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Abstract
AIM: To investigate whether tissue samples processed 
by the rapid urease test (RUT) kit are suitable for dual-
priming oligonucleotide-based multiplex polymerase 
chain reaction (DPO-PCR) to detect Helicobacter pylori  
(H. pylori ).

METHODS: A total of 54 patients with specific gas-
trointestinal symptom were enrolled in this study. Dur-
ing endoscopy, gastric biopsy specimens were taken 
for histology, RUT, and DPO-PCR. DPO-PCR was per-
formed on gastric biopsy samples and tissue samples 
that were analyzed by RUT at 2 separate institutes. In 
detecting H. pylori , the concordance rate of the DPO-

PCR tests between the tissue samples that had been 
submitted to RUT and the gastric biopsy samples was 
investigated.

RESULTS: H. pylori  co-occurred with 76.0% (19/25) 
of gastric ulcers, 64.3% (9/14) of duodenal ulcers, 
and 33.3% (4/12) of gastritis cases. H. pylori  infection 
was found in 100% (3/3) of the patients with both 
gastric and duodenal ulcers. Overall, H. pylori  was 
detected in 35 of 54 (64.8%) patients. The diagnos-
tic sensitivities of histology, RUT, and DPO-PCR were 
85.7% (30/35), 74.3% (26/35), and 97.1% (34/35), 
respectively (P  = 0.02). The positive predictive value 
(PPV) of DPO-PCR was 94.4%, whereas the negative 
predictive value (NPV) was 94.7%. In the rapid urease 
test (CLOtest)-negative cases, the frequency of posi-
tive DPO-PCR and histologic results was 20.0% (7/35). 
The concordance rate of the DPO-PCR tests between 
the tissue samples from the RUT kit and the gastric 
biopsy samples was 94.4% (51/54). The rate of DPO-
PCR and silver stain positivity in the RUT-negative 
cases was 20.0% (7/35).

CONCLUSION: In diagnosing H. pylori  infection, 
DPO-PCR can be performed on tissue samples that 
have been processed by the RUT kit. Particularly, in 
patients with RUT-negative results, DPO-PCR on these 
tissue samples could be helpful in detecting of H. py-
lori  infection.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The rapid urease test (CLOtest) alone is unre-
liable in diagnosing Helicobacter pylori  (H. pylori ) infec-
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tion and does not provide information about resistance 
to clarithromycin. Therefore, we investigated whether 
tissue samples that have been analyzed by the CLOtest 
kit are suitable for dual-priming oligonucleotide-based 
multiplex PCR (DPO-PCR) to detect H. pylori . Our re-
sults demonstrated that the DPO-based multiplex PCR 
test using tissue samples processed by the CLO kit is 
appropriate for detecting H. pylori  and clarithromycin 
resistance. Particularly, in patients with CLO-negative 
results, this method is helpful for diagnosing H. pylori  
infection. Moreover, it would be beneficial in economi-
cal aspects.
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INTRODUCTION
In patients with Helicobacter pylori (H. pylori) - related 
diseases, a reliable diagnosis of  infection with this bacte-
rium is crucial, but no single test can be considered the 
gold standard. The rapid urease test (RUT) is the most 
commonly used biopsy-based method to diagnose H. 
pylori infection because it is simple, rapid and accurate. 
However, it requires a high density of  bacteria, and any-
thing that reduces the bacterial load may produce false-
negative tests[1]. Moreover, various medications may af-
fect the presence of  urease in the gastric mucosa. Within 
2 wk of  taking a proton pump inhibitor, bismuth or anti-
biotic, most of  the H. pylori organisms have disappeared, 
making the RUT negative. Moreover, H. pylori does not 
distribute evenly in the stomach[2]. Several factors includ-
ing gastric pH, inflammatory cells, atrophic gastritis, 
and intestinal metaplasia affect its distribution[3,4]. If  the 
biopsy sample is taken from an area of  intestinal meta-
plasia, the RUT will fail[2,3].

Molecular methods are widely used to diagnosis H. 
pylori infection, as are analyses of  its virulence and resis-
tance patterns[4-7]. Polymerase chain reaction (PCR) is the 
most sensitive and specific method for detecting of  H. 
pylori in gastric biopsy specimens. It has great sensitivity 
with a detection limit of  0.02 pg H. pylori DNA, which 
corresponds to only 10 organisms[8]. However, in clinical 
practice, PCR is complicated and it is not always simple 
to achieve the desired result. It is a time-consuming and 
labor-intensive method. Recently, a commercial dual-
priming oligonucleotide (DPO) primer has been devel-
oped to detect single-nucleotide polymorphisms (SNP) 
using a 1-step PCR assay[9]. Detection is accurate and 
rapid using the specific primers. Moreover, DPO-based 
multiplex PCR (DPO-PCR) can provide information 

about clarithromycin resistance because clarithromycin 
resistance is the main predictor of  failure of  eradication 
treatments; therefore, the detection of  clarithromycin 
resistance is important.

Previously, tissue samples taken for rapid urease test-
ing have also been analyzed by PCR, whitch can detect 
H. pylori DNA in gastric tissue samples obtained for the 
RUT kit[10]. When H. pylori infection is not detected in 
cases of  peptic ulcer bleeding or peptic ulcer disease 
with chronic atrophy, an additional biopsy specimen and 
endoscopic procedure should be performed. In addi-
tion, in case repeated eradication therapy fails and the 
patient is clinically suspected of  having an infection with 
a clarithromycin resistant strain, an additional biopsy 
specimen is necessary. Unfortunately, taking extra biopsy 
specimens is burdensome for clinicians and patients. In 
this study, we aimed to evaluate DPO-PCR in diagnos-
ing of  H. pylori infection, and to determine whether the 
tissue samples that already been submitted to the RUT 
kit are suitable for the DPO-PCR test compared with 
the result of  DPO-PCR performed on gastric biopsy 
samples, RUT, and histologic results.

MATERIALS AND METHODS
Study population
All patients with specific gastrointestinal symptoms were 
enrolled at a teaching hospital of  the Catholic University 
of  Medicine, St. Vincent’s Hospital, from November. 
2011 to May 2012. Patients who were referred to the en-
doscopy unit were recruited for this prospective study.

Patients were eligible to enter the study if  they were 
older than 18 year of  age and had gastric H. pylori in-
fection. None of  the patients had a history of  H. pylori 
eradication, had undergone previous gastric surgery or 
had taken antibiotics in the 2 mo preceding the study. 
Patients were also excluded if  they had significant renal, 
hepatic, cardiovascular, metabolic or hematological dis-
orders. Additionally, pregnant or lactating women were 
excluded from our investigation.

Sample size 
An estimated sample size of  50 subjects per group 
would give an 80% power to detect a difference of  15% 
in the H. pylori detection rate compared to other tests 
(assumed to have an detection rate of  85%), with a 
2-sided alpha = 0.05. Thus, with a 10% drop out rate we 
needed to recruit at least 55 patients for each group.
n = [Zα/2(p0

q
0)

2/1 + Zβ(p0
q

0)
2/1]2/[(ε-|δ|)2]

DPO-Based multiplex polymerase chain reaction PCR
Genomic DNA from gastric biopsy and tissue samples 
analyzed by RUT (CLOtest; Kimberly- Clark, Utah,  
United States) were extracted using the QIAamp DNA 
Mini Kit (Qiagen, Valencia, CA,  United States). DNAs 
was stored at -20 ℃ until it was required for analysis. 
A novel commercialized DPO-PCR (Seeplex® ClaR- 
H. pylori ACE Detection, Seoul, South Korea) was 
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performed according to the manufacturer’s recom-
mendations. This method uses 2 forward and 2 reverse 
DPO primers against the 23S rRNA gene. A 4-primer 
combination mixture (HP-F, HP-R, A2142G-F, and 
A2143G-R) that amplifies 3 fragments (i.e., a H. py-
lori common sequence, an A2142G mutant, and an 
A2143G mutant) is made for the multiplex PCR (Figure 
1). The A2142G and A2143G mutations of  the 23S 
rRNA gene in H. pylori are associated with resistance 
to clarithromycin[11,12]. DPO-PCR is a multiplex PCR 
that can be performed in any standard thermocycler. It 
is analyzed using a semi-automated system (i.e., Screen 
tape®), which allows ultra rapid migration and analy-
sis of  the PCR products in small polyacrylamide gels. 
8-Methoxysporalen was added during the mix prepara-
tion to intercalate between the double-stranded nucleic 
acids generated during amplification, thereby limiting 
carry-over contamination after UV irradiation and be-
fore the PCR product analysis. The kit also includes a 
primer pair for internal control.

Methods
During endoscopy, gastric biopsy specimens were taken 
from the greater curvature of  the mid -antrum and 
corpus for histology, CLOtest and DPO-PCR. The 
diagnosis of  H. pylori infection was made based on (1) 
histologic evidence of  H. pylori in any 2 specimens taken 
from the antrum or corpus by silver stain; or (2) positive 
CLOtest and serological test results. If  only the CLOtest 
was positive, serological test was performed additionally. 
All patients with peptic ulcer disease were prescribed 
proton pump inhibitor (PPI) therapy for 2-4 wk, and the 
remaining patients were treated according to their symp-
toms for 2 wk. If  the silver stain and CLOtest were H. 
pylori -negative, we obtained an additional biopsy speci-
men under endoscopy 4-8 wk after initial examination. 
Patients did not take PPIs for at least 2 wk before re-
endoscopy.

The specimens were fully immersed in the CLO 
reagent, and the test was interpreted at 1 and 9 h in 
the endoscopy room. If  the CLOtest was positive, the 

specimens were placed at -15 to -20 ℃. If  the CLOtest 
was negative, it was re-interpreted 24 h later in ambient 
air. DPO-PCR tests were performed on the gastric bi-
opsy samples (Seegene Institute of  Life Science, Seoul, 
South Korea) (Figure 1) and on tissue samples obtained 
from the CLOtest kit at 2 separate institutes (Research 
Institute of  St. Vincent Hospital, Suwon, South Korea) 
(Figure 2).

Ethics statement
The study was approved by the institutional review 
board of  the Catholic University of  South Korea 
(VC11EISI0200). Each patient provided written informed 
consent to participate.

RESULTS
Basal characteristics of the enrolled patients
Gastric tissue samples were taken from 57 patients, but 
3 patients were excluded because of  inadequate DNA 
samples. A total of  54 patients (43 males, 11 females, 
mean age 58.7 ± 14.2 years) were enrolled in this study. 
Of  these patients, 25 (46.3%) had gastric ulcers, while 
14 (25.9%) had duodenal ulcers. Three (5.6%) patients 
had both gastric and duodenal ulcers, and 12 (22.2%) 
patients had chronic gastritis. H. pylori was detected in 
76.0% (19/25) of  the gastric ulcer patients, 64.3% (9/14) 
of  the duodenal ulcer patients, and 33.3% (4/12) of  the 
gastritis. H. pylori was detected in 100% (3/3) of  the pa-
tients with both gastric and duodenal ulcers.

Diagnostic sensitivity
H. pylori was detected in 35 of  54 (64.8%) patients. The 
diagnostic sensitivities of  histology, CLOtest, and DPO-
PCR were 85.7% (30/35), 74.3% (26/35) and 97.1% 
(34/35), respectively (P = 0.02) (Table 1). The positive 
predictive value (PPV) is the proportion of  patients 
with positive test results who are correctly diagnosed. 
The negative predictive value (NPV) is the proportion 
of  patients with negative test results who are correctly 
diagnosed. The PPV of  DPO-PCR was 94.4%, whereas 
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M               1                 2                3                 4               NC              PC1             PC2

Internal control

H.pylori

A2143G

A2142G

Figure 1  Representative example of the dual-priming oligonucleotide-based multiplex polymerase chain reaction. Lane M: Amplicon size marker (Seegene 
Inc.,Korea); Lane 1: Negative; Lane 2: Mutant type of A2143G; Lane 3-4: Wild type; PC1: A2142G mutant positive control; PC2 : A2143G mutant positive control; NC: 
Negative control.
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Table 1  Diagnosis of Helicobacter pylori  in the enrolled pa-
tients of this study  n  (%)

its NPV was 94.7%. In CLOtest-negative cases, DPO-
PCR and histology were both positive in 20.0% of  the 
patients (7/35).

Concordance rate of DPO-PCR tests
DPO-PCR was positive in 68.5% (37/54) of  the gastric 
biopsy smaples, whereas the CLOtest kit was positive 
in 61.1% (33/54). The concordance rate of  DPO-PCR 
tests between gastric biopsy samples and tissue samples 
analyzed by the CLOtest kit was 94.4% (51/54). There 
were only 2 false-positives in the gastric biopsy samples. 
Despite repeated histologic examinations, negative 
results were observed. In 1 case, both of  DPO-PCR 
tests were all negative and there was positive histologic 
examination.

Resistance to clarithromycin and eradication therapy
Among the 35 patients with H. pylori infection, 7 patients 
(20.0%) had 23S rRNA point mutations associated with 
clarithromycin resistance. The mutation subtypes includ-
ed 6 patients with A2143G and 1 patient with A2142G.

A total of  28 patients with peptic ulcer disease were 
recommended to undergo eradication therapy of  H. pylori, 
and follow-up was incomplete in 4 patients. Twenty-four 
patients completed the standard 7-d eradication therapy. 
In the absence of  a 23S rRNA point mutation in H. pylori, 
the patients were treated with PPI-based triple therapy 
- twice daily with 1000 mg of  amoxicillin, 500 mg of  clar-
ithromycin and 30 mg of  lansoprazole. If  a mutation was 
present, the patients took metronidazole containing triple 
therapy, which consisted of  1000 mg of  amoxicillin and 
30 mg of  lansoprazole twice daily and 500 mg of  met-
ronidazole 3 times daily. Eradication was determined by 
the C13-urea breath test 6 wk after the eradication therapy. 
H. pylori eradication (intention to treat) was successful in 
23/28 (90.3%) patients and the per- protocol analyses is 
showed a rate of  95.8% (23/ 24).

DISCUSSION
Despite the highly sensitive and specific nature of  PCR, 
it can provide false-positive or false-negative results. To 
reduce the risk of  false-positive results in PCR, a ster-
ilization protocol to prevent the amplification of  con-
taminants and highly specific primers should be applied. 
Compared to conventional PCR, DPO-PCR increases 
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A marker

Internal control

H. pylori
A2143G

A2142G

M       A     1       2      3       4      5      6      7       8      9     10     B       C    NC     A

A     11    12     13    14     15    16    17     18    19    20     21    22    23    24     25    26    27    28     29    30    31     32    33    34

A     35     36    37     38    39     40    41    42     43    44    45    46     47    48    49     50    51    52     53    54     B      C     NC

Figure 2  Detection of Helicobacter pylori and the A2143G/A2142G of the 23S rRNA gene on the basis of the dual-priming oligonucleotide-based multiplex 
polymerase chain reaction product in enrolled patients. M: 100 bp Marker; A: ClaR Marker; B: A2142G Positive Marker; C: A2143G Positive Marker; NC: Negative 
Marker; 1-54 : Samples.

Method of detection Number of positivity Number of 

H.pylori  infection
Silver stain - 1st session 30 30 (85.7)
                       2nd session   2
CLOtest        1st session 26 26 (74.3)
                       2nd session   3
DPO-PCR of gastric biopsy 37 34 (97.1)
DPO-PCR using tissue sam-
ple of CLO kit

34
     

33 (94.3)

DPO-PCR: Dual-priming oligonucleotide-based multiplex polymerase 
chain reaction; H. pylori: Helicobacter pylori; CLOtest: The rapid urease test.
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the specificity and sensitivity of  detection by block-
ing non-specific binding sites; therefore, it eliminates 
imperfect primer annealing[13]. On the basis of  the C13-
urea breath test, H. pylori detection by DPO- PCR had 
a sensitivity of  87.5%, a specificity of  91.3%, a positive 
predictive value of  84.0%, a negative predictive value of  
93.3%, and an accuracy of  90.0%[14].

However, in clinical practice, false-negative results 
can be a more significant problem. When the detection 
of  H. pylori infection initially fails in patients with H. 
pylori-associated disease, additional biopsies and endo-
scopic procedures are required, which would be burden-
some for clinicians and patients. Particularly in patients 
with recent upper gastrointestinal bleeding, the diagnosis 
of  H. pylori infection can be discouraging, and its preva-
lence in bleeding peptic ulcers is usually underestimat-
ed[15]. Therefore, a diagnostic test at some point after the 
bleeding episode would be a good tool to diagnose of  H. 
pylori infection[16,17]. From this point of  view, our results 
are promising and the DPO-PCR test on the samples 
taken for RUT can reduce medical costs.

RUT is a convenient and inexpensive way to diag-
nosis H. pylori infection and is used worldwide clinically 
and for research. After interpretation, the biopsy speci-
men utilized for RUT is usually discarded. DPO- PCR 
is more expensive than RUT. It is highly dependent on 
the activity and equipment of  the laboratory in which 
the test is performed. However, PCR tests using gastric 
biopsy specimens from the RUT kit can reduce the need 
for re-endoscopic examination with biopsy. Particularly 
when the RUT is negative and there is a suspicion of  
H. pylori, our method will greatly lighten the burdens of  
both clinicians and patients. In addition, when clarithro-
mycin is the first-choice drug or in countries with high 
prevalence of  primary clarithromycin resistance, our test 
will alleviate the social and economic costs of  medical 
treatment.

Primary resistance to clarithromycin significantly 
affects the efficacy of  eradication therapy and is con-
sidered to be a strong predictive factor for treatment 
failure[18,19]. The eradication rate could be increased to 
an ideal level by conducting a test for clarithromycin 
resistance. The A2142G and A2143G mutations of  the 
23S rRNA gene in H. pylori are associated with clarithro-
mycin resistance[11,12]. Using the rapid and inexpensive 
DPO-based multiplex PCR test to detect clarithromycin 
resistance, clinicians can select the best regimen before 
eradication therapy. The DPO primer system differs 
from a conventional system by including a poly(I) linker 
between 2 unequal segments of  primer sequences, which 
increases the specificity sufficiently to discriminate sin-
gle-base changes by using 1-step PCR and allows accu-
rate multiplex PCR. Therefore, there is no need for ad-
ditional steps, expensive equipment, or specialized skills. 
In a previous clinical study, DPO-PCR was shown to be 
an alternative to culture and testing for clarithromycin 
resistance to H. pylori. The sensitivity of  DPO-PCR was 
97.7% and specificity was 83.1%, considering culture as 

the reference test[13]. Our results show that the frequency 
of  clarithromycin resistance was 20%, but this result 
was not conclusive because of  the small number of  
enrolled patients. A previous report from South Korea 
revealed that the antibiotic resistance rates for amoxicil-
lin, metronidazole, and clarithromycin were 0%, 40.6%, 
and 5.9%, respectively, prior to 2000[20]. However, these 
rates increased to 18.5%, 66.2%, and 13.8%, respectively, 
in 2003[21]. Between 2003 and 2009, the resistance rates 
to amoxicillin and metronidazole decreased to 4.5% 
and 29.7%, respectively, but the resistance rate for clar-
ithromycin increased drastically to 32.0%[22]. The recent 
Maastricht Ⅲ consensus report recommended that the 
clarithromycin not be used or that a susceptibility test 
be performed when the resistance to this antibiotic is ≥ 

20%[23]. Currently, DPO-based multiplex PCR can detect 
clarithromycin resistance before eradication therapy and 
help in the selection of  the appropriate regimen. Hope-
fully, this process can prevent exposure to unnecessary 
antibiotics and increase the eradication rate.

Gastric biopsy specimens stored in a gel of  the RUT 
kit can be used to confirm the diagnosis of  H. pylori in-
fection and to test clarithromycin susceptibility despite 
having been stored at room temperature for 30 d[24]. H. 
pylori DNA can be detected by PCR on gastric biopsy 
specimens processed by the RUT kit. The contents 
of  RUT are bacterial agar containing urea, phenol red 
(phenolsulfonphthalein), and sodium phosphate. These 
materials do not damage DNA. We combined the ratio-
nales for DPO-PCR and RUT and designed this study to 
determine the diagnostic accuracy of  a DPO-PCR test 
using tissue specimens previously processed by a RUT 
kit. DNA testing is becoming a popular method of  clini-
cal diagnosis. Furthermore, DNA profiling is being used 
more often and can provide individual medical informa-
tion. However, DNA testing can result in ethical or legal 
issues if  informed consent is not obtained. In clinical 
practice, an institutional device or method to prevent in-
advertent disclosure of  personal information should be 
established.

In conclusion, our results demonstrate that DPO-
based multiplex PCR using tissue samples analyzed by 
RUT is appropriate for detecting of  H. pylori and clar-
ithromycin resistance. Particularly in patients with RUT-
negative results, this test could be helpful for diagnosing 
H. pylori infection. Moreover, it would be beneficial in 
economical aspect. Further experience and large-scale 
studies are needed to compare the various diagnostic 
methods.

COMMENTS
Background
In diagnosing Helicobacter pylori (H. pylori) infection, the CLOtest alone is un-
reliable. PCR has the advantage of providing diagnostic results that are highly 
sensitive and specific. The authors aim to investigate whether tissue samples 
previously processed by the CLOtest kit are suitable for dual-priming oligonu-
cleotide-based multiplex polymerase chain reaction (DPO-PCR) to detect H. 
pylori.
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Research frontier
A reliable diagnosis of infection is crucial in patients with H. pylori-related 
diseases, but there is no single test that can be considered the gold standard. 
Recently, a commercial DPO primer has been developed to detect SNPs using 
a 1-step PCR assay. It achieves accurate and rapid detection using the specific 
primers. Moreover, DPO-PCR provides information about clarithromycin resis-
tance.
Innovations and breakthroughs
Authors’ results demonstrate that DPO-PCR using a tissue sample previously 
analyzed by the CLOtest kit is appropriate for detecting H. pylori and clarithro-
mycin resistance, particularly in patients with CLO-negative results.
Applications
In diagnosing H. pylori infection, the DPO-PCR test is accurate and economical. 
Further experience and large-scale studies are needed to compare the various 
diagnostic methods.
Terminology
DPO-PCR is a novel, commercial dual-priming oligonucleotide-based multiplex 
PCR method used to detect H. pylori.
Peer review
This manuscript investigates whether tissue samples from the CLOtest kit are 
suitable for DPO-PCR to detect H. pylori. Although it is possible that the small 
sample size could affect the results, the DPO-PCR test could be helpful in diag-
nosing H. pylori infection.
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