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Abstract

AIM: To investigate clarithromycin resistance posi-
tions 2142, 2143 and 2144 of the 23SrRNA gene in
Helicobacter pylori (H. pylori) by nested-allele specific
primer-polymerase chain reaction (nested-ASP-PCR).

METHODS: The gastric tissue and saliva samples from
99 patients with positive results of the rapid urease test
(RUT) were collected. The nested-ASP-PCR method
was carried out with the external primers and inner
allele-specific primers corresponding to the reference
strain and clinical strains. Thirty gastric tissue and
saliva samples were tested to determine the sensitivity
of nested-ASP-PCR and ASP-PCR methods. Then,
clarithromycin resistance was detected for 99 clinical
samples by using different methods, including nested-
ASP-PCR, bacterial culture and disk diffusion.

RESULTS: The nested-ASP-PCR method was success-
fully established to test the resistance mutation points
2142, 2143 and 2144 of the 23SrRNA gene of H. pylori.
Among 30 samples of gastric tissue and saliva, the 4.
pylori detection rate of nested-ASP-PCR was 90% and
83.33%, while the detection rate of ASP-PCR was just
63% and 56.67%. Especially in the saliva samples,
nested-ASP-PCR showed much higher sensitivity in A.
pylori detection and resistance mutation rates than
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ASP-PCR. In the 99 RUT-positive gastric tissue and
saliva samples, the H. pylori-positive detection rate by
nested-ASP-PCR was 87 (87.88%) and 67 (67.68%),
in which there were 30 wild-type and 57 mutated
strains in gastric tissue and 22 wild-type and 45
mutated strains in saliva. Genotype analysis showed
that three-points mixed mutations were quite common,
but different resistant strains were present in gastric
mucosa and saliva. Compared to the high sensitivity
shown by nested-ASP-PCR, the positive detection of
bacterial culture with gastric tissue samples was 50
cases, in which only 26 drug-resistant strains were
found through analyzing minimum inhibitory zone of
clarithromycin.

CONCLUSION: The nested-ASP-PCR assay showed
higher detection sensitivity than ASP-PCR and drug
sensitivity testing, which could be performed to
evaluate clarithromycin resistance of 4. pylori.

Key words: Helicobacter pylori; Nested-allele specific
primer-polymerase chain reaction; Rapid urease test;
Clarithromycin resistance; Drug sensitivity testing

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In recent years, antibiotic resistance in Helico-
bacter pylori (H. pylori) has become a global problem,
especially the resistances towards metronidazole,
clarithromycin and amoxicillin. To combat this growing
problem, it is important to determine antimicrobial
resistance of a patient’s infection before treatment.
Normally, the detection of clarithromycin resistance
is based mainly on phenotypic methods performed
after culturing. However, bacterial culture has many
inherent disadvantages. In the present study, the
nested-allele specific primer-polymerase chain reaction
was established to detect the different mutations at
positions 2142, 2143 and 2144 in the 23SrRNA gene
of H. pylori, which can be completed within several
hours. This method is expected to contribute towards
improving the efficacy of H. pylori eradication therapy.

Luo XF, Jiao JH, Zhang WY, Pu HM, Qu BJ, Yang BY, Hou M,
Ji MJ. Establishment of a nested-ASP-PCR method to determine
the clarithromycin resistance of Helicobacter pylori. World J
Gastroenterol 2016; 22(25): 5822-5830 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i25/5822.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i125.5822

INTRODUCTION

Helicobacter pylori (H. pylori) is a microaerobic, Gram-
negative, spiral bacterium that colonizes the human
stomach in a sustainable manner and is found in more
than half of the world’s population™. Eradication of H.
pylori infection is required for the treatment of upper
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gastrointestinal disorders, peptic ulcer diseases, gastric
mucosa-associated lymphoid tissue lymphoma and
gastric cancer. In most regimens, clarithromycin (CLA)
is the key ingredient of strategies to eradicate H. pylori.
Bacterial susceptibility to CLA is significantly related
to eradication rates of H. pylori by CLA-based therapy.
However, this therapy has gradually come under
questioning because of increased eradication failure
rates. Many factors contribute to the increased risk of
failure, such as ineffective penetration of antibiotics
into the gastric mucosa, antibiotic inactivation by low
stomach pH, and lack of patient compliance®™®!, Another
important cause of failure of H. pylori eradication
therapy is resistance to antibiotics. According to many
reportst®®, the incidence of resistance to CLA has
increased rapidly in different geographical regions,
such as from 29% in 2004 to 77% in 2007 in France!,
from 6% to 55% in Belgium during two decades of
observation (1990-2009)"%' and from 15% to 65% in
10 years (2000-2009) in Chinat**?,

Many studies have confirmed that bacterial
resistance of H. pylori to CLA is associated with structural
change of the 23SrRNA. This structural change is
caused by the single nucleotide polymorphism (SNP)
of 23SrRNAM™, A-to-G point mutations at three
positions of 2142, 2143 and 2144 within domain V
(A2142G, A2143G and A2144G) have been found to
be associated with CLA resistance’'*?". Generally,
the assessment of CLA resistance is mainly based on
phenotypic methods that are performed by sensitivity
testing after bacterial culturing, including the agar
diffusion for the E-test or the agar dilution method.
However, these methods are time-consuming and lack
sensitivity. Moreover, the E-test is unable to provide any
information regarding the genetic mutations involved
in the resistance mechanism. In the last decade, novel
culture-free polymerase chain reaction (PCR)-based
techniques have been established to detect these
mutations, and they include the techniques of PCR-
restriction fragment length polymorphism (RFLP), PCR-
DNA-enzyme immunoassay'*?, nested PCR***! and
so on. In this study, the nested-allele specific primer-
polymerase chain reaction (nested-ASP-PCR) and ASP-
PCR methods were implemented to determine SNPs
of 23SrRNA in H. pylori. Furthermore, the feasibility
of saliva as a noninvasive material for testing CLA
resistance of H. pylori was evaluated, as compared to
gastric tissue.

MATERIALS AND METHODS

H. pylori reference strain and clinical isolate strains

The standard strain NCTC11637 of H. pylori was kept
in our laboratory. H. pylori isolates were collected
from 99 patients at the Nanjing Qixia District Hospital
(Nanjing, Jiangsu Province, China) from March 1,
2014 to December 30, 2014. The age range of these
patients was from 18-years old to 65-years-old. All
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Table 1 Primer sequences for the Helicobacter pylori 23SYRNA
gene

Gene name Primer sequence, 5’-3’ Product length
(bp)

External-F GCGTTGAATTGAAGCCCGAGTAAAC 505

External-R CCGACTTTCGTCTCTGCTTGA

WT2142-F TCCTACCCGCGGCAAGACGGA 294

MUT2142-F TCCTACCCGCGGCAAGACGGG

WT2143-F CCTACCCGCGGCAAGACGGAA

MUT2143-F CCTACCCGCGGCAAGACGGAG

WT2144-F CCTACCCGCGGCAAGACGGAAA

MUT2144-F CCTACCCGCGGCAAGACGGAAG

Inner-R GCCATTACACTCAACTTGCGATTTC

The underlined primer is designed to match the single nucleotide
polymorphism site. WT: Wild-type; MUT: Mutation; F: Forward primer; R:
Reverse primer.

patients underwent gastroscopy examination and
tested positive for H. pylori by the rapid urease test
(RUT), in which the biopsy specimen was inoculated
into the rapid urease reagent and a positive result was
indicated when the color changed from yellow to pink
within 15 min. Then, we collected the gastric tissue
and saliva samples to detect 23SrRNA mutation points
of CLA. All patients provided a signed informed consent
form for study participation.

Design of the PCR primers

PCR primers were designed by the Primer 5.0 software,
according to 23S ribosomal gene sequence of H.
pylori (GenBank Accession No. U27270). Primers
External-F and External-R were used as the nested-
PCR outer primers to amplify the 23SrRNA gene
fragment (1962-2466 bp, 505 bp) of H. pylori. Allele-
specific primers (WT2142-F, MUT2142-F, WT2143-F,
MUT2143-F, WT2144-F, MUT2144-F and Inner-R) were
used as the nested-PCR inner primers to amplify the
resistance mutation gene (2122-2415 bp, 294 bp). The
primers are listed in Table 1.

Establishment of a nested-ASP-PCR method to
determine A2142G, A2143G and A2144G mutations of
23SrRNA of H. pylori

The extracted DNA from the standard strain NCTC11637
was used as the positive control, while DNA extracted
from H. pylori-negative samples determined by RUT
and PCR as the negative control. Genomic DNAs
extracted from gastric mucosa samples and saliva of
30 H. pylori-positive patients by RUT were used to
evaluate the detection sensitivity between ASP-PCR
and nested-ASP-PCR methods.

The ASP-PCR amplification reaction mixture (50
uL) contained 5 pL 10 x buffer, 1 uL dNTPs, 1 ulL allele-
specific primers (WT2142-F, MUT2142-F, WT2143-F,
MUT2143-F, WT2144-F, MUT2144-F respectively and
Inner-R), 1 uL rTaqg DNA polymerase, 1 uL genomic
DNA template and 40 puL double-distilled H20. The
PCR cycling conditions were 95 'C for 5 min, hot start,
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followed by 35 cycles of denaturation at 95 ‘C for 30
s, annealing at 55 °C for 30 s and extension at 72 C
for 30 s, with a final extension step at 72 °C for 5
min. Amplified fragments were visualized by 1.5%
agarose gel electrophoresis and staining with ethidium
bromide.

The nested-ASP-PCR technique is carried out as
a combination of nested-PCR and ASP-PCR, which
improves detection sensitivity and specificity by using
two rounds of the PCR procedure. The outer primers
(External-F and External-R) were utilized to amplify
the genomic DNA in the first round of PCR. Then,
1 uL outer PCR product was applied as a template
to amplify the resistance mutations fragment with
allele-specific primers in the second round of PCR.
The reaction conditions for the two rounds of PCR
were the same as outlined for the ASP-PCR. Finally,
the amplified 23SrRNA gene fragments obtained by
nested-ASP-PCR were sequenced in order to confirm
the corresponding position’s mutation.

Detection of CLA resistance of clinical samples by
nested-ASP-PCR, bacterial culturing and antimicrobial
sensitivity testing

The CLA resistance of 99 RUT-positive H. pylori gastric
mucosa and saliva samples was evaluated by various
methods. The resistance mutation points were detected
by nested-ASP-PCR. Gastric specimens were subjected
to bacterial culturing and antimicrobial sensitivity
testing. The biopsy samples were incubated at 37 'C
under microaerobic conditions (5% 02, 10% CO:
and 85% N:) for 3 d to 5 d. Then, colonies were sub-
cultured to determine the minimum inhibitory zone of
CLA by the disk diffusion method (TianHe Microbial Ltd,
Hangzhou, China). The minimum inhibitory zone used
to define resistance to CLA was < 13 mm.

RESULTS

A nested-ASP-PCR method was successfully
established to determine the gene mutation of CLA
resistance

The H. pylori reference strain was used to establish
the nested-ASP-PCR method. Then, PCR products
were amplified from patient samples of gastric mucosa
(Figure 1) and saliva (Supplementary Figure 1).
The wild-type bacteria strain was amplified into PCR
products with 2142A, 2143A and 2144A primers, while
the mutated primers were unable to produce any
amplification. As Figure 1A and B shows, the 505 bp
outer gene fragment of 23SrRNA and the 294 bp inner
PCR product were amplifiable by the outer primers
and inner primers of the wild-type strain respectively.
Furthermore, we found that the result of nested-PCR
after the two-round PCR exhibited a stronger band at
294 bp (Figure 1C) than the one-round PCR procedure
(Figure 1B). A similar finding was obtained in the
detection of saliva samples. Because the DNA content
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Figure 1 PCR products of wild-type Helicobacter pylori strain in gastric mucosa. A: PCR product amplified with the external primers (M: 1000 bp DNA marker, N:
Helicobacter pylori negative sample, 1: Wild-type strains); B: PCR products amplified with the different inner primers; C: The products amplified by nested-ASP-PCR
[M: 1000 bp DNA marker (1000, 750, 500, 400, 300, 200, 100), W2: 2142 wild-type primers (2142A), M2: 2142 mutation primers (2142G), W3: 2143 wild-type primers
(2143A), M3: 2143 mutation primers (2143G), W4: 2144 wild-type primers (2144A), M4: 2144 mutation primers (2144G)]. ASP-PCR: Allele-specific primer-polymerase

chain reaction.

was very low in saliva, the one-round PCR produced
no bands (Supplementary Figure 1B), whereas the
nested-PCR amplified the relative bands at 294 bp
(Supplementary Figure 1C). Thus, the nested-PCR
presented more detection sensitivity than the one-
round PCR, especially for the saliva samples.

Next, we used the allele-specific primers to perform
the second PCR in order to identify each gene mutation’s
position. As Figure 2 shows, in gastric mucosa, H. pylori-
negative samples yielded no PCR product (Figure 2A).
The A2142G, A2143G and A2144G mutated H. pylori
strains were identified according to the corresponding
PCR products using different mutated primers, while
other positions showed no mutation (Figure 2B and
C). Figure 2C shows the mixed bacteria strains of
wild-type and A2143G mutation. The saliva samples
(Supplementary Figure 2) showed similar results as
the gastric mucosa samples, but the bands amplified
from saliva were weaker than those from gastric
mucosa. The amplified PCR products were sent for
sequencing, and the results were consistent with those
previously reported in the NCBI GenBank database
(Accession No. U27270). The sequences of fragments
with 2142, 2143, 2144 position A-to-G mutation are
shown in the Supplementary Text 1.

The nested-ASP-PCR method showed higher detection
sensitivity than ASP-PCR

To ascertain that the nested-ASP-PCR method has
higher sensitivity compared to ASP-PCR, we imple-
mented a small-sample experiment. The gastric
mucosa and saliva samples from 30 RUT-positive
patients were detected to determine the resistance
mutation position by the nested-ASP-PCR and ASP-
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PCR methods. The H. pylori-positive detection includes
the amplification detection of wild-type and mutated
fragments of H. pylori strains. As shown in Table 2,
among the 30 gastric tissue samples, the H. pylori-
positive rate detected by nested-ASP-PCR was 90%,
but only 63% by ASP-PCR. In the 30 saliva samples,
the H. pylori-positive detection rates of nested-
ASP-PCR and ASP-PCR were 83.33% and 56.67%
respectively. Thus, the detection rate of nested-ASP-
PCR was obviously higher than that of ASP-PCR.
Furthermore, H. pylori-resistance mutation detection
of 23SrRNA in the 30 gastric tissue and saliva samples
by nested-ASP-PCR was 11 and 16 respectively, while
the number of total mutation was 11 and 10 detected
by ASP-PCR. These results suggested that nested-ASP-
PCR was more suitable for the detection of low levels
of H. pylori in saliva samples.

Nested-ASP-PCR results of 23SrRNA point mutations

Furthermore, 99 RUT-positive patients were analyzed
by nested ASP-PCR. Among these patients, 87 (87/99,
87.88%) cases were detected as H. pylori-positive
by testing gastric mucosa by nested-ASP-PCR, and
included 30 patients (30/87, 34.48%) with wild-type
strains and 57 patients (57/87, 65.52%) with 23SrRNA
point mutations associated with CLA resistance. Fifty
patients (50/87, 57.47%) were infected with strains
with A2142G mutations, 52 patients (52/87, 59.77%)
with A2143G mutations and 44 patients (44/87,
50.57%) with A2144G mutations. Among the 99 RUT-
positive saliva samples, 67 (67/99, 67.68%) were
detected as H. pylori-positive by nested-ASP-PCR,
and included 22 patients (22/67, 32.84%) with wild-
type strains and 45 patients (45/67, 67.16%) with
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A M E w2 M2 W3 M3 W4 M4

500 bp——>

300 bp—

B A2142G mutation strain A2143G mutation strain

M w2 M2 W3 M3 W4 M4 w2 M2 W3 M3 W4 M4

C A2144G mutation strain wt and A2143G mutation strain

M w2 M2 W3 M3 W4 M4 w2 M2 W3 M3 W4 M4

Figure 2 PCR products of Helicobacter pylori clinical strains in gastric mucosa with 2142, 2143 and 2144 positions mutation assayed by nested-ASP-PCR.
A: Helicobacter pylori-negative control; B: A2142G mutation and A2143G mutation strains; C: A2144G mutation; C: wild-type and A2143G mutation mixture strains
[M: 1000 bp DNA marker (1000, 750, 500, 400, 300, 200, 100), E: Outer PCR primers, W2: 2142 wild-type primers (2142A), M2: 2142 mutation primers (2142G), W3:
2143 wild-type primers (2143A), M3: 2143 mutation primers (2143G), W4: 2144 wild-type primers (2144A), M4: 2144 mutation primers (2144G)]. ASP-PCR: Allele-
specific primer-polymerase chain reaction.

Table 2 Results for the 23SrRNA point mutation in 30 gastric mucosa and saliva samples, as detected by ASP-PCR and nested-

ASP-PCR

H. pylori-positive detection rate WT Total mutation, A-to-G 2142 G 2143 G 2144 G
Gastric mucosa
ASP-PCR 19 8 11 10 10 10
Ratio 63% 42.11% 57.89 52.63% 52.63% 52.63%
(19/30) (8/30) (11/19) (10/19) (10/19) (10/19)
Nested-ASP-PCR 27 16 11 11 10 11
Ratio 90% 59.26% 40.74% 40.74% 37.04% 40.74%
(27/30) (16/30) (11/19) (11/19) (10/19) (10/19)
Saliva
ASP-PCR 17 7 10 10 4 0
Ratio 56.67% 41.18% 58.82% 58.82% 23.53% 0
(17/30) (7/30) (10/17) (10/17) (4/17)
Nested-ASP-PCR 25 9 16 16 13 9
Ratio 83.33% 36% 64% 64% 52% 36%
(25/30) (9/30) (16/25) (16/25) (13/25) (9/25)

ASP-PCR: Allele-specific primer-polymerase chain reaction.

23SrRNA point mutations. The numbers of patients mutation sub-types in these patients (Figure 3). The
with A2142G, A2143G and A2144G mutations were 35 results showed that the mixed mutations rate with
(35/67, 52.24%), 39 (39/67, 58.21%) and 23 (23/67, 2142, 2143 and 2144 positions was relatively high,
34.34%) respectively (Table 3). We observed all the while patients with a single mutation were rare, which
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Table 3 Results for the 23SrRNA point mutation in gastric mucosa and saliva samples of 99 RUT-positive clinical cases detected by

nested-ASP-PCR

RUT-positive  H. pylori-positive detection WT Total mutation, A-to-G 2142 G 2143 G 2144 G
rate

Gastric mucosa 99 87 30 57 50 52 44
ratio 87.88% 34.48% 65.52% 57.47% 59.77% 50.57%
(87/99) (30/87) (57/87) (50/87) (52/87) (44/87)

Saliva 99 67 22 45 35 39 23
ratio 67.68% 32.84% 67.16% 52.24% 58.21% 34.34%
(67/99) (22/67) (45/67) (35/67) (39/67) (22/67)

H. pylori: Helicobacter pylori; ASP-PCR: Allele-specific primer-polymerase chain reaction.

Mutation subtypes

2142G, 2143G and 2144G

2143G and 2144G

2142G and 2144G

2142G and 2143G

Single 2144G

Single 2143G

Single 2142G

Total 2144G

B Gastric mucosa
0 Saliva

Total 2143G

Total 2142G

0 20 40 60
Casas

Figure 3 Mutation subtypes of each site in gastric mucosa and saliva. (1) “2142G, 2143G and 2144G” indicates the three-sites mutation sub-type; (2) “2142G
and 2143G, 2142G and 2144G, 2143G and 2144G” indicate the two-sites mutation subtypes; (3) “Single 2142G, single 2143G and single 2144G” indicate the single-
site mutation subtypes; (4) “Total 2142G, total 2143G and total 2144G” indicate the sum of corresponding site mutations in the single-site, two-sites and three-sites

mutations.

suggested that the mixture strains existed commonly
in gastric mucosa and saliva. We further analyzed the
mutation genotypes in the gastric mucosa and saliva
samples from each individual (Supplementary Table
1) and found that the rate of simultaneous mutation
in gastric mucosa and saliva was 33. The mutation
consistency rate was just 33.33% (11/33). In short,
gastric mucosa and saliva samples exhibited different
mutation genotypes.

Comparative analysis of H. pylori detection and CLA
resistance by various methods
In the 99 RUT-positive patients, the H. pylori detection

JRaishideng®
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rate in gastric mucosa by the nested-ASP-PCR was
87.88% (87/99), for which the resistance site mutation
rate was 65.52% (57/87). This finding suggested that
RUT can give some false-positive results.

Next, H. pylori isolates were cultured from the
gastric biopsy samples of 87 patients who had been
identified as having H. pylori infection by nested-
ASP-PCR, and only 50 H. pylori-positive strains were
obtained by primary culture. The bacterial culture
positive rate was 57.47% (50/87). Furthermore, we
implemented the drug sensitivity test (DST) by disk
diffusion method. Among these 50 cases, 26 (26/50,
52%) showing resistant strains of H. pylori, with the
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Table 4 Results for Helicobacter pylori detection and clarithromycin resistance in gastric mucosa by different testing methods

RUT-positive Nested-ASP-PCR detection

Nested-ASP-PCR mutation

Bacterial culture H. pylori-positive Drug-resistant strains

Cases 99 87 57
Ratio 87.88% (87/99)

65.52% (57/87)

50 26
57.47% (50/87) 52% (26/50)

H. pylori: Helicobacter pylori; ASP-PCR: Allele-specific primer-polymerase chain reaction.

remaining 24 (24/50, 48%) showing wild-type strains
(Table 4).

DISCUSSION

In recent years, antibiotic resistance in H. pylori
infection has become a global problem, especially
for resistance to amoxicillin, CLA and metronidazole.
Some elements, including age, sex, in-house infection,
colonization density, gastric pH and pre-exposure
to antibiotics, are thought to be responsible for
resistance development, which subsequently leads to
failure of H. pylori eradication. It has been reported
that CLA resistance doubled within a 5-year period,
probably because of the wide usage of this antibiotic
as treatment for community-based pneumonia®”. To
combat the growing problem of antibiotic resistance, it
is important to choose the most appropriate first-line
treatment regimen. This choice should be made on
the basis of knowledge of the status of antimicrobial
resistance before treatment™®,

A variety of diagnostic methods have been deve-
loped for antibiotic resistance to H. pylori, including
invasive tests (gastric biopsy for histology and culture)
and noninvasive tests (urea breath and stool antigen
tests). Normally, the detection of CLA resistance
is based mainly on phenotypic methods that are
performed after culturing, such as agar diffusion
for the E-test or the agar dilution method. Bacterial
culturing is a widely available method that allows
for antimicrobial susceptibility testing, and it can
require tissues obtained through endoscopy. However,
bacterial culture has many inherent disadvantages,
such as special transportation and culture conditions,
special media and environments, restrictive timelines
and lengthy incubation time. These factors directly
influence the detection of H. pylori. Detection of point
mutations conferring resistance to CLA by molecular
methods may constitute a more reliable approach.
Some PCR-based techniques have been developed to
detect these mutations, such as PCR-RFLP, PCR-DNA-
enzyme immunoassay, real-time PCR and reverse
hybridization line probe assay'®. In the present study,
the nested-ASP-PCR was established to detect the
different mutations at positions 2142, 2143 and 2144
in the 23SrRNA gene of H. pylori. This method can
determine whether H. pylori strains are sensitive or
resistant to CLA within several hours, while traditional
culture testing for bacterial susceptibility to antibiotics
is expensive and requires 7-10 d*”. Thus, nested-ASP-
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PCR molecular testing is a relatively rapid, sensitive
and reliable technique to detect CLA resistance",
which might help make an individualized treatment
strategy feasible in daily clinical practice and contribute
to H. pylori eradication therapy®”. In our study, among
30 gastric tissue samples, the H. pylori-positive rates
detected by nested-ASP-PCR and ASP-PCR were 90%
and 63% respectively. Simultaneously, the H. pylori-
positive detection rates for saliva samples by the two
methods were 83.33% and 56.67%. Not only in H.
pylori detection but also in resistance site mutation
detection, the nested-ASP-PCR method exhibited much
higher sensitivity than ASP-PCR, especially in saliva
samples with low levels of H. pylori.

PCR detection of H. pylori has been reported using
a variety of clinical samples, including gastric biopsy,
gastric juice, saliva, dental plaque and stools. It has
been reported that the oral cavity may be a reservoir
for H. pylori, responsible for oral-to-oral transmission
of this bacterium. Other studies have also shown that
H. pylori infection in the oral cavity is closely related
to that in the stomach and that the mouth is the first
extra-gastric reservoir® !, More recently, DNA present
in saliva has been employed in PCR-based assays
designed to detect mutations associated with fragile
X syndrome®***), DNA fingerprinting studies have
suggested that the same H. pylori strain can colonize
both the oral cavity and the stomach®®.

We sought to determine if genomic DNA recovered
from whole saliva constitutes a reliable alternative for
DNA isolated from gastric mucosa and can reflect the
resistance site polymorphisms®” of H. pylori. In our
study, the CLA resistance rate in gastric mucosa and
saliva was 65.52% and 67.16% respectively. On the
one hand, the resistance to CLA in gastric mucosa
and saliva is quite common now. Some studies in
the literature have reported 72.44% CLA resistance
in Italy”’, 65%-75% in Taiwan'®, and even as high
as 84.9% in the children in Beijing, China™. On the
other hand, we found that gastric mucosa and saliva
samples can exhibit different mutation genotypes.
Our results are similar to Wang and Song’s studies™®,
which showed that DNA sequences of PCR products
from saliva differed from those obtained from the
gastric biopsy of the same individual, suggesting that
different strains are present in the mouth and the
stomach. However, more investigations with a larger
number of patients are required to confirm this.

In conclusion, in the present study we established
the nested-ASP-PCR method to increase the detection
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sensitivity of resistance site mutations of the H.
pylori 23SrRNA gene®**°!, This study provides an
inexpensive, reliable method for the evaluation of CLA
resistance, which will likely contribute to improving the
efficacy of H. pylori eradication therapy.
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Background

In recent years, antibiotic resistance in Helicobacter pylori infection has become
a global problem, especially of resistance to amoxicillin, clarithromycin (CLA)
and metronidazole. According to many reports, CLA resistance increased from
29% in 2004 to 77% in 2007 in France and from 15% to 65% over a 10-year
period (2000-2009) in China. Generally, the assessment of CLA resistance
is based mainly on phenotypic methods performed by sensitivity testing after
bacterial culturing, such as agar diffusion for the E-test or the agar dilution
method. Furthermore, CLA resistance of H. pylori has been directly linked to the
single nucleotide polymorphisms at positions 2142, 2143 and 2144 of 23SrRNA
gene. Thus, in the last decade, novel culture-free polymerase chain reaction
(PCR)-based techniques have been established to detect these mutations, and
these include the PCR-restriction fragment length polymorphism, PCR-DNA-
enzyme immunoassay and so on.

Research frontiers

A variety of diagnostic methods have been developed for antibiotic resistance
to H. pylori, including invasive tests (gastric biopsy for histology and culture)
and noninvasive tests (urea breath and stool antigen tests). Bacterial culture is
a widely available method that allows for antimicrobial susceptibility testing, but
it is expensive and requires 7-10 d for results. In the present study, the nested-
ASP-PCR technique was established to detect the CLA resistance mutations at
positions 2142, 2143 and 2144 in the 23SrRNA gene of H. pylori. This method
can determine whether H. pylori strains are sensitive or resistant to CLA within
several hours.

Innovations and breakthroughs

Traditional culture testing for bacterial susceptibility to antibiotics has many
inherent disadvantages, such as special transportation and culture conditions,
special media and environments, restrictive timelines and lengthy incubation
time. These factors directly influence the detection of H. pylori. Detection
of point mutations conferring resistance to CLA by molecular methods may
constitute a more reliable approach. It has been reported that the oral cavity
may be a reservoir for H. pylori, responsible for oral-to-oral transmission of
this bacterium. Other studies have also showed that H. pylori infection in the
oral cavity is closely related to that in the stomach and that the mouth is the
first extra-gastric reservoir. In the present study, the feasibility of saliva as
a noninvasive material for use in detecting CLA resistance of H. pylori was
evaluated compared to gastric tissue. The nested-ASP-PCR molecular test is a
relatively rapid, sensitive and reliable method to detect CLA resistance.

Applications

The data in this study suggested that the nested-ASP-PCR method can
increase the detection sensitivity of resistance site mutations of the 23SrRNA
gene in H. pylori. The outcomes from this study are expected to contribute
to improving the efficacy of H. pylori eradication therapy and to guide clinical
treatment. Furthermore, this study also provided readers with some important
information regarding CLA resistance of H. pylori in the populations of China.

Terminology
Nested-ASP-PCR is nested-PCR combined with allele-specific primer-PCR.
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Peer-review

Available papers concerning CLA resistance of H. pylori in mainland China are
common. However, articles describing the detection of CLA resistant strains
using gastric and saliva samples simultaneously are rare. The authors in
this study analyzed the CLA resistance rates for each site and the mutations
consistency between the saliva and gastric samples. This study showed that
gastric mucosa and saliva samples can exhibit different mutation genotypes.
The results are interesting and provide important information concerning the

background and trends of H. pylori treatments for people in China.
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