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Remarkable Antimicrobial Resistance in Nosocomial Spontaneous
Bacterial Peritonitis
Nozokomiyal Spontan Bakteriyel Peritonitte Dikkat Gekici Antibiyotik Direnci
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Abstract

Introduction: The aim of this prospective observational study was to investigate the causative agents and their susceptibility to antimicrobial drugs
in patients with nosocomial spontaneous bacterial peritonitis (SBP) in order to clarify empirical antimicrobial treatment.

Materials and Methods: Patients who were admitted to the Gastroenterology Department of Antalya Training and Research Hospital with
prediagnosis of SBP during the period of January 2011 to December 2014 were enrolled in the study. Spontaneous bacterial peritonitis was defined
as ascitic fluid with polymorphonuclear leukocyte count >250 cells/mms3. Spontaneous bacterial peritonitis was considered to be nosocomial if
diagnosed after >48 hours of hospitalization. During the study period, cefotaxime was the preferred empirical antimicrobial therapy in our center.
If there was no clinical recovery after 48 hours or cefotaxime-resistant bacteria was identified in culture, antimicrobial therapy was switched.
Results: The proportion of culture-positive SBP was 13% (57/439). In total, 46% (202/439) of the cases were neutrocytic ascites and 52.6% (30/57)
were evaluated as nosocomial SBP. Candida spp. was the causative agent in one case, which was not included in the calculation. The overall natural/
acquired cefotaxime resistance was 51.8% (29/56). The rate of cefotaxime resistance was 66.7% (20/30) in nosocomial SBP, significantly higher
than in non-nosocomial infections (34.6%; 9/26, p=0.04). Resistance to gentamicin, trimethoprim-sulfamethoxazole, and carbapenems were also
significantly higher in nosocomial infections (p=0.04, p=0.04, p=0.02).

Conclusion: Cefotaxime resistance was found to be higher in nosocomial SBP than non-nosocomial cases. Therefore, determining whether an
infection is nosocomial is beneficial when selecting empirical antibiotic therapy.

Keywords: Extended-spectrum beta-lactamases, antimicrobial resistance, surveillance, community-acquired infections, culture-negative neutrocytic
ascites

Giris: Bu prospektif g6zlemsel calismanin amaci; nozokomiyal spontan bakteriyel peritonit (SBP) olgularinda, ampirik antibiyotik tedavisini planlamak
icin, etken mikroorganizmalari ve antimikrobiyal ilaglara duyarhliklarini ortaya koymaktir.

Gerec ve Yontem: Calismaya Ocak 2011 ile Aralik 2014 arasinda SBP &6n tanisi ile Antalya Egitim ve Arastirma Hastanesi Gastroenteroloji Klinigi'ne
basvuran hastalar dahil edildi. Assit sivisinda polimorfoniiklear hiicre sayisi >250 hiicre/mm3 olan olgular SBP olarak tanimlandi. Hastaneye yatistan 48
saat veya daha sonra tani konulan olgular nozokomiyal olarak kabul edildi. Calismanin yapildi§gi donemde hastanemizde ampirik tedavide sefotaksim
tercih edilmekte idi. E§er 48 saatte klinik yanit alinmadiysa veya kiiltlirde sefotaksim direncli bakteri tirediyse tedavi degisikligi yapiimakta idi.
Bulgular: Kiiltiir-pozitif SBP orani %13 (57/439) idi. Olgularin %46's1 (202/439) nétrositik asitti. Olgularin %52,6's1 (30/57) nozokomiyal SBP olarak
degerlendirildi. Bir olguda etken Candida spp. idi, bu nedenle hesaplamaya dahil edilmedi. Ttim olgularda dogal/kazanilmis sefotaksim direnci %51,8
(29/56) idi. Nozokomiyal SBP olgularinda sefotaksim direnci %66,7 (20/30) idi ve non-nozokomiyal olgulardan anlamli dl¢tide yiiksekti (%034,6;
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9/26, p=0,04). Nozokomiyal enfeksiyonlarda gentamisin, trimetoprim-sulfametoksazol ve karbapenem direnci de anlamli derecedeyiiksekti (p=0,04,

p=0,04, p=0,02).

Sonuc: Nozokomiyal SBP olgularinda sefotaksim direnci yiiksek olarak saptandi. Bu nedenle ampirik antibiyoterapiyi planlarken, enfeksiyonun

nozokomiyal olup olmamasina gore belirlemek faydali olacaktir.

Anahtar Kelimeler: Genislemis spektrumlu beta-laktamazlar, antimikrobiyal direng, siirveyans, toplum kaynakli enfeksiyonlar, kiiltiir negatif

notrositik assit

Introduction

Spontaneous bacterial peritonitis (SBP) is a common and life-
threatening complication that occurs in cirrhotic patients with
ascites and is associated with an increased risk of mortality.
Spontaneous bacterial peritonitis is defined as a bacterial
infection of ascitic fluid in patients with no intra-abdominal,
surgically-treatable source of infection and is diagnosed in the
presence of polymorphonuclear leukocyte (PMN) count over
250/mm? in the ascitic fluid". There is an increased risk of
mortality, hepatic encephalopathy, and hepatorenal syndrome in
SBP patients. Therefore, early diagnosis and rapid management
are important in the management. Empirical antimicrobial
therapy is the best strategy against cirrhosis decompensation
and complications due to low possibility of ascitic fluid culture
positivity and delay in culture results. Hence, "Which antibiotic
is the best choice for empirical treatment?" is a frequently asked
question.

The most common microorganisms isolated from ascitic
fluid of patients with SBP are Escherichia coli, Klebsiella
pneumoniae, and Gram-positive cocci such as Streptococcus
and Enterococcus spp.>. E. coli and K. pneumoniae are the
causative agents in nearly 50% of cases®>7. The fact that
enteric Gram-negative bacteria are the causative agents in more
than half of cases implicates the intestinal flora as the source
of the infection*”. Gram-positive bacteria [Staphylococcus
aureus (2-4%), Enterococcus spp. (6-10%)] are responsible for
approximately 25% of cases®®®. Anaerobic bacteria are detected
at a rate of 100, However, recent studies point to an increase in
the proportion of SBP cases caused by Gram-positive bacteria®.

According to guidelines from the American Association for
the Study of Liver Diseases and European Association for the
Study of the Liver, a third-generation cephalosporin such as
cefotaxime should be initiated immediately after the diagnosis
of neutrocytic ascites without waiting for culture resultsf*810-12,
Cefotaxime appears to cover 95% of the intestinal facultative
anaerobic flora, which includes the most common isolates, E.
coli and K. pneumoniae, and it reaches high concentrations
in ascitic fluid. The reduction in clinical and microbiological
response to third-generation cephalosporins over the last

decade necessitates the classification of infections into
community-acquired and nosocomial infections. Recent
studies indicate that up to 33-75% of patients with
nosocomial infection fail to respond to third-generation
cephalosporins due to multidrug-resistant bacterial®-'”\. The
rate of complications and mortality may increase among
these patients due to high resistance rates, prompting some
experts to suggest the use of broad-spectrum antibiotics such
as carbapenem plus daptomycin or linezolid in the empirical
treatment of nosocomial SBP!'8. However, this approach may
further increase resistance to these antimicrobial agents and
reduce the treatment success of complicated infections in the
future. Therefore, it seems useful to know the potential regional
causative agents and their antimicrobial resistance patterns in
order to recommend empirical antimicrobial treatment.

The aim of this study was to investigate the causative bacteria
and their susceptibility patterns to antimicrobial agents in
patients with nosocomial SBP in order to clarify the empirical
antimicrobial treatment.

Materials and Methods

This prospective observational study was conducted on
cirrhotic patients with ascites and were hospitalized in the
Gastroenterology Department of the Antalya Training and
Research Hospital between January 01, 2011 and December 31,
2014. Ascitic fluid samples of cirrhotic patients were obtained at
the time of admission with prediagnosis of peritonitis. Only one
sample per patient per hospital stay was included in the study.
If a patient was admitted more than two times during a 10-
day period, only the first hospital stay was included. Malignant
ascites (proved by pathological examination) and bacterascites
(evaluated as skin contamination, no clinical symptoms and
isolation of skin bacterial flora members) were also excluded.
Multiple isolates of the same strain from one patient were
counted only once. Spontaneous bacterial peritonitis was
defined as ascitic fluid with PMN count =250 cells/mm3. Ascitic
fluid with PMN count >250 cellsyfmm3 and no growth in the
culture was defined as culture-negative neutrocytic ascites
(CNNA)!. Spontaneous bacterial peritonitis was considered to
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be nosocomial if developed and diagnosed after more than 48
hours of hospitalization!"?.

Demographic characteristics of the patients were determined
by interview; clinical characteristics and laboratory findings
were obtained from medical charts. Ascitic fluid samples
were collected by paracentesis when infection was suspected.
Leukocyte count was performed with full automated blood
count system (Beckman Coulter Diagnostics, USA) and PMN
were counted with a Thoma cell counting chamber under
direct microscopy. Ascitic fluid cultures were performed by
conventional methods and automated blood culture system.
Ascitic fluid samples less than 5 ml were subcultured onto
sheep blood agar and MacConkey agar and incubated at 37
°C for 48 hours. The other samples were subcultured to blood
culture bottles and incubated in an automated BACTEC 9120
system (Becton Dickenson Diagnostic Instrument System,
Sparks, USA) for up to seven days. Bacterial identification
was performed by conventional methods using a BD Phoenix
automated identification and antimicrobial sensitivity system
(Becton Dickenson Diagnostic Instrument System, Sparks,
USA). Antimicrobial susceptibility test was performed by disk
diffusion method according to the 2013 version of the Clinical
and Laboratory Standards Institute criteria and by BD Phoenix
system. Leukocyte count, culture results, C-reactive protein
(CRP), and erythrocyte sedimentation rate were recorded.
Repeated paracentesis was performed after 48 hours.

During the study period, cefotaxime was administered as the
first line therapy in our hospital. If there was no clinical recovery
after 48 hours or cefotaxime-resistant bacteria was identified
in bacterial culture, antimicrobial therapy was switched to
piperacillin-tazobactam or carbapenems.

This study was approved by Antalya Training and Research Hospital
Ethics Committee (Protocol number: 37/10) on March 20, 2014.

Statistical Analysis

Data were analysed via SPSS version 20.0 (Statistical Package for
the Social Sciences, Chicago, lllinois, USA) software. Variables
were expressed as mean + standard deviation and percentage
(%). Categorical variables were compared using the chi-square
test, Fisher's exact test, or Student's t-test. P values less than
0.05 were accepted as statistically significant.

Table 1. Comparison of laboratory findings

A total of 439 ascitic fluid samples from 172 cirrhotic patients
were included in the study. The mean age of patients was
61.71+14.18 years and 62 (36%) of them were female. Of the
172 patients, etiology of hepatic insufficiency was alcoholic
liver disease in 33 (19.2%), hepatitis B virus-related cirrhosis
in 37 (21.5%), hepatitis C virus-related cirrhosis in 29 (16.8%),
primary biliary cirrhosis in 12 (7.0%), and cryptogenic cirrhosis
in 61 (35.5%) patients. Of the 439 ascitic fluid samples, 46%
(202/439) were neutrocytic ascites. The proportion of culture-
positive SBP was 13% (57/439). There was no growth in the
other 145 of the 202 neutrocytic ascites samples and they were
considered to be CNNA (33%: 145/439).

The rate of positive microbiological culture among ascitic
fluid samples with PMN >250 cells/mms3 was 28.2% (57/202).
Of the 202 neutrocytic ascites samples, 74.3% (150/202) had
been cultured onto automated blood culture system and 25.7%
(52/202) had been cultured onto blood agar and MacConkey
agar by conventional methods. The positivity rates in automated
blood culture system and conventional method were 28.6%
(43/150) and 26.9% (14/52), respectively, with no significant
difference in positivity rates according to culture method
(p>0.05).

Mean PMN counts in ascitic fluid and CRP values were
significantly higher in patients with SBP compared to CNNA
(3075.43+3485.75 vs. 1423.44+1969.10 and 63.80+51.45 vs.
45.66+38.15, respectively) (p<0.05) (Table 1).

Gram-negative bacteria accounted for 57.9% (33/57) of the
isolated microorganisms and the most frequently isolated
agents were E. coli (52.6%), coagulase-negative Staphylococci
(CNS) (19.29%), and Enterococcus spp. (14%). The prevalence
of extended-spectrum beta-lactamase (ESBL) production was
17.5% (10/57).

Nosocomial SBP accounted for 52.6% of SBP cases (30/57). There
was no significant difference between the causative agents in
nosocomial versus non-nosocomial cases (Table 2).

The overall natural/acquired cefotaxime resistance was 51.8%
(29/56) among causative agents of SBP. The identification
of cefotaxime-resistant agents was summarized in Table
3. Candida spp. was the causative agent in one case, which

Spontaneous bacterial peritonitis

Culture-negative neutrocytic ascites p

Ascites PMN* count (mean+SD) 3075.43+3485.75 1423.44+1969.10 0.01
CRP (mg/l) (mean+SD) 63.80+51.45 45.66+38.15 0.01
Sedimentation rate (mm/hour) (mean+SD) 32.00+17.09 32.05+17.80 >0.05

*PMN: Polymorphonuclear leukocytes, CRP: C-reactive protein, SD: Standard deviation
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was not included in the calculation. Resistance rates to
ciprofloxacin, gentamicin, ampicillin-sulbactam, trimethoprim-
sulfamethoxazole, piperacillin-tazobactam, and carbapenems
were 28.6% (16/56), 23.2% (13/56), 46.4% (26/56), 39.3%
(22/56), 28.6% (16/56), and 12.5% (7/56), respectively (Table 4).

Resistance to cefotaxime was observed in 66.7% (20/30) of
nosocomial SBP cases and was significantly more frequent
than in non-nosocomial infections [34.6% (9/26)] (p=0.004). In
addition, nosocomial infections had significantly higher rates of
resistance to gentamicin (33.3% vs. 11.5%, p=0.04), trimethoprim-
sulfamethoxazole (53.3% vs. 23.1%, p=0.04), and carbapenems

(20.0% vs. 3.8%, p=0.02) (Table 4). Rates of resistance to
piperacillin-tazobactam were 33.3% (10/30) in nosocomial and
11.5% (6/26) in non-nosocomial infections. The proportion of
ESBL-producing isolates was similar between the two groups
(nosocomial, 16.6%; non-nosocomial, 19.2%, p>0.05).

Spontaneous bacterial peritonitis is the most common infectious
complication of cirrhosis, affecting 8-27% of cirrhotic patients
with ascites who are admitted to hospital and causing 20-40%
mortality™'®"19 Spontaneous bacterial peritonitis is reported

Table 2. Distribution of causative agents in nosocomial/non-nosocomial spontaneous bacterial peritonitis

Bacteria n (%) Nosocomial spontaneous bacterial Non-nosocomial spontaneous bacterial p value
peritonitis (n=30) peritonitis (n=26)

Acinetobacter spp. 1(3.3) - -

Escherichia coli 14 (46.7) 16 (61.6) >0.05

Enterobacter spp. - 1(3.9) -

Enterococcus spp. 4(13.4) 4 (15.3) -

Coagulase-negative 7 (23.4) 4(15.3) >0.05

Staphylococci

Klebsiella spp. - 1(3.9) -

Staphylococcus aureus 1(3.3) -

Listeria monocytogenes 2 (6.6) - -

Streptococcus spp. 1(3.3) - -

Total 30 (100) 26 (100)

Table 3. Identification of cefotaxime-resistant isolates in nosocomial/non-nosocomial spontaneous bacterial peritonitis

Nosocomial (n=20) Non-nosocomial (n=9)
Bacteria Number of Mechanism of Number of Mechanism of resistance
isolates resistance isolates
Acinetobacter baumannii 1 Natural -
Enterococcus spp. 4 Natural 4 Natural
Listeria monocytogenes 2 Natural -
Coagulase-negative Staphylococci 5 Acquired -
Enterobacter spp. - 1 Acquired
Escherichia coli 7 Acquired 4 Acquired
Streptococcus spp. 1 Acquired -

Table 4. Antimicrobial resistance in nosocomial versus non-nosocomial spontaneous bacterial peritonitis

Nosocomial spontaneous bacterial Non-nosocomial spontaneous bacterial
Antibiotic peritonitis (n=30) peritonitis (n=26) p
Resistance n (%) Resistance n (%)
Ampicillin sulbactam 16 (53.3) 10 (38.5) >0.05
Ciprofloxacin 11 (36.7) 5(19.2) >0.05
Cefotaxime 20 (66.7) 9 (34.6) <0.05
Gentamicin 10 (33.3) 3(11.5) <0.05
Trimethoprim-sulfamethoxazole 16 (53.3) 6 (23.1) <0.05
Piperacillin-tazobactam 10 (33.3) 6 (11.5) >0.05
Carbapenems 6 (20.0) 1(3.8) <0.05
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at a rate of 3.5-33.3% in cirrhotic patients”?. The prevalence
of culture-positive SBP in our study was 13%, consistent with
the literature.

Causative agents were identified in 28.2% of neutrocytic ascites
samples. The bacterial concentration in ascitic fluid is usually
very low in SBP, approximately 2 bacteria/mms3P4, Therefore, it
is recommended to culture at least 10 ml of ascitic fluid into
a blood culture bottle at bedside in order to identify bacterial
growth in culture”??4. Culturing into blood culture bottles
has been reported to increase bacterial growth by 4000723,
Nevertheless, there was no significant difference between
conventional culture and blood culture methods in our study
(p>0.05). The detection of causative agents in the culture ranges
from 12.6% to 68.4% in neutrocytic ascites?®?”), Low positivity
rates may be related to persistence of the inflammatory process
despite bacterial eradication. Immune activation due to binding
of bacterial DNA in ascitic fluid to toll-like receptor-9 has been
demonstrated previously; therefore, it should be kept in mind
that bacterial DNA, not the bacterium itself, may trigger the
inflammatory process, which may be related to the lack of
culture growth in the CNNA group??.,

In our study the most frequent causative agents were E. coli
(53.6%), CNS (19.6%), and Enterococcus spp. (14%). E. coli
is the most frequently isolated causative agent in SBP, with
rates ranging between 30-600!*'°2628] Some recent reports
have pointed out the change in SBP microbiological profile
as increased isolation of Gram-positive microorganisms,
especially in patients receiving norfloxacin prophylaxisi®510.14,
In this study, enterococci were isolated in 14% of patients.
Three years ago, the proportion of enterococci in SBP was
11.1% in our center®.. According to our findings, cases of
SBP associated with enterococci increased by 3.2% in a 2-year
period. According to Reuken et al.?%, SBP cases associated with
enterococci increased from 11% to 35% over a period of 12
years'. Enterococci are known to be intrinsically resistant to
third-generation cephalosporins, the first choice of empirical
antimicrobial therapy!""3%, For this reason, empirical therapy
should be expanded to be effective against enterococci in
centers with high enterococcal SBP rates.

It is a fact that resistance to third-generation cephalosporins
has increased among the causative agents of SBP in recent
years. Studies from European countries especially have reported
resistance and a relationship between inappropriate antibiotic
use versus mortalityl">'*", In the present study, the overall
cefotaxime resistance rate was 51.8% but increased to 66.7%
in the nosocomial SBP group. Due to the significantly higher
rate of cefotaxime in the nosocomial isolates, cefotaxime as
a first-line therapy failed to eradicate the infection in these
cases. There are few studies comparing the microbiological
and clinical characteristics of nosocomial and non-nosocomial

SBP and different results have been reported in terms of
antimicrobial resistance. Kim et al.b? reported similar clinical
and microbiological characteristics among nosocomial and
community-acquired SBP, whereas Bert et al.®® indicated
increased resistance to cefotaxime and amoxicillin-clavulanic
acid among nosocomial isolates. Fernandez et al.l"¥ reported
clinical efficacy in only 26% of patients with nosocomial
SBP treated with third-generation cephalosporins. Thus, it
is important for centers to determine the regional causative
agents and their antibiotic resistance. In our center, the higher
rate of cefotaxime resistance among nosocomial SBP is due
to higher proportion of CNS and enterococci rather than to
a higher proportion of cefotaxime-resistant Gram-negative
bacteria. The high prevalence of enterococci in some centers
highlights the combined empirical antimicrobial treatment of
nosocomial SBP and confirms the need to cover the spectrum
of Gram-positive bacteria. A new study is planned in our center
to describe the risk factors of SBP caused by staphylococci
and enterococci in order to define a combined empirical
antimicrobial treatment.

In our study, we could only discriminate SBP as nosocomial
or non-nosocomial. It would be more useful to distinguish
the infections as nosocomial (diagnosis made after more than
48 hours of hospitalization), community-acquired (diagnosis
made within 48 hours of hospitalization in patients with no
contact with the healthcare system, defined as hemodialysis or
chemotherapy in the 30 days previous to the episode or more
than two days at the day hospital, visits to the emergency
department and/or previous admission to the hospital in
the three months previous to the episode), and healthcare-
associated (diagnosis made within 48 hours of hospitalization
in patients with prior contact with the healthcare system)!'l,
Friedman et al.*¥ determined a similar microbiological profile
among patients with nosocomial bacteremia and patients who
had close contact with healthcare systems.

In this study we could not identify the risk factors of cefotaxime-
resistance and enterococcal infections. In addition, we could
not evaluate clinical response to first-line therapy in patients
with CNNA. A prospective study has been planned to address
these limitations.

Recently, researchers have reported declines in clinical and
microbiological response to third-generation cephalosporins, a
commonly used first-line therapy in the empirical antimicrobial
treatment of SBP. Especially in nosocomial cases, they
recommend the use of piperacillin-tazobactam or carbapenems
with daptomycin('23, Therefore, it is beneficial to determine
whether an infection is nosocomial or not when deciding
empirical antimicrobial therapy for patients with neutrocytic
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ascites. In light of our findings, piperacillin-tazobactam or
carbapenem should be preferred as first-line therapy in our
center if SBP is evaluated as nosocomial.
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