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Introduction

Abstract

Helicobacter pylori infection exhibits a wide disease spectrum ranging from asymp-
tomatic gastritis, peptic ulcer disease, to gastric cancer. H. pylori can induce dysbiosis
of gastric microbiota in the pathway of carcinogenesis and successful eradication can
restore gastric homeostasis. Diagnostic testing and treatment for H. pylori infection is
recommended in patients with active or past history of peptic ulcer, chronic dyspepsia,
chronic non-steroidal anti-inflammatory drugs (NSAID) or aspirin use, precancerous
gastric lesions, gastric cancer, mucosa-associated lymphoid tissue (MALT) lym-
phoma, family history of gastric cancer, family history of peptic ulcers, household
family member having active H. pylori infection, iron deficiency anemia, idiopathic
thrombocytopenic purpura, or vitamin B12 deficiency. Recommended first-line regi-
mens for H. pylori eradication are classified according to clarithromycin resistance. In
areas of high clarithromycin resistance (215%), we recommend 14-day concomitant
therapy or 14-day bismuth quadruple therapy (BQT) as first-line regimen. In areas of
low clarithromycin resistance (<15%), we recommend 14-day triple therapy or 14-day
BQT as first-line treatment. Second-line regimens are 14-day levofloxacin triple ther-
apy or 14-day BQT if BQT is not previously used. For patients with multiple treat-
ment failure, antimicrobial susceptibility testing (AST) should be performed. If AST
is not available, we recommend using antibiotics not previously used or for which
resistance is unlikely, such as amoxicillin, tetracycline, bismuth, or furazolidone.
High-dose potent proton pump inhibitor or vonoprazan is recommended to achieve
adequate acid suppression. Probiotics can be used as an adjuvant treatment to reduce
the side effects of antibiotics and enhance eradication rate.

acid suppression, and adherence to therapy all affect successful

Helicobacter pylori (H. pylori), a spiral-shaped gram-negative
bacterium, is one of the most common causes of serious chronic
bacterial infections worldwide. H. pylori infection has been
proven to be etiologically associated with chronic gastritis, peptic
ulcers, gastric mucosa-associated lymphoid tissue (MALT) lym-
phoma, and gastric adenocarcinoma.' Over 1 million new cases
of gastric cancer and nearly 800 000 deaths occurred in 2020
making H. pylori-related disease the third leading cause of global
cancer deaths.” H. pylori infection is designated as an infectious
disease and it is recommended that it should be treated regardless
of symptoms to prevent serious complications and transmission.’

The rapid emergence of antibiotic-resistant H. pylori has
become the greatest global threat influencing treatment outcomes.
For example, almost all World Health Organization (WHO) regions
now experience resistance rates to clarithromycin, metronidazole,
and levofloxacin of over 15%.* Clinical guidelines recommend dif-
ferent first-line treatments depending on antimicrobial resistance pat-
terns in each region.”” Appropriate antibiotic selection, adequate
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eradication. Host CYP2C19 genetic polymorphisms are associated
with decreasing effectiveness of some proton pump inhibitors
(PPIs).® Second-generation PPIs (rabeprazole and esomeprazole) are
less affected by CYP2C19 and are recommended. Furthermore,
novel potent acid blockers such as vonoprazan have also been intro-
duced and are not affected by CYP2C19.°

This review aimed to provide an overview of the preva-
lence, disease spectrum, diagnostic tests, and treatment options
for H. pylori infection. Regimens for first-line, second-line ther-
apy, and multiple treatment failures were recommended regard-
ing the latest global antibiotic resistance patterns.

The prevalence of H. pylori infection

The global prevalence of H. pylori infection ranged widely from
18.9% to 87.7%, with an estimated 4.4 billion infected people
worldwide in 2015. Regions with the highest prevalence of
H. pylori are Africa (70.1%) and South America (69.4%), while
Oceania (24.4%) and Western Europe (34.3%) have the lowest
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prevalence.' The country with the highest prevalence of
H. pylori infection was Nigeria (87.7%), whereas the lowest was
Switzerland (18.9%).'® H. pylori is known as a strong risk factor
for gastric cancer. There were more than 2 billion H. pylori-
positive patients and three-quarters of global gastric cancer cases
residing in Asia.'®'" Mongolia had the highest age-standardized
incidence rate (ASIR) of gastric cancer, followed by Japan
(ASIR of 32.5 and 31.6 per 100 000 persons, respectively).''
Africa had high H. pylori prevalence but low incidence of gastric
cancer.'! This “African enigma” is likely related to the limited
care available in many parts of Africa. Vietnam (70.3%),
Myanmar (69%), Laos (68.7%), and Thailand (28.2%) were
among the Association of Southeast Asian Nations (ASEAN)
with varying prevalence of H. pylori infection.'> Countries in
ASEAN with high H. pylori prevalence also have high incidence
of gastric cancer (ASIR > 10). The global prevalence of
H. pylori infection and ASIR of gastric cancer in ASEAN are
demonstrated in Figure 1.

Factors affecting the prevalence of H. pylori infection are
age, ethnicity, and socioeconomic status.'? The possible routes of
transmission are fecal—oral, oral-oral, and gastric—oral routes.'*
Children became infected with H. pylori at a very young age
(mean age of 32.78 months)."> Intrafamilial clustering of
H. pylori infection implied person-to-person transmission or
common exposure to same contaminated source.'® H. pylori
prevalence gradually increased with age from adolescents (10%—
30%) to the elderly (40%-60%)'" and also varied between ethnic
groups. In the United States, non-Hispanic Whites had H. pylori
prevalence of 26.9%, while non-Hispanic Blacks and Mexican
Americans had a prevalence of 51.1% and 57.9%, respectively.'®
Moreover, low socioeconomic class during childhood and
crowded living conditions were related to H. pylori infection.'”
Higher prevalence of H. pylori infection in Asian countries than
in Western countries might be explained by lower socioeconomic
status in most countries in Asia.'® Despite being in the same
region, developing Asian countries also had higher prevalence
than the developed ones.>”

H. pylori and gastric microbiome

The human stomach harbors much less microbial density [10'-10°
colony forming units (CFUs)/g] than the colon 10'°-10"? CFUs/g)
due to highly acidic environment.>' The gastric microbiota is
generally composed of dominant phyla including Actinobacteria
(genus Bifidobacterium), Bacteroidetes (genus Prevotella),
Firmicutes (genera Lactobacillus, Streptococcus, Clostridium,
Veillonella), Fusobacteria, and Proteobacteria.’?> The most abun-
dant phylum is Firmicutes, while the most common genera are
Streptococcus, Prevotella, Neisseria, Hemophilus, Fusobacterium,
and Veillonella.*> The recent study reported that H. pylori had
strong coexcluding interactions with Fusobacterium, Neisseria,
Prevotella, Veillonella, and Rothia only in patients with advanced
gastric lesions.”® H. pylori can induce gastric dysbiosis resulting in
decreased microbial diversity. Successful eradication can restore
gastric microbiota resembling the status of H. pylori-negative con-
trols, increase the abundance of Bifidobacterium, and hypothetical
downregulation of drug-resistance mechanisms.>> The dysbiotic
gastric microbiota profile, decreased H. pylori abundance, and
enriched oral or intestinal bacteria were found in patients with
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gastric cancer.>* Interplays between H. pylori infection and gastric
microbiome are demonstrated in Figure 2.

The disease spectrum of H. pylori
infection

H. pylori infection exhibits a wide spectrum of clinical manifes-
tations. H. pylori-related gastrointestinal diseases and extragastric
manifestations are described below.

Gastrointestinal diseases

Dyspepsia. Young dyspeptic patients without alarm symp-
toms and no risk for gastric cancer are recommended to be tested
for H. pylori infection by noninvasive testing, whereas older
patients should undergo upper gastrointestinal (GI) endoscopy
due to increased risk of gastric cancer.” The age cutoffs for per-
forming upper GI endoscopy are different between countries
according to the prevalence of gastric cancer.”> The optimal cut-
offs for endoscopy are 40 years for high-prevalence countries
(e.g., China, Korea, Japan, Taiwan26), and 45 or 50 years for
intermediate or low-prevalence countries (e.g., India, Malaysia,
Singapore, Thailand, Africa, North America, Western Europe).”
The age cutoffs for endoscopy in Vietnam are lower than most
guidelines as 30 years for women and 35 years for men to detect
98.2% of upper GI malignancy.?’ Since H. pylori can be detected
in visibly normal gastric mucosa, gastric biopsies should be
obtained in dyspeptic patients undergoing gastroscopy. H. pylori
eradication is recommended to provide symptomatic relief for
dyspepsia.?®

Gastritis. Persistent H. pylori infection causes chronic gastritis
of varying severity. H. pylori typically causes antral-predominant
gastritis. When inflammation continues, parietal cell destruction
results in decreased acid secretion. Atrophic gastritis and intesti-
nal metaplasia, which are precancerous lesions, subsequently
develop.

Peptic ulcer disease. H. pylori and nonsteroidal anti-
inflammatory drug (NSAID) are common causes of peptic ulcers.
The guideline recommends testing for H. pylori infection for
patients with active or a past history of peptic ulcer disease
(PUD).’ The prevalence of H. pylori infection was 90%—100% in
duodenal ulcers and 60%-100% in gastric ulcers.”’> Recently,
there has been a decreasing trend of H. pylori infection in
patients with PUD in the United States.*®

Gastric cancer. H. pylori can turn chronic gastritis into
atrophic gastritis, intestinal metaplasia, dysplasia, and eventually
adenocarcinoma via Correa’s precancerous cascade.®' H. pylori-
induced chronic gastritis generates increased epithelial cell turn-
over and reactive oxygen species, resulting in DNA damage
along with microRNA dysregulation.** Furthermore, H. pylori
can induce DNA methylation changes, causing epigenetic aberra-
tions in gastric epithelial cells. Promoter hypermethylation of
E-cadherin, a tumor suppressor gene, is related to the develop-
ment of gastric cancer.’?> Men, non-White racial and ethnic
minority groups, and smokers were associated with higher risk of
gastric cancer in H. pylori-infected patients.’® Family history of
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Figure 1
cancer in ASEAN (lower right panel).

gastric cancer in first-degree relatives was associated with approxi-
mately three-fold higher risk of gastric cancer.** H. pylori eradica-
tion not only decreases the risk of gastric cancer development,>
but also reduces histologic progression to gastric dysplasia.*®
H. pylori testing is recommended in patients with a history of
endoscopic resection of early gastric cancer (EGC). There were
lower rates of metachronous gastric cancer in patients with EGC
receiving H. pylori eradication than the placebo group during a
median follow-up of 5.9 years [7.2% vs. 13.4% (HR 0.5; 95% CI
0.26-0.94, P = 0.03)].”
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Global prevalence (upper panel), regional prevalence of H. pylori infection (lower left panel), and age-standardized incidence rate of gastric

Mucosa-associated lymphoid tissue lymphoma.
H. pylori infection is associated with over 90% of mucosa-
associated lymphoid tissue (MALT) lymphomas.*® The patho-
genesis of MALT lymphoma might be related to direct anti-
genic stimulation of B-cell proliferation by H. pylori.®®
Previous studies revealed that majority of patients (80%)
with low-grade gastric MALT lymphomas receiving H. pylori
eradication could achieve complete remission with an annual
recurrence rate of 5%.>° H. pylori eradication is also rec-
ommended in patients with H. pylori-negative gastric MALT
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Figure 2 Interplays between H. pylori infection and gastric microbiome. In normal condition, the mucus layer over gastric epithelial cells is
the habitat of highly diverse bacteria phyla. The most abundant phylum is Firmicutes, followed by Proteobacteria, and Bacteroidetes. In
H. pylori-associated chronic gastritis, dysbiosis develops with decreased microbial diversity. There is higher abundance of Proteobacteria,
but lower number of other phyla. As carcinogenesis continues, reduced H. pylori abundance and higher degree of dysbiosis are observed in
intestinal metaplasia and dysplasia. In gastric cancer, oropharyngeal or intestinal commensals (Streptococcus, Lactobacillus, Veillonella, and
Prevotella) are enriched.
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lymphoma as this can induce complete remission in 29.3% of
patients.*°

Extragastric diseases

Iron deficiency anemia. H. pylori infection can induce
depletion of iron stores by several mechanisms including chronic
occult gastrointestinal blood loss, impaired iron absorption due to
decreased intragastric acidity and ascorbic acid concentration,*'
and enhanced iron uptake for bacterial growth.*> The previous
study reported that the prevalence of H. pylori-related chronic gas-
tritis was 60% in patients with unexplained iron deficiency anemia
(IDA) compared with 43% of the control group without IDA
(P <0.01).* H. pylori infection was associated with IDA with
pooled OR of 2.22 (95% CI 1.52-3.24, P < 0.0001).** The meta-
analysis demonstrated significant improvement in IDA after com-
bination of H. pylori eradication and oral iron compared with oral
iron alone.*’

Idiopathic thrombocytopenic purpura. Potential
mechanisms of H. pylori-related idiopathic thrombocytopenic pur-
pura (ITP) might be caused by molecular mimicry between
H. pylori-induced antibodies and platelet glycoprotein antigens.*®
Moreover, antibodies to cytotoxin-associated gene A protein
(CagA), one of H. pylori virulence factors, can cross-react with spe-
cific peptides expressed by platelets of ITP patients.*® The preva-
lence of H. pylori infection was significantly higher in patients with
ITP than in controls (90.6% vs. 43.8%, P = 0.00006) in the
Colombian study.”” The systematic review reported that among
696 ITP patients receiving H. pylori eradication, 42.7% achieved
complete response (platelet count 2100 x 10%/L).*® Higher response
rate was observed in patients with milder degree of thrombocytope-
nia and in countries with high prevalence of H. pylori infection.*®
The American Society of Hematology recommends H. pylori eradi-
cation for infected patients with ITP (grade 1B) and also suggests
H. pylori screening in patients with ITP (grade 2C).*°

Diagnostic tests for H. pylori infection

Clinical guidelines recommend diagnostic testing for H. pylori
infection in patients with conditions as follows: (1) active or past
history of peptic ulcer, (2) chronic dyspepsia, (3) chronic NSAID
or aspirin use, (4) precancerous gastric lesions, (5) gastric cancer,
(6) MALT lymphoma, (7) family history of gastric cancer in a
first-degree relative, (8) family history of peptic ulcer, (9) having
household family member with active H. pylori infection,
(10) unexplained IDA, (11) ITP, and (12) vitamin B12 defi-
ciency.”"° As gastric cancer prevalence is relatively high in
Asia, the Bangkok consensus recommends community screening
and treatment for H. pylori infection to prevent gastric cancer,
especially in the area with high cancer burden.®

Current diagnostic tests for H. pylori infection are classi-
fied into two groups, which are noninvasive and invasive
methods. Invasive diagnostic tests are endoscopy-based tests
including histology, rapid urease test, culture, and polymerase
chain reaction. Noninvasive tests are urea breath test, stool anti-
gen test, and antibody tests in serum, urine, and saliva.’!

A patient should discontinue PPI for at least 2 weeks, anti-
biotics and bismuth compounds for at least 4 weeks before
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testing by histology, culture, rapid urease test, urea breath test, or
stool antigen test to avoid a false negative result.

Invasive tests

Histology. Histologic examination is considered to be the
gold standard in H. pylori detection with high sensitivity and spec-
ificity of 95% and 99%, respectively.’* Histology can provide
information about associated lesions such as atrophic gastritis,
intestinal metaplasia, dysplasia, and MALT lymphoma.

Rapid urease test. Gastric biopsy specimens are placed in a
medium containing urea and pH indicator. Urease from H. pylori
converts urea to ammonia, which increases the pH resulting in
color change of the pH indicator. Sensitivity and specificity are
approximately 85%—95% and 95%—100%, respectively.”!

Culture. Culture has lower sensitivity (85%-95%) than rapid
urease test or histology, but the specificity is as high as almost
100%." This test provides essential information about antimicro-
bial susceptibility.

Polymerase chain reaction. H. pylori can be detected by
polymerase chain reaction (PCR) in several types of specimens
such as gastric juice, gastric biopsies, stool, and saliva. PCR had
high sensitivity of 100% and 98% for gastric biopsy and stool
specimen respectively, while specificity was 98% for both speci-
mens.>® Antibiotic resistance can also be determined by amplifi-
cation of resistance-associated genes using real-time PCR.

Non-invasive tests

Urea breath test. '°C labeled urea is administered orally and
hydrolysed by H. pylori’s urease producing ammonia and labeled
CO,, which is subsequently exhaled and collected as breath sam-
ple. Until now, urea breath test (UBT) has been the most popular
and accurate noninvasive test for diagnosis of H. pylori infection
with high sensitivity (96%) and specificity (93%).>* In patients
with upper gastrointestinal bleeding, the diagnostic accuracy of
UBT is still high with sensitivity and specificity of 93% and
92%, respectively.” UBT can also be used after treatment to
confirm H. pylori eradication.

Stool antigen test. There are two types of stool antigen
tests that detect H. pylori antigens by using monoclonal or poly-
clonal antibodies. The monoclonal stool antigen test had higher
pooled sensitivity (94% vs. 83%) than polyclonal stool antigen
test but comparable specificity (97% vs. 96%).>® Therefore,
monoclonal stool antigen test should be used for diagnosis or
confirmation of eradication.”® PPI can decrease the sensitivity of
stool antigen test from 95.2% to 88.9% and should be discon-
tinued at least 2 weeks before the test.”’

Antibody tests in serum, urine, and saliva. Serologic
tests are inexpensive and noninvasive. The serological assay detects
anti-H. pylori 1gG in serum, which generally becomes positive
3 weeks after H. pylori infection and persists up to 6—12 months
after eradication.>® Serologic test had lower sensitivity and specific-
ity of 85% and 79%, respectively.®® Most serologic tests cannot
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Table 1 Helicobacter pylori antibiotic resistance stratified by regions

The United States® Europe®® 2008-2017, Africa®® 1986-2017,
Antibiotic resistance ASEAN'#62 2011-2021 N = 2660 N=1211 N = 2085
Metronidazole 30%-73% 42.1% 38.9% 75.8%
Clarithromycin 17%—-43% 31.5% 21.4% 29.2%
Levofloxacin 13%-34% 37.6% 15.8% 17.4%
Amoxicillin 0%-5% 2.6% 0.2% 72.6%
Tetracycline 0% 0.87% 0% 48.7%
Others - Rifabutin 0.17%, CLR-MNZ 11.7% Rifampicin 0.9% -

Abbreviations: ASEAN, the Association of Southeast Asian Nations; CLR, Clarithromycin; MNZ, Metronidazole.

differentiate past infection from current infection except for rapid
test with current infection marker (CIM) test providing sensitivity
and specificity of 93.2% and 96.2%, respectively compared with
UBT.> Upper gastrointestinal bleeding did not affect the accuracy
of serologic tests. There are less commonly used urine and saliva
antibody tests. Urine-based tests had fair sensitivity (84.7%), speci-
ficity (89.9%), and accuracy (87%).%° Salivary tests provided unsat-
isfactory results with fair sensitivity (81%) and specificity (73%).5"!
Urine and saliva antibody tests still have high variability of diagnos-
tic accuracy; therefore test usage is found only in research field.

Confirmation of cure

Confirmation of successful eradication should be performed to
avoid further complications of H. pylori infection and prevent
transmission to other family members. Posttreatment tests are
UBT, stool antigen test, or biopsy-based test. UBT is rec-
ommended as the best option for confirmation of cure. Suitable
timing for testing should be at least 4 weeks after treatment
completion.

Antibiotic resistance patterns

Antibiotic resistance patterns are determined by H. pylori culture
and antimicrobial susceptibility testing (AST). This test requires
proper gastric biopsy handling, efficient specimen transportation,
and microbiological expertise.®> Moreover, traditional H. pylori
culture is time-consuming and unavailable in some areas. Next-
generation sequencing (NGS) is a new molecular-based test,
which determines antibiotic resistance by identifying mutations
or variances of the H. pylori DNA.®* Fresh or formalin-fixed
paraffin-embedded gastric biopsies, gastric juice, or feces can be
used for NGS. Targeted genes associated with antibiotic resis-
tance are as follows: 23 S tRNA for clarithromycin, 16 S rRNA
for tetracycline, gyrA for fluoroquinolones, rdxA for metronida-
zole, pbp1 for amoxicillin, and rpoB for rifabutin.®®> NGS reliably
determined clarithromycin and levofloxacin resistance from cul-
ture isolates and formalin-fixed gastric tissue compared with agar
dilution.®?

Most of WHO regions had high pooled prevalence of pri-
mary and secondary resistance to metronidazole, clarithromycin,
and levofloxacin (>15%).* The most common antibiotic resis-
tance in all regions was metronidazole.'>%3% The ASEAN, the
United States, and Europe had almost the same antibiotic resis-
tance patterns, while extremely high resistance rates to all antibi-
otics were demonstrated in Africa.’® Amoxicillin and tetracycline

resistance rates were low in all regions except Africa. Antibiotic
resistance rates stratified by regions are demonstrated in Table 1.

Treatment

Treatment goal for H. pylori infection is an intention-to-treat
eradication rate of at least 90%.%” Choosing the suitable first-line
regimen depends on known or anticipated pattern of regional
antibiotic resistance.””’ Treatment regimen comprises anti-
secretory drug and antibiotics. The choice of antisecretory drugs
is either PPIs or potassium-competitive acid blockers (P-CABs).
At least two antibiotics are generally chosen in regimens.
Treatment guidelines for H. pylori infection recommend
different first-line regimens regarding local antibiotic resistance as
demonstrated in Table 2.

Antisecretory drugs

Proton pump inhibitors. Proton pump inhibitors (PPIs)
irreversibly bind and inhibit H, K™-ATPase on parietal cells caus-
ing effective gastric acid secretion blockage. PPIs are mainly metab-
olized by CYP2C19 enzyme. The meta-analysis reported that using
high-dose PPI was more effective in H. pylori eradication than using
standard-dose PPI (82% vs. 74%, RR 1.09; 95% CI 1.01-1.17).%
High-dose PPI is defined as a double dose of 40 mg of omeprazole
or equivalent.”* Potency of PPI is determined based on omeprazole
equivalent (OE). Equivalent doses of each PPI are as follows: pan-
toprazole 40 mg = 9 mg OE; lansoprazole 30 mg = 27 mg OE;
esomeprazole 20 mg = 32 mg OE; rabeprazole 20 mg = 36 mg
OE; dexlansoprazole 30 mg = 50-60 mg OE. This review suggests
using twice-daily dosing of PPI because of its ability to maintain
intragastric pH at 4 or higher for 15.6-20.4h.® Potent PPI
(e.g., esomeprazole, rabeprazole) is recommended and pantoprazole
should be avoided due to its relatively lower potency than other
PPIs.%” The recommended dose of esomeprazole or rabeprazole is
2040 mg twice daily.®

Potassium-competitive acid blockers. Potassium-
competitive acid blockers (P-CABs) reversibly bind to K ions
and consequently block H", K*-ATPase inhibiting acid secre-
tion. These drugs have a rapid onset of action and are capable
of achieving therapeutic levels after the first dose. At present,
P-CABs released to the market are revaprazan, vonoprazan, and
tegoprazan. Vonoprazan is mainly metabolized by CYP3A4/S.
Exactly 10 mg of vonoprazan is equivalent to 60 mg of
omeprazole.”®
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Table 2 Treatment regimens for Helicobacter pylori infection according to different guidelines
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ASEAN Consensus,® 2018

Maastricht VI/Florence Consensus
Fieport,7 2022

Regimen ACG Clinical Guideline,® 2017

First-line therapy Recommend
e BQT (10-14 days)
e Concomitant therapy .

(10-14 days)

e |f CLR resistance <15% .
Triple therapy (14 days)
Suggest .
e Sequential therapy (10-14 days) .

o Hybrid therapy (14 days)
e VX triple therapy (10-14 days)
e FQ sequential therapy
(10-14 days)
Penicillin allergy e BQT (14 days) .
® PPI-CLR-MNZ (14 days)

Second-line therapy e |[f first-line using CLR .
BQT or LVX salvage regimens
e |[f first-line using BQT

CLR or LVX salvage regimens .
Salvage therapy Recommend .
e BQT (14 days)
e VX triple regimen (14 days) .
Suggest
e Concomitant therapy .
(10-14 days)

e Rifabutin triple regimen (10 days)
¢ High-dose PPI-AMX (14 days)

Antimicrobial No recommendation
susceptibility

testing

Depends on antibiotic

resistance
If CLR resistance <15%

Triple therapy (14 days)

Concomitant therapy
(14 days)

Hybrid therapy (14 days)
BQT (14 days)

BQT (14 days)

Antibiotic not previously
used, or resistance is unlikely
(e.g., AMX, TET, Bismuth)
FQ triple therapy (14 days)

FRZ quadruple therapy
(14 days)

Rifabutin triple therapy
(12-14 days)

High-dose PPI-AMX dual
therapy (14 days)

After failure of second-line

therapy

Recommend routine AST before
first-line therapy
Empirical regimens if AST is not
available
e CLR resistance >15% or unknown
o BAQT (14 days)
o If BQT is not available >
concomitant (14 days)
e CLR resistance <15%
o BQT or CLR triple therapy
(14 days)

first-line: BQT (14 days)

second-line: FQ regimen or BQT (if
BQT is not previously used) (14 days)

e BAQT (if first-line using triple/
concomitant)

e FQ quadruple (or triple) therapy

e High-dose PPI-AMX dual therapy

e [f high FQ resistance = bismuth
with other antibiotics or rifabutin

e Bismuth with other antibiotics

¢ High-dose PPI-AMX dual therapy

e Rifabutin triple therapy

e |[f fail triple/concomitant = fail BQT
therapy
o FQ regimen

e |f fail triple/concomitant - fail FQ
therapy
o BQT

e |f fail BQT - fail FQ therapy
o CLR triple or quadruple (low CLR

resistance)

Recommend AST even before first-line
treatment (if available) for
implementation of antibiotic
stewardship

Note: AST = Antimicrobial susceptibility testing, Hybrid therapy = PPl + AMX (7 days) then PPl + AMX + CLR + MNZ (7 days), FQ sequential
therapy = PPI-AMX (5-7 days) then PPI-FQ-MNZ (5-7 days), FRZ quadruple therapy (14 days) = PPl + FRZ 100 mg tid + Bismuth + (AMX or TET),
Rifabutin triple therapy (12-14 days) = PPI + rifabutin (150 mg daily) + AMX (1.5 g tid).
Abbreviations: AMX, Amoxicillin; BQT, Bismuth quadruple therapy; CLR, Clarithromycin; FQ, Fluoroquinolone; FRZ, Furazolidone; LVX, Levofloxacin;

MNZ, Metronidazole; TET, Tetracycline.

Treatment regimens

Triple therapy. Standard triple therapy (STT) should not be
used if the local clarithromycin resistance is >15%.”" One study
demonstrated that 14-day STT could provide 87.8% eradication
in clarithromycin resistance rate of 14.8%.”' The OPTRICON
study demonstrated the eradication rate for 14-day STT of 82.3%
without antimicrobial susceptibility data.”> Another study rev-
ealed excellent eradication rate of 100% when using 14-day STT
with high-dose PPI (lansoprazole 60 mg twice daily) in low
clarithromycin resistance area.”® Treatment duration of 14 days is
recommended for H. pylori eradication. Although empiric STT

JGH Open: An open access journal of gastroenterology and hepatology 7 (2023) 3-15

yielded suboptimal eradication rates in some studies,” it could
still be used in area with low clarithromycin resistance or
available AST.

Concomitant therapy. Previous studies demonstrated high
eradication rates (93.8%-96.4%) of 10-day concomitant regi-
men.”>”> The European registry (Hp-EuReg) with 21 533
patients also reported a high eradication rate (92.2%) of 14-day
concomitant regimens.”® One Korean study reported that con-
comitant therapy had provided the best eradication rate (94.4%)
compared with triple therapy and sequential therapy.”’ However,
adverse effects, for example, nausea, vomiting, and diarrhea,
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H. pylori infection

High clarithromycin resistance (=15%)

Low clarithromycin resistance (<15%)

15t line 14-day Concomitant therapy 14-day Triple therapy
14-day Bismuth quadruple therapy 14-day Bismuth quadruple therapy
If fails
v
14-day Bismuth quadruple therapy (if not previously used)
2" Jine

14-day Levofloxacin triple therapy

If fails

Antimicrobial susceptibility testing

*Vonoprazan might be used instead of proton pump inhibitor in area of high antibiotic resistance.

Figure 3 Algorithm for H. pylori management.

from concomitant regimen were significantly more common than
from STT.”? Although the concomitant regimen achieves high
eradication rate, it can cause unnecessary antibiotic use accelerat-
ing antimicrobial resistance.

Sequential therapy. The meta-analysis including 13 532
patients reported an overall eradication rate for sequential regi-
men of 84.3% without superiority over STT, concomitant, and
bismuth quadruple therapy (BQT).”® In Thailand, 10-day sequen-
tial therapy has also demonstrated decreasing eradication rate to
59.7% in recent years.®> This might be caused by low medication
adherence associated with regimen complexity. Therefore,
sequential therapy is not recommended for first-line treatment in
this review.

Bismuth quadruple therapy. Bismuth results in rapid
antimicrobial effect on H. pylori and also produces synergistic
effect with metronidazole.”” Bismuth quadruple therapy (BQT)
can be used as first-line or second-line therapy. As first-line

10

treatment, one study compared 14-day and 10-day BQT, reveal-
ing high efficacy (96% vs. 95%).2° BQT provided high eradica-
tion rates of >90% in Taiwan and Europe.”*’® The Thai study
that evaluated 7-day BQT as first-line treatment using amoxicillin
instead of tetracycline provided the eradication rate of 82.5%
despite high metronidazole resistance rate (50%).8' It is noted
that metronidazole resistance can be overcome by increasing the
dosage of metronidazole to at least 1500 mg/day and extending
the duration of treatment to 14 days.® As second-line therapy,
eradication rates were 76%-94.5%.5%%3

Levofloxacin triple therapy. Levofloxacin triple therapy
is primarily recommended for second-line therapy by most guide-
lines. The recent US study demonstrated high levofloxacin resis-
tance (37.6%), making levofloxacin triple therapy not suitable to
be a first-line regimen.®* This regimen demonstrated fair eradica-
tion rates as first-line treatment (79.1%-85.2%).7%%* As second-
line therapy, eradication rates were 78%-92.9% 3%

JGH Open: An open access journal of gastroenterology and hepatology 7 (2023) 3-15
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Table 3 Eradication rates and composition of each first-line and second-line regimen

Regimen and duration

Regimen composition

Eradication rates Reference number

First-line regimens
Concomitant therapy (10 days)
(500 mg bid)

Triple therapy (14 days)
Bismuth quadruple therapy (14 days)

PPl + AMX (1 g bid) + MNZ (500 mg bid) + CLR

PPl + AMX (1 g bid) + CLR (1 g/day)
PPI 4+ Bismuth subsalicylate (524 mg gid or 1048 mg

bid) + MNZ (5600 mg tid) + TET (5600 mg qid)

LVX triple therapy (10-14 days)
Sequential therapy (10 days)

PPl + AMX (1 g bid) + LVX (500 mg/day)
PPI + AMX (1 g bid) (5 days) followed by PPI + CLR

(1 g/day) + MNZ (500 mg bid) (5 days)

Vonoprazan triple therapy
400 mg bid) (7 days)

VPZ (20 mg bid) + AMX (1 mg bid) + CLR (500 mg

bid) (14 days)
Vonoprazan dual therapy
(7 days)

VPZ (20 mg bid) + AMX (1 g tid) (14 days)

Second-line regimens
LVX triple therapy (14 days)
Bismuth quadruple therapy (14 days)

VPZ (20 mg bid) + AMX (750 mg bid) + CLR (200 or

VPZ (20 mg bid) + AMX (750 mg bid or 500 mg tid)

PPl + AMX (1 g bid) 4+ LVX (500 mg/day)
PPl + Bismuth subsalicylate (524 mg gid or 1048 mg

93.8%-96.4% 72,7577
82.3%-87.8% 71,72,76
88.2%-96.0% 74,76,80
79.1%-85.2% 76,84
59.7%-84.3% 63,76,78
88.9%-95.7% 86-88
84.7% 91
87.1%-94.4% 89,90
78.5% 91
78.0%-92.9% 82,85
76.0%-94.5% 82,83

bid) + MNZ (500 mg tid) + TET (500 mg gid)

Abbreviations: AMX, Amoxicillin; bid, twice a day; CLR, Clarithromycin; LVX, Levofloxacin; MNZ, Metronidazole; PPI, Proton pump inhibitor; qid, four

times a day; TET, Tetracycline; tid, three times a day; VPZ, Vonoprazan.

Vonoprazan-containing regimens. Recently,
vonoprazan-containing regimens have been more popularly used
due to P-CABs’ potent acid inhibitory effect. Vonoprazan has been
used in H. pylori treatment regimens since its first approval in Japan
in 2015. Previous studies in Japan reported higher eradication rate
of vonoprazan triple therapy (88.9%—-95.7%) than PPI-based triple
therapy (71.4%-86.7%) in a population with high clarithromycin
resistance rate.5% In Japan, the cure rates with PPI and
vonoprazan in clarithromycin susceptible infection were high and
similar. Other studies demonstrated no difference in eradication rates
of approximately 90% between vonoprazan dual and vonoprazan
triple therapy.®° In the latest trial conducted in the United States
and Europe, 1046 patients were randomized 1:1:1 to receive
vonoprazan dual, vonoprazan triple, or lansoprazole triple
therapy. This study demonstrated comparable eradication rates
of vonoprazan triple (84.7%), vonoprazan dual (78.5%), and
lansoprazole triple therapy (78.8%) in population with high
clarithromycin resistance rates in each group (19.1%-23.7%).”' The
study also reported that both vonoprazan-based regimens provided
significantly higher eradication rates than lansoprazole triple therapy
in patients with clarithromycin-resistant strains (vonoprazan dual
therapy 69.6%, vonoprazan triple therapy 65.8% vs. lansoprazole
triple therapy 31.9%, P < 0.001).”" Vonoprazan dual and triple ther-
apies have been recently approved for H. pylori treatment by the
US Food and Drug Administration since May 2022. For other
vonoprazan-based regimens, pilot studies in Thailand revealed high
efficacy of 7-day high-dose vonoprazan triple therapy (92.3%) and
14-day vonoprazan triple therapy plus bismuth (96.2%).°> Another
prospective study demonstrated high efficacy (95%) of 14-day
vonoprazan bismuth quadruple therapy.”®

The current trend in H. pylori eradication is adopting the
principles of antibiotic stewardship to improve treatment

JGH Open: An open access journal of gastroenterology and hepatology 7 (2023) 3-15

outcome, minimize antibiotic resistance, and reduce healthcare
costs. Since AST is not available in some areas, recent guidelines
have also provided guidance on effective empirical regimens.
Vonoprazan is increasingly used because of superior eradication
rate for antibiotic-resistant strains and non-inferiority to PPI-
based therapy. Recommended first-line regimens for H. pylori
eradication are classified according to clarithromycin resistance.
In areas of high clarithromycin resistance (215%), we recom-
mend 14-day concomitant therapy or 14-day BQT as first-line
regimen. In areas of low clarithromycin resistance (<15%), we
recommend 14-day triple therapy or 14-day BQT as first-line
treatment. Second-line regimens are 14-day levofloxacin triple ther-
apy or 14-day BQT if BQT is not previously used. Recommended
first- and second-line regimens are demonstrated in Figure 3. Eradi-
cation rates and composition of each first- and second-line regimen
are summarized in Table 3.

Multiple H. pylori treatment failure

Multiple H. pylori treatment failure is an unsuccessful eradication
after completing two or more courses of standard H. pylori treat-
ment regimens.® Factors associated with successful eradication
are interactions among host, bacteria, and systems. The most
common causes of eradication failure are poor adherence to med-
ical therapy and antibiotic resistance.® Barriers to adherence, for
example, regimen complexity, adverse effects, should be
explored and addressed. Antibiotic resistance has been increasing
in the past decade except for low tetracycline and amoxicillin
resistance. After second-line treatment failure, it is recommended
to perform antimicrobial susceptibility testing (AST). If AST is
available, we recommend using tailored treatment based on AST.
If AST is not available, we recommend using antibiotic with low

1
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Antimicrobial

susceptibility testing

Available

Not available

e Assess medication adherence
e Tailored therapy based on AST

e High-dose or more potent PPI or
consider P-CAB instead of PPI

e Assess medication adherence

o Antibiotics not used previously, or
resistance is unlikely, e.g., amoxicillin,
tetracycline, bismuth, or furazolidone

e High-dose or more potent PPI or
consider P-CAB instead of PPI

Treatment duration of 14 days

AST = antimicrobial susceptibility testing, PPI = proton pump inhibitor, P-CAB = potassium-competitive acid blocker

Appropriate use of each antibiotic
» Amoxicillin: >2 g/day divided 3 or 4 times daily
* Metronidazole: 1.5-2 g/day in divided doses
« Furazolidone: 100 mg 3 times daily

Patients taking furazolidone should avoid food and beverage containing tyramine, e.g., cheese, processed meat,

red wine, as this can predispose hypertensive crisis.

Figure 4 Algorithm for management of multiple H. pylori treatment failure.

resistance potential such as amoxicillin, tetracycline, rifabutin, or
furazolidone in combination with antibiotic, which was not used
in previously failed regimens. CYP2C19 polymorphisms also
have an impact on PPl metabolism contributing to change in
intragastric pH, and eventually affecting H. pylori eradication. It
is recommended to use high-dose potent PPI or switch to use P-
CAB to achieve adequate acid suppression. Bismuth has bacteri-
cidal activity on H. pylori and also produces synergistic effect
with antibiotics.”*** The addition of bismuth to H. pylori treat-
ment regimen can increase the eradication rate by an additional
30%-40% despite resistant infection.”® Lastly, treatment duration
of 14 days provided higher eradication rates than shorter dura-
tion.? Hence, we recommend treatment duration of at least
14 days for H. pylori treatment failure. The proposed algorithm
for management of H. pylori treatment failure is demonstrated in
Figure 4.

Adjuvant therapy for H. pylori infection

Probiotics are used as an adjuvant treatment to reduce the side
effects of antibiotics, which may further increase tolerability and
enhance the eradication rate. In vitro and in vivo studies demon-
strated that Lactobacillus, Bifidobacterium species, and Saccharo-

myces boulardii could exert an inhibitory effect on H. pylori.”>°

12

Shi et al. conducted the network meta-analysis including 40 studies
(N = 8924) reporting that using probiotics could provide
higher eradication rates and lower side effects. Lactobacillus
and multiple strains contributed to better subgroup eradication
rates. However, there were high heterogeneity, small sample
size, and different strains of probiotics used in each study.”’
As H. pylori-associated gastric atrophy can cause reduced acid
secretion, it was previously suspected that eradication therapy
might aggravate gastroesophageal reflux disease (GERD).”®
Nevertheless, prior studies reported that H. pylori eradication
was not associated with development of GERD”® and did not
increase risk of Barrett’s esophagus and esophageal adenocar-
cinoma.”” In any case, if patients develop reflux symptoms
after eradication, probiotics might be used to improve heart-
burn or regurgitation.'’ More trials are still needed to evalu-
ate the association of probiotics and GERD.

Statins can inhibit H. pylori-induced inflammation by
inducing autophagy in macrophages. One randomized trial
reported that patients receiving anti-H. pylori therapy with
statin had significantly higher eradication rate than the group
without statin.'®" However, this study did not provide data
about antimicrobial susceptibility test. Another large prospec-
tive cohort revealed slightly higher eradication rates in statin
users than non-statin group using empirical treatment (89%
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vs. 86%, OR 1.3; 95% CI 1.1-1.5, P = 0.002)."°* Larger clin-
ical trials are needed to confirm the efficacy of adding statin
in treatment regimen.

Vaccine against H. pylori

H. pylori vaccine has been developed for a decade. The largest
phase 3 trial conducted in China (Chinese children, N = 4464)
concluded that an efficacy of oral recombinant H. pylori vaccine
was 71.8% in the first year and decreased to 55% in the second
year.'® Protection against H. pylori infection was maintained for
3 years after vaccination. Mild adverse reactions such as vomiting,
fever, and headache were detected in 7% of both vaccine and pla-
cebo groups.'® In contrast, another study reported that parenteral
vaccine was not superior to placebo in prevention of H. pylori
infection in adult patients‘104 Future trials are required to study the
safety and efficacy of vaccine against H. pylori.

Conclusions

H. pylori infection is a major risk factor for gastric cancer. Diag-
nostic testing and treatment for H. pylori infection are rec-
ommended. High-dose potent PPI or vonoprazan should be used
to achieve adequate acid suppression. Fourteen-day concomitant
therapy or 14-day BQT is recommended as first-line eradication
regimen in high clarithromycin resistance area, while 14-day triple
therapy or 14-day BQT is recommended in low clarithromycin
resistance area. AST should be performed in patients with multiple
treatment failures to provide best-tailored therapy and further
increase eradication success.
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