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Abstract

Background Helicobacter pylori (H. pylori), infects gastric mucosa causing gastritis. Treat-
ment failure is mainly due to certain genetic changes in the peptidyltransferase loop of 23S
rRNA of the microorganism. The aim of the study was to evaluate genetic changes in gastric
biopsies of H. pylori (+) patients that lead to clarithromycin resistance and to correlate them
with histology data.

Methods A total of 150 H. pylori (+) gastric biopsies were studied, taken before and after
eradication therapy from 75 dyspeptic patients divided in 2 groups: group A consisted of 25 H.
pylori (+) triple-therapy resistant patients and group B consisted of 50 H. pylori (+) successfully
treated patients. Histological classification of the H. pylori (+) gastritis was done according to
the Sydney criteria. Genetic material was analyzed with the ClariRes™ RT-PCR bi-probe based
assay for the determination of point mutations in the 23S rRNA gene and with a Quantitative-
RT-PCR (Q-RT-PCR) method for the quantitation of H. pylori.

Results We showed that in 18/ 25 group A patients certain point mutations of 23S rRNA at
sites A2142C, A2142G and A2143G had occurred. Nine of these 18 mutated cases (50%) were
characterized as mixed infections. Mixed infections in 2/50 patients of group B were also
observed. Using Q-RT-PCR, we found that gastric mucosal density of H. pylori correlates well
with bacterial colonization. There was a statistically significant association (P<0.005) between
the presence of the detected H. pylori genetic alterations and inflammation, activity and H.
pylori density as histologically determined.

Conclusion Certain point mutations in H. pylori genome that affect susceptibility to clarithro-
mycin correlate with histological features of gastritis.

Keywords Clarithromycin resistance, ClariRes assay, real-time PCR, quantitative real-time
PCR, histology, Sydney classification, Helicobacter pylori infection
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Introduction

Helicobacter pylori (H. pylori) is a gram negative bacterium,
associated with gastritis and duodenal ulceration as well as
mucosa-associated lymphoid tissue (MALT) lymphoma and
gastric cancer [1-3]. Among the treatments used for H. pylori
infection, the highest eradication rates were achieved with the
use of a proton pump inhibitor (PPi) or ranitidine bismuth
citrate in combination with two antibiotics, mainly amoxicillin
with either clarithromycin or metronidazole. However, there is
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still a failure rate of 21 to 25% with these combined therapies [4-
7]. Primary clarithromycin resistance is increasing worldwide,
and it has been regarded as the main factor reducing the efficacy
of H. pylori therapy [8-11]. The major cause of macrolide
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resistance in H. pylori is the lack of drug binding to the 23S
rRNA components of the bacterial ribosomes, mainly due to
an adenine-to-guanine transition at positions 2142 and 2143
and to adenine-to-cytosine transversion at position 2142, all
of which are included in the peptidyltransferase loop of the
23S rRNA [12-15].

In this retrospective analysis in archival material, we
applied in formalin-fixed paraffin-embedded (ffpe) biopsies a
relative new and sensitive in vitro diagnostic (IVD) Real-Time
(RT) PCR-based method that permits direct identification of
different mutations in the 23SrRNA. At the same time and in
the given material, we tried to evaluate the H. pylori density
by employing a Q-RT-PCR technique and correlating it with
histological parameters such as those expressed by the Sydney
classification.

Material and methods

Patients

Seventy-five H. pylori positive dyspeptic patients were
treated with a standard triple therapy based on a PPi plus two
antibiotics for 7 days [16]. Patients were divided in 2 groups:
Group A consisted of 25 non-responding to triple therapy
patients (13 men; mean age 65+ 12.5 years) and Group B
consisted of 50 patients successfully treated (26 men; mean age
61+14.5 years). None of the patients had previously received
any kind of antibiotic treatment for H. pylori.

Diagnostic assays and classification of H. pylori gastritis

One hundred and fifty blocks (one before and one after
therapy) from groups A+B of ffpe gastric mucosa biopsies,
obtained from the antrum and from the middle portion of the
great curvature of the corpus, were investigated. Tissue sections
(2 um in thickness) were cut and stained with Hematoxylin
& Eosin (H&E) for histological evaluation, May-Grunwald-
Giemsa for H. pylori identification and High Iron Diamine
(HID) for intestinal metaplasia determination [17]. Semi-
quantitative method of scoring was undertaken according
to the Updated Sydney Classification System [18-20]. The
histological variables (inflammation, activity, atrophy, intestinal
metaplasia and colonization of H. pylori) were graded on a
scale of 3 (mild=1+, moderate=2+, severe=3+).

RT-PCR and genetic analysis

The novel, commercially available ClariRes™ assay
(Ingenetix, Vienna, Austria), was used for the detection of
mutations in the peptidyltransferase region of the H. pylori
23S rRNA [21,22]. ClariRes™ is an IVD assay that contains
in the kit all positive and negative controls needed. Originally
used for stool analysis, we slightly modified the extraction
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method to better suit the needs of a Pathology Department.
Briefly, DNA was extracted from biopsies using the Nucleospin
TissueXS kit (Macherey-Nagel, Duren, Germany) and checked
with NanoDrop 2000UV-Vis Spectrophotometer (Thermo
Scientific, Wilmington, Del, USA). The 20-uL PCR mixture
contained 2 pL of LightCycler™ Fast Start DNA Master SYBR
green I (Roche Molecular Biochemicals, Mannheim, Germany),
2.4 uL of 4 mM MgCl2, 12.1 pL of deionized water, 0.5 uL H.
pylori ClariRes assay solution (Ingenetix, Vienna, Austria),
1 uL of freshly diluted internal control (Ingenetix) and 2 puL
of the DNA extract. Extra positive controls were also used,
consisting of microorganisms with known concentration/
volume of culture medium. Detailed description of the original
RT-PCR method introduced by Schabereiter-Gutner et al,
has been published elsewhere [23]. The data and the melting
point curves were analyzed with Roche LightCycler software
(version 3.5.3).

Q-RT-PCR and H. pylori density

The primers used for Q-RT-PCR were designated as
HP23S1 (5-GGA GCT GTC TCA ACC AGA GAT TC-3)
(nucleotide positions 2071 to 2093) and HP23S2 (5’-CGC ATG
ATA TTC CC[AG] TTA GCA G-3’) (nucleotide positions
2181 to 2201), and the result was a 132-bp product. The
two hybridization probes used were designated as HP23S3
and HP2384 respectively. HP23S3 (5-GGA GCT GTC TCA
ACC AGA GA[Red640]T TC-3’) had the same sequence
as primer HP23S1 and was internally labeled with Red640.
HP23S4 (5'-GGA ATT TTC ACC TCC ACT ACA ATT
TCA CTG[Fluo]-3") (nucleotide positions 2201 to 2230)
was 3’ labeled with fluorescein and located just downstream
of HP23S3 on the other strand. H. pylori DNA was extracted
as previously mentioned [23,24]. After DNA extraction,
one 10-fold serial dilution of H. pylori DNA was made, with
bacterial concentrations ranging from 3X10' to 3x10°® bacteria
per 5 puL. A series of 10-fold dilutions of H. pylori DNA was
included in each amplification run. DNA from 0.25 mL
of gastric biopsy homogenates was extracted by using the
High Pure PCR template preparation kit (Roche Molecular
Biochemicals, Mannheim, Germany). PCR was performed in
a final volume of 25 puL with the DNA master hybridization
probes kit (Roche Molecular Biochemicals, Mannheim,
Germany), 5 and 10 pmol of oligonucleotide primers HP23S1
and HP238S2, respectively, 5 pmol of hybridization probes
HP23S3 and HP23S4, and 5 pL of extracted DNA sample.
Carryover was prevented by using heat-labile uracil-DNA
glycosylase (Roche Molecular Biochemicals, Mannheim,
Germany). Amplification was performed for 50 cycles of
denaturation (95°C, 10 sec), annealing (55°C, 10 sec), and
extension (72°C, 15 sec).

A single fluorescence reading for each sample was taken
at the annealing step. Quantitative results were expressed by
determination of the threshold of detection, or the crossing
point, which marked the cycle when the fluorescence of a
given sample significantly exceeded the baseline signal. The

Annals of Gastroenterology 26



228 S. Gazi et al

Table 1 Updated Sydney classification of H. pylori gastritis cases (groups A and B)

Mild (1+) Moderate (2+) Severe (3+)

A B A B A B
N % N % N % N % N % N %
Inflammation 21 42 59 59 24 48 29 29 5 10 2 4
Activity 30 60 58 58 16 32 21 21 4 8 2 4
Atrophy 27 54 70 70 23 46 25 25 0 0,0 1 2
Intestinal metaplasia 16 32 23 23 4 8 13 13 2 4 6 6
H. pylori density 31 62 28 28 13 26 17 17 6 12 5 5

bacterial count for a given bacterial sample was calculated by
interpolation from standard curve. To compare the densities
obtained by PCR to those of histology and culture, the
values obtained by Q-RT-PCR were converted into decimal
logarithmic values [24].

Statistical analysis

For comparison of the different Sydney criteria histological
parameters with genomic alterations and density, a non-
parametric Kruskal-Wallis test was done using statistical
program SPSS 17. For the evaluation of the correlation between
the density of H. pylori genomes and H. pylori’s distribution in
biopsies, Spearman’s rank correlation coefficient was calculated.
A P value of <0.05 was considered statistically significant.

Results

Histology

The histological data of this study (concerning groups A
and B) are summarized in Table 1.

Direct detection of mutations conferring clarithromycin
resistance

The ClariRes™ RT-PCR bi-probe IVD assay to detect
point mutations in the 23S rRNA gene was applied to ffpe
material to determine clarithromycin susceptibilities on DNA
from 150 gastric biopsy samples taken before and after H.
pylori eradication therapy. In 2 paraffin blocks of group A,
no amplification product was obtained mainly because of
inadequate or fragmented DNA. 23S rRNA PCR and further
analysis with DNA extracts of H. pylori control strains produced
melting curves with melting temperatures of 61-63°C for
the wild type, 58°C for the A2142C mutant and 52-54°C for
the A2142G and A2143G mutants. Of the 25 H. pylori(+),
clarithromycin-resistant patients comprising group A, 18 were
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mutated (76%). In 9 of these 18 cases (50%), RT-PCR results
suggest the presence of both wild-type and mutant (mixed)
genotypes. All these cases were resistant to clarithromycin. Two
of 50 group B cases also exhibited a mixed genotype, although
all group B patients responded to eradication therapy. Further
analysis of DNA from 18 mutated patients (17 from group A
and 1 from group B) generated melting peaks indicative of a
clarithromycin-resistant phenotype with an A>G mutation
in positions 2142 or 2143. The remaining 2 mutated biopsy
samples (1 from group A and 1 from group B), produced a
melting peak indicative of clarithromycin resistance due to
an A->C mutation in position 2142 (Table 2). Fig. 1 shows
the double melting peaks obtained from DNA extract of a
patient with mixed (wild type and mutated) H. pylori genotype
and Fig. 2 shows several melting peaks obtained from DNA
extract of three patients infected with clarithromycin-resistant
microbes with mutant genotypes.

Comparison of genetic alterations and histology data

A statistically significant association between almost all
Sydney classification parameters and genetic alterations in
23S rRNA of H. pylori were noticed, besides atrophy and
intestinal metaplasia (results are summarized in Table 3).
More specifically, 17 mutated cases correlated with mild, 14

Table 2 Mutations in the 23S rRNA gene of H. pylori in 150 bioptic
materials from 75 H. pylori-infected patients. Values in parentheses
are number of biopsies in which both wild type and mutant 23S RNA
genes were simultaneously detected (mixed infections)

Gene sequence Number of biopsies

Group A* Group B
Wild type 14 98
Mutation A2142G-2143G 33 (14) 1(1)
Mutation A2142C 1 (1) 1(1)

*In 2 paraffin blocks of group A, no amplification product was obtained,
because of inadequate or fragmented DNA
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Figure 1 Melting peaks obtained from formalin-fixed paraffin-em-
bedded DNA extracts of an Helicobacter pylori-infected patient with
mixed infection. Sensitive genotypes showed a melting temperature
of 61° C and resistant genotypes with an A-to-G transition showed
a melting point of 52.5° C
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Figure 2 Melting peaks obtained from formalin-fixed paraffin-
embedded DNA extracts of three patients infected with a clarithro-
mycin resistant (mutant) Helicobacter pylori genotype. Mutations
at sites A2142G and A2143G are displayed. Melting point at 52.5°C

with moderate and 5 with marked inflammation. Twenty one
mutated cases correlated with mild, 11 with moderate and 4 with
marked activity. H. pylori density correlated well with mutated
genotype, especially when mild and moderate colonization
occurred (22 and 12 cases respectively). Interestingly, only
2 markedly colonized cases expressed mixed genotype, in
contrast to mild and moderate colonized cases which expressed
9 mixed genotypes in both groups of patients.
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Quantitation of the mucosal bacterial density

Mucosal bacterial density quantitation was performed by
histology and we found that in our material it was greater in
the antrum than in the corpus. Bacterial density by Q-RT-PCR
was evaluated for 173 of the 175 PCR-positive samples and
ranged from 30 to 67,000 bacteria in the DNA sample. There
was significant correlation between the grade of bacterial
density estimated by Q-RT-PCR and histology, especially
between grades 1 and 3 (P<0.001). The mean density of
H. pylori genomes was higher in grade 1 (P<0.04), grade 2
(P<0.001) and grade 3 (P<0.001) with no significant differences
between adjacent grades from 1 to 3. Fig. 3 shows the density
of H. pylori genomes in tissue samples plotted against the
histological grade as defined by the Sydney system. As shown
in this figure, H. pylori genome even in small quantities was
detected in 30% 30% of samples where no microorganism
was histologically detected.

Discussion

In this study we attempted to correlate H. pylori genetic
alterations that resulted in clarithromycin resistance, with
histological changes as classified by the Sydney criteria in
archival material from gastric biopsies. The Sydney system-
based grading scale applied in our study provided an objective
histological evaluation of H. pylori gastritis and was of great
value in estimating treatment efficacy. Furthermore, by using a
Q-RT-PCR assay in the same biopsy specimens, it was possible
to quantitate as few as 30 bacteria (approximately 60 copies
of the H. pylori gene) directly from gastric biopsy specimens.

H. pylori is eradicated by a triple or quadruple therapy
regimen, containing a PPi and antibiotics, mainly clarithromycin
and amoxicillin [8-11]. Unfortunately, primary clarithromycin
resistance is increasing worldwide, and it has been regarded
as a main factor for H. pylori eradication therapy failure [25-
27]. Clarithromycin acts by binding to the peptidyltransferase
region of 23S rRNA and inhibits protein synthesis [28].

In our study, the most frequent point mutation encountered
(90%) was an A->G transition (2142G-2143G). This mutation
predominates in H. pylori strains in Europe (more than 85%)
[29]. Reasons to explain that 7/25 cases of group A showed
no genetic alterations were that other mutations (such as

Table 3 Kruskal-Wallis non-parametric test results from comparison of genetic with histological data

Inflammation Activity Atrophy M H. pylori density ~ Number of H. pylori
Chi-Square 6.877 8.822 1.563 3.518 14.596 18.072
df 2 2 2 2 2
Asymptomatic significance 0.032 0.012 0.458 0.172 0.001 0.005

Grouping Variable: Genetic alterations

H. pylori, Helicobacter pylori; IM, intestinal metaplasia; df, degrees of freedom
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Figure 3 Graphic plot showing density of Helicobacter pylori (H. pylori)
genomes by quantitative RT-PCR in tissue samples and histological
grade by the Sydney system

A2115G, G2141A, T2147G etc.) might also be associated
with clarithromycin resistance, or different mechanisms
not related to the 23S rRNA gene sequence (such as the
presence of an efflux pump), may also play an important
role in this resistance [30]. Another question that emerged
from our experiments was: does the same strain persist after
treatment and, if a new strain appears, is this a phenomenon
linked to clarithromycin resistance? Genotyping experiments
performed suggest that when the strain is susceptible to
previous treatment, eradication failures are associated either
with persistence of the strain or with the emergence of a new
strain [31,32].

The ClariRes™ RT-PCR method in combination with
melting curve analysis described in this study, has proven to
be very sensitive in the detection of mixed populations, since
it was able to detect the presence of a mutant among wild-
type strains at a level of less than 10% (data not shown). In
fact, 11 of the 20 genetic altered cases in our study revealed
a mixed genotype, comprising of mutated and wild type
strains. In the study of Cambau et al, more than 30% of the
H. pylori strains present in gastric biopsies were mixtures
of several genotypes [33]. In another study, Schabereiter-
Gutner et al, also reported mixed infections in 4.4% of the
patients examined, using an RT-PCR assay in feces [24]. These
authors suggested either that different strains coexisting
in the gastric mucosa, or mutated and wild type alleles are
present in the same strain [34,35]. In two of our cases with
susceptibility to clarithromycin, the ClariRes™ RT-PCR
method was also able to detect the presence of both the wild
type and A>C, A>G mutants. This discrepant result may
be explained by the fact that either the resistant population
was present at a low concentration or that the two genotypes
may correspond to different 23S ribosomal DNA alleles in
a single strain. Similar findings were observed in the study
by Oleastro et al [36].
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In comparing the genetic and histological data, we noticed
a significant statistical correlation between genetic alterations
and histological characteristics of the gastritis such as the
severity of inflammation, the activity, and the bacterial density
(P<0.005). As our experiments showed, an accumulation of
mutations and/or mixed genotype distributed mainly among
cases with mild or moderate inflammation and activity were
observed.

In this report we also applied a Q-RT-PCR method for the
quantification of H. pylori microorganisms. The method can
reliably measure as low as 30 bacteria in ffpe specimens. The
PCR-determined bacterial density was found to be statistically
related to semi-quantitative densities determined by histology
especially between grades 1 and 3 but not between grades 1-2,
and 2-3. This is in agreement with other published reports
[37-40]. It seems that measurement of H. pylori density
may be useful where the severity of infection has clinical
or pathological meaning. In the study of Yilmaz et al [41],
using the Fluorescent In Situ Hybridization (FISH) method
for the determination of clarithromycin susceptibility and
for the evaluation of H. pylori strains in biopsies, the authors
concluded that FISH results correlated well with H. pylori
infection, also showing a relationship between resistance and
density of microorganisms.

The most striking result of our examination was that
almost all eradicated cases that were histologically negative
for H. pylori, when analyzed with Q-RT-PCR contained
variable amounts of H. pylori DNA. We speculated that
we may detect a form of H. pylori unrecognized in H&E
and/or Giemsa stains. It is known that H. pylori exists in
two forms, an active dividing spiral form and a coccoid
form [42]. Growing evidence supports the concept that the
coccoid form is not simply a degenerated morphological
manifestation invisible during microscopic examination,
but is alive and may be metabolically active [43-45]. In this
case, maybe the antibiotic concentration needs to be high
and sustained longer as it is not only needed to kill the
extracellular microorganisms but it must also be capable
of penetrating the epithelial cells to kill the intracellular H.
pylori. Another explanation for our findings is that there
were no viable bacteria in the stomach biopsy samples but
only dead organisms or chromosomal DNA left over after
cell death [46,47].

In summary, H. pylori genome is characterized by genetic
variability that permits the survival of the bacterium in a
quite hostile environment. This genetic diversity affects the
response of H. pylori in the followed treatment strategies, and
it correlates with some of histopathological features of gastritis.
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Summary Box

What is already known:

o Among the treatments used for H. pylori infection,
the highest eradication rates are achieved with the use
of a PPi or ranitidine bismuth citrate in combination
with two antibiotics

o Primary clarithromycin resistance is regarded as the
main factor reducing the efficacy of H. pylori therapy

o The major cause of macrolide resistance in H.
pylori is the lack of drug binding to the 23S rRNA
components of the bacterial ribosomes, mainly due
to an adenine-to-guanine transition at positions 2142
and 2143 and to adenine-to-cytosine transversion
at position 2142, all of which are included in the
peptidyltransferase loop of the 23S rRNA

« It has been shown that some molecular assays can
be applied directly on archival material without
the need for in vitro cultures of the microorganism

What the new findings are:

o A significant statistical correlation between
mutations in 23SrRNA of the H. pylori and
histological parameters of gastritis such as the
severity of inflammation, the activity of gastritis,
and the bacterial density was noticed

o It seems that the density of microorganisms correlates
with an accumulation of genetic events that lead to
clarithromycin resistance

e An accumulation of mutations and/or mixed
genotype were observed, distributed mainly among
cases with mild or moderate inflammation and
activity. These data suggest that the existence of
both clarithromycin resistant and susceptible H.
pylori strains may be also a reason of therapy failure

o Almostall cases histologically negative for H. pylori
after eradication therapy, when analyzed with Q-RT-
PCR contained variable amounts of microbial DNA
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