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ABSTRACT

Helicobacter pylori is an important human pathogen and a gram-negative, spiral shaped and microaerophilic
bacteria with persistence colonization in gastric mucosa, causes gastroduodenal inflammation and
destruction, resulting in diseases such as duodenal ulcer disease, gastric ulcer disease. When H.pylori
discovered by Warren and Marshall, effective therapy developed for this infection and resulted in remarkable
change in management of PUD and dyspepsia. Nowadays, the increasing prevalence of drug resistance has
complicated successful therapy, considering more attention for appropriate therapy. Ideally, therapy should
be based on pretreatment drug susceptibility testing, and empiric use of eradication therapies should assume
the presence of antimicrobial drug resistance and use increased doses for 14 days.
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Introduction

Helicobacter pylori is an important human
pathogen and more than two third of the world
population are infected mostly in developing
countries. Helicobacter pylori is a gram-negative,
spiral shaped and microaerophilic bacteria with
persistence colonization in gastric mucosa, causes
gastroduodenal inflammation and destruction,
resulting in diseases such as duodenal ulcer
disease, gastric ulcer disease, iron and/or vitamin
B12 deficiency, gastric adenocarcinoma, and
primary B-cell gastric lymphoma (1-5).

When H.pylori discovered by Warren and
Marshall, effective therapy developed for this
infection and resulted in remarkable change in
management of PUD and dyspepsia and also gastric
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mucosa-associated lymphoma. H.pylori therapy has
been used for decades, but for the last decade the
efficacy of treatment are declining and much of the
decline in effectiveness is attributable to increasing
antibiotic resistance due to H.pylori strains.

Resistance to antimicrobial drugs is a major
cause of treatment failure and is largely
responsible for the decline in eradication rates.
Different regimens have been used so far in
patients with H.pylori infection, including first
line therapy, second line therapy, sequential
therapy and concomitant therapy. There has been a
decline in the effectiveness of recommended
therapies resulting in unacceptably low cure rates
(i.e. 80%) (6-8).

Among different regimens for H.pylori
eradication,  clarithromycin-containing  triple
therapy resistance is very important to treatment
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outcome Dbecause it dramatically reduces
eradication rates. In fact, eradication rates with this
regimen in patients harboring a clarithromycin-
resistant strain of H.pylori are likely to be less than
30%. Therapy for H.pylori infection lost its way in
part because of cure rates decline (largely because
of an increasing prevalence of resistant organisms).
Physicians are unaware that the cure rate with
triple therapy has fallen down to below 80% in
most places. One reason for failure of eradication
is the lack of routine post therapy evaluation and
testing universally which provide an early warning
of increasing antibiotic resistance. Therefore
physician should know about H.pylori resistance
strains, looking for alternative and effective
therapy. Issues to be considered when selecting a
regimen for treatment of an infectious disease
include effectiveness, simplicity, tolerability,
adverse effects, the prevalence of antibiotic
resistance in the community, dose, duration, costs,
and whether and how much control of gastric pH
is needed (9, 10).

One way to overcome this problem is to act as
the same way for other transmissible infection, to
cure patients and evaluate resistance. Unfortunately
practicing physicians have no knowledge about the
rate of resistance in their population, failing to order
follow-up testing to prove H.pylori eradication after
a course of antimicrobial therapy. The importance
of follow-up testing to confirm eradication of
H.pylori infection in patients with ulcer disease
has been highlighted in recent studies that have
shown that patients who did not undergo such
testing were at a greater risk of ulcer recurrence
and recurrent upper gastrointestinal bleeding. All
physicians are now aware of the importance of
testing for and treating H.pylori infection in
patients with a documented peptic ulcer.
Therefore, all patients with an ulcer should
undergo follow-up testing to prove cure. Cure of
H.pylori infection can be confirmed by a number
of different diagnostic tests. Non-endoscopic tests

that can be used to reliably document eradication
include the urea breath test (UBT) and the fecal
antigen test (FAT). Two versions of the UBT are
commercially available, one using a small dose of
radioactive 14C and another that uses the non-
radioactive isotope 13C. Studies have found the
monoclonal version of the FAT to be accurate in
the post-treatment setting (11, 12).

Polyclonal versions of the FAT appear to be
less reliable and should be avoided in the post-
treatment setting. Availability of the FAT at some
hospitals remains an issue. If not offered locally,
most regional and national reference laboratories
offer the FAT. The accuracy of both UBT and
FAT can be affected adversely by the recent use of
PPIs, bismuth, or antibiotics. Despite being the
cheapest and most widely available diagnostic
modality, H.pylori antibody, testing is not a
reliable means of confirming eradication. H.pylori
antibodies can remain present long after successful
H.pylori  eradication. Biopsy-based testing
including the rapid urease test or histology also
can be used to document H.pylori eradication.
Because H.pylori infection often becomes patchy
after antibiotic therapy, a minimum of 4 biopsy
specimens should be obtained from the proximal
and distal stomach when establishing H.pylori
eradication with histology. Although the rapid
urease test remains highly specific, its sensitivity
is reduced after antibiotic or PPI therapy. H.pylori
culture also can be performed using mucosal
biopsy specimens. Such testing is highly specific
and capable of providing valuable information on
antibiotic  resistance. Unfortunately, H.pylori
culture is less sensitive than histology or the rapid
urease test and is available in only a small number
of centers. Given these practical limitations,
culture should be considered only in cases in
which H.pylori infection has persisted despite
multiple courses of antibiotic treatment.
Polymerase chain reaction is a DNA amplification
technique that can be performed on mucosal tissue
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specimens. This powerful diagnostic tool is not yet
available for clinical practice (11, 12).
How difficult is H.pylori treatment?

The roles that the organism, gastric
environment, hosts and drug regimens play in
treatment failures are often inter-related. Drug
regimens should be designed to overcome drug-
resistant and dormant forms of the organism, a
high bacterial load, the typically low gastric pH,
impaired mucosal immunity and the busy lifestyle
of the human host (13).

The gastric environment also influences H.pylori
treatment success. H.pylori typically resides within
the human stomach, and populations of organisms
occupy different environments, each with its own
challenges. The majority of organisms are found
within the mucus layer, which is technically outside
of the body. Many are found attached to surface
cells and a few are found even within epithelial
cells (14-16).

Most importantly, at any time, a proportion of
the organisms is either not replicating or is
replicating very slowly, which represents a
challenge for antibiotics that require microbial
replication to kill the organisms (e.g.,
clarithromycin and amoxicillin) (17-19).

The best method to determine which drug the
infection is resistant to, is to test for antimicrobial
susceptibility. As noted above, this can be done
using stool specimens for clarithromycin and
fluoroguinolone susceptibility which can be assessed
using molecular techniques, but this is not available
for the other commonly used drugs. As a general
rule, when antimicrobial susceptibility testing is not
feasible, one can presume that the infection is
resistant to antibiotics that the patient has taken
previously in which resistance is common or
develops rapidly (eg, metronidazole, clarithromycin
or fluoroquinolones) (20).

H.pylori treatment failures may also occur
independently of resistance that is, treatment may
fail but the organism remains susceptible to the

antibiotic. This is most commonly seen with
amoxicillin where failure is rarely caused by
acquired resistance. This form of reversible
resistance is termed phenotypical antibiotic
resistance and it often due to the presence of a
persistor or nonreplicating population of
organisms (21-23). Bacterial populations oscillate
between a non-replicating and replicating state or
from intracellular to extra-cellular environments.
Thus they oscillate between a phenotypically
resistant and a phenotypically susceptible state
during which they can be eradicated. One solution
is to extend the duration of treatment such that the
antibiotic will be present during at least one period
of susceptibility (24). An alternative approach is to
force the organism to enter the replicative state
and become susceptible to the antibiotic (25-27).

Facing with failed therapy

The increasingly low treatment success rates
should have been a calling for action resulting in
widespread discussion of the problem, and
rigorous studies in a variety of populations using
different antimicrobial agents, doses, formulations
and durations, to identify new effective treatments
on the results-based approach designed to be
efficient and to minimize patient risk and drug
exposure (28).

The fact that the most commonly recommended
treatments no longer cured even 80% of infections
in many populations was not appreciated by general
clinicians (14).

In general, and in most countries, metronidazole
resistance should be considered as ubiquitous and
increased doses must be used routinely unless it has
been proven that high cure rates are maintained
with the standard doses and/or treatment durations
shorter than 14 days. Declining treatment success
has reached the point where triple regimens
containing clarithromycin should be abandoned as
an empiric first-line treatment.

Gastroenterology and Hepatology From Bed to Bench 2011; 4(1): 3-11



6 Facing resistance of H.pylori infection

When confronted with a patient who has failed
treatment, which the issues include: (1) what
antibiotics are the infection likely to be resistant
to? (2) Which drugs can the patient not take either
because of an allergy or side effects? and (3)
Which drugs are available locally?, an appropriate
second-line treatment should be chosen. With
multiple treatment failures this becomes difficult
as one is choosing a ‘rescue’ treatment.

Besides of considerations regarding allergies
and the local availability of the drugs, we
recommend that clinicians use the following
general rules when treating patients with a
H.pylori infection: (1) do not use ‘legacy triple
therapy’ consisting of a PPI, clarithromycin and
amoxicillin unless it has been proven to be highly
effective locally (eg, eradication >90% in per-
protocol analyses); (2) use higher doses of drugs
(eg, 500 mg of clarithromycin, metronidazole and
tetracycline) unless it has been shown that lower
doses are equally effective; (3) use 14 day
duration unless a shorter duration has been shown
locally to be equally effective (eg, for
clarithromycin and fluoroquinolones); (4) do not
use a triple regimen containing clarithromycin, if
clarithromycin is commonly prescribed locally or
the patient has taken clarithromycin in the past, for
any indication; (5) avoid fluoroquinolones if a
quinolone (eg, ciprofloxacin, levofloxacin or
moxifloxacin) has been given previously, even for
any indication; and (6) following treatment failure,
do not reuse drugs for which resistance is likely to
have  developed (ie, clarithromycin  and
fluoroguinolones). A bismuth triple regimen
consisting of a bismuth salt, metronidazole/tinidazole
and tetracycline was the first successful H.pylori
treatment; initially it provided treatment success
>95% even without the use of an antisecretory
drug. Resistance to bismuth does not occur, and it
is probably the most underutilised agent.
Amoxicillin and tetracycline resistance are usually
rare in most regions. Treatment success for triple

drug regimens containing amoxicillin does not
always appear to be significantly lowered in the
presence of amoxicillin resistance, suggesting that
resistance may often be overestimated (11),
especially in areas where a relatively high
prevalence (ie, >20%) is reported and where
appropriate tests for resistance are not utilised.
Resistance to clarithromycin, on the other hand,
has increased over time (18, 19).

The fact that treatment success reliably
increases as the duration of treatment increases
from 3 to 14 days with amoxicillin and a PPI is
probably an example of phenotypic resistance.
Subsequent experience showed that eradication
was reduced in the presence of metronidazole-
resistant H.pylori and that this could be largely
overcome by increasing the dose of metronidazole
and duration and/or adding a PPI. As such, the
dose of metronidazole (e.g., 1500 mg per day) and
duration (14 days) are considered optimum
especially in areas where metronidazole resistance
is more than trivial (29-31).

In many populations, quadruple regimens
containing a bismuth compound, metronidazole
(500 mg three times a day), tetracycline (500 mg
four times a day) and a PPI (standard dosing twice
daily) can achieve effectiveness (18). The most
commonly used salvage regimen is bismuth-based
quadruple therapy. Given the potential benefits of
sequential therapy in patients with clarithromycin-
resistant H.pylori infection, one wonders about its
use in patients with persistent infection. At
present, there are no data available on the use of
sequential therapy as a salvage regimen.

Several other antibiotics have been used in
salvage regimens including levofloxacin, rifabutin,
and furazolidone. A suitable alternative to
quadruple therapy is levofloxacin based triple
therapy consisting of levofloxacin 500 mg once
daily, amoxicillin 1 g twice daily, and a PPI twice
daily for 10 days. Furazolidone is a synthetic
derivative of the nitrofuran class of antimicrobials,
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which also has been evaluated in a number of
studies with eradication rates ranging from 52% to
90% in the treatment of persistent H.pylori. It is
difficult to assess the efficacy of furazolidone-
based salvage therapy owing to the variability in
treatment regimens. In these studies, the daily
dose of furazolidone varied from 200 to 600 mg.
Furthermore, a variety of triple- and quadruple-
drug regimens were used with treatment durations
ranging from 7 to 14 days. Side effects can be
substantial in these furazolidone-based therapies,
occurring in as many as 35% of patients, with
vomiting, nausea, and dizziness being reported
most commonly. Furazolidone also may interact
with a variety of foods and other drugs given its
effect on monoamine oxidase as well as glucose-6-
phosphate dehydrogenase activity and its potential
disulfiram like reaction with alcohol. Furazolidone
has fallen out of favor related to its adverse event
profile and limited availability (31-33).

Persistance H.pylori infection

There is less consensus regarding treatment
regimens for persistent H.pylori infection despite
2 or more previous courses of antibiotics.
Bismuth-based quadruple therapy, levofloxacin-
based triple therapy, rifabutin-based triple therapy,
and furazolidone-based regimens have been
investigated. A 14-day course of bismuth
quadruple therapy yielded an eradication rate of
95% (95% CI, 85%-99%) in 42 patients whereas
another study in which 18 patients received a
7-day course of therapy reported an eradication
rate of only 33%. Levofloxacin triple therapy was
found to eradicate H.pylori in 86%, whereas a
more recent study showed an eradication rate of
only 60% (95% CI, 50%-70%) in 100 patients who
had failed 2 previous courses of therapy.
Concomitant therapy with non-bismuth containing,
four-drug, three-antibiotic therapy, was introduced
before sequential therapy and there is experience of
its use in about 1,000 patients (34-42).

It consists of four drugs- a PPI, clarithromycin,
metronidazole or tinidazole, and amoxicillin- all
given twice daily. The duration of concomitant
therapy has ranged from 3 days to 7 days and it
has produced Grade B results, similar to those
obtained with sequential therapy (34-42). Studies
are needed to test whether extending the duration
of therapy will improve these results. As with
sequential therapy, concomitant therapy would
probably be a poor choice in the presence of
H.pylori that are resistant to clarithromycin and
metronidazole, or for treatment after multiple drug
regimes have failed, as those patients can be
expected to have multidrug resistant infections.
Importantly, however, traditional triple therapy
can easily be converted to concomitant therapy by
the addition of 500 mg of metronidazole or
tinidazole twice daily (43-56).

Thus, we recommend including at least one
antibiotic the patient has not previously taken.
Sequential and concomitant treatments expose the
patient to both clarithromycin and
metronidazole/tinidazole, and therefore we do not
recommend that both drugs be used in the rescue
treatment as well. One recent approach has been to
use a fluoroquinolone containing triple or
quadruple regimen. However, the worldwide rapid
increase in fluoroquinolone resistance has
undermined this approach in many areas and one
must fall back on the ‘only use what works
locally’ rule (33, 57, 58).

In addition, one should generally expect the
same treatment success rate for first, second and
even third treatment regimens if the organisms are
susceptible. Thus, if one initially used a
clarithromycin  containing  concomitant  or
sequential regimen, one of the reasonable second
choices would be 14 day bismuth quadruple
regimen. If this bismuth quadruple rescue
treatment is ineffective in the local population, or
when metronidazole is not a viable drug option,
metronidazole can be replaced by furazolidone
(100 mg).
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As previously mentioned, PPI plus amoxicillin
dual treatment can be improved by increasing the
frequency and dose of the PPl and extending
treatment duration. With higher doses and longer
durations, we recommend adding a third drug (not
previously used by the patient) to a 14 day PPI
plus amoxicillin regimen. A fluoroquinolone (once
a day) is a good choice for the third drug, provided
that resistance is not present. The other option that
is commonly used is rifabutin (150 mg twice a
day) (52-56).

Conclusion

H.pylori causes a serious, transmissible,
infectious disease. The increasing prevalence of
drug resistance has complicated successful
therapy. Therefore we must consider and look for
appropriate therapy.

Ideally, therapy should be based on
pretreatment drug susceptibility testing, and
empiric use of eradication therapies should assume
the presence of antimicrobial drug resistance and
use increased doses for 14 days. Clarithromycin-
containing triple therapies now typically produce
<80% ITT cure rates and are thus no longer
acceptable as empiric therapy. Current options for
initial treatment include sequential therapy,
concomitant therapy, and bismuth-containing
quadruple therapy. Advances have shown that
phenotypic and genetic resistance to therapy can
be successfully dealt with, and what still needs to
be done is now clearly identifiable. An improved
appreciation of the role of gastric pH in
phenotypic resistance has resulted in high cure
rates with high-dose PPI plus amoxicillin dual
therapy, although studies are still needed to devise
improved dual-therapy based multidrug regimes.
Selection of appropriate antimicrobial drugs
following treatment failure is best approached by
drug-susceptibility testing. If such testing is not
available, we recommended a bismuth-containing
quadruple therapy, with substitution of a new drug

for the metronidazole or tinidazole and/or the
clarithromycin if these agents have been used
previously. One alternative approach would be to
use 14 days of treatment with a high-dose PPI and
amoxicillin-containing  triple  therapy  with
rifabutin, a fluoroquinolone, or furazolidone. The
time is long overdue for us, the H.pylori
investigators, to speak up and communicate to
clinicians that the treatments they are using are
often no longer effective, recommend superior
alternative treatments and seek out new highly
efficacious treatments.
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