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Abstract: Bacterial translocation (BT) from intestinal wall to  blood and other extra-intestinal sites is
considered the key step in  the pathogenesis of spontaneous bacterial peritonitis (SBP) in liver
cirrhosis.The translocation of bacterial products as endotoxin and bacterial DNA, and the consequences
of such translocations are under  investigation .We studied the presence of bacterial DNA and its possible
role as a marker of BT in patients with advanced cirrhosis and culture-negative non-neutrocytic ascites
(CNNA). The clinical significance of bacterial DNA as a possible prognostic marker in these patients was
also evaluated. Sixty-nine patients with cirrhosis and CNNA were included in the study . Bacterial DNA
was detected in blood and ascitic fluid (AF) samples using polymerase chain reaction (PCR) for 16S
ribosomal RNA. The corresponding bacterial DNA was identified by nucleotide sequencing of the purified
PCR products by ABI 3130XL automated  genetic analyzer  (Applied Biosystem, USA ). Results showed
that bacterial DNA was detected in ascitic fluid and/or blood samples in 34.7% of patients (24/69). It was
simultaneously found in  both blood and ascitic fluid samples in 11 patients, in ascitic fluid samples only
in another 11 patients and in blood samples only in 2 patients. Nucleotide sequencing was performed for
the DNA simultaneously found in blood and AF and the similarity between them was >97%  indicating

single clonal origin. Nucleotide sequencing identified Escherichia coli as the main bacterial species
detected  in 70.8%.of samples. Klebsiella pneumoniae was detected in 16.6% and Staphylococcus aereus
in 12.5%. Followup of patients for 2 months showed  a significantly higher mortality rate and progression
to hepatorenal syndrome among patients with bacterial DNA in blood and/or AF compared to those
without (p<0.01, p<0.001). These data represent the first detection of bacterial traces (DNA) in Egyptian
patients with CNNA.It also provides molecular evidence of translocation of bacterial  DNA that  can serve
as a prognostic marker predicting unfavourable outcome, so primary prophylaxis might be considered as
a future perspective  in such patients .

Key words: bacterial translocation, bacterial DNA, culture negative ascites

INTRODUCTION

Bacterial translocation (BT) is the passage of
viable bacteria from the intestinal lumen to mesenteric
lymph nodes and other extra a intestinal sites and has
traditionally been documented by culture-positivity of
mesenteric lymph nodes . Its occurrence was[1]

frequently reported in cirrhotic rats with ascites and
also in cirrhotic patients submitted to laparotomy,
especially in those with severe liver dysfunction.
Spontaneous bacterial peritonitis (SBP) and bacteraemia

are the main clinical consequences of bacterial
translocation in cirrhosis . Several mechanisms have[2,3]

been proposed to explain BT in cirrhosis such as
intestinal bacterial overgrowth, increased intestinal
permeability and deficiencies in the host immune

d e f e n s e  m e c h a n i s m s  in c lu d in g  d e c r e a s e d
reticuloendothelial phagocytic activity, deficient ascitic
fluid opsonic activity and qualitative neutrophil
dysfunction  .Recently studies are focusing on the[3,4]

translocation of bacterial products of viable or non-
viable bacteria, such as endotoxin and/or bacterial
DNA, through the intestinal wall and the consequences
of such translocations . It was recently proved that[5,6]

bacterial DNA could stimulate the immune system in
the  absence of an evident bacterial infection in
cirrhotic  patients.  DNA binds to a specific member

of  the  toll-like receptor family (TLR-9) on the cells
of  the  immune  system  and  activate them to
produce proinflammatory cytokines and chemokines .[7,8]

This could in turn affect the haemodynamic circulation
and  renal function in those patients with cirrhosis and
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zmay initiate severe complications related or not with
SBP . The clinical relevance of the presence of[9]

bacterial DNA in serum and ascitic fluid (AF) of
patients without signs and symptoms of SBPand with
sterile ascites has not been elucidated. 

The aim of this study was  to investigate  the
prevalence of bacterial DNA  in blood and ascitic fluid
of Egyptian patients with cirrhosis and culture-negative
non-neutrocytic ascites and its role as a marker of BT.
Also to study the clinical significance of bacterial DNA
as  a  possible  prognostic marker in this new subset
of patients. 

MATERIALS AND METHODS

Sixty nine cirrhotic patients  with ascites (Child-
Pugh class C) and  without signs of inflammation,
consecutively admitted to the Hepatogastroenterology
department of Theodor Bilharz Research Institute
between January 2006 to  December 2006 were
included in this study. All patients were subjected to
proper history taking and clinical examination,
laboratory investigations, abdominal ultrasound, upper
endoscopy and sigmoidoscopy. Cirrhosis was diagnosed
by clinical, laboratory and /or ultrasonograph findings.
Exclusion criteria were ascitic fluid neutrophilic count
$ 250/mm , presence of culture-positive ascitic fluid or3

blood; any inflammatory process, recent antibiotic
intake, recent gastrointestinal bleeding, malignancy and
portal vein thrombosis. 

Blood was obtained for haematologic, biochemical
and coagulation studies and was also surveyed for
HCV, HBV (HbsAg and total HbcAb), autoimmune
disease, HIV and active schistosomiasis (circulating
schistosomal antigen) by ELISA tests.

Simultaneous paracentesis was performed under
aseptic conditions. Ascitic fluid samples were examined
for polymorphnuclear leucocytes (PNL) by both coulter
counter and by using a bedside test  for detection of
leucoesterase enzyme of leukocytes (Multistix SG10
Bayer Diagnostics Bridgend, UK) 

Both ascitic fluid and blood samples (7-10 ml of
each) were innoculated at bedside in aerobic and
anaerobic blood culture bottles of BACTEC 9050
system (Becton Dikinson, Sparks MD, USA). Serum
and AF samples were  also inoculated in pyrogen free
cork-screw capped 2 ml vials (Corning, USA) for
molecular detection of bacterial DNA and sequencing.

Patients were followed up for a period of 2
months and observed for development of complications.

Detection of Bacterial DNA: To avoid unspecific
amplification or contamination in PCR reactions,
different control steps were taken into account. DNA
extraction and amplification were performed under
st e r ile  c ond itions including a ir f low c ha mbe r
manipulation and guaranteed sterile fungible material.

DNA Isolation: A total of 200 µL of serum or AF
was incubated in a lysozyme/proteinase K buffer for 2
hours and applied into QIAamp Spin Columns

(QIAampDNA Mini Kit; QIAGEN, Hilden, Germany).
Samples were centrifuged at full speed. DNA was
finally eluted with 50 uL of 70°C preheated water. 

DNA Amplification and Sequencing: A PCR reaction
for the universal amplification of a region of the 16S

ribosomal  RNA  gene  was  used as described by
Such et al . Ten µl of template was added into a[5]

reaction mix containing 10 mM Tris buffer (pH 8.3),

50 mM KCl, 1.5 mM MgCl2, 800 µM of
deoxynucleoside triphosphate mixture, 50 pmol of
primers  5'-AGAGTTTGATCATGGCTCAG-  3' and

5'-ACCGCGACTGCTGCTGGCAC-3'   and  1.25[12]

units of Taq polymerase ( Promega Corporation,

Madison,  WI, USA) to complete a final volume of
100 µL. The primers located at positions 7-27 and 531-
514 of Escherichia coli numbering are universal

eubacterial primers that  amplify any known bacterial
16S ribosomal RNA gene. A PCR was run in a PTC
200 thermal cycler (MJ Research, Watertown, Mass.,

USA) using the following profile: 94°C for 30 seconds,
55°C for 30 seconds, and 72°C for 60 seconds for
35 cycles followed by a final extension at 72ºC for 10

min.Ten  microliters of amplified products were
electrophoresed on a 2% agarose gel, stained with
e th id ium bromide ,  and visualized using UV

transilluminator. The sizes of PCR products were
estimated according to the migration pattern of a 50-bp
DNA ladder (Pharmacia Biotech, Uppsala, Sweden). A

band of about 540 base pairs was obtained from
different  bacterial cultures corresponding to the
specific amplification of the prokaryotic 16S ribosomal

RNA gene.
PCR cleaning of amplified DNA band was

performed using Exosap-IT kit (USB, Cleveland Ohio).
Nucleotide sequence of the PCR products were

determined by using the Big dye terminator cycle

sequencing kit version 3.1 and ABI 3130XL automated
genetic analyzer (Applied Biosystem, USA) according
to the manufacturer’s instructions. The PCR fragments

were sequenced in both directions with the same
primers used for PCR amplification.

BLAST search for sequence identification was

performed uisng the Blast algorithm at the National
Center for Biotechnology Information web site
(http://www.ncbi.nlm.nih.gov/blast/Blast.cgi). 

Statistical  Analysis:  Data  are  presented  as  a
mean ±SD for quantitative variables and frequencies for

qualitative variables. Comparison between groups was
performed with Mann-Whitney test and Fisher’s exact
test. A P value of less than 0.05 was considered

statistically significant .
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RESULTS AND DISCUSSION

DNA Detection and Identification: According to the

inclusion and exclusion criteria previously defined,
bacterial DNA was detected in ascitic fluid and/or

blood samples in  24 of 69 (34.7%)  patients with liver
cirrhosis and sterile ascites (Group1). Bacterial DNA

was simultaneously found in  both blood and ascitic

fluid samples in 11 patients, in ascitic fluid samples
only  in another 11 patients and in blood samples only

in 2 patients. (Figure 1). 

Nucleotide sequencing of the amplified 16 S r
RNA fragments in serum and ascitic fluid samples

identified Escherichia coli as the main bacterial species

detected  in 70.8% of the samples with positive DNA.
Klebsiella.pneumoniae was detected in 16.6% and

Staphylococcus aereus in 12.5% (Table1).Alignment of

bacterial DNA sequences detected in serum and AF
showed high similarity with the  Blast search matching

strains (90-99%)on the nucelotide level. Moreover the

similarity between the sequence of strains detected in
AF and blood samples, ranging from 97-100%strongly

indicates that bacteria in both sites are of the same

clonal origin. (Table2)

Charecteristics of the Patients and Prognosis: The
baseline clinical, hemodynamic and liver investigations

studied and distributed among the 2 groups of patients

according to the presence or absence of bacterial DNA
(group1 and group2 respectively) did not show any

significant differences except for serum creatinine

levels (Table3). Upper gastrointestinal endoscopy
performed at admission for all patients showed no

differences in either the presence or size of

oesophageal varices or portal hypertensive gastropathy
between the 2 groups. 

Follow up of our patients showed that within two

months, the  rate of development of hepatorenal
syndrome and mortality rates were significantly higher

in  patients  with positive  bacterial DNA  in blood

and /or ascitic fluid (group1) compared  to those
without (group2). Ten patients of group1 developed

hepatorenal syndrome and 6 of them died versus 2

patients of 45 of the group2 and one death was
recorded  within  the the follow-up period (Table 4).

By doing PNL count  in AF we found that  those
patients had  PNL < 250,000/mm  with no symptoms3

or signs of inflammation and culture of ascitic fluid

gave negative results. 
During the last decade, there was an  increase in

the amount of data related with the presence of

bacterial translocation in experimental models of
cirrhosis but  clinical studies have been limited by the

lac k of non-invasive methods to  study  the

phenomenon .[10]

The development of of a sensitive PCR-based
method  for  detection of 16 S ribosomal RNA by

Such et al  and subsequent nucleotide sequencing[5]

provides0  a tool to detect and identify bacterial DNA
fragments that provided molecular evidence of

bacterial translocation in  patients with culture-negative
non-neutrocytic ascites.    

The results of this clinical study confirmed that BT

of DNA  is a common event in patients with advanced
cirrhosis and sterile ascites because 34.7 %  of 69

asymptomatic,  non-neutrocytic patients had bacterial

DNA in their ascitic fluid and/or blood samples.
Furthermore, nucleotide similarity between the

fragments detected in serum and AF of 11 patients was

in all cases higher than 97 %. These data represent the
first detection of bacterial traces (DNA) in Egyptian

patients with culture-negative AF. It also provides

molecular evidence of bacterial translocation and
suggests  that the bacterial DNA present in both

locations has the same clonal origin that represents a

single translocation event. These findings are in
accordance with Such et al . Fances and colleague[5 ] [6]

also pointed to the existence of repeated episodes of

BT in a significant proportion of patients by a
sequential study with a quantitative real time PCR

experiment . 
As expected most of the bacterial fragments

identified by se quencing were gram negative

enterobacteria, particularly E. coli  (70.8%), but
fragments of gram positive bacteria (S.aureus ) were

also identified in AF and serum samples of 2 patients.

Their clinical history showed that they have been
previously  hospitalized  in  intensive  care  unit and

treated with quinolones for urinary sepsis following

urosurgical operations.This may explain the observation
of the  increasing number of episodes of SBP  caused

by gram-positive organisms  particularly in association

with increasing numbers of invasive procedures and
hospitalization of cirrhotic patients which promotes the

carriage of gram positive bacteria and infections caused

by them mainly the methicillin resistant S.aureus .[11]

Although most episodes of spontaneous bacterial

peritonitis are satisfactorily resolved when rapidly

diagnosed and treated, a significant number of patients
without signs of inflammation may develop infectious-

a ssoc ia t e d  c ompl i c a t io n s  s u c h  a s  h e p a t ic
encephalopathy, septic shock or progressive renal

failure, leading in some cases, to an irreversible

hepatorenal syndrome and death .[3,12]

The clinical relevance of the presence of bacterial

DNA in this new subgroup of cirrhotic patients who

lack any specific signs and symptoms of SBP was
investigated in the study.  We report a a higher

mortality rate and progression to hepatorenal syndrome

among patients with bacterial DNA in blood and/or AF
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Fig. 1: Agarose gel electrophoresis of PCR products After amplification of a art of 16S ribosomal RNA gene

M: Molecular weight marker

Lanes 1-6 and 8: detection of an app. 540 bp in serum and AF samples.

Lane 7: Negative sample.

Lane 9: Positive control.

Lane 10: Negative control.

Table 1: Bacterial species identified by DNA sequencing in patients with positive bacterial DNA

Bacterial species Bacteria in both Blood & AF Bacteria in AF Bacteria in (Group 1) Blood Total Num (%)

E.coli 7 8 2 17(70.8)

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

K.pneumoniae 2 2 - 4(16.6)

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S. aureus 2 1 - 3(12.5)

Table 2: Identification and Similarity rates of bacteria  in patients with positive Bacterial DNA in both Blood and Ascitic Fluid

N Bacteria Isolated No. of Nucleotides Similarity Bacteria Isolated No. of Nucleotides Similarity Similarity Between

   in Blood    Analyzed   (%)      in AF      Analyzed    (%)      B/AF (%)

7 K.pneumoniae 443 99.9 K.pneumoniae 452 99.7 100

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10 K.pneumoniae 474 99.8 K. pneumonia 462 99.8 100

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

12 E coli 494 99.9 E.coli 474 99.8 98

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

14 E coli 491 99.1 E.cois 443 95.7 100

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

16 E. coli 484 99.5 E coli 471 96.5 99.7

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

19 E coli 481 99.8 E.coli 488 99 99.6

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

21 E coli 410 99.7 E.coli 413 99 99.5

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

22 E.coli 492 100 E.coli 414 100 99.8

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

24 E. coli 494 98 E.coli 481 98 100

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

25 S. aureus 488 100 S.aureus 475 97 97

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

31 S. aureus 491 100 S aureus 485 96 97

compared to those without over a period of  two

months (p<0.01, p<0.001). 

These  observations  emphasize that the presence

of DNA in serum and /or AF has unfavorable

consequences  due  to  stimulation of immune

defences, effector molecules, and cytokine production

namely tumour necrosis factor a (TNF-a),  interferon

–gamma, interleukins- 1, 6 and 12, and nitric oxide

metabolites (NOx) in patients with cirrhosis .[7,8]

Furthermore  2  recent   clinical  studies  reported

that  bacterial DNA in patients with cirrhosis and

sterile ascites  activates  the  complement system and
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Table 3: Clinical and Demographic, Characteristics of Patients According to Presence or Absence of Bacterial DNA

DNA-Positive DNA-Negative

Group1 Group2

(n=24) (n=45)

Age (mean±SD) 50.9±7.17 48.5±5.86

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sex (male/female) 15 /9 27/ 18

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Etiology of cirrhosis

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

       HCV 19 (79.16%) 37 (82.22%)

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

       HBV 4(16.66%) 8 (17.77%)

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

      Others 1(4.16%) 0 (0%)

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Pallor 6 (25%) 15 (33.33%)

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Jaundice 12 (50%) 19 (42.22%)

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Palmar erythema – Spider nevi 19 (79.16%) 39 (86.66%)

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Liver size                      

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

     Average 4 (16.66%) 3 (6.66%)

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

     Enlarged 5 (20.83%) 8 (17.77%)

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

     Shrunken 15 (62.5%) 34 (75.55%)

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Splenomegaly 20 (83.33%) 41 (91.11%)

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ascites 24 (100 %) 45 (100%)

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hb 9.4±0.54 10.2±0.15

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bilirubin (mg/dl) 2.77±0.95 2.77±0.82

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ALT (IU) 40.88±7.72 41.78±4.06

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AST (IU) 41.25±5.87 50.38±5.69

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Albumin (g/dl) 2.09±0.19 2.31±0.33

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Prothrombin conc. 30.33±10.63 38.46±11.82

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Creatinine mg/dl 2.20±0.40 1.33±0.16*

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PNL in ascitic fluid/mm3 201.45±40.50 188.2±43.03

*p < 0.01

Table 4: Clinical complications and mortality rate among patients  according to presence or absence of bacterial DNA          

Bact. DNA +ve Group1 (n= 24) Bact. DNA -ve  Group2 (n= 45) P value

Hepatorenal syndrome 10/24 (41.7%) 2/45 (4.4%) < 0.001

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Mortality 6/24 (25%) 1/45 (2.2%) < 0.01

stimulates the production of T-helper-1 cytokines in a

manner that is indistinguishable  from the level

detected in  patients with SBP . [13,14]

These cytokines can act as two-edged swords; they

can protect from bacterial infection but they can also

cause over-activation of the sepsis syndrome pathways,

leading eventually to renal failure and shock with

reduced chances for survival . [15]

Zapater et al ., also reported a significantly[16]

higher mortality rate among patients with presence of

bacterial DNA during a three-month follow-up period.

This survival data and complications provided in our

study and in the latter clinical study provide the

required evidence to confirm the hypothesis that the

presence of bacterial DNA is an independent predictor

of mortality in the short-term period.
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It emphasizes  that the presence of bacterial DNA

in a patient impairs an already unstable haemodynamic

situation, facilitating BT events, and eventually leading

to the development of different clinical complications,

not necessarily relalated to SBP.

So bacterial DNA in this new subset of patients

should be considered as a prognostic marker predicting

unfavourable outcome and primary prophylaxis might

be considered as a future perspective  in such patients.
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