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Abstract

Background: Spontaneous bacterial peritonitis (SBP) represents a significant complication
of liver cirrhosis; Gram-positive bacteria (GPB) predominance was recently noted in some
areas, with increased antibiotic resistance. Etiology and mortality prediction are important
in culture-negative SBP and for empirical antibiotherapy before the arrival of culture
results. Methods: A retrospective study was performed on patients with cirrhosis and
ascites admitted between 2018 and 2024, divided into culture-positive SBP (Gram-positive
and Gram-negative), culture-negative SBP, and non-infected ascites. The NLR (neutrophil-
to-lymphocyte ratio) accuracy for the prediction of SBP and in-hospital mortality was
estimated using ROC analysis. Results: Overall, 45 culture-positive SBP, 28 culture-negative
SBP, and 600 control ascites were diagnosed; Gram-positive SBP represented 60%; median
NLR values were significantly higher in patients with Gram-negative compared with
Gram-positive SBP (8.79 in Gram-negative versus 3.92 in Gram-positive SBP, AUC 0.752,
p = 0.003); and a limited role in SBP prediction was recorded (AUC 0.642, p = 0.003), with
no difference between culture-positive and culture-negative SBP. The NLR median values
were higher for patients who died in hospital in all patients with cirrhosis, in SBP, and
culture-positive SBP, but not in culture-negative SBP. Conclusions: Higher NLR values
were associated with Gram-negative SBP etiology and with in-hospital mortality in all
cirrhosis, in SBP, and especially in culture-positive and Gram-negative SBP cases. High
NLR values can predict the Gram-negative etiology in patients with an ascitic neutrophil
count above 250/mm3, which can be used to guide empirical antibiotherapy until cultures
are available or in culture-negative SBP.
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1. Introduction
Bacterial infections are often encountered in liver cirrhosis and are significantly as-

sociated with mortality risk [1–4]; immunosuppressive status, enteric flora abnormalities,
bacterial translocation, and intestinal barrier disturbances can explain the high risk of
infection [3–5]. Spontaneous bacterial peritonitis (SBP) is defined as the appearance of
ascitic infection without an intra-abdominal surgically treatable source of infection [6],
with a prevalence of 10–30% in hospitalized patients and 20% in-hospital mortality [6,7].
Nosocomial SBP represents cases diagnosed after 48 h of admission, whereas community-
acquired SBP are cases diagnosed during the first 48 h after admission without hospital
admissions 90 days before the diagnosis; a recently described form, healthcare-associated
SBP, is defined by a diagnosis made in the first 24 h after admission in patients previously
hospitalized in the last 90 days [8].

Ascitic fluid examination represents the standard diagnostic modality in SBP, with
a neutrophil count above 250/mm3 being suggestive of the diagnosis [1,6,8]. A total of
40–90% of cultures are positive; some measures, such as bedside inoculation, may increase
the percentage of positive cases [1,8]. The main source of SBP causal agents is represented
by the gut flora (the most involved bacteria being E. coli, Streptococcus spp., Staphylococcus,
Enterococcus faecalis and faecium, and Klebsiella spp.). Gram-negative bacteria are typically
involved in SBP [1,8–11]; however, a microbial shift has been noted lately in many countries,
with an increasing frequency of Gram-positive SBP [11–14]. An increased prevalence of
antibiotic-resistant strains was also recorded in SBP, which can complicate the therapy of
SBP and can increase mortality [15].

The prediction of Gram-positive or Gram-negative SBP etiology can be important
for empirical treatment (before culture results arrive) and in culture-negative SBP. The
correct choice of antibiotic is associated with a better chance of survival, and inadequate
antibiotherapy may be correlated with a higher risk of death, especially in cases with
advanced cirrhosis, significant comorbidities, or severe complications (acute kidney injury,
bleeding, or encephalopathy). In culture-negative SBP, empirical treatment cannot be
adjusted by antibiogram results; clinical evolution, together with a second examination of
ascitic fluid, is currently used to guide therapy.

The neutrophil-to-lymphocyte ratio (NLR) is related to the balance between inflam-
mation and immunoregulatory mechanisms; a prognostic role has been described in acute
pancreatitis [16], severe burns [17], sepsis [18], COVID-19 pneumonia [19–22], encephalopa-
thy [23], and TIPS- and virus C-cirrhosis complications [24,25]. In SBP, several studies have
assessed its prognostic role [26–33], and the differences in median NLR value between
Gram-negative and Gram-positive infections have been recorded in some studies [34–40].
The NLR’s predictive role for SBP presence in cirrhosis and for SBP Gram-negative or
Gram-positive etiology can help select empirical antibiotherapy until the ascitic neutrophil
count and culture are available, given that Gram-positive and Gram-negative bacteria are
susceptible to different types of antibiotics.

Our study aimed to assess the predictive role of the NLR in patients with culture-
positive and culture-negative SBP versus cirrhosis without SBP, for Gram-negative versus
Gram-positive SBP, and for mortality prediction in patients with SBP.
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2. Materials and Methods
2.1. Study Design and Population

A retrospective cohort study during seven years (2018–2024) was conducted; all
patients with a diagnostic paracentesis admitted to the Emergency Clinical Hospital Craiova
were included. Cases with incomplete data and ascitic fluid infections in patients with
recent surgical intervention or peritoneal dialysis (considered as secondary peritonitis)
were excluded from the study. The diagnosis of culture-positive SBP was based on an
ascitic neutrophil count above 250/mm3 and a positive culture from ascitic fluid; patients
with negative cultures and an ascitic neutrophil count above 250/mm3 were diagnosed
as culture-negative SBP; positive ascitic culture cases associated with a neutrophil count
less than 250/mm3 in ascitic fluid were designated as bacterascitis (Table 1, Figure 1).
We divided SBP into non-nosocomial (if paracentesis was performed less than 48 h after
admission) and nosocomial (paracentesis performed more than 48 h after admission); in the
non-nosocomial group, only one case comprised healthcare-associated SBP. Patients with
no ascitic infection and an ascitic neutrophil count below 250/mm3 were used as the control
group; patients with cirrhosis and other potential causes of ascites (peritoneal tuberculosis,
peritoneal carcinomatosis, congestive heart failure, or acute pancreatitis), surgery up to
3 months before paracentesis, and a platelet or blood transfusion before admission were
excluded from the control group.

Table 1. Definition criteria for culture-positive, culture-negative SBP, and control.

SBP Ascitic PMN count ≥ 250/mm3

Culture-positive SBP Ascitic PMN count ≥ 250/mm3 + a positive ascitic culture

Culture-negative SBP Ascitic PMN count ≥ 250/mm3 + a negative ascitic culture

Bacterascitis Ascitic PMN count < 250/mm3 + a positive ascitic culture

Control Group Ascitic PMN count < 250/mm3 + a negative ascitic culture

 

Figure 1. Flowchart for patients enrolled in our study.
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We used the same database as another published study [41]. Collected data were
tabulated in an Excel database, and patients with incomplete biological laboratory data
were excluded.

The neutrophil-to-lymphocyte ratio (NLR) was calculated at admission (NLR-0) and
48 h (NLR-48). The NLR-0 value was used for the differentiation between SBP and the
control group, and between SBP subgroups (culture-positive versus culture-negative SBP,
and Gram-positive versus Gram-negative SBP). For prognosis assessment, we analyzed
in-hospital mortality, 30-day, 90-day, and 1-year mortality, using stratification risk factors
for mortality such as age, Gram-negative or Gram-positive SBP etiology, comorbidities
(hepatocellular carcinoma, portal vein thrombosis, cardiovascular diseases, diabetes, gas-
trointestinal bleeding, and Clostridium difficile infection), biochemical parameters (albu-
min, bilirubin, creatinine, Na, INR, and hemogram), the presence of acute kidney failure
and encephalopathy, Child–Pugh–Turcotte (CTP), and creatinine-CTP, MELD, MELD-3,
and MELD-Na scores.

2.2. Institutional Protocol Approval

This study was approved by the Institutional Ethics Committee of the Emergency
Clinical Hospital of Craiova (Approval Number 10580/3 March 2025).

2.3. Outcomes

The primary outcome was the in-hospital mortality rate. The predictive role of NLR-0
for mortality, for SBP presence, and Gram-positive versus Gram-negative etiology was
also assessed.

2.4. Statistical Analysis

We used Microsoft Excel (Microsoft Corp., Redmond, WA, USA), and the XLSTAT
2016 add-on for MS Excel (Addinsoft SARL, Paris, France) was used for data processing.
For categorical variables, the percentages were calculated, while for continuous variables,
the median with the interquartile range was estimated. The Kruskal–Wallis test was
used for assessing proportion differences between Gram-positive, Gram-negative SBP,
and the control group; p-values < 0.05 were considered significant. A univariate and
multivariate logistic analysis was performed to evaluate the factors associated with both
the risk and mortality in Gram-positive and Gram-negative SBP; factors identified through
the univariate logistic regression analysis with p < 0.2 were included in the multivariate
model. The area under the ROC curve (AUC) was constructed, and sensitivity, specificity,
and cutoff values were assessed.

3. Results
3.1. Characteristics of the Patient Group

Overall, 45 patients with spontaneous bacterial or fungal peritonitis were selected
over 7 years; 28 culture-negative SBP were also diagnosed during the same period, and
600 patients with cirrhosis and ascites, with complete laboratory data and diagnostic
paracentesis, were included as the control group. Age and gender were similar. In all
subgroups, most patients had alcoholic cirrhosis and Child B or C class cirrhosis, although
in patients with culture-negative SBP, the proportion of patients with alcoholic cirrhosis
was lower, and the proportion of patients with viral cirrhosis was higher than in patients
with culture-positive SBP and the control group. No differences in pulse or systolic blood
pressure were noted between the SBP and control patients. Leucocyte and neutrophil
counts were higher in patients with SBP (both culture-positive and culture-negative), and
mean urea, creatinine, and total bilirubin levels were also higher; albumin levels were



Life 2025, 15, 1363 5 of 16

lower. The MELD-3 and MELD-Na levels were also higher in SBP, regardless of the culture
status, whereas for the CTP and CTP-creatinine levels, there was no statistically significant
difference. Portal vein thrombosis and Clostridium difficile colitis were more frequent
in both culture-positive and culture-negative SBP; hepatocellular carcinoma was more
frequent in culture-positive SBP than in the control group (p = 0.0323). The in-hospital
mortality rate was 26.7% for culture-positive SBP/SFP compared with 21.2% for culture-
negative SBP (Odds Ratio 1.33, 95%CI 0.44–4.08, p = 0.5799), and 6% for cirrhosis without
ascitic fluid infection or SBP (Odds Ratio 5.70, 95%CI 2.71–11.96, p = 0.6142); the 1-month,
3-month, and 12-month mortality rates were similar in culture-positive and culture-negative
SBP and higher than in patients with no ascitic fluid infection (Table 2).

Table 2. Characteristics of patients with culture-positive and culture-negative SBP/SFP, and control.

Culture-Positive SBP
(N = 45)

Culture-Negative SBP
(N = 28)

Control
(N = 600) p-Value

Age (years); mean± std dev (range) 60.1 ± 12.1 59.4 ± 11.4 59.2 ± 11.3 0.883

Gender Males/Females (% Males) 29/16 (64.4) 22/6 (78.6) 392/208 (65.3) 0.346

Cirrhosis etiology (%)

Alcoholic 36 (80) 15 (53.6) 474 (79.0) 0.017

Hepatitis B or/and C 6 (13.3) 10 (35.7) 69 11.5)

Mixed (viral + alcoholic) 3 (6.7) 3 (10.7) 53 (8.8)

Other (autoimmune, biliary) 0 (0) 0 (0) 4 (0.7)

Systolic blood pressure (mean ± stdev) 117.9 ± 18.7 115.0 ± 22.5 121.9 ± 20.8 0.272

Pulse (count/min, mean ± stdev) 89.7 ± 18.8 91.6 ± 19.4 87.5 ± 17.9 0.343

Laboratory analyses (mean ± stdev)

Hemoglobin (g/dL) 9.98 ± 2.29 10.56 ± 2.25 10.39 ± 2.37 0.555

Leucocyte (count/mm3) 10,991 ± 6611 11,190 ± 5378 8713 ± 5182 0.000

Neutrophil (count/mm3) 8371 ± 6138 8082 ± 3960 6065 ± 4470 <0.0001

Lymphocyte (count/mm3) 1416 ± 818 1861 ± 2487 1564 ± 989 0.670

Platelet count (×1000/mm3) 172,563 ± 116,111 158,860 ± 103,637 149,639 ± 82,947 0.619

Urea (mg/dL) 56.1 ± 43.9 74.0 ± 55.5 53.0 ± 45.8 0.036

Creatinine (mg/dL) 1.43 ± 2.73 1.61 ± 1.75 1.15 ± 1.31 0.050

INR 1.763 ± 0.503 1.672 ± 0.357 1.643 ± 0.639 0.062

Albumin (g/dL) 2.46 ± 0.60 2.41 ± 0.46 2.63 ± 0.56 0.033

Total bilirubin (mg/dL) 6.16 ± 6.16 7.03 ± 8.46 4.01 ± 4.69 0.018

ALT (UI/dL) 49.9 ± 95.4 38.8 ± 30.4 36.0 ± 34.7 0.341

AST (UI/dL) 119.8 ± 156.1 90.4 ± 80.7 85.0 ± 74.0 0.297

Na (mmol/L) 131.2 ± 6.3 131.7 ± 5.7 132.0 ± 5.9 0.598

K (mmol/L) 4.57 ± 0.88 4.38 ± 0.77 4.36 ± 0.80 0.233

ESR (mm) 57 ± 35 51 ± 27 51 ± 30 0.590

Blood culture positive (%) 1 (2.2) 1 (3.6) 15 (2.5) 0.931

Previous antibiotherapy (%) 21 (46.7) 12 (42.9) 256 (42.7) 0.872

Child class (%) A 1 (2.2) 0 (0) 23 (3.8) 0.562

B 17 (37.8) 10 (35.7) 260 (43.3)

C 27 (60) 18 (64.3) 317 (52.8)
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Table 2. Cont.

Culture-Positive SBP
(N = 45)

Culture-Negative SBP
(N = 28)

Control
(N = 600) p-Value

Child/MELD score (Mean ± Stdev)

CTP 9.867 ± 1.804 10.179 ± 1.701 9.703 ± 2.020 0.302

CTP-creatinine 10.578 ± 2.360 11.393 ± 2.558 10.377 ± 2.298 0.109

MELD-3 39.556 ± 23.812 35.857 ± 17.264 29.110 ± 12.378 0.000

MELD-Na 39.044 ± 19.862 36.214 ± 16.008 29.997 ± 11.400 0.000

Complications (%)

Encephalopathy 14 (31.1) 8 (28.6) 198 (33.0) 0.864

Acute kidney injury

Comorbidities (%)

Hepatocellular carcinoma 7 (15.6) 3 (10.7) 40 (6.7) 0.072

Portal vein thrombosis 7 (15.6) 4 (14.3) 36 (6.0) 0.016

Acute variceal bleeding 9 (20) 4 (14.3) 72 (12.0) 0.286

Pneumonia 7 (9.7) 3 (10.7) 58 (15.6) 0.447

Clostridium difficile colitis 3 (10.7) 3 (10.7) 10 (1.7) 0.001

Cardiovascular 4 (19.0) 5 (17.9) 114 (8.9) 0.238

Diabetes 5 (14.0) 4 (14.3) 84 11.1) 0.861

Previous chronic kidney disease 5 (8.5) 3 10.7) 51 (11.1) 0.781

Mortality % in-hospital 26.7 21.4 6.0 <0.0001

30-day 44.4 43.5 13.3 <0.0001

90-day 46.7 54.5 21.2 <0.0001

1-year 73.0 76.2 37.3 <0.0001

INR = International Normalized Ratio, ALT = Alanine Aminotransferase, AST = Aspartate Aminotransferase,
CTP = Child–Turcotte–Pugh score, MELD = Model for End-stage Liver Diseases, SBP = Spontaneous Bacterial
Peritonitis, SFP = Spontaneous Fungal Peritonitis.

In patients with culture-positive SBP, 10 polymicrobial infections were found (22.2%),
21 infections were non-nosocomial (20 community-acquired and 1 healthcare-associated),
and 24 were nosocomial (53.3%). The etiology of culture-positive SBP (Table 3) was domi-
nated by Gram-positive bacteria in both non-nosocomial (59.3%) and nosocomial infections
(60.7%); Candida peritonitis was recorded in two cases (3.6%).

Table 3. Etiology for non-nosocomial and nosocomial-associated infection.

Non-Nosocomial Infection (%) Nosocomial Infection (%)

G-positive 16 (59.3) 17 (60.7)

Staphylococcus aureus 11 (40.7) 12 (41.8)

Streptococcus spp. 2 (7.4) 1 (3.6)

Enterococcus spp. 2 (7.4) 4 (14.3)

Staphylococcus coagulase-negative 1 (3.7) 0 (0)

G-negative 9 (33.3) 11 (39.3)

E. coli 3 (11.1) 3 (10.7)

Klebsiella spp. 2 (7.4) 3 (10.7)

Acinetobacter baumanii 1 (3.7) 3 (10.7)
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Table 3. Cont.

Non-Nosocomial Infection (%) Nosocomial Infection (%)

Pseudomonas aeruginosa 1 (3.7) 1 (3.6)

Citrobacter 1 (3.7) 0 (0)

Proteus mirabilis 1 (3.7) 0 (0)

Enterobacter spp. 0 (0) 1 (3.6)

Candida 2 (7.4) 0 (0)

TOTAL 27 28

From 10 polymicrobial infections, 4 were produced by two Gram-positive bacteria and
were included in the Gram-positive subgroup (21 monomicrobial and 4 polymicrobial SBP),
3 were caused by two Gram-negative bacteria and were included in the Gram-negative
subgroup (12 monomicrobial and 3 polymicrobial SBP), and the other 3 were produced by
an association of one Gram-positive and one Gram-negative bacteria, and were included in
the mixed-type SBP.

3.2. Predictive Role of NLR in the Type of SBP

We constructed the AUC for NLR-0 for discriminating between SBP patients and the
control group, between culture-positive and culture-negative types, and between Gram-
positive and Gram-negative SBP (Figure 2A–F).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B A 

D C 

F E 

Figure 2. (A,B) Box plot and AUC for predicting the presence of SBP; (C,D) box plot and AUC for
predicting the presence of culture-positive SBP; (E,F) box plot and AUC for predicting the presence of
Gram-positive or Gram-negative SBP.
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For SBP presence, an AUC value of 0.642 was recorded, which suggests a mild predic-
tive value with statistical significance (p < 0.001). At a cutoff of 6.072, low sensitivity (47.4%)
but moderate specificity (75.9%) was noted; at a lower cutoff value of 3.817, moderate
sensitivity (70.5%) but low specificity (52.8%) was obtained. For the differentiation between
culture-positive SBP and the control group, the obtained AUC was 0.650 (p = 0.001); at
a cutoff of 4.457, 60% sensitivity and 60.8% specificity were noted. For the differentia-
tion between Gram-positive and Gram-negative SBP, the AUC was 0.752 (p = 0.003); at a
6.371 cutoff value, the sensitivity was 80% and the specificity was 72% (Table 4).

Table 4. NLR-0 median, IQR, cutoff, sensitivity, and specificity for the SBP and control group.

Patient Group Median (IQR) AUC p-Value Cutoff Sensitivity Specificity

All SBP 5.30 (3.35–9.81) 0.642 <0.001 3.817 70.5 52.8

Control 3.66 (2.49–5.94)

Culture-positive SBP 4.75 (3.36–9.77) 0.516 0.808 2.292 91.1 21.2

Culture-negative SBP 5.33 (2.96–9.73)

Gram-negative SBP 8.79 (7.01–11.61) 0.752 0.003 6.371 80 72

Gram-positive SBP 3.92 (3.20–7.07)

Gram-negative SBP 8.79 (7.01–11.61) 0.814 <0.001 6.741 80 79.9

Control 3.66 (2.49–5.94)
IQR = Interquartile range, NLR = neutrophil-to-lymphocyte ratio, SBP = spontaneous bacterial peritonitis.

3.3. Predictive Role of NLR for In-Hospital Mortality

We constructed the AUC for NLR-0 in predicting in-hospital mortality in all patients
with cirrhosis and ascites, SBP subgroups (culture-positive and negative, Gram-positive,
and Gram-negative), and patients with non-infected ascites (Figure 3A–D).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B A 

D C 

Figure 3. (A,B) Box plot and AUC for predicting in-hospital mortality in patients with SBP; (C,D) box
plot and AUC for predicting in-hospital mortality in patients with cirrhosis and no ascitic infection.
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The NLR value had good accuracy for in-hospital mortality prediction in all patients
with cirrhosis with ascites, in patients with SBP, in culture-positive SBP, in Gram-positive
and Gram-negative SBP, and also in the control group (Figure 4A–H). The highest accuracy
provided by the ROC analysis was recorded in patients with Gram-positive SBP (0.857);
the lowest statistically significant value was found in the control group (AUC 0.696). In
culture-negative SBP, the obtained AUC was 0.577, and statistical significance was not
reached (p = 0.543)—Table 5.

  
(A) (B) 

  
(C) (D) 

 
(E) (F) 

  
(G) (H) 

Figure 4. (A,B) Box plot and AUC for predicting in-hospital mortality in patients with culture-positive
SBP; (C,D) box plot and AUC for predicting in-hospital mortality in patients with Gram-positive
SBP; (E,F) box plot and AUC for predicting in-hospital mortality in patients with Gram-negative SBP;
(G,H) box plot and AUC for predicting in-hospital mortality in patients with culture-negative SBP.
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Table 5. Median, IQR, cutoff, sensitivity, and specificity for NLR-0 in patients who died/were
alive at discharge.

Patient Group Median (IQR) AUC p-Value Cutoff Sensitivity Specificity

All ascites Dead 7.09 (4.42–11.23) 0.815 <0.001 7.750 83.3 82.1

Alive 3.63 (2.45–5.80)

All SBP Dead 9.73 (5.92–12.75) 0.717 0.003 6.371 73.7 67.8

Alive 4.54 (3.09–7.61)

Control Dead 6.22 (3.71–10.30) 0.696 <0.001 4.524 71.7 64.5

Alive 3.56 (2.37–5.59)

Culture+ SBP Dead 10.70 (8.75–13.6) 0.818 <0.001 7.750 81.8 80.1

Alive 4.47 (3.20–7.07)

Culture− SBP Dead 6.50 (5.00–8.13) 0.577 0.543 4.297 85.7 42.3

Alive 5.26 (2.90–9.65)

Gram+ SBP Dead 11.85 (9.05–16.6) 0.857 0.004 10.821 75.0 100

Alive 3.82 (3.16–4.74)

Gram− SBP Dead 10.13 (8.75–13.6) 0.732 0.080 7.750 87.5 71.4

Alive 7.22 (5.72–8.69)

IQR = Interquartile range, NLR = neutrophil-to-lymphocyte ratio, SBP = spontaneous bacterial peritonitis, Culture+
= Culture-positive, Culture− = Culture-negative.

4. Discussion
Infections in patients with liver cirrhosis appear frequently because of immunosup-

pression status, dysbiosis, and abnormalities in the intestinal barrier, and are associated
with a significant mortality risk [3–5,42,43]. One of the most severe infections in cirrhosis is
represented by spontaneous bacterial/fungal peritonitis. In recent decades, an etiological
microbial shift to more frequent Gram-positive SBP coupled with increased resistance to
commonly used antibiotics constitutes a significant challenge for management and prog-
nosis. Many studies have shown both increasing Gram-positive etiology and more MDR
bacterial infections in liver cirrhosis and SBP [13,15,44–58], with geographic variations,
which can alter current guidelines regarding SBP therapy and may impose local guide-
lines adapted to the antibiotic resistance particularities [41]. The etiological spectrum of
SBP in our study was characterized by the predominance of Gram-positive bacteria, as in
other studies [45,47,48]. A total of 21.6% had polymicrobial peritonitis, and two cases had
Candida albicans peritonitis.

The NLR value reflects an imbalance between acute or chronic inflammation and
immunoregulatory mechanisms [26,28,29]. In patients with cirrhosis, increased NLR val-
ues may be associated with chronic hepatic inflammation and persistent endotoxinemia
related to increased gut permeability [26,28]. A more advanced liver disease or acute
complications, such as sepsis, SBP, acute infection, encephalopathy, or gastrointestinal
bleeding, may be accompanied by higher NLR values, thus emphasizing a prognostic role
of the NLR [26,28,31,59]. Some scores, which include age and CRP [33], age, MPV, NLR,
and CRP [30,31], or age, gender, NLR, MPV, INR, and total bilirubin [32], have also been
suggested for SBP prediction and validated in several studies.

In our study, NLR had limited predictive value for the presence of SBP in patients with
liver cirrhosis (AUC 0.642, p < 0.001); this finding was discordant to other studies [26,28,60].
A potential explanation may be related to the presence of bacterial translocation and chronic
endotoxinemia in patients with liver cirrhosis, even in the absence of a confirmed infec-
tion [26]. The predominance of Gram-positive bacteria in patients with SBP in our study
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may be another explanation, because we found a lower median NLR value in Gram-positive
than in Gram-negative SBP. This finding is highlighted by the higher predictive value of
NLR in Gram-negative SBP compared with the control group (AUC 0.814, p < 0.001), with
both a sensitivity and specificity of 80% for a cutoff value of 6.741. A more frequent presence
of other infection types in patients with cirrhosis, especially urinary infections, bloodstream
infections, or pneumonia, can be another factor explaining the lack of predictive value of
NLR for SBP. However, in our study, we rarely noted both the presence of bloodstream in-
fection (2.2–3.6%) and other types of infection. Contrary to some studies that found higher
NLR values in patients with culture-positive SBP [27], we found no significant predictive
value for NLR in the differentiation between culture-positive and culture-negative SBP. The
lack of NLR accuracy in discriminating between culture-negative and culture-positive SBP
can be explained by the fact that culture-positive and culture-negative SBP may be similar
in terms of systemic inflammation severity.

An important finding of our study was the potential role of NLR for the differentiation
between Gram-negative and Gram-positive SBP, with a median NLR value of 8.79 in
Gram-negative and 3.92 in Gram-positive SBP (AUC 0.752, p = 0.003). The sensitivity and
specificity of the NLR value in discriminating between Gram-negative and Gram-positive
SBP were 80% and 72%, respectively, at a cutoff value of 6.371; although not perfect, the NLR
value can be of clinical utility in such settings. The distinction between Gram-positive and
Gram-negative SBP may be important for two reasons: in patients with an ascitic neutrophil
count above 250/mm3 (when empirical treatment before a culture with antibiogram arrives
may be guided by the presumed Gram-positive or Gram-negative etiology) and in culture-
negative SBP (when a high NLR value may suggest a Gram-negative etiology and low
NLR values suggests a Gram-positive cause of SBP), thus orienting antibiotherapy until
a follow-up paracentesis can be used to adjust the treatment. However, the differences
between the median NLR values in Gram-positive and Gram-negative SBP may be partially
explained by the higher mortality rate in our Gram-negative SBP, which may impact the
accurate differentiation of Gram-positive versus Gram-negative SBP.

The predictive role of the NLR level in assessing the presence, etiology, and outcome of
SBP may be explained by multiple factors [34–40]. An increased count of blood neutrophils
and decreased blood lymphocytes can be encountered in severe inflammation [31], and
especially in the presence of infection; however, an increased level of proinflammatory and
neutrophilic biomarkers was recorded in cirrhotic plasma even without infection (because
of endotoxinemia, bacterial translocation, and other factors), together with lymphopenia
secondary to hypersplenism. This may explain a reduced role of the NLR level in predicting
SBP presence. The association between the NLR and severe inflammation may suggest
NLR’s value as a risk factor for poor clinical prognosis [34,37]; inflammation-related stress
can induce a redistribution of lymphocytes from the blood to lymphoid tissues, which
decreases blood lymphocyte count [34]. The immune host response may vary between
Gram-positive and Gram-negative species [38,40], as a result of specific cytokine profiles
and contents related to the unique structures and antigenic components [38].

The literature data regarding the NLR’s role in the differentiation and prognosis
of Gram-positive and Gram-negative SBP is scarce and somewhat contradictory [34–40].
Higher NLR values were associated with dismal prognosis in patients with peritoneal dial-
ysis and peritonitis, and Gram-positive spontaneous peritonitis (except for Staphylococcus
peritonitis) had a better prognosis than Gram-negative cases [34]. Two studies have shown
higher NLR levels in Gram-positive sepsis and septic shock [35,37], having been explained
by a stronger activation of NK cells coupled with a slower normalization of T cell lympho-
cytes and a stronger lymphocyte suppression, a thicker and tighter peptidoglycan layer, a
higher IL-12 level, and a stronger CMH class II-response in Gram-positive infections [37].
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However, two other studies that include patients with bloodstream infections have shown
higher NLR median values in Gram-negative infections, with median values of 12.07 versus
5.68 and 8.25 cutoff [38], and 14.15 versus 9.46 [40], explained by the lipopolysaccharide
wall constituent (endotoxin) in Gram-negative bacteria, which increases the neutrophil
count and decreases the lymphocyte count [38]. In another study including 58 patients with
hemodialysis and catheter-related blood infections, the NLR values were not significantly
different between Gram-positive and Gram-negative [36].

The in-hospital mortality rate for culture-positive SBP was 26.7%, similar to culture-
negative SBP and data from the literature [1,2,12,42], which reported values of 40% for
Gram-negative SBP and 20% for Gram-positive SBP. The mortality seems similar for culture-
positive and culture-negative SBP in both short-term (in-hospital and 30-day) and long-term
settings (90-day and 1-year), with higher mortality in both short and long-term settings
compared with control ascites. The NLR had significant predictive value in almost all
patient groups, except for culture-negative SBP (all cirrhosis with ascites, all SBP, culture-
positive SBP, Gram-positive SBP, Gram-negative SBP, and control group), with the highest
accuracy in Gram-positive SBP (AUC 0.857) and the lowest accuracy in the control group
(AUC 0.696). This finding is similar to a study where a mean NLR level of 16.5 ± 11.8
was noted in patients who died during admission compared with 7.8 ± 9 in those who
survived [26]. For patients with culture-negative SBP, we may presume that the absence of
an isolated strain from the ascitic fluid may be explained by a lower colonization of the
ascitic fluid and, subsequently, a lower systemic inflammatory response, thus obscuring the
differences between culture-negative SBP and the control group. Supplementary studies,
including other biological inflammatory markers such as (but not limited to) C-reactive
protein, IL-8, and other markers, may help to elucidate such a finding.

Although liver cirrhosis is an inflammatory state as a result of a leaky gut, bacterial
translocation from the bowel, and the presence of dysbiosis and proinflammatory cytokines
released by hepatocyte necrosis, other factors can also influence the inflammatory balance
in patients with cirrhosis. The presence of other infections outside SBP may also increase
NLR levels, especially in the presence of bacteriemia [35,39]. Malnutrition is frequently
noted in patients with advanced liver disease, and an NLR above 4.2 was associated with a
higher malnutrition score, with NLR being a risk factor for malnutrition independently of
alcoholic etiology and ascite presence [61]. The NLR level in patients with hepatocellular
carcinoma was associated with overall and disease-free survival, with higher NLR values
in patients with poor prognosis, and lower values associated with better overall, recurrence-
free, and disease-free survival [62,63]. In our study, positive blood cultures were rarely
present in all groups (2.2–3.6%). The nutritional status could not be adequately assessed
due to the retrospective design and insufficient data for the accurate estimation of dietary
scores. No significant differences regarding the proportion of HCC were recorded between
patients with culture-positive and culture-negative SBP, and the control group (Chi-square
p-value = 0.072). Seven cases of hepatocellular carcinoma were noted in the culture-positive
SBP group, four with Gram-positive, three with Gram-negative SBP, and none with in-
hospital mortality. The mean NLR was 8.54 ± 0.8 for patients with culture-positive SBP
and hepatocellular carcinoma and 7.26 ± 0.4 for patients without hepatocarcinoma (p-value
Kruskal–Wallis 0.260).

Our study had some limitations. The small number of patients in our study was
associated with the monocentric nature, which may limit the generalizability of the obtained
findings; this is particularly true for smaller subgroup analyses, such as Gram-positive
or Gram-negative SBP. The retrospective design made other potentially inflammatory
biomarkers, such as TNF-alpha, IL-6, MIP-1β, lactoferrin, procalcitonin, or calprotectin,
unavailable for a complementary role, especially in predicting Gram-negative or Gram-
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positive etiology. A multicentric study or an extended study timeframe may overcome
some of the limitations and increase data accuracy.

5. Conclusions
A high NLR value at admission was associated with moderate but significant predic-

tive value for Gram-negative spontaneous bacterial peritonitis, and moderate predictive
value for in-hospital mortality in patients with cirrhosis and ascites with and without SBP
(except for those with culture-negative SBP). The predictive value in differentiating between
Gram-positive and Gram-negative SBP, eventually in association with other markers of
systemic inflammation, may aid in the antibiotherapy choice in patients with a high ascitic
neutrophil count before culture results with antibiogram or in those with culture-negative
spontaneous bacterial peritonitis. However, given the paucity of data regarding the poten-
tial role in predicting Gram-positive versus Gram-negative etiology, supplementary studies
and corroboration with other systemic inflammation markers are necessary to assess the
exact role of NLR in predicting the type of infection.
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