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Introduction: Over the last decade, a shift in the spontane-
ous bacterial peritonitis (SBP) microbial pattern toward an
increasing incidence of gram-positive and multidrug-resis-
tant (MDR) bacteria has been reported. Systematic surveil-
lance of the local microbiological scenario and antibiotic re-
sistance is crucial to SBP treatment success. The main objec-
tive of this study was to evaluate the microbiological profile
and bacterial resistance of SBP pathogens in a Portuguese
cohort to allow selection of the most appropriate empirical
antibiotics. Methods: This is a single-center retrospective
study including 63 adult cirrhotic patients with culture-pos-
itive SBP. Patients were identified using a hospital general
diagnostic database and searching for all SBP events (neu-
trophil count in ascitic fluid >250/mm?3) from January 1,
2012, to December 31, 2017. Patients were excluded if they
had culture-negative SBP, secondary peritonitis, peritoneal
dialysis, a liver transplant, or immunodeficiency. The site of
SBP acquisition was classified as nosocomial if it was diag-

nosed 48 h or longer after hospitalization or as nonnosoco-
mial if it was diagnosed within the first 48 h. MDR bacteria
were those with an acquired resistance to at least 1 agent in
3 or more antimicrobial categories. All statistical analyses
were carried out using IBM SPSS Statistics software version
22 (IBM, New York, USA). Results: The study cohort com-
prised 53 (84.1%) men. The mean age of the patients was
60.6 + 11.2 years. Alcohol was the most common etiology
(88.9%) and most patients had advanced liver cirrhosis
(87.1%, Child C). Gram-negative bacteria were slightly more
frequent than gram-positive bacteria (56.9 vs. 43.1%). Esch-
erichia coli was the most common pathogen (33.8%). Nine-
teen (31.7%) bacteria were classified as MDR. Resistance to
third-generation cephalosporins, quinolones, piperacillin-
tazobactam, and carbapenems was found in 31.7, 35, 26.7,
and 18.3% of the cases, respectively. The rates of gram-pos-
itive bacteria were similar between nosocomial and nonnos-
ocomial episodes (45 vs. 42.2%; p = 0.835). MDR bacteria
were more common in the nosocomial group (50 vs. 23.8%;
p=0.046).Resistance to third-generation cephalosporins (50
vs. 23.8%; p = 0.046), piperacillin-tazobactam (44.4 vs. 19.1%;
p =0.041), and carbapenems (33.3 vs. 11.9%; p = 0.049) oc-
curred more frequently in nosocomial episodes. Resistance
to first-line antibiotic occurred in 29.3% of the patients, be-
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ing more common in the nosocomial group (44.4 vs. 22.5%;
p =0.089). Conclusion: Although gram-negative bacteria re-
main the most common causative microorganisms, our re-
sults emphasize the shift in SBP microbiological etiology, as
almost half of the isolated microorganisms were gram posi-
tive. The emergence of bacteria resistant to traditionally rec-
ommended empirical antibiotics underlines the importance
of basing this choice on local flora and antibiotic susceptibil-
ity data, allowing a more rational and successful use of anti-

biotics. © 2021 Sociedade Portuguesa de Gastrenterologia

Published by S. Karger AG, Basel

Peritonite bacteriana espontanea em doentes
cirroticos - uma mudancga do padrao microbiolégico?
Uma analise retrospetiva

Palavras Chave
Antibidticos - Microbiologia - Peritonite bacteriana
espontanea

Resumo

Introducdo: Na ultima década assistiu-se a uma mudanca
no padrdao microbiolégico da peritonite bacteriana es-
pontanea (PBE), com aumento da incidéncia de bactérias
gram-positivas e multirresistentes. Uma vigilancia
sistematica do cendrio microbioldgico e da resisténcia an-
tibidtica é crucial para o sucesso do tratamento da PBE. O
principal objetivo deste estudo foi avaliar o perfil micro-
bioldégico e os padroes de resisténcia antibidtica dos
agentes bacterianos responsdaveis pelos casos de PBE
numa coorte portuguesa de doentes cirréticos, de modo
a permitir uma selecdo mais apropriada da antibioterapia
empirica. Métodos: Estudo retrospetivo unicéntrico, que
incluiu 63 doentes adultos cirréticos com PBE cultura-
positiva. A identificacdo dos doentes foi efetuada a partir
da base de dados eletrénica do centro hospitalar, pes-
quisando todos os internamentos por PBE (contagem de
neutrofilos no liquido ascitico >250/mm3) entre 1 janeiro
de 2012 e 31 de dezembro de 2017. Foram aplicados
como critérios de exclusao: cultura de liquido ascitico
negativa, peritonite secundaria, didlise peritoneal, trans-
plante hepdético ou imunodeficiéncia. O local de aquisicao
da PBE foi classificado como nosocomial se diagnoéstico
apos as primeiras 48 horas de hospitalizacao, e nao-noso-
comial se diagnéstico nas primeiras 48 horas. Multirre-
sisténcia foi definida como resisténcia adquirida a pelo
menos um agente em trés ou mais categorias antimicro-
bianas. A andlise estatistica foi efetuada com recurso ao
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software IBM SPSS Statistics versao 22 (IBM, New York,
USA). Resultados: A coorte incluiu 53 (84.1%) doentes cir-
réticos do género masculino. A idade média dos doentes
foide 60.6 = 11.2 anos. O 4lcool constituiu a etiologia mais
comum (88.9%) e a maioria dos doentes apresentava uma
cirrose em estadio avangado (87.1%, Child-C). As bactérias
gram-negativas revelaram-se ligeiramente mais frequen-
tes que as gram-positivas (56.9 vs. 43.1%). Escherichia coli
foi o microrganismo mais frequente (33.8%). Dezanove
(31.7%) das bactérias isoladas foram classificadas como
multirresistentes. As resisténcias as cefalosporinas de ter-
ceira-geracdo, as quinolonas, a piperacilina-tazobactam e
aos carbapenemes foram de 31.7, 35, 26.7 e 18.3%, respe-
tivamente. A taxa de bactérias gram-positivas foi similar
entre PBE nosocomial e ndo-nosocomial (45 vs. 42.2%;
p = 0.835). As bactérias multirresistentes foram mais fre-
quentes no grupo nosocomial (50 vs. 23.8%; p = 0.046). A
resisténcia as cefalosporinas de terceira-geragao (50 vs.
23.8%; p = 0.046), a piperacilina-tazobactam (44.4 vs.
19.1%; p = 0.041) e aos carbapenemes (33.3 vs. 11.9%; p =
0.049) foi significativamente superior nas infecdes noso-
comiais. A resisténcia a antibioterapia empirica de primei-
ra linha ocorreu em 29.3% dos doentes, sendo mais fre-
quente no grupo nosocomial (44.4 vs. 22.5%; p = 0.089).
Conclusdo: Apesar de as bactérias gram-negativas consti-
tuirem, nesta coorte, a maioria dos microrganismos re-
sponsaveis pela PBE, os nossos resultados enfatizam a
mudanca na etiologia microbiolégica da PBE, na medida
em que, quase metade dos microrganismos isolados
foram gram-positivos. A emergéncia de bactérias resis-
tentes aos antibiéticos empiricos tradicionalmente reco-
mendados sublinha a importancia de basear esta escolha
nos dados locais sobre flora bacteriana e susceptibilidade
antibiética, permitindo uma escolha mais racional e um
uso bem-sucedido dos antibidticos.

© 2021 Sociedade Portuguesa de Gastrenterologia
Publicado por S. Karger AG, Basel

Spontaneous bacterial peritonitis (SBP) is a very com-
mon bacterial infection in liver-cirrhotic patients. Its in-
cidence in hospitalized patients varies from 10 to 30% [1,
2]. SBP occurrence is associated with a 30-day-mortality
rate of 41% [3]. Early diagnosis and appropriate treatment
are essential to improve the prognosis of these patients.

SBP diagnosis is established by a neutrophil count in as-
citic fluid >250/mm? in the absence of an intra-abdominal
surgically treatable source of infection [2]. Several mecha-
nisms contribute to SBP. The most paradigmatic is bacte-
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rial translocation from the intestinal lumen to mesenteric
lymph nodes [4]. This concept explains why gram-negative
bacteria, particularly Enterobacteriaceae, were once con-
sidered the major causative SBP microorganisms, thereby
guiding the empirical antimicrobial choice [1, 4, 5].

However, in the last decade a shift in SBP microbial
patterns toward an increasing incidence of gram-positive
bacteria has been reported [6-11]. Recently, gram-posi-
tive bacteria have been reported to account for approxi-
mately half of culture-positive SBP [3, 12-18]. Another
challenge in SBP treatment is the emergence of multi-
drug-resistant (MDR) bacteria, especially in nosocomial
infections [19-21].

These changes in microbiological profile and bacterial
antibiotic resistance raise concern about the efficacy of
the current recommended antibiotics [3]. Initial treat-
ment with an effective empirical antibiotic is crucial since
resistance to first-line treatment contributes to higher
mortality rates [12, 13].

For many years, third-generation cephalosporins (TGC)
have been recommended as first-line treatment. Resistance
to TGC has become more frequent in recent years, particu-
larly in nosocomial SBP, with resistance rates around 30-
40% [12, 15, 16]. Given these resistance rates, empirical
treatment with cephalosporins cannot be recommended
for noncommunity-acquired SBP [12]. Lutz et al. [12] sug-
gested piperacillin-tazobactam for empirical treatment of
healthcare-related SBP and the combination of carbapen-
em and glycopeptide for nosocomial SBP.

Nevertheless, there is concern about the risk of an in-
creased frequency of more resistant bacteria in hospital-
ized patients with the use of broad-spectrum antibiotics
as first-line treatment [22]. In fact, administration of in-
appropriate therapy can be associated with increased
mortality [23].

Hence, local surveillance of the microbiological sce-
nario and antibiotic resistance must be ensured. In Por-
tugal, there is no recent published information about that
issue and, accordingly, we aim to evaluate the microbio-
logical profile and bacterial resistance of SBP pathogens
in a Portuguese SBP patient cohort in order to provide
adequate tools to select the most appropriate antibiotic
treatment.

Setting and Study Cohort

All consecutive adult (age >18 years) cirrhotic patients diag-
nosed with SBP in which a culture of ascitic fluid was positive were
retrospectively evaluated. This study was conducted at the Centro

GE Port ] Gastroenterol 2022;29:256-266
DOI: 10.1159/000518585

258

Hospitalar e Universitario de Coimbra (CHUC). Patients were
identified using the general diagnostic database of our hospital and
searching for all SBP events within the study period (from January
1, 2012, to December 31, 2017).

From patients electronic health records, we collected: age, gen-
der, cirrhosis etiology, liver disease severity (assessed using the
Model for End-Stage Liver Disease score and the Child-Pugh
score), disease manifestations, first-line antibiotic therapy, dura-
tion of hospitalization, details of previous hospital admissions and
antibiotics used over the preceding 90 days, history of SBP chemo-
prophylaxis, baseline laboratory parameters (full blood count, in-
ternational normalized ratio of prothrombin time, albumin, bili-
rubin, creatinine, sodium, C-reactive protein), and ascitic fluid pa-
rameters (leukocyte and neutrophil counts, biochemical
parameters, and culture and in vitro susceptibility tests). Our ex-
clusion criteria were: evidence for secondary intra-abdominal in-
fection, culture-negative specimens, a history of peritoneal dialysis
or liver transplant, infection with human immunodeficiency virus
or a congenital immune dysfunction, and lack of data on the pri-
mary outcome.

Operational Definitions

SBP diagnosis was based on a neutrophil count in ascitic fluid
>250/mm?>. The site of SBP acquisition was classified as nosoco-
mial if the diagnosis was made 48 h or longer after hospitalization
and nonnosocomial if the diagnosis was made within the first 48 h
of hospital admission. MDR bacteria were defined as those with an
acquired resistance to at least 1 agent in 3 or more antimicrobial
categories [2].

Complications of cirrhosis such as hepatic encephalopathy and
hepatorenal syndrome were defined according to international
guidelines [2].

Statistical Analysis

Categorical variables were presented as proportions and con-
tinuous variables as means (£SD) if normally distributed or as me-
dian (IQR) if they had a nonnormal distribution. The Shapiro-
Wilk test was used to assess normality. Univariate comparisons
were performed using the x? test or the Fisher exact test for quali-
tative data, and for quantitative data we used the Student # test (if
the variables normally distributed) or the Mann-Whitney test (if
the variables were nonnormally distributed). Two-tailed p values
<0.05 were considered statistically significant. All statistical analy-
ses were carried out using IBM SPSS Statistics software version 22
(IBM, New York, USA).

Patient Characteristics at Baseline

After applying the predefined exclusion criteria, 63 pa-
tients with culture-positive SBP fulfilled the eligibility cri-
teria and were considered for the final analysis.

The study cohort comprised 53 men and 10 women.
The mean age of the patients was 60.6 years (+11.2). Alco-
hol was the most frequent etiology of cirrhosis, being pres-
ent by itself or concomitantly with other etiologies in
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Table 1. Baseline characteristics of the enrolled patients

Demographics (1 = 63)

Age, years 60.6+11.2
Males 53 (84.1)
Etiology of the cirrhosis (n = 63)
Alcohol 52 (82.5)
Alcohol/HCV infection 3 (4.8)
Alcohol/HBV-HCYV infection 1(1.6)
HBV-HCV infection 1(1.6)
NAFLD 1(1.6)
PBC 1(1.6)
Hemochromatosis 1(1.6)
Cryptogenic 3(4.8)
Length of stay (n = 63), days 14 (8-26)
Clinical manifestations (1 = 63)
Abdominal pain 25(39.7)
Abdominal tenderness 4(6.3)
Vomiting 12 (19)
Diarrhea 4(6.3)
Ileus 1(1.6)
Hyperthermia 20 (31.7)
Chills 1(1.6)
Hepatic encephalopathy 26 (41.3)
Shock 4(6.3)
Ascitic fluid tests
Polymicrobial infection (n = 63) 1(1.6)
Gram-positive bacteria (n = 65) 28 (43.1)
MDR bacteria (1 = 60) 19 (31.7)
Liver function scores (n = 62)
CP score 12 (11-13)
CP class C 54 (87.1)
CP class B 8(12.9)
MELD score 27.7+7.3
Location of SBP acquisition (n = 63)
Nonnosocomial SBP 43 (68.3)
Nosocomial SBP 20 (31.7)
Risk factors (n = 63)
Previous SBP episode 11 (17.5)
SBP antibiotic prophylaxis (n = 63) 11 (17.5)
Norfloxacin 5(45.4)
Ciprofloxacin 4(36.4)
Neomycin 2(18.2)
Hospitalization over the preceding 90 days 25(39.7)
Antibiotic treatment over the preceding 90 days 18 (28.6)
MDR bacterial infection over the preceding 90 days 6(9.5)
Qutcome (n = 63)
Hepatorenal syndrome 32 (50.8)
Liver transplant 2(3.2)
Death 19 (30.2)

Data are presented as numbers (%), medians (IQR), or means + SD. HBV, hepatitis B virus; HCV, hepatitis
C virus; NAFLD, nonalcoholic fatty liver disease; PBC, primary biliary cirrhosis.
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Table 2. SBP bacteriological profile

Overall Nonnosocomial ~ Nosocomial p value?
(n = 65 micro- (n = 45 micro- (n = 20 micro-
organisms) organisms) organisms)

Gram negative 37 (56.9) 26 (57.8) 11 (55) 0.835
Enterobacter spp.b 32(49.2) 22 (48.9) 10 (50) 0.934
Pseudomonas aeruginosa 2 (3.1) 2(4.4) 0(0) 0.338
Bacteroides fragilis 1(1.5) 0(0) 1(5) 0.131
Neisseria meningitidis 1(1.5) 1(2.2) 0(0) 0.502
Pasteurella multocida 1(1.5) 1(2.2) 0(0) 0.502

Gram positive 28 (43.1) 19 (42.2) 9 (45) 0.835
Streptococcus spp.© 15 (23.1) 14 (31.1) 1(5) 0.021
Staphylococcus spp.d 6(9.2) 2(4.4) 4(20) 0.046
Enterococcus spp.© 7 (10.8) 3(6.7) 4(20) 0.109

Data are presented as numbers (%).  Between nosocomial and nonnosocomial SBP. bIncluded Escherichia
coli (n = 22), Klebsiella pneumoniae (n = 9), and Serratia marcescens (n = 1). “ Included Streptococcus viridans
(n = 8), Streptococcus agalactiae (n = 2), Streptococcus pneumoniae (n = 2), Streptococcus group G (n = 2), and
Streptococcus gallolyticus (n = 1). ¢ Included Staphylococcus aureus (n = 5) and Staphylococcus epidermidis (n
= 1). ¢ Included Enterococcus faecium (n = 3), Enterococcus faecalis (n = 2), Enterococcus avium (n = 1), and

Enterococcus gallinarum (n = 1).

88.9% of the patients. Most patients were at an advanced
stage of liver disease (87.1%, Child C; 12.9%, Child B) with
a median Child-Pugh score of 12 (IQR 11-13). The mean
Model for End-Stage Liver Disease score was 27.66 (+£7.32).

The median time of hospitalization was 14 days (IQR
8-26, range 1-57 days). The 3 most common presenting
symptoms were impairment of the mental state (41.3%),
abdominal pain (39.7%), and fever (31.7%).

Eleven patients (17.5%) were receiving SBP antibiotic
prophylaxis at the time of admission. Over the preceding
90 days, among the 63 patients, 25 (39.7%) had been hos-
pitalized, 18 (28.6%) had received antibiotic treatment,
and 6 (9.5%) had developed an MDR bacterial infection.

All of the baseline characteristics of our sample are dis-
played in Table 1.

Ascitic Fluid Microbiological Profile

A total of 65 pathogens were isolated in the 63 cases of
SBP because 1 patient had 3 different microorganisms
isolated in the ascitic fluid (Klebsiella pneumoniae, Pseu-
domonas aeruginosa, and Enterococcus faecium). Gram-
negative bacteria were slightly more frequent than gram-
positive bacteria (56.9 vs. 43.1%, respectively). Escherich-
ia coli was the most common isolated pathogen (33.8%),
followed by K. pneumoniae (13.8%), Streptococcus viri-
dans (12.3%), Staphylococcus aureus (7.7%), and E. fae-
cium (4.6%).
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In a subgroup analysis, we evaluated the microbiolog-
ical profile between 2 groups of patients, i.e., one group
admitted between 2012 and 2014 and the other admitted
between 2015 and 2017. The rate of gram-positive bacte-
ria was significantly higher in the first period (58.1 vs.
29.4%; p = 0.02).

The characteristics and the distribution of the bacte-
rial microorganisms are summarized in Table 2.

Antibiotic Resistance among Isolated Microorganisms

A drug sensitivity test (DST) was available for 60 mi-
croorganisms. Nineteen (31.7%) were classified as multi-
drug-resistant (MDR), including 4 extended-spectrum
B-lactamases (ESBL) (producing E. coli; detection rate:
18.2%), 3 ESBL (producing K. pneumonia; detection rate:
33.3%), 1 carbapenemase (producing K. pneumonia
[KPC]; detection rate: 11.1%), 2 methicillin-resistant
S. aureus (detection rate: 40%), 1 methicillin-resistant
S. epidermidis, and 1 VRE (detection rate: 14.3%).

Considering all SBP episodes with available DST, TGC
resistance was found in 19 (31.7%) cases, resistance to
quinolones was found in 21 (35%) cases, resistance to
piperacillin-tazobactam was found in 16 (26.7%) cases,
and resistance to carbapenems was found in 11 (18.3%)
cases. Considering only gram-positive bacteria with avail-
able DST (n = 24), only 1 pathogen (4.2%) showed resis-
tance to vancomycin (E. gallinarum). Our study showed
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Table 3. Antibiotic resistance among bacteria with DST

Overall Nonnosocomial Nosocomial p value*

(n = 60 micro- (n = 42 micro- (n = 18 micro-

organisms) organisms) organisms)
MDR bacteria 19 (31.7) 10 (23.8) 9 (50) 0.046
Resistance to TGC 19 (31.7) 10 (23.8) 9 (50) 0.046
Resistance to quinolones 21 (35) 12 (28.6) 9 (50) 0.111
Resistance to piperacillin-tazobactam 16 (26.7) 8 (19.1) 8(44.4) 0.041
Resistance to carbapenems 11 (18.3) 5(11.9) 6 (33.3) 0.049
Resistance to vancomycin 1(4.2)° 1(6.25)¢ 0 (0)d 0.470

Data are presented as numbers (%). * Between nosocomial and nonnosocomial SBP. b Gram-positive bacteria with available DST (n
= 24). * Nonnosocomial gram-positive bacteria with DST (n = 16). 4 Nosocomial gram-positive bacteria with DST (n = 8).

Table 4. Empirical antibiotic therapy

Overall Nonnosocomial Nosocomial p value?

(n = 63 micro- (n = 43 micro- (n =20 micro-

organisms) organisms) organisms)
Cefotaxime 39 (61.9) 30 (69.8) 9 (45) 0.06
Ceftriaxone 11 (17.5) 5(11.6) 6 (30) 0.088
Cefoxitin 2(3.2) 2(4.7) 0(0) 1.000
Ciprofloxacin 2(3.2) 0(0) 2 (10) 0.097
Piperacillin-tazobactam 4(6.3) 4(9.3) 0(0) 0.298
Imipenem 2(3.2) 1(2.3) 1(5) 0.538
Meropenem 2(3.2) 1(2.3) 1(5) 0.538
Trimethoprim-sulfamethoxazole 1(1.6) 0(0) 1(5) 0.317

Data are presented as numbers (%). * Between nosocomial and nonnosocomial SBP.

that resistance to quinolones (27.8 vs. 45.8%; p = 0.151),
resistance to TGC (25 vs. 41.7%; p = 0.174), and resistance
to piperacillin-tazobactam (25 vs. 29.2%; p = 0.721) were
not significantly different between gram-negative and
gram-positive bacteria. Carbapenem resistance was sig-
nificantly higher among gram-positive bacteria (41.7 vs.
2.8%; p < 0.05).

When comparing cirrhotic patients admitted between
2012 and 2014 and patients admitted between 2015 and
2017, we identified an equal rate of MDR bacteria (33.3
vs. 33.3%; p = 1.00) between these 2 time periods.

The antibiotic resistance patterns are presented in Ta-
ble 3.

Impact of Nosocomial Infection on Bacterial Profile

and Resistance

Among the 63 patients, 20 (31.7%) had a nosocomial
infection. Gram-positive bacteria rates were similar be-

SBP: A Microbiological Shift?

tween nosocomial and nonnosocomial SBP episodes (45
vs. 42.2%; p = 0.835). Streptococcus spp. were significant-
ly more common in nonnosocomial SBP (31.1 vs. 5%; p
= 0.021), and Staphylococcus spp. occurred more fre-
quently in nosocomial episodes (20 vs. 4.4%; p = 0.046).
There were no significant differences in relation to other
SBP microorganisms between groups (Table 2).

Considering SBP episodes with available DST, MDR
bacteria were more frequent in the nosocomial group
compared to the nonnosocomial group (50 vs. 23.8%; p
= 0.046). Resistance to TGC (50 vs. 23.8%; p = 0.046),
quinolones (50 vs. 28.6%; p = 0.111), piperacillin-tazo-
bactam (44.4 vs. 19.1%; p = 0.041), and carbapenems
(33.3 vs. 11.9%; p = 0.049) was more frequent in noso-
comial SBP episodes than in nonnosocomial ones, with
statistically significant differences between groups in all
antimicrobial categories except for quinolones (Table
3).
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Impact of Clinical Baseline Factors on the Bacterial

Profile and Resistance

Eleven SBP episodes occurred while patients were on
SBP prophylaxis. Among them, only 9 had available DST.
MDR bacteria were more frequently isolated in patients
on SBP prophylaxis than in patients who were not on pro-
phylaxis (55.5 vs. 26.5%; p = 0.119).

Resistance to quinolones was more common in pa-
tients on antibiotic prophylaxis with this antimicrobial
category than in patients on prophylaxis with neomycin
or without prophylaxis (57.1 vs. 31.4%; p = 0.219).

MDR bacteria were significantly more common in pa-
tients with history of antibiotic treatment over the pre-
ceding 90 days (52.9 vs. 22%; p = 0.02).

Patients with a history of hospitalization or MDR bac-
terial infection over the preceding 90 days had a higher
probability of infection with MDR bacteria, although
without statistical significance (44 vs. 21.2%, p = 0.063,
and 66.7 vs. 26.9%, p = 0.068, respectively).

Resistance to Empirical Antibiotic Treatment

Among all 63 patients, cefotaxime was the most pre-
scribed antibiotic (61.9%), followed by ceftriaxone
(17.5%) and piperacillin-tazobactam (6.3%) (Table 4).
There were no statistically significant differences between
nosocomial and nonnosocomial SBP patients regarding
the antibiotic regimen prescribed.

Among the 58 patients with available DST, 17 patients
(29.3%) showed resistance to the first-line antibiotic. Re-
sistance to cefotaxime occurred in 12.1% of these pa-
tients, resistance to cefoxitin occurred in 1.7%, resistance
to ceftriaxone occurred in 6.9%, resistance to meropenem
occurred in 1.7%, resistance to piperacillin-tazobactam
occurred in 1.7%, and resistance to trimethoprim-sulfa-
methoxazole occurred in 1.7%. Resistance to first-line an-
tibiotic treatment was more frequent in the nosocomial
group than in the nonnosocomial group (44.4 vs. 22.5%;
p=0.089).

Only 22 of the 63 patients underwent a paracentesis
after 48 h of treatment to confirm the reduction of the
neutrophil count. Among those patients, 14 (63.6%) had
concordant laboratory and microbiological responses,
i.e., the neutrophil count was reduced to at least 25% of
the pretreatment value and the empirical antibiotic cov-
ered the microorganism identified on ascitic culture. Half
of the remaining 8 patients presented a neutrophil count
reduction of more than 25%, but the DST revealed a re-
sistant microorganism which implied the need to switch
the empirical antibiotic; the other half of patients had a
neutrophil count reduction of less than 25%, but the DST
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identified a microorganism not resistant to the empirical
antibiotic, which did not imply the need to change the
first-line empirical antibiotic therapy.

Outcomes

Opverall, hepatorenal syndrome occurred in 50.8% of
the patients. Hepatorenal syndrome rates was similar be-
tween patients with nosocomial SBP and those with non-
nosocomial SBP (50 vs. 51.2%; p = 0.932). Comparing pa-
tients with MDR bacteria and those with non-MDR bac-
teria, hepatorenal syndrome was more frequent in the
former group but without a statistically significant differ-
ence between them (61.1 vs. 47.5%; p = 0.337). Consider-
ing patients with resistance to the first-line antibiotic
treatment, hepatorenal syndrome occurred in a propor-
tion similar to that of patients who responded to the first-
line antibiotic (52.9 vs. 51.2%; p = 0.905).

Only 2 out of 63 patients (3.2%) received a liver trans-
plant during their hospital stay. There was no significant
association between nosocomial infection (5 vs. 2.3%; p=
0.538), infection with MDR bacteria or resistance to first-
line antibiotic treatment, and the need for transplantation
(p = ns for all comparisons).

Nineteen of the 63 patients (30.2%) died during hospi-
tal stay. The mortality rate was higher in the nosocomial
group (45 vs. 23.3%; p = 0.08) as well as in patients with
MDR infection (38.9 vs. 25%; p = 0.282). The mortality
rate was similar between patients with resistance to the
first-line antibiotic treatment and those without resis-
tance to the first prescribed antibiotic (29.4 vs. 29.3%; p =
1.00).

In the present study, we evaluated the epidemiology of
causative microorganisms and antibiotic resistance pat-
terns in a cohort of cirrhotic patients presenting with cul-
ture-positive SBP in a tertiary care university hospital.

The majority of our patients were men (84.1%) and the
main etiology of the liver disease was alcohol (88.9%), as
expected from a cohort of cirrhotic patients in Western
Europe (3, 12, 21]. In line with previous studies [12, 13,
24], most of our patients presented with advanced liver
disease (87.1%, Child C).

Spontaneous ascitic fluid infection is usually associat-
ed with a monomicrobial bacterial growth. In the case of
multiple organisms on ascitic culture, a secondary bacte-
rial peritonitis should be suspected [2]. In our SBP cohort,
only 1 patient had a polymicrobial infection (1.6% of all

Pimentel/Leitao/Gregoério/Santos/
Carvalho/Figueiredo



cases), and any intra-abdominal surgically treatable
source of infection was detected. This result is consistent
with the findings of other studies. Lutz et al. [12] and Al-
Ghamdi et al. [13] described a polymicrobial SBP episode
in 2.2 and 1.5% of the patients, respectively.

In our cohort, we identified a considerable proportion
(43.1%) of gram-positive bacteria in ascitic fluid cultures,
similar to that reported in previous studies [3]. However,
our study showed that E. coli still represents the most
common microorganism in culture-positive SBP epi-
sodes (33.8%). This result was also reported in many oth-
er recent studies [3, 12-17, 24, 25], with the prevalence of
E. coliamong the isolated bacteria in ascitic fluid cultures
varying between 22.9 and 40.7%.

Besides the increasing proportion of gram-positive
bacteria, another concern is the emergence of MDR bac-
teria. MDR pathogens have been associated with a high
30-day-mortality rate [25]. In our cohort, 31.7% of the
isolated bacteria were classified as MDR bacteria. In a re-
cent retrospective study [21], the authors compared 2
groups of cirrhotic patients with a positive ascitic fluid
culture, with one group admitted between 2007 and 2014
and the other between 2015 and 2017. They reported that
the proportion of patients with MDR bacteria increased
significantly from 22.3% in the first period to 40.7% in the
last 3 years. This trend in MDR bacteria rate over time was
not noticed in our study, in which an equal rate of MDR
bacteria (33.3%) was detected between the 2 time periods
(2012-2014 vs. 2015-2017). This finding could be ex-
plained by the shorter duration of our study.

Methicillin-resistant S. aureus, vancomycin-resistant
enterococci (VRE), and MDR gram-negative bacteria
have been reported as a cause of SBP [12]. Among the
resistant bacteria identified in our patients, 18.2% were
ESBL-producing E. coli. In recent studies [3, 13, 14, 24],
the ESBL E. coli strains detection rate has varied between
10.5 and 61.5% [14]. K. pneumoniae was the second
most common microorganism in our series, and one
third of K. pneumoniae strains produced extended-spec-
trum P-lactamases. Li et al. [24] described a detection
rate of ESBL K. pneumoniae of 20.7% and Guo et al. [14]
reported that all K. pneumoniae strains were ESBL-pos-
itive. In recent literature [17, 25] the concern about K.
pneumoniae infection and its antimicrobial resistance
has been discussed. In fact, Klebsiella spp. peritonitis
was associated with a poorer prognosis and a higher
30-day-mortality HR compared to those infections
caused by E. coli [25]. In relation to gram-positive bac-
teria, S. aureus was identified in 7.7% of SBP episodes
and 40% of these strains were methicillin-resistant. This

SBP: A Microbiological Shift?

detection rate was higher than that reported by other
authors (26.1%) [24]. VRE infections are of increasing
concern in many hospitalized patients [26]. Friedrich et
al. [16] showed that infections with enterococci were as-
sociated with a poor survival compared with nonentero-
cocci infections. Enterococcus spp. were found in 10.8%
of ascitic fluid cultures in our cohort, which is within the
range reported by other studies [12, 16, 24, 25], i.e., be-
tween 2.9 [13] and 28% [9]. The detection rate of VRE
strains was significant in our cohort (14.3%), similar to
that (13%) described in a previous study [9]. Because of
the increasing prevalence of enterococcal SBP and its
poor prognosis when treated inappropriately, clinicians
should consider empirical therapy with antibiotics that
cover enterococcal species for patients with risk factors
for these pathogens [9].

Bacterial antibiotic resistance is an important determi-
nant of SBP prognosis. In our cohort, resistance to TGC
occurred in 31.7% of the cases, resistance to quinolones
occurred in 35% of the cases, and resistance to piperacil-
lin-tazobactam occurred in 26.7% of the cases. These re-
sistance rates are consistent with recent literature [3, 12,
13].

Since DST usually takes several days to become avail-
able, diagnostic paracentesis after 48 h of treatment is es-
sential to raising the suspicion of an infection caused by
bacteria resistant to empirical antibiotic based on the
finding of a neutrophil count that fails to decrease to less
than 25% of the pretreatment value [2]. Based on this as-
citic fluid parameter, the need for modification of anti-
biotherapy should be considered. However, this finding
must be integrated with other laboratory and clinical data
in order to make a final decision about an empirical
change of antibiotic.

Regarding TGC, which have been considered as
first-line empirical antibiotic therapy for SBP over the
years, resistance to this antimicrobial category has be-
come more frequent among SBP pathogens, with resis-
tance rates around 30-40% [12, 15, 16]. Antimicrobial
resistance to TGC has been associated with a poor prog-
nosis, with a significant reduced survival probability
(16, 25].

A significant finding in our study is that resistance to
carbapenems was found in 18.3% of cases, which is high-
er than values reported in other series. Lutz et al. [12] re-
ported lack of efficacy of carbapenems in 8% of the iso-
lated microorganisms. In our cohort, carbapenem resis-
tance was significantly higher among gram-positive
bacteria (41.7 vs. 2.8%; p < 0.05). Al-Ghamdi et al. [13]
and Guo et al. [14] did not report carbapenem resistance
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among gram-negative microorganisms. Resistance to
carbapenems can be a life-threatening factor for the prog-
nosis of SBP patients, a with significantly lower 30-day-
survival probability [25].

T vancomycin-resistance rate was only 4.2%, which al-
lows us to affirm that vancomycin continues to be a reli-
able agent for treating gram-positive infections given its
low resistance rates, as reported by other studies [14, 25].

Recent studies have reported that nosocomial infec-
tions represent between 37% [3] and 65.1% [16] of SBP
episodes. In our cohort, nosocomial SBP occurred in
31.7% of the patients. There was no significant difference
in Gram category between nosocomial and nonnosoco-
mial SBP episodes (45 vs. 42.2%; p = 0.835), keeping in
line with what has been described by other authors [3, 16].
Considering the microbiological etiology of nosocomial
and nonnosocomial SBP episodes, there was a significant
difference between these 2 groups regarding Streptococ-
cus spp. and Staphylococcus spp. While Streptococcus spp.
were significantly more common in nonnosocomial SBP
(31.1 vs. 5%; p = 0.021), Staphylococcus spp. occurred
more frequently in nosocomial episodes (20 vs. 4.4%; p =
0.046). Friedrich et al. [16] described that Streptococcus
spp. occurred significantly more often in nonnosocomial
infections (14.3 vs. 2.2%; p = 0.006) and there was a trend
toward more Enterococcus spp. in nosocomial infection
(16.3 vs. 31.5%; p = 0.053). Li et al. [21] reported that En-
terobacteriaceae were more frequent in community-ac-
quired SBP patients (35.7 vs. 23.0%; p = 0.068), while nos-
ocomial SBP patients had more Enterococci (13.6 vs.
24.3%; p = 0.060) and Staphylococci (20.8 vs. 27.0%; p =
0.314). Li YT et al. [24] showed that Acinetobacter bau-
mannii and P. aeruginosa caused a significantly higher
number of nosocomial than non-nosocomial infections.

In our series, MDR bacteria were significantly more
frequent in the nosocomial group compared to non-nos-
ocomial group (50 vs. 23.8%; p = 0.046), as reported by
previous studies [21]. In fact, nosocomial peritoneal in-
fections have been described as a risk factor for antibiotic
resistance [12, 27]. In line with this observation, we de-
tected higher prevalence of antibiotic resistance in all an-
tibiotic classes in nosocomial SBP patients. Resistance to
TGC class was 50% in nosocomial SBP episodes, which
makes it an unsuitable choice for empirical treatment of
nosocomial SBP episodes. For non-nosocomial SBP epi-
sodes, TGC had a coverage rate of 76.2%, similar to that
described in previous studies [16]. Piperacillin/tazobac-
tam and carbapenems showed the highest antimicrobial
susceptibility rate in non-nosocomial-acquired SBP epi-
sodes, with coverage rates of 80.9 and 88.1%, respectively,
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similar to that described in previous studies [16]. How-
ever, in nosocomial SBP episodes, we showed a consider-
able resistance rate for these antibiotics (44.4% for piper-
acillin-tazobactam and 33.3% for carbapenems). These
resistance rates were higher than that previously de-
scribed by Lutz et. al [12]: 30% for piperacillin-tazobac-
tam and 13% for carbapenems. Based on their results,
these authors suggested the combination of a carbapen-
em plus a glycopeptide for empirical treatment of noso-
comial SBP.

In our study, 17.5% of the included patients were on
SBP prophylaxis, a proportion similar to that previously
reported [3]. We showed a trend towards a greater prob-
ability of having a MDR bacteria isolated in ascitic fluid
culture of the patients on SBP prophylaxis (55.5 vs.
26.5%; p = 0.119). There was no significant association
between previous antibiotic prophylaxis and resistance
to quinolones (57.1 vs. 31.4%; p = 0.219). Oliveira et al.
[3] showed a significant association between previous
use of antibiotic prophylaxis and a new SBP event be-
cause of bacteria resistant to quinolones (34 vs. 6%; p =
0.001), but not because of MDR bacteria (29 vs. 14%; p =
0.10). Li et al. [21] did not show a significant microbio-
logical difference between patients with or without anti-
biotic prophylaxis.

In our study, we also showed that history of antibiotic
treatment over the preceding 90 days was significantly as-
sociated with an SBP event caused by MDR bacteria (p =
0.02).

In relation to the antibiotic treatment prescribed to
our cohort patients, TGC (cefotaxime and ceftriaxone)
were used in about 80% of the patients. Approximately
20% of those patients had an infection caused by a micro-
organism resistant to these 2 antibiotics. Friedrich et al.
[16] also showed that the majority (84.1%) of culture-
positive patients received antibiotic treatment with TGC,
but only 58.1% of those patients received an adequate an-
tibiotic therapy specific to the identified pathogen and,
more importantly, they found that all of those patients
with incorrect empirical antibiotic treatment had re-
ceived TGC.

Overall, in our cohort, 29.3% of the patients showed
resistance to the first-line antibiotic treatment prescribed,
mostly in the nosocomial group (44.4 vs. 22.5%; p =
0.089). This finding is probably related to the fact that
MDR bacteria were more common in nosocomial group
and consequently the probability of treatment failure was
expected to be high. According to previous studies, resis-
tance to the first-line antibiotic treatment significantly in-
creased the 30-day-mortality of SBP patients, underlining
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that knowledge of local antibiotic resistance patterns is
crucial to SBP treatment success [12].

In our cohort, there was no significant association be-
tween nosocomial infection, MDR bacterial infection, or
resistance to first-line antibiotic treatment and the occur-
rence of hepatorenal syndrome (p = ns for all compari-
sons). In a retrospective study, Li et al. [21] showed an
increasing incidence of MDR bacteria in recent years, ac-
companied by an increased incidence of hepatorenal syn-
drome (from 40.8 to 58.0%; p = 0.007). The occurrence of
hepatorenal syndrome was independently associated
with the 30-day-mortality of cirrhotic patients with a cul-
ture-positive SBP [3].

The in-hospital mortality rate of our culture-positive
SBP patients was 30.2%. No significant association was
noticed between mortality rate and nosocomial infection
or MDR bacteria etiology. The mortality rate among our
patients was also similar between patients with resistance
to the first-line antibiotic treatment and those without
resistance to the first prescribed antibiotic. On the con-
trary, other studies showed that MDR pathogens were as-
sociated with a significantly higher in-hospital mortality
[21] and 30-day-mortality [25] and that resistance to the
first-line treatment contributed independently to a high-
er 30-day-mortality [12].

The results of our study should be interpreted taking
into account some limitations. First, our study is a single-
center analysis, which could limit the external validity of
the results. However, this limitation is minimized by the
fact that our tertiary care hospital is a referral center for
liver disease, receiving patients from other hospitals. Sec-
ond, the retrospective design of this study could imply
some missing data and consequently a selection bias.
Third, a limitation of our study is that antibiotic resis-
tance could only be analyzed in patients with culture-pos-
itive SBP, and ascitic fluid cultures were positive only in
half, or fewer, of the cases [12, 13]. Future studies are nec-
essary to better understand all details of epidemiology
and bacterial resistance in our SBP cases, allowing a more
efficacious antibiotic therapy.

In conclusion, we described a microbiological profile
and antibiotic resistance patterns in a recent cohort of cir-
rhotic patients, similar to the current European experi-
ence. Although the majority of pathogens causative of
SBP remain gram negative, our results accentuate a shift
to more frequent gram-positive organisms which repre-
sent almost half of the isolated microorganisms. New SBP
treatment protocols should follow this change. Our data
also suggest that TGC or piperacillin-tazobactam might
be considered for nonnosocomial SBP, and a carbapenem
in combination with a substance targeting gram-positive
bacteria might be a better choice for empirical treatment
of nosocomial SBP.
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