmed/31314186
https://doi.org/10.3892/etm.2019.7502
http://www.ncbi.nlm.nih.gov/pubmed/31186679
https://doi.org/10.5114/ceh.2018.80123
http://www.ncbi.nlm.nih.gov/pubmed/30603669
https://doi.org/10.1155/2019/6963910
http://www.ncbi.nlm.nih.gov/pubmed/31214551
https://doi.org/10.1111/eci.12701
http://www.ncbi.nlm.nih.gov/pubmed/27861767
https://doi.org/10.4254/wjh.v9.i30.1166
http://www.ncbi.nlm.nih.gov/pubmed/29109849
https://doi.org/10.1097/MEG.0000000000001057
https://doi.org/10.1097/MEG.0000000000001057
http://www.ncbi.nlm.nih.gov/pubmed/29303883
https://doi.org/10.1371/journal.pone.0239470

