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Helicobacter pylori infection can lead to gastritis, gastric and duodenal ulcers, and gastric cancer. Con-
sequently, complete eradication is the goal of therapy. First-line therapy for H. pylori infection
includes clarithromycin triple therapy (clarithromycin, proton pump inhibitor [PPI], and amoxicillin
or metronidazole), bismuth quadruple therapy (bismuth salt, PPI, tetracycline, and metronidazole or
amoxicillin), or concomitant therapy (clarithromycin, PPI, amoxicillin, and metronidazole). However,
many patients have relative contraindications to the antibiotics included in these regimens, making
therapy selection difficult. Furthermore, failure of initial therapy makes selection of second-line ther-
apy challenging due to concerns for potential resistance to agents included in the initial regimen. This
review discusses H. pylori microbiology, including antibiotic resistance, and summarizes the existing
evidence for first- and second-line treatment regimens that may be considered for special populations
such as patients with penicillin allergies, patients with or at risk for QTc-interval prolongation, and
patients who are pregnant, breastfeeding, or elderly.
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Helicobacter pylori infection is common; how-
ever, the prevalence is generally low in the Uni-
ted States and varies with socioeconomic status,
race, and ethnicity." Helicobacter pylori infection
is a common cause of gastritis, gastric and duo-
denal ulcers, and gastric cancer. Consequently,
if diagnosed, the goal of therapy is complete
eradication.” Worldwide, the treatment of H. py-
lori is complicated by antibiotic resistance, com-
plex medication regimens, and adverse effects of
the medications.
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In the United States, the American College of
Gastroenterology (ACG) clinical guideline for
the treatment of H. pylori provides recommenda-
tions for first-line and salvage therapy.” Treat-
ment typically consists of a combination of at
least two antibiotics along with a proton pump
inhibitor (PPI) (Table 1 and Table S1). Clar-
ithromycin triple therapy for 14 days is recom-
mended as first-line therapy in regions with low
(less than 15%) clarithromycin resistance. In
areas with higher resistance rates or among
patients with previous macrolide exposure, bis-
muth quadruple therapy for 10-14 days is rec-
ommended. Concomitant therapy with a PPI,
amoxicillin, clarithromycin, and metronidazole
is also a likely efficacious first-line regimen,
although data from North America are lacking.

Unfortunately, many patients have relative
contraindications to the antibiotics included in
first-line H. pylori regimens, making therapy
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Table 1. Recommended Helicobacter pylori Treatment Regimens Based on Clinical Scenario

Clinical
scenario First-line regimens Alternative regimens
General e Clarithromycin triple (when clarithromycin resistance is < 15% ® Sequential therapy
population® and no previous history of macrolide exposure) ® Hybrid therapy
® Bismuth quadruple e [evofloxacin based
e Concomitant therapy
B-Lactam ® Clarithromycin triple with metronidazole (when clarithromycin ® [evofloxacin based excluding
allergy® resistance is < 15% and no previous history of macrolide expo- amoxicillin
sure) e Rifabutin-based triple or
e Bismuth quadruple quadruple excluding amoxi-
cillin
QTc-interval ¢ Bismuth quadruple ¢ Amoxicillin-based dual
prolongation e Rifabutin-based triple or
quadruple
® Triple therapy with amoxi-
cillin, metronidazole, and PPI
Elderly ® Clarithromycin triple (when clarithromycin resistance is < 15% ® Sequential therapy
and no previous history of macrolide exposure)
® Bismuth quadruple
Pregnancy and e Without symptoms or with mild symptoms: postpone treatment until after pregnancy and breastfeed-
breastfeeding ing

® With hyperemesis gravidarum, weigh risks against benefits. If treatment is pursued, consider limiting

therapy to 7 days.

m first trimester: triple therapy with amoxicillin, metronidazole, and PPI,
m second trimester, third trimester, or breastfeeding: clarithromycin triple therapy with amoxicillin

PPI = proton pump inhibitor.

selection difficult. Furthermore, failure of initial
therapy makes selection of second-line therapy
challenging due to concerns for potential resis-
tance to agents included in the initial regimen.
Eradication rates with second-line therapy are
often lower, and these regimens frequently have
decreased tolerability. Consequently, thoughtful
selection of initial therapy is critical. This review
discusses  H. pylori  microbiology including
antibiotic resistance and summarizes the evi-
dence for treatment regimens among three com-
monly encountered special populations: patients
with penicillin allergies, patients with or at risk
for QTc-interval prolongation, and patients who
are pregnant, breastfeeding, or elderly.

Data Sources and Extraction

A search of the PubMed database for human
studies published in English from inception to
May 2019 was performed using a combination
of these terms: Campylobacter pyloridis, H. pylori,
penicillin allergy, cephalosporins, carbapenems,
fluoroquinolone,  rifabutin, QT  prolongation,
bismuth quadruple therapy, triple therapy, breast-
feeding, breast milk, pregnancy, geriatrics, and
elderly. Our search vyielded 1612 results

(Table S2). References of the included studies
were reviewed to identify additional relevant
studies. Titles, abstracts, and articles were evalu-
ated for relevance, and trials evaluating the effi-
cacy of medication regimens for the treatment of
H. pylori were included.

Microbiology and Pharmacology

Colonization with H. pylori is generally
attained during childhood across most popula-
tions and can persist for an entire lifetime.’
However, because the prevalence and incidence
of colonization is higher in areas of suboptimal
sanitary conditions, the acquisition of H. pylori
varies significantly among persons from different
regions of the world and depends not only on
age but was also linked to socioeconomic sta-
tus." ? In the United States and other developed
countries, the incidence of H. pylori has been
progressively declining, with less than 10% of
children carrying H. pylori, whereas in many
developing parts of the world (e.g., Latin Amer-
ica, Southeast Asia, Middle East, and Africa),
H. pylori prevalence remains high, with more
than 70% of children colonized with H. pylori.*
Consequently, risk factors for H. pylori
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colonization include immigration from or resi-
dence in developing countries and lower socioe-
conomic status.

Antibiotic resistance is the most important
factor impacting eradication rates of H. pylori
regimens. The primary resistance mechanisms
for commonly used antibiotics along with esti-
mated rates of resistance are described in
Table S3.” © Unlike most other bacteria, H. py:
lori acquires resistance through mutations.’
Therefore, rates of resistance increase progres-
sively through selective pressures including pre-
vious antibiotic use and antibiotic consumption
among the general population, especially for
macrolides, metronidazole, and fluoro-
quinolones.” ® Global resistance rates should be
considered when attempting to translate eradica-
tion rates from published studies to an individ-
ual patient because these data may not be
generalizable. With the rise in H. pylori resis-
tance, a paradigm shift to more patient-specific
regimens, including susceptibility testing, may
be requlred to reduce the potential for treatment
failures.” However, in the absence of susceptibil-
ity testing, patient-specific information, such as
age, travel and immigration history, and socioe-
conomic status, can provide insight on the time
and place of acquisition of H. pylori. When com-
bined with global patterns of resistance
(Table S3) and prior antibiotic use, these demo-
graphic data can inform treating clinicians on
the likelihood of primary resistance.

Helicobacter pylori is intrinsically resistant to
several antibiotic classes including glycopep-
tides, polymyxms nalidixic acid, trimethoprim,
and sulfonamides.® Wild-type strains are suscep-
tible to P-lactams, fosfomycin, macrolides,
aminoglycosides, tetracyclines, chloramphenicol,
rifamycins, ﬂuoroqulnolones 5-nitroimidazoles,
and nitrofurans.® Other than aminoglycosides
and chloramphenicol, these antibiotics were all
trialed in various H. pylori eradication regi-
mens.'” ' The Clinical and Laboratory Stan-
dards Institute (CLSI) provides clinical
breakpoints for the primary antibiotics used
against H. pylori including clarithromycin,
amoxicillin, tetracychne rifabutin, ciprofloxacin,
and metronidazole.'” Importantly, the CLSI does
not specifically describe the use of these break-
points as surrogates for similar agents within the
same antibiotic class (e.g., ampicillin and amoxi-
cillin). Although many agents within the same
class of antibiotics may exhibit similar antibiotic
activity, the potential for reduced activity in
acidic environments may result in discordance

between in vitro and in vivo activity."> Antibi-
otics that may be subject to these effects include
erythromycm ampicillin, and select cephalos-
porins."> Tn the absence of clinical data, provi-
ders should wuse acid-stable agents (e.g.,
amoxicillin, azithromycin, clarithromycin) when
substituting within a class of antibiotics, particu-
larly in the setting of less than maximal acid
suppression.

Some nonantibiotic agents also demonstrate
selective activity against H. pylori. Both bismuth
salts and PPIs are active in vitro, whereas his-
tamine H,-receptor anta&omsts (H,RAs) lack
activity against H. pylori.'* Although the differ-
ent bismuth salts vary in their in vitro activity,
high concentrations achieved in the gastric
lumen after oral administration may mitigate
these dlfferences makmg all bismuth salts simi-
larly efficacious.'” Of the various PPIs, lansopra-
zole and rabeprazole have the most potent
anubacterlal activity, and pantoprazole has the
least.'* ' 7 Omeprazole and esomeprazole
have 1ntermed1ate activity, with esomegarazole
slightly more active than omeprazole.'

In addition to direct antibacterial activity,
both bismuth salts and PPIs demonstrate indi-
rect effects, such as inhibition of urease enzymes
as well as disruption of adenosine triphosphate
synthesis that may further alter the pathogenicity
of H. pylori.'> ' All acid-suppressive agents
contribute to increased activity of antibacterial
agents by increasing the pH level of the gastric
lumen.® Minimum inhibitory concentrations of
many antibiotics become more favorable in less
acidic environments.® Elevated gastric pH levels
lead to increases in the population of dividing
H. pylori and, consequently, greater susceptibil-
ity to antibiotics such as amoxicillin and clar-
ithromycin.'?

Lastly, the degree of acid suppression is criti-
cal to the eradication of H. pylori. Several stud-
ies demonstrated that multiple pharmacologic
factors can contribute to increased eradication
when using PPIs, such as using twice/day dosing
over once/day dosing, using high doses versus
standard doses, and using more potent agents
(e.g., rabeprazole over omeprazole) 21 The
potential impact of genetic polymorphisms, par-
ticularly polymorphisms of cytochrome P450
(CYP) 2C19, should also guide selection of
PPIs.*> *> Two meta-analyses demonstrated that
H. pylori eradication rates are inversely corre-
lated with the capacity to metabolize PPIs.** >
Therefore, in populations with high proportions
of ultra-rapid metabolizers (e.g., whites), it may
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be prudent to favor use of PPIs less influenced
by CYP2C19 polymorphisms, such as esomepra-
zole or rabeprazole.

Taken together, consideration of local resis-
tance rates and selection of maximal acid sup-
pression therapy can contribute to the overall
effectiveness of eradication regimens for H. py-
lori. Appropriate evaluation of demographic data
can inform clinicians on the probability of pri-
mary resistance based on age and location of ini-
tial acquisition of H. pylori. Current guidelines
recommend avoiding clarithromycin-based triple
therapy for empirical treatment when regional
clarithromycin resistance exceeds a threshold of
15-20%.> ° Similar thresholds were suggested
for both metronidazole and fluoroquinolones.®
Because of both their direct and indirect effects,
PPIs may provide for better eradication rates
than H,RAs. Although microbiological and phar-
macologic factors have important implications
for the eradication of H. pylori, additional
patient-specific factors, such as medication aller-
gies and relative contraindications, can further
complicate the selection of optimal treatment
regimens. Commonly encountered special popu-
lations are discussed in detail next.

Penicillin Allergy

The treatment of H. pylori among patients with
a true penicillin allergy represents a significant
challenge. Amoxicillin is one of the most effective
antibiotics against H. pylori, and acquired resis-
tance is rare in most regions.24 Consequently,
amoxicillin is a component of many first- and sec-
ond-line treatment regimens.” However, ~10% of
the population report having a penicillin allergy,
leaving providers with fewer options for treating
H. pylori.*> As such, it is imperative to obtain a
complete and accurate allergy history including
the description and timing of the reaction because
many of these reported reactions may not be true
allergies. Early evaluation with penicillin skin
testing should also be considered to determine if a
patient may be able to tolerate a penicillin or
amoxicillin challenge.’

First-line B-lactam—sparing treatment regimens
for H. pylori include clarithromycin triple ther-
apy (clarithromycin, PPI, and metronidazole)
and bismuth quadruple therapy (PPI, bismuth,
tetracycline, and metronidazole).” The ACG rec-
ommends clarithromycin triple therapy for
14 days in regions with low (less than 15%)
macrolide resistance.” Eradication rates for clar-
ithromycin triple therapy rely heavily on

clarithromycin susceptibility. A meta-analysis of
93 European studies (68% randomized con-
trolled trials [RCTs]) found that clarithromycin
resistance reduced the eradication rates of clar-
ithromycin triple therapy by ~35%.%° Unfortu-
nately, local and regional resistance patterns are
commonly unknown. In the absence of H. pylori
resistance testing, providers can use national
resistance trends (Table S3), as well as evaluate
if patients have had recent macrolide use before
using this regimen.?” Metronidazole resistance
also plays a role because resistance was shown
to reduce eradication rates of clarithromycin tri-
ple therapy by 18%.%° Still, several studies have
suggested adequate (76-82%) eradication rates
among metronidazole-resistant compared with
metronidazole-susceptible strains (Table S4),28’
2% which may be a function of the ability to
overcome metronidazole resistance with more
frequent dosing, longer durations of therapy,
and concomitant therapy with a PPI or bis-
muth 2% 26 30

Among patients with previous macrolide
exposure or in countries with higher rates of
macrolide resistance (Table S3), bismuth
quadruple therapy is the greferred initial B-lac-
tam-sparing regimen.” Two multinational
meta-analyses comparing bismuth quadruple
therapy with clarithromycin triple therapy that
included amoxicillin demonstrated similar, yet
notably low, eradication rates for first-line ther-
apy (69-78%).>" 32 However, because bismuth
quadruple therapy maintained high eradication
rates (more than 80%) in the presence of
metronidazole resistance, this regimen remains
an option for patients who have failed initial
therapy with clarithromycin triple therapy con-
taining metronidazole.”' Still, it remains
important to recognize the potential for reduced
eradication rates with bismuth quadruple ther-
apy in the presence of metronidazole resistance,
particularly if the dosages and duration of ther-
apy are not optimized.”* Consequently, some
providers may elect to use bismuth quadruple
therapy as initial therapy even when macrolide
resistance is not a concern, to preserve the effi-
cacy of metronidazole.>

Selection of therapy after failure of first- or
second-line therapy depends on a variety of fac-
tors including the previous regimens received,
national resistance trends, and patient-specific
factors (e.g., previous antibiotic use and drug-
drug interactions). Levofloxacin and rifabutin
are two agents that have been more commonly
evaluated in this setting and remain options for



1016 PHARMACOTHERAPY Volume 39, Number 10, 2019

penicillin-allergic patients. However, resistance,
adverse effects, and drug-drug interactions are
important considerations when using these
agents.””  Levofloxacin-based regimens are
favored due to improved tolerability and more
consistent efficacgy data compared with rifabutin-
based therapies.” *°7° Although several meta-
analyses of RCTs evaluating levofloxacin-based
regimens containing amoxicillin as second-line
therapy have yielded favorable results,* *' there
are fewer studies evaluating specific levofloxa-
cin-based regimens that excluded amoxicillin.
Two RCTs found high eradication rates (more
than 90%) with a levofloxacin, PPI, and metron-
idazole combination among treatment-naive
patients in Italy™ and with a levofloxacin, rifa-
butin, and rabeprazole combination for patients
who failed clarithromycin triple therapy in
China.>® Favorable eradication rates were
observed in both countries despite having differ-
ing rates of fluoroquinolone resistance
(Table S3), suggesting that primary resistance to
levofloxacin may not have played a role. How-
ever, neither study performed levofloxacin sus-
ceptibility testing on the clinical H. pylori
isolates. Levofloxacin-based regimens containing
clarithromycin have also been evaluated and are
discussed later.

Two large studies specifically compared H. py-
lori treatment regimens in penicillin-allergic
patients.> >? One such study conducted in
Spain compared clarithromycin triple therapy
with metronidazole for 7 days (112 patients)
with bismuth quadruple therapy for 10 days (50
patients).35 Eradication rates with bismuth
quadruple therapy were significantly higher than
those with clarithromycin triple therapy (74% vs
57%, p<0.05). Patients who failed clarithromycin
triple therapy were retreated with either bismuth
quadruple therapy or levofloxacin-based triple
therapy consisting of levofloxacin, omeprazole,
and clarithromycin. Patients who failed bismuth
quadruple therapy were given levofloxacin-based
triple therapy. Overall, the eradication rate of
retreating with levofloxacin-based triple therapy
with clarithromycin was 64%. Following clar-
ithromycin triple therapy failures, retreatment
with levofloxacin-based triple therapy resulted
in higher eradication rates compared with
retreatment with bismuth quadruple therapy
(64% vs 37%, p<0.05). A second study among
50 penicillin-allergic patients found similar erad-
ication rates (73%) with levofloxacin, omepra-
zole, and clarithromycin for 10 days among
patients failing clarithromycin triple therapy

with metronidazole.”® Together, these two stud-
ies suggest that levofloxacin-based triple therapy
with clarithromycin may be a reasonable sec-
ond-line option for penicillin-allergic patients.

To our knowledge, only three studies have
evaluated the use of a nonpenicillin B-lactam
antibiotic (e.g., cephalosporin) for the treatment
of H. pylori."™* One small study of 12 patients
found cefprozil monotherapy to be ineffective at
eradicating H. pylori.*> Cefixime-based triple
therapy, consisting of cefixime (200400 mg
twice/day), a PPI, and clarithromycin, was mod-
erately effective when administered as initial
therapy to 49 patients in Italy.”® The eradication
rate was 71% (24/34) among patients receiving
cefixime 200 mg twice/day and 73% (11/15)
among patients receiving cefixime 400 mg twice/
day. In a single-center RCT of 400 treatment-
naive patients in China, patients were random-
ized to receive levofloxacin-based quadruple
therapy with either amoxicillin or cefuroxime
for 14 days. Both arms achieved similar eradica-
tion rates (84% vs 81%, p=0.513).43 Together,
these data suggest that substitution of amoxi-
cillin with a cephalosporin may be an option for
patients with a penicillin allergy.> ° However,
eradications rates appear less than optimal for
first-line therapy. Consequently, clarithromycin
triple therapy with metronidazole and bismuth
quadruple therapy remain first-line therapy for
penicillin-allergic patients. More clinical data are
required to make general recommendations
regarding the best cephalosporin to use and the
optimal combination regimen when using alter-
native B-lactam agents for salvage therapy.

In summary, when resistance is not a concern,
clarithromycin triple therapy with metronidazole
and bismuth quadruple therapy are equally effi-
cacious first-line regimens for patients with a
penicillin allergy. Among patients failing clar-
ithromycin triple therapy with metronidazole,
bismuth quadruple therapy may still be consid-
ered as second-line therapy, as long as the
dosages and duration of therapy are optimized.
Levofloxacin-based triple therapy may be consid-
ered as second-line therapy for patients failing
initial therapy and is preferred over rifabutin-
based regimens for second-line and salvage ther-
apy due to improved tolerability and eradication
rates and decreased drug interaction potential.

QTc-Interval Prolongation

Of the available treatment options for H. pylori,
both clarithromycin and levofloxacin are
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associated with significant prolongation of the
QTc interval.** Because many of the first-line
treatment options include clarithromycin or levo-
floxacin, selection of the most appropriate regi-
men in patients at risk for QTc-interval
prolongation can be challenging. Briefly, the QT
interval, as measured on an electrocardiogram,
represents a marker of ventricular repolarization
time and can be corrected for factors such as heart
rate.” In general, a corrected QT (QTc) interval
greater than 450 milliseconds (ms) in men and
greater than 470 ms in women is considered
moderately prolonged, whereas a QTc of 500 ms
or greater is considered severely prolonged and
can be associated with torsade de pointes (TdP), a
life-threatening ventricular ~arrhythmia, and
death.** *’

Identifiable risk factors for QTc-interval pro-
longation include electrolyte abnormalities, car-
diovascular disease, genetics, female sex,
increasin§ age, and, most notably, certain medi-
cations.*®  Electrolyte abnormalities including
hypokalemia, hypomagnesemia, and hypocal-
cemia were associated with significant elevations
(more than 10 ms) in the QTc interval. The pres-
ence of one QTc-interval-prolonging medications
such as a macrolide antibiotic was associated
with an increase of roughly 10-15 ms, with addi-
tional medications contributing to a much smal-
ler degree (~5 ms). In general, the risk of TdP in
patients receiving fluoroquinolone and macrolide
antibiotics is very low, even in patients with
additional risk factors.** However, a case report
described a 63-year-old woman with risk factors
for QTc-interval prolongation who received clar-
ithromycin for H. pylori treatment and subse-
quently developed TdP.>® When initiating
therapy, providers should consider obtaining a
baseline electrocardiogram and a basic metabolic
panel in patients at high risk for QTc-interval
prolongation with concomitant cardiac condi-
tions to determine optimal treatment regimens.

Among the available first-line treatment strate-
gies recommended by the ACG, only bismuth
quadruple therapy excludes clarithromycin and
levofloxacin, which remains an option for
patients with or at risk for QTc-interval prolon-
gation.” In patients unable to receive or who have
failed bismuth quadruple therapy, providers are
forced to select a salvage treatment regimen. For
patients with QTc-interval prolongation, salvage
therapies include rifabutin-based triple therapy,
amoxicillin-based dual therapy, and amoxicillin-
based triple therapy (Table S1). Selection of the
optimal salvage regimen requires a careful

evaluation of resistance patterns, prior antibiotic
exposure, and tolerability. As such, the following
section focuses on the comparative efficacy of
these second-line regimens.

Studies evaluating the effect of rifabutin-based
triple therapy have yielded mixed results when
compared with first-line therapies. One multicen-
ter RCT conducted in Spain compared PPI,
amoxicillin, and rifabutin with bismuth quadru-
ple therapy for 7 days.’' Rifabutin-based triple
therapy was associated with a significantly lower
rate of eradication than bismuth quadruple ther-
apy (44% vs 70%, p=0.009). Alternatively,
another study conducted in Italy found that the
use of rifabutin-based triple therapy was an effec-
tive first-line (eradication rate 88%) and second-
line treatment (eradication rate 79%).%> Finally,
in a meta-analysis of 21 RCTs, rifabutin-based tri-
ple therapy was associated with inferior eradica-
tion rates when compared with amoxicillin-based
triple therapy (68% vs 82%, p=0.283) and similar
eradication rates when compared with bismuth
quadruple therapy (66% vs 67%, p= 0.87).>

Amoxicillin-based dual therapy, consisting of
amoxicillin and a PPI, has demonstrated favor-
able eradication rates. In a prospective multicen-
ter RCT conducted in Taiwan, amoxicillin-based
dual therapy was evaluated for first-line treat-
ment of H. pylori.>* Patients were randomized to
amoxicillin and rabeprazole for 14 days (amoxi-
cillin dual therapy), amoxicillin and rabeprazole
for 5 days followed by metronidazole, clar-
ithromycin, and rabeprazole for 5 more days (se-
quential therapy), or amoxicillin-based triple
therapy for 7 days. Rates of eradication 4—
8 weeks following treatment completion were
significantly greater for patients receiving amoxi-
cillin dual therapy (95%) compared with study-
defined sequential therapy (85%) and amoxi-
cillin-based triple therapy (81%) (p<0.001).
These findings were echoed in a meta-analysis
that found that high-dose amoxicillin dual ther-
apy (amoxicillin of 2 g/day or more and PPI
given more than twice/day) was associated with
similar efficacy to other salvage treatments
including rifabutin-based triple therapy and bis-
muth quadruple therapy.”

Amoxicillin-based triple therapy, consisting of
amoxicillin, metronidazole, and a PPI, may also
be an option in patients with a prolonged QTc
interval, particularly among patients with a low
risk for metronidazole resistance.” A large meta-
analysis of more than 90 trials demonstrated an
eradication rate of up to 70% with this regimen
when used as first-line treatment, which was
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significantly =~ lower compared with clar-
ithromycin triple therapy with amoxicillin (70%
vs 77%, p<0.002) or clarithromycin triple ther-
apy with metronidazole (66% vs 78%,
p=0.0003).5 ® However, eradication rates for
amoxicillin-based triple therapy depend highly
on metronidazole resistance rates, and further
analysis identified longer treatment durations
and higher amoxicillin and metronidazole doses
(every 8 hours) as factors closely associated with
the improved efficacy of amoxicillin-based triple
therapy. When high doses were administered for
14 days, eradication rates for amoxicillin-based
triple therapy were similar to first-line treatment
regimens.

In summary, bismuth quadruple therapy
should be considered the treatment of choice in
patients with QTc-interval prolongation. The
efficacy of this regimen was demonstrated in
several large RCTs as both first-line and salvage
treatment of H. pylori. In patients with a con-
traindication, patients who are unable to tolerate
bismuth quadruple therapy, or patients who
have failed initial therapy, alternative options
include rifabutin-based triple therapy, amoxi-
cillin-based dual therapy, and amoxicillin-based
triple therapy. Given the similar efficacy, lower
pill burden, lack of major drug-drug interac-
tions, and lower potential for adverse reactions,
amoxicillin-based dual therapy may be consid-
ered an alternative to bismuth quadruple therapy
in patients at risk for or with prolonged QTc
intervals.

Pregnancy and Breastfeeding

The presence of H. pylori was associated with
an increased risk (odds ratio 3.34, 95% confi-
dence interval [CI] 2.32-4.81) of hyperemesis
gravidarum, a condition characterized by severe
nausea, vomiting, or weight loss during preg-
nancy.”’ Hyperemesis gravidarum can lead to
fetal complications, such as low birth weight,
prematurity, and malformation.”® >° Addition-
ally, maternal complications of hyperemesis
gravidarum include dehydration, electrolyte dis-
turbances, and hospitalizations.’> >> Eradication
of H. pylori led to symptom alleviation of hyper-
emesis gravidarum in case reports, case series,
and small research reports starting in the late
1990s.°°"%* Early therapy consisted of treatment
with erythromycin, clarithromycin, metronida-
zole, and amoxicillin, alone or in combination.
H,RAs and PPIs were consistently used for acid
suppression in the corresponding treatment

regimens. Treatment durations varied in the
reports from 5 to 14 days.

Use of the limited clinical data available to
guide therapy in pregnant and breastfeeding
patients must be balanced with consideration for
fetal toxicity from select drug therapies. Specifi-
cally, tetracyclines carry the highest teratogenic
potential, with concerns for bone growth inhibi-
tion and teeth discoloration, thereby prohibiting
the use of bismuth quadruple therapy in this
population. The remaining first-line regimens
contain at least one agent carrying a pregnancy
category C with no data to support use in preg-
nancy or during breastfeeding. Consequently,
the decision to provide treatment should involve
careful evaluation of the patient’s symptoms and
the goals of therapy.

Based on available data and current U.S. Food
and Drug Administration pregnancy and lacta-
tion standards, asymptomatic pregnant patients
testing positive for H. pylori should be treated
postpartum and following cessation of breast-
feeding. >"°% °®However, some situations, such
as hyperemesis gravidarum, may dictate the need
for treatment during pregnancy. The largest
study, to our knowledge, is a retrospective
cohort study of 24 pregnant women in the Uni-
ted States with prolonged nausea and vomit-
ing.°* All patients were evaluated for H. pylori
using serology testing. Half of the patients tested
positive and were prescribed treatment with
clarithromycin triple therapy for 2 weeks.
Although only three patients completed treat-
ment, all patients experienced symptomatic
relief. Furthermore, 23 patients (96%) had ade-
quate total weight gain during pregnancy, sug-
gesting that treatment and H. pylori infection
alike did not impact fetal growth. The remaining
clinical data are limited to case reports and
small case series, but the compilation of avail-
able data provides some understanding of treat-
ment risks and benefits.

For patients experiencing hyperemesis gravi-
darum, careful consideration of risks versus ben-
efits of therapy should be discussed before
proceeding with treatment. Patients electing to
undergo treatment may benefit from clar-
ithromycin triple therapy. However, those under-
going treatment during the first trimester should
substitute metronidazole for clarithromycin.
Studies demonstrated that use of clarithromycin
in the first trimester leads to an increased risk of
miscarriage (hazard ratio 1.56, 95% CI 1.14—
2.13) but did not increase risks for congenital
malformations.®> °° Balancing risk of maternal
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and fetal harm and benefit of symptom resolution
should be used to decide treatment duration. Ini-
tial conservative treatment with a short course of
7 days may alleviate symptoms and minimize
risks.®" ©7

For medication use during breastfeeding, the
World Health Organization (WHO) considers
macrolides and penicillin antibiotics safe in
usual dosages but recommends monitoring the
infant for rash, thrush, and diarrhea.®® Addition-
ally, the WHO suggests avoiding metronidazole
use, when possible, citing animal data demon-
strating potential carcinogenic effects. Although
clinical data in this population are limited, these
recommendations support the wuse of clar-
ithromycin triple therapy for breastfeeding
mothers.

The limited options for safe medication use in
pregnancy and lactation make treating H. pylori
challenging in these scenarios. In the rare case
that an asymptomatic patient is tested and is
positive for H. pylori, treatment should be
delayed until delivery or cessation of breastfeed-
ing. Symptomatic pregnant patients in the sec-
ond or third trimester and breastfeeding mothers
should be offered clarithromycin triple therapy,
if treatment is warranted. Careful discussion
with the mother regarding fetal risk, potential
retreatment necessity, and antibiotic adverse
effects alongside benefit of symptom relief is
needed when deciding treatment duration
between 7 and 14 days.

Elderly

Increasing age is a risk factor for H. pylori
infection and related complications such as pep-
tic ulcer disease, functional dyspepsia, and gas-
tric malignancies."” > 7 Treatment of H. pylori
in the elderly was also associated with improved
gastrointestinal symptoms including gastritis and
peptic ulcers.”' "> Consequently, early effective
therapy is important in this population. There
are no specific contraindications to the recom-
mended H. pylori therapies, and first-line clar-
ithromycin  triple therapy and bismuth
quadruple therapy demonstrated good eradica-
tion rates among elderly patients.”" > ™* How-
ever, to ensure that therapy is safe and
appropriate,  patient-specific ~ considerations
should include potential antibiotic resistance,
appropriate antibiotic dosing, drug-drug interac-
tions, and adverse event monitoring. As previ-
ously discussed, antibiotic resistance reduces the
efficacy of many treatment regimens. Because

elderly patients are more likely to have received
previous antibiotic therapy, a thorough antibi-
otic history can help determine if specific antibi-
otic classes should be avoided, and their dosages
and durations should be optimized.

Pharmacokinetic ~changes associated with
advanced age, such as reduced renal function, may
predispose this population to higher antibiotic
serum concentrations and subsequent treatment-
related adverse reactions.”” "® Consequently, clar-
ithromycin and fluoroquinolone doses should be
reduced in patients with significant renal impair-
ment to avoid the increased risk of adverse effects
such as gastrointestinal upset and central nervous
system effects, respectively.”” ’® In a single-center
study of 154 patients older than 60 years with
H. pylori infection, patients were randomized to
receive clarithromycin triple therapy with either
clarithromycin 250 mg twice/day or 500 mg twice/
day.®® Numerically more patients receiving the
higher clarithromycin dose reported having
adverse events (9% vs 5%, p value not significant).
Notably, this study did not evaluate serum crea-
tinine concentration or other markers of renal
function.

Due to the common occurrence of polyphar-
macy and increased sensitivity to adverse reac-
tions, drug-drug interactions should be
monitored closely in this population. Clar-
ithromycin and other macrolides, excluding azi-
thromycin, carry the highest potential for drug-
drug interactions. Caution is also advised among
older patients taking Ci?roﬂoxacin with theo-
phylline and warfarin.”’ Although drug-drug
interactions may be identified, the consequences
of these interactions must be weighed against
the benefits of providing optimal therapy. Some
interactions may be managed with close moni-
toring during the short period of concomitant
therapy. Additionally, the American Geriatrics
Society 2019 Beers Criteria discourages the
scheduled use of PPIs for more than 8 weeks
due to the risk of Clostridium difficile—associated
diarrhea and bone loss.”” This may become a
concern among relapsed or recurrent H. pylori
infections, requiring repeated and prolonged
durations of therapy.

The optimal duration of therapy in elderly
patients is unclear. Given the potential increased
sensitivity for treatment-related adverse effects,
providers may wish to shorten the duration of
therapy. Unfortunately, to our knowledge, no
studies have compared durations of therapy
among elderly patients. Seven days of therapy
were generally associated with low rates of
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treatment-related adverse effects (477%),69’ 1,73

whereas studies evaluating 10-14 days of therapy
reported variable rates (3-33%).”> ™ 7 However,
this potential advantage should be balanced with
the risk of treatment failure. Eradication rates
tend to be higher with longer treatment dura-
tions.A multicenter RCT conducted in Italy of
179 patients older than 65 years compared 10-
day sequential therapy with 7-day clarithromycin
triple therapy and demonstrated significantly
higher eradication rates in the sequential therapy
arm compared with the triple therapy arm (94%
vs 80%, p=0.008) and no significant difference in
the occurrence of adverse effects (10% vs 12%).”°
A smaller prospective single-center study of 93
patients also demonstrated a high eradication rate
of 91% with twice/day quadruple therapy for
10 days.”* Mild adverse effects, such as fatigue,
discomfort, and gastrointestinal symptoms, were
reported in 28% of patients. Resistance testing
was not performed in these trials. Taken together,
the longer durations of therapy recommended in
the ACG guidelines for the general population are
also preferred among the elderly population due
to the high eradication rates, lack of data suggest-
ing that longer durations of therapy are associated
with severe adverse effects among elderly
patients, and the data among the general popula-
tion demonstrating the ability for longer dura-
tions to overcome the risk of resistance.

The H. pylori treatment recommendations
among the elderly population are the same as
those for the general population. Furthermore,
clarithromycin triple therapy, bismuth quadruple
therapy, and sequential therapy have specifically
been studied in well-designed trials among the
elderly population. Increased vigilance should be
taken regarding the proper dosing and manage-
ment of potential drug-drug interactions due to
the increased likelihood of renal impairment and
polypharmacy. Proper monitoring and follow-up
are important to evaluate for potential treat-
ment-related adverse reactions that may influ-
ence adherence and subsequent efficacy of
medication regimens.

Conclusion

For patients with a penicillin allergy, clar-
ithromycin triple therapy with metronidazole
and bismuth quadruple therapy are recom-
mended first-line regimens. In patients with a
prolonged QTc interval at risk for TdP, bismuth
quadruple therapy is the preferred treatment
regimen. Although several second-line options

exist, amoxicillin dual therapy provides optimal
benefit with the lowest risk of medication-re-
lated events. Treatment of symptomatic pregnant
patients requires careful consideration of the
risks and benefits, and clarithromycin triple
therapy can be considered if treatment is war-
ranted. Finally, among elderly patients, clar-
ithromycin triple therapy or bismuth quadruple
therapy is recommended, and careful attention
to dosing and drug-drug interactions is neces-
sary.

Although antibiotic resistance is the primary
challenge to effective treatment of H. pylori
infection, providers are often faced with patient-
specific challenges when prescribing antibiotic
therapy. Selecting an appropriate regimen based
on patient allergies and coexisting conditions is
crucial to ensuring patient safety without com-
promising treatment efficacy. Although effica-
cious regimens exist for initial therapy in these
situations, second- and third-line regimens are
limited and complex. When barriers to antibiotic
selection exist, providers should conduct a thor-
ough investigation (e.g., penicillin allergy his-
tory, modifiable risk factors for QT
prolongation) and attempt to address these situ-
ations as appropriate (e.g., penicillin skin test-
ing, electrolyte replacement). In the absence of
any mitigating solutions, providers should care-
fully consider the risks versus benefits of avail-
able options when selecting treatment regimens
in these common but challenging scenarios.
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Supplementary Material

Supplementary Table 1. Helicobacter pylori treatment regimens [2] [9]

Name of regimen Components of regimen Duration of
therapy
Clarithromycin triple - Clarithromycin + PPI + amoxicillin 14 days

Clarithromycin + PPl + metronidazole

Bismuth quadruple - Bismuth salt + PPI + tetracycline + metronidazole 10 - 14 days

Bismuth salt + PPl + tetracycline + amoxicillin

Concomitant therapy - Clarithromycin + PPl + amoxicillin + metronidazole 14 days

Sequential therapy - PPl +amoxicillin x 5-7 days followed by PPI + 10 - 14 days

clarithromycin + nitroimidazole x 5-7 days

Hybrid therapy - PPl +amoxicillin x 7 days followed by PPI + 14 days

amoxicillin + clarithromycin + metronidazole x 7 days

Levofloxacin-based - Levofloxacin + PPl + amoxicillin 10— 14 days
triple - Levofloxacin + PPl + metronidazole

Levofloxacin + PPI + clarithromycin

Rifabutin-based - Rifabutin + minocycline + rabeprazole + bismuth 7 —14 days
quadruple
Rifabutin-based triple - Rifabutin + clarithromycin + omeprazole 7 —14 days

Rifabutin + amoxicillin + PPI

Amoxicillin-based dual - Amoxicillin + PPI 14 days

Amoxicillin-based - Amoxicillin + metronidazole + PPI 14 days

triple




Supplementary Table 2. Search methodology and results

Search Terms in addition to "helicobacter pylori"[MeSH Terms] OR

("helicobacter"[All Fields] AND "pylori"[All Fields]) OR "helicobacter Results Add humans-
pylori"[All Fields] OR ("campylobacter"[All Fields] AND "pyloridis"[All only filter
Fields]) OR "campylobacter pyloridis"[All Fields] AND English[lang]
(("penicillins"[MeSH Terms] OR "penicillins"[All Fields] OR
"penicillin"[All Fields]) AND ("hypersensitivity"[MeSH Terms] OR
"hypersensitivity"[All Fields] OR "allergy"[All Fields] OR "allergy and 65 61
immunology"[MeSH Terms] OR ("allergy"[All Fields] AND
"immunology"[All Fields]) OR "allergy and immunology"[All Fields]))
("cephalosporins"[MeSH Terms] OR "cephalosporins"[All Fields] OR
"cephalosporin"[All Fields]) AND (Clinical Trial[ptyp] AND 46 29
"humans"[MeSH Terms])
("carbapenems"[MeSH Terms] OR "carbapenems"[All Fields] OR
. 12 6

"carbapenem"[All Fields])
("fluoroquinolones"[MeSH Terms] OR "fluoroquinolones"[All Fields] OR
" . R . 463 413
fluoroquinolone"[All Fields])

("rifabutin"[MeSH Terms] OR "rifabutin"[All Fields])) NOT 47 36
("amoxicillin"[MeSH Terms] OR "amoxicillin"[All Fields])

(gt[All Fields] AND prolongation[All Fields]) 1 —
(("bismuth"[MeSH Terms] OR "bismuth"[All Fields]) AND quadruple[All 370 320
Fields])) AND triple[All Fields]
("breast feeding"[MeSH Terms] OR ("breast"[All Fields] AND
"feeding"[All Fields]) OR "breast feeding"[All Fields] OR 42 38
"breastfeed"[All Fields])
"human"[All Fields]) OR "human milk"[All Fields] OR ("breast"[All 93 66
Fields] AND "milk"[All Fields]) OR "breast milk"[All Fields])
("pregnancy"[MeSH Terms] OR "pregnancy"[All Fields]) 222 194
("gravidity"[MeSH Terms] OR "gravidity"[All Fields] OR "pregnant"[All

; 121 106
Fields])

("geriatrics"[MeSH Terms] OR "geriatrics"[All Fields]) 65 52
"elderly"[All Fields] 327 291




Supplementary Table 3. Antibiotic resistance mechanisms and estimated rates of resistance [5] [6]

Rates of Resistance

Antibiotics Primary Mechanisms of Resistance
United States Global
Macrolides Altered binding site in ribosome 13-18% Europe: 18%
Drug efflux systems Japan: 27-30%
China: 53%
Amoxicillin Altered binding site in penicillin <1% Europe: <2%
binding proteins Japan: <1%
China <10%
Metronidazole Inactivation of nitroreductase 22% Europe: 35%
enzyme required to “activate” drug Japan: 9-12%
Drug efflux systems
Tetracyclines Altered binding site in ribosome <1% Europe: <1%
Drug efflux systems China <10%
Fluoroquinolones | Altered binding site in DNA gyrase 32% Europe: 3-14%
China: 35%
Rifamycins Altered binding site in RNA Unknown Europe: 1%

polymerase




Supplementary Table 4. Data summary of clinical studies evaluating eradication rates of treatment regimens

|- [ Formattato: Italiano (Italia)

Reference Country of study Study design Sample size Treatment regimens and eradication rates (ITT)
[26] Multinational Meta-analysis 93 studies (68% RCTs) - PPI/H2RA + CLA + NMZ = 91% (NMZ susceptible), 72% (NMZ
resistant)
- PPI/H2RA + AMX + NMZ = 63% (NMZ resistant)
- PPI/H2RA + BIS + MET + TET = 59% (MET resistant, with LAN or
RAN), 90% (MET resistant, with OME or PAN or RAB)
- RAN +BIS + CLA + MET = 97% (CLA susceptible, MET resistant)
[28] Multinational Meta-analysis 22 RCTs - PPI+CLA+AMX=81%
- PPI+CLA+NMZ=81%
[29] Netherlands Single-center RCT | 122 patients - OME + CLA + MET = 81% (MET susceptible), 83% (MET resistant)
- OME + CLA + AMX = 88% (MET susceptible), 86% (MET resistant)
[30] Multinational Meta-analysis 91 treatment arms - BIS+ NMZ + AMX/TET = 89% (NMZ susceptible), 64% (NMZ
including NMZ among resistant)
4823 patients - PPl + NMZ + AMX/CLA = 93% (NMZ susceptible), 69% (NMZ
resistant)
- PPI+BIS + NMZ + AMX/TET = 91% (NMZ susceptible), 71% (NMZ
resistant)
[31] Multinational Meta-analysis 9 RCTs - PPI+BIS+MET+TET =78%
- PPI+CLA+AMX=77%
[32] Multinational Meta-analysis 12 RCTs (4 RCTs - PPI+BIS + MET + TET = 78%, 92% (MET susceptible), 84% (MET
evaluated antibiotic resistant)
susceptibility on - PPI+CLA+AMX = 69%, 88% (CLA susceptible), 14% (CLA resistant)
eradication rates)
[33] Multinational Prospective, 170 patients - OME +BIS+ MET + TET =93%
multicenter
[34] Germany Multicenter RCT 84 patients who failed - OME+CLA+AMX=43%
triple therapy with - OME +BIS + MET + TET = 68%
PPI/H2RA, CLA, and
NMZ
[35] Spain Prospective, 162 patients with a - OME +CLA + MET =57%
multicenter documented penicillin - OME +BIS + TET + MET = 74%
allergy - OME +CLA + LVX = 64%
- OME+CLA+RFB=22%
[36] China Single-center RCT | 109 patients who failed | - RAB+LVX+RFB=91%
at least 1 course of - RAB+BIS+MET+TET=91%
therapy
[37] Italy RCT 54 patients who failed - RAB+BIS+ MIN +RFB=77%

first-line therapy (triple

RAB + BIS + MIN + TIN = 52%




or sequential) and
second-line LVX-based
triple therapy

[38] Spain Prospective, 40 treatment courses OME + CLA + MET = 58% (12 treatment-naive patients)
single-center among patients with a RAN + BIS + MET + TET = 47% (17 patients, 2nd course)
documented penicillin OME + CLA + RFB = 11% (9 patients, 3rd course)
allergy OME + CLA + LVX = 100% (2 patients, 4th course)
[39] Spain Prospective, 50 patients with a OME + CLA + MET = 54% (1st-line therapy)
multicenter documented penicillin OME + CLA + LVX = 73% (among 15 patients who failed 1st-line
allergy therapy)
[37] Italy Single-center RCT | 100 patients RAB + LVX + AMX = 92%
RAB + LVX + MET = 90%
[38] Italy Prospective, 49 patients PPI + CLA + CFM 200 mg twice daily = 71%
single-center PPI + CLA + CFM 400 mg twice daily =73%
[42] United States Prospective, 12 patients CPZ 250 mg 4 times daily = 0%
single-center
[43] China RCT 400 patients ESO + BIS + AMX + LVX = 84%
ESO + BIS + CFX + LVX = 81%
[51] Spain Multicenter RCT 99 patients RFB + OME + AMX x 7 days = 70%
BIS + OME + MET + TET = 44.4%
[52] Italy Prospective, 524 patients RFB + PAN + AMX = 88% (1st-line) 79% (2nd-line)
single-center
[53] Multinational Meta -analysis 21 RCTs RFB + PPl + AMX = 68.4%
“Other triple regimens” =81.9%
BIS + OME +MET + TET = 67%
[54] Taiwan Multicenter RCT 450 treatment-naive AMX + RAB = 95%
patients AMX + RAB followed by MET + RAB + CLA = 85%
AMX + RAB + CLA = 81%
[55] Multinational Meta-analysis 4 RCTs AMX + PPl =81.3%
“Rescue therapy”=81.5%
[56] Multinational Meta-analysis 91 RCTs AMX + MET + PPl =70%
AMX + CLA + PPI=77%
CLA + MET + PPl =69%
[69] Italy Single-center RCT | 154 patients aged > 60 PAN + CLA 250 mg twice daily + AMX = 83%
years old PAN + CLA 500 mg twice daily + AMX = 79%
[71] Italy RCT 121 patients aged > 60 OME + CLA + MET = 85%

years old

OME + CLA + MET =83%
OME + AZI + MET = 50% (OME 20 mg daily), 65% (OME 40 mg daily)
OME + CLA=47%




- OME + AZI =39%
[72] Unable to RCT 126 patientsaged >60 | - BIS+ MET + AMX = 66%
determine years old - OME + AMX = 64%
[73] Italy RCT 150 patientsaged >60 | - LAN + CLA + MET = 86%
years old - LAN + AMX + MET = 80%
- LAN + CLA + AMX =82%
[74] Italy Prospective, 93 patients aged > 65 - ESO+BIS+MET+TET=91%
single-center years old
[79] Italy Multicenter RCT 179 patientsaged >65 | - RAB+ AMX x 5 days, then RAB + CLA + TIN x 5 days = 94%
years old - RAB+CLA + AMX x 7 days = 80%

AMX = amoxicillin; AZI = azithromycin; BIS = bismuth; CFM = cefixime; CPZ = cefprozil; CFX = cefuroxime; CLA = clarithromycin; ESO = esomeprazole; FAM =
famotidine; H2RA = histamine H,-receptor antagonist; ITT = intention to treat; LAN = lansoprazole; LVX = levofloxacin; MET = metronidazole; MIN = minocycline;
NMZ = nitroimidazole; OME = omeprazole; PAN = pantoprazole; PPl = proton pump inhibitor; RAB = rabeprazole; RAN = ranitidine; RCT = randomized controlled
trial; RFB = rifabutin; TET = tetracycline; TIN = tinidazole.
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