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Helicobacter pylorihas been well known to cause gastritis, peptic ulcers, mucosa-associated lym-
phoid tissue, and gastric cancer. The importance of H. pylori eradication has been emphasized,;
however, the management of H. pyloriinfection is difficult in clinical practice. In both Eastern and
Western countries, there has been a constant interest in confirming individuals who should be
tested and treated for H. pyloriinfection and developing methods to diagnose H. pylori infection.
Many studies have been implemented to successfully eradicate H. pylori, and various combina-
tions of eradication regimens for H. pylori infection have been suggested worldwide. Based on
the findings of previous studies, a few countries have published their own guidelines that are
appropriate for their country; however, these country-specific guidelines may differ depending on
the circumstances in each country. Evidence-based guidelines and clinical practice updates for
the treatment of H. pyloriinfection have been published in Korea and the United States in 2021.
This review will summarize the similarities and differences in the management of H. pylori infec-
tion in Korea and the United States, focusing on indications, diagnosis, and treatments based on

recent guidelines and recommendations in both countries. (Gut Liver 2022;16:503-514)

Key Words: Helicobacter pylori; Disease management; Republic of Korea; United States

INTRODUCTION

Helicobacter pylori infection is a cause of certain gas-
trointestinal disorders, including gastritis, peptic ulcers,
mucosa-associated lymphoid tissue (MALT) lymphoma,
and gastric cancer. The International Agency for Research
on Cancer, an agency of the World Health Organization
(WHO), has proclaimed that H. pylori is a definite risk fac-
tor for gastric cancer (group I) in 1994 and 2009;' however,
successful treatment of H. pylori infection is as difficult as
preventing H. pylori infection in the clinical setting due to
increased antibiotic resistance in H. pylori.

Regarding antibiotic resistance, clarithromycin resis-
tance in H. pylori is the most important factor determining
the success or failure of eradication therapy. Clarithromy-
cin-containing regimens have revealed eradication rates
of <80% worldwide, indicating that they are unsuitable for
empirical use.” The WHO has announced that clarithro-
mycin-resistant H. pylori is a high-priority pathogen (pri-

ority 2) for the research and development of new antibiot-
ics and has been assigned the same grade as vancomycin-
resistant Enterococcus faecium and methicillin-resistant,
vancomycin-intermediated, and vancomycin-resistant
Staphylococcus aureus.’

The third edition of the Korean guidelines on the treat-
ment of H. pylori infection was recently published.” In
addition, clinical practice update of the American Gastro-
enterological Association (AGA) on the treatment of re-
fractory H. pylori, especially salvage or rescue therapies for
H. pylori infection, was published in 2021.° Nonetheless,
the existing American College of Gastroenterology (ACG)
clinical guidelines and recommendations of the Houston
Consensus Conference (HCC) are important references
for the diagnosis and treatment of H. pylori infection in
the United States (US).*” Therefore, this review aimed to
investigate the current recommendations concerning the
indications, diagnosis, and treatments of H. pylori infec-
tion in Korea and the US based on the abovementioned
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reference guidelines.

H. pylori ERADICATION IN KOREA

The Korean College of Helicobacter and Upper Gastro-
intestinal Research group proposed guidelines for the diag-
nosis and treatment of H. pylori infection for the first time
in Korea in 1998, and the revised edition was published in
2013.* The third edition of guidelines for the treatment of
H. pylori infection in Korea was published in 2021." The
difference between the current and previous guidelines is
that the third edition of guidelines is based on evidence-
based medicine and de novo meta-analysis."

1. Indication

The previous revised edition of the Korean guidelines
describes 11 statements on the indications for H. pylori
eradication,”” and the third edition of the Korean guide-
lines newly added two statements® to include unexplained
iron deficiency anemia (IDA) and after endoscopic resec-
tion of gastric adenoma. All statements were either strong
or weak recommendations.

The five strong recommended indications for H. pylori
eradication include the following: (1) peptic ulcer diseases,

including scar stage, (2) MALT lymphoma of the stomach,
(3) after endoscopic resection of early gastric cancer (EGC),
(4) long-term low-dose aspirin user with a history of pep-
tic ulcer diseases, and (5) idiopathic thrombocytopenic
purpura (ITP).*” Although the level of evidence for weak
recommended indications is lower than that for strong
recommended indications, they include the following: (1)
family history of gastric cancer, (2) functional dyspepsia,
(3) unexplained IDA, and (4) after endoscopic resection
of gastric adenoma (Table 1)." Atrophic gastritis and/or in-
testinal metaplasia, a previous indication, dismissed owing
to a lack of evidence and expert agreement." However, the
controversy over atrophic gastritis and/or intestinal meta-
plasia seems to be discussed again when setting up the next
Korean guidelines.

The insurance coverage policy is another issue in Korea.
Until 2017, the Korean Health Insurance Review and As-
sessment Service allowed H. pylori eradication treatment
in patients with peptic ulcer diseases, including scar stage;
low-grade gastric MALT lymphoma; and after endoscopic
resection of EGC. However, since January 1, 2018, the
range of diseases that can be treated for H. pylori eradica-
tion was expanded. The newly added indications were as
follows: ITP, after endoscopic resection of gastric adenoma,
first-degree relatives of gastric cancer, atrophic gastritis,

Table 1. Indications for Helicobacter pylori Eradication in Korea and the United States

Strength of

United States

. Korea
recommendations

ACG Houston Consensus Conference

Strong Peptic ulcer disease
recommendations Gastric MALT lymphoma
History of endoscopic resection of
early gastric cancer
Idiopathic thrombocytopenic purpura
Long-term low-dose aspirin user
with a history of peptic ulcer

history*

All patients with active H. pylori infection  All patients with active H. pylori infection

Active peptic ulcer disease

Low-grade gastric MALT lymphoma

History of endoscopic resection of early
gastric cancer

Functional dyspepsia

Patients with typical GERD symptoms
who do not have a peptic ulcer disease

Peptic ulcer disease

Gastric MALT lymphoma

Uninvestigated dyspepsia

Patients with reflux symptoms (only if
they have high risk for H. pylori-related
disease)

Idiopathic thrombocytopenic purpura

Family history of gastric cancer

Patients starting chronic treatment with a Family history of peptic ulcer disease

NSAID

Weak Family history of gastric cancer
recommendations Functional dyspepsia
Unexplained iron deficiency anemia
History of endoscopic resection of
gastric adenoma

Uninvestigated dyspepsia

Long-term low-dose aspirin user
Unexplained iron deficiency anemia
Idiopathic thrombocytopenic purpura

First-generation immigrants from high
prevalence areas

Family members residing in the same
household of patients with proven active
H. pylori infections

Latino and African American racial or
ethnic groups

Long-term PPl user (>1 month)

Long-term aspirin/NSAID user
(>1 month)

Patients treated with medications whose
absorption is known to be impacted by
infection (e.g., levodopa, thyroxin)

ACG, American College of Gastroenterology; MALT, mucosa-associated lymphoid tissue; GERD, gastroesophageal reflux disease; NSAID, nonste-

roidal anti-inflammatory drug; PPI, proton pump inhibitor.

*The ACG guidelines strongly recommend that these patients do not need to be tested for H. pylori infection.
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and when medical judgment requires eradication therapy
and the patient agrees to administer the treatment. These
changes may be possible based on the broad clinical and
epidemiological research on H. pylori in Korea.

In 2013, the insurance coverage policy for H. pylori
eradication was expanded to cover all patients with H.
pylori-positive gastritis in Japan. The number of patients
with successful H. pylori eradication almost doubled to
1,380,000 per year in 2013 compared to 650,000 per year
between 2001 and 2012." The indications for H. pylori
eradication have reorganized recently in Korea, and the
proportion of H. pylori eradication treatment is predicted
to increase in the near future, similar to that seen in Japan.

2. Diagnosis

The third edition of the Korean guidelines did not fully
cover the diagnostic aspect of H. pylori infection. Never-
theless, the third edition of the Korean guidelines covered
polymerase chain reaction (PCR) or sequencing tests for
the identification of clarithromycin-resistant H. pylori.'
Since the 2010s, the diagnosis of clarithromycin-resistant
H. pylori infection using PCR or sequencing tests has been
gradually and widely implemented in Korea. According
to the results of several studies, the eradication rates of
tailored therapy using PCR results were higher than those
of control treatment, and similar results were observed for
7-day tailored therapy."”'* Therefore, the third edition of
Korean guidelines recommend clarithromycin resistance
test using PCR or sequencing tests when prescribing stan-
dard triple therapy for 7 days as a first-line treatment." Ex-
cept for the above change, the diagnosis for H. pylori infec-
tion is almost identical to the previous Korean guidelines.
The Korean guidelines recommended either noninvasive
or invasive diagnostic methods (Table 2).” Noninvasive di-
agnostic methods comprise urea breath, stool antigen, and
serology tests, including blood agglutination, complement

fixation, indirect immunofluorescence tests, and enzyme-
linked immunosorbent assays.9 Rapid urease test (RUT)
and histology are the recommended invasive diagnostic
methods for H. pylori infection.” A clarithromycin resis-
tance test using PCR or sequencing tests, another invasive
method, can be performed under the aforementioned cir-
cumstances.* However, before the urea breath test (UBT),
acid suppressants and antibiotics should be discontinued
at least 2 weeks.” Additionally, gastric biopsy specimens
are collected both the antrum and corpus. When perform-
ing gastric biopsy on only one site, the specimens should
be collected from an area with no or minimal mucosal
atrophy and intestinal metaplasia to reduce false-negative
results of invasive diagnostic methods.” After treatment,
the UBT, the stool antigen test, the RUT, or histological
analysis are recommended to ascertain H. pylori eradica-
tion (Table 2).” All tests should be implemented at least 4
weeks after termination of eradication therapy.’

As proposed in other guidelines, the antibiotic suscep-
tibility test (AST) using culture is an ideal method for as-
certaining H. pylori eradication therapy.”” However, only a
few centers have a culture-based AST system in Korea, and
it is difficult to implement an AST in most cases even if H.
pylori eradication therapy fails. Although PCR or sequenc-
ing tests has a relatively high probability of false-positive
results,"” they have the advantages of good accessibility and
simplicity. Reflecting actual medical practice in Korea, the
third edition of the Korean guidelines contained PCR or
sequencing tests, and further research is needed to demon-
strate the usefulness of PCR or sequencing tests.

3. H. pylori antimicrobial resistance

Successful H. pylori eradication has been difficult owing
to the increase in antibiotic resistance in H. pylori. Recent-
ly, a nationwide prospective multicenter study evaluating
the antibiotic resistance rates of H. pylori was conducted

Table 2. Diagnosis of Helicobacter pylori Infection in Korea and the United States

United States
Methods Korea
Houston Consensus Conference
Initial diagnosis Noninvasive  Serology Urea breath test
Urea breath test Stool antigen test
Stool antigen test
Invasive Rapid urease test Histology"
Histology
Polymerase chain reaction or sequencing for
clarithromycin resistance test*
Follow-up test after eradication therapy ~ Noninvasive  Urea breath test Urea breath test
Stool antigen test Stool antigen test
Invasive Rapid urease test Histology"

Histology

*When 7 days of standard triple therapy is considered first-line treatment; 'If endoscopy is performed.
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between 2017 and 2018 in Korea. A total of 580 patients
were enrolled, and the resistance rates to clarithromycin,
metronidazole, levofloxacin, ciprofloxacin, amoxicillin,
and tetracycline were 17.8%, 29.5%, 37.0%, 37.0%, 9.5%,
and 0%, respectively (Table 3)." Another recent Korean
study reported that the resistance rates to clarithromycin,
metronidazole, and levofloxacin were high and increased
from 2003 to 2018. Although the study was performed at
a single tertiary hospital, and the number of patients was
relatively small, they investigated the antibiotic resistance
rates of H. pylori as primary and secondary. The primary
resistance rates to clarithromycin, metronidazole, levoflox-
acin, amoxicillin, tetracycline, and rifabutin during 2015
to 2018 were 43.7%—45.9%, 36.6%—43.2%, 40.8%—62.2%,
5.6%—8.1%, 12.7%—16.2%, and 0%—3%, respectively.”” In
addition, the secondary resistance rates to clarithromycin,
metronidazole, levofloxacin, amoxicillin, and tetracycline
between 2015 and 2018 were 78.0%, 51.2%, 70.7%, 17.1%,
and 12.2%, respectively (Table 3). There were some differ-
ences in antibiotic resistance rates of H. pylori between the
two studies; however, the results showed that the primary
and secondary resistance rates to salient antibiotics were
high in Korea.

Recently, Lee et al.'® reported the therapeutic effect of
potassium-competitive acid blocker (PCAB), a potent
gastric acid suppressant agents compared to proton pump
inhibitor (PPI), on H. pylori using cultures and AST. After
PCAB administration, the minimum inhibitory concentra-
tions were improved by 46.3% for clarithromycin, 55.6%
for metronidazole, 46.7% for fluoroquinolone, and 34.5%
for amoxicillin in a total of 220 resistant H. pylori isolates
from Korean patients." It is presumed that administration
of PCAB might increase the susceptibility of H. pylori to
antimicrobial resistance, and further studies on H. pylori
eradication therapy with PCAB should be conducted in
Korea.

4. Treatment
The primary H. pylori eradication regimens recom-

mended by the Korean College of Helicobacter and Upper
Gastrointestinal Research group have barely changed from
1998. However, recommendations regarding H. pylori
eradication regimens have substantially changed in the
third edition of the Korean guidelines compared to those
in the previous guidelines. Briefly, the duration of regimens
has been extended, and the types of recommended first-
line therapies have been added.

The duration of the standard triple therapy of 1 to 2
weeks was changed to 2 weeks in the third edition guide-
lines. Therefore, the Korean guidelines recommend pri-
mary treatment with 2 weeks of standard triple therapy
comprising of a standard dose of PPI (1 g), amoxicillin (1
g), and clarithromycin (500 mg) twice a day (Table 4)." If
physicians consider 7-day standard triple therapy as the
first-line treatment, the third edition Korean guidelines
recommend performing a PCR or sequencing test for the
confirmation of clarithromycin-resistant H. pylori.*

Sequential therapy and concomitant therapy, which
were second-line treatments in the previous guidelines, are
recommended as first-line treatments in the third edition.’
Sequential therapy consisted of 5-day standard dose of PPI
and 1 g amoxicillin twice daily, followed by another 5-day
standard dose of PPI, 500 mg clarithromycin, and 500 mg
metronidazole twice daily.* Concomitant therapy included
500 mg metronidazole twice daily in standard triple ther-
apy." Further, bismuth-containing quadruple therapy was
also discussed as one of the first-line eradication therapies;
however, it was recommenced when other therapies were
unfeasible because of its high adverse effects and the pos-
sibility of use as salvage therapy.*

Two-week bismuth-containing quadruple therapy,
which consisted of a standard dose of PPI two times daily,
500 mg metronidazole three times daily, 120 mg bismuth
four times daily, and 500 mg tetracycline four times daily,
was recommended as salvage regimen in patients with fail-
ure of standard triple therapy or non-bismuth quadruple
therapy (sequential or concomitant therapy) (Table 4).*
If bismuth-containing quadruple therapy failed, several

Table 3. Antibiotic Resistance Rates of Helicobacter pylori in Korea and the United States since 2015

Korea United States
Antibiotic
Primary, % Secondary, % Primary, % Secondary, %*
Clarithromycin 17.8-45.9 78.0 30.0 70.6
Metronidazole 29.5-43.2 51.2 83K 79.4
Levofloxacin 37.0-62.2 70.7 29.6 42.9"
Tetracycline 12.7-16.2 12.2 0.5 0.0
Amoxicillin 5.6-9.5 171 1.1 0.0
Rifabutin 0-3 - 0.5 -

*Antibiotic susceptibility test (AST) results in patients who failed two or more H. pylori eradication therapies between 2010 and 2017; "AST result

for ciprofloxacin.
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salvage therapies were suggested. Among them, the first
suggested regimen was levofloxacin triple therapy, which
consisted of a standard dose of PPI twice daily, 500 mg
levofloxacin once daily, or 250 mg levofloxacin twice
daily, and 1 g amoxicillin twice daily." The other suggested
regimens included triple therapy containing other fluoro-
quinolones, fluoroquinolone quadruple therapy, rifabutin
containing therapy, high-dose dual therapy, or concomi-
tant therapy (Table 4).*

In the past decades, the eradication rate of standard
triple therapy has sustainedly declined in Korea. A recent
study using data from an online nationwide database reg-
istry revealed that the H. pylori eradication rate of 7- to
14-day standard triple therapy was 71.5% in 6,188 patients
between 2010 and 2015."” For sequential and concomitant
therapies, a recent meta-analysis of six studies including
1,897 Korean patients from 2010 to 2015 reported that the
pooled eradication rate of sequential therapy was 77.5%
(95% confidence interval [CI], 64.8% to 90.2%) and 85.5%
(95% CI, 78.6% to 92.4%) in intention-to-treat (ITT) and
per-protocol (PP) analyses, respectively, and the pooled
eradication rate of concomitant therapy was 82.5% (95%
CIL, 71.0% to 94.1%) and 91.5% (95% CI, 83.8% to 99.2%)
in ITT and PP analyses, respectively.”

The Korean College of Helicobacter and Upper Gastro-
intestinal Research group conducted a nationwide multi-
center prospective randomized trial to evaluate the efficacy
of 10-day sequential, 10-day concomitant, and 7-day stan-
dard triple therapies in Korea from 2016 to 2018.*" A total
of 1,141 patients were enrolled from 15 hospitals, and the
eradiation rate of 10-day sequential therapy was 76.3% and
85.0% in ITT and PP analyses, respectively, and the eradia-
tion rate of 10-day concomitant therapy was 81.2% and
90.6% in ITT and PP analyses, respectively.”' However, the
eradiation rate of 7-day standard triple therapy was 63.9%
in ITT analysis and 71.4% in PP analysis, and the eradica-
tion rates of 10-day sequential and concomitant therapies
were statistically higher than those of 7-day standard
triple therapy.” Although there are limitations of differ-
ent treatment durations in the three therapies, this study
showed that 7-day standard triple therapy was insufficient
in Korea. In accordance with the results of other studies,
including this study,”? the use of 7-day standard triple
therapy was discarded, and the third edition of the Korean
guidelines has added sequential and concomitant therapies
as new first-line eradication therapy.

Bismuth-containing quadruple therapy is valuable for H.
pylori eradication. However, 10- to 14-day bismuth-con-
taining quadruple therapy did not show a superior eradi-
cation rate compared to 14-day standard triple, 10-day
sequential, and 10-day concomitant therapies." Instead, 10-

to 14-day bismuth-containing quadruple therapy revealed
higher adverse effects than other regimens.* Furthermore,
because of the possibility of using it as salvage therapy, the
third edition of the Korean guidelines did not recommend
bismuth-containing quadruple therapy first.*

THE UNITED STATES

Although the prevalence of H. pylori infection is rela-
tively low in the US, the management of H. pylori infection
is an area of medical interest. The last ACG clinical guide-
lines for H. pylori management were reported in 2007.”
Subsequently, the revised clinical guidelines from the ACG
were published in 2017,° and there have been significant
changes over the last decade. Among them, the most sig-
nificant development has been made in medical treatment
of H. pylori infection, and clinicians have been able to test
various regimens for H. pylori eradication.

In 2018, recommendations of the HCC, which was
comprised of experts on the management of H. pylori in-
fection in the US, were published for indications for H. py-
lori eradication and diagnosis of H. pylori infection.” There
are some discrepancies between the ACG guidelines and
the HCC recommendations. Overall, the HCC recommen-
dations appear to be more specific and extend indications
for H. pylori eradication.

The AGA clinical practice update was published in
2021. The updated review accentuated the importance of
sufficient acid suppression, addition of bismuth, and use of
a sufficient dose of metronidazole.” Although the AGA up-
date review only covered the management of refractory H.
pylori infection, which is the same as salvage therapy, it is

the first review associated to H. pylori infection proposed
by the AGA.

1. Indication

The ACG clinical guidelines for the US divided the
indications into two broad categories—indications to test
and indications to treat. The strength of statements was
also comprised of strong and conditional recommenda-
tions, depending on the quality of the evidence.’

A prerequisite of H. pylori management, which is
strongly recommended, is that all patients with a positive
result for active H. pylori infection should be treated, and
patients with the crucial problem should be tested for H.
pylori infection.® The four established and recommended
indications for diagnosis and eradication of H. pylori in-
fection include the following: (1) active gastric or duodenal
peptic ulcer diseases, (2) proven history of peptic ulcer
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diseases, which are not previously treated for H. pylori,
(3) low-grade gastric MALT lymphoma, and (4) after en-
doscopic resection of EGC.° Additionally, treatment with
chronic nonsteroidal anti-inflammatory drug was also a
strongly recommended indication for testing and treating
H. pylori infection.’ Further, dyspeptic symptoms along
with a history of endoscopy with confirmed H. pylori in-
fection and H. pylori infection with typical gastroesopha-
geal reflux diseases symptoms are the strongly recom-
mended indications for H. pylori eradication. However,
the indications to test for H. pylori in these patients were
slightly different from those to treat.” For patients aged
<60 years with uninvestigated dyspepsia and no alarm-
ing symptoms, a non-endoscopic H. pylori test should be
considered; this is a conditional recommendation.® With
regard to patients with typical gastroesophageal reflux dis-
eases symptoms, patients without a history of peptic ulcer
diseases do not need to test for H. pylori infection, which
is strongly recommended (Table 1).°

The conditional recommended indications for diag-
nosing and treating H. pylori infection are as follows: (1)
long-term, low-dose aspirin use, (2) unexplained IDA, and
(3) ITP® Additionally, there are no recommendations for
routine diagnosis and treatment of H. pylori infection in
patients with lymphocytic gastritis, hyperplastic gastric
polyps, and hyperemesis gravidarum or asymptomatic pa-
tients with a family history of gastric cancer (Table 1).°

However, the HCC published 14 statements to ascertain
appropriate patients for testing. Most indications are simi-
lar to those described in the ACG guidelines; however, the
additional indications in the HCC recommendations are
as follows: (1) patients with a family history of gastric can-
cer, (2) first-generation immigrants from high-prevalence
areas of gastric cancer and H. pylori infection, (3) Latino
and African American racial or ethnic group patients, (4)
patients with a family history of peptic ulcer disease, (5)
family members living with patients with confirmed active
H. pylori infection, (6) long-term PPI (>1 month) users,
and (7) patients receiving medications whose H. pylori in-
fection influences drug absorption (Table 1).”

There are some differences in the indications for H. py-
Iori eradication between the US and Korea, and there may
also be discrepancies between strong and weak recommen-
dations for H. pylori eradication indications. Among them,
it is necessary to mention how patients with a family his-
tory of gastric cancer are considered indications for H. py-
Iori eradication depending on the country. Although it is a
weak recommendation, individuals with a family history of
gastric cancer are one of the indications for H. pylori eradi-
cation in the Korean guidelines. However, patients with a
family history of gastric cancer are not recommended for
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the treatment of H. pylori infection in the ACG guidelines.
This may be owing to differences in the prevalence of H.
pylori infection and the incidence of gastric cancer be-
tween the two countries. The GLOBOCAN 2018 updates
reported that Korea had the highest incidence rates of
gastric cancer worldwide for both sexes.”* A recent double-
blind, placebo-controlled study from Korea reported that
H. pylori eradication therapy declined the gastric cancer
risk in H. pylori-infected patients with a family history of
gastric cancer in first-degree relatives (hazard ratio, 0.45;
95% CI, 0.21 to 0.94; p=0.03).” Thus, the HCC strongly
recommends testing and treating H. pylori in patients with
a family history of gastric cancer.

2. Diagnosis

There were concise recommendations for diagnostic
methods before and after eradication therapies in 2017 the
ACG guidelines.” However, the HCC proposed nine state-
ments regarding testing methods and identification of H.
pylori infection (Table 2).

For initial diagnosis, the UBT and stool antigen im-
munoassay are recommended for evaluating H. pylori
infection, and serology is not recommended for the inves-
tigation of active H. pylori infection.” If patients under-
went endoscopy, two gastric biopsy samples were obtained
from both the antrum and corpus (with or without the
incisura).” Cessation of PPIs, antibiotics, and bismuth be-
fore diagnosing H. pylori infection is similar between the
guidelines; however, the duration of discontinuation of
drugs is different depending on the guidelines. The HCC
recommends that these drugs should be discontinued at
least 4 weeks before performing the UBT, stool antigen
immunoassay, and histological analysis, while the ACG
guidelines recommend that acid suppressants and antibi-
otics should be discontinued at least 2 weeks before per-
forming the UBT.”” There was no description in the ACG
guidelines for histamine (H,) receptor blockers and antac-
ids; however, the HCC recommended that these drugs can
be used continuously before performing the UBT and stool
antigen immunoassay.”

Stool antigen immunoassay is widely used for the detec-
tion of H. pylori infection in the US; however, the RUT
is more widely used for diagnosing H. pylori infection in
Korea. In terms of expense, the cost of stool antigen im-
munoassay is $19.62 in the US and that of the RUT is ap-
proximately $45 in Korea.”® Nonetheless, the RUT is more
popular in Korea owing to the Korean National Cancer
Screening Program. Since 2002, biennial screening using
upper endoscopy has been conducted every 2 years for
adults aged 240 years in Korea according to the National
Cancer Screening Program.” Therefore, accessibility to
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upper endoscopy, including the RUT, is relatively easier in
Korea than in the US.

Recently, real-time PCR testing to detect clarithro-
mycin-resistant H. pylori from stool specimens has been
reported in the US.*® With the PCR assay, the eradication
rate of H. pylori without clarithromycin resistance was
significantly higher than that of clarithromycin-resistant
H. pylori with clarithromycin triple therapy (p=0.03).”
Moreover, a recent study from the US performed next-
generation sequencing to confirm H. pylori infection and
resistance rates using formalin-fixed paraffin-embedded
gastric biopsy samples.” Further studies on the usefulness
of PCR or sequencing tests may be needed in the US.

3. H. pylori antimicrobial resistance

The US is considered a country with low antibiotic
resistance rates of H. pylori compared to Asian or Eu-
ropean countries generally. However, studies verifying
H. pylori antibiotic resistance in the US are scarce, and
since the 2010s, there have been only two or three stud-
ies in a relatively large number of patients. According to
the Veterans Affairs data in the US, H. pylori resistance to
clarithromycin was 16.4%, to metronidazole was 20.3%, to
levofloxacin was 31.3%, to tetracycline was 0.8%, and to
amoxicillin was 0% in 2009 to 2013.” Recently, Argueta et
al”’ demonstrated antimicrobial resistance rates of H. py-
lori in the US using next-generation sequencing methods.
Between 2018 and 2019, the H. pylori resistance rates for
clarithromycin, metronidazole, levofloxacin, tetracycline,
amoxicillin, and rifabutin were 30.0%, 33.3%, 29.6%, 0.5%,
1.1%, and 0.5%, respectively (Table 3). A notable aspect in
the study is that 65.6% of H. pylori strains were resistant
to one or more frequently used antimicrobials, and 9.7%
of those strains were resistant to all three antimicrobials,
including clarithromycin, metronidazole, and levofloxacin.
Although more research needs to be supported, this result
suggests the antibiotic resistance rates in the US is increas-
ing in recent years.

Information of the secondary resistance rates of H. py-
Iori is important to overcome H. pylori eradication failure.
Tan et al.”' reported that the prevalence of antibiotic resis-
tance to clarithromycin, metronidazole, and ciprofloxacin
was 70.6%, 79.4%, and 42.9%, respectively, in 34 H. pylori-
positive patients who failed more than two regimens of
H. pylori eradication therapy from 2010 to 2017 in the US
(Table 3). Although the number of H. pylori strains was
relatively small, the study showed higher antibiotic resis-
tance rates than that expected in the US. There are few
studies on antibiotic resistance in the US, and it is practi-
cally difficult to be equipped with facilities for H. pylori
culture and ASTs. Therefore, the ACG guidelines and AGA

clinical practice updates tend to emphasize on patient in-
formation with respect to previous antibiotic exposures,
particularly macrolides and fluoroquinolones.

4. Treatment

The ACG guidelines recommend various H. pylori
treatment options compared to the Korean guidelines for
first-line eradication therapy. Fourteen-day clarithromy-
cin triple therapy containing PPI, clarithromycin, and
amoxicillin or metronidazole was recommended in areas
with low rates of clarithromycin-resistant H. pylori infec-
tion (<15%) and patients without a previous history of
macrolide exposure.® Additionally, the following regimens
were recommended for fist-line therapy: (1) 10- to 14-day
bismuth-containing quadruple therapy, (2) 10- to 14-day
sequential therapy, (3) 10- to 14-day concomitant therapy,
(4) 14-day hybrid therapy, (5) 10- to 14-day levofloxacin
triple therapy, (6) 10- to 14-day fluoroquinolone sequen-
tial therapy, and (7) 7- to 10-day “LOAD” regimen (Table
4).° The regimens of clarithromycin triple, bismuth qua-
druple, sequential, concomitant, and levofloxacin triple
therapies are identical to those in the Korean guidelines.
Additionally, hybrid therapy consisted of a standard PPI
dose and 1 g amoxicillin for 7 days twice a day, followed
by an additional 7-day standard PPI dose, 1 g amoxicillin,
500 mg clarithromycin, and 500 mg nitroimidazole twice
a day.’ Levofloxacin sequential therapy was similar to the
sequential therapy, with the drug changed from 500 mg
clarithromycin twice a day to 500 mg levofloxacin once a
day, and the duration was extended from 10 days to 10-14
days.” An open-label, randomized study using the LOAD
regimen was implemented in the US consisted of 250 mg
levofloxacin, 40 mg omeprazole, and 100 mg doxycycline
once a day with 500 mg nitazoxanide twice a day for 7-10
days.”

For salvage therapy, the ACG guidelines proposed
the following five regimens for use: (1) 14-day bismuth-
containing quadruple therapy, (2) 14-day levofloxacin
triple therapy, (3) 10- to 14-day concomitant therapy, (4)
10-day rifabutin triple therapy, and (5) 14-day high-dose
dual therapy (Table 4).° When a patient was treated with
first-line clarithromycin-containing therapy, bismuth-con-
taining quadruple and levofloxacin-containing regimens
were the preferred therapeutic options.” When a patient
was treated with first-line bismuth-containing therapy,
clarithromycin-containing or levofloxacin-containing regi-
mens were the preferred therapeutic options.® However,
the AGC guidelines recommended that clarithromycin
triple therapy should not be prescribed as salvage therapy.’

When bismuth-containing quadruple therapy failed
as a first-line treatment, the AGA clinical practice update
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proposed the following treatments: (1) levofloxacin triple
therapy with high-dose dual PPI and amoxicillin, (2) ri-
fabutin triple therapy with high-dose dual PPI and amoxi-
cillin, and (3) an alternative bismuth-containing quadruple
therapy, such as PBLA (PPI, bismuth, levofloxacin, amoxi-
cillin), PBLT (PPI, bismuth, levofloxacin, tetracycline),
PBLM (PPI, bismuth, levofloxacin, metronidazole), or
PBCT (PPI, bismuth, clarithromycin, tetracycline).” If sec-
ond-line treatment with these regimens failed, the follow-
ing regimens were proposed: (1) high-dose dual therapy, (2)
levofloxacin quadruple therapy, such as PBLT or PBLM,
and (3) repeat PBMT (PPI, bismuth, metronidazole, tet-
racycline) with high-dose metronidazole (1.5-2 g divided a
day) (Table 4).”

Regarding the specific dose of regimens, rifabutin triple
therapy consisted of a standard PPI dose, 1 g amoxicillin
twice a day, and 300 mg rifabutin once a day for 10 days
owing to rare complications of rifabutin, including myelo-
toxicity.” High-dose dual therapy, defined as a total dose
of amoxicillin of >3 g per day, and amoxicillin should be
administered at least three times a day to avoid low drug
levels. According to the ACG guidelines, a standard PPI
dose and 750 mg amoxicillin four times a day for 14 days
were components of high-dose dual therapy.® However, ac-
cording to the AGA updated review, when high-dose dual
therapy is not used alone but used in addition to other
therapies, a lower dose of antibiotics (750 mg amoxicillin
three times a day) may be used.” Additionally, the updated
review recommended high-dose and/or high-potency PPIs
in high-dose dual therapy.’

With regard to eradication therapy, several randomized
controlled trials (RCTs) have identified the efficacy of vari-
ous H. pylori eradication regimens in the US.*
most RCTs have evaluated the efficacy of first-line clar-
ithromycin triple therapy containing a PPI, and a few RCTs
have assessed the efficacy of first-line bismuth-containing
quadruple therapy and sequential therapy.” However,
no RCTs have investigated the efficacy of first-line con-
comitant, hybrid, levofloxacin triple, and fluoroquinolone
sequential therapies in the US.” Similarly, one RCT has
compared the efficacy of bismuth-containing quadruple
therapy and clarithromycin triple therapy with a PPL* and
no RCT has been conducted in the US. There are various
therapeutic options for H. pylori management in the ACG
guidelines and AGA clinical practice updates; however, it
is currently difficult to suggest evidence-based recommen-
dations concerning the efficacy of these regimens. Further
nationwide studies are needed to verify the efficacy of H.
pylori eradication regimens in the US.

However,
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CONCLUSION

In summary, we compared the management of H. pylori
infection between Korea and the US based on the guide-
lines and recommendations. Initially, it was predicted that
there would be many similarities. However, in addition to
similarities, there were many differences in the manage-
ment of H. pylori infection in both countries. In the case of
indications, the prevalence of H. pylori infection and gas-
tric cancer varies by country; therefore, the Korean guide-
lines have emphasized on risk factors for gastric cancers
compared with the US guidelines. Additionally, depending
on the circumstances of the country, the differences in
cost-effectiveness or accessibility of diagnostic tests may
influence the type of test preferred in the clinical setting.
In the treatment setting, both countries understand the se-
riousness of antibiotic-resistant H. pylori and have investi-
gated various therapies to overcome this problem. Despite
the higher prevalence of H. pylori infection and gastric
cancer in Korea than in the US, the US guidelines recom-
mend more progressive and liberal treatment regimens.

The primary and secondary antibiotic resistance rates
of H. pylori are high in Korea and the US, and the manage-
ment of H. pylori infection is difficult for many physicians.
Fortunately, antibiotic resistance to tetracycline, amoxicil-
lin, and rifabutin is not relatively high in both countries,
therefore it is necessary to consider these factors when se-
lecting antibiotics for H. pylori eradication therapy. Also, if
PCAB can be used instead of PPI in the future, it is expect-
ed that the eradication rate of H. pylori eradication rate
between Korea and the US will increase. Although limited
centers conduct these tests in both countries, several ad-
ditional tests such as PCR, culture and AST will need to be
activated. A comprehensive understanding of the situation
and problem-solving efforts is required at a national level.

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article
was reported.

ORCID

https://orcid.org/0000-0002-1835-4830
https://orcid.org/0000-0002-7534-230X

Sung Eun Kim
Joo Ha Hwang



Kim SE and Hwang JH: Management of H. pylori Infection

REFERENCES

10.

11.

12.

13.

. IARC Working Group on the Evaluation of Carcinogenic

Risks to Humans. Biological agents. Volume 100 B. A review
of human carcinogens. IARC Monogr Eval Carcinog Risks
Hum 2012;100(Pt B):1-441.

. Savoldi A, Carrara E, Graham DY, Conti M, Tacconelli E.

Prevalence of antibiotic resistance in Helicobacter pylori:
a systematic review and meta-analysis in World Health Or-

ganization regions. Gastroenterology 2018;155:1372-1382.

. World Health Organization (WHO). WHO publishes list of

bacteria for which new antibiotics are urgently needed [In-
ternet]. Geneva: WHO; c2017 [cited 2021 May 18]. Available
from: https://www.who.int/news/item/27-02-2017-who-
publishes-list-of-bacteria-for-which-new-antibiotics-are-

urgently-needed.

. Jung HK, Kang SJ, Lee YC, et al. Evidence-based guidelines

for the treatment of Helicobacter pylori infection in Korea
2020. Gut Liver 2021;15:168-195.

. Shah SC, Iyer PG, Moss SF. AGA clinical practice update on

the management of refractory Helicobacter pylori infection:

expert review. Gastroenterology 2021;160:1831-1841.

. Chey WD, Leontiadis GI, Howden CW, Moss SE. ACG clini-

cal guideline: treatment of Helicobacter pylori infection. Am
] Gastroenterol 2017;112:212-239.

. El-Serag HB, Kao JY, Kanwal F, et al. Houston Consensus

Conference on testing for Helicobacter pylori infection in
the United States. Clin Gastroenterol Hepatol 2018;16:992-
1002.

. Kim N, Kim JJ, Choe YH, et al. Diagnosis and treatment

guidelines for Helicobacter pylori infection in Korea. Korean
J Gastroenterol 2009;54:269-278.

. Kim SG, Jung HK, Lee HL, et al. Guidelines for the diagno-

sis and treatment of Helicobacter pylori infection in Korea,
2013 revised edition. ] Gastroenterol Hepatol 2014;29:1371-
1386.

Lee SY. Current progress toward eradicating Helicobacter
pylori in East Asian countries: differences in the 2013 revised
guidelines between China, Japan, and South Korea. World |
Gastroenterol 2014;20:1493-1502.

Hiroi S, Sugano K, Tanaka S, Kawakami K. Impact of health
insurance coverage for Helicobacter pylori gastritis on the
trends in eradication therapy in Japan: retrospective obser-
vational study and simulation study based on real-world
data. BMJ Open 2017;7:€015855.

Lee HJ, Kim JI, Cheung DY, et al. Eradication of Helico-
bacter pylori according to 23S ribosomal RNA point muta-
tions associated with clarithromycin resistance. J Infect Dis
2013;208:1123-1130.

Gweon TG, Kim JS, Kim BW. An economic modeling study

of Helicobacter pylori eradication: comparison of dual prim-

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

ing oligonucleotide-based multiplex polymerase chain reac-
tion and empirical treatment. Gut Liver 2018;12:648-654.
Cho JH, Jeon SR, Kim HG, Jin SY, Park S. Cost-effectiveness
of a tailored Helicobacter pylori eradication strategy based
on the presence of a 23S ribosomal RNA point mutation that
causes clarithromycin resistance in Korean patients. ] Gas-
troenterol Hepatol 2019;34:700-706.

Malfertheiner P, Megraud F, O'Morain CA, et al. Manage-
ment of Helicobacter pylori infection: the Maastricht V/
Florence Consensus Report. Gut 2017;66:6-30.

. Lee JH, Ahn JY, Choi KD, et al. Nationwide antibiotic resis-

tance mapping of Helicobacter pylori in Korea: a prospective
multicenter study. Helicobacter 2019;24:e12592.

Lee JY, Kim N, Nam RH, In Choi S, Lee JW, Lee DH. Prima-
ry and secondary antibiotic resistance of Helicobacter pylori
in Korea from 2003 to 2018. Helicobacter 2019;24:e12660.
Lee JW, Kim N, Nam RH, et al. Efficacy of tegoprazan
for improving the susceptibility of antimicrobial agents
against antibiotic-resistant Helicobacter pylori. Gut Liver
2021;15:53-60.

Kim BJ, Yang CH, Song HJ, et al. Online registry for nation-
wide database of Helicobacter pylori eradication in Korea:
correlation of antibiotic use density with eradication success.
Helicobacter 2019;24:e12646.

Bae HJ, Kim JS, Kim BW, Nam Y]. Concomitant or sequen-
tial therapy as the first-line therapy for eradication of Heli-
cobacter pylori infection in Korea: a systematic review and
meta-analysis. Korean ] Gastroenterol 2018;71:31-37.

Kim BJ, Lee H, Lee YC, et al. Ten-day concomitant, 10-day
sequential, and 7-day triple therapy as first-line treatment
for Helicobacter pylori infection: a nationwide randomized
trial in Korea. Gut Liver 2019;13:531-540.

Gong EJ, Yun SC, Jung HY, et al. Meta-analysis of first-line
triple therapy for helicobacter pylori eradication in Korea: is
it time to change? ] Korean Med Sci 2014;29:704-713.

Chey WD, Wong BC; Practice Parameters Committee of the
American College of Gastroenterology. American College of
Gastroenterology guideline on the management of Helico-
bacter pylori infection. Am ] Gastroenterol 2007;102:1808-
1825.

Bray F, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal
A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer ] Clin 2018;68:394-424.

Choi IJ, Kim CG, Lee JY, et al. Family history of gastric
cancer and Helicobacter pylori treatment. N Engl ] Med
2020;382:427-436.

Theel ES, Johnson RD, Plumhoff E, Hanson CA. Use of the
Optum Labs Data Warehouse to assess test ordering patterns
for diagnosis of Helicobacter pylori infection in the United
States. ] Clin Microbiol 2015;53:1358-1360.

https://doi.org/10.5009/gnl210224 513



Gut and Liver, Vol. 16, No. 4, July 2022

27

28.

29.

30.

31

32.

33.

514

. Jun JK, Choi KS, Lee HY, et al. Effectiveness of the Korean
National Cancer Screening Program in reducing gastric can-
cer mortality. Gastroenterology 2017;152:1319-1328.
Marrero Rolon R, Cunningham SA, Mandrekar JN, Polo
ET, Patel R. Clinical evaluation of a real-time PCR assay for
simultaneous detection of Helicobacter pylori and genotypic
markers of clarithromycin resistance directly from stool. ]
Clin Microbiol 2021;59:€03040-20.

Argueta EA, Alsamman MA, Moss SF, D'Agata EMC.
Impact of antimicrobial resistance rates on eradication of
Helicobacter pylori in a US population. Gastroenterology
2021;160:2181-2183.

Shiota S, Reddy R, Alsarraj A, El-Serag HB, Graham DY. An-
tibiotic resistance of Helicobacter pylori among male United
States veterans. Clin Gastroenterol Hepatol 2015;13:1616-
1624.

Tan B, Yang JC, Young CL, et al. Helicobacter pylori antimi-
crobial susceptibility testing-guided salvage therapy in the
USA: a real life experience. Dig Dis Sci 2018;63:437-445.
Basu PP, Rayapudi K, Pacana T, Shah NJ, Krishnaswamy
N, Flynn M. A randomized study comparing levofloxacin,
omeprazole, nitazoxanide, and doxycycline versus triple
therapy for the eradication of Helicobacter pylori. Am J Gas-
troenterol 2011;106:1970-1975.

Gisbert JP, Calvet X. Review article: rifabutin in the treat-
ment of refractory Helicobacter pylori infection. Aliment

www.gutnliver.org

34.

35.

36.

37.

38.

Pharmacol Ther 2012;35:209-221.

Miehlke S, Hansky K, Schneider-Brachert W, et al. Random-
ized trial of rifabutin-based triple therapy and high-dose
dual therapy for rescue treatment of Helicobacter pylori
resistant to both metronidazole and clarithromycin. Aliment
Pharmacol Ther 2006;24:395-403.

Duck WM, Sobel J, Pruckler JM, et al. Antimicrobial re-
sistance incidence and risk factors among Helicobacter
pylori-infected persons, United States. Emerg Infect Dis
2004;10:1088-1094.

Bochenek W], Peters S, Fraga PD, et al. Eradication of Heli-
cobacter pylori by 7-day triple-therapy regimens combining
pantoprazole with clarithromycin, metronidazole, or amoxi-
cillin in patients with peptic ulcer disease: results of two
double-blind, randomized studies. Helicobacter 2003;8:626-
642.

Laine L, Fennerty MB, Osato M, et al. Esomeprazole-based
Helicobacter pylori eradication therapy and the effect of
antibiotic resistance: results of three US multicenter, double-
blind trials. Am ] Gastroenterol 2000;95:3393-3398.

Magaret N, Burm M, Faigel D, Kelly C, Peterson W, Fennerty
MB. A randomized trial of lansoprazole, amoxycillin, and
clarithromycin versus lansoprazole, bismuth, metronidazole
and tetracycline in the retreatment of patients failing initial
Helicobacter pylori therapy. Dig Dis 2001;19:174-178.



