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Abstract: The recent availability of susceptibility testing for Helicobacter pylori infections in
the United Sates has resulted in paradigm shifts in the diagnosis, therapy, and follow-up of

H. pylori infections. Here, we reviewed the English literature concerning changes in H. pylori
diagnosis and therapy with an emphasis on the last 3years. We focus on the new methods
that offer rapid and convenient susceptibility testing using either invasive (endoscopic) or
noninvasive (stool] methods of obtaining test material. We also discuss the implications of this
availability on therapy and follow-up after therapy. The approach to therapy was categorized
into four groups: (1) therapies that can be used empirically, (2] therapies that should be
restricted to those that are susceptibility-based, (3) potentially effective therapies that have
yet to be optimized for local use, and (4], therapies that contain unneeded antibiotics that
should not be prescribed. The most convenient and efficient method of susceptibility testing is
by using reflexive stool testing in which if the sample is positive, it is automatically also used
for determination of susceptibility. Reflexive testing can also be done via reflexive ordering
(e.g., for all positive urea breath tests). The post therapy test-of-cure has emerged as a critical
component of therapy as it not only provides feedback regarding treatment success but when
combined with susceptibility testing also provide evidence regarding the cause of failure (e.g.,
poor adherence versus emergence of resistance during therapy. Susceptibility testing has
made even the most current H. pylori guidelines for diagnosis and therapy generally obsolete.
Clarithromycin, metronidazole, and levofloxacin triple therapies should only be administered
as susceptibility-based therapy. Regimens containing unneeded antibiotics should not be
given. We provide recommendations regarding the details and indications for all current

therapies.
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Introduction

Helicobacter pylori infections are etiologically
related to peptic ulcer, atrophic gastritis, and gas-
tric cancer. Since H. pylori’s discovery in the
1980’s, antimicrobial therapy for H. pylor: infec-
tions has primarily been empiric with potentially
effective therapies being identified by trial and
error; cure rates were generally low! (Figures 1
and 2). It soon became apparent that finding an
ideal therapy was going to be difficult as resist-
ance to the commonly used antibiotics developed
rapidly and exerted a detrimental effect on cure

rates. Antibiotic regimens approved by the US
Food and Drug Administration (FDA) also often
had relatively low cure rates as the focus was on
healing of peptic ulcers rather than on cure of the
infection.? Although H. pylori was declared a car-
cinogen by the World Health Organization in
19943 the clinical focus remained on peptic ulcer
which, at that time, was a major health problem
and, in the United States, gastric cancer was
becoming increasingly rare. The concept that
cure of the infection would also prevent develop-
ment of atrophic gastritis, which had long been
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Figure 1. An illustration of the current and now superseded approach to diagnosis and empiric therapy of
Helicobacter pylori for patients with and without alarm features.
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Figure 2. An illustration of the use of next generation sequencing for Helicobacter pylori susceptibility
using stool, fresh or formalin fixed biopsies, or bacteria from culture plates. Results include amoxicillin,
metronidazole, clarithromycin, rifabutin, tetracycline, and levofloxacin.
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recognized a precursor lesion for gastric cancer,*
was not immediately recognized.

Treatment of H. pylori changed the management
of peptic ulcer from ‘once an ulcer, always an
ulcer’ to a one-off condition as the focus switched
from simply ulcer healing to eradication of the
infection in order to cure a disease and to prevent
and eliminate gastric cancer. The fact that the
infection was chronic, largely inaccessible in the
stomach, and its primary clinical manifestations
were gastric diseases, resulted in Gastroenterology
rather than Infectious Diseases taking the lead
and effectively ‘owing’ the infectious disease.
Hundreds, if not thousands, of comparative treat-
ment trials were subsequently done in which dif-
ferences in outcome rather than cure rates were
the major outcome variable.25 Despite using ther-
apies containing up to five antibiotics, resistance
rates have continued to rise and cure rates
decline.® Clinical treatment guidelines and rec-
ommendations remained focused on empiric
therapy despite that it is an infectious disease for
which effective therapy relies on patient-specific
susceptibility data as well as the implementation
of the principles of antimicrobial stewardship.2>”
The European H. pylor: study group even estab-
lished a registry to collect data about what clini-
cians did unobtrusively (while not interfering in
their management practices).® Their initial results
confirmed what should have been expected (i.e.,
cure rates were low, and the management prac-
tices were ‘heterogeneous, suboptimal and dis-
crepant with current recommendations’).®
Probably the most important outcome of the reg-
istry was not recognized by the authors at the time
of the initial report. That outcome was the insight
that the registry participants actually had ready
access to the practice- and patient-specific sus-
ceptibility data available in the data in the form of
the post treatment test-of-cure results.® Use of
that data would likely have changed the outcome.
An accompanying commentary noted that H.
pylori treatment prescribed empirically without
knowledge of its local effectiveness or susceptibil-
ity patterns was destined to fail and was contrary
to the principles of antimicrobial stewardship
which requires empiric therapies to not only be
highly effective, but also to employ strategies
designed to ensure that high effectiveness remains
sustainable.® The study design precluded the
inclusion of a control group which in retrospect

significantly limited the usefulness of the data
obtained. For example, without a control group it
is impossible to distinguish between natural his-
tory from being the result of participation in the
registry as a cause of any changes in practice that
occurred. Finally, with this type of data there is
often a tendency to ‘salami-slice’. The original
publication has tables of what appears to be com-
prehensive treatment data for all sites, and it is
unclear if, or how many, of the subsequent region-
or group-specific data publications were primarily
derived from the initially published database. It is
also not clear whether similar data could not have
been obtained by analysis of insurance claims.
The overall poor cure rates and the continuing
high use of clarithromycin suggests that a better
use of the funds needed to support the registry
might have been to better educate the clinicians,
for example in the use of test-of-cure as a surro-
gate method of providing immediate local feed-
back regarding success or after failure of each
treatment or, to have designed a comparison of
how to best offer susceptibility testing.

Patient-specific ~ susceptibility  testing  for
Helicobacter pylori has recently become universally
available in the United States such that the exper-
iment of observing how these tests integrated into
practice is now actually underway (Table 1).10

The widespread availability of testing presents
new possibilities and expectations. For example,
the field has progressed from obtaining a simple
‘infected or not infected’ result to the ability to
select a therapy with a high likelihood of success
based on antimicrobial susceptibility or test-of-
cure results. Post therapy, not only can we iden-
tify treatment failure, but we can judge the reason
for failure based on whether the infection remains
susceptible to the drugs used or whether it has
become resistant. How to use this information is
discussed in detail below. First, we will consider
how to identify the most efficient and cost-effec-
tive use of susceptibility testing in the diagnosis,
treatment, and follow-up of patients with H. pylort
infections.

Whom to test?

As the importance of H. pylori as a cause of
human disease has increasingly been recognized,
treatment recommendations have evolved from
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Table 1. Where to obtain Helicobacter pylori susceptibility testing in the United States.

Test Laboratory Web address

Culture ARUP Laboratories  https://ltd.aruplab.com/Tests/Pub/2006686

Culture Mayo Clinical https://www.mayocliniclabs.com/test-catalog/

Laboratories Overview/62769

Culture QUEST https://testdirectory.questdiagnostics.com/
test/test-detail/8395/helicobacter-pylori-
culture?cc=MASTER

Culture LabCorp https://www.labcorp.com/tests/180885/i-
helicobacter-pylori-i-culture

Culture Microbiology https://microbiologyspecialists.com/helicobacter-

Specialists Inc.

Reflex stool by polymerase
chain reaction

Mayo Clinical
Laboratories

American
Molecular
Laboratories

Next generation sequencing

American
Molecular
Laboratories

Reflex stooly
next generation sequencing

pylori-testing/

https://www.mayocliniclabs.com/test-catalog/
Overview/607594

http://amlaboratories.com/testing-services/
helicobacter-pylori-detection-antibiotic-resistant-
analysis/

http://amlaboratories.com/testing-services/
helicobacter-pylori-detection-antibiotic-resistant-
analysis/

Source: From Graham and Moss's'0 study, with permission.

(a) curing those with peptic ulcer to (b) curing all
H. pylori infections identified unless there are
compelling reasons not to (e.g., advanced age,
etc.)11:12 and to (c¢) proactively searching for and
eradicating H. pylori with the goal of eliminating
gastric cancer.!314 The solution to the ‘whom to
test’ question is predicated on the presumption
that all those infected can be cured.!!>!215 The
recommendations for whom to test have greatly
expanded and now include all first-degree rela-
tives of those with H. pylori infections, those with
active or a history of peptic ulcer disease or gas-
tric cancer and all those living in the same house-
hold as a patient discovered to have an H. pylor:
infection!:1415 (Table 2).

Extension of treatment recommendations to fam-
ily members and those with H. pylori-related dis-
eases is based on the high frequency of
transmission within families. China, a country
with one of the highest rates of gastric cancer, has
also recently introduced family screening as part
of their efforts to eliminate H. pylor: and gastric
cancer.10

Which tests for the diagnosis of H. pylori

Treatment of H. pylori requires proof of an active
infection and therefore excludes serology which
cannot distinguish between an active infection
and a serologic scar of past infections. Current
tests for active infection include urea breath
tests, stool antigen tests, histology with
(immune)-staining for the bacteria, culture, and
molecular tests to identify H. pylori DNA in bio-
logic specimens such as stools or gastric biop-
sies.1” The availability of susceptibility testing
resulted in the initial test needing to address (a)
whether the patient is infected and (b) if so, what
is the antibiotic susceptibility pattern? Until
recently, obtaining susceptibility testing required
both endoscopies to obtain gastric mucosa biop-
sies and a laboratory willing to provide culture
and susceptibility testing. While gastroenterolo-
gists were ready and willing to do the required
endoscopy and collect the specimens, there were
few laboratories that offered culture and suscep-
tibility testing. In the last year this has changed
in the United States as most major diagnostic
laboratories now offer H. pylori culture and
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Table 2. Recommendations for Helicobacter pylori testing for individuals and populations.

Recommendations Agreement Evidence level

Houston Consensus Conference Recommendations

When to test a specific individual 7*

1. With suspected H. pylori infection (e.g., active Duodenal Ulcer] 100% High

2. With current or past gastric or duodenal ulcers 100% High

3. With uninvestigated dyspepsia 100% High

4. With gastric mucosa-associated lymphoid tissue lymphoma 100% Moderate

5. Family members residing in same household of patients with proven 91% Moderate
active H. pylori infections

6. Family history of peptic ulcer disease 91% Moderate

7. With family history of gastric cancer 100% Moderate

8. First-generation immigrants from high prevalence areas 82% High

9. High risk groups (e.g., in the United States: Latino and African 91% Low
American racial or other ethnic groups)

Taipei Global Consensus Recommendations

Which specific populations to screen?

1. Populations with high incidence of gastric cancer 84% Low

2. Young adults in high incidence populations before the development of  84% Low
atrophic gastritis and intestinal metaplasia

3. Young adults in high incidence populations to reduce the 92% Low
transmission to their children

4. Populations with high incidence being integrated or included into the 92% Low

national healthcare priorities

Source: Adapted from the studies of el-Serag et al.V" and Liou et al.,’> with permission.

susceptibility testing (Table 1).1%17 Although the
ready availability of culture and susceptibility
testing has provided a partial solution it did not
alter the requirement for endoscopy. Obtaining
and processing gastric biopsies is both time con-
suming and expensive; whenever specimens for
culture must be shipped to distant locations,
positive results are obtained in far less than
100% of cases.!” However, practical, rapid, less
expensive, and noninvasive alternative methods
are now commercially available.!© These new
methods are based on the same principle as the
stool antigen test (i.e., H. pylori reside in the
stomach and are shed in the stool thus providing
a ready source of H. pylori antigens and DNA).

Molecular testing of stools using the polymerase
chain reaction (PCR) can also detect genetic
changes in H. pylori DNA that correlate with
resistance.!%!7 While PCR-based testing for
clarithromycin and levofloxacin in stools or gas-
tric biopsy specimens has long been available to
research laboratories, only recently have kits for
clarithromycin susceptibility testing of stools
become commercially available.!”-18 PCR testing
for clarithromycin is now commercially offered
in the United States by the Mayo Clinical
Laboratory!” and kits for PCR-based testing for
clarithromycin are available and have been
approved for clinical use by European regulatory
agencies. 417,18
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Figure 3. Illustration of the steps in reflexive stool testing in which positive samples are automatically sent for
next generation sequencing to provide noninvasive susceptibility testing.

Molecular susceptibility testing based on next-
generation sequencing (NGS) is also now availa-
ble for the six commonly used antibiotics:
amoxicillin, metronidazole, clarithromycin, tetra-
cycline, rifabutin, and tetracycline.!® NGS-based
susceptibility testing can be done using fresh, fro-
zen or formalin-fixed gastric biopsies or from
stool. Results are rapid and are obtained in nearly
100% of cases.10:19-21

Clinically, and practically, molecular testing of
stools is the most efficient and practical approach
to H. pylori susceptibility testing, especially when
preformed as a reflexive stool test (Figure 3).
Reflexive refers to the method by which stool
samples are handled and reported. First, the sam-
ple is tested for H. pylori using a stool antigen or
stool PCR test. Negative tests are not processed
further but are reported and are billed only for the
diagnostic test. Samples that test positive reflex-
ively (automatically) undergo molecular suscep-
tibility testing, the susceptibility pattern is
reported, and they are billed for molecular sus-
ceptibility testing. As noted above, such testing
is now commercially available using NGS
(American Molecular Laboratories) for the six
commonly used antibiotics and a PCR-based
reflexive test limited to clarithromycin (Mayo
Clinical Laboratories).!? It is hoped that com-
mercial stool PCR-based testing kits for fluoro-
quinolones will also become available for reflexive
testing. The fact that government-approved
commercial tests for PCR stool susceptibility

tests for clarithromycin resistance are approved in
Europe and theoretically such testing should be
widely available!”18 in that most, if not all,
European hospital laboratories already utilize
PCR testing for COVID testing.!?-!® It behooves
European clinicians to request that service from
their providers.

Most recent treatment guidelines have

become obsolete

This paradigm shift in the diagnosis and treatment
of H. pylori was in part stimulated by the world-
wide increase in antimicrobial resistance and the
associated marked fall in cure rates with empiric
therapy. The availability of susceptibility testing
has made many of the current treatment guide-
lines obsolete and has shown that they also pro-
moted antimicrobial misuse. Overall, the history
and outcome of H. pylori treatment guideline
development in the United States and Europe is
not something to be especially proud of.18:22-26
The majority of guidelines have been based on
retrospective analyses of trials that individually
achieved poor cure rates. They also tended to
focus on recommendations involving clarithro-
mycin and to give lip service to the problems of
increasing resistance and the role of recom-
mended regimens as a major cause of antibiotic
misuse. Over the years, the European guidelines
have encouraged a prominent role for clarithro-
mycin that persisted long after clarithromycin was
proven to be no longer effective when given
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empirically.?728 Finally, since the introduction of
the proprietary version of bismuth quadruple ther-
apy packaged for 10-day therapy (Pylera) and
despite the rapid increase in metronidazole resist-
ance, the European guidelines have favored 10
rather than 14days as the ideal duration of
therapy.

Bismuth triple therapy was the first highly effec-
tive therapy.2® It became a quadruple therapy by
the addition of a proton pump inhibitor (PPI) to
overcome a decline in effectiveness experienced
because of increasing metronidazole resistance.3?
It provides the best results in the presence of met-
ronidazole when given for 14 days (discussed in
studies’-20:31-33) In the presence of metronida-
zole-susceptible infections, therapy of 5-7 days is
typically sufficient; we recommend 7 days. Pylera
was marketed for only 10 days initially to differen-
tiate it from other commercially available bismuth
quadruple therapies and Pylera is highly effective
for metronidazole susceptible infection.> For
populations with a relatively low prevalence of
metronidazole resistance 10 and 14 day therapies
will generally be very similar. However, if the tar-
get population is likely to contain metronidazole-
resistant infections, a 7-10-day duration will
generally be inferior to 14-day therapy.2%32 Valid
comparative trials must state the prevalence of
resistance. Currently it is generally best to assume
a high prevalence of metronidazole and prescribe
14-day therapy. The higher the cure rate the bet-
ter as each 1% decrease in cure rate results in
10,000 patients per million treatments requiring
retreatment.

Many guidelines are based on meta-analyses of
studies which focus on differences between treat-
ments rather than actual cure rates and often
include studies with unacceptably poor treat-
ment outcomes which contain strawman com-
parisons with clinically unacceptable cure rates
among the comparators.3* Guidelines fundamen-
tally based on clinically unacceptable cure rates
cannot be expected to provide clinically useful
recommendations.

Many recent guidelines also recommend regi-
mens associated with at least one unnecessary
antibiotic (most often clarithromycin or metroni-
dazole). Most contain four-drug combinations
containing clarithromycin and metronidazole
such as concomitant, sequential, or hybrid
therapy. These regimens have resulted in the

administration of many tens of thousands of kilo-
grams of unneeded antibiotics per year and is
likely a significant contributor to the global prob-
lem of antibiotic resistance.33%3% Vonoprazan
clarithromycin triple therapy also contains unnec-
essary clarithromycin and should be avoided
when possible.3” Clinically useful and unbiased
guidelines can be recognized by their focus on (a)
how to reliably obtain high cure rates; (b) a strong
admonition not to use clarithromycin or levoflox-
acin unless the resistance rates are proven to be
low locally and their local effectiveness is regu-
larly confirmed; (c) an admonition against the
misuse of antibiotics, especially against use of the
clarithromycin-containing regimens described
above and; and (d) a recommendation for 14-day
bismuth quadruple therapy in the presence of
metronidazole resistance unless local head-to-
head comparisons confirm that a shorter duration
produces high and clinically equivalent results.

The recent availability of susceptibility testing in
the United States and Europe (culture, next gen-
eration sequencing, and stool PCR for clarithro-
mycin in the United States and culture and stool
PCR for clarithromycin in Europe)!%!7 has
resulted in the majority of published treatment
guidelines, including the 2022 Maastricht H.
pylori treatment guidelines becoming largely
obsolete.

Which therapy?

The choice of antimicrobial therapy depends
upon whether the infection is life threatening.
Ideally, antimicrobial therapy given for a life-
threatening condition should be given immedi-
ately and be the regimen most likely to succeed.
Treatment and susceptibility testing are done
simultaneously, and the antibiotic is changed
based on the results of the susceptibility tests. For
immediately non-life-threatening conditions ther-
apy should be both susceptibility-based and
infection-specific. However, local experience
should identify one or more regimens that reliably
yield high cure rates successfully without suscep-
tibility testing (Table 3).

Table 3 and Figure 4 illustrate one approach to
H. pylori therapy that utilizes either an empiric or
susceptibility-based therapy.!41° In most areas,
the list of potential empiric therapies will include
a version of bismuth quadruple therapy consisting
of a PPI, bismuth, tetracycline-HCI, and high
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Table 3. Recommended Helicobacter pylori therapies for the United States.

Empiric therapies

Bismuth quadruple therapy
Bismuth subsalicylate g.i.d.
14 days

Bismuth quadruple therapy
Bismuth subsalicylate b.i.d.
14 days

Bismuth quadruple therapy

Pylera® formulation (bismuth citrate).

14 days

Rifabutin triple therapy. 14 days

Talicia® formulation of rifabutin triple
therapy. 14days

Bismuth (e.g., PeptoBismol®] 2 tablets or 2 capsules
g.i.d. 30min before meals, tetracycline HCL 500 mg and
metronidazole 500 mg

30min after meals g.i.d. plus a PPI, 30 min b.i.d. before
meals and bedtime (see PPI below])

Bismuth (e.g., PeptoBismol) 2 tablets or 2 capsules g.i.d,
30min before meals, tetracycline HCL 500 mg b.i.d. and
metronidazole 500 mg, 30 min after meals q.i.d. plus a PPI,
b.i.d. 30min before morning and evening meals (see PPI
below)

Give combination tablets with means plus a PPI, g.i.d.
30min before meals and bedtime (see PPI below] (see text
for specific details). 14-day therapy recommended with
metronidazole resistance likely.

Rifabutin 150mg b.i.d., amoxicillin 1-g t.i.d. plus 40 mg of
esomeprazole or rabeprazole 30 min before meals b.i.d. (see
PPI below] (see text for specific details)

As directed by package insert

Therapies only effective as susceptibility-based therapy
Do not use empirically unless proven to cure > 90% locally

Clarithromycin triple therapy.
14 days

Metronidazole triple therapy.
14 days

Levofloxacin triple therapy.
14 days*

Clarithromycin 500 mg b.i.d., amoxicillin 1-g b.i.d. 30 min
before meals (see PPI below])

Metronidazole 500 mg b.i.d., amoxicillin 1-g b.i.d., 30 min
before meals (see PPI below)

Levofloxacin 500 mg in a.m., amoxicillin 1-g b.i.d., 30min
before meals (see PPI below)

PPI dose should at a minimum be 40 mg of omeprazole or equivalent b.i.d. (e.g., 45mg lansoprazole,
20 mg of rabeprazole or esomeprazole). If cost is equivalent, we recommend 40 mg of rabeprazole or

esomeprazole b.i.d.

Potentially effective therapies that remain to be optimized before effective local use

PPl or P-CAB-amoxicillin dual therapies

In western societies dual therapies are generally
ineffective and remain to be optimized before they can be
recommended

Therapies that contain unneeded antibiotics and should not be used
Allinclude at least one antibiotic that offers no therapeutic benefit and only serves to increase global
antimicrobial resistance: concomitant, hybrid, reverse hybrid, sequential therapies, vonoprazan

clarithromycin triple therapy.

Source: Adapted from Lee’s' study, with permission.
*The Food and Drug Administration recommends fluoroquinolones be used as a last choice because of the risk of serious

side effects.?

P-CAB, potassium competitive acid blocker.

dose (1500-1600mg) metronidazole all given for  States, the second option is currently rifabutin tri-
14 days.26:32:33 Where available, furazolidone may ple therapy consisting of high dose PPI, rifabutin,
substitute for metronidazole.?%%0 In the United and amoxicillin with the caveat that the dosages
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Reliably Effective Empiric Therapies Available?

Examples
14-Day Bismuth Quadruple Therapy or Rifabutin Triple therapy

No or EmpiricRx Failed |

Susceptibility Testing |

~

Clarithromycin
Susceptible

Clarithromycin-resistant
Metronidazole-susceptible

Clarithromycin & Metronidazole
Resistant

v \ 4

l v

14-day Clarithromycin 14-day Metronidazole Levofloxacin _"‘4 14-day Bismuth
Triple therapy Triple therapy Susceptible Quadruple Therapy
Or
Yﬁ/ Rifabutin
14-day Levofloxacin Triple therapy
Triple therapy™ (if not used before)

Figure 4. Flow diagram of a stepwise approach to Helicobacter pylori therapy that starts with empiric therapy
using a proven locally highly effective regimen. If not, one goes immediately to susceptibility-based therapy.

and duration of that regimen generally have not
been optimized to reliably achieve high (i.e.,
>90%) cure rates locally.?! We anticipate that
eventually high dose PPI (40 mg of esomeprazole
or rabeprazole b.i.d.) or a potassium competitive
acid blocker (P-CAB) (e.g., vonoprazan) plus
amoxicillin dual therapy will have been be opti-
mized and join this list, possibly as first choice in
western countries.*! Failure to optimize a regi-
men before marketing has remained the Achille’s
heel of FDA or European-approved H. pylor:
therapies.

The decision to employ an empiric therapy
depends on the availability of therapies proven
to reliably provide high cure rates locally.
Because of the high prevalence of resistance,
therapies containing clarithromycin or levofloxa-
cin should no longer be used empirically and
empiric metronidazole use should be restricted
to bismuth quadruple therapy. As discussed
below, treatment outcome must always be con-
firmed by test-of-cure to provide feedback
regarding continued use of that regimen as an
empiric therapy (Figure 5).34

Is there still a role for therapies

containing clarithromycin, levofloxacin, or
metronidazole?

Worldwide, resistance to these antimicrobials has
resulted in low overall cure rates such that they
should no longer be used empirically. It an
attempt to salvage clarithromycin-containing

therapies, the Maastricht Guidelines suggested
the use of an arbitrary level of resistance (e.g.,
15%) as a cutoff for use. The evidence was
graded as very low and importantly few, if any,
clinicians had a method for determining the per-
cent of local resistance other than whether the
therapy was successful. Clinically 65 and 90%
cure rates are likely difficult to distinguish in any
clinical practice.??> Experience has shown that
clarithromycin resistance has continued to
increase and the rare regions where clarithromy-
cin was previously effective (e.g., Thailand and
Southeast Asia) are generally experiencing unac-
ceptably high rates of resistance. However, while
these three antimicrobials should no longer be
prescribed empirically, they can still be used for
susceptibility-based therapy provided that one
uses locally optimized regimens and confirms
treatment all results using test-of-cure.

The is no longer any role for concomitant,
sequential, and hybrid therapies?
Antimicrobial therapies for H. pylor: can be cate-
gorized into one of three categories: (a) can often
be successfully given empirically, (b) should not
be used because they each contain at least one
unnecessary antibiotic, and (c) those that should
only be used in susceptibility-based therapies
(Table 3).

These complex regimens were introduced as
empiric therapies to empirically overcome
clarithromycin resistance. Basically, the concept
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TN

‘/ Use only locally highly effective optimized
\ therapies

Regimens optimized in all the aspects of therapy,
including drugs, doses, formulation, frequency, in
relation to meals, and duration of therapy that
reliably achieve at least 90% (preferably >95%) cure
rates in adherent patients with susceptible infections

Always perform test of cure and utilize

the results to inform regarding which
therapies are highly effective therapies
locally and/or understand why
Therapy failed

Figure 5. Illustration of the importance of the post treatment test-of-cure as feedback to provide the clinician
with updated information regarding the local effectiveness of locally optimized therapies.

Source: From Graham's® study, with permission.

was to add another antibiotic, generally metroni-
dazole so that treatment failure required dual
metronidazole and clarithromycin resistance.
Sequential therapy proved effective in regions
with high clarithromycin resistance but low met-
ronidazole resistance. However, when given to
patients with both clarithromycin and metronida-
zole resistance the regimen failed.® Alternate for-
mulations include concomitant therapy which
provided all four drugs simultaneously and hybrid
therapy which used a PPI plus amoxicillin fol-
lowed by all four drugs (concomitant therapy).
All three regimens were most effective when given
for 14 days and all had their efficacy undermined
by the presence of dual clarithromycin and met-
ronidazole resistance. Sequential therapy has long
been considered obsolete. Over time, the cure
rates with concomitant therapy have also declined
as dual clarithromycin and metronidazole resist-
ance rates have increased. Critically, it was soon
recognized that all of these multidrug therapies
violated the principles of antimicrobial steward-
ship and, as discussed above, even when success-
ful, all patients receive at least one unnecessary
antibiotic.? It now appears likely that these thera-
pies are a major iatrogenic cause of increasing
global antimicrobial resistance and are responsi-
ble for tens of thousands of kilograms of unneces-
sary antibiotics being prescribed annually.3” This
is especially critical for clarithromycin which is
listed by the World Health Organization as a
‘necessary drug’.4?

Dose and type of antisecretory agent for

H. pylori therapy

As noted previously, the first highly successful
therapy was a triple therapy consisting of bis-
muth, tetracycline, and metronidazole. It used
acid-independent antibiotics and needed no
antisecretory drug.3? The rapid increase in met-
ronidazole resistance reduced its effectiveness
which was restored by the addition of a PPI
which produced bismuth quadruple therapy.43
Clarithromycin, fluoroquinolones, and amoxicil-
lin are acid-dependent antibiotics and thus
require concomitant antisecretory drugs to
achieve high treatment success.** They are all also
susceptible to emergence of resistance during
therapy. Emergence of resistance can be mark-
edly reduced by the addition of a low dose of
amoxicillin.5> H. pylor: therapy is also duration-
dependent with 14-day therapy generally being
the most effective. Part of this may be due to the
fact that PPIs require 3 or 4days to achieve full
effectiveness. Drugs that achieve full effect more
rapidly, such as P-CABs, may be fully effective
with a duration shorter than 14 days. Amoxicillin
is likely the most acid-dependent of the antibiot-
ics. Amoxicillin is a penicillin and acts by inhibit-
ing production of the bacterial cell thus requiring
active bacterial replication to be effective. The
effectiveness is therefore dependent on the effec-
tiveness of the antisecretory drug to produce a
milieu that encourages the organism to divide and
thus become susceptible to the antibiotic.45:46
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H. pylori replication occurs when the local pH is
between 6 and 8.47%9 Achieving this pH at the
site where the organisms reside requires almost
complete suppression of acid secretion and thus
the effectiveness requires high level acid suppres-
sion using either a PPI or P-CAB. Amoxicillin
has a dual role. When used in combination ther-
apy with clarithromycin, metronidazole, or levo-
floxacin) one role is to prevent the emergence of
resistance (heteroresistance) to the antibiotic.’
High-level acid inhibition is not needed such that
therapy with H2-receptor antagonists, PPIs or
P-CABs is effective. When used as dual therapy
(e.g., amoxicillin and antisecretory drug) in which
all the antimicrobial effect resides in the amoxicil-
lin treatment success requires high level acid sup-
pression such as obtained with a high dose of a
PPI (e.g., 40mg of esomeprazole or rabeprazole
b.i.d. or use of a P-CAB).5%5! In Japan, vono-
prazan 20mg b.i.d. is approximately equivalent to
the high dose PPI therapy>2 and they are approxi-
mately equally effective for dual therapy).53:5¢ In
western countries a reliably highly effective dual
therapy (antisecretory drug plus amoxicillin) pro-
tocol has not yet been identified.4! The outcome
of dual therapy can often be improved by giving
the amoxicillin every 6 or 8 h** but in areas where
PPIs provide highly effective acid suppression
b.i.d. therapy appears adequate.?>-57 Dual amoxi-
cillin-antisecretory therapy remains to be opti-
mized in terms of drugs, doses, duration of
therapy, and use of adjuvants.#! Preliminary data
suggests that the effectiveness of vonoprazan in
raising and maintaining the intragastric pH can
be enhanced by the addition of an H2-receptor
antagonist.>® We await the results of the studies
needed to optimize vonoprazan-containing regi-
mens in order to achieve reliably effective dual
therapy. The US/European trials of vonoprazan-
clarithromycin triple therapy and vonoprazan-
amoxicillin dual therapy failed to achieve
acceptable cure rates even when given only to sus-
ceptible infections.*! Importantly, and surpris-
ingly, the PPI triple therapy also failed with
clarithromycin susceptible infections. These
unexpected and unprecedented results suggest
that there was possibly an as yet unidentified flaw
in the experiment or study design.

Test-of-cure and investigating the cause of
treatment failures

The test-of-cure is as important as the initial
choice of therapy. The test-of-cure provides a

feedback loop that confirms that hypotheses and
thoughts underpinning the initial choice of ther-
apy such as the presumed local pattern of resist-
ance. It also confirms that the doses and duration
of therapy were appropriate for the population
being treated and provides confirmation about
whether the therapy in use should be revised or
discarded (Figure 6). It has become increasingly
clear that the test-of-cure data provides critical
information to allow clinicians to self-test their
judgment based on the outcome of each decision.
It is also clear test-of-cure data are a critical
resource that should be shared within the com-
munity and disseminated to all practitioners to
inform about the current status of therapy with
any regimen.®

Understanding why treatment failed has proven
difficult. The advent of NGS stool-based suscep-
tibility testing not only greatly simplified pretreat-
ment susceptibility testing but also has made it
possible to better understand the cause(s) of
treatment failure. Failures following use of an
optimized therapy treatment generally involve a
problem with the patient or a problem with the
therapy (Figure 7). Ideally, the most efficient
approach would be for universal use of reflexive
stool testing for both diagnosis and test-of-cure.
This is both a cost-effective and informative
method as it determines the presence or absence
of an active H. pylori infection. For those with
active infection it automatically provides for sus-
ceptibility-based therapy. When reflexive stool
testing is used for test-of-cure, it provides infor-
mation regarding whether the infection was cured
or in case of treatment failure, it allows one to
distinguish whether failure was due to emergence
of resistance, and finally provides susceptibility
data for planning the next therapy (Figure 5).
Treatment failure without developing resistance
points to issues related to adherence, or an inac-
tive drug. In contrast, post treatment resistance
implies that resistance emerged during therapy?®
which is most often due to the presence of small
and unrecognized subpopulation of resistant
organism being present (i.e., hetero-resistance).?

Cost-effectiveness of H. pylori susceptibility
testing

The recent change in the category of H. pylor:
infections from a Gastroenterology problem to an
Infectious Disease problem changed the nature of
whether to focus on susceptibility such that the
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Issue with patient
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(\ Test of curej)

Issue with Rx (e.g.,
drugs, dosing, duration,
Relation to meals, etc)

Feed-back Loop

Developed during Rx
(Hetero-resistance)

Figure 6. Schematic of the entire course of therapy starting with either empiric or susceptibility-based

therapy through one treatment failure.

clinician’s question changed from ‘whether sus-
ceptibility testing?’ to ‘what do these tests cost?’.
The cost issue encompasses not only costs associ-
ated with susceptibility testing and includes costs
of not employing testing which is a key element of
antimicrobial stewardship and the underpinning
of infectious disease therapy. Above, we have dis-
cussed both how susceptibility testing is used in
the management of infectious diseases and the
role of empiric therapy. We show that susceptibil-
ity testing is not a knee jerk-option but rather, its
use depends both on the clinical situation and the
local experience with antimicrobial therapy of
H. pylori infections. Examination of the costs
before widespread availability of susceptibility
testing shows that the Gastroenterology approach
was associated with many, often hidden, costs.
For example, currently, the average cure rate is
about 70% meaning that 30% of patients require
one or more retreatments and all the costs associ-
ated with retreatment (e.g., doctor visits, costs of
drugs used in the initial and subsequent treat-
ments, cost of side effects, diagnostic tests, time
off from work, travel time, office visits, etc.). In
addition, the drugs used in the unsuccessful treat-
ment add to the global problems of antimicrobial
resistance and antibiotic misuse. One of the com-
mon responses to treatment failure has been to
repeat the same therapy. Current guidelines rec-
ommend susceptibility-based therapy as an option
or to use therapies such as concomitant therapy
which contain unnecessary antibiotics. For those
with infections that are still susceptible to the

antibiotics used are likely to have been poorly
adherent to the protocol. Without susceptibility
testing this underlying problem would likely
remain unrecognized.

The availability of noninvasive susceptibility test-
ing also largely eliminates the need for endoscopy
and all its associated costs when used for obtain-
ing specimens for culture or other types of sus-
ceptibility testing requiring gastric tissue. The
real question is not what testing costs (although
that is important), but rather what the costs of not
using susceptibility-based therapy are.

Summary

The paradigm shifts in management of H. pylor
infections associated with the widespread availabil-
ity and use of susceptibility testing has resulted in
fundamental changes in the diagnosis and treat-
ment of the disease. Even if the only change availa-
ble was the availability of stool clarithromycin
susceptibility testing, current guidelines would still
be largely rendered obsolete. Empiric therapy is still
a possibility for initial treatment. The most impor-
tant requirement is for every treatment to undergo
post treatment confirmation of cure and to offer
susceptibility testing for every treatment failure
(Figure 7). Achieving and maintaining high cure
rates likely also requires that the pre- and post-treat-
ment testing data be retained and compiled, prefer-
ably locally or regionally as it would be difficult for a
busy practitioner to remember accurate details
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Helicobacter pylori Infection

| Empiric Therapy ‘

v v

Cured Failure

‘ Susceptibility-Based Therapy ‘

Test of Cure

v \ 4

Failure Cured

|<

‘ Susceptibility Testing ‘

v

\ 4

Susceptible to
Treatment Drug(s)

Resistant to
Treatment Drug(s)

h 4

v

Re-Educate Patient
Use: Same or New Drugs

Re-Educate Patient
Use: New Drugs

Figure 7. An algorithm emphasizing the information obtainable from always utilizing the post treatment test-
of-cure to both provide information regarding effectiveness of the therapy used and also to provide information

regarding the likely cause of treatment failure.

regarding his/her practice statistics; thus cure rates
could fall significantly and not be recognized.
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