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Abstract: Objective: Bacterial translocation (BT) or bacterial DNA (bactDNA) translocation is a critical pathogenesis 
mechanism of spontaneous bacterial peritonitis. Studies of BT or bactDNA translocation are limited in humans. 
Neutrophil gelatinase associated lipocalin (NGAL) can efficiently distinguish bacterial and nonbacterial ascites in 
ascitic patients. Hepcidin is a useful marker of bacterial infection in the late-onset sepsis. However, the relationship 
between NGAL, hepcidin and BT was still unclear. In present study, the levels of NGAL, hepcidin and their relation-
ship with BT or bactDNA translocation were investigated. Material and methods: Weekly doses of carbon tetrachlo-
ride (CCl4) were given to induce liver cirrhosis in Sprague-Dawley rats. Trypticase (blood) soy agars were used to 
culture bacteria. BactDNA was sequenced by ABIPRISM 310 automated sequencer. The levels of NGAL and hepcidin 
were assessed by ELISA. Receiver operating characteristic (ROC) curve was used to determine the cut-off values 
and compare the diagnostic performance of NGAL and hepcidin. Results: 56 cirrhotic and 10 normal rats were 
included in this study. The levels of both two biomarkers were significantly higher in BT or bactDNA translocation 
group compared to non-translocation group. The area under ROC curve for the diagnosis of BT was 0.910 for serum 
NGAL, 0.858 for serum hepcidin and 0.940 for their combination, whereas that for the diagnosis of bactDNA trans-
location was 0.906 for NGAL, 0.779 for hepcidin and 0.950 for their combination, respectively. The combination of 
NGAL and hepcidin improved the ability to detect BT or bactDNA presence in MLNs and ascites. Conclusion: BT and 
the presence of bactDNA in MLNs were observed in a rat cirrhotic model. Serum NGAL and hepcidin can serve as 
sensitive and specific tests for diagnosis of BT or bactDNA translocation. NGAL in combination with hepcidin can 
improve the accuracy of diagnosis.
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lipocalin, hepcidin, ROC curve

Introduction

Bacterial infections are prevalent complica-
tions in liver cirrhotic patients, with an inci-
dence of about 34% during hospitalization [1]. 
Spontaneous bacterial peritonitis (SBP), uri-
nary tract infections and pneumonia are the 
most common infections in cirrhotic patients, 
and 80% of them are caused by Gram-negative 
bacilli, especially Escherichia coli. These data 
indicate that majority of the infection in patients 
with cirrhosis are enteric origin (reviewed in 2). 
SBP affects 10-30% of hospitalized patients 

with cirrhosis and ascites [3]. Bacterial translo-
cation (BT), which is a critical development 
mechanism of SBP, is defined as viable bacteria 
from the intestinal lumen passing through the 
intestinal wall to mesenteric lymph nodes 
(MLNs) and other organs [4]. BT occurs in 
25-30% of patients with cirrhosis and liver dys-
function and about 58% of rats with ascitic cir-
rhosis [5, 6]. However, in humans, studies of BT 
are limited because of the requirement for sur-
gery and the removal of MLN at improper condi-
tions. There have been several indicators such 
as lipopolysaccharide, lipopolysaccharide bind-
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ing protein to diagnose BT. However, both of 
them have some drawbacks to be applied as 
perfect biomarkers. Recent years, detection of 
bactDNA in biologic fluid has been thought to 
be a surrogate biomarker of BT in patients with 
advanced liver cirrhosis [2]. The presence of 
bactDNA in culture-negative MLNs in an animal 
model of cirrhosis was considered as bactDNA 
translocation [7]. However, detection of bactD-
NA does not mean the presence of invaded 
viable bacteria. For the translocation of viable 
bacteria in cirrhotic patients was associated 
with the pathogenesis of portal hypertension 
and hepatorenal syndrome, whereas presence 
of bactDNA is associated with aggravation of 
peripheral vasodilation and worsening of intra-
hepatic endothelial dysfunction [7, 8]. Therefore 
the clinical consequences of bactDNA pres-
ence may be different compared with the pres-
ence of viable bacteria. Detection of bactDNA 
or viable bacteria in MLNs may have some clini-
cal significance.

Neutrophil gelatinase associated lipocalin 
(NGAL) is a novel 24 KDA glycoprotein released 
by human neutrophil granules and is able  
to bind iron-laden siderophores of different 
invading bacteria [9]. Animal studies have  
demonstrated that NGAL-deficient mice exhibit 
increased susceptibility to Escherichia coli 
infection because of deficiency of NGAL-
sequestered iron [10]. Serum and urinary level 
of NGAL have been measured in human stud-
ies, and its level is a useful biomarker to distin-
guish acute bacterial from viral infection or  
controls [11, 12]. Furthermore, a recent report  
has shown that NGAL in peritoneal fluids can  
efficiently identify bacterial ascites in ascitic 
patients [13]. Urinay and cerebrospinal fluid 
NGAL also can recognize patients with acute 
bacterial infection [14, 15]. Since BT includes 
the process of bacteria invasion from intestinal 
lumen to blood or lymphocyte, NGAL may be 
upregulated after encountering invasion bacte-
ria. Therefore, it would be a good biomarker for 
BT in patients with advanced liver cirrhosis. 
Trude H. Flo et al demonstrated that in vivo, 
LPS induces a 200-fold increase in NGAL  
messenger RNA transcription and a 20-fold  
increase in protein concentration in a TLR4-
dependent manner, whereas bacterial CpG-
DNA induced only a 34.9 fold increase in  
NGAL mRNA of mouse macrophages [16, 17]. 
Therefore, NGAL may distinguish the differenc-

es between the presence of bacteria or bactD-
NA and absence of them.

Hepcidin, a 25-amino acid peptide produced by 
hepatocytes and macrophages which can bind 
the iron exchange molecule ferroportin and 
result in its degradation, is released into the  
circulation after generation [13]. The main role 
of hepcidin is to maintain iron homeostasis by 
decreasing iron absorption from the duodenum 
and iron release from liver or macrophages. 
Hepcidin concentration, which is increased dur-
ing infections and inflammatory situations, can 
decrease the amount of iron available in the 
peripheral circulation. This mechanism aims to 
limit the overgrowth of iron-requiring potential 
pathogens such as bacteria in acute infections 
through the decrease of circulating iron [18]. 
Serum hepcidin has been identified as a useful 
marker of infection in the evaluation of late-
onset sepsis in very low birth weight infants 
and its concentration was much higher in chil-
dren with infection than that of healthy control 
[19, 20]. In humans injected with LPS, hepcidin 
was demonstrated to dramatically secret into 
urine [18]. A recent report also pointed out that 
hepcidin is present in serum and ascitic fluids 
[21]. Macrophages treated with Pam3CSK4 
and LPS, ligands respective to TLR2 and TLR4, 
significantly increased hepcidin expression 
[22]. Therefore, after BT, hepcidin in biological 
fluid would be up regulated and be detectable 
while encountering invaded bacteria or bactD-
NA. It would be another effective biomarker for 
the diagnosis of BT or bactDNA translocation 
and the level of hepcidin would be different 
between the presence of bacteria or bactDNA 
and absence of them. 

Both NGAL and hepcidin influence the iron 
metabolism of bacteria through different mech-
anism. Therefore, combination use these two 
indicators may be a more powerful diagnosis 
tool for BT or bactDNA translocation. In present 
study, we investigated the level of NGAL, hepci-
din and their relationship with BT or bactDNA 
translocation in a liver cirrhosis rat model. 
Whether NGAL and hepcidin could identify BT 
or bactDNA translocation was further exam-
ined. We still determined whether ascitic NGAL 
and hepcidin could distinguish bacterial perito-
nitis from ascites without bacterial infection. 
The relationship between the level of NGAL, 
hepcidin and bactDNA presence in ascites was 
also investigated.
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Material and methods

Animal

Male Sprague-Dawley rats were obtained from 
experimental animal center of Wuhan Universi- 
ty (Wuhan, China). Rats were raised in cages 
under a constant room temperature of 21°C 
and exposed to a reversed 12 h light-dark cycle 
from 7 am to 7 pm.

Induction of cirrhosis

Male Sprague-Dawley rats weighing from 100 
to 120 g were fed with 1.5 m mol/L phenobar-
bital in tap water for about 10-14 days [23]. All 
of them were raised with standard rodent chow 
until their weight increased to 200 g [23]. 
Weekly doses of CCl4 were intragastrically 
injected using a sterile pyrogen free syringe 
with an attached stainless steel lavage needle 
without anesthesia [23]. The first dose of CCl4 
was 20 μl, and subsequent doses were regu-
lated based on changes in weight 48 hours 
after the last dose [23]. After ascites appeared, 
the dose was cut down to 20 ul per week and it 
was increased if ascites resolved. After 12-16 
weeks of induction, the cirrhosis model was 
successfully established [23].

Laparotomy

Rats with induced liver cirrhosis were killed 
when ascites was obvious. Laparotomy was 
carried out under anesthesia with 10 mg/kg 
xylazine and 50 mg/kg ketamine in completely 
sterile conditions. Diagnostic centesis were 
performed when ascites became massive 
enough for drainage. After abdominal wall 
depilatory preparation and iodine sterilization, 
paracentesis were performed with sterile tech-
nique. Then, the abdomen was incised widely 
and the remaining ascites was emptied. All 
detectable mesenteric lymph nodes (MLNs), 
especially those from the ileo-cecal area, ster-
ilely separated, removed, and then liquidized in 
aseptic saline for bacterial culture. An aliquot  
of liquidized MLNs was stored into aseptic 
Eppendorf pipes for bactDNA study. Blood was 
gathered from the cava vein and injected in 
pyrogen-free centrifugal tubes. Rats were then 
killed with intravenous injection of sodium thio-
pental. Control rats were killed following the 
same protocol. This study was approved by  
the Animal Research Committee of Huazhong 
University of Science and Technology. Animals 
received care according to the criteria outlined 

in the Guide for the Care and Use of Laboratory 
Animals.

MLNs isolation and culture

Rats were killed and placed in the anaerobic 
glove box. The middle MLNs were excised under 
sterile conditions and transferred to grinding 
tubes which contained trypticase soy broth in 
the anaerobic glove box. The MLNs were lique-
fied with Teflon grinders and incubated at 37°C 
for at least 3 days. After incubation, the MLNs 
homogenates were stained with Gram stain, 
and 0.1 ml of them was spread with sterile 
glass L-rods onto enriched trypticase soy agar 
plates which were able to support the growth of 
a wide variety of strictly anaerobic bacteria. 
These plates were also incubated in the anaer-
obic glove box at 37°C for at least 3 days. 

Rats were killed and their MLNs were trans-
ferred to grinding tubes containing sterile cul-
ture medium to detect aerobic bacteria. The 
MLNs were homogenized, and these tubes 
were incubated aerobically in 10% carbon diox-
ide at 37°C at least 3 days. After incubation, 
0.1 ml of the MLNs homogenate was spread 
onto blood agar plates to detect aerobic bacte-
ria. The organ homogenates also were stained 
with Gram stain to confirm bacteria present in 
the homogenates grew on the agar plates.

Detection and identification of bactDNA in rat 
models and liver cirrhotic patients

DNA isolation: 10 ml cirrhotic patients’ ascites 
were centrifuged and the pellet was resuspend-
ed in 200 μl of supernatant. These 200 μl 
supernatants and serum, ascites and MLNs 
homogenate from rats were used for DNA 
extraction with the Bacteria Genomic DNA 
Preparation Kit according to the manufactur-
er’s instructions (TIANGEN, Beijing, China). 
Samples were centrifuged and DNA was finally 
eluted with 50 μl water. The yield and purity  
of DNA were examined by reading A260 and 
A260/A280 in a DR 2800 Spectrophotometer.

DNA amplification and electrophoresis: A poly-
merase chain reaction (PCR) for the universal 
amplification of a region of the 16S rRNA gene 
was employed. PCR was performed using 
broad-range primers (5’-AGAGTTTGATCATGG- 
CTCAG-3’ and 5’-ACCGCGACTGCTGCTGGCAC-3’) 
[24]. A 35-cycle PCR was run in a S1000 
Thermal Cycler (Bio-Rad, USA) using the follow-
ing program: 94°C 30 seconds, 55°C 30 sec-
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Figure 1. 540 bp bands of BactDNA was detected in 
cirrhotic rat’s MLNs and ascitic fluid and in patients’ as-
citic fluid. A-D are bands of BactDNA from cirrhotic rat 
MLNs; E-G are bands of BactDNA from rat ascitic fluid; 
H, I are bands of BactDNA from patients ascitic fluid.

onds, and 72°C 60 seconds. 5 μl products 
were examined by 2% agarose gel electropho-
resis and UV visualization. A 540 bp band would 
be obtained from different bacterial cultures as 
expected.

DNA sequencing: Nucleotide sequences of PCR 
products were determined by using the BigDye 

Terminator v3.1 Cycle Sequencing Kit (Applied 
Biosystems, USA) and ABIPRISM 310 automat-
ed sequencer according to the manufacturer’s 
instructions. The PCR products were sequenc- 
ed with primer 5’-ACCGCGACTGCTGCTGGCAC-3’ 
[25]. The sequences identification was carried 
out by BLAST at www.ncbi.nlm.nih.gov. Then 
the nucleotide sequences of bacteria in MLN 
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and ascites were compared to determine 
whether they were the same bacterium.

Detection of NGAL and hepcidin in blood and 
ascites of rat models or ascites of patients

Rats’ blood and ascitic samples were obtained 
for determination of NGAL, hepcidin concentra-

tion. Patient’s paracentesis was performed and 
samples of the ascites were obtained for deter-
mination of hepcidin and NGAL concentrations. 
Quantitative measurements of ascitic fluid  
hepcidin and NGAL concentrations were  
determined using a polyclonal antibody-based 
enzyme-linked immunosorbent assay specific 
for rat and human hepcidin (Eiaab Science Co. 

Table 1. Concentrations of neutrophil gelatinase-associated lipocalin (NGAL) and hepcidin in serum 
of liver cirrhotic animal model and controls

Control Non-BT group BT group BactDNA negative 
group

BactDNA translocation 
group

Serum NGAL 77.6±39.4 101.0±45.8 205.5±81.5* 87.2±43.0 170.5±65.5*
Serum hepcidin 10.2±3.1 15.9±8.1 31.4±12.3* 15.1±9.3 24.2±10.7*
*P < 0.05 BT or bactDNA translocation group vs. control or non-BT or bactDNA negative group.

Figure 2. Results of bactDNA sequence detection and bacterial type identification through Nucleotide Sequencing. 
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Table 2. Diagnostic performance of serum NGAL, hepcidin or their combination in liver cirrhotic animal model
Area under curve P-value Sensitivity Specificity

Viable bacteria Serum NGAL (> 158 ng/ml) 0.910 (95% CI, 0.792-1.000) 0.34Δ 0.833 (95% CI, 0.365-0.991) 0.926 (95% CI, 0.742-0.987)
Presence in rat MLNs Serum hepcidin (> 15.7 ng/ml) 0.858 (95% CI, 0.703-1.000) 0.18Δ 0.833 (95% CI, 0.365-0.991) 0.667 (95% CI, 0.460-0.828)

Combination 0.941 (95% CI, 0.853-1.000)
    Either test positive 1.000 (95% CI, 0.517-1.000) 0.667 (95% CI, 0.460-0.828)
    both tests positive 0.667 (95% CI, 0.241-0.940) 0.963 (95% CI, 0.791-0.998)

Area under curve P-value Sensitivity Specificity
BactDNA Serum NGAL (> 97 ng/ml) 0.906 (95% CI, 0.802-1.000) 0.25Δ 1.000 (95% CI, 0.717-1.000) 0.700 (95% CI, 0.457-0.872)
Presence in rat MLNs Serum hepcidin (> 14.3 ng/ml) 0.779 (95% CI, 0.621-0.937) 0.01Δ 1.000 (95% CI, 0.717-1.000) 0.600 (95% CI, 0.364-0.800)

Combination 0.950 (95% CI, 0.870-1.000)
    Either test positive 1.000 (95% CI, 0.717-1.000) 0.4 (95% CI, 0.200-0.636)
    both tests positive 1.000 (95% CI, 0.717-1.000) 0.9 (95% CI, 0.669-0.982)

The p value means the difference between NGAL or hepcidin alone and the combination of them.

Table 4. Diagnostic performance of neutrophil gelatinase-associated lipocalin (NGAL), hepcidin or their combination in ascites of liver cirrhotic 
animal model

Area under curve P-value Sensitivity Specificity
Bacteria Ascitic NGAL (> 116.5 ng/ml) 0.879 (95% CI, 0.750-1.000) 0.08Δ 1.000 (0.517-1.000) 0.727 (0.496-0.884)
Presence in rat Ascitic hepcid in (> 19.3 ng/ml) 0.883 (95% CI, 0.759-1.000) 0.09Δ 1.000 (0.517-1.000) 0.773 (0.542-0.913)
Actites Combination 0.977 (95% CI, 0.824-1.000)

    Either test positive 1.000 (0.517-1.000) 0.545 (0.367-0.749)
    both tests positive 1.000 (0.517-1.000) 0.955 (0.751-0.998)

Area under curve P-value Sensitivity Specificity
BactDNA Ascitic NGAL (> 97 ng/ml) 0.795 (95% CI, 0.692-0.962) 0.03Δ 0.889 (95% CI, 0.567-0.994) 0.737 (95% CI, 0.486-0.899)
Presence in rat Ascitic hepcidin (> 14.30 ng/ml) 0.804 (95% CI, 0.644-0.964) 0.02Δ 1.000 (95% CI, 0.629-1.000) 0.684 (95% CI, 0.435-0.864)
Ascites Combination 0.956 (95% CI, 0.881-1.000)

    Either test positive 1.000 (95% CI, 0.629-1.000) 0.474 (95% CI, 0.252-0.705)
    both tests positive 0.889 (95% CI, 0.507-0.994) 0.947 (95% CI, 0.719-0.997)

ΔThe p value means the difference between NGAL or hepcidin alone and the combination of them.
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Ltd, china) and NGAL (BioPorto Diagnostics 
A/S, Denmark). The present study was appro- 
ved by the Ethics Committees of Huazhong 
University of Science and Technology.

Statistical analysis

Quantitative variables were analyzed by 
Student’s t-test and Mann-Whitney test and 
qualitative variables were compared by Chi-
squared test and Fisher test. Results were 
expressed as mean ± standard deviation or  
frequencies. An ROC curve analysis was per-
formed to determine the optimal cutoff value of 
NGAL and hepcidin. Multiple logistic regression 
was used to evaluate the performance of these 
biomarkers in combination as one predictor. 
P-values < 0.05 were considered statistically 
significant. SPSS15.0 was used to perform all 
analyses.

Results

BT and bactDNA translocation in rat model

120 rats were included in this study. 54 rats 
died during the induction period of cirrhosis, 
and 56 other animals were successfully 
induced to cirrhosis with ascite. 10 rats were 
fed with normal food and used as controls. BT 
was observed in 12 of 56 cirrhotic rats with 
ascites (21.4%) but in none of control ones. 
Gram-positive cocci were detected in 6 of 12 
culture-positive MLNs (50%), while gram-nega-
tive bacteria were found in the remaining 6 
samples (50%). BactDNA was detected in all 
MLNs with positive cultures, and there was a 
100% match in sequence of the bacteria type 
identified in MLN and its culture (Figures 1, 2).

BactDNA was identified in the MLNs of 26 rats, 
12 being from culture-positive MLNs and the 
remaining 14 from culture-negative MLNs. 
BactDNA was detected in 14 of 44 rats with 
culture-negative MLNs (31.8%). Similarly as the 
above result, BactDNA was also identified in 18 

ascites samples of rat model, 12 being from BT 
rats and the remaining 6 from rats with culture-
negative MLNs. In all these cases, bactDNA 
detected in ascitic fluids was the same as those 
identified in either culture-positive or negative 
MLNs. 

Levels of NGAL and hepcidin in serum in dif-
ferent groups according to translocation status 
and their diagnostic value for diagnosing BT 
and bactDNA translocation

Different groups were divided according to the 
status of bacteria or bactDNA presence. BT 
group was defined as those who had culture-
positive MLNs, non-BT group was defined as 
those who had culture-negative MLNs. BactDNA 
translocation group was defined as those who 
had bacterial DNA in MLNs, bactDNA negative 
group was defined as those who did not have 
bactDNA in MLNs. Table 1 shows levels of 
NGAL and hepcidin measured in serum and 
ascites in groups described previously. Marked 
difference of the levels of NGAL and hepcidin in 
serum and ascites were observed between BT 
group and non-BT group (P < 0.05). Similar to 
the above results, the levels of NGAL and hep-
cidin in serum and ascites also had significant 
difference between bactDNA translocation and 
bactDNA negative group (P < 0.05). To further 
determine whether NGAL and hepcidin in 
serum can used as a diagnosis tool to discrimi-
nate BT group from non-BT group, the optimal 
cutoff value of NGAL and hepcidin in serum 
was determined by means of the ROC curve 
(Table 2). At a cutoff value of 158 ng/ml, NGAL 
had a sensitivity of 83.3% and a specificity of 
92.6%. At a cutoff value of 15.7 ng/ml, hepcidin 
had a sensitivity of 83.3% and a specificity of 
66.7%. The combination of these two indica-
tors (both tests positive) had a sensitivity of 
66.7% and a specificity of 96.3%. The area 
under the curve (AUC) was 0.910 for NGAL, 
0.858 for hepcidin and 0.941 for their combi-
nation (both tests positive). Although the addi-

Table 3. Concentrations of NGAL and hepcidin in ascites of liver cirrhotic animal model
Bacteria negative 

group
Bacteria positive 

group
BactDNA negative 

group
BactDNA positive 

group
Ascites NGAL in rats 103.9±43.4 172.2±35.6Δ 103.2±46.6 150.9±43.2Δ
Ascites hepcidin in rats 15.3±5.7 25.0±7.6Δ 13.1±5.2 22.4±6.7Δ
Ascites NGAL in patients 100.32±68.7 219.2±123.9Δ
Ascites hepcidin in patients 21.9±6.7 48.8±39.9Δ
ΔP < 0.05 bacteria or bactDNA positive group vs. bacteria or bactDNA negative group.
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tion of NGAL to hepcidin could improve the abil-
ity to distinguish BT from non-BT, no significant 
difference was observed (P > 0.05). The cutoff 
value of NGAL and hepcidin was also deter-
mined for the diagnosis of bactDNA transloca-
tion. With a cut off value of 97 ng/ml, sensitivity 
and specificity were 100% and 70% for NGAL. 
With a cut off value of 14.3 ng/ml, sensitivity 
and specificity were 100% and 60% for hepci-
din. The combination of these two indicators 
(both tests positive) had a sensitivity of 100% 
and a specificity of 90%. The AUC was 0.906  
for NGAL, 0.779 for hepcidin and 0.950 for 
their combination (both tests positive). The 
combination of NGAL and hepcidin was more 
accurate than hepcidin alone (P < 0.05). 

The diagnostic value of NGAL and hepcidin 
in bacteria or bactDNA presence in ascites of 
rats

The 56 rats with asites were divided into follow-
ing four subgroups: viable bacteria positive 
group (SBP) and bacteria negative group; 
bactDNA positive group and bactDNA negative 
group. Significant differences of the levels of 
NGAL and hepcidin in ascites were observed 
between bacteria positive (SBP) and bacteria 
negative group, or between bactDNA positive 
and bactDNA negative group (as show in Table 
3). To further determine whether ascitic NGAL 
and hepcidin could be used as a diagnosis tool 
to discriminate SBP from bacteria absence in 
ascites, the optimal cutoff value of NGAL and 
hepcidin in ascites was determined by means 
of the ROC curve (Table 4). At a cutoff value of 
116.5 ng/ml, NGAL has a sensitivity of 100% 
and a specificity of 72.7%. At a cutoff value of 
19.3 ng/ml, hepcidin has a sensitivity of 100% 
and a specificity of 77.3%. The combination of 
these two indicators (both tests positive) has a 
sensitivity of 100% and a specificity of 95.5%. 
The area under the curve (AUC) was 0.879 for 
NGAL, 0.833 for hepcidin and 0.977 for their 
combination (both tests positive). Although  
the combination of NGAL and hepcidin could 
improve the ability to discriminate SBP from 
bacteria absence, no significant difference was 
observed (P > 0.05).

Whether NGAL and hepcidin in ascites could be 
used as a diagnosis tool to discriminate ascites 
bactDNA of non-bactDNA presence was further 
examined. The optimal cutoff value of NGAL 
and hepcidin in ascites was determined by 

means of the ROC curve (Table 4). At a cutoff 
value of 97 ng/ml, NGAL has a sensitivity of 
88.9% and a specificity of 73.7%. At a cutoff 
value of 14.3 ng/ml, hepcidin has a sensitivity 
of 100% and a specificity of 68.4%. The combi-
nation of these two indicators (both tests posi-
tive) has a sensitivity of 88.9% and a specificity 
of 94.7%. The area under the curve (AUC) was 
0.795 for NGAL, 0.804 for hepcidin and 0.956 
for their combination (both tests positive). The 
addition of NGAL to hepcidin could significantly 
improve the ability to distinguish bactDNA from 
non-bactDNA presence (P < 0.05).

The diagnostic value of NGAL and hepcidin in 
bactDNA in ascites of cirrhosis patients

Since it was difficult to obtain the human MLNs, 
we decided to determine the relationship 
between NGAL, hepcidin and bacteria in asci-
tes of cirrhotic patients. Ascitic fluid samples 
were obtained from patients of liver cirrhosis 
and were analyzed for bacterial culture and 
bactDNA. All the samples were culture nega-
tive. BactDNA was detected in these ascites 
and bactDNA positive or negative group were 
divided according to DNA status. Similarly as 
the results in rats, we found that bactDNA was 
detected in 12 of 68 ascites of liver cirrhotic 
patients and the level of NGAL and hepcidin 
were significantly different between these two 
group (Figure 1, Table 3). To further determine 
whether NGAL and hepcidin in ascites can used 
as a diagnosis tool to discriminate ascites 
bactDNA of non-bactDNA presence, the opti-
mal cutoff value of NGAL and hepcidin in asci-
tes was determined by means of the ROC curve 
(Table 4). At a cutoff value of 99.5 ng/ml, NGAL 
has a sensitivity of 85.7% and a specificity of 
77.8%. At a cutoff value of 45.4 ng/ml, hepci-
din has a sensitivity of 85.7% and a specificity 
of 88.9%. The combination of these two indica-
tors (both tests positive) has a sensitivity of 
85.7% and a specificity of 100%. The area 
under the curve (AUC) was 0.786 for NGAL, 
0.829 for hepcidin and 0.929 for their combi-
nation (both tests positive). The combination of 
NGAL and hepcidin was more accurate than 
NGAL alone (P < 0.05).

Discussion

SBP is a severe complication in patients with 
cirrhosis and ascites and in-hospital mortality 
rates may range from 20 to 30% [26]. BT is the 
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major mechanism of SPB and bacteremia in 
these patients. BactDNA translocation is con-
nected with a marked inflammatory response 
in cirrhotic animal models [27]. However, the 
diagnostic methods for BT and bactDNA trans-
location are also limited because of the need 
for removing MLN in patients with liver cirrhosis 
and ascites under appropriate conditions. 
Therefore, it is important to develop new diag-
nostic tools to detect BT or bactDNA transloca-
tion in the future. Since NGAL is closely related 
with SBP and can be used as diagnostic tools 
for SBP, hepcidin is also correlated with bacte-
ria-mediated sepsis which is caused by BT [18-
20], it would be useful to use them as tools to 
diagnose BT in patients with cirrhosis. 

Ascitic fluid NGAL and serum hepcidin have 
been identified as biomarkers of SBP or bacte-
rial sepsis whereas BT is the important devel-
opment mechanism of them [2, 19, 28]. We 
hypothesized that in cirrhotic animal model, 
after BT or bactDNA translocation, the viable 
bacteria or bactDNA in MLNs can effectively 
activate the expression or secretion of NGAL 
and hepcidin from hepatocytes, macrophages 
and other immune cells, therefore NGAL and 
hepcidin could be used as biomarkers for BT  
or bactDNA translocation. In our study, BT was 
detected in a rat liver cirrhosis model and the 
sequences of bacteria in MLNs before and 
after culture were highly consistent with each 
other. Marked differences of the levels of NGAL 
and hepcidin in serum were observed between 
BT group and non-BT group or between bactD-
NA translocation and bactDNA negative group. 
Serum NGAL and hepcidin could discriminate 
BT or bactDNA translocation from non-translo-
cation rats. Furthermore, NGAL and hepcidin in 
ascites of rats and patients could also identify 
bactDNA presence in ascites. Similarly as the 
results exhibited in other study, the bactDNA 
sequence detected in MLNs of cirrhotic rats 
was the same as that presented in the ascites 
[27]. A combination use of these two biomark-
ers exhibited a better performance than that of 
NGAL or hepcidin alone in distinguishing ascitic 
bactDNA presence from bactDNA absence.

Recent reports pointed out that hepcidin was 
described as a liver expressed antimicrobial 
peptide, therefore the expression of hepcidin in 
serum of controls should be higher than that in 
liver cirrhotic animal model [21]. However, there 
was no significantly difference in serum hepci-
din between controls and bacteria negative 

liver cirrhotic rats in our study. The reason for 
this may be that the baseline expression of 
hepcidin is major produced by hepatocytes, 
whereas mouse macrophages and neutrophils 
also produce hepcidin [22]. Layoun A et al  
indicated that macrophages treated with 
Pam3CSK4 and LPS, ligands respective to 
TLR2 and TLR4, significantly increased hepci-
din expression, while TLR stimulated by bacte-
rial nucleic acids which are TLR9 ligands had 
no effect on hepcidin expression using primary 
macrophages, murine peritoneal macrophages 
[22]. Our data show that bactDNA translocation 
also stimulate the secretion of hepcidin. This is 
a little inconsistent with their observations. 
This inconsistency may be due to the presence 
of dead bacterial cell walls in our bactDNA 
translocation group. Further study is needed to 
clarify this inconsistency. The combination of 
ascitic NGAL and hepcidin was more accurate 
than NGAL or hepcidin alone in identifying 
bactDNA presence in ascites of rats (P < 0.05), 
whereas the combination of NGAL and hepcidin 
was only more accurate than NGAL alone in 
that of liver cirrhotic patients. We don’t know 
the exact reason for this, additional research 
may be needed to resolve this discrepancy. All 
the samples obtained from liver cirrhotic 
patients were culture negative, this may due  
to the majority patients included in this study 
were already subjected to antibiotic therapy. 
This is consistent with the European Associa- 
tion for the Study of the Liver clinical practice 
guidelines which declared that immediate 
empirical antibiotic treatment is needed once 
after the clinical diagnosis of bacterial perito- 
nitis.

Presence of bactDNA is associated with aggra-
vation of peripheral vasodilation and with wors-
ening of intrahepatic endothelial dysfunction 
[7]. The presence of bactDNA in ascites of 
patients with cirrhosis is an indicator of poor 
prognosis and cirrhotic patients with bactDNA 
in ascites have a higher risk of hepatorenal  
syndrome, SBP and mortality [28-30]. Hence, 
NGAL and hepcidin can be good indicators to 
prognoses cirrhotic patients with ascites. This 
is the first time that we reported that hepcidin 
in ascites can predicate the presence of bactD-
NA. More attentions should put on the ascitic 
patients with higher level of NGAL and hepcidin 
in ascites. Since bactDNA in ascites was con-
sidered as the molecular evidence of BT [31], 
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ascitic NGAL and hepcidin should be further 
verified in large scale for their diagnostic value 
of bactDNA presence in ascites of cirrhotic 
patients in the future.

In conclusion, BT or bactDNA translocation was 
observed in a rat cirrhotic model and cirrhotic 
patients. After BT or bactDNA translocation, 
serum NGAL and hepcidin increased signifi-
cantly in the rat cirrhotic models. Elevated level 
of NGAL and hepcidin can discriminate BT or 
bactDNA translocation from non-translocation. 
NGAL and hepcidin in the ascites can also iden-
tify bactDNA presence in the ascites of rats and 
patients. Further studies are needed to evalu-
ate the relationship between NGAL, hepcidin 
and BT in cirrhotic patients.

Disclosure of conflict of interest

None.

Address correspondence to: Jianxin Song, Depart- 
ment of Infectious Diseases, Tongji Hospital, Hua- 
zhong University of Science and Technology, Wuhan 
430030, Hubei, P. R. China. E-mail: songsingsjx@
sina.com

References

[1] Zhong H, De Marzo AM, Laughner E, Lim M, 
Hilton DA, Zagzag D, Buechler P, Isaacs WB, 
Semenza GL, Simons JW. Bacterial infection in 
patients with advanced cirrhosis: a multicentre 
prospective study. Dig Liver Dis 2001; 33: 41-
48.

[2] Bellot P, Frances R, Such J. Pathological bacte-
rial translocation in cirrhosis: pathophysiology, 
diagnosis and clinical implications. Liver Int 
2013; 33: 31-39.

[3] Barreales M, Fernández I. Spontaneous bacte-
rial peritonitis. Rev Esp Enferm Dig 2011; 103: 
255-63.

[4] Berg RD, Garlington AW. Translocation of cer-
tain indigenous bacteria from the gastrointesti-
nal tract to the mesenteric lymph nodes and 
other organs in a gnotobiotic mouse model. 
Infect Immun 1979; 23: 403-11.

[5] Cirera I, Bauer TM, Navasa M, Vila J, Grande L, 
Taurá P, Fuster J, García-Valdecasas JC, Lacy A, 
Suárez MJ, Rimola A, Rodés J. Bacterial trans-
location of enteric organisms in patients with 
cirrhosis. J Hepatol 2001; 34: 32-37.

[6] Llovet JM, Bartolí R, March F, Planas R, Viñado 
B, Cabré E, Arnal J, Coll P, Ausina V, Gassull 
MA. Translocated intenstinal bacteria cause 
spontaneous bacterial peritonitis in cirrhotic 
rats: molecular epidemiologic evidence. J 
Hepatol 1998; 28: 307-13.

[7] Bellot P, García-Pagán JC, Francés R, Abraldes 
JG, Navasa M, Pérez-Mateo M, Such J, Bosch J. 
Bacterial DNA translocation is associated with 
systemic circulatory abnormalities and intra-
hepatic endothelial dysfunction in patients 
with cirrhosis. Hepatology 2010; 52: 2044-52.

[8] Garcia-Tsao G, Wiest R. Gut microflora in the 
pathogenesis of the complications of cirrhosis. 
Best Pract Res Clin Gastroenterol 2004; 18: 
353-72.

[9] Smith KD. Iron metabolism at the host patho-
gen interface: Lipocalin 2 and the pathogen-
associated ‘iroA’ gene cluster. Int J Biochem 
Cell Biol 2007; 39: 1776-80.

[10] Berger T, Togawa A, Duncan GS, Elia AJ, You-
Ten A, Wakeham A, Fong HE, Cheung CC, Mak 
TW. Lipocalin 2-deficient mice exhibit in-
creased sensitivity to Escherichia coli infection 
but not to ischemia-reperfusion injury. Proc 
Natl Acad Sci U S A 2006; 103: 1834-39.

[11] Yilmaz A, Sevketoglu E, Gedikbasi A, Karyagar 
S, Kiyak A, Mulazimoglu M, Aydogan G, 
Ozpacaci T, Hatipoglu S. Early prediction of uri-
nary tract infection with urinary neutrophil ge-
latinase associated lipocalin. Pediatr Nephrol 
2009; 24: 2387-92.

[12] Xu SY, Pauksen K, Venge P. Serum measure-
ments of human neutrophil lipocalin (HNL) dis-
criminate between acute bacterial and viral 
infections. Scand J Clin Lab Invest 1995; 55: 
125-31.

[13] Nemeth E, Rivera S, Gabayan V, Keller C, 
Taudorf S, Pedersen BK, Ganz T. IL-6 mediates 
hypoferremia of inflammation by inducing the 
synthesis of the iron regulatory hormone hep-
cidin. J Clin Invest 2004; 113: 1271-76. 

[14] Lippi G, Avanzini P, Calzetti C, Caleffi A, Pipitone 
S, Musa R, Aloe R, Ferrari C. The Role of 
Neutrophil Gelatinase-Associated Lipocalin 
(NGAL) in Cerebrospinal Fluids for Screening of 
Acute Bacterial Meningitis. Clin Lab 2014; 60: 
377-81.

[15] Daure E, Belanger MC, Beauchamp G, Lapointe 
C. Elevation of neutrophil gelatinase-associat-
ed lipocalin (NGAL) in non-azotemic dogs with 
urinary tract infection. Res Vet Sci 2013; 95: 
1181-85.

[16] Flo TH, Smith KD, Sato S, Rodriguez DJ, Holmes 
MA, Strong RK, Akira S, Aderem A. Lipocalin 2 
mediates an innate immune response to bac-
terial infection by sequestrating iron. Nature 
2004; 432: 917-21.

[17] Gao JJ, Shen J, Kolbert C, Raghavakaimal S, 
Papasian CJ, Qureshi AA, Vogel SN, Morrison 
DC, Qureshi N. The proteasome regulates bac-
terial CPG DNA-induced signaling pathways in 
murine macrophages. Shock 2010; 34: 390-
401.



The diagnostic value of NGAL and hepcidin in BT of liver cirrhosis

16444 Int J Clin Exp Med 2015;8(9):16434-16444

[18] Kemna E, Pickkers P, Nemeth E, van der 
Hoeven H, Swinkels D. Time-course analysis of 
hepcidin, serum iron, and plasma cytokine lev-
els in humans injected with LPS. Blood 2005; 
106: 1864-66.

[19] Wu TW, Tabangin M, Kusano R, Ma Y, Ridsdale 
R, Akinbi H. The utility of serum hepcidin as a 
biomarker for late-onset neonatal sepsis. J 
Pediatr 2013; 162: 67-71.

[20] Kossiva L, Gourgiotis DI, Tsentidis C, 
Anastasiou T, Marmarinos A, Vasilenko H, 
Sdogou T, Georgouli H. Serum hepcidin and 
ferritin to iron ratio in evaluation of bacterial 
versus viral infections in children: a single-cen-
ter study. Pediatr Infect Dis J 2012; 31: 795-
98.

[21] Arnold J, Sangwaiya A, Manglam V, Geoghegan 
F, Thursz M, Busbridge M. Presence of 
hepcidin-25 in biological fluids: bile, ascitic 
and pleural fluids. World J Gastroenterol 2010; 
16: 2129-33.

[22] Layoun A, Santos MM. Bacterial cell wall con-
stituents induce hepcidin expression in macro-
phages through MyD88 signaling. Inflammation 
2012; 35: 1500-06.

[23] Runyon BA, Sugano S, Kanel G, Mellencamp 
MA. A rodent model of cirrhosis, ascites, and 
bacterial peritonitis. Gastroenterology 1991; 
100: 489-93.

[24] Swidsinski A, Khilkin M, Kerjaschki D, 
Schreiber S, Ortner M, Weber J, Lochs H. 
Association between intraepithelial Escherich- 
ia coli and colorectal cancer. Gastroenterology 
1998; 115: 281-86.

[25] Amann RI, Ludwig W, Schleifer KH. Phylogenetic 
identification and in situ detection of individual 
microbial cells without cultivation. Microbiol 
Rev 1995; 59: 143-69.

[26] Barreales M, Fernández I. Spontaneous bacte-
rial peritonitis. Rev Esp Enferm Dig 2011; 103: 
255-63.

[27] Guarner C, González-Navajas JM, Sánchez E, 
Soriando G, Francés R, Chiva M, Zapater P, 
Benlloch S, Muñoz C, Pascual S, Balanzó J, 
Pérez-Mateo M, Such J. The detection of bacte-
rial DNA in blood of rats with CCl4-induced cir-
rhosis with ascites represents episodes of bac-
terial translocation. Hepatology 2006; 44: 
633-39.

[28] Zapater P, Francés R, González-Navajas JM, de 
la Hoz MA, Moreu R, Pascual S, Monfort D, 
Montoliu S, Vila C, Escudero A, Torras X, Cirera 
I, Llanos L, Guarner-Argente C, Palazón JM, 
Carnicer F, Bellot P, Guarner C, Planas R, Solá 
R, Serra MA, Muñoz C, Pérez-Mateo M, Such J. 
Serum and ascitic fluid bacterial DNA: a new 
independent prognostic factor in noninfected 
patients with cirrhosis. Hepatology 2008; 48: 
1924-31.

[29] El-Naggar MM, Khalil el-SA, El-Daker MA, 
Salama MF. Bacterial DNA and its consequenc-
es in patients with cirrhosis and culture-nega-
tive, non-neutrocytic ascites. J Med Microbiol 
2008; 57: 1533-38.

[30] Bellot P, García-Pagán JC, Francés R, Abraldes 
JG, Navasa M, Pérez-Mateo M, Such J, Bosch J. 
Bacterial DNA translocation is associated with 
systemic circulatory abnormalities and intra-
hepatic endothelial dysfunction in patients 
with cirrhosis. Hepatology 2010; 52: 2044-52.

[31] Such J, Francés R, Muñoz C, Zapater P, 
Casellas JA, Cifuentes A, Rodríguez-Valera F, 
Pascual S, Sola-Vera J, Carnicer F, Uceda F, 
Palazón JM, Pérez-Mateo M. Detection and 
identification of bacterial DNA in patients with 
cirrhosis and culture-negative, nonneutrocytic 
ascites. Hepatology 2002; 36: 135-41.


