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Background and aims: Spontaneous bacterial peritonitis (SBP) is a common and serious complication in patients
with decompensated cirrhosis. Precise quantification of bacterial DNA (bactDNA) and the related inflammatory
response might add further information on the course of disease. The aim of the study was to evaluate the asso-
ciation between bactDNA, cytokine levels and clinical outcome. Methods: Ascites and serum samples of 98 patients
with decompensated liver cirrhosis (42 with SBP and 56 without SBP) as well as serum samples of 21 healthy con-
trols were collected. BactDNA in ascites and serum was detected and quantified by 16S rRNA PCR. Concentra-
tions of IL-18, TNF-a, IL-6, IL-8 and IL-10 were measured by a LEGENDplexTM multi-analyte flow assay.
Clinical data were collected and analyzed retrospectively. Results: BactDNA was detected more frequently in as-
cites of patients with SBP (n = 24/42; 57.1%) than in ascites of patients without SBP (z = 5/56; 8.9%; P < 0.001).
Additionally, IL-6 levels in both ascites and serum were significantly higher in patients with SBP (ascites
P <0.001, serum P = 0.036). The quantity of bactDNA in ascites was strongly correlated with polymorphonuclear
neutrophil count in ascites (r = 0.755; P < 0.001) as well as ascites IL-6 levels (r = 0.399; P < 0.001). Receiver oper-
ating characteristic (ROC) curve analysis to diagnose SBP provided an AUC of 0.764 (95% CI: 0.661-0.867) for
serum IL-6 levels, an AUC of 0.810 (95% CI: 0.714-0.905) for ascites IL-6 levels, and an AUC of 0.755 (95% CI:
0.651-0.858) for bactDNA levels in ascites. Conclusions: The correlation between the amount of bactDNA and
IL-6 confirms the pathophysiological relevance of bactDNA and IL-6 as potential biomarkers for the diagnosis
of SBP. (J Cuin Exp HepaToL 2024;14:101434)

pontaneous bacterial peritonitis (SBP) is a common
and severe complication accounting for ~10-30% of
infections in hospitalized patients with decompen-
sated liver cirrhosis and ascites. Although in-hospital
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mortality associated with SBP has decreased in the past de-
cades from 38% to 17.6%,” SBP remains a significant risk
factor for fatal disease courses.”

Current guidelines for diagnosing SBP recommend per-
forming paracentesis with subsequent manual microscopic
or automated count of polymorphonuclear neutrophils
(PMN) in ascites. A PMN cut-oft of 250/uL has the greatest
sensitivity for detecting of SBP, whereas a PMN cut-off of
500/uL has the greatest specificity.” Ascites microbial cul-
ture is usually performed to detect the causative pathogens,
but its sensitivity remains low with more than 50% negative
results. In some cases (~3-10%), ascites culture provides
positive results despite low PMN count (<250/uL)*” which
is defined as bacterascites.” Data about the clinical signifi-
cance of bacterascites are conflicting,” "' but a recent
study]2 confirmed that bacterascites is associated with
high short-term mortality of 32% in 30 days, if not treated
adequately, most probably due to the risk of progressing
to overt SBP. Early and adequate pathogen-specific therapy
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after initial broad-spectrum antibiotic treatment is crucial
to lower the mortality of patients with SBP."” Therefore,
detection of bacterial pathogens in ascites is highly relevant,
but there is still a lack of reliable diagnostic tools in clinical
practice.M’15 An alternative to the conventional ascites
culture is the detection and characterization of bacterial
DNA (bactDNA) based on 16S rRNA genes. Results from
previous studies were often controversial and frequently
yielded false positivesl(”l'() most likely due to
contaminations. We recently established a method based
on real-time PCR and subsequent sequencing with ultra-
clean reagents, which avoided contaminations and thus
provided a high sensitivity and specificity to detect
pathogens in ascites.”” A strong association between the
level of bactDNA in ascites and the occurrence of SBP as
well as the 30-day and 180-day survival could be
demonstrated.” Therefore, it is likely that there is a link be-
tween bactDNA and local and systemic inflammatory
response.

The objective of the current study was twofold. Firstly,
we aimed to investigate the potential correlation between
inflammatory markers and the presence of bacterial DNA
(bactDNA) in patients with cirrhosis, both with and
without spontaneous bacterial peritonitis (SBP). Secondly,
we aimed to assess the impact of bactDNA on the prog-
nosis and clinical progression of patients with decompen-
sated liver cirrhosis.

METHODS
Study Design

We performed a retrospective analysis of ascites and serum
samples from 98 patients with decompensated cirrhosis
from our biobank at the University Hospital Leipzig, which
were collected simultaneously between March 2011 and July
2019. Forty two patients had SBP with an ascites PMN
count >250/uL. In addition, 21 healthy individuals without
liver disease or chronic inflammatory diseases were included
as a control group and matched 1:2 with the SBP group by
age and gender. Because this study was exploratory, no sam-
ple size calculation was performed. Patients under the age of
18 and patients with antibiotic therapy for SBP at the time
of paracentesis were excluded. Patients with antibiotic ther-
apy for non-SBP infections and with prophylactic antibiotic
treatment were included. Furthermore, patients with previ-
ous episodes of SBP were not included in the non-SBP
group. In case SBP was diagnosed, antibiotic therapy was
initiated according to international guidelines.21 All pa-
tients gave written informed consent. The study protocol
conformed to the ethical guidelines of the 1975 Declaration
of Helsinki and was approved by the local ethics committee
(No.: 356_10-ek_290817).

Clinical and laboratory parameters were assessed at
baseline. Patients were followed for 360 days in order to
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assess the rate of liver transplantations together with the
development of cirrhosis-associated complications such
as gastrointestinal bleeding, hepatic encephalopathy, the
need for subsequent paracentesis, infections other than
SBP, ACLF and death.

Sampling of Ascites and Serum

50 mL ascites was collected from each patient under sterile
conditions and subsequently centrifuged at 4029 g for
25 min at room temperature. The ascites pellet was resus-
pended in 3 mL ascites supernatant with 20% glycerol. As-
cites fluid supernatant and ascites pellet were stored at
—20 °C undil further analysis. Whole blood and serum
samples were taken within one day of paracentesis and
stored at —20 °C with 20% glycerol until further analysis.
Ascites fluid supernatant and serum were used for the
quantification of cytokines. Ascites pellet and whole blood
served for the quantification of bactDNA.

Quantification of Cytokines

Cytokines were analyzed in 25 uL serum and 25 uL ascites
supernatant samples by a customized LEGENDplex™
(BioLegend, Koblenz, Germany) multi-analyte flow assay
to quantify IL-16, TNF-«, IL-6, IL-8 and IL-10 according
to manufacturer’s instructions. Detection beads were son-
icated before serum or ascites supernatant samples were
added. Beads bound to target cytokines were washed, incu-
bated with detection antibodies and then washed again.
Fluorescence intensity was quantified using a BD LSR II
(Becton Dickinson and Company Biosciences, Franklin
Lakes, USA) flow cytometer with application of a standard
curve. Results were analyzed using the LEGENDplex soft-
ware v8 (BioLegend). Test samples were analyzed in dupli-
cates and diluted if necessary.

Analysis of Bacterial DNA

BactDNA was isolated from the resuspended ascites cell
pellet and whole blood using the ultra-clean MolYsis Com-
plete5 (Molzym, Bremen, Germany) DNA isolation kit in
two ways: 1. BactDNA from intact bacterial cells was iso-
lated according to manufacturer's instructions including
a DNase pre-treatment to diminish the human DNA back-
ground, using 1 mL of the resuspended ascites cell pellet
sample for isolation of bactDNA from ascites or 1 mL of
the whole blood sample for isolation of bactDNA from
blood. 2. Quantification of bactDNA was generated by an
ascites isolation series from 1 mL of the resuspended asci-
tes cell pellet sample and a blood isolation series from 1 mL
of the whole blood sample without DNase pre-treatment.
In our study, this second series was used for the subsequent
PCR because it was more reliable. Each isolation series
included a negative control (fetal calf serum) and a positive
control (E. coli spike-in).

2 © 2024 Indian National Association for Study of the Liver. Published by Elsevier B.V. This is an open access article under the CC BY license (http://
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Detection and differentiation of the bacterial genera
and subsequent quantification of bactDNA was performed
as previously described”” using ultra-clean Molzym Com-
plete PCR Mastermix (Molzym, Cat. No. S-020-0250).
The V3/V4 variable region of the 16S rRNA gene was
covered with broad range bacterial primers and real-time
PCR detection based on Sybr green was performed in du-
plicates with negative and positive PCR controls. With
this method and by using the appropriate primers, it was
also possible to detect infections caused by mixed patho-
gens. All analyzed samples with adequate melting-curve
temperature and amplicon size after gel electrophoresis
were considered positive. All DNA isolation steps and
PCR analyses were performed in a HEPA-filtered hood
with daily UV-radiation. The primer sequences are listed
in Supplementary Table 1.

Statistical Analysis

Statistical analysis was performed using SPSS 24 (SPSS, II-
linois, USA). Categorical variables were displayed as fre-
quencies (%), continuous variables as mean + standard
deviation or median (range), as appropriate. Chi-square
test was applied for nominal variables and Mann-
Whitney-U test was applied for metric variables. P-values
below 0.05 were considered statistically significant.
Kaplan-Meier curves were used for survival analysis, fol-
lowed by performing the Wilcoxon test to compare survival
curves. Correlations were calculated using the Pearson cor-
relation coefficient. Only significant correlations with
r > 0.3 were considered. Additionally, the accuracy of
respective markers in the diagnosis of SBP was assessed
by calculating the area under the receiver operating charac-
teristic curve (AUROC). We used Cox regression analysis
adjusting for age, gender and MELD score to assess factors
modifying the cause-specific hazard functions censoring
time to event endpoints. A STARD 2015 checklist is
attached as Supplementary Table 5.

RESULTS

Patient Characteristics

In total, 42 out of 98 patients (42.9%) were diagnosed with
SBP. There was no significant difference between patients

Table 1 Epidemiological Data.

with and without SBP in terms of age and gender. Epidemi-
ological data are summarized in Table 1.

The main cause of liver cirrhosis was alcohol-related
liver disease (ALD) (n = 72, 73.5%). Patients with and
without SBP did not differ significantly in severity of
cirrhosis  according  to  Child-Pugh-classification
(P =0.322), model of endstage liver disease-score (MELD)
(P =0.117) or the occurrence of hepatocellular carcinoma
(HCC) (P = 0.757). Patients with SBP had a higher average
CLIF-C-ACLF Score (57 vs 44; P < 0.001) than non-SBP pa-
tients (Table 2). Differences in clinical and laboratory data,
including serum inflammation markers, are shown in
Table 2.

16S rRNA Gene-Based PCR to Detect bactDNA
in Ascites

In the SBP group, 24/42 (57.1%) of the ascites samples were
positive for bactDNA, whereas microbial culture identified
the causative pathogen in 17/42 (40.5%; P < 0.001) samples.
All culture results were confirmed by PCR. In the non-SBP
group, 5/56 (8.9%) of the ascites samples were positive for
bactDNA despite negative bacterial cultivation (P = 0.003).
Consequently, ascites bactDNA was detected more
frequently in patients with SBP than in those without
(P < 0.001).

We used PCR analysis of the bactDNA to identify
the corresponding bacterial species as described
earlier.”’ Of 24 ascites samples from the SBP group,
13/24 (54.2%) samples contained predominantly Gram-
positive bacteria, with Streptococcus as the most common
genus, 8/24 (33.3%) samples contained predominantly
Gram-negative bacteria, with Escherichia as the most
common genus and 3/24 (12.5%) samples contained
both, Gram-positive and Gram-negative bacteria. Of 5
ascites samples from the non-SBP group, 2/5 (40%) sam-
ples contained predominantly Gram-positive bacteria,
with one case of Staphylococcus and Lactococcus each, 1/5
(20%) sample contained predominantly the Gram-
negative bacterium Escherichia, and 2/5 (40%) samples
contained both Gram-positive and Gram-negative bacte-
ria (P = 0.284).

Levels of bactDNA in ascites were not different
between the two groups (SBP 1.5 x 10% copies/mL

SBP (n = 42) Non-SBP (n = 56) P-value® Controls (n = 21) P-value®
Age (y) 56.5 (33-79) 60 (28-79) 0.306 54 (45-71) 0.483
Gender 3 29 (69.0) 341 (73.2) 0.659 312 (57.1) 0.206
?13(31.0) ? 15 (26.8) ?9(42.9)
BMI (kg/m?) 25.4 (14-42.9) 26.7 (16.7-40.9) 0.570 n.s.
SBP: Spontaneous bacterial peritonitis; BMI: Body mass index.
3SBP group vs. non-SBP group.
PControls vs. all cirrhosis patients; n.s., not stated.
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Table 2 Baseline Characteristics.

Parameter; Median (range) or N (%) SBP group (n = 42) Non-SBP group (n = 56) P-value

Child—Pugh classification 0.332
Class A 3(7.9) 1(1.8)
Class B 14 (36.8) 25 (44.6)
Class C 21 (55.3) 27 (48.2)

Hepatocellular carcinoma 6 (14.3) 6 (10.7) 0.757

EF CLIF OF score 7.5 (6-12) 7.0 (6-11) 0.011

Use of beta-blockers 15 (35.7) 27 (48.2) 0.302

Use of PPls 28 (66.7) 39 (69.6) 0.828

Mean arterial pressure (mmHg) 79.3 (53.7-120.0) 85.2 (56.7-112.3) 0.914

Temperature (°C) 36.5 (36-39) 36.4 (35.5-38.2) 0.546

Creatinine (umol/L) 131.0 (63-543) 115.5 (43-411) 0.026

INR 1.4 (0.9-4.9) 1.5 (1.0-5.2) 0.822

WBC count (exp9/L) 9.7 (2.7-33.2) 6.0 (1.4-17.1) <0.001

Platelet count (exp9/L) 128.0 (36-487) 106.5 (14-344) 0.143

Ascites WBC (/uL) 1537.5 (437-17721) 146.5 (30-563) <0.001

4 © 2024 Indian National Association for Study of the Liver. Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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Table 2 (Continued)

Parameter; Median (range) or N (%) SBP group (n = 42) Non-SBP group (n = 56) P-value
Ascites PMN (/uL) 1075.5 (281-14762) 15.5 (2-87) <0.001
Ascites albumin (g/L) 6.9 (1-22) 5.8 (2-31) 0.802

SBP: Spontaneous bacterial peritonitis; ALD: Alcohol-related liver disease; MASH: Metabolic dysfunction-associated steatohepatitis; MELD: Model of
end-stage liver disease; EF CLIF: European Foundation for the Study of Chronic Liver Failure; ACLF: Acute-on-chronic liver failure; PPI: Proton pump
inhibitors; GFR: Glomerular filtration rate; INR: International normalized ratio; WBC: White blood count; CRP: C-reactive protein; PMN: Polymorphonu-

clear granulocytes. Bold value signifies P < 0.05.

(3.6 x 10°-2.7 x 10°) vs non-SBP 3.7 x 10> copies/mL
(4.7 x 10'-6.7 x 10%); P = 0.157).

In analogy to ascites, significantly more blood samples
were positive for bactDNA in patients with SBP (4/42;
9.5%), with a mean amount of 4.8 x 10> copies/mL
(8.2 x 10°-8.7 x 10%), compared to patients without SBP
(0/56; 0%; P = 0.031) (Table 3). 2/4 (50%) samples of the
SBP group contained Gram-positive bacteria of the genus
Streptococcus and 2/4 (50%) samples contained Gram-
negative bacteria of the genus Escherichia (Table 3).

Serum and Ascites Interleukin 6 Levels are
Elevated in Patients With SBP

In order to explore potential differences of the immune
response in patients with or without SBP, we measured
serum cytokine levels (IL-18, TNF-«, IL-6, IL-8 and IL-
10). Serum IL-6 levels were increased in patients with
SBP (733.4 pg/mL (83.4-17550.8)) compared to patients
without SBP (306.1 pg/mL (59.8-3500.8); P = 0.036) and
healthy controls (36.0 pg/mL (0.9-186.7); P = 0.005)
(Figure 1). IL-8 levels were elevated in patients with SBP
compared to healthy controls (305.1 pg/mL (23.6-
5760.6) vs 98.5 pg/mL (51.1-287.2); P = 0.011) but not
compared to patients without SBP (339.6 pg/mL (64.9-
2230.4); P = 0.327). There were no differences in levels of
IL-18, TNF- or IL-10 in serum (Figure 1).

Ascites IL-6 levels were higher in the SBP group
(35293.2 pg/mL (1876.6-507929.7)) compared to the
non-SBP group (9865.3 pg/mL (1319.0-427434.4);
P < 0.001), whereas ascites TNF-« levels were lower in the
SBP group compared to the non-SBP group (2.1 pg/mL
(0.3-539.9) vs 2.9 pg/mL (0.9-82.9); P = 0.042) (Figure 2).
BactDNA originating from Gram-negative bacteria did
not lead to higher ascites or serum IL-6-levels. There were
no significant differences in levels of IL-14, IL-8 and IL-
10 in ascites.

BactDNA is Associated With Inflammatory
Response

Additional analyses showed a significant correlation be-
tween detection of bactDNA and inflammatory markers,
with significantly higher levels of IL-6 in ascites in patients
with detectable ascites bactDNA (35366.5 pg/mL (1900.9-
507929.7) vs 10306.9 pg/mL (1319.0-427434.4); P= 0.010).
Levels of other cytokines were not significantly different.
Levels of bactDNA in ascites correlated strongly with asci-
tes PMN count (r=0.755; P < 0.001; Figure 3A), ascites IL-6
levels (r=0.399; P < 0.001) (Figure 3C), PMN/mononuclear
cell ratio (r = 0.690; P < 0.001) and ascites WBC (r = 0.557;
P < 0.001). These correlations were enhanced considering
patients with SBP only (Supplementary Figure 1). There
was no correlation between ascites bactDNA levels and

Table 3 Comparison Between the Detection Rates of 16S rRNA Gene-Based PCR and Culture.

SBP group (n = 42) Non-SBP group (n = 56) P-value
Blood PCR
Positive 4 (9.5%) 0 (0%) n.a. 0.031
Quantity [copies/mL] 4.8 x 10% (8.2 x 10°-8.7 x 10%)
Ascites PCR
Positive 24 (57.1%) 5 (8.9%) <0.001
Quantity [copies/mL] 1.5 x 10% (3.6 x 10%-2.7 x 105 3.7 x 10% (4.7 x 10*-6.7 x 10%) 0.157
Ascitic fluid culture
Positive 17 (40.5%) 0 (0%) <0.001
P (Ascites PCR vs ascitic fluid culture) <0.001 0.003
n.a., not applicable.
SBP: Spontaneous bacterial peritonitis; PCR: Polymerase chain reaction. Bold value signifies P < 0.05.
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Serum cytokine levels

1x10% : LRSI
—  1x10%4 Pe
£ : : : :
S : - : i
£ 1x104 : : z
c : : . P " :
= - ﬁ S T
g 0y . . Ek L.
g= . . : : :
i % sl 2 Afzsaiﬁ‘big'
£ 0l g %i spint © 2 ¥ %
g ' R E i N -1
g 1102 ¥ihiw B 4 o =
"R = s
13100 © W T e 2% Al
. i - .
1)(10-1 T T T - T T T T T T T T T T T T
IL-18 TNFa IL-6 IL-8 IL-10
SBP group

® Non-SBP group

A Healthy controls

Figure 1 Scatterplot of serum cytokine concentrations in patients with cirrhosis with or without SBP and healthy controls. Levels of sig-
nificance: *P < 0.05; **P < 0.001. SBP: Spontaneous bacterial peritonitis; IL: Interleukin; TNF: Tumor-necrosis-factor.

systemic inflammation markers (e.g. CRP, WBC). There
was also no correlation between ascites bactDNA levels
and MELD score (r = 0.072; P = 0.481) (Figure 3B). Ascites
IL-6 levels correlated with serum IL-6 levels (r = 0.509;
P < 0.001) (Figure 3D). Further correlations are listed in
Supplementary Figure 1.

Prophylactic Antibiotic Treatment Reduces
Inflammation in Patients Without SBP

To assess a possible influence of antibiotic treatment on
the results of this study, the group of patients with SBP
was divided in groups with (» = 11) and without (» = 31)
antibiotic treatment at time of paracentesis. There was
no significant difference regarding baseline characteristics,
cytokine levels, bactDNA quantities, differentiation of bac-
terial genera, the number of positive PCR results, and over-
all outcome. There was also no difference regarding the
aforementioned parameters between patients with SBP
and long-term prophylactic antibiotic treatment (n = 9)
and patients with SBP without prophylactic antibiotic
treatment (n = 33) (data not shown).

In the non-SBP group, patients with prophylactic anti-
biotic treatment (n = 6) had significant lower serum IL-6

levels (174.1 pg/mL (149.2-286.5) vs 322.1 pg/mL (59.8-
3500.8); P = 0.002) than those without.

Ascites Interleukin 6 is a Potential Tool in the
Diagnosis of SBP

ROC curve analysis was performed to measure the accuracy
of serum and ascites cytokine levels to identify patients
with SBP. Ascites IL-6 showed the largest AUC with a value
of 0.810 (95% CI: 0.714-0.905), followed by serum IL-6
with an AUC of 0.764 (95% CI: 0.661-0.867). In further
analysis, ascites bactDNA showed an AUC of 0.755 (95%
CI: 0.651-0.858; Figure 4). Additional results are listed in
Supplementary Table 3.

Focusing on those parameters, the optimal compromise
for serum IL-6 in sensitivity and specificity was a cut-oft
value of 442.37 pg/mL, resulting in 73.8% sensitivity and
80.4% specificity. The optimal compromise for ascites IL-
6 in sensitivity and specificity was a cut-off value of
2.0 x 10° pg/mL, resulting in 78.6% sensitivity and 83.0%
specificity.

Additionally, ROC curve analysis was applied to
compare the value of aforementioned markers in predict-
ing 30-day-mortality. Surprisingly, ascites IL-8 showed

6 © 2024 Indian National Association for Study of the Liver. Published by Elsevier B.V. This is an open access article under the CC BY license (http://
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Ascites cytokine levels
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Figure 2 Scatterplots for cytokine concentrations in ascites of patients with cirrhosis with or without SBP. “P < 0.05; **P < 0.001. SBP:
Spontaneous bacterial peritonitis; IL: Interleukin; TNF: Tumor-necrosis-factor.

the best results with an AUC of 0.715 (95% CL 0.567-
0.862). Among the markers with the highest sensitivity/
specificity in detection of SBP, the AUC of serum IL-6
was 0.696 (95% CI: 0.581-0.811), the AUC of ascites IL-6
was 0.635 (95% CI: 0.486-0.783) and the AUC of bactDNA
was 0.579 (95% CI: 0.431-0.727). For the purpose of com-
parison, the calculated AUC of ascites fluid PMNs was
0.648 (95% CI: 0.523-0.773). The remaining results are
listed in Supplementary Table 4.

In order to evaluate IL-6 as a potential marker to diag-
nose SBP, we performed two different survival analyses
including all patients with cirrhosis despite their PMN
count, divided by serum IL-6 and ascites IL-6 cut-offs as
calculated before (serum IL-6: 442.37 pg/mL, ascites IL-6:
2.0 x 10° pg/ml). 30 day-survival in patients with a serum
IL-6 above 442.37 pg/mL was significantly lower than in
patients with a serum IL-6 below 442.37 pg/mL (69 vs
91.1%; P = 0.01). There was no difference in survival using
an ascites IL-6 of 2.0 x 10° pg/mL as cut-off (data not
shown).

Effect of bactDNA Detection in Serum and
Ascites on Survival
During the 360-day observation period, 40/98 (40.8%) pa-

tients died. The most common causes of death were liver
failure (9/40; 22.5%) and sepsis (9/40; 22.5%), followed by

bleeding (3/40; 7.5%) and non-classified causes (5/40
(12.5%)). In 14/48 (35%) cases, no data to determine the
cause of death were available. 13/98 (13.3%) patients un-
derwent orthotopic liver transplantation and 17/98
(17.3%) patients were lost to follow-up. The 30 day-
mortality of patients with SBP was 26.2% (11/42)
compared to 12.5% (7/56) for patients without SBP
(P = 0.072). Univariate and multivariate cox regression
adjusted for age, gender and MELD did not reveal PMNs
as an independent risk factor for death within 30 days
(Supplementary Table 2).

Patients with bactDNA in ascites, as detected by PCR,
had slightly, although not statistically significant,
decreased survival (72.4%) compared to patients without
bactDNA in ascites (85.5%; P = 0.248; Figure 5 A). Patients
without SBP but with detectable ascites bactDNA had
lower 30-day-survival (60%) than patients of the same
group with undetectable bactDNA (90.2% survival;
P =0.042; Figure 5B). Taking all patients with decompen-
sated cirrhosis into account, detection of bactDNA in
bloodstream by PCR was associated with significant
shorter 30-day survival (50% vs 82%; P = 0.048;
Figure 5C). Patients with bactDNA from Gram-positive
bacteria in ascites samples showed a tendency to higher
30-day-survival-rates (86.7%) than patients with bactDNA
from Gram-negative bacteria in ascites samples (55.5%;
P = 0.125; Figure 5D).
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Increasing Ascites Interleukin 6 is Associated
With a Higher 30-day-mortality in Patients With
Decompensated Cirrhosis

Univariate Cox regression analysis showed that an
increased ascites IL-6 concentration was associated with
higher risk of death within 30 days (HR 1.084, 95% CI:
1.000-1.174; P = 0.049). Univariate Cox regression analysis
of ascites PMN count (HR 1.295, 95% CI: 0.853-1.965;
P = 0.225) and ascites bactDNA levels (HR 1.049, 95% CL
0.503-2.188; P = 0.899) did not show any association.

Multivariate Cox regression analysis adjusted for age,
gender and MELD showed that an elevated ascites IL-6
concentration was associated with a higher 30-day-mortal-
ity (HR 1.008, 95% CI: 1.003-1.013; P = 0.004) in all pa-
tients with decompensated cirrhosis, whereas ascites
PMN count and ascites bactDNA level did not show any
significant association. Further results are listed in
Supplementary Table 2.

DISCUSSION

SBP is a common complication in cirrhosis and contrib-
utes to high mortality, especially if diagnosis and subse-
quent antibiotic therapy are delayed. Sensitivity and

specificity of current diagnostic criteria are limited and
novel markers may improve prognostic accuracy.

Therefore, we applied a 16S rRNA gene-based PCR
method to detect, differentiate and quantify bactDNA in
serum and ascitic fluid samples of 98 patients with decom-
pensated cirrhosis. We also assessed the inflammatory
response by measuring levels of pro- and ant-
inflammatory cytokines in serum and ascites. We aimed
to determine to what extent bactDNA leads to a local
and systemic inflammatory response and thereby impacts
disease outcome.

Even sterile ascites of patients with decompensated
cirrhosis often contains IL-6 due to local macrophage
prirning.22 This explains higher ascites IL-6 levels
compared to serum IL-6 even in non-SBP patients
(Figures 1 and 2). In our study, both the presence of
bactDNA in ascites as well as the quantity of bactDNA
were correlated with increased IL-6 levels in ascites. In all
patients with liver cirrhosis, the quantity of bactDNA in as-
cites correlated strongly with ascites markers of inflamma-
tion such as PMN count, ascites WBC and ascites IL-6
levels. We speculate that bactDNA might cause local (peri-
toneal) inflammation. Similarly, Zhang et al. described
cytokine release triggered local presence of any kind of
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DNA via activation of cyclic guanosine monophosphate-
adenosine monophosphate synthase (cGAS).”’
Furthermore, among all the cytokines tested, ascites IL-
6 levels exhibited the closest association with the presence
of bacterial DNA in ascites. Data from patients with bacter-
emia suggest that bactDNA from Gram-negative bacteria
correlates with elevated inflammation markers.”” By
contrast, in our study, bactDNA origin did not correlate
with differences in IL-6 levels. Other than IL-6, levels of
other cytokines did not correlate with bactDNA abun-
dance in our study, although a correlation between
bactDNA and IL-8 was expected since IL-8 is known to
mobilize granulocytes.”” Alvarez-Silva et al. also showed
increased levels of IL-6 but not IL-8 being associated with
the detection of bactDNA in patients with decompensated
cirrhosis.”® One possibility is that bactDNA concentra-
tions remained below a threshold necessary for cytokine
release in our samples. Alternatively, there might be a dif-
ference between the immune reaction due to bactDNA
originating from intact bacteria and damage- or

pathogen-associated molecular patterns (DAMPs or
PAMPs).

It is highly probable that our previously established
PCR technique, which involves measuring bactDNA from
ascites cell pellet samples and utilizes glycerol for storage,
ensures that intact bacterial cells serve as the source of
the bactDNA. It appears evident from our study findings
that there exists a robust correlation between the measured
bactDNA and cytokine levels, suggesting that bacterial
pathogens, as identified through bactDNA measurement,
induce an inflammatory response. However, it is important
to acknowledge that the potential influence of DAMPs and
PAMPs, with free circulating bacterial DNA possibly acting
as PAMPs, was not assessed in our study.

Systemic inflammatory response triggered by bacterial
infection might be the cause of worse clinical condition
in patients with SBP. Indeed, others have suggested that
high levels of cytokines are associated with higher risk of
organ failure and thus mortality.27 Other publications,
for example Hiibener et al, define local or systemic
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infections such as SBP as one of the main triggers of
ACLF.”® In our cohort, SBPled to a significantly higher sys-
temic, but especially local, inflammation in terms of IL-6
levels in serum and ascites (Figure 1).

We performed ROC analysis to measure the diagnostic
accuracy of serum and ascites cytokine levels for detecting
SBP. IL-6 appeared to be most promising of the tested cy-
tokines, with high sensitivity and specificity for both serum
IL-6 and ascites IL-6. The differences in the serum and as-
cites IL-6 thresholds that achieved high sensitivity and
specificity likely reflect different regulation of IL-6 levels
in serum and ascites.”” We also note that serum IL-6 is
not a specific marker for SBP and might be associated
with many inflammatory triggers including cancer, injury
and other types of infections.

Mayr et al.”’ showed that ascites IL-6 levels were associ-
ated with poor prognosis in a rather small cohort of 64 ICU
patients, including 19 SBP patients. Here, ascites IL-6 levels
showed an AUC of 0.802 to predict 3-month-mortality and

an AUC of 0.901 to diagnose SBP. The AUC calculated with
our data is not as good as described by Mayr et al., but our
cohort was larger by 50% and focused on patients, who
were not critically ill, which might influence the results.
Although the AUC in our study is lower, taken together
these studies further suggest that IL-6 is a promising sur-
rogate parameter in diagnosis of SBP compared to the es-
tablished PMN count. Still, further studies are needed to
define specific cut-offs and to evaluate ascites IL-6 in
non-SBP infections.

Although bacterial cultivation still marks the gold stan-
dard in microbiological diagnosis of SBP,”" its low sensi-
tivity limits its clinical application. We found a much
higher detection rate of bactDNA by 16S rRNA PCR in pa-
tients with SBP compared with traditional culturing,
providing a potential approach for optimized SBP diag-
nostics. Indeed, in addition to confirming all cases of pos-
itive microbial culture, one or more pathogens could be
identified by PCR in an additional 16.6% of culture-
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negative ascites samples. Furthermore, PCR technology de-
tected bactDNA in the non-SBP group in 8.9% of cases,
although in none of these cases the culture was positive.
The clinical significance of this finding is reflected in the
fact that detection of bactDNA was also associated with
higher ascites IL-6 levels as well as worse survival in the
non-SBP group. It remains to be seen whether such pa-
tients tend to develop SBP over time, as has been described
in the so-called bacterascites, and whether preemptive anti-
biotic treatment could affect their outcome.”

Survival rates of patients without SBP but with detect-
able bactDNA in ascites mirrored results from Engelmann
et al.,” who showed significantly lower 30-day survival in
patients with quantifiable bactDNA (>5000 bactDNA
copies/ml) compared to patients with low or undetectable
bactDNA levels. These results further emphasize that ultra-
clean PCR techniques provide additional information on
the link between bactDNA and outcome in cirrhosis. How-
ever, Bruns ef al.,”> who collected and analyzed ascites and
serum from 218 patients prospectively, had obtained
different results. In their study, the detection rate of
bactDNA was much higher than in our cohort. Further,
Bruns et al. showed a correlation between the detection
of bactDNA and disease severity with respect to ACLF
grade and no difference in survival in patients with PMN
<250/uL and positive bactDNA, which was not the case
in our study. Several differences in study design may
explain these discrepancies. First of all, Bruns et al.
included only patients with an assumed infection, such
that the pre-test probability of detecting bactDNA is
higher. Secondly, they used a different PCR-test with a
different target and no quantification.

Apart from quantity, the source of bactDNA appeared
to influence mortality as well. The majority of ascites sam-
ples of the SBP group contained bactDNA from Gram-
positive bacteria, with Streptococcus as the most common
genus. Similarly, previous studies described a predomi-
nance of Gram-positive sequence types in ascites PCR*
and reported an increasing number of nosocomial SBP
cases associated with Gram-positive bacteria™** as a
main cause of infection. Interestingly, Alvarez-Silva
et al.”® describe mainly bactDNA from Gram-negative bac-
teria. In any case, the source of bactDNA had no influence
on cytokine levels in either study. We believe that the pre-
dominance of Gram-positive bacteria observed in our
study correlates with the global trend of increased Gram-
positive infections in cirrhosis patients. Nevertheless, our
study's design precluded the identification of definitive
confounding factors for this observation. Further analyses
and data collection are necessary for a detailed exploration
of this phenomenon.

In comparison to these findings, the quantification of
IL-6 in ascites appears to be a well-performing tool in diag-
nosing SBP with the benefit of IL-6 quantification assays
already being readily available for clinical use. The correla-

tion between IL-6 levels and bactDNA yield provides addi-
tional information regarding the severity of infection and
possibly worse outcome, especially in patients below the
PMN cut-off in SBP diagnosis.

Still, like mentioned before, other potential triggers of
inflammation have to be taken into account when trying
to use ascites IL-6 concentration to diagnose SBP. For
example, ascites IL-6 levels above the aforementioned cut-
off were not correlated with worse outcome including all
patients with cirrhosis despite their PMN count. This
might be influenced by antibiotic treatment of patients
with an elevated PMN count and the small sample size.
Furthermore, to date, there is a lack of data regarding asci-
tes IL-6 levels in patients afflicted with infections other
than SBP. This gap necessitates further evaluation, as it
may unveil a more accurate cut-off for diagnosing SBP.

Our study has several limitations. First, our study was
retrospective with a rather small number of included pa-
tients, which limits statistical power and might particularly
impact survival analysis. We did not include patients
consecutively, since inclusion was only possible if there
were ascites and serum samples at the same time, which
might be a selection bias. Additionally, the number of pa-
tients in this study was too small to have a valid conclusion
and needs further backup from a larger cohort collected in
a prospective design. Based on our findings regarding the
sensitivity/specificity of ascites IL-6 levels in diagnosis of
SBP and assuming a SBP prevalence of ~10% in patients
with decompensated cirrhosis, we calculated a necessary
sample size of at least 647 patients.

It would be particularly interesting to include more pa-
tients with less than 250 PMN/uL in ascites, not diagnosed
with SBP, and detectable bactDNA by PCR to compare
markers of inflammation, clinical data, possible complica-
tions, and survival with other cohorts like patients not
diagnosed with SBP and negative bactDNA to further eval-
uate the usefulness of PCR and cytokine quantification as
possible diagnostic tools. Apart from that, 11/42 patients
of the SBP group received antibiotics during time of para-
centesis to treat prior infections other than SBP. This
might have influenced results of microbiological culture
and as well the quantitative and qualitative results of PCR.

Cytokine levels, especially of IL-6, can vary
substantially‘js Accordingly, we detected broad variation
in cytokine concentrations, particularly for IL-6 in serum
and ascites. Cytokine concentrations ranged from 10" to
10° pg/mL, which might affect the analytical precision of
our applied cytokine assay. Although we used serum sam-
ples collected in a strictly defined 24-h window before or af-
ter paracentesis for quantification of cytokine levels, even a
difference of a few hours might have caused a considerable
shift in measured concentration. An even narrower win-
dow of sample collection would have helped, but it would
have even further reduced our sample size and thus mean-
ingfulness. It must be emphasized that multiplex assays

Journal of Clinical and Experimental Hepatology | ll 2024 | Vol. 14 | No. 5 | 101434 11

Please cite this article as: Aehling et al., Use of Bacterial DNA Concentration in Ascites as a Marker for Spontaneous Bacterial Peritonitis, Journal of
Clinical and Experimental Hepatology, https://doi.org/10.1016/j.jceh.2024.101434




USE OF BACTERIAL DNA CONCENTRATION

present a promising avenue for enhancing data output
from limited sample sizes.

The high sensitivity of the multiplex assay employed in
this study underscores the importance of meticulous pre-
analytical procedures to mitigate the risk of result distor-
tion due to contamination. Additionally, addressing the
challenge of signal-to-noise ratio and signal loss demands
careful reagent titration, particularly in samples with lower
cytokine levels. Previous publications have outlined gen-
eral guidelines for flow cytometry antibody titration, which
may inform and guide these pre-analytical efforts..”*?”

In summary, using a bead-based flow assay and a qual-
itative and quantitative PCR method, we detected
bactDNA in a significant proportion of our cohort and re-
vealed possible links between cirrhosis and inflammation
in patients with decompensated liver cirrhosis as well as
a connection between bactDNA yield in ascites and im-
mune response. Quantification of the cytokine IL-6 in as-
citic fluid promises to be a valuable tool for detection of
SBP and should be further evaluated.
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