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Abstract
Spontaneous bacterial peritonitis (SBP) is often difficult to diagnose because bacteria in ascites cannot be detected accurately by conventional

culture. In this study, we evaluated the use of broad-range 16S rRNA PCR, applied either directly to a total of 32 ascitic fluids (AFs) or to the

AF vial cultures, after a long incubation of 14 days; the results were compared with those of AF vial cultures. Escherichia coli was isolated in

four of 32 AF vial cultures (12.5%). The application of 16S rRNA PCR directly to AF detected only one of the four positive samples (sensitivity

25%, specificity 100%, positive predictive value (PPV) 100%, negative predictive value (NPV) 90.32%). However, the application of 16S rRNA

PCR to AF vial cultures after 14 days of incubation correctly identified all the positive samples, including one more that was positive for

Brucella mellitensis (sensitivity 100%, specificity 80%, PPV 80%, NPV 100%). The elongation of the incubation period of the AF vial

cultures, combined with the use of 16S rRNA in negative vials, increases the possibility of identifying the causative agents of SBP and

could be applied in the clinical laboratory.
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Introduction
Spontaneous bacterial peritonitis (SBP) is a frequent and severe

complication of individuals with cirrhosis who have ascites [1].
In this group of patients, SBP prevalence ranges from 10% to

30%, and its mortality rate is approximately 20%, despite early
diagnosis and treatment [2,3]. The key mechanism of the

pathogenesis of SBP is bacterial translocation, defined as the
passage of viable gut flora through the intestinal barrier to

extra-luminal sites. It has been demonstrated that in cirrhosis
there is pronounced impairment of gastrointestinal tract

motility. The disturbance of gut flora micro-ecology that fol-
lows— in association with changes in the ultrastructure of the
This is an open access arti
gastrointestinal tract and reduced local and humoral immu-
nity—paves the way for the relatively free flow of microor-

ganisms and endotoxins to the mesenteric lymph nodes,
subsequent systemic circulation and seeding into ascites [4–6].

Peritoneal infection causes an inflammatory reaction that
results in an increased number of polymorphonuclear leuco-

cytes (PMN) in ascitic fluid (AF). SBP is diagnosed on the basis
of PMN cell counts �250 cells/mm3 in AF, regardless of the

result of the ascites culture [7–9]. Although AF culture posi-
tivity is not a prerequisite for the diagnosis of SBP, culture must
be performed to guide antibiotic therapy [9], because a timely

and appropriate antibiotic treatment can improve the clinical
outcome significantly. Traditionally, identification of bacteria

that cause SBP has depended on culturing, but this normally
takes several days. Furthermore, in a high proportion of SBP

patients, the AF cultures remain negative, probably due to the
relatively low concentration of bacteria or to the presence of

fastidious microorganisms that cannot be cultured [1,10].
Runyon et al. have demonstrated that inoculation of ascites

directly into blood culture bottles (AF vial cultures) at the
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bedside increases the sensitivity of bacterial culture to 90%

[9–11]. However, in general practice, ascites culture is negative
in approximately 60% of individuals with SBP [1]. The condition

of increased PMN count (�250 cells/mm3) and negative culture
is known as ‘culture-negative SBP’, and is the most common

variant of SBP [12]. Its clinical presentation is similar to that of
patients with ‘culture-positive SBP’ and it should be treated in a
similar manner [9].

Molecular assays have been widely used for the detection of
microorganisms directly to clinical specimens [13]. However,

little international experience exists concerning their intro-
duction in SBP diagnosis. In this study, we evaluated the use of

broad-range 16S rRNA PCR applied either directly to AF or to
the AF vial cultures after a long incubation (14 days), compared

with the traditional approach that includes AF vial culture.
Materials and methods
Ascitic fluid samples analysis
A total of 32 AF samples were collected from individual patients

with cirrhosis, who were diagnosed with SPB based on clinical
signs, PMN count �250 cells/mm3 and absence of intra-

abdominal source of infection, and were admitted to the
Department of Medicine, University Hospital of Larissa during
2017. Patients who received antibiotic treatment or prophy-

laxis at admission and/or within the last month were excluded
from the study. Samples were obtained under standard aseptic

conditions and total cell count, PMN count, Gram stain, total
protein and albumin were determined. All AF samples were

collected before the initiation of antimicrobial therapy. The
protocol was approved by the Ethics Committee of the Uni-

versity Hospital of Larissa, Greece (N 6142).

Ascitic fluid vial cultures, bacteria identification and
susceptibility testing
Ten millilitres of each AF was inoculated into blood culture
bottles (Bact/ALERT aerobic and anaerobic; Biomérieux, La

Balme les Grottes, France) at the patient’s bedside. The bottles
were incubated for a period of 14 days in a Bact/ALERT 3D

(Biomérieux). We note that this prolonged incubation time was
chosen by us in order to obtain more positive results.

If there was a positive signal during the incubation, five drops

from each bottle were obtained; one for Gram stain and the
other four for inoculation onto blood agar plates (aerobically

and anaerobically), chocolate agar plate and McConkey agar
plate. The bacteria that were isolated were identified and tested

for antimicrobial sensitivity using VITEK 2 (Biomérieux).
If no positive signal was detected during the incubation

period, the samples were characterized as ‘culture-negative’
© 2018 The Authors. Published by Elsevier Ltd, NMNI, 28, 1–5
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and were further investigated using molecular techniques.

Briefly, 100 μL of the positive and negative AF vial cultures’
content, at the end of their incubation period, was diluted into

1 mL sterile distilled water and centrifuged at 4000g for 10 min.
The supernatant was discarded and 500 μL of the sediment was

used for DNA extraction.
Moreover, blood cultures (Bact/ALERT aerobic and anaer-

obic) were performed for all patients and were inoculated for 5

days, according to our laboratory protocol. In the case of a
positive signal, the content of the bottle was examined by Gram

stain and sub-cultured onto blood agar plates (aerobically and
anaerobically), chocolate agar plates and McConkey agar plates.

Isolated bacteria were identified and tested for antimicrobial
sensitivity by VITEK 2 as described.

Broad-range 16S rRNA PCR followed by sequence
analysis
From each patient, 10 mL of AF was also obtained and centri-

fuged at 800g for 20 min. After the centrifugation, 9 mL of su-
pernatant was removed and the pellet was mixed by vortexing. A

volume of 500 μL was used for DNA extraction using a QIAmp
DNA Mini kit (Qiagen, Hilden, Germany), according to the in-

structions of the manufacturer. The yield and purity of DNA
were measured by reading A260 and A260/A280 in a Bio-
Photometer (Eppendorf, Hamburg, Germany). In order to assess

the success of the DNA extraction and the absence of PCR in-
hibitors, PCR for the β2-globulin gene was performed using the

primers 5ʹ-GAAGAGCCAAGGACAGGTAC-3ʹ (forward) and
5ʹ-AACTTCATCCACGTTCACC-3ʹ (reverse) [13]. In parallel,

the 16S rRNA gene was amplified using the universal primers of
5ʹ-AGAGTTTGATCATGGCTCA-3ʹ and 5ʹ-ACGGCGACT

GCTGCTGGCAC-3ʹ that correspond to a 523-bp 16S rRNA
fragment of Escherichia coli (positions 8–531) [14]. PCR was

carried out through the following cycles: an initial cycle of 95°C
for 4 min was followed by 35 cycles of 94°C for 30 s, 55°C for 30
s, and 72°C for 90 s, with a final extension period at 72°C for 10

min. Total PCR volume was filtered through QIAquick Spin
Columns to remove primers and nucleotides. Purified products

were visualized on 1.5% agarose gels stained with ethidium
bromide. PCR amplicons were sequenced in both directions in

an ABI 3130 genetic analyser and were compared with those
submitted to GenBank and EMBL, using the BLAST algorithm

[15].
The same protocol was applied in the AF vial cultures.

Briefly, a volume of 500 μL of the sediment was used for DNA

extraction, while 16S rRNA PCR was performed as described.

Statistical analysis
SPSS version 19.0 (SPSS, Chicago, IL, USA) software was used
for data analysis. Specificity, sensitivity, and positive and
nses/by-nc-nd/4.0/).
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negative predictive values were calculated to assess the diag-

nostic performance of 16S rRNA in AF as well as in AF vial
cultures after a 14-day incubation. The reference standard

comparator was the AF vial culture.

Results
Among the SBP patients 23 were male and nine were female,
with a mean age of 65 ± 8.8 years. Table 1 describes the mean

values of various biochemical parameters and PMN count.
Macroscopic examination of AFs showed that the colour and

the clarity varied between green-brown and cloudy-opalescent,
respectively. All AFs had a negative Gram stain.

Of 32 AF vial cultures, four were found to be positive
(12.5%); Gram-stain revealed the presence of Gram-negative

rods and, based on the VITEK 2 system, the microorganisms
were identified as E. coli. According to susceptibility tests, all
E. coli were extended-spectrum β-lactamase producers. The

mean time of final culture results was 9 ± 2 days. The remaining
28 vial cultures were negative after a 14-day incubation and

were characterized as ‘culture-negative’.
Using 16S rRNA PCR directly in all AFs, only one sample was

found to be positive (3.1%); sequence analysis of the PCR
product demonstrated that the sample was positive for E. coli;

the result was in concordance with that of the AF vial culture,
which was positive for E. coli. The time of the final result,
including PCR and sequence analysis, was 48 hours. It is

interesting that, 16S rRNA gene amplification detected only one
out four of ‘culture-positive vials’ (25%). The application of 16S

rRNA PCR in 28 ‘culture-negative’ AF vial cultures revealed
that 27 were negative for bacterial DNA presence, and one was

positive for Brucella melitensis DNA. The four ‘culture-positive’
AF vials were correctly characterized by the 16S rRNA PCR as
TABLE 1. Demographic data of the study population and

ascitic fluid laboratory results

Parameter SBP (n [ 32)

Age (years), mean ± SD 64.86 ± 8.77
Sex (male/female), n/n 23/9
Polymorphonuclear leucocytes, mean ± SD 811.43 ± 99.7/mm3

Albumin, mean ± SD 0.650 ± 0.75 g/dL
Total protein, mean ± SD 1.85 ± 1.46 g/dL

TABLE 2. Sensitivity, specificity, positive predictive value and nega

(AF) and in AF vial cultures after 14 days of incubation

Methods TP TN FP FN

AF 16S rRNA 1 28 0 3
AF vial culture 16S rRNA 4 27 1a 0

Abbreviations: FN, false negative; FP, false positive; NPV, negative predictive value; PPV, pos
aThe brucellosis case as proved by serology tests and blood culture.

This is an open access artic
E. coli-positive, in accordance with their phenotypic identifica-

tion. Table 2 shows the sensitivity, specificity, and positive and
negative predictive values of 16S rRNA PCR.

Regarding the blood cultures of these individuals with SBP,
only one of them had a positive blood culture for B. melitensis.

This individual had a high titre of Wright-Coombs (1/1280) and,
as described above, his ‘culture-negative’ AF vial was positive
for B. melitensis by PCR.
Discussion
Spontaneous bacterial peritonitis is a severe complication in
patients with cirrhosis and ascites. The median colony count in

spontaneously infected ascites has been shown to be only one
microorganism per mL, which makes it difficult to detect the

aetiological agent. The application of DNA amplification
methods as a solution to this problem and the clinical relevance

of this finding have occupied several studies in the literature
[16–21].

Rogers et al. showed that molecular assays could provide
rapid characterization of the bacterial content of AF, allowing
early and targeted antibiotic intervention [17]. Hardick et al.

have also demonstrated that both broad-based 16S PCR and
high-resolution melt analysis provide useful diagnostic adjunc-

tive assays for clinicians in detecting and identifying pathogens
responsible for SBP [18]. Soriano et al. detected bacterial DNA

in AF in 60% of patients with cirrhosis with sterile ascites, and
this was associated with an increase in inflammatory response

and a worse prognosis [19]. Bruns et al. also demonstrated that
the application of multiplex PCR identifies microbial organisms

in neutrocytic and non-neutrocytic ascites from patients who
are at risk for developing SBP [20]. Finally, Such et al. detected
the presence of bacterial DNA in AF and serum in 9 of 28

patients with cirrhosis and culture negative non-neutrocytic
ascites [21].

In contrast, Vieira et al. showed that, although the 16S rRNA
gene amplification was better than culture to diagnose SBP,

bacterial DNA does not seem to allow a distinction between
ascites infection and ascites colonization [22]. Appenrodt et al.

also found no correlation between the detection of bacterial
DNA in AF and SBP [23].
tive predictive value of 16S rRNA PCR applied in ascitic fluid

Sensitivity (%) Specificity (%) PPV NPV

25 100 100 90.32
100 96.42 80 100

itive predictive value; TN, true negative; TP, true positive.

© 2018 The Authors. Published by Elsevier Ltd, NMNI, 28, 1–5
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According to the results of our study, using the combination of

AF vial culture and 16S rRNA PCR we correctly identified the
causative agents in five out of 32 confirmed cases of SBP, including

the brucellosis that was verified by serology tests. A prolonged
incubation period of more than 5 days, which is the standard

protocol inmost laboratories, seems to increase the sensitivity of
positivity among AF vial cultures. Additionally, the application of
16S rRNA PCR directly in AF showed high specificity (100%) but

low sensitivity (25%). Explanation for this discrepancy could be
the low concentration of microorganisms, given that these vial

cultures gave ‘growth signal’ after 7 days. Recently, Feng et al.
applied next-generation sequencing in AFs in patients with

cirrhosis and showed that the bacterial ‘culture-negative’ ascites
in these individuals contain much less bacterial DNA than the

culture-positive ascites; this finding indicates that the paucity of
bacteria, instead of the difficulty of bacterial culture, was possibly
the main reason for the negative culture result [24]. Next-

generation sequencing technology, by which even trace
amounts of bacterial DNA can be detected, could be applied in

individuals with SBP to delineate the causative microorganisms.
An interesting finding of our study was the detection by 16S

rRNAPCRof B.melitensis in one ‘culture-negative’AF vial after an
incubation of 14 days. The slow growth of the microorganism in

association with its low concentration in AF produced a ‘culture-
negative’ vial result. It is known, that the most common micro-

organisms associated with SBP are Gram-negative bacteria such
as E. coli and Klebsiella pneumoniae [9,25]. Apart from them, there
are a few organisms that are considered to have an aetiological

role in a small number of cases; this group includes Yersinia
enterocolitica, Listeria monocytogenes and B. melitensis. In endemic

areas, such our region, clinicians should be aware of the
involvement of B. melitensis in SBP [22,26,27].

A limitation of our study was the absence of quantitative
PCR testing and of the application of other molecular methods

(e.g. next-generation sequencing technology) that are more
sensitive than the conventional 16S rRNA PCR.

In conclusion, we propose a new protocol for AF vial cul-

tures obtained from individuals with SBP. This protocol includes
a long incubation (14 days) of AF vial cultures; if the cultures

remain negative, even after this prolonged incubation, we
propose the direct application of 16S rRNA PCR in the vials.

According to our data, this combination increases the possi-
bility of identifying the causative agent of the SBP.
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