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Abstract
AIM: To invest igate the use of PCR and DGGE 
to investigate the association between bacterial 
translocation and systemic inflammatory response 
syndrome in predicted severe AP.

METHODS: Patients with biochemical and clinical 
evidence of acute pancreatitis and an APACHE II score ≥
8 were enrolled. PCR and DGGE were employed to detect 
bacterial translocation in blood samples collected on d 1, 
3, and 8 after the admission. Standard microbial blood 
cultures were taken when there was clinical evidence 
of sepsis or when felt to be clinically indicated by the 
supervising team.

RESULTS: Six patients were included. Of all the patients 
investigated, only one developed septic complications; 
the others had uneventful illness. Bacteria were detected 
using PCR in 4 of the 17 collected blood samples. The 
patient with sepsis was PCR-positive in two samples 
(taken on d 1 and 3), despite three negative blood 
cultures. Using DGGE and specific primers, the bacteria 
in all blood specimens which tested positive for the 
presence of bacterial DNA were identified as E coli. 

CONCLUSION: Our study confirmed that unl ike 
traditional microbiological techniques, PCR can detect 
the presence of bacteria in the blood of patients with 
severe AP. Therefore, this latter method in conjunction 
with DGGE is potentially an extremely useful tool in 
predicting septic morbidity and evaluating patients with 
the disease. Further research using increased numbers 

of patients, in particular those patients with necrosis and 
sepsis, is required to assess the reliability of PCR and 
DGGE in the rapid diagnosis of infection in AP.

© 2005 The WJG Press and Elsevier Inc. All rights  reserved.
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INTRODUCTION
Infection and septic complications are the major factors 
contributing to the poor outcome in acute severe 
pancreatitis. They cause up to 80% of  deaths and occur in 
5-10% of  patients[1-3]. It is thought that in the majority of  
cases infection is caused by bacterial translocation from the 
gut lumen[4-7], a hypothesis which animal experiments have 
generally supported[8-10]. Unfortunately attempts to confirm 
the link between bacterial translocation and morbidity and 
mortality in acute pancreatitis in human beings have been 
largely unsuccessful[11,12].  

Conventional microbiological blood culture methods 
are currently used widely[13-15], but may fail to yield positive 
results, if  the causative organism is fastidious in nature, 
cell dependent or has a fungal etiology. It is thought that 
60-70% of  the bacteria in the human intestinal tract cannot 
be cultured[16,17]. Molecular-based diagnostic approaches 
are therefore being increasingly employed, especially when 
a quick diagnosis is required[18-21]. 

The use of  the polymerase chain reaction (PCR) to 
identify microbial DNA in clinical specimens has been 
described by many investigators[22-25]. PCR using 16S 
rRNA-specific primers has identified bacterial DNA in 
blood after the surgery[26]. 16S rRNA is a highly conserved 
region of  bacterial DNA, found in all Gram-positive 
and Gram-negative bacteria[27]; if  these primers are used, 
the majority of  pathogenic bacteria can theoretically 
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be detected and identified by subsequent cloning and 
sequencing. From a practical point of  view blood cultures 
can take days to yield a result, whereas PCR can produce 
results within hours.   

PCR without subsequent cloning can identify the 
bacterial genus leaving the species undefined, which may 
cause difficulties, for instance, if  the therapeutic guidelines 
for the species are different. Polymicrobial infections 
can also be problematic due to the inability of  PCR to 
identify several microorganisms in a single specimen[28]. 
These problems can be solved by denaturing gradient 
gel electrophoresis (DGGE)[27], which uses the presence 
of  unique heterodiplexes in DNA affecting migration to 
separate different DNA fragments[29]. 

Our investigation was carried out to assess the potential 
of  PCR and DGGE as rapid tools for the detection and 
identification of  systemic bacterial translocation in blood 
samples of  patients with acute severe pancreatitis. The 
study also aimed to elucidate the relationship between 
the presence or absence of  clinical infection; manifested 
as either sepsis or infected necrosis, and the detection of  
translocated bacterial DNA. 

MATERIALS AND METHODS
Sample collection and subjects
Patients who were admitted with a diagnosis of  acute 
pancreatitis predicted to have severe disease during the 
study period were enrolled. Patients were only considered 
if  their duration of  symptoms was 48 h or less on 
admission. Pancreatitis was defined as appropriate clinical 
signs and symptoms with hyperamylasemia of  more than 
three times the upper limit of  normal. Patients predicted 
to have severe disease were identified by an APACHE II 
score of  eight or more on admission[30].  

Blood samples were taken on d 1, 3, and 8 of  admission 
for examination by PCR and DGGE techniques. Standard 
microbial blood cultures were taken only when there was 
a clinical evidence of  sepsis or when felt to be clinically 
indicated by the supervising team to limit the number of  
venesections patients enrolled in the study would need to 
volunteer. The supervising teams were not aware of  the 
PCR results.

Blood samples
Blood was transferred from Na2 EDTA tubes (Sigma, 
UK) to sterile 1.5 mL Eppendorf  tubes (Sigma, UK), and 
purified using the QIAamp DNA Blood Mini Kit (Qiagen, 
Hilden, Germany), according to the manufacturer’
s instructions. Whole blood samples were processed in 
aliquots of  400 µL for DNA extraction.

DNA extraction 
The DNA from human blood samples and from different 
bacterial strains was purified, and bacterial DNA was 
amplified using PCR with primers specific for (i) the 
bacterial 16S rRNA region, (ii) E coli, and (iii) Bacteroides 
spp., as outlined below. Enzymatic amplification for 
DGGE was performed on human blood samples tested 
PCR positive for the presence of  bacterial DNA.
 
Bacterial cells
Prior to DNA extraction, bacterial cells were cultured 
in LB medium (10 mL) overnight at +37 ℃ inside 
an incubator shaker (New Brunswick Scient if ic) . 
Chromosomal DNA was extracted using the QIAGEN 
Genomic DNA Purification Kit (QIAGEN, Hilden, 
Germany), according to the manufacturer’s instructions.

Oligonucleotide primers for PCR
The oligonucleotide primers were synthesized by Sigma 
Aldrich Co. The primer pairs, sequences, gene targets and 
size of  the product amplified after PCR are listed in Table 
1. The primer pair designated BD-1 and BD-2 is specific 
for a highly conserved region of  different bacterial DNA 
coding for 16S ribosomal RNA. The second primer pair 
BG-1 and BG-4 was derived from the β-galactosidase gene 
of  E coli, which is found in most E coli strains. The third 
primer pair used BFR-1 and BFR-2 targets specifically for 
the ubiquitous glutamine synthase gene found in many 
Bacteroides spp[26]. The fourth primer pair F3 and Rev 2 was 
used for amplification of  variable V3 region of  16S rDNA 
gene[29].

Microbial DNA amplification by PCR
PCR was performed with minor modification following 
the protocol of  Kane et al[26]. Extracted DNA (20-30 µL) 
was placed in 0.5 mL sterile Eppendorf  tube to which the 

 Table 1 Oligonucleotide primers used for amplification of total DNA extracted from human blood samples and total chromosomal DNA 
recovered from selected bacterial strains

Primer designate Sequences of (+) and (-) primers (nucleotide) Gene target Size of amplicon (bp)

BG-1 (+ strand) 5’CTT TGC CTG GTT TCC GGC ACC AGA A- 3’ (201-225) b-Galactosidase gene of E coli 762
BG-4 (- strand) 5’AAC CAC CGC ACG ATA GAG ATT CGG G- 3’ (983-939)
BD-1 (+ strand) 5’AGT TTG ATC CTG GCT GAG- 3’ (8-27) DNA coding for 16S rRNA 798
BD-2 (- strand) 5’GGA CTA CCA GGG TAT CTA AT- 3’ (805-787)
BFR-1 (+ strand) 5’ACT CTT TGT ATC CCG ACG ATT-3’ (484-504) Glutamine synthase gene of Bacteroides spp. 581
BFR-2 (- strand) 5’GAG GTT GAT GCC TGT ATC GGT-3’ (1 065-1 045) 
F3 (+ strand) 5’CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCAC-

GGGGGGCCTACGGGAGGCAGCAG-3’
Variable V3 region of 16S rRNA 233

Rev-2 (- strand) 5’ATTACCGCGGCTGCTGG-3’
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PCR reaction mixture was added to make a final volume 
of  50 µL per tube. The mixture consisted of  the following: 
5 µL of  10× PCR reaction buffer, 1 µL each of  (10 µmol/
L) designated primers, 1 µL of  a mixture of  10 mmol/L 
deoxynucleotide triphosphate (dNTP), 0.2 µL of  1 unit/
µL Super Taq DNA polymerase (HT Biotechnology Ltd) 
and nuclease free dH2O (Sigma Chemical Ltd) up to the 
final volume. 

PCR amplification was carried out using a Techne 
(Progene) machine through the cycles as follows: an initial 
cycle of  95 ℃/3 min, 60 ℃/45 s, and 72 ℃/10 min was 
followed by 35 cycles of  95 ℃/45 s, 60 ℃/45 s, and 72 ℃
/1 min; an extension period of  72 ℃/10 min completed 
the cycling sequence.

PCR amplification of 16S rDNA fragments for DGGE
Enzymatic amplification for DGGE was performed 
on samples positive for bacterial DNA. PCR reaction 
quantifications were outlined as above. The amplification 
was performed as follows: an initial cycle of  95 ℃ for 15 
min was followed by 35 cycles each of  1 min at 94, 60, and 
70 ℃, respectively; an extension period of  72 ℃ for 5 min 
completed the cycling sequence.

Agarose gel electrophoresis
All PCR products were separated by electrophoresis 
on 1% agarose gel in 1× TAE buffer (0.04 mol/L Tris-
acetate, 0.002 mol/L EDTA). The gels were stained with 
ethidium bromide (0.5 µg/mL) for 30 min, washed twice 
with distilled H2O and photographed under UV light 
using a UVP gel documentation system. A 1-kbp DNA 
ladder (Sigma) was used as a molecular weight marker. All 
reagents were purchased from Sigma, UK.

DGGE analysis
DGGE was performed using Ingeny Phos system (Leiden, 

The Netherlands). A 10 µL volume of  each PCR product 
was applied directly onto 9% (wt/vol) polyacrylamide gels 
in 0.5× TAE (20 mmol/L Tris-acetate, 10 mmol/L sodium 
acetate, 0.5 mmol/L Na2-EDTA) with gradients which 
were formed with 9% (wt/vol) acrylamide, 37:1) and 
which contained 0 and 100% denaturant [7 mol/L urea 
(GIBCO BRL)] and 40% (wt/vol) formamide. The gel 
was subjected to 200 V for 10 min at 60 ℃ and 85 V for 
16 h. After electrophoresis, the gel was stained in ethidium 
bromide solution (0.5 µg/mL) for 30 min, washed twice by 
distilled H2O and analyzed under UV light using UVP gel 
documentation system.

Blood cultures 
Conventional blood cultures were processed using the 
BacT/ALERT® system manufactured by BioMerieux©. 
BacT/ALERT® aerobic (SA) and anaerobic (SN) culture 
media bottles were taken peripherally from patients under 
aseptic conditions and a BacT/ALERT® 3D analyzer was 
used to process the samples. Positive samples were Gram 
stained, and subcultured onto appropriate solid culture 
media, which was examined at 24 and 48 h.

Ethics
The study was performed as part of  a larger study into 
enteral nutrition in acute pancreatitis. Written informed 
consent was a condition of  entry into the study. The local 
ethics committee (Portsmouth, Hampshire, UK) approved 
the study.

RESULTS 
Of  the s ix pat ients tes ted one deve loped sept ic 
complications; pneumonia, respiratory failure and severe 
systemic inflammatory response syndrome, although 
this patient subsequently made a full recovery (patient 

Table 2 A summary of the results obtained from testing of blood samples from six patients; CRP and SIRS evaluation, blood culture testing 
using selective growth media and PCR analysis

Patient no. Day 1 2 3 4 8 Complications

1 CRP 135 158 91 70 40 None
SIRS Y Y N N N
PCR Negative Negative Positive

2 CRP 55 83 108 105 94 None
SIRS N N N N N
PCR Negative Negative Negative

3 CRP 345 301 289 234 142 None
SIRS Y Y Y N N
PCR Negative Negative Negative

4 CRP 301 284 248 169 122 None
SIRS Y Y Y Y N
PCR Positive Negative Negative

5 CRP 59 201 193 155 114 Pneumonia, sepsis
SIRS Y Y Y Y N (-ve blood culture)  
PCR Positive Positive Negative

6 CRP 326 209 150 128 None
SIRS Y Y Y Y
PCR Negative Negative

NB: patient no. 6 was discharged before d 8. Patient no. 5 was treated with antibiotics on d 2.



no. 5, Table 2). This was the only patient in the group 
that retrospectively developed severe acute pancreatitis 
according to the Santorini Consensus definitions[31]. This 
patient did not, however, require ventilatory support, and 
did not develop necrosis, infected or otherwise. The other 
patients had uneventful illness. 

PCR detected the presence of  bacteria in 4 of  the 17 
samples (23.6%). The blood samples from the patient with 
sepsis tested PCR-positive for bacterial DNA in specimens 
collected on d 1 and 3. This patient had three sets of  
standard blood cultures taken on d 1, 3, and 5, all of  which 
were negative; he/she was the only patient in our study in 
whom standard blood cultures were taken.  

When the incidence of  the systemic inflammatory 
response syndrome (SIRS), C-reactive protein (CRP) levels 
and septic complications were compared with the PCR 
results there was no observed correlation between the 
presence of  bacterial DNA in the blood, as confirmed by 
PCR, and SIRS or CRP data (Table 2). 

The PCR profiles of  DNA recovered from human 
blood samples and of  E coli DNA (positive control), 
treated with general bacterial primers (Table 1) are depicted 
in Figure 1 (lanes 1 and 2-13, respectively). The appearance 

of  characteristic bands indicative of  the presence of  
bacterial DNA (lane marked positive control) can be seen 
in human blood samples (lanes 1-11). Figure 2 (lanes 1-6) 
illustrates the profile of  E coli DNA obtained using two 
different pairs of  primers (Table 1); one pair specific only 
for E coli (lanes 1-3) and another pair for Bacteroides spp. 
(lanes 4-6, negative control). The treatment of  E coli DNA 
with Bacteroides specific primers resulted in a blank PCR 
profile (i.e. no bands were observed in lanes 4-6), while the 
use of  E coli specific primers resulted in the appearance of  
characteristic PCR product (lanes 1-3).

Human blood samples treated with Bacteroides specific 
primers did not reveal any bands when subjected to PCR 
(data not shown).  

Subsequent analysis employing DGGE (Figure 3, 
lanes 1-13) revealed that the blood samples which tested 
PCR positive for bacterial DNA (lanes 1-2 and 7-13) 
contained DNA fragments of  the identical size as the one 
characteristic for E coli DNA (lane 6). DGGE profiles of  
DNA from bacterial strains, such as Staphylococcus aureus 
(lane 3), Pseudomonas aeruginosa (lane 4) and Bacillus cereus (lane 
5) served as negative controls. 

DISCUSSION
These results from our preliminary investigation reveal that 
although conventional blood cultures techniques fail to 
demonstrate bacterial infection, using PCR and DGGE it 
is possible to detect bacterial DNA in the blood in patients 
with acute severe pancreatitis and also to identify the 
species present. The number of  patients tested in the study 
is inadequate to make inferences regarding the connection 
between the presence of  bacteria, systemic inflammatory 
response syndrome and morbidity.  

Based on the obtained results it seems plausible to 
propose that the bacteria detected on d 1 and 3 in patient 
no. 5 were related to the infectious complications and 
sepsis. It is unlikely that the pneumonia was caused by 
E coli (sputum cultures were negative). The detection of  
bacterial DNA was probably indicative of  a higher degree 

Figure 2 PCR profile of E coli chromosomal DNA. Lanes 1-3: DNA amplified using 
primers BG1 and BG4 specific for E coli . Lanes 4-6: DNA amplified using primers 
BFR1 and BFR2 specific for Bacteroides  spp. Lane 7: 1 kb standard DNA ladder.

 1 000 bp
 750 bp
 500 bp
 250 bp

1    2     3   4      5     6              7

+ve controls

Figure 3 DGGE profiles of the amplified region of bacterial DNA coding for 16S 
rRNA using primers F3 and Rev 2. Positive controls: Lane 3. Staphylococcus 
aureus ; Lane 4. Pseudomonas aeruginosa ; Lane 5. Bacillus cereus ; Lane 6. E  
coli ; Lanes 1-2 and 7-13: bacterial DNA present in human blood samples.

    1          2        3      4     5       6          7                   8        9      10        11     12      13	

Figure 1 PCR profiles of total DNA recovered from human blood samples and of E  
coli  DNA (control) obtained using primers BD1 and BD2 specific for bacterial 16S 
rRNA region. Positive control: Chromosomal DNA from E coli . Lanes 1-11: total 
DNA extracted from human blood samples.

+ve
 control   1      2      3      4      5      6      7      8      9     10     11 	
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of  bacterial translocation, which led to other infections as 
well as the possible E coli sepsis. The positive PCR profile 
of  blood samples taken on admission from patient no. 4 
is also not surprising. This patient represented a case of  
relatively severe disease with a high CRP and probably also 
had bacterial translocation.  

The DGGE profile of  the samples from all the 
patients was exactly the same, i.e. positive exclusively for 
E coli. Interpretation of  these results in view of  the low 
numbers of  subjects has to be treated with great caution, 
and it is not until more samples are taken from a larger 
cohort of  patients that statistically valid interpretations can 
be offered.

To the best of  our knowledge, prior to our study, 
reports on PCR detection of  bacterial DNA in patients 
with acute pancreatitis are limited to two publications[11,12]; 
neither of  these investigations used DGGE as a method 
of  identifying bacteria.  

Zhang et al[12] performed a PCR on blood specimens 
on patients only with acute necrotizing pancreatitis. They 
reported a PCR detection of  bacterial DNA in 8 out of  
22 tested samples (33.35%), but the samples were taken 
exclusively during periods of  likely sepsis. The lower PCR 
positive rate of  23.6% in our study probably reflects the 
fact that blood specimens from patients were collected in a 
sequential fashion i.e. from the time of  admission onwards, 
and from patients with predicted severe pancreatitis, rather 
than diagnosed necrotizing disease. Similarly to our study 
all of  the positive blood samples tested were found to 
contain E coli.

Ammori et al[11] failed to find any bacterial DNA by 
performing PCR on blood samples from 26 patients with 
acute pancreatitis. Blood cultures that tested positive for 
bacterial infection revealed the presence of  E coli and 
Enterococcus in blood of  one patient, and coagulase negative 
Staphylococcus in the blood of  another. The reasons for the 
negative PCR results reported by Ammori et al. are not 
clear, but may include contamination by substances which 
inhibit the polymerase reaction.  

In acute pancreatitis it is perhaps what separates 
necrotizing from non-necrotizing disease and what 
differentiates infected necrosis from sterile necrosis 
which is of  most interest. The controversy surrounding 
when to operate on necrotizing pancreatitis illustrates 
this [32-34]; a debate which centers on whether i t is 
necessary to prove infection before operative therapy. 
The diagnosis of  infection is not straightforward, and the 
currently recommended method of  diagnosis, i.e. needle 
aspiration[34], carries its own risk due to the inherent 
interventional nature of  the procedure. It is possible that 
more sensitive non-invasive methods of  detecting infection 
such as PCR could improve diagnostic accuracy. 

The presence of  E coli DNA in blood specimens does 
not necessarily mean that the intestine is the source of  
infection. It is conceivable that these organisms arose 
from, for example, the biliary tract due to cholangitis. 
Moreover, the PCR detection method simply demonstrates 
the presence of  bacterial DNA, and does not specify 
genera and species. DNA extraction methods provide 

total DNA that could originate from dead or living 
microorganisms in the blood or microbes that have been 
engulfed, or subsequently released by the phagocytes. This 
approach cannot differentiate between controlled and 
invasive infections. 

The importance of  PCR techniques with respect 
to clinical application will depend on establishing a 
relationship between the presence or absence of  clinical 
infection and the presence of  bacterial DNA in the 
blood. The PCR detection of  bacterial DNA may provide 
information about the nature of  the inf lammatory 
response in acute pancreatitis when traditional methods fail 
to detect bacteria, even in the absence of  culture-positive 
complications. This type of  research may also reveal 
more about the nature of  susceptibility towards infective 
complications in pancreatitis. In addition, the sensitivity 
and accuracy of  PCR could help target antibiotic therapy 
in the future.

It is anticipated that in a cohort study including patients 
with sepsis or septic necrosis, and with the development 
of  more sophisticated quantitative PCR techniques, the 
proposed approach could offer considerable diagnostic 
potential.  
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