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H. pylori is the most common infection in the world and is associated with gastrointestinal and extra-gastrointestinal
manifestations, including peptic ulcer disease, gastrointestinal bleeding, and lymphoproliferative disorders. Despite being
discovered less than half a century ago, antibiotic resistance, exacerbated by medication non-adherence and inefficacy of
proton pump inhibitors, has grown substantially, explaining the rising incidence of refractory H. pylori infection. In this
review, we discuss risk factors, treatment options, surveillance and follow-up, as well as emerging therapies for refractory

H. pylori.
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Epidemiology

It is estimated that 50% of the world’s population, and 70%
to 90% of people in developing countries are colonized
with H. pylori.'? Refractory infection represents eradica-
tion failure and is defined as a positive non-serologic test
for H. pylori at least 4 weeks after pharmacologic therapy.?
In contrast, recurrent infection is defined as a positive non-
serologic test after an initial negative test following appar-
ently successful eradication therapy.® Non-serological tests
for H. pylori include stool antigen detection, urea breath
testing, and gastric biopsies. The distinction between recur-
rent and refractory H. pylori has important therapeutic
implications.?

Treatment failure is defined as unsuccessful eradication
of H. pylori as indicated by non-serologic based testing.’
Approximately 20% to 30% of U.S. patients treated for an
initial episode of H. pylori fail first-line therapy.*®
Eradication becomes harder with each additional course of
therapy that fails.” Over the years, the eradication rate has
fallen to 50% to 75% in some countries,®!'! which has been
attributed to growing antibiotic resistance.” Resistance to

clarithromycin- and levofloxacin-based therapies has been
reported to be between 5% and 25%.'%14

In this review article, we outline the approach to testing
and treating patients with an initial H. pylori infection and
refractory cases. We describe the evidence behind treatment
recommendations and provide a glimpse of therapies under
investigation.

Usual Approach to H. pylori Infections

The indications for screening for H. pylori include active
gastric and duodenal peptic ulcer disease (PUD),"” new
diagnosis of extranodal marginal zone B cell lymphoma,'®
inadequately treated PUD with or without documentation
of eradication of H. pylori, early gastric cancer or
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gastrointestinal metaplasia resection,!” and dyspepsia
before the age of 60 with no alarm features.'® Screening
should be considered in patients with unexplained iron
deficiency anemia, adults with idiopathic thrombocytope-
nic purpura (ITP), and patients who will be on long-term
low dose aspirin, or a non-steroidal anti-inflammatory drug
(NSAID).15

Non-invasive methods to detect H. pylori include *C or
radioactive '*C-urea breath test (UBT), stool antigen detec-
tion and serum antibodies. '3C-UBT has the highest sensitiv-
ity and specificity (95%),'° but the stool antigen is the most
commonly used in the outpatient setting, with high sensitiv-
ity and specificity (94 and 97%, respectively).?>?! The sero-
logic IgG antibody test has a high negative predictive value
but does not help distinguish active from past infection.>?? If
endoscopy is indicated in the setting of dyspepsia with alarm
symptoms and/or gastrointestinal bleeding (GIB), invasive
methods such as biopsy for rapid urease test (BRUT), histol-
ogy, polymerase chain reaction (PCR) and less commonly
by bacterial culture are indicated.”> BRUT is highly specific,
but its sensitivity is affected by the number of bacteria.?*
Histological diagnosis also varies with infection burden,
location, and pathologist’s expertise.?>2

Whom to Treat

All patients who test positive for H. pylori should be
treated.!> The recommended first-line regimen is based on
the patient’s history of macrolide or quinolone exposure,
presence and type of penicillin allergy, and resistance to
clarithromycin and levofloxacin in the geographical area of
practice.!® Areas with high levels of resistance are defined as
those with a prevalence of >15% of H. pylori strains carry-
ing antibiotic resistance.'” Treatment regimens must always
include a proton pump inhibitor (PPI) and a combination of
2 or 3 antibiotics for 10 to 14 days. At pH 3 to 6, H. pylori is
in a coccoid form which confers antibiotic resistance; PPIs
increase the intragastric pH to 6.0 to 7.0 and susceptibility to
antibiotics as it enters its replicative phase.?’

Recommended First-Line Therapies

In areas where clarithromycin resistance is <15%, recom-
mended first-line treatments are clarithromycin-based triple
therapy regimens (PAC, PMC: PPI, amoxicillin plus clar-
ithromycin or metronidazole) for 14 days, to achieve maxi-
mum eradication rates.?® If there is concern for high
resistance to clarithromycin or metronidazole, or previous
treatment with a macrolide, the recommended treatment is
PBMT, bismuth quadruple therapy (PPI, bismuth, metroni-
dazole, tetracycline) for 10 to 14 days.>'® If there is only
high clarithromycin resistance >15% without prior macro-
lide use, PAMC (PPI, amoxicillin, metronidazole, clarithro-
mycin) or PBMT should be considered.?? Only the American

College of Gastroenterology (ACG) recommends levoflox-
acin as a first-line treatment, but given concerns for increas-
ing resistance and decreased efficacy, it is not recommended
by other consensus groups."'3 Since most patients who
report a history of adverse reactions to penicillin are not
penicillin-allergic, testing, and delabeling should be
attempted. Penicillin-based regimens have been found to
yield an eradication rate of 80% to 90%.%?°

Treatment After Failure of First-Line
Therapy

Resistance to amoxicillin or tetracycline is rarely seen but
commonly seen with clarithromycin, metronidazole, and
levofloxacin. Retreatment after failed H. pylori first-line
treatment has an eradication rate of 84% to 87% with a
levofloxacin or rifabutin-based regimen, 71% with an
amoxicillin-based regimen, and 85% to 90% with PBMT.?%3
For retreatment or as a second-line regimen, PBMT is rec-
ommended, if not previously used; otherwise, a levofloxa-
cin-based regimen for 10 to 14days is preferable: triple
therapy PAL (PPI, levofloxacin, amoxicillin), sequential
therapy (PPI and amoxicillin X 5-7 days, then PPI, levoflox-
acin and metronidazole for 5-7 days) or LOAD (PPI, levo-
floxacin, doxycline, metronidazole). Other options are
amoxicillin-based therapies: sequential (PPI and amoxicil-
lin for 5days then PPI, clarithromycin, metronidazole for
5days), high dose HDDT (PPI and amoxicillin high dose)
or rifabutin PAR (PPI, amoxicillin, rifabutin). HDDT is
efficacious by increasing the pH of high dose PPI which
indirectly increases the efficacy of amoxicillin.>*** PAR is
considered last resort as salvage therapy due to concern for
myelosuppression.*

Vonoprazan is a potassium-competitive acid blocker
approved in Japan for first and second-line H. pylori ther-
apy. It is superior to PPIs as first-line therapy and as effec-
tive as PPI for second-line therapy.3® If H. pylori infection
persisted after treatment with second-line therapy, H. pylori
cultures along with antibiotic susceptibility testing would
be recommended.

Risk Factors for Treatment Failure

Poor adherence and antibiotic resistance are the 2 major risk
factors for H. pylori eradication failure.®> Other risk factors
include high gastric acidity, high bacterial load, lack of sen-
sitivity of the specific strain of H. pylori to antibiotics and
lack of provider awareness to local and national resistance
patterns for specific antibiotics.?? Poor adherence may be
due to the complexity of the regimen or its adverse effects,
drug availability, cost, high pill burden, or lack of patient
education regarding the importance of H. pylori eradica-
tion.> Resistance to clarithromycin and levofloxacin leads
to treatment failure by 7-fold and 8.2-fold respectively, in
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both refractory and treatment-naive H pylori infections and
may further increase with previous eradication failure.’’
Across the United States, the rates of resistance to clarithro-
mycin, levofloxacin and metronidazole range between 13%
to 17%, up to 29%, and 25% to 44%, respectively, depend-
ing on the specific geographical area.?'-*® Pharmacogenomics
patterns have been implicated as a risk factor for eradication
failure as polymorphisms in the cytochrome P450 enzyme
(CYP2C19), interleukin-1, and P-glycoprotein 1 (MDR1)
lower the PPI concentration in the stomach, indirectly
decreasing the efficacy of amoxicillin and clarithromy-
cin.>¥40 Finally, discontinuation of tobacco products
should be strongly recommended as smoking nearly dou-
bles the odds of treatment failure.*!

Evidence-Based Approach to
Treatment of Refractory Cases

PBMT, bismuth quadruple therapy, is the only FDA-approved
regimen for the treatment of refractory H. pylori infection.> A
prospective study of 227 patients treated with PBMT for
refractory H. pylori infection showed a superior eradication
rate of a 14-day treatment compared to a 7-day course,
(93.6% vs. 77.2%).3" A large retrospective study of 790
patients, treated between 2004 and 2014, confirmed the supe-
riority of a 14-day of PBMT (eradication rate of 84.1%).%° In
a more recent prospective study of 54 patients with refractory
H. pylori who received PBMT for 7 or 14days, the authors
showed an overall eradication rate of 88.8% and used multi-
variate-analysis to identify metronidazole-resistance, defined
as a minimum-inhibitory concentration (MIC) of greater than
32 um/mL, as the sole risk factor for eradication failure (erad-
ication rates=92.8% for MIC 8-32um/mL and 60% for
MIC > 32 um/mL).** The eradication rate with PBMT is in
the 85% to 90% range, when used to treat patients with up to
3 failed episodes, but treatment success deceases to 67%
when it is used in a 4th episode of refractory H. Pylori infec-
tion, as shown in a prospective study of 208 patients with
refractory infections who had an adherence rate of 95%.%

If PBMT fails and there is no penicillin allergy, the next
treatment is PAL provided that levofloxacin resistance is
<15% in the local population. In a randomized controlled
trial of 160 patients with refractory H. pylori, a 10-day
course of PAL had a superior eradication rate of 85% when
compared to 65.7% for a 7-day course (P=.004), suggest-
ing length of therapy played a significant role.** In a pro-
spective study of 150 patients, a 10-day course of PAL
showed a similar eradication rate of 90% for refractory H.
pylori** A meta-analysis of 322 studies on levofloxacin-
based regimens found resistance played a significant role
on the eradication rate of refractory H. pylori as the risk
ratio for efficacy was 2.18 (P <<.001) in levofloxacin-sus-
ceptible strains when compared to resistant strains, suggest-
ing that levofloxacin should be avoided if resistance is

greater than 5% to 10%.% To date, there are no head-to-
head randomized controlled trials comparing the efficacy of
PBMT and PAL in refractory H. pylori.

Alternatively, rifabutin-based therapies, (ie, PAR), are
recommended when there is no penicillin allergy and levo-
floxacin resistance is >15% in the local population. In a
prospective study of 39 patients with refractory H. pylori
secondary to clarithromycin- and levofloxacin-resistant
strains, a 10-day treatment course of PAR had an eradica-
tion rate of 79.5%.% A larger prospective study of 302
patients treated with PAR for 14days showed a similar
eradication rate of 72.7% in patients with refractory H.
pylori*” Figure 1. In a more recent study of 19 patients,
vonoprazan was used as the acid-suppressant in the PAR
regimen in patients with refractory H. pylori, demonstrating
an eradication rate of 100%.%8

Following the failure of 2 lines of therapy for refractory
H. pylori, susceptibility testing for the underlying strain is
recommended. The efficacy of culture-guided treatment of
H. pylori has been widely studied. In a prospective study of
2606 patients with H. pylori infection, 58 patients (2.2%),
who had failed 2 lines of subsequent therapy, underwent
EGD with H. pylori culture and were treated with a bis-
muth-based targeted therapy, which achieved an eradication
rate of 77% per-protocol analysis, and 52% via intention-to-
treat analysis; there was 56% resistance to clarithromycin
and metronidazole/tinidazole, 12% to tetracycline and no
resistance to amoxicillin.*’ In a similar study, 94 patients,
who had failed 2-lines of subsequent therapy, were treated
using a culture-guided approach with a quadruple-based
bismuth-based therapy, and achieved an eradication rate of
90%.>° Again, resistance rates to metronidazole and clar-
ithromycin were high (100% and 95%, respectively) but
lower for levofloxacin and tetracycline (31% and 5%,
respectively).>® Multiple cost-effective analyses across dif-
ferent nations have found a culture-guided approach to H.
pylori eradication to be cost-effective with a savings rang-
ing from $5 to $657 USD per patient.>!->*

Surveillance and Follow-Up

Gastric cancer is the third most common cause of malig-
nancy-related death in developed countries, and chronic H.
pylori infection, classified as a type I carcinogen, accounts
for up to 89% of non-cardia gastric cancer.>® The carcino-
genesis of H. pylori follows a stepwise progression pattern
from normal mucosa to non-atrophic gastritis, atrophic gas-
tritis intestinal metaplasia and to gastric cancer.’® Evidence
shows that eradication of H. pylori reduces the risk of gastric
cancer in infected asymptomatic patients as well as in those
individuals with a family history of gastric cancer in first-
degree relatives.’”° In addition, H. pylori infection is asso-
ciated with marginal zone lymphomas of the mucosa
associated lymphoid tissue (MALT) type, a B-cell neoplasm
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Figure 1. Simplified treatment algorithm for H. pylori infection.

involving lymphoid tissue outside lymph nodes. Due to
increased drug resistance of H. pylori to current therapy and
declining success rate of H. pylori eradication therapy, it is
recommended to test all infected patients for H. pylori eradi-
cation after the end of therapy.®

For every patient treated for H. pylori, testing is recom-
mended with a non-serologic test, preferably non-inva-
sively with UBT or fecal antigen testing. If endoscopy is
indicated, gastric biopsy-based testing may be obtained.
Testing should be performed 4 weeks after treatment com-
pletion.!’ PPI and bismuth-containing medications should
be discontinued at least 2 weeks before testing for eradica-
tion, as they interfere with the sensitivity of testing.'s
Testing eradication serves to determine treatment success
or failure.” If testing reveals presence of H. pylori and
indication of persistent infection despite treatment, the
diagnosis is refractory H. pylori infection.> Testing for
eradication in refractory cases follows the same recom-
mendations as for an initial H. pylori infection, that is,
testing should be performed 4 weeks after treatment.'s
Following eradication of H. pylori, serial surveillance
testing is not recommended.'® Patients successfully treated

may still be at risk for future gastric cancer development if
they are found to have advanced gastric atrophy or intesti-
nal metaplasia. These patients should be evaluated with
surveillance endoscopy based on their ethnicity and fam-
ily history for gastric cancer screening.®!

Horizons

The potassium-competitive acid blocker vonoprazan is more
potent than conventional PPIs at suppressing intragastric acid
and CYP2C19-independent metabolism.*® Vonoprazan-
based therapy with amoxicillin is effective, resulting in
eradication rates of 85% to 89%. Vonoprazan is only
approved in Japan as both first- and second-line thera-
pies.*® Antibiotic susceptibility testing has been advocated
by the Maastricht expert consensus group since the incep-
tion of H. Pylori guidelines in 1997. It is not widely
available for use in clinical practice due to cost and a cum-
bersome and labor-intensive process.’ Alternatively, mole-
cule resistance testing, which is becoming more widely
available, is simpler to use and decreases the need for spe-
cialized tissue handling.®
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Conclusion

Refractory H. pylori is becoming a growing concern for
patients and healthcare providers given its increasing preva-
lence and difficulty in treating. Refractory H. pylori is pres-
ent when there has been treatment failure, defined as a
positive non-serologic test at least 4weeks following a
treatment attempt. The most widely used regimen for refrac-
tory H. pylori is PBMT, which has eradication rates of 85%
to 90%. If PBMT fails, local metronidazole-resistance
likely played a role. Culture-driven therapy is a cost-effec-
tive approach for refractory H. pylori and is indicated after
2 treatment failures, but availability may be a problem.
Molecular testing for clarithromycin resistance is an emerg-
ing testing modality and, in the future, may include testing
for other antibiotics. Emerging therapies for refractory H.
pylori include pharmacogenomics to guide PPI use and the
use of new molecules like vonoprazan.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iDs

Pedro Cortés https://orcid.org/0000-0002-2505-2283
Fernando F. Stancampiano https://orcid.org/0000-0002-9162-
1632

Dana M. Harris https://orcid.org/0000-0003-0820-9215

References

1. Arenas A, Serrano C, Quifiones L, et al. High prevalence of
clarithromycin resistance and effect on Helicobacter pylori
eradication in a population from Santiago, Chile: cohort study
and meta-analysis. Sci Rep. 2019;9:20070.

2. Malfertheiner P, Megraud F, O’Morain CA, et al. Management
of Helicobacter pylori infection—the Maastricht IV/Florence
consensus report. Gut. 2012;61:646-664.

3. 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.

4. Gisbert JP, Gonzalez L, Calvet X, et al. Proton pump inhibi-
tor, clarithromycin and either amoxycillin or nitroimidazole:
a meta-analysis of eradication of Helicobacter pylori. Aliment
Pharmacol Ther. 2000;14:1319-1328.

5. Gisbert JP, Pajares R, Pajares JM. Evolution of Helicobacter
pylori therapy from a meta-analytical perspective. Helicobacter.
2007;12 Suppl 2:50-58.

6. Park JY, Dunbar KB, Mitui M, et al. Helicobacter pylori clar-
ithromycin resistance and treatment failure are common in the
USA. Dig Dis Sci. 2016;61:2373-2380.

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

. Song M, Ang TL. Second and third line treatment options

for Helicobacter pylori eradication. World J Gastroenterol.
2014;20:1517-1528.

. Altintas E, Sezgin O, Ulu O, Aydin O, Camdeviren H.

Maastricht II treatment scheme and efficacy of different pro-
ton pump inhibitors in eradicating Helicobacter pylori. World
J Gastroenterol. 2004;10:1656-1658.

. Gumurdulu Y, Serin E, Ozer B, et al. Low eradication rate

of Helicobacter pylori with triple 7-14 days and quadriple
therapy in Turkey. World J Gastroenterol. 2004;10:668-
671.

Hawkey CJ, Atherton JC, Treichel HC, Thjodleifsson
B, Ravic M. Safety and efficacy of 7-day rabeprazole-
and omeprazole-based triple therapy regimens for the
eradication of Helicobacter pylori in patients with docu-
mented peptic ulcer disease. Aliment Pharmacol Ther.
2003;17:1065-1074.

Paoluzi P, lacopini F, Crispino P, et al. 2-week triple ther-
apy for Helicobacter pylori infection is better than 1-week in
clinical practice: a large prospective single-center randomized
study. Helicobacter. 2006;11:562-568.

Losurdo G, Giorgio F, Pricci M, et al. Primary and second-
ary genotypic resistance to clarithromycin and levofloxa-
cin detection in stools: a 4-year scenario in Southern Italy.
Antibiotics (Basel). 2020;9:723.

Mégraud F. H pylori antibiotic resistance: prevalence, impor-
tance, and advances in testing. Gut. 2004;53:1374-1384.
Vakil N, Hahn B, McSorley D. Clarithromycin-resistant
Helicobacter pylori in patients with duodenal ulcer in the
United States. Am J Gastroenterol. 1998;93:1432-1435.
Chey WD, Leontiadis GI, Howden CW, Moss SF. ACG
Clinical Guideline: Treatment of Helicobacter pylori
Infection. Am J Gastroenterol. 2017;112:212-239.
Nakamura S, Sugiyama T, Matsumoto T, et al. Long-term
clinical outcome of gastric MALT lymphoma after eradica-
tion of Helicobacter pylori: a multicentre cohort follow-up
study of 420 patients in Japan. Gut. 2012;61:507-513.

. Yoon SB, Park JM, Lim CH, Cho YK, Choi MG. Effect of

Helicobacter pylori eradication on metachronous gastric can-
cer after endoscopic resection of gastric tumors: a meta-anal-
ysis. Helicobacter. 2014;19:243-248.

Ford AC, Moayyedi P, Jarbol DE, Logan RF, Delaney BC.
Meta-analysis: Helicobacter pylori’test and treat’ compared
with empirical acid suppression for managing dyspepsia.
Aliment Pharmacol Ther. 2008;28:534-544.

Howden CW, Hunt RH. Guidelines for the management of
Helicobacter pylori infection. Ad Hoc Committee on Practice
Parameters of the American College of Gastroenterology. Am
J Gastroenterol. 1998;93:2330-2338.

Trevisani L, Sartori S, Galvani F, et al. Evaluation of a new
enzyme immunoassay for detecting Helicobacter pylori
in feces: a prospective pilot study. A4m J Gastroenterol.
1999;94:1830-1833.

Vaira D, Malfertheiner P, Mégraud F, et al. Diagnosis of
Helicobacter pylori infection with a new non-invasive
antigen-based assay. HpSA European study group. Lancet.
1999;354:30-33.


https://orcid.org/0000-0002-2505-2283
https://orcid.org/0000-0002-9162-1632
https://orcid.org/0000-0002-9162-1632
https://orcid.org/0000-0003-0820-9215

Journal of Primary Care & Community Health

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

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

Yaifiez P, la Garza AM, Pérez-Pérez G, Cabrera L, Mufoz
O, Torres J. Comparison of invasive and noninvasive
methods for the diagnosis and evaluation of eradication of
Helicobacter pylori infection in children. Arch Med Res.
2000;31:415-421.

Brandi G, Biavati B, Calabrese C, et al. Urease-positive bac-
teria other than Helicobacter pylori in human gastric juice and
mucosa. Am J Gastroenterol. 2006;101:1756-1761.

Genta RM, Graham DY. Comparison of biopsy sites for
the histopathologic diagnosis of Helicobacter pylori: a
topographic study of H. pylori density and distribution.
Gastrointest Endosc. 1994;40:342-345.

Wright CL, Kelly JK. The use of routine special stains
for upper gastrointestinal biopsies. Am J Surg Pathol.
2006;30:357-361.

Ierardi E, Losurdo G, Fortezza RF, Principi M, Barone M,
Leo AD. Optimizing proton pump inhibitors in Helicobacter
pylori treatment: old and new tricks to improve effectiveness.
World J Gastroenterol. 2019;25:5097-5104.

Yuan Y, Ford AC, Khan KJ, et al. Optimum duration of regi-
mens for Helicobacter pylori eradication. Cochrane Database
Syst Rev. 2013:CD008337.

Nelson A, Bi Y, Harris D. Helicobacter pylori: a comprehen-
sive review for primary care providers. Rom J Intern Med.
Published online December 24, 2020. doi:10.2478/rjim-2020-
0043

Hwang JJ, Lee DH, Lee AR, et al. Fourteen-vs seven-day bis-
muth-based quadruple therapy for second-line Helicobacter
pylori eradication. World J Gastroenterol. 2015;21:8132-
8139.

Lee BH, Kim N, Hwang TJ, et al. Bismuth-containing qua-
druple therapy as second-line treatment for Helicobacter
pylori infection: effect of treatment duration and antibiotic
resistance on the eradication rate in Korea. Helicobacter.
2010;15:38-45.

Zullo A, De Francesco V, Bellesia A, et al. Bismuth-based
quadruple therapy following H. pylori eradication failures: a
multicenter study in clinical practice. J Gastrointestin Liver
Dis. 2017;26:225-229.

Labenz J. Current role of acid suppressants in Helicobacter
pylori eradication therapy. Best Pract Res Clin Gastroenterol.
2001;15:413-431.

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

Perri F, Festa V, Clemente R, et al. Randomized study of two
“rescue” therapies for Helicobacter pylori-infected patients
after failure of standard triple therapies. Am J Gastroenterol.
2001;96:58-62.

Dong SQ, Singh TP, Wei X, Yao H, Wang HL. Review: a
Japanese population-based meta-analysis of vonoprazan ver-
sus PPI for Helicobacter pylori eradication therapy: is superi-
ority an illusion? Helicobacter. 2017;22:¢12438.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

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
Organization regions. Gastroenterology. 2018;155:1372-
1382.e1317.

Graham DY, Canaan Y, Maher J, Wiener G, Hulten KG,
Kalfus IN. Rifabutin-based triple therapy (RHB-105)
for Helicobacter pylori eradication: a double-blind, ran-
domized, controlled trial. Ann Intern Med. 2020;172:
795-802.

Erah PO, Goddard AF, Barrett DA, Shaw PN, Spiller RC. The
stability of amoxycillin, clarithromycin and metronidazole in
gastric juice: relevance to the treatment of Helicobacter pylori
infection. J Antimicrob Chemother. 1997,39:5-12.

Kuo CH, Lu CY, Shih HY, et al. CYP2C19 polymor-
phism influences Helicobacter pylori eradication. World J
Gastroenterol. 2014;20:16029-16036.

Suzuki T, Matsuo K, Ito H, et al. Smoking increases the treat-
ment failure for Helicobacter pylori eradication. Am J Med.
2006;119:217-224.

Lee JW, Kim N, Nam RH, et al. Risk factors of rescue bis-
muth quadruple therapy failure for Helicobacter pylori eradi-
cation. J Gastroenterol Hepatol. 2019;34:666-672.

Di Caro S, Franceschi F, Mariani A, et al. Second-line levo-
floxacin-based triple schemes for Helicobacter pylori eradica-
tion. Dig Liver Dis. 2009;41:480-485.

Katelaris PH, Katelaris AL. A prospective evaluation of
levofloxacin-based triple therapy for refractory Helicobacter
pylori infection in Australia. Intern Med J. 2017;47:761-
766.

Chen PY, Wu MS, Chen CY, et al. Systematic review with
meta-analysis: the efficacy of levofloxacin triple therapy
as the first-or second-line treatments of Helicobacter pylori
infection. Aliment Pharmacol Ther. 2016;44:427-437.

Kuo CJ, Lin CY, Le PH, et al. Rescue therapy with rifab-
utin regimen for refractory Helicobacter pylori infec-
tion with dual drug-resistant strains. BMC Gastroenterol.
2020;20:218.

Ribaldone DG, Fagoonee S, Astegiano M, et al. Rifabutin-
based rescue therapy for Helicobacter pylori eradication: a
long-term prospective study in a large cohort of difficult-to-
treat patients. J Clin Med. 2019;8:199.

Hirata Y, Yamada A, Niikura R, Shichijo S, Hayakawa Y,
Koike K. Efficacy and safety of a new rifabutin-based triple
therapy with vonoprazan for refractory Helicobacter pylori
infection: a prospective single-arm study. Helicobacter.
2020;25:e12719.

Gasbarrini A, Ojetti V, Armuzzi A, et al. Efficacy of a mul-
tistep strategy for Helicobacter pylori eradication. Aliment
Pharmacol Ther. 2000;14:79-83.

Cammarota G, Martino A, Pirozzi G, et al. High efficacy
of 1-week doxycycline-and amoxicillin-based quadruple
regimen in a culture-guided, third-line treatment approach
for Helicobacter pylori infection. Aliment Pharmacol Ther.
2004;19:789-795.

Breuer T, Graham DY. Costs of diagnosis and treatment of
Helicobacter pylori infection: when does choosing the treatment



Cortés et al

52.

53.

54.

55.

56.

regimen based on susceptibility testing become cost effective?
Am J Gastroenterol. 1999;94:725-729.

Cosme A, Montes M, Martos M, et al. Usefulness of antimi-
crobial susceptibility in the eradication of Helicobacter pylori.
Clin Microbiol Infect. 2013;19:379-383.

Furuta T, Shirai N, Kodaira M, et al. Pharmacogenomics-
based tailored versus standard therapeutic regimen for eradi-
cation of H. pylori. Clin Pharmacol Ther. 2007;81:521-528.
Romano M, Marmo R, Cuomo A, et al. Pretreatment anti-
microbial susceptibility testing is cost saving in the eradi-
cation of Helicobacter pylori. Clin Gastroenterol Hepatol.
2003;1:273-278.

IARC Working Group on the Evaluation of Carcinogenic
Risks to Humans. Biological agents. Volume 100 B. A review
of human carcinogens. JARC Monogr Eval Carcinog Risks
Hum.2012;100:1-441.

Correa P. Human gastric carcinogenesis: a multistep and
multifactorial process—first American cancer society award
lecture on cancer epidemiology and prevention. Cancer Res.
1992;52:6735-6740.

57.

58.

59.

60.

61.

62.

Choi 1J, Kim CG, Lee JY, et al. Family history of gastric
cancer and Helicobacter pylori treatment. N Engl J Med.
2020;382:427-436.

Ford AC, Yuan Y, Moayyedi P. eradication therapy to prevent
gastric cancer: systematic review and meta-analysis. Gut.
2020;69:2113-2121.

Kumar S, Metz DC, Ellenberg S, Kaplan DE, Goldberg
DS. Risk factors and incidence of gastric cancer after detec-
tion of helicobacter pylori infection: a large cohort study.
Gastroenterology. 2020;158:527-536.e527.

Siddique O, Ovalle A, Siddique AS, Moss SF. Helicobacter
pylori infection: an update for the internist in the age of increas-
ing global antibiotic resistance. Am J Med. 2018;131:473-479.
Gupta S, Li D, El Serag HB, et al. AGA clinical practice
guidelines on management of gastric intestinal metaplasia.
Gastroenterology. 2020;158:693-702.

Malfertheiner P, Mégraud F, O’Morain C, et al. Current con-
cepts in the management of Helicobacter pylori infection—
the Maastricht 2-2000 consensus report. Aliment Pharmacol
Ther.2002;16:167-180.



