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Section 4 Management of gastritis
CQ17. Should all H. pylori-positive individuals receive eradica-
tion therapy?
Statement 17
H. pylori infected individuals should be offered eradication
therapy, unless there are competing considerations.

Grade of recommendation strong

Evidence level: high

Consensus level: 100%

Comment

H. pylori is a major human pathogen that causes chronic and
progressive gastric mucosal damage and is aetiologically related
to peptic ulcer, gastric cancer and gastric atrophy. It is also
closely associated with gastric MALT lymphoma, dyspepsia,
hyperplastic gastric polyps and idiopathic thrombocytopenic
purpura,’ '2 3¢ 47 61 98108 11 pylori-positive individuals are
also the major reservoir for transmission of the infection.

The decision to eradicate a chronic infection in a society
should be based on quantitative data regarding the outcome of
untreated infections. H. pylori causes a chronic infection,
similar, for example, to asymptomatic syphilis or tuberculosis,
and the final outcome for any individual cannot be predicted.'®
H. pylori infection differs from many other chronic infectious
diseases because it is always transmissible, thus putting others at
risk. Because the gastric damage is progressive, the lack of an
obvious clinical manifestation at diagnosis has no predictive
value for life-time risk to an individual patient, their family or
to the community. Benefits of H. pylori eradication for an indi-
vidual depend in part on the degree and extent of damage that
has already occurred and the reversibility of that damage.
Potential benefits of eradication include stopping the progres-
sion of mucosal damage, stabilisation or reduction in risk of
developing gastric cancer, resolution of mucosal inflammation,
stabilisation or improvement of gastric mucosal function, return
of the normal mechanisms governing acid secretion, cure of
H. pylori-related PUD, reduction in risk of gastrointestinal com-
plications of NSAID therapy and prevention of future develop-
ment of H. pylori-related peptic ulcer,> ¥ 11 28 46 47 106-115

For society, the benefits include reduction of the reservoir of
infected individuals capable of transmitting the infection to others,
and avoidance of the costs associated with diagnosis, management
and outcomes of H. pylori-related diseases that are prevented.
Thus, H. pylori-infected patients should be offered eradication
therapy unless there are competing considerations such as
comorbidities, re-infection rates in their communities, competing
health priorities of society and financial cost. It has to be remem-
bered, however, that there are concerns about the negative impact
of eradication therapies on human health, such as increase in
allergy or obesity and perturbation of microbiota.**¢ !

CQ18. What is the optimal timing for H. pylori eradication in
asymptomatic subjects?
Statement 18
The maximum benefit of H. pylori eradication is obtained if it is
done while the mucosal damage is still non-atrophic.

Grade of recommendation: strong

Evidence level: high

Consensus level: 100%

Comment
H. pylori eradication always confers a benefit by halting progres-
sion of gastric mucosal damage, reducing the reservoir of

infected  individuals and  reducing or  preventing
H. pylori-associated diseases. The maximum benefit of eradica-
tion for an individual is obtained if eradication is done while
the H. pylori-induced mucosal damage has not progressed
beyond the non-atrophic stage. This population is found in
countries where gastric cancer is still prevalent and is concen-
trated in the younger generation. H. pylori eradication of ado-
lescents and young adults has an additional advantage of
reducing or preventing transmission of the infection to their
children. ‘

As noted above (Section 3), the risk for development of
gastric cancer correlates with the extent and severity of atrophic
gastritis. It is impossible to define the risk for an individual
based on age. Cancer risk in any population relates to the rate
of progression of gastric mucosal damage, which is high in
populations at high risk of cancer and low in H. pylori-infected
populations with a low cancer risk. Thus, while it is possible to
identify an average age at which the transition from non-
atrophic to atrophic phenotype occurs for any population, one
should expect that any age group will contain individuals with a
wide range of damage, ranging from uninfected (normal) to
advanced atrophy. This emphasises the need for risk stratifica-
tion based on objective parameters including a validated histo-
logical staging system rather than on age, to identify whether
one eradication treatment is needed or whether the patient
might require surveillance.

The incidence of gastric cancer increases with age, which is a
surrogate marker for the time required for progression of atro-
phic gastritis, When atrophic gastritis becomes extensive and
severe, the risk increases exponentially. Cancer is the culmin-
ation of a multistep process of genetic instability, with cancer
cells possessing mutations in coding regions, somatic gene rear-
rangements and epigenetic changes such as methylation.
Current data are consistent with the notion that H. pylori eradi-
cation halts the progression of damage and reduces or eliminates
the H. pylori-associated events that increase genetic instability in
the gastric mucosa. These include infection-associated DNA
double-strand breaks,''* impaired DNA mismatch repair,''”
aberrant activation-induced cytidine deaminase expression,
which induces nucleotide alterations involved in DNA muta-
tions,’2" aberrant methylation in a number of gene promoters
in the gastric mucosa, including cell growth-related genes,
DNA-repair genes, tumour-suppressor genes, the cell adherence
gene B-cadherin and CpG islands of microRNA genes'*'™'*3
and aberrant microRNA expression.'** H. pylori infection also
causes an inflammatory response with mucosal infiltration of
acute and chronic inflammatory cells. Cancer risk is increased in
relation to the ability of the infecting strain to cause inflamma-
tion (eg, those possessing the Cag pathogenicity island).
However, all strains cause inflammation, and gastric cancer is
associated with infections lacking putative virulence factors.
Thus all H. pylori infections should be considered pathogenic
and should be eradicated.

Because of the damage and premalignant changes, H. pylori
eradication cannot ‘reset the clock’ to zero (ie, no risk) but can stop
the progression of risk and stabilise or decrease the subsequent risk.

CQ19. Do we need to adopt eradication regimens according to
the geographical area?

Statement 19

Eradication regimens should be based on the best locally effect-
ive regimen, ideally using individual susceptibility testing or
community antibiotic susceptibility, or antibiotic consumption
data and clinical outcome data. The agents available differ in
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different regions and this, in part, dictates what regimens are
possible.

Grade of recommendation: strong

Evidence level: high

Consensus level: 100%

Comment

The success of a proven successful H. pylori eradication regimen
depends on the pattern of resistance in the population and on
the common host genotypes of drug metabolising enzymes in
the population. The prevalence of H. pylori resistance to com-
monly used antimicrobial agents greatly varies geographically
and is linked to consumption of antibiotics in the region,'”* so
the preferred eradication regimen often differs between regions.
Ideally, treatment regimens should be chosen based on suscepti-
bility testing. Within any region, only regimens that reliably
produce eradication rates of >90% in that population should be
used for empirical treatment.® 267129

CQ20. Does eradication of H. pylori prevent gastric cancer?
Statement 20
Eradication of H. pylori reduces the risk of gastric cancer. The
degree of risk reduction depends on the presence, severity and
extent of atrophic damage at the time of eradication.

Grade of recommendation: strong

Evidence level: high

Consensus level: 100%

Comment

H. pylori infection is the most important cause of gastric cancer
as it is estimated that 89% of non-cardia gastric cancer, repre-
senting 78% of all cases of gastric cancer, can be attributed to
chronic H. pylori infection.’*" Prevention of H. pylori infections
removes the primary cause of gastric cancer and will thus
reduce the incidence of gastric cancer in that population. The
effectiveness of H. pylori eradication for prevention of gastric
cancer depends on the severity and extent of atrophic damage
at the time of eradication and ranges from essentially complete
prevention for those with non-atrophic gastritis to stabilisation
or reduction of risk in those with established atrophic
changes.”® ®° As noted in Section 3, risk can be stratified using a
variety of approaches, such as one of the validated histological
stratification systems (eg, OLGA or OLGIM),"'*'* and H. pylori
eradication can stabilise risk and halt the progression of
risk,>® ** Prevention of acquisition of H. pylori infections and
eradication of the infection before the development of atrophic
changes are forms of primary prevention. Secondary prevention
involves identification and surveillance of those at risk in order
to remove intraepithelial lesions and early gastric cancer(s)
before they become invasive.’ 7' 72 77 13! There may be also a
role for cancer immunotherapy to treat premalignant lesions
and halt their progression to more advanced lesions.***

CQ21. Should the outcome of eradication therapy always be
assessed (ie, test for cure)?
Statement 21
The outcome of eradication therapy should always be assessed,
preferably non-invasively.

Grade of recommendation: strong

Evidence level: high

Consensus level: 100%

Comment
Failure of eradication is common and allows the mucosal damage
to progress, and so eradication should always be confirmed,

preferably using a non-invasive test such as a urea breath test or a
validated monoclonal-based stool antigen test.” For patients
requiring endoscopic follow-up, such as after endoscopic
removal of a gastric adenoma, histological assessment can be
used. Confirmation of cure also provides an early warning system
for the increasing antibiotic resistance in a population that will
manifest as increasing rates of treatment failure,'>* 128 127

CQ22. Which patients need long-term follow-up after eradication?
Statement 22
H. pylori eradication may not completely eliminate the risk of
gastric cancer. Patients who remain at risk, as defined by the
extent and severity of atrophy, should be offered endoscopic
and histological surveillance.

Grade of recommendation: strong

Evidence level: high

Consensus level: 97.3%

Comment

Long-term follow-up such as regular endoscopic surveillance
should be based on estimating the risk of developing gastric cancer
after H. pylori eradication (ie, risk stratification).”” '** Cancer risk
correlates with the extent and severity of atrophic gastritis and risk
stratification should be confirmed using a validated histological
risk scoring systems such as OLGA or OLGIM.*"'* In areas with
proven expertise in endoscopic scoring, a system such as that of
Kimura and Takemoto can be used initially, although histological
confirmation is still recommended. *** '3* Patients whose H. pylori
infection was diagnosed non-invasively (eg, urea breath test or
stool antigen) should be considered for histological assessment.
These patients should include those within the age range in which
atrophic changes are common in that population and those with a
history of gastric ulcer as well as those with a pretreatment serum
pepsinogen I of <70 ng/mL and a pepsinogen L:IT ratio <3163
All those at especially high risk, including those at risk for intrae-
pithelial neoplasia (dysplasia) or early gastric cancer, are candidates
for regular endoscopic surveillance.

DISCUSSION

The global consensus meeting on H. pylori gastritis has set a
new landmark for gastritis, which has continued to be an ill-
conceived clinical entity placed between a histological picture
and upper abdominal symptoms.

In spite of the fact that gastritis had been long recognised as
an important clinical entity, generations of gastroenterologists
have neglected the importance of treatment of this nosological
entity. Rudolf Schindler described chronic gastritis as a serious
disease and a precursor of gastric cancer and considered their
relationship as being of outstanding importance in the fight
against gastric cancer.'?’

The discovery of H. pylori has revolutionised the pre-existing
concepts of gastritis by assigning a specific aetiology to this
entity underlying PUD and gastric cancer. The majority of these
serious conditions are manifestations developed on the back-
ground of chronic gastritis caused by a unique infectious agent,
H. pylori. For PUD, guidelines unanimously recommend eradi-
cation as the primary treatment for those with positive H. pylori
tests. However, there has been no consensus on how and when
to manage individuals with H. pylori gastritis itself, which is
crucial to the efficiency of gastric cancer prevention because
most patients with chronic gastritis may remain asymptomatic
until the appearance of severe complications. Furthermore, both
gastritis and duodenitis were recognised as important causes of
upper gastrointestinal bleeding,'*” encouraging our attention to
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these conditions now that anti-thrombotic therapies are increas-
ingly being used.

To further compromise the concept of gastritis as a significant
clinical entity, the term ‘gastritis’ has historically, but wrongly,
been used as a substitute for a clinical diagnosis of FD.
Historical studies, however, failed to demonstrate a significant
association between histological findings of gastritis and the dys-
peptic symptom complex.'*! '** Hence, a potential pathogen-
etic role for H. pylori in causing dyspeptic symptoms was
initially considered doubtful and its eradication in FD controver-
sial."* '** Meta-analysis of a large number of controlled trials
with longer follow-up confirmed that eradication of H. pylori in
patients with FD conveys a small but statistically significant
benefit.'* Consequently, dyspepsia attributable to H. pylori gas-
tritis involves an underlying organic cause and should be
excluded from the FD category. Additionally, ‘dyspeptic’ patients
should not automatically be labelled as having ‘gastritis’ without
any histological confirmation.

Diagnostic assessment of gastritis has been advanced by the
recent introduction of high-resolution endoscopy with image-
enhanced modalities, and magnification is now used routinely in
major hospitals in Japan. This endoscopic technology allows the
identification of mucosal changes (for targeted biopsies) more pre-
cisely, leading to more accurate evaluation of cancer risks such as
preneoplastic changes. Wider use of this new endoscopic system
outside Japan may be limited at present.

The Kyoto consensus meeting focused attention on gastritis in
all its clinical expression and dealt with four main topics: classi-
fication of gastritis in relation to ongoing ICD revision, FD and
H. pylori infection, diagnosis of gastritis and the management
of gastritis. The methodology of the meeting adopted all
modern means for reaching consensus and included an internet-
based Delphi method with full access to published data in a
completely ‘neutral’ environment.

In summary, The Kyoto meeting proposed an aetiology-based
classification for gastritis and concluded that H. pylori gastritis
is an infectious disease. As such, H. pylori gastritis requires treat-
ment whether or not it is associated with symptoms because it
represents a condition that may evolve towards serious compli-
cations, including peptic ulcer and gastric neoplasia.

Consensus was reached on the existence of a separate cat-
egory of patients with dyspeptic symptoms that are due to
H. pylori gastritis. In these patients, eradication therapy is the
recommended first-line treatment. Because of the diagnostic
problems related to ‘gastritis’, these patients should be labelled
as having H. pylori-associated dyspepsia and are identified by
sustained dyspeptic symptom relief after eradication.

For the diagnosis of gastritis, it was agreed that risk stratifica-
tion systems such as OLGA and OLGIM are useful as are the
serological markers. In view of recent technological advance-
ments, image-enhanced endoscopy should be encouraged for
identifying mucosal changes which carry a high risk of develop-
ing into gastric neoplasia. Finally, it was recommended that
early eradication therapy, ideally before preneoplastic changes
occur, should be undertaken. However, the feasibility of imple-
menting this strategy should be regionally tailored. As eradica-
tion therapy does not guarantee elimination of the risk of
gastric cancer, follow-up should be considered for patients who
have preneoplastic conditions.

Although there are still many remaining areas to be discussed,
we believe the outcome of the Kyoto consensus meeting pre-
sented in this report will improve patient care and will provide
a cornerstone for further refinement and research in the area of
gastritis.
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Abstract Helicobacter pylori is a key factor in the develop-
ment of gastric cancer; indeed, clearance of H. pylori helps
prevent gastric cancer. However, the relationship between gas-
tric cancer and the abundance and diversity of H. pylori ge-
notypes in the stomach remains unknown. Here, we present,
for the first time, a quantitative analysis of H. pylori genotypes
in gastric washes. A method was first developed to assess
diversity and abundance by pyrosequencing and analysis of
single nucleotide polymorphisms in 23S ribosomal RNA
(rRNA), a gene associated with clarithromycin resistance.
This method was then validated using arbitrarily mixed plas-
mids carrying 23S rRNA with single nucleotide polymor-
phisms. Multiple strains were detected in many of 34 clinical
samples, with frequency 24.3+24.2 and 26.3+33.8 % for the
A2143G and A2144G strains, respectively. Importantly, re-
sults obtained from gastric washes were similar to those
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obtained from biopsy samples. The method provides opportu-
nities to investigate drug resistance in H. pylori and assess
potential biomarkers of gastric cancer risk, and should thus
be validated in large-scale clinical trials.

Keywords Helicobacter pylori - Gastric wash - 23S rRNA -
Pyrosequencing

Introduction

Gastric cancer is the third leading cause of cancer death in the
world, with prognosis determined by tumor stage at diagnosis
and treatment [1, 2]. Diagnostic tools such as gastrointestinal
endoscopy followed by pathological analysis and/or fluoros-
copy have proven useful; however, the mortality rate has
remained high throughout the world [3]. Gastric cancer is
believed to result in part from the accumulation of genetic
alterations that stimulate oncogene overexpression and/or si-
lence tumor suppressors [4-6]. Epigenetic silencing of tamor-
related genes due to aberrant DNA methylation has also been
recently reported [7—14]. Notably, aberrant DNA methylation
occurs more frequently than mutations in pathologically dif-
ferentiated adenocarcinoma [15]. Helicobacter pylori, which
elicits chronic inflammation, is a key factor underlying such
aberrant DNA methylation in the stomach mucosa [5].

H. pylori, identified in 1982 by Barry Marshall and Robin
Warren [16], is a helix-shaped Gram-negative bacterium asso-
ciated with gastric diseases such as gastritis [17, 18], gastric
and duodenum ulcer [19, 20], gastric cancer [4, 6, 12, 13, 21,
22], mucosa-associated lymphoid tissue [ymplhoma [23], as
well as ulcers due to non-steroidal anti-inflammatory drugs
[24-26]. H. pylori is typically cleared by standard first-line
therapies, including proton-pump inhibitors, potassium-
competitive acid blockers, amoxicillin, and clarithromycin
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[27, 28]. However, these therapies are becoming less effective
because of clarithromycin resistance [29], which, in turn, is
reportedly due to A2143G, A2143C, and A2144G point mu-
tations in 23S ribosomal RNA (rRNA) [29-32].
Unfortunately, clarithromycin-resistant strains cannot be iden-
tified based on currently available qualitative methods such as
H. pylori 1gG test [33, 34], stool antigen test [35, 36], urea
breath test (UBT) [37, 38], and rapid urease test [37, 39].

In this manuscript, we describe a new approach to quantify
multiple strains of H. pylori in gastric washes. In this ap-
proach, developed by co-author Watanabe and colleagues
(patent W02007/132844) [30, 40-43], stomach washes are
performed with saline during endoscopy, a topical procedure
in which only a small portion of abnormal tissue is excised. As
cells are abundantly exfoliated from the gastric mucosa during
washing, undamaged human and H. pylori DNA can be re-
covered from the wash and assayed by sensitive and quanti-
tative techniques. Of these, Sanger sequencing is the most
reliable for detection of microbial species, although the abun-
dance of multiple genotypes is difficult to quantify by this
method. In addition, the method is unsuitable for the clinic
because of complex sample processing, long turn-around
time, low throughput, and high cost. On the other hand, pyro-
sequencing methods, in which bases are called by sequential
addition of dNTPs, enable genotyping, as well as quantitative
analysis of single nucleotide polymorphisms, insertions, and
deletions. Thus, we analyzed gastric washes by pyrosequenc-
ing to determine the abundance and diversity of H. pylori
genotypes in each patient [30].

Material and methods
Patient characteristics

Both gastric wash and biopsy samples were collected from 17
patients (34 samples) who underwent endoscopy at Hokkaido
University Hospital, Hokkaido, Japan, from April 2014 to
December 2015. The study was conducted in accordance with
all rules and regulations of the Hokkaido University
Institutional Review Board (#014-0459), and informed con-
sent was obtained from each patient. Patients were tested by
UBT urea breath test (Otsuka Pharmaceutical Co., Ltd.,
Tokyo, Japan), Helicocheck rapid urease test (Otsuka
Pharmaceutical Co., Ltd., Tokyo, Japan), and H. pylori 1gG
E-plate (Eiken Chemical Co., Ltd., Tokyo, Japan). A patient
who tested positive on at least one test was deemed infected
(Table 1).

Sample collection of gastric washes

Approximately 10 min prior to endoscopy, patients were
asked to swallow 100 mL water containing 80 mg
dimethylpolysiloxane (Gascon, Kissei Pharmaceutical Co.,
Ltd., Matsumoto, Japan), | g sodium bicarbonate, and 20,
000 units pronase (Pronase MS, Kaken Pharmaceutical Co.,
Ltd., Tokyo, Japan). Gastric washes were collected in speci-
men containers (No. 111219, Fortegrow Medical, Tochigi,
Japan), which were directly fitted to the endoscope modulator.
Gastric washes were manually aspirated under vacuum

Table 1 Patient characteristics

No. Age Sex RUT UBT HP-IgG Histological assessment” Clinical HP examination
1 52 M - 13 <3 Normal -
2 67 F - 1.8 <3 Normal -
3 71 F - 0 <3 Normal -
4 65 F + 54.6 1.1 Marked +
5 63 M + 24.7 29 Marked +
6 57 F + 13.6 27 Marked +
7 61 M - 0.1 <3 Normal

8 68 F + 10.6 27 Marked +
9 84 M + 4.6 43 Marked +
10 73 F + 253 70 Marked +
11 40 F - 0 <3 Normal -
12 83 F + 4.7 25 Marked +
13 62 M + 5.1 14 Marked +
14 69 M + 2.8 18 Marked +
15 77 M + 43 21 Marked +
16 63 M + 21 26 Marked +
17 50 M + 3.8 56 Marked +

*Histological assessment was graded by updated Sydney system
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through the suction channel of the endoscope, centrifuged
immediately, and resulting pellets were frozen at —80 °C.
Tissue samples with diameter approximately 5 mm were then
collected using Radial Jaw (Boston Scientific Corp., Natick,
MA), with guidance from a GIF-Q260 endoscope fitted to an
EVIS LUCERA system (Olympus, Inc., Tokyo, Japan).
Disposable sample collection tubes, connector tubes, and oth-
er endoscopic devices were used. The endoscope was washed
after each procedure according to guidelines, using 0.55 %
DISOPA (Johnson and Johnson, Langhorne, PA) and an au-
tomatic washing machine.

DNA extraction

DNA was extracted from gastric wash and biopsy samples by
phenol chloroform. Briefly, tissues or frozen pellets from gas-
tric washes were resuspended in 10 % SDS and proteinase K,
mixed vigorously, and incubated at 37 °C for 6 h. Samples
were then mixed vigorously for approximately 30 s with one
volume of 25:24:1 phenol:chloroform:isoamy! alcohol and

A ggtcctaaggtagegaaattcctigicggitaaataccgacctgcatgaatggegtaacgagatgg
PN d

aaattcotcctaccegeggeaagacg

Sequencing primer

2nd Anti-sense primer

centrifuged at room temperature for 5 min at 16,000xg. The
aqueous layer was then transferred to a fresh tube and extract-
ed in the same manner another two times. Final extracts were
then mixed with 100 % ethanol, centrifuged at 4 °C for 5 min
at 16,000xg, and stored at —20 °C overnight to precipitate
DNA. Precipitates were collected by centrifugation, washed
with 70 % ethanol, and centrifuged at 4 °C for 2 min at 16,
000xg. As much of the supernatant was removed as possible,
and pellets were resuspended in 500 pL Tris-EDTA buffer.
Final DNA concentration and quality were measured on a
ND-1000 spectrophotometer (NanoDrop Technologies,
Wilmington, DE).

Construction of plasmids encoding variants of H. pylori
23S rRNA

Wild-type, A2143G, A2143C, and A2144G point mutants of
H. pylori 23S rRNA (NCBI database accession no. U27270)
were separately inserted into pTAKN-2 plasmids.

ccagagattcagtgaaatigtagtggaggtga

primer 2nd Sense primer

agaccccgtggacctttactacaacttagcactgctaatgggaatatcatgcgcaggataggtgggaggctttgaagtaa

< R
1st Anti-sense primer

A2143A
A2143G aagacg
A2143C aagacg
A2144G aagacg

gggctitggctcttatggagtcatectigagataccaccctigatgtitctgttagctaactggecigigitatccacaggecaggacaatgcettggtgggt

A2143A A2143G A2143C A2144G

1st PCR 161bp

Kanamycin

Fig. 1 23S rRNA sequence, primers, and plasmids. a Primers for nested
PCR and pyrosequencing. Helicobacter pylori 23S tRNA was first
amplified with the st sense/antisense primer set, and then by the 2nd
sense/biotin antisense primer set. Biotin-tagged products from nested
PCR were then analyzed by pyrosequencing to quantify A2143C,
A2143G, and A2144G point mutants. b Fragments of wild-type or

2nd PCR

90bp

mutated 23S rRNA were separately inserted into pTAKN-2, left. Right,
gel electrophoresis of products from the first PCR reaction, with expected
size 161 bp, and of products from the second PCR reaction, which
amplified a 90-bp region encompassing A2143 (wild type), A2143C,
A2143G, and A2144G
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Quantitative pyrosequencing analysis of muitiple HPs

Pyrosequencing enables quantitative analysis of the abun-
dance of polymorphisms at a given site. To validate this

approach, plasmids containing wild-type and mutated 23S
rRNA in arbitrary ratios of 0, 30, 50, 70, and 100 % were
analyzed. 23S rRNA was then amplified and biotinylated
by nested PCR from gastric wash and biopsy samples. In

Table 2 Ratio of H. pylori

genotypes in plasmids, gastric 161 bp
wash, and biopsy samples 2143 2144
No. Template DNA A C G A G
A
1 Plasmid DNA A 100 % G 0 % 100 0 0 99 1
2 Plasmid DNA A 70 % G 30 % 69 0 31 72 28
3 Plasmid DNA A 50 % G 50 % 51 0 49 54 46
4 Plasmid DNA A30 % G 70 % 25 0 75 35 65
5 Plasmid DNA A 0 % G 100 % 1 0 99 7 93
161 bp
2143 2144
No. Biopsy/gastric washes Clinical HP exam A C G A G
B
1 Biopsy - 48 0 52 68 32
Gastric washes N/A 88 12
2 Biopsy - 56 0 44 81 19
Gastric washes N/A N/A
3 Biopsy - 56 0 44 62 38
Gastric washes N/A N/A
4 Biopsy + 30 0 70 10 90
Gastric washes 54 0 46 14 86
5 Biopsy + 100 0 0 99 1
Gastric washes 100 0 0 99 l
6 Biopsy + 41 0 59 14 86
Gastric washes 22 0 78 5 95
7 Biopsy - 65 1 34 82 18
Gastric washes N/A N/A
8 Biopsy + 100 0 0 98 2
Gastric washes 100 0 0 99 1
9 Biopsy + 100 0 0 99 1
Gastric washes 100 0 0 99 1
10 Biopsy + 100 0 0 99 1
Gastric washes 100 0 0 99 1
11 Biopsy - 75 1 25 85 15
Gastric washes N/A N/A
12 Biopsy + 100 0 0 97 3
Gastric washes 100 0 0 98 2
13 Biopsy + 82 0 17 92 8
Gastric washes 100 0 0 98 2
14 Biopsy + 71 0 28 84 16
Gastric washes 58 11 31 79 21
15 Biopsy + 63 0 36 86 14
Gastric washes 57 5 38 79 21
16 Biopsy + 76 0 24 51 49
Gastric washes 79 0 21 48 52
17 Biopsy + 29 0 71 3 97
Gastric washes 25 0 75 1 99
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the first reaction, a 255-bp fragment was amplified with
sense primer “acgagatgggagctgtctcaacc” and antisense
primer “agcattgtcetgectgtggataac.” Amplification products
were then used as template in the second reaction to amplify a
90-bp fragment with sense primer “gaggtgaaaattcctectaccegeg”
and antisense primer “‘gcgcatgatattcceattageagtge.” Reactions
consisted of touchdown PCR with denaturation at 95 °C for
30 s, annealing at appropriate temperatures for 30 s, and exten-
sion at 72 °C for 30 s. Finally, amplification products were
analyzed by pyrosequencing on a Pyromark Q24 (QIAGEN,
Valencia, CA) using primer “acccgeggeaagacg.” Sequence to
analyze A2143V “GVAAGACCCC GTGGACCTTT
ACTACAA” and A2144R “RAGACCCCGT GGACCTTT
AC TACAAC.”

Abundance of H. pylori 23S rRNA in clinical samples
We analyzed 34 clinical samples (17 gastric washes and 17 bi-
opsies) by SYBR Green real-time PCR, with A. pylori 23S

A Plasmid DNA confirmation
%

B

rRNA as target and human GAPDH as reference. H. pylori
23S rRNA was amplified with sense primer
“acgagatgggagctgtctcaacc” and antisense primer
“agcattgtcctgcctgtggataac,” while human GAPDH was ampli-
fied with sense primer “‘cgagatccctccaaaatcaa™ and antisense
primer “ctgcaaatgagectacagea,” Reactions were performed on
an ABI 7500 Real-Time PCR System (Applied Biosystems,
Foster, CA) according to the manufacturer’s instructions. Data
were analyzed in SDS2.1 by comparative cycle threshold (AC¥).

Statistical analysis

Mean and 95 % confidential interval were calculated for clin-
icopathologic features. Correlation between results from gas-
tric wash and biopsy samples was analyzed by Mann—
Whitney test for continuous variables, with »<0.05 consid-
ered significant. All statistical analyses were performed in
PRISM for Windows, Version 4 (GraphPad Prism 6.0.7,
Inc., San Diego, CA).
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Fig. 2 Validation of pyrosequencing, and abundance of Helicobacter
pylori in clinical samples. a Plasmids containing wild-type, A2143G,
and A2144G 23S tRNA were mixed in arbitrary ratios of 0, 30, 50, 70,
and 100 % and analyzed by pyrosequencing. Significant correlation was
observed between expected and experimentally determined ratios, with
r=1.00 for A2143G (p=0.02), 1.00 for A2144G (p=0.02), and 0.98 for
both (p=0.0001). b H. pylori 23S rRNA was quantified using real-time
PCR, with human G4APDH as reference. Results are copy numbers

obtained by ACt. Copy numbers were lower in biopsy samples (56.94
+45.1) that tested negative on qualitative tests than in samples that tested
positive (27,013 +58,715), although the difference was not statistically
significant {(p=0.33). However, copy numbers were comparable in all
gastric wash samples. Further, copy numbers were significantly higher
in gastric wash samples that tested positive on qualitative tests (707,706
+821,525) than in biopsy samples that tested positive (27,013 £58,715;
»<0.009)
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Results
Pyrosequencing is suitable to genotype H. pylori

Pyrosequencing was validated as a tool to genotype H. pylori
using pTAKN-2 plasmids containing wild-type 23S rRNA
mixed in arbitrary ratios of 0, 30, 50, 70, and 100 % with
A2143G, A2143C, and A2144G point mutations (Figs. la,
b, and 5 and Table 2a), which are associated with resistance
to clarithromycin. Ratios were strongly correlated between
pyrosequencing and expected values, with »=1.00 for
A2143G (p=0.02), 1.00 for A2144G (p=0.02), and 0.98 for
both (p=0.0001), indicating that pyrosequencing is a robust
method to genotype H. pylori (Fig. 2a).

Amplification of H. pylori 23S rRNA from clinical samples

The abundance of H. pylori genotypes were assessed in gastric
wash and biopsy samples (Table 1) obtained from 17 patients
without critical primary illnesses, and without ulcers or tu-
mors, as determined by endoscopy. The patient population
consisted of nine males and eight females with mean age 65

A2143 A% (wild type)
(%)

+11.4 years, of whom five tested negative for H. pylori on
urea breath test, rapid urease test, and H. pylori IgG test. The
remaining 12 patients tested positive for H. pylori on at least
one test. DNA was successfully extracted from all 34 samples,
and H. pylori 23S rRNA was amplified by nested PCR from
all samples, including those determined by qualitative tests to
be uninfected (Fig. 2b).

H. pylori abundance in clinical samples

To investigate the discrepancy between nested PCR and qual-
itative tests, we used real-time PCR to estimate the abundance
of H. pylori in all clinical samples, as measured by 23S rRNA
relative to human GAPDH. On average, the abundance 0of23S
rRNA was lower in biopsy samples that tested negative on
qualitative tests (56.94+45.1) than in gastric washes samples
that tested negative (27,013 +58,715). However, the differ-
ence was not statistically significant (p=0.33, Fig. 2b). On
the other hand, 23S rRNA was significantly more abundant
(»<0.009) in gastric wash samples that qualitatively tested
positive (707,706 +821,525) than in biopsy samples that test-
ed positive (27,013 +58,715) (Fig. 2b).

B Biopsy
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Fig. 3 Analysis of Helicobacter pylori genotypes in clinical samples.
The ratio of wild type to A2143G and A2144G strains of H. pylori was
significantly correlated between biopsy and gastric wash samples, as
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Abundance of H. pylori genotypes in clinical samples

We examined the prevalence of A2143G, A2143C, and
A2144G point mutants in gastric wash and biopsy samples.
A2143C was not detected (Table 2b). However, the preva-
lence of A2143G and A2144G was significantly correlated
between gastric wash and biopsy samples, with »=0.81 for
A2143G (p=0.001), 0.89 for A2144G (p=0.0001), and 0.86
for both (p=0.001) (Fig. 3b). Wild-type alleles (A2143 and
A2144) were similar in frequency in both samples. However,
these alleles were, in most cases, slightly more abundant in
biopsy samples than in gastric washes, except for samples 3
and 13, in which these alleles are notably more abundant in the
gastric wash. It is possible that the difference in these cases is
due to the nature of the data collected, which is localized (or
“point™) for biopsies, but more extensive (or “plane) for
gastric washes. Thus, analyses using gastric washes are probably
more informative, because “plane” information may better
reflect the state of the whole stomach (Fig. 3a, b).

Discussion
According to the World Health Organization, cancer is a major

cause of mortality worldwide, with 8.2 million deaths reported
in 2012. Of these, 1.59 million were attributed to lung cancer,

745,000 were due to liver cancer, 723,000 were due to gastric
cancer, and 694,000 were due to colorectal cancer. Breast and
esophageal cancer accounted for 521,000 and 400,000 deaths,
respectively. Although morbidity from gastric cancer has
gradually decreased in recent years, it remains a serious issue
[44], especially in Japan, where gastric cancer is just behind
lung cancer in terms mortality and where incidence is the
second highest in the world after South Korea.

The development and progression of gastric cancer have
been examined in many studies, and several risk factors have
been identified. Of these, persistent infection with H. pylori is
considered a key risk factor, along with lifestyle habits,
smoking, and diet. H. pylori was first classified as a carcino-
gen in 1994 by the International Agency for Research on
Cancer, a specialized arm of the World Health Organization.
Indeed, two independent clinical studies by the Agency and
by the Japan Gast Study Group indicated that H. pylori is
involved in more than 80 % of gastric cancer cases and in
90 % of cases of cardia cancer, which is common in Japan.
This finding suggested that clearance of H. pylori may reduce
the incidence of gastric cancer [22].

H. pylori is believed to have originated in the human stom-
ach in Africa approximately 60,000 years ago and spread to
the Americas through Central Asia, Europe, and East Asia.
This long period of interaction with humans and consequent
co-evolution was accompanied by several mutations and has
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Fig. 4 23S rRNA in Helicobacter sp. A fragment of 23S rRNA nearly specific to H. pylori was identified by bioinformatic analysis
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resulted in several distinct lineages, including hpAfrica,
hpSahul, hpAsia, hspEastAsia, hpEurope, hspMaori, and
hpAmerica. The East Asian lineage harbors a cag pathogenic-
ity island, a genetic element associated with atrophic gastritis
or gastric cancer and is believed to have been exogenously
acquired by horizontal gene transfer [45].

Clarithromycin-resistant H. pylori has recently emerged as
a consequence of therapy, which typically consists of
clarithromycin, amoxicillin, and proton-pump inhibitors.
This resistance has been attributed to A2143C/G and
A2144G polymorphisms in 23S rRNA, a component of the
508 subunit of the ribosome. However, we hypothesized that
these variants do not accumulate by sudden mutation events,
but by gradually displacing wild-type H. pylori from the stom-
ach. We tested this hypothesis by evaluating 23S rRNA in
clinical samples. This study represents the first comprehensive
and quantitative analysis of H. pylori genotypes in a single
stomach [46-48].

‘We first identified a specific target sequence in 23S TRNA
by bioinformatic analysis in Geneious Pro 5.5.6 (Biomatters
Ltd., Auckland, New Zealand) and developed a diagnostic
procedure based on pyrosequencing, which enables

quantification of multiple genotypes in a given sample using
primers and probes that target the same site (Fig. 4). We first
validated this approach using arbitrary mixtures of plasmids
containing fragments of wild-type or polymorphic 23S tRNA
(Figs. 2a and 5 and Table 2). Although an endoscopic biopsy
is more commonly used for analysis, we next also used gastric
wash samples after lavage of the whole stomach, because we
believe it is important to obtain more general data on the
abundance and diversity of H. pylori in the entire stomach
(Figs. 2b and 3a, b). This approach is similar to pyrosequenc-
ing analysis of DNA methylation in the cancer-specific genes
MINT25, RORA, GDNF, ADAM23, PRDMS, and MLF1
using biopsy and gastric wash samples from patients with
primary gastric cancer [41, 42]. These protocols were de-
scribed in Gastroenterology in 2009 and in Tumor Biology
in 2011,

Overall, there was significant correlation between results
obtained from gastric wash and biopsy samples, although
moderate differences were observed in two cases. Indeed,
these differences may be due to the “point” and “plane™ nature
of data collected from biopsy and gastric wash, respectively

(Fig. 3a, b).
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In any case, H. pylori was detected in all samples, including
those that tested negative on multiple, currently available qual-
itative tests (Fig. 3a). We suggest that PCR is more sensitive
than antibody, antigen and radioactive material-based tests.
Indeed, we were able to amplify H. pylori 23S rRNA from all
samples by nested PCR. We note that dense bands at 161 bp
were not observed in the first round of PCR for gastric wash
samples 1-3, 7, and 11. These samples are annotated “N/A” in
Table 2b. However, 90-bp bands were observed for these sam-
ples in the second PCR reaction (Table 2b), suggesting that
DNA in these samples may be damaged, fragmented, etc [49].
(Fig. 2b). Notably, we found that multiple H. pylori genotypes
are simultaneously present at various ratios in a single stomach.

However, we note that many elderly patients receive anti-
coagulant drugs for cerebral infarction, atrial thrombus, and
cardiac arrhythmia. Consequently, attending physicians some-
times hesitate to prescribe endoscopic biopsy for these pa-
tients because of the risk of GI bleeding. Thus, gastric washes
may be more suitable instead. In addition, more general data
on the entire stomach may be collected from such washes.
Indeed, we have already reported in Gastroenterology in
2009 and Tumor Biology in 2011 that DNA methylation anal-
ysis of gastric washes is useful to assess markers of cancer
risk. However, this is the first analysis of gastric washes for A.
pylori. Nevertheless, a large-scale prospective clinical trial
with a more heterogeneous patient population is needed in
order to compare biopsies and gastric washes more fully.

In summary, our procedure enables detection of H. pylori at
higher sensitivity than qualitative tests, as well as quantifica-
tion of multiple genotypes. Hence, this method might be use-
ful to diagnose H. pylori infection, devise personalized treat-
ment strategies, and measure or monitor the impact of treat-
ments on drug-resistant strains, However, the approach was
tested on a limited number of samples from patients with a
narrow range of clinical characteristics and should be further
evaluated in a large-scale prospective study with a more het-
erogeneous patient population.
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