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The management of Helicobacter pyloriinfection in Singapore remains a clinical challenge. Simi-
lar to other regions, there has been an increase in antibiotic resistance rates through the years.
Nonetheless, over the past two decades, clarithromycin-based triple therapy has continued to
be used as the first line treatment option, with an eradication rate exceeding 90%, although
the accepted treatment duration must now be lengthened from 1 to 2 weeks to maintain effi-

cacy. Concomitant and sequential therapies did not demonstrate superiority over standard triple
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therapy. Current empiric second line treatment utilizes either bismuth-based quadruple therapy
or levofloxacin-based triple therapy, but outcomes remain less than ideal. Identifying options to
further improve treatment success rates is challenging. Strategies being considered include the
use of potent acid suppressants, such as vonoprazan, and H. pylori culture and antibiotic suscep-

tibility testing-guided therapy. (Gut Liver 2021;15:13-18)
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INTRODUCTION

Singapore is a multiethnic Asian city-state, with a total
population of 5.64 million in 2018, of whom 1.69 million
are expatriates and migrant workers and 3.99 million are
residents, accounting for 3.47 million Singapore citizens
and 0.52 million permanent residents respectively.' Based
on the last population census conducted in 2010, amongst
the resident population, the three major ethnic groups are
Chinese (74.1%), Malays (13.4%) and Indians (9.2%).” He-
licobacter pylori infection is common within the resident
population. The high percentage of nonresident popula-
tion poses an additional management challenge, as some
of these individuals may come from regions with higher
population prevalence rates of H. pylori infection, or with
different antibiotic resistance patterns. The purpose of this
review is to provide an updated report about the epidemiol-
ogy of H. pylori infection in Singapore and its clinical bur-
den, followed by an examination of the factors influencing
treatment outcomes, and a review of the past, present and
possible future strategies for H. pylori eradication in Singa-
pore. These issues may mirror what is happening globally,
but are contextualized to what is relevant for Singapore.

EPIDEMIOLOGY OF H. PYLORI INFECTION
IN SINGAPORE

H. pylori infection is commonly encountered in clinical
practice in Singapore. It is routinely screened for during
upper endoscopy. For patients with dyspepsia who do not
undergo upper endoscopy, carbon urea breath test, or less
frequently H. pylori stool antigen, are performed. H. pylori
serology is also frequently tested as part of health screening
in the primary care setting for asymptomatic individuals.

In a brief report published in the local epidemiology
news bulletin in 1996 (Epidemiol News Bull 1996;22:31-
32), the serology of 2,626 individuals aged between 6
months and 70 years were tested for H. pylori. The serol-
ogy was obtained from healthy individuals who were blood
donors and from hospitalized pediatric patients without
gastrointestinal diseases. The serology was positive in
31.4% (n=824). No gender difference was noted. The se-
roprevalence of H. pylori infection increased progressively
with age from 3% in children below 5 years of age to 71%
in adults above 65 years old. This study showed that the
prevalence of H. pylori infection in Singapore had a pattern
similar to that found in developed countries.’ A later study
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published in 2005 was based on a randomized community
health survey of 11,000 Singaporean households conduct-
ed by the Ministry of Health, Singapore in 1998 that was
representative of the local demographics. From this survey,
a total of 7,000 asymptomatic healthy individuals were fur-
ther randomly selected to participate in a health screening
that involved answering a questionnaire and having blood
tests. From this cohort, a similar number of subjects of
both genders in two age groups: 25 to 39 years, and 55 to
69 years, from the Chinese, Malay and Indian respondents
were then recruited, matching subjects for age, gender and
race, yielding a total of 595 sera. This study reported that
the H. pylori seroprevalence was similar between Chinese
(46.3%) and Indian (48.1%) respondents, but significantly
lower among Malay (27.9%) respondents. This racial dif-
ference persisted when the analysis was stratified based
on gender. In Malay men the seroprevalence was 30.1%,
while that in Malay women was 26%. In contrast, amongst
the Chinese respondents it was 46.8% and 45.8% for male
and female subjects, respectively, while among the Indian
respondents it was 51.1% and 45.1% for male and female
subjects, respectively." More updated population-based
epidemiological data are not available but H. pylori infec-
tion is still commonly encountered in clinical practice and
remains a management problem.

CLINICAL BURDEN OF H. PYLORI INFECTION

As H. pylori infection results in chronic dyspepsia, pep-
tic ulcer disease and gastric malignancies, eradication is
universally recommended.”"" Notwithstanding that many
conditions are multifactorial in etiology, with more than
one predisposing factor, such as the use of nonsteroidal
anti-inflammatory drugs and antiplatelet therapies in the
context of peptic ulcer disease, or gastric cancer, where age,
genetic predisposition and other environmental factors
also play a role, H. pylori infection represents a single easily
addressed risk factor that should be eliminated. Indeed, H.
pylori eradication has been demonstrated to significantly
reduce symptoms in patients with functional dyspepsia,"
and be effective for primary and secondary prevention of
peptic ulcer disease'*"* and gastric adenocarcinoma.”

FACTORS INFLUENCING
TREATMENT SUCCESS
It is crucial to understand the factors influencing treat-

ment success in order to devise a successful treatment
strategy. Established factors include adequate acid sup-
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pression, use of combination of antibiotics, antibiotic resis-
tance, adequate treatment duration and treatment adher-
ence.

In vitro, H. pylori grows best between pH 6.0 and 8.0
in the absence of urea and between pH 4.0 and 6.0 in the
presence of urea in buffered media. In vivo the role of acid
inhibition is to increase intragastric pH so as to promote H.
pylori transition from stationary to log phase growth thus
making it susceptible to antibiotics.'® Data have shown that
proton pump inhibitors (PPI) are superior to histamine-
2-receptor antagonists,” and that twice daily PPI is supe-
rior to once daily PPL"* in H. pylori eradication regimens.

Antibiotic resistance is now a major concern and reason
for failure of empiric therapies. In particular, the effective-
ness of clarithromycin based triple therapy for H. pylori
eradication has decreased in many geographic regions,
largely due to development of resistance to clarithromy-
cin.” A meta-analysis reported that clarithromycin resis-
tance reduced the efficacy of triple therapy by an estimated
35% (95% confidence interval [CI], 26.4% to 46.4%),
whereas in the context of nitroimidazoles, efficacy was
reduced by 30% when part of amoxycillin and acid sup-
pressant based triple therapy, by 26% in triple therapies
containing a nitroimidazole, tetracycline and bismuth, and
by only 14% when part of quadruple therapy containing
bismuth, gastric acid inhibitor, and tetracycline.20

A 14-day treatment regimen is recommended by in-

. . . 8-11
ternational guidelines.

A meta-analysis reported that
regardless of type and dose of antibiotics, increased dura-
tion of PPI triple therapy from 7 to 14 days significantly
increased the H. pylori eradication rate (72.9% vs 81.9%).
The relative risk for H. pylori persistence was 0.66 (95% CI,
0.60 to 0.74) and the number needed to treat was 11 (95%
CL, 9 to 14).” Patient adherence to prescribed therapy is
another crucial factor and compliance rate of less than 80%

reduces treatment efficacy.”

THE EVOLUTION OF TREATMENT OVER
THE PAST TWO DECADES
The choice of empiric therapy in Singapore, to some
extent, mirrors the global trend although variations exist.
These factors include H. pylori antibiotic resistance pat-

terns, types of medications available and accessibility to
antibiotic susceptibility testing in clinical practice.

1. First line treatment

The initial reccommended empirical first line treatment
from the late 1990s to 2015 was 1-week clarithromycin
based triple therapy, with metronidazole replacing amoxi-
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cillin in patients with penicillin allergy and replacing
clarithromycin in patients with clarithromycin allergy.
In a multicenter randomized study (n=246) published in
2000 which compared 1-week omeprazole, amoxicillin,
clarithromycin (OAC) with omeprazole, amoxicillin, met-
ronidazole (OAM) and omeprazole, metronidazole, clar-
ithromycin (OMC), the eradication rates (+95% CI) were
intention-to-treat (ITT)/per protocol (PP) analyses: OAC
87% (79% to 94%)/94% (89% to 100%); OAM 80% (70%
t0 89%)/91% (83% to 98%); OMC 85% (77% to 93%)/94%
(88% to 100%). The difference in eradication rates between
the three groups was not statistically significant (p=0.419).”
Published data based on earlier studies suggested similar
efficacy for 1-week versus 2-week treatment duration.™

With the recognition that H. pylori antibiotic resistance
was becoming a major global challenge, despite the initial
high success of 1-week based triple therapy regimens,”
further objective data was required. Previously published
studies had suggested the superiority of sequential and
concomitant therapy over triple therapy. Sequential therapy
consisted of 5 days of treatment with a PPI and amoxicillin
followed by 5-day treatment with the PPI and clarithromy-
cin and metronidazole. A meta-analysis based on mainly
European studies showed that the success rate of sequential
therapy compared with triple therapy was 92.8% to 96%
versus 76.2% to 78.8%.’° Concomitant therapy comprised
10 days of PPI, amoxicillin, clarithromycin, and metroni-
dazole. Another meta-analysis found concomitant therapy
to be superior to triple therapy.”’ In a randomized con-
trolled study published in 2015 of 462 patients who were
randomized to receive either 10-day clarithromycin based
triple therapy or 10-day sequential or 10-day concomitant
therapy, the eradication rates obtained for sequential ther-
apy versus triple therapy versus concomitant therapy were:
ITT analysis, 84.4% versus 83.2% versus 81.7% (p=not sig-
nificant [NS]); modified ITT analysis, 90.3% versus 92.1%
versus 94.7% (p=NS); PP analysis, 94.1% versus 92.8% ver-
sus 95.4% (p=NS). Dual resistance and lack of compliance
were predictors of treatment failure.”

In a time trend analysis of antibiotic resistance patterns
over the last 15 years in Singapore, we observed a signifi-
cant increase in resistance rates for metronidazole (2000
to 2002, 24.8%; 2012 to 2014, 48.2%; p<0.001), clarithro-
mycin (2000 to 2002, 7.9%; 2012 to 2014, 17.1%; p=0.022),
and levofloxacin (2000 to 2002, 5%; 2012 to 2014, 14.7%;
p=0.007). The resistance rates for tetracycline (2000 to
2002, 5%; 2012 to 2014, 7.6%) and amoxicillin (2000 to
2002, 3%; 2012 to 2014: 4.4%) remained stable.” In addi-
tion, there was also an increase in dual (2000 to 2002, 6.9%;
2012 to 2014, 9.4%; p=0.479) and triple antibiotic resis-
tance rates (2000 to 2002, 0; 2012 to 2014, 7.6%; p<0.001).

Overall, the most common dual and triple resistance
patterns were metronidazole/clarithromycin (4.4%) and
metronidazole/clarithromycin/levofloxacin (1.8%), respec-
tively.””

International consensus guidelines now recommend
that 2-week empiric first line therapy be either guided by
antibiotic susceptibility testing, if available, or be based on
local susceptibility data. Bismuth based quadruple therapy
and concomitant therapy, which is a non-bismuth based
quadruple therapy, are recommended. Clarithromycin
based triple therapy is not recommended when local re-
sistance rates exceed 15% unless local data demonstrated
efficacy.”™

A clinical audit carried out at our hospital (unpublished
data) during the period 2017 to 2018 examined the effi-
cacy of clarithromycin based triple therapy in 862 patients.
Treatment success rates were 76.9% for 7-day treatment
(n=13), 88.3% for 10-day treatment (n=300) and 92% for
14-day treatment (n=549). In the same cohort, 16 patients
were prescribed 14-day bismuth based quadruple therapy
and an eradication rate of 87.5% was achieved. When 14-
day PPI, metronidazole and clarithromycin was prescribed
due to penicillin allergy (n=23) the treatment success rate
was only 69.6%. The efficacy of H. pylori eradication thera-
pies depends on multiple factors, with resistance to antibi-
otics and poor patient compliance being the most relevant
ones. These data were based on a retrospective review of
treatment outcomes, and were not derived from a prospec-
tive randomized study with adequate sample size. As such,
they provide a snapshot of actual real-world efficacy but
cannot establish either equivalence or non-inferiority of
14-day triple therapy and bismuth based quadruple thera-
py-

The data from our randomized study comparing triple
therapy and non-bismuth quadruple therapies,” and the
results from the clinical audit of treatment outcomes for
2017 to 2018, would suggest that currently in Singapore,
2-week clarithromycin based triple therapy remains a vi-
able empiric first line treatment option. Both bismuth and
non-bismuth quadruple therapies do not demonstrate any
superiority over triple therapy. What is clear currently, es-
pecially in context of high metronidazole resistance rates,
is that in patients with penicillin allergy, metronidazole
should no longer replace amoxicillin in a clarithromycin
based regimen, and that bismuth based quadruple therapy
might be preferred.

2. Second line treatment

Currently used empiric second line therapies in Singa-
pore are either 2-week bismuth based quadruple therapy
or levofloxacin based triple therapy, which comprise PPI,

https://doi.org/10.5009/gnl19308 15



Gut and Liver, Vol. 15, No. 1, January 2021

levofloxacin and amoxicillin.’® An earlier small retrospec-
tive study (n=53) from Singapore reported eradication
rate of 82.2% when using 7-day bismuth based quadruple
therapy.” In the same clinical audit that was performed for
the period 2017 and 2018 at our center (unpublished data),
treatment success with 2-week bismuth quadruple therapy
(n=51) was 82.4%, whereas success rate with 2-week PPI,
amoxicillin and levofloxacin (n=11) was 90.9%. There is
certainly room for improvement and for research to deter-
mine whether success rates can be further optimized, such
as preferential use of levofloxacin-based triple therapy, or
the use of antibiotic susceptibility testing to guide treat-
ment regimen.

CHALLENGES AND FUTURE STRATEGIES

H. pylori eradication outcomes has been graded as fol-
lows: F or unacceptable (<80%), D or poor (81% to 84%),
C or fair (85% to 89%), B or good (90% to 95%), and A
or excellent (95% to 100%). The ideal is to use therapies
that score “excellent” (grade=A). Regimens scoring as B
or “good” can be used if “excellent” results are not obtain-
able.” In Singapore, with the change from 1- to 2-week
treatment duration, clarithromycin based triple therapy
appears to remain effective in the context of empiric first
line therapy, notwithstanding the gradual rise in resistance
rate of clarithromycin over time. However, based on the
report card (B) grading, more work is needed to explore
other options to further improve treatment success rates.
The success rate of current empiric second line therapy is
also less than ideal currently.

Currently routine pretreatment culture and antibiotic
susceptibility testing is not part of the initial management
of H. pylori infection. H. pylori infection is not an emer-
gency that requires urgent treatment and thus it would
seem logical to adopt culture-guided therapy. Conven-
tionally this involved culture and antibiotic susceptibility
testing of H. pylori isolates obtained from gastric biopsies.
Although a diagnosis of H. pylori infection may not be im-
mediately evident during endoscopy, there may be clues,
such as the pattern of gastritis or presence of peptic ulcer
disease, which should then prompt additional biopsies to
be taken during endoscopy, which can then be sent for H.
pylori culture and antibiotic susceptibility testing should
the rapid urease test becomes positive. Lately, a polymerase
chain reaction-based approach, which assesses point mu-
tations responsible for antibiotic resistance from gastric
biopsy samples, has emerged as an alternative option.
However, this is only applicable to antibiotic resistance to
clarithromycin, fluoroquinolone and tetracycline which
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occurs as a result of specific mutations in a small region of
the responsible gene.” A meta-analysis demonstrated that
susceptibility-guided therapy was superior to empiric ther-
apy.” In the past, susceptibility testing of H. pylori infec-
tion was limited by availability. At present, it has become
more affordable and is readily available in hospitals in Sin-
gapore. If the test is only performed after failure of empiric
treatment, the patient would require repeat endoscopy and
incur additional costs and procedure-related risks. Studies
have shown that culture-directed treatment can be cost-
effective.”** There is a need to balance the cost of addi-
tional testing with the failure rate of empirical therapy and
this approach will be more important when resistance rates
increase further.

Studies have shown that bismuth-containing regimens
were superior to non-bismuth regimens in regions with
high clarithromycin resistance.” Apart from a primary
therapeutic effect, bismuth has synergistic activity with
antibiotics to overcome antibiotic resistance. Addition of
bismuth to clarithromycin based triple therapy has been
shown to increase the eradication rate.” One can consider
addition of bismuth to triple therapy but more data are
needed to establish its incremental value in Singapore.

Vonoprazan was approved by Health Sciences Author-
ity, Singapore, in July 2018 for treatment of H. pylori
infection. Vonoprazan can achieve greater acid suppres-
sion than current PPI. Studies conducted in Japan have
demonstrated superior eradication rate compared to PPI
based triple therapy.”*
(amoxicillin 750 mg, clarithromycin 200 mg or 400 mg
twice daily) and treatment duration (1 instead of 2 weeks)
used in Japan are different from other guidelines. A recent
study reported that vonoprazan-based triple therapy was
non-inferior to susceptibility-guided PPI-based triple

However, the dose of antibiotics

therapy." The incremental value of vonoprazan remains to
be objectively validated in the Singapore setting. To answer
this question, a randomized controlled trial comparing
2-week PPI and 1-week vonoprazan-based triple therapy is
currently underway (NCT03908619).

CONCLUSION

H. pylori infection remains a common clinical problem.
Current empiric treatment using 2-week clarithromycin
based triple therapy remains effective but the treatment
success rate can be further optimized. Empiric second
line options are 2-week bismuth based quadruple therapy
or levofloxacin based triple therapy, but success remains
suboptimal. Potential options being explored include the
use of more potent acid suppressants such as vonoprazan,
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addition of bismuth to triple therapy, and culture-directed
treatment strategies.
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