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ABSTRACT 
 

Background Spontaneous bacterial peritonitis (SBP)  is  one of the most critical complications in 

chronic liver disease patients with ascites. Lipocalin 2 (Lcn2), also known as neutrophil gelatinase 

associated lipocalin (NGAL), is a 25‑kDa protein present in peroxidase‑negative granules of 

neutrophils, and is released following neutrophil activation. Lipocalin‑2 is a promising marker for 

diagnosis of infections, especially in chronic liver diseases (CLD).  

Objective This study aims to evaluate role of serum and ascitic lipocalin-2 as a reliable biomarker 

in diagnosis of SBP and as a predictor of short term in-hospital mortality in patients with chronic 

liver disease -related SBP. 

Methods This case-cohort study was conducted on 80 patients with CLD &Ascites, 40 patients with 

SBP infections and 40 patients without SBP . All patients were subjected to measurement of 

lipocalin-2 levels in both serum and ascitic fluids by enzyme-linked immune-sorbent assay (ELISA) 

kits . For SBP cases , Siderophores production was determined among bacterial isolates 

quantitatively by modified CAS assay method and  analyzed genetically by multiplex polymerase 

chain reaction (PCR)  ,then cases were followed up for 30 days in hospital mortality. 

Results The results indicated that ascites Lipocalin-2 was significantly higher in patients with SBP 

compared to those without SBP. In ROC analysis, ascites Lipocalin-2 had an AUC of 0.845 as a 

marker for diagnosis of SBP cases . Sixteen (40%) patients died in the hospital. In the final 

multivariate model, MELD score, Creatinine , INR, Total and direct bilirubin remain significant 

predictors of in-hospital mortality (P<0.05). 

Conclusion Ascitic fluid Lipocalin-2 level can be used as a diagnostic marker of SBP in hospitalized 
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patients with cirrhosis with  high  sensitivity and specificity, especially in chronic liver disease 

patients . MELD score remains an independent predictor of short-term survival in-hospital mortality. 

Keywords: Neutrophil gelatinase-associated Lipocalin (NGAL) , Lipocalin 2 (Lcn2) , chronic liver disease 

(CLD), Spontaneous bacterial peritonitis (SBP), In hospital mortality. 

 

 

 

 

INTRODUCTION 

              Spontaneous bacterial peritonitis (SBP) is 

defined as an infection of the previously sterile ascetic 

fluid that occurs without any clear intra-abdominal 

source of infection  [1,2]. It is a serious complication of 

advanced liver disease and chronic severe hepatitis, with 

a prevalence of 10–30% among hospitalized patients [3, 

4]. Different investigations reported varying hospital 

mortality rates in hospitalized patients with cirrhosis and 

SBP [5-9].  

                

              At present,   clinical diagnosis of SBP is  

established on the presence of polymorphonuclear 

leukocyte (PMN) ≥ 250 cells/mm3 in ascites after 

exclusion of any finding suggestive of secondary 

peritonitis, regardless of ascitic fluid culture [10,12]. 

SBP often occurs during hospitalization and is regarded 

as a hospital-acquired infection or nosocomial (SBP 

diagnosis more than 48 hours after hospitalization) 

[11].It is considered one of the leading cause of death in 

this category of patients, with mortality rates of 20–40% 

[12,16,17]. 

        Neutrophil gelatinase-associated lipocalin 

(NGAL) also known as lipocalin-2(Lcn2), a member of 

the lipocalin superfamily, is a  low molecular weight 

secretion protein (25 kDa)  , present in neutrophils and 

multiple other tissues[21,22,24]. Lipocalin 2 (Lcn2),  

acquired great attention as a bacteriostatic agent by 

depleting intracellular iron stores[18].It  prevents iron 

acquisition by microorganisms via sequestering iron 

loaded bacterial siderophores [24].In addition, it 

represents an important component of the innate 

immunity to bacterial infections[19]. 

   

          Lipocalin 2 has many functions including 

response to injury, as in the case of acute renal tubular 

damage, as well as involvement in the innate immune 

response to infection [26,27]. Lipocalin 2 is rapidly 

released in response to inflammation, ischemia, and 

metabolic disorders and has thus been investigated as a 

biomarker for a number of conditions [27–29]. Lipocalin 

2 measurement may also be of significant utility in 

patients with advanced liver disease. Serum Lipocalin 2 

is also elevated in the setting of liver injury. [20,30].  

        Elevated levels of lipocalin 2 have been 

detected in the blood of patients with bacterial urinary 

tract infection (UTI), community acquired pneumonia, 

sepsis, as well as in the cerebrospinal fluid and peritoneal 

fluid of patients with bacterial meningitis and 

peritonitis[23].Also, Increased Lipocalin 2 levels in 

plasma and ascitic fluid have showed significant 

correlation with SBP, but still requires an invasive 

sampling technique.[20]                                                                                                                         

           Serum Lipocalin 2 is a promising marker for 

diagnosis of infections, especially in chronic liver 

disease [24, 25]. Also, ascitic fluid Lipocalin-2 may be a 

biomarker of peritonitis in patients with cirrhosis and an 

independent predictor of short term in hospital mortality, 

proper controlling for SBP and model for end-stage liver 

disease (MELD) score [20]. 

          Gram-negative bacteria were the main 

causative agents of spontaneous bacterial peritonitis, 

with Escherichia coli and Klebsiella spp. being the most 

frequently isolated organisms [31]. Pathogenic E. coli 

and Klebsiella pneumoniae  isolated from different 

clinical infections possesses a broad range of virulence-

associated factors, including toxins, adhesions , 

lipopolysaccharides, and siderophores (enterobactin 

,aerobactin, yersiniabactin and salmochelin),which are 

encoded by pathogenic islands and other mobile genetic 

elements [36, 37,40]. 

 

          It is generally assumed that the acute-phase 

protein lipocalin 2  acts as an antimicrobial agent in 

human plasma and effectively prevents the systemic 

spreading of bacteria that depend on corresponding 

siderophores [103]. Lcn2 may tailor anti-infective 

response by inhibiting bacterial proliferation based on 

microbial iron metabolism [106]. 

           Siderophores are small, high-affinity iron 

chelators produced by many microorganisms. Several 

siderophores have been previously detected in E .coli 

and  klebsiella like Enterobactin (Ent), Aeribactin (Aer) 

, Yersiniabactin (Ybt) and Salmochelin (Sal), [39 

,40].They allow bacteria to take up protein-bound iron 
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from the host cells[38]. Siderophores constitute a key 

component of pathogenicity of gram negative bacterial 

infections.   

 

          Currently, there are five structural 

classifications for the iron chelators: catecholate, 

hydroxamate, carboxylate, phenolate and mixed 

siderophores [108]. The structural differences among 

siderophores portray the virulence of microbes, 

especially in regards to whether their siderophores could 

be sequestered, and thus subdued, by the host innate 

immune protein, lipocalin 2 (Lcn2) [107]. Lcn2 chelate 

specifically catecholate and some carboxylate 

siderophores   and is unable to sequester hydroxamate 

and mixed siderophores [107].   

 

          The secretion of lipocalins are key in 

protecting the host from siderophore-mediated iron 

chelation; however, bacteria have further enhanced their 

countermoves for iron sequestering, including the 

generation of stealth siderophores [107]. Microbes 

employ various strategies to evade Lcn2 as bacteria 

continue to achieve their virulence through siderophore 

modifications, or utilization of alternate siderophores, 

can be explained by evasion of Siderocalin binding 

[109]. 

       

       For Example , Enterobactin is produced by 

nearly all E. coli strains and produced by many other 

pathogenic enterobacteria, including Klebsiella spp. 

[100].The inefficacy of bacteria has been attributed to 

the absorption of this protein by Lipocalin 2. It has been 

demonstrated that modification of enterobactin through 

glycosylation by IroB results in the generation of 

salmochelins that can evade sequestration by Lipocalin 

2 [101]. Enterobactin glycosylation is, therefore, an 

important virulence mechanism through which certain 

pathogenic strains can evade host immune defenses and 

obtain iron [102]. 

 

     Therefore to resist Lcn2-mediated inhibition, 

pathogens such as Salmonella spp. And Klebsiella spp. 

have evolved to express stealth siderophores (e.g., 

salmochelin, aerobactin, and yersiniabactin), which 

augment siderophore-mediated iron acquisition and, 

therefore, microbial virulence and pathogenicity 

[107,108]. 

 

      Salmochelins, for example, are derivatives of 

Ent that carry one or two C-linked glucose substituents 

on the catechol groups [104] and cannot form a complex 

with lipocalin 2  due to steric hindrance.[105] Thus, 

corresponding strains of Salmonella spp., Klebsiella 

pneumonia and E. coli evade the human innate immune 

system simply by making an ordinary siderophore more 

bulky[103].  

         Moreover, siderophores producing gram-

negative bacteria  acquire  multidrug resistance (MDR) 

resulting in augmentation of infections. Patients with 

MDR Gram-negative bacterial infections are more likely 

to face worse outcomes, such as increased mortality and 

longer hospital stays [41]. 

 

          Multidrug-resistant (MDR) organisms are 

predominantly found in nosocomial spontaneous 

bacterial peritonitis, being reported in about 20%–35% 

of the episodes [31]. The increasing prevalence of MDR 

bacterial infection has been associated with failure of 

empirical antibiotic therapy and poor prognosis [42] due 

to a higher mortality rate, an increased duration of in-

hospital stays and higher healthcare related costs when 

compared to infections caused by susceptible strains 

[43].  

        Gram-negative bacteria have developed 

several mechanisms of resistance to currently used 

antimicrobials. One of the successful mechanisms for 

transmitting multiple-drug resistance among bacterial 

pathogens is horizontal transfer[112]. The spread of 

MDR isolates in the clinic has been attributed to 

commonly shared plasmids across bacteria such as K. 

pneumoniae, K. oxytoca, Escherichia coli, Enterobacter 

sp., and Salmonella sp[113,114]. 

 

        Treatment of infections caused by pathogens 

such as E. coli and Klebsiella pneumoniae is threatened 

by the emergence and increase in antimicrobial 

resistance associated with genetic mobile elements such 

as plasmids that may also contain virulence genes [115]. 

These bacterial species are proficient pathogens because 

they are virulent, antibiotic resistant, and epidemic in 

nature [111]. 

 

        In addition to the role of acquisition of 

virulence genes and its effect on the pathogenicity, the 

acquisition of resistance genes plays an important role in 

therapeutic failure and the increase of mortality rate. The 

inability to control the emergence of multi-drug (MDR), 

extensive drug (XDR) and pan drug resistance will 

increase the mortality rates to 10 million people by 

2050[116,117]  

          

        Because of diversity in the mechanism of 
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acquisition of resistance and virulence factors of the 

bacterial strains, the correlation between resistance and 

virulence is a complex issue and is poorly understood 

[115].Knowledge and understanding of correlations 

between antibiotic resistance and virulence factors 

would therefore be helpful and enable antibiotic 

treatment of several infections [111]. 

 

Although many studies have focused on the 

relationship between Lipocalin 2 and AKI, there are 

relatively few studies on Lipocalin 2, especially ascitic 

Lipocalin 2 and SBP, an important complication of 

cirrhosis  .Therefore, The aim of this work is to 

investigate the role of serum and ascitic Lipocalin-2 to 

identify patients with SBP and to detect short term in 

hospital mortality predictors  in these  patients and to 

evaluate the correlation between Lipocalin 2 levels and 

antibiotic resistance as well as siderophores production. 

Also, we try to understand relation between 

Siderophores as a virulence factor  and antimicrobial 

resistance   . 

METHODS 

2.1. Study Design 

Between September 2019 and January 2021, this 

case-cohort study was carried on eighty patients with 

chronic liver disease  and ascites who were admitted to 

Internal medicine department , Faculty of Medicine , 

Zagazig University. They were classified into two 

groups: group 1 included 40 chronic hepatic patients 

with SBP and group 2 included 40 chronic hepatic 

patients without SBP ,then , SBP cases were followed 

up for 30 days during  hospital admission (to detect 

short term in hospital mortality). 

2.2. Ethical Approval 

The current study was approved by the 

Institutional Review Board (IRB) committee of Zagazig 

University (no. ZU-IRB # 5523/25-8-2019). 

2.3. Patients Diagnosis 

In the presence of clinical symptoms and signs, 

diagnosis of chronic liver disease was based on the 

results of clinical and biological examinations and 

ultrasound and other imaging techniques [46], a patient 

was diagnosed with  Ascites ( clinical Complication of 

chronic liver disease with clinical  examination  and  

radiological ultrasound  diagnosis of ascites volume 

≥150 mL) [44] and cases of  SBP  were diagnosed on  

the basis of PMN ≥ 250 cells/mm3 and/or positive 

ascitic fluid culture for single organism with exclusion 

of acute renal impairment ,renal replacement therapy 

and secondary peritonitis as in ,intra- abdominal 

surgery or malignancy[45,46]. Blood and Peritoneal 

fluid samples  were taken from every enrolled patient in 

our study on the day of paracentesis [20] . In-hospital 

mortality was defined as death in the hospital after 30 

days [20].The site of SBP acquisition was classified as 

nosocomial as  the  diagnosis  was made 48 h or longer 

after hospitalization [47] . 

2.4. Data and Sample Collection  

 

Eighty patients diagnosed with chronic liver 

disease and Ascites were included ,their data were 

collected from  electronic medical health records 

including age and sex and investigated with  laboratory 

findings that include Ascitic fluid analysis (all patients 

underwent paracentesis then ascitic fluid was subjected 

to cytology, culture and biochemical examination), 

Complete Blood Count (CBC), Coagulation profile: 

Prothrombin time (PT) and international normalized 

ratio (INR), Liver function tests (LFT), Kidney function 

tests (KFT) and Electrolytes . Severity of liver disease 

was assessed by Model for End-Stage Liver Disease 

(MELD) score for each patient . All patients were 

subjected to measurement of neutrophil gelatinase-

associated lipocalin (NGAL) levels in both serum and 

ascitic fluids (Serum and Peritoneal fluid samples  were 

collected in sterile syringes). For SBP cases , 

Phenotypic and Genotypic Detection of Siderophores 

were  done ,then they were followed up for 30 days in 

hospital mortality. 

 

2.5. Quantitative mesurement of Neutrophil 

Gelatinase Associated Lipocalin (NGAL) 

Serum and ascitic fluid Levels of  Lipocalin were 

detected quantitatively with enzyme-linked 

immunosorbent assay (ELISA) kits (SunRed 

biotechnology co., Shanghai), used according to the 

manufacturer's instructions. The limit of detection for 

this assay is in the range of 12–3000 ng/mL. 
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2.6. Microbiological Identification 

Blood agar and MacConkey agar were used to 

cultivate clinical specimens (Oxoid Co., England). 

Standard microbiological procedures (colony 

morphology and Gram stain) and   biochemical 

reactions characteristics using VITEK® 2 compact 

system and ID-GN  card (BioMérieux, Marcy L’Etoile, 

France)  [48]. 

2.7. Phenotypic Detection of Siderophores 

Siderophores production by bacterial isolates 

grown in M9 medium [50,51]  were determined 

quantitatively by using CAS liquid medium according 

to Schwyn and Neilands (1987) and by the method of 

Alexander and Zuberer (1991) in which 2-

[Nmorpholino] ethanesulfonic acid (MES buffer) 

(FisherScientific, Belgium) was used as a buffer 

solution instead of solution 2 in the original method 

[50,51]. 

2.8. Molecular Detection of siderophores  

DNA extraction was conducted according to the 

manufacturer guidelines employing the G-spinTM 

Genomic DNA Extraction Kit (iNtRON Biotechnology, 

Inc., Korea). Multiplex PCR was used to detect 

universal housekeeping gene for all bacteria , three 

significant  siderophores genes in K. pneumonia (Ent B 

,Iut A ,Ybt S) and three significant  siderophores genes 

in E.coli (Ent B ,Iut A ,Irp 1) [49]. A total volume of 20 

µl was adequately prepared for the PCR reaction 

mixture, including 2 µl (100 ng) of template DNA, 10 

µl of PCR master mix, and 1 µl (5 pmol) of each primer 

. For the amplification, the thermal cycling conditions 

were employed: a two-minute initial denaturation step 

at 95 C, followed by 35 cycles of DNA denaturation 

at 95 C for 30 seconds, primer annealing at 60 C for 

60 seconds for K. pneumonia while primer annealing at 

55 C for 60 seconds for E.coli , and primer extension 

at 72 C for one minute and  a five-minute final 

extension  step at 72 C Then, gel electrophoresis and 

U.V. visualization was conducted for the PCR products 

[49].   

Table 1: Primers used in Multiplex PCR in this study as regard klebseilla spp 

Gene sequence ann Bp 

YBTS F     5`  GACGGAAACAGCACGGTAAA 3` 

R     5`  GAGCATAATAAGGCGAAAGA 3` 

 

60 242 

 

entB 

 

F 5` GTCAACTGGGCCTTTGAGCCGTC 3` 

R 5`  TATGGGCGTAAACGCCGGTGAT 3` 

 

60 400 

iutA 

 

F       5`  GGGAAAGGCTTCTCTGCCAT 3` 

R       5`    TTATTCGCCACCACGCTCTT 3` 

 

60 920 

Table 2: Primers used in Multiplex PCR in this study as regard E.coli spp 

Gene sequence ann Bp 

Entb F 5` GCGACTACTGCAAACAGCAC 3` 

R 5` TTCAGCGACATCAAATGCTC  3` 

55 382 

IRP1 F 5` AGAGCGGAAATAACCGAACA 3` 

R 5` GTAAACAGGCCGTGACGATT   3` 

55 221 

IUTA F 5` CCAGCCTCAAACTCCATCAT  3` 

R 5` ACAGCCGACAACTGGACTCT 3` 

55 157 

2.9. Calculation of MELD Score: MELD = (0.957 x log (Serum Creatinine) + 0.378 
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x log (Total Bilirubin) + 1.120 x log (INR) + 0.643) x 

10 (for dialysis, Creatinine = 4) (52). 

 
STATISTICAL METHODS 

The data were statistically analyzed using 

(Statistical Package for Social Science) SPSS software 

version 20.0. Normality of data was tested by Shapiro 

Wilk test of normality .The collected data were 

summarized in terms of mean± Standard Deviation (SD) 

(parametric data) and median and range (non-parametric 

data) for quantitative data and frequency and percentage 

for qualitative data. Comparisons between the different 

study groups were carried out using the Independent t-

test (t) to detect difference in the mean between two 

parametric data, while the Mann-Whitney (MW) test was 

used to detect difference between two non- parametric 

data. The Kruskal Wallis test (KW) was used to detect 

difference between more than two group regarding non-

parametric data.  The Chi-square test (x2) and the Fisher 

Exact (FET) were used to detect difference between 

proportions as appropriate.  

Receiver Operating Characteristics (ROC) analysis 

was carried out to evaluate the diagnostic performance 

of Ascitic Lipocalin-2 for SBP. The best cut-off point 

and the corresponding sensitivity and specificity, 

Positive Predictive Value (PPV), Negative Predictive 

Value (NPV) and Area under the Curve (AUC) were 

estimated.Cox regression model (proportional-hazards) 

was used to control the effects of the confounding 

variables to determine the risk factors associated with 

mortality. The Spearman Correlation coefficient (rho) 

was used to assess the correlation between serum and 

ascitic Lipocalin-2  levels and estimated parameters. 

All statistical comparisons were two tailed with 

statistical significance at P value <0.05 (S) , P value 

<0.001 indicate highly significant (HS) while a P value 

>0.05 was considered non-significant.. 

RESULTS 
1- Spontaneous bacterial peritonitis (SBP) Group 

against Non Spontaneous bacterial peritonitis Group. 

 

Table (1): Socio-demographic characteristics among both groups: 
 

 

Studied groups X2 P  

SBP 

n=40 

Non SBP 

n=40 

Sex  Male 22 (55.0%) 24 (60.0%) 0.102 0.749 

NS Female  18 (45.0%) 16 (40.0%) 

Age Mean ± SD 60.6 ± 12.5 57.8 ± 10.2 t-test 

0.76 

0.451 

NS 

 

This table shows  that  SBP and Non SBP groups are  

properly matched  regarding age and sex , there are 

statistically  non-significant differences between 

studied groups regarding  Socio-demographic 

characteristics  (P>0.05). 

 

Table (2): Comparison between serum and ascitic  Lipocalin-2  levels between SBP and non-SBP groups: 

This table shows a statistically significant difference 

between studied groups regarding  Ascitic Lipocalin-

2 level (P<0.05), while there is statistically  non-

significant difference between studied groups 

regarding Serum Lipocalin-2 level (P>0.05). 

 

  

Lipocalin-2 SBP Non SBP MW P  

 Mean S.D Median (range) Mean S.D Median(range) 

Serum lipocalin-2 

n=20 

730.89 426.70 604.5 (285.1-1880.3) 606.45 214.0 642.5 (290.3-923.1) 0.414 0.678 

NS 

Ascitic lipocalin-2 

n=20 

628.9 427.5 564.8 (167.4-1694.1) 

 

 405.33  167.55 288.34 (46.3-820.5) 2.07 0.047 

S 
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Table (3): Receiver operator characteristic (ROC) analysis for ascitic Lipocalin-2  as a marker for the diagnosis of 

SBP: 

ROC analysis for ascitic Lipocalin-2 as marker for 

diagnosis of SBP reveals that at a cut-off value of: 

297.8 (ng/dl), sensitivity is: 95.6%, specificity is: 

92.5%, positive predictive value(PPV) is: 95%, 

negative predictive value(NPV) is: 95%, area under 

curve (AUC) at 0.845, it is statistically high 

significant (P>0.05). 

2- Spontaneous bacterial peritonitis (SBP) Group :  

Klebseilla isolates  against  E. coli isolates 

 

Table (4): Comparison between Siderophores production  among KP and E.coli isolates: 
 Bacterial isolates n Mean S.D Median (Range) P  

MW 

Siderophores 

production 

KP 28 45.2 12.7 44.16 (29-77.21) 0.011 

S E.coli 12 26.3 13.5 22.8 (7.5-46.7) 

 

This table shows a statistically significant difference 

between KP and E.coli isolates regarding  

Siderophores production (P<0.05). 

Table (5): Comparison of siderophores genes distribution among kp and E.coli isolates: 
 

Siderophores genes 

Bacterial isolates  

KP 

(n=28) 

E.coli 

(n=12) 

X2  

P  

Ent B    n=22 18 (64.3%)           4 (33.3%) 2.82  

 

0.243 

NS 

 

Ent B +Others 

n=12 

 (Ent B with Iut A 

or Ybts) 

 

 

4 (14.3%)* 

 

8 (66.7%)** 

Others     n=6 

(Iut A or Ybts) 

 

6 (21.4%)*** 

 

 

0 (0%) 

 

 

* two EntB+IutA and two EntB+YbtS 

** eight EntB+IutA  

*** four  cases IutA and two case YbtS 

 

This table shows statistically non-significant 

differences between KP and E.coli isolates regarding  

Siderophores genes (P>0.05). 

 

3-Relation between Lipocalin 2 level and different 

studied parameters among SBP group 

 

Table (6): Correlation coefficient between ascitic and serum Lipocalin-2  levels with Siderophores production  

among SBP group : 
 Ascitic Lipocalin-2   Serum Lipocalin-2   

r-value P-value  r-value P-value 

Siderophores 

production 

0.336 0.148 -0.234 0.321 

 

This table shows  non-significant correlation between 

Lipocalin-2 levels in serum and ascitic fluid and 

Siderophores production (P>0.05). 

 

  

AUC Cut-off Sensitivity Specificity PPV NPV Accuracy P 

0.845 297.8 95.6% 92.5% 95% 95% 95% .000 
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Table (7): Relation between Lipocalin-2 level in serum and ascitic fluid and Siderophores genes among SBP 

group: 
 Siderophores 

genes 

n Mean S.D Median (Range) H P 

Serum Lipocalin-

2 

Ent B 22 556.11 165.65 583.04(285.1-769.1) 3.92 0.14 

NS 

 
Ent B +Others  12 1112.03 580.2 1018.2 (568.7-1880.2) 

Others 6 609.46 353.24 491.9(329.9-1006.5) 

Ascitic 

Lipocalin-2 

Ent B 22 539.63 282.78 508.2 (167.4-979.9) 1.17 0.557 

NS Ent B +Others 12 889.2 627.37 641.56 (284.4-1694.1) 

Others 6 435 221.34 369.01(255.1-682.5) 

 

This table shows statistically non-significant 

differences between Siderophores genes and 

Lipocalin-2 levels in serum and ascitic fluid 

(P>0.05). 

 

Table (8): Relation between  Lipocalin-2 levels in serum and ascitic fluid and  Antimicrobial resistance patterns 

among SBP group: 

This table shows statistically non-significant 

differences between Lipocalin-2 levels in serum and 

ascitic fluid and XDR ,MDR and other bacterial 

isolates (P>0.05). 

4- Relation between Virulence  and Resistance : 

 

Table (9):  Relation between Siderophores genes and XDR, MDR and Other isolates: 

 

 

 

 

 

 

 

 

 

 

 

Others : remaining resistant and sensitive isolates. 

This table shows statistically non-significant 

differences between Siderophores genes  and XDR 

,MDR and other isolates among SBP group (P>0.05). 

  

 
Bacterial isolates  

H 

 

P XDR 

n=12 

MDR 

n=16 

Others 

n=12 

Serum Lipocalin-2 

Mean ±SD 

Median(Range) 

 

 

929.237±446.14 

719.38( 575.2- 

1366.9) 

 

750.788±498.7 

597.34( 434.07- 

1880.24) 

 

506.033±190.3 

478.60( 285.09 -741.7) 

  

 

4.056 

 

 

0.131 

NS 

Ascitic Lipocalin-2 

Mean ±SD 

Median(Range) 

 

777.11±508.9 

647.45( 284.44 -

1694.1) 

545.06±490.6 

341.04( 167.34- 

1664.26) 

 

 

592.47±243.23 

633.77( 305.9- 870.59 

 

 

2.208 

 

 

0.331 

NS 

 

 

Siderophores 

genes   

Bacterial isolates X2  

 

 

P 

XDR 

n=12 

MDR 

n=16 

 

Others 

n=12 

Ent B (n=22) 4(18.1%) 6(27.2%) 12(54.5%) 6.157 

 

 

 

 

0.187 

NS 

Ent B +Others 

(n=12) 

 (Ent B with Iut 

A or Ybts) 

8(66.6%)  

4(33.3%) 

 

 

 

0(0.0%) 

 

Others    (n=6) 

(Iut A or Ybts) 

0(0.0%) 6(100%)  

0(0.0%) 
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Table (10): Relation between Siderophores production and Antimicrobial resistance: 

Others :remaining resistant and sensitive isolates. 

This table shows statistically significant differences 

between Siderophores production  and XDR ,MDR 

and other isolates  (P<0.05). 

 

5-Analysis of Mortality Risk factors : 

 

Table (11): Univariate  and Multivariate regression analysis of factors predicting 30 days mortality among SBP 

cases: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This table shows that in uni-variate analysis, WBCs , 

Hb, PLT , INR, Total bilirubin, Direct bilirubin, 

Creatinine, MELD, Serum and Ascitic Lipocalin-2 are 

all associated with in-hospital mortality (P<0.05), 

while in final multi-variate model, MELD , Creatinine 

, INR, Total and direct bilirubin remain significant 

predictors of in-hospital mortality(P<0.05).  

 

  

 
Bacterial isolates  

H 

 

P XDR 

n=12 

MDR 

n=16 

Others 

n=12 

Siderophores 

production 

 

Mean ±SD 

Median(Range) 

 

 

 

30.345±15.17 

30.88(7.5-53.67) 

 

 

  35.45±12.36 

35.02(21.66-57.82) 

 

 

 

52.71±12.62 

49.15(41.43-77.21) 

 

 

 

   

6.72 

 

 

 

0.034 

S 

parameter Uni-variate analysis Multi-variate analysis 

RR (95%CI) P RR (95% CI) P  

Age 0.72(0.621-1.52) 0.511   

TLC in fluid    0.93(0.71-3.11) 0.374   

LDH in fluid 1.03(0.762-2.09) 0.208   

Glucose in fluid    1.23(0.85-4.21) 0.129   

Total protein in fluid    0.54(0.426-3.19) 0.850 

 

  

WBCs 1.87 (0.97-3.23) 0.04 1.12 (0.943-3.21) 0.07 

Hb 2.45 (1.15-5.22) 0.01 0.987(0.841-3.76) 0.987 

PLT 2.11 (1.56-4.22) 0.03 0.998 (0.889-1.65) 0.121 

PT 1.25 (1.02-2.33) 0.911   

PTT 1.12 (0.932-2.43) 0.212   

INR 1.77 (1.14-3.12) 0.001 3.23 (2.34-7.17) 0.002 

Total bilirubin 2.43 (1.17-5.22) 0.01 2.66 (1.65-3.16) 0.02 

Direct bilirubin 1.11 (0.993-2.22) 0.02 1.22 (1.03-2.78) 0.03 

Total protein 0.99 (0.732-1.01) 0.414   

Albumin 1.07 (0.653-2.11) 0.221   

ALT 1.33 (0.612-2.34) 0.211   

AST 0.996 (0.858-1.22) 0.267   

Creatinine 2.13 (1.22-4.11) 0.02 1.87 (1.12-6.33) 0.002 

BUN 0.929 (0.899-1.55) 0.332   

MELD 2.25 (1.16-4.66) 0.02 2.67 (1.78-6.33) 0.001 

Siderophores 

production 

0.85(0.668-3.54) 0.463 

 

  

Serum Lipocalin-2 1.52(0.991-4.12) 0.03 0.87(0.684-1.72) 0.453 

Ascitic Lipocalin-2 2.63(1.25-6.34) 0.02 0.982(0.821-2.1) 0.178 
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Table (12): Relation between different studied parameters and mortality among SBP cases: 
 

Parameter 

 

 

MORTALITY P  

Died 

N=16 

 

Survived  

N=24 

SEX  

Male    (n=22) 

Female (n=18) 

  

     12 (75%) 

4(25%) 

 

     10(41.6%) 

     14(58.3%) 

 

0.312 

NS 

Bacterial isolates 

 

Kp     (n=28) 

E. coli(n=12) 

 

 

10(62.5%) 

6(37.5%) 

 

 

18(75%) 

6(25%) 

 

0.92 

NS 

 

ESBL 

 

Positive     (n=24) 

Negative    (n=16) 

 

 

12(75%) 

4(25%) 

 

 

12(50%) 

12(50%) 

 

0.514  

NS 

 

Carbapenemases  

 

Positive  (n=12) 

Negative (n=28)  

  

 

8(50%) 

8(50%) 

 

 

4 (16.6%) 

20(83.3%) 

 

      0.273 

NS 

XDR 

 

XDR         (n=12) 

Non XDR (n=28) 

 

 

8(50%) 

8(50%) 

 

 

4 (16.6%) 

20(83.3%) 

 

0.273  

NS 

MDR 

 

MDR        (n=16) 

Non MDR(n=24) 

 

 

4(25%) 

12(75%) 

 

 

12(50%) 

 12(50%) 

 

0.514  

NS 

 

Siderophores genes 

-Ent B     (n=22) 

-Ent B +Others               

(n=12)    

 (Ent B with Iut A or Ybts) 

-Others    (n=6) 

(Iut A or Ybts) 

10(62.5%) 

 6(37.5%) 

 

 

 

0(0.0%) 

 

12(50%) 

6(25%) 

 

 

 

6(25%) 

 

0.707 

NS 

 

 

This table shows statistically non-significant 

differences between Mortality and different studied 

parameters such as Sex ,different bacterial isolates , 

ESBL ,Carbapenemases ,XDR , MDR and 

Siderophores genes (P>0.05). 

 

DISCUSSION 

Nowadays, more and more clinicians pay close 

attention to co-infection in decompensated liver cirrhosis 

because of its prognostic effect; in particular, SBP has 

attracted much attention because it can cause AKI and 

increase the mortality rate [46,53,54].  

SBP is a common cause of hepatic decompensation, 

with an estimated prevalence of 12% in hospitalized 

patients with cirrhosis and ascites [55]. Siderophores 

constitute a key component of pathogenicity of gram 

negative bacterial infections causing SBP [51,78,79]. 

Many research groups are attempting to find 

markers and/or methods for the accurate diagnosis of 

SBP [76]. Therefore, there is an increasing demand for a 

marker that can assist in screening for SBP and predict 

the prognosis of SBP patients [46]. 

In this work, SBP patients include 22(55%) male 

and 18(45%) female, Mean age ± SD are 60.6±12.5 

years, which is similar to Abd-Elsalam et al. [67] who 

found majority of SBP patients were males (62.2%), with 

mean age (60 ±6 years), also another study by Hafez et 

al., [68] which agrees with our result that majority of 

SBP patients were males (63%) and mean age of patients 

was 63.06 ± 9.67.These findings  may be explained by 
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higher proportion of SBP patients were diagnosed with 

viral  Hepatitis C cirrhosis which is more common in 

males at similar ages[121]. 

On the contrary , Hamed et al.,[75] involved 92 

SBP patients, most of them were females 52 (56.5%) 

versus 40 males (43.5%). Their mean age was (57.1 ± 

12) years which disagree with our results.  

This variation may be due to differences in study 

population , sample size , type of studied patients 

(whether inpatients or outpatients, symptomatic or 

asymptomatic), patient and environmental conditions 

,different therapeutic regimens and  different 

geographical areas implying difficulties with 

recommending antibiotic treatment and prophylaxis in 

international guidelines. 

In the current study , Hepatic patients with SBP had 

significantly higher ascitic lipocalin-2 than those without 

SBP with substantial statistically significant difference 

between them. While, there was no significant difference 

among studied groups as regard serum levels of 

lipocalin-2. In accordance with our results , Cullaro et 

al.,[20] reported that Ascites Lipocalin 2 levels were 

significantly elevated in SBP patients than non SBP  

.While, as regard Serum Lipocalin 2 levels, there was no 

significant difference between them .Also, another study 

is consistent with our results as regard baseline ascitic 

Lipocalin 2 levels in SBP group , which were 

significantly more than  those in non SBP among 

decompensated liver cirrhosis patients [46].Infection and 

inflammation cause a rise in Lipocalin-2 levels, which 

explains this. 

Furthermore, Our results agree with , Biomy et al., 

[73] who reported that ascitic fluid Lipocalin 2 results 

was significantly higher in SBP group  (171.55+89.13) 

ng/dl than in non SBP group (45.59+18.95) ng/dl, and 

are also similar to Liu et al., [46] who stated that ascitic 

fluid Lipocalin 2 presented in (83.9%) of patients with 

SBP in comparison to (35.4%) of patients without SBP 

with significant statistical difference between two 

studied groups, this may be explained by Lipocalin 2 is 

marker which elevated during infection and 

inflammation, thus it is elevated in SBP which is 

bacterial infection [20]. 

These findings confirm the fact that lipocalin 2 is 

increased during bacterial infection as it is an essential 

component of the antimicrobial innate immune system. 

It has bacteriostatic function by binding and 

sequestration of bacterial siderophores, thus depriving 

bacteria of iron [24,77] .  

Based on  ROC curve analysis: 

at a cutoff value  297.8 ng/ml , Lipocalin-2 had a 

sensitivity of 95.6% , specificity of 92.5%, positive 

predictive value (PPV) of 95%, negative predictive value 

(NPV) of 95%, accuracy of 95% and AUC was 0.845 for 

the diagnosis of SBP (it was statistically high significant 

P-value 0.000). Biomy et al.,[73]found that regarding 

ROC analysis for ascitic Lipocalin 2 as marker for 

diagnosis of SBP revealed that, At a cut-off value of: 

100.8 (ng/dl), sensitivity was: 97.62%, specificity was 

97.67%, positive predictive value was: 97.62%, negative 

predictive value was: 97.67%, under curve (AUC) at 

:0.974 which is indicative of an excellent predictive 

biomarker of SBP [71]. 

Among SBP studied patients , 28 (70%) klebseilla 

isolates ,While E.coli isolates were 12 (30%). This is 

inconsistent with previous studies [56,68,95] which 

reported that E.coli was the most prevelant organism 

causing SBP, this could be explained by most of SBP 

patients were decompensated liver cirrhosis and 

admitted to ICU unit which prone to klebseilla hospital 

acquired infections.  

Concerning Siderophores production, klebseilla 

isolates were found to be the most potent siderophores 

producers among SBP patients . However , the lowest 

percent siderophores unit is produced by E.coli isolates . 

This difference  in Siderophores production among 

studied isolates could be because the growth and amount 

of siderophores produced by an organism under different 

culture conditions are different as regard different types 

of organisms and different forms of infections .Up to our 

Knowledge , this is the first study to identify 

Siderophores  production by KP and E.coli isolates  

among  SBP patients. 

 

Both  E.coli and Klebseilla isolates involved in this 

study were evaluated for the existence of the most often 

documented Siderophores genes. According to our 
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research, Enterobactin Biosynthesis (Ent B) is the most 

predominant gene among studied isolates (55%), 

followed by Aerobactin receptor ( Iut A) (10%) and then 

Yersiniabactin Biosynthesis (Ybt S)  (5%). Irp 1 gene 

used for Ecoli strains is not detected in any of the 

isolates. As regard bacterial isolates in this study ,some 

of them (30%) demonstrate co-expression of more than 

one Siderophores . Five isolates (25 %) express these two 

genes (Ent B and Iut A), while one isolate (5 %) 

expresses both genes (Ent B, Ybt S).  

Up to our Knowledge , No previous literature 

concerning   Siderophores  genes of  Klebseilla and 

E.coli isolates  among  SBP patients. However, Several 

literatures studied siderophores genes in other different 

clinical diseases. 

Regarding  Klebseilla isolates, Enterobactin (Ent B) 

gene was more predominant than other siderophore 

genes in our study which agree with Rastegar et al., [97] 

that found a majority of both  hvKP and cKP isolates 

were demonstrated to carry Ent B gene, a finding in line 

with most previous reports [3, 10, 27]. In our study , 

Total Ent B gene (alone and combined)  was identified 

in (78.6%) of all KP isolates. Similar to our results in 

EGYPT, Wasfi et al., [81]  showed that enterobactin  

gene (entB) was detected in 78.5 % of MDR K. 

pneumonia isolates, and Naga et al., [40] found that Ent 

B gene was detected in 68% of kp isolates using PCR. 

This result showed that this iron chelator gene is 

identified in almost K. pneumoniae clinical isolates  in 

many  types of infection . Also , Kumar et al., [82] 

reported that entB gene was found among 65%  of MDR 

K. pneumonia. Many results were highlighted by several 

studies like Kuş et al [86],  Shakib, et al [83], Aljanaby 

et al [87]who demonstrated that entB gene was detected 

in 96.2%,81.4% and 100% klebseilla spp. respectively. 

In the current study, entB combined with others (Iut A, 

Ybts) genes were detected in (14.2%) klebseilla isolates 

which differ from another study that showed existence of 

the genes encoding entB in combination with others iutA 

and Kfu which was found in 66% and 68% respectively  

[40].  

Total IutA gene (combined and alone) was detected 

in 21.4% among all Klebseilla isolates while another 

study in Egypt , showed that iutA  gene was identified in  

11.4% of kp isolates [83] . Also , in another study by 

Naga et al.,[40] in EGYPT , Iut A gene was detected in 

34.5% of studied klebseilla isolates. In Fertas-Aissani et 

al., [85] study , Iut A  gene was detected in 5.5% of 

klebseilla spp [84,85].  

Total Ybts gene (combined and alone)  was 

detected in 14.3% of all Klebseilla isolates. Shakib et 

al.,[83]  found that ybtS gene was positive for  60% of 

studied isolates. Another study Rastegar et al., [97] 

reported  that  more than half of their isolates possessed 

ybtS. These variations  may be due to difference in study 

population , sample size, patient and environmental 

conditions and type of infection. 

As regard E.coli  isolates , Enterobactin 

Biosynthesis (Ent B) gene was detected in  33.3% of 

isolates, while  , entB combined with others (Iut A) genes 

was detected in  66.7%, therefore Total entB (alone and 

combined) was detected among all E.coli isolates.  while 

, Yersiniabactin Biosynthesis (Irp1) gene was not 

detected in any of the E.coli isolates . In agreement with 

our result, Daoud et al.,[88] found  that entB gene was 

detected in (92%) of all isolates, and Sarowska et al., 

[89] who found ent B in most E. coli strains, both 

commensal and pathogenic. Also , as regard IutA , Matin 

et al,.[90]  reported that IutA gene frequency among 

uropathogenic E.coli strains  was  58.3%.  And Daoud et 

al.,[88] reported that the iutA gene was present  in 100% 

of isolates. While Candan & Aksöz,[91] reported  that 

iutA was 92% among tested isolates by multiplex PCR 

.This may be due to small number of tested E.coli 

isolates in our study. In contrast to our study , Daoud et 

al.,[88] reported that irp1 gene was found in 60% of 

isolates, thus indicating that  these  strains carries a high-

pathogenicity island (HPI) which irp1 gene is encoded 

on  ,which is not found in our studied isolates as irp1 

gene was not present in E.coli strains . 

Up to our Knowledge ,this is the first study to report 

the distribution of Siderophores genes in K. pneumoniae  

and E.coli isolates among SBP patients  in either EGYPT 

or worldwide.  

As regard relation between Lipocalin-2 levels in 

serum and ascitic fluid and different studied parameters 

among SBP group , non-significant relation were found 

between them and Siderophores production , 
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Siderophores genes and Antimicrobial resistance 

patterns (XDR , MDR and other bacterial isolates) 

(P>0.05).  

Concerning relationship between virulence and 

antimicrobial resistance among bacterial isolates ,We 

found statistically significant differences between 

Siderophores production  and XDR , MDR and other 

isolates among SBP group (P<0.05), While non-

significant differences between Siderophores genes and 

XDR , MDR and other isolates among SBP group 

(P>0.05) were found in this study . Several studies have 

reported the presence of a relationship (both positive and 

negative, and both direct and indirect) between 

antimicrobial resistance and virulence among bacterial 

pathogens. The relationship between resistance and 

virulence among bacteria depends on the bacterial 

species, the specific mechanisms of resistance and 

virulence, the ecological niche, and the host [118].As 

regard relationship between antimicrobial resistance and 

virulence among bacterial pathogens three scenarios 

have been reported: (i) an increase of resistance 

accompanied by an increase of virulence; (ii) an increase 

of resistance accompanied by a decrease of virulence; 

and (iii) an increase of resistance that does not cause 

effects on virulence. Hence, positive and negative 

relationships between antibiotic resistance and virulence 

exist, and depend on the antibiotic studied, the 

mechanism of resistance and the type of bacteria[118]. 

In addition to the effects that the acquisition of antibiotic 

resistance has on virulence, a co-selection of both 

characteristic can occur through mobile genetic elements 

such as plasmids and integrative and conjugative 

elements (integrative conjugative elements, ICEs: 

transposons, PAIs, integrons, etc.)[118]. It is possible 

that simultaneous presence of virulence factors and 

resistance genes on resistance transferable elements such 

as integrons and conjugative plasmids increases the 

possibility of spreading both virulence traits and 

antibiotic resistance via horizontal gene transfer  [119] . 

As regard relationship between AMR and virulence 

in K. pneumonia, Sundaresan et al.,[120] reported that  

ESBL and carbapenemase harbouring isolates were 

mapped with major virulence genes ( rmpA , magA , 

ybtS, alls, iutA),they found that 98% of the ESBL and 

carbapenemase  Klebseilla isolates harboured ybtS and 

iutA[120]. 

Although most previous studies have focused 

separately on virulence or resistance, our report is the 

first study to assess /focus on  the potential link / 

interplay /correlation /relationship between the antibiotic 

resistance profiles and  distribution of Siderophores 

production as a virulence factor in the K. pneumoniae  

and E.coli isolates among SBP patients  . 

However, because little is known about the type and 

extent of this relationship, future studies are required to 

fully investigate and understand this point and find 

solutions for the long standing AMR problem , Perhaps 

a new treatment can be found to overcome these 

pathogens by targeting common biochemical pathways 

for the synthesis of proteins related to the virulence and 

resistance genes. Also , Further Studies on other 

virulence associated genes and resistance genes could be 

resulted in the discovery of new aspects of this 

association. 

SBP is one of the most prevalent and deadly 

cirrhosis consequences [92].Determining the prognosis 

of SBP would be essential for formulating a proper 

management plan, as well as selection of robust 

antimicrobial coverage, and setting up appropriate 

follow-up schedules[93]. Lipocalin-2  has been found to 

be elevated in infections, inflammation, ischemia, and 

metabolic disorders, many of the etiologies of hepatic 

decompensation [20,94]. Thus , we hypothesized that 

Lipocalin-2  would be a marker of not only SBP, but also 

mortality. We , also set out to research SBP patients' 

short-time mortality rate and mortality determinants. 

The 30-day in-hospital mortality of SBP is variable 

but has been reported to be anywhere between 18% [122] 

and up to 31.9% [54,93].  

Alexopoulou et al.,[45] and Wong et al., [95] 

reported overall 30-d-mortality 37.7% and 30.8% 

respectively  which are nearly consistent with our results 

as regard overall mortality which was 40%.  

On the other hand, in Hamed et al., [75] and Cullaro 

et al., [20] studies, in-hospital mortality rate among SBP 

patients was 15.2%, 11.0% respectively. 

This can be attributed to local antibiotic prescribing 

habits and difference in effectiveness of infection control 
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program indifferent health institutes. Lack of antibiotic 

surveillance, antibiotics misuse, and weak infection 

control measures may also contribute to the high 

mortality rate .As regard our data , use of prophylactic 

antibiotics was low in our group of SBP patients, which 

probably explains this condition [123] . 

The high mortality rate among our Nosocomial 

SBP cases could be also related to gut dysbiosis among 

patients with advanced cirrhosis. Nevertheless, the 

question of whether the alteration of gut microbiome 

observed in N-SBP was the consequence of the disease 

itself or could potentially lead to more advanced disease 

remains un answered .But researchers also think that the 

high mortality rate for patients with SBP reflects both the 

presence of infectious diseases and the underlying illness 

itself [95]. 

A number of studies have sought to identify 

prognostic factors in patients with SBP [124, 125, 126, 

127, 128, 129].  In uni-variate cox analysis, WBCs , Hb, 

PLT , INR, Total bilirubin, Direct bilirubin, Creatinine, 

MELD, Serum and Ascitic Lipocalin-2 were all 

associated with 30 day in-hospital mortality , while in 

final multi-variate model, MELD , Creatinine , INR, 

Total and direct bilirubin remain significant predictors of 

short term in-hospital mortality in our study.  

 

These results emphasized the importance of the 

timely treatment in complications. More importantly, 

reducing days of hospital stay before SBP, which meant 

early diagnosis and treatment, was also closely related to 

28-day mortality [44]. Also ,these findings have been 

reciprocated in most similar studies and would be 

expected as all of these characterize more advanced liver 

disease [131]. 

As a comparative study , Cullaro et al., [20]  showed 

in univariate analysis, ascites Lipocalin-2 (OR 1.04 per 

10 ng/mL, p\0.01), serum Lipocalin-2  (OR 1.01 per 10 

ng/ mL, p\0.01), MELD at sample collection (OR 1.15, 

p\0.01), SBP at sample collection (OR 7.07, p\0.01), 

Absolute neutrophilic count of the ascitic fluid (OR 1.03 

per 100 neutrophils, p = 0.049), and intrinsic AKI (iAKI) 

or hepatorenal syndrome (HRS) at sample collection 

(OR 7.83, p\0.01) were all associated with in-hospital 

mortality. while , In the final multivariate model, ascites 

Lipocalin-2  (OR 1.02 per 10 ng/mL, p\0.01), presence 

of SBP at sample collection (OR 9.76, p\0.01), and 

MELD at sample collection (OR 1.11, p = 0.01) 

remained significant predictors of in-hospital mortality.  

Elzouki et al., [93] study , multivariate Cox 

proportional hazards regression model analysis showed 

that MELD score (hazard ratio [HR]: 1.29; 95% 

confidence interval [CI]: 1.10 to 1.92; p=0.023); CTP 

(B/C) score (HR=1.23; 95% CI: 1.05 to 1.82; p=0.027), 

and AKI (HR=2.09; 95% CI: 1.41 to 3.47; p=0.01) were 

significantly predictive of in-hospital mortality which 

agree with our results . 

In another study , Liu et al., [44] revealed that as 

regard predictors of 28-day mortality in patients with 

acute decompensated cirrhosis with culture-positive 

spontaneous ascitic infections (SAI), In univariate 

analysis, days of hospital stay before culture-positive 

SAI, prevalence of XDR isolates, severe hepatic 

encephalopathy (HE) (grade 2-4), upper gastrointestinal 

bleeding (UGB), WBC count, neutrophil count, aspartate 

transaminase (AST), alanine aminotransferase (ALT), 

serum creatinine, total bilirubin, INR, and Model for 

End-Stage Liver Disease score (MELD) and MELD-Na 

scores were significantly correlated with outcomes of 

patients with acute decompensated cirrhosis who 

developed culture-positive SAI ,while Multivariate 

analysis demonstrated that mortality variables were 

independently associated with days of hospital stay 

before culture-positive SAI, UGB, WBC count, INR, 

ALT, serum creatinine, and total bilirubin which is 

nearly consistent with our study. 

These Literatures are consistent with the findings of 

our study, which showed a significant increase in excess 

mortality in patients with AKI compared to patients with 

normal kidney function [93]. Moreover, this suggests 

that patients with poorer liver reserve are either more 

likely to develop SBP or to decompensate following the 

occurrence of SBP [95].  

Alexopoulou et al., [45] study reported Cox 

univariate analysis, variables that had at least a trend (P 

< 0.10) for association with 30-d survival included age 

(P = 0.089), INR (P = 0.001), creatinine (P = 0.036), total 

bilirubin (P = 0.001) and XDR infection (P = 0.007) 

while, In multivariate Cox regression analysis, factors 
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adversely affecting outcome were XDR infection (HR = 

2.263, 95%CI: 1.005-5.095, P = 0.049), creatinine (HR 

= 1.125, 95%CI: 1.024-1.236, P = 0.015) and INR (HR 

= 1.553, 95%CI: 1.106-2.180, P = 0.011) . 

As regard correlation of isolate type and drug 

resistance with mortality,  Ning et al., [96],In 

Multivariate analysis showed that only patients infected 

with Klebsiella spp. had higher hazard ratio of 30-day 

mortality compared to those with Escherichia coli .Also, 

in the same study , carbapenem-resistance is associated 

with significantly lower 30-day survival probability (p < 

0.01). Thus, this can be a life-threatening factor for 

cirrhotic patients with ascitic fluid infection. 

In Liu et al., [46] ,  univariate and multivariate Cox 

regression analyses were used to further explore the 

prognostic indicators for the SBP group. In brief, ascitic 

Lipocalin-2  was the most significant independent risk 

factors, which could relevantly predict the prognosis of 

SBP in decompensated liver cirrhosis patients.  

Also , In Elzouki et al., [93] study showed a 

significantly higher mortality rate in patient cohort with 

multi-drug resistant (MDR) bacteria than in those with 

other bacterial isolates. 

Similar to our study , Hamed et al., [75] found there 

was no significant relationship between age or sex and 

mortality . 

However , no previous study has evaluated 

correlation between Siderophores genes  and short term 

in hospital mortality among  SBP cases. This hypothesis 

could be given with the identification of relation between 

pathogen virulence and in hospital mortality for which 

there is evidence that Controlling virulence factors of  

Bacteria associated with infection in hepatic patients can 

improve the regression of liver cirrhosis and this 

improvement is associated with a better prognosis.  

All identified independent risk factors could be 

utilized to develop a multiple clinical risk evaluation 

system to help clinicians identify the highest-risk subsets 

of patients [44]. Moreover , MELD score appears to be 

the most accurate predictor than others which mainly 

affect short term outcome of SBP cases among 

decompensated liver diseases. A higher MELD score 

could be used as the threshold for initiating more 

aggressive treatment or closer monitoring among SBP 

patients. 

 Though this is a global problem the spectrum of 

infecting organisms and the pattern of sensitivity to 

antibiotics will necessarily show significant variability 

based on geographical location, prevalent antibiotic 

policies and pattern of antibiotic use. The importance of 

prompt initiation of appropriate antibiotic therapy has 

been shown to significantly improve out-comes and so 

more local guidelines based on more local data will need 

to be formulated to ensure improvement of outcomes 

[131]. 

In conclusion, Lipocalin-2 proved to be a reliable 

biomarker of SBP Diagnosis in  hospitalized patients 

with cirrhosis ,it can be used as a diagnostic marker with  

high  sensitivity and specificity in SBP infection, 

especially in chronic liver disease patients. MELD score 

appears to be the most accurate predictor of 30 day 

mortality. 

SUMMARY 

To summarize, our  present study found that, in 

decompensated liver cirrhosis patients, high levels of 

ascitic Lipocalin-2 (NGAL) can play an important role 

in screening for the occurrence of SBP.  We found that  

an ascitic Lipocalin 2 of 297.8 ng/mL was the optimum 

cutoff value for the diagnosis of SBP in CLD patients. In 

addition, Gram-negative bacteria remain the most 

prevalent cause of SBP. Multiplex PCR allows  rapid, 

reproducible, and sensitive detection of virulence genes 

carried by bacterial isolates. In addition, the method is 

less time consuming than MLST determination and is 

suitable for screening virulent clones .As regard short 

term in hospital mortality , MELD score , Creatinine , 

INR, Total and direct bilirubin levels  still predict the 

cirrhosis SBP patients' short-term prognosis(poor 

outcome ). 

 

CONCLUSION 

Ascitic Lipocalin-2 (NGAL) level is a biomarker of 

SBP in hospitalized patients with cirrhosis ,it can be used 

as a diagnostic marker with  high  sensitivity and 

specificity in SBP infection, especially in chronic liver 

disease patients .Gram-negative bacteria were the major 

pathogens involved in SBP in the cirrhotic patients 

.Regarding siderophores production by quantitative 

method among bacterial isolates,  Klebsiella strains were 

found to be  more  potent siderophores producers than 

E.coli strains ,While siderophores production by 
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molecular method using multiplex PCR to detect 

siderophores genes shows Enterobactin gene (EntB) is 

more predominant than other siderophore genes among 

isolated bacteria with higher frequency  in Klebsiella 

strains. Nosocomial SBP often had a poorer outcome 

than  other forms. MELD score remains an independent 

predictor of short-term in-hospital mortality .  

 

RECOMMENDATIONS 

Ascitic Lipocalin-2 (NGAL) may not only be a 

biomarker for monitoring SBP but also may be a 

predictor for more severe outcomes in decompensated 

cirrhosis-related SBP. These findings need to be 

validated in another prospective studies and may in 

future be incorporated in prognostic models. 

Another recommendation , patients with culture-

negative SBP (ascitic PMN ≥ 250 cells/μl and a negative 

culture result) should be  included in further studies.  

Furthermore, it is well advised to study the 

expression of the Siderophores and other virulence genes 

using real time PCR. 

We also recommend following up patients after 

discharge to study long-term mortality. 

 

LIMITATIONS 

Our study had some limitations. First, our study 

aimed to analyze the microbiological characteristics of 

patients with culture- positive SBP, thus culture-negative 

patients were excluded from our study, Thus, selection 

bias may have occurred . Second, we included Klebsiella  

and E.coli strains because these strains remain most 

prevelant cause of SBP. Third ,we studied only short-

term mortality (in-hospital mortality). Forth , patients 

with culture-negative SBP (ascitic PMN ≥ 250 cells/μl 

and a negative culture result) were not included in this 

study. Thus, our findings, such as independent risk 

factors of 30-day mortality in patients with SBP, could 

not be applied to those patients. 

Lastly, our sample size is small ,this may have 

compromised its statistical power.A future prospective 

multicentre study would be ideal to verify our findings 
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