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Summary
Since the discovery of Helicobacter pylori, its eradication has been one of the most important global challen-
ges in gastroenterology. In many places the prevalence of the microorganism’s primary resistance to different 
antibiotics is unknown. Consequently, antibiotics are used empirically in daily practice. Tests to verify eradica-
tion are normally not used, leaving the effectiveness of treatment unknown as well. Knowledge of these two 
factors could make it possible to identify those still infected after treatment as well as help physicians make 
better informed choices of appropriate rescue therapies. Lack of information on pre-treatment resistance is a 
problem that makes it impossible to measure the impact of pretreatment resistance on therapeutic failure. At 
the global level, standard triple therapy has lost the effi cacy it once had, while sequential therapy is not equally 
effective in every part of the world, especially in those regions where high resistance to clarithromycin and 
methronidazolee exists. Treatment schemes with levofl oxacin triple therapies have proven effective as fi rst 
line therapies and/or rescue treatments. Nevertheless, each region should develop its own treatment schemes 
based on the results of local susceptibility tests and pharmacogenomic studies.
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Helicobacter pylori (H. pylori), is one of humanity’s principal 
pathogens. We have maintained a relationship with it for 
around 58,000 years, since before the human migrations 
out of East Africa disseminated our species, and the virus, 
to other parts of the world (1, 2). Despite this long shared 
prehistory, H. pylori was only recognized as a pathogen a 
litt le more than 25 years ago (3). Th at discovery opened 
a new chapter in medicine. Possibly 25 years has been too 
brief a time for us to have discovered all of the complex 
interactions which have occurred between ourselves and 
this pathogen since its origin. Perhaps this can help explain 
the tremendous diffi  culties medicine has had in managing 
H. Pylori, compared to the management of other infectious 
agents such as Treponema pallidum, and Pseudomonas spp.

H. pylori aff ects about two thirds of the world’s popula-
tion. Its prevalence is strongly related to socio-economic 
conditions (4). In developing countries it aff ects more 
than 80% of all adults, whereas in developed countries it 

aff ects only between 20% and 50% of adults (5). H. Pylori 
is acquired in infancy, and if not eliminated with antimi-
crobials, persists throughout an individual’s life (6-8). It 
produces chronic gastritis in all those infected, but only 
20% of those infected develop any clinical illness (9). Ten 
to twenty percent of those infected are at risk of developing 
peptic ulcers at some point in their lives, and between one 
and two per cent will develop gastric cancer. One percent 
develop dyspepsia, while 1/100.000 will develop MALT 
lymphoma (9). Next to Non-Steroidal Anti-Infl ammatory 
Drugs (NSAIDs), H. pylori is the most important cause of 
peptic ulcers. Outside of the intestines two clinical enti-
ties are clearly related to H. Pylori: iron defi ciency anemia 
(10) and idiopathic thrombocytopenic purpura (itp) (11). 
According to the Maastricht III consensus report current 
indications for H. Pylori and its eradication are those listed 
in table 1 (12).
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Table 1. Indications for treatment of Helicobacter pylori.

Gastric Ulcer
Duodenal Ulcer
MALT gastric lymphoma
Atrophic gastritis
Post operative gastric cancer surgery patients
First degree family members of gastric cancer patients  
Functional dyspepsia    
Undifferentiated dyspepsia   
Unexplained iron defi ciency anemia
Idiopathic thrombocytopenic purpura
Before commencement of treatment with Non-Steroidal Anti-
Infl ammatory Drugs (NSAIDs) or Aspirin
Before treatment of Gastroesophageal refl ux disease (GERD) with 
Proton pump inhibitors (PPIs)
At the patient’s request following discussion of risks and benefi ts 

Eradicating H. pylori, has been one of gastroenterology’s 
most important challenges since this microorganism was 
discovered. Various circumstances make H. Pylori parti-
cularly diffi  cult to eliminate with antimicrobials. Some of 
these circumstances are inherent in the microorganism 
while others are characteristic of bacterial infections in 
general. 

One problem has been that antibiotics commonly used 
were designed for the treatment of infections throughout 
the body rather than for delivering high concentrations 
within the stomach. Another factor of particular impor-
tance is the fact that H. pylori is protected by the acid of 
the mucous lining of the stomach in which it is immersed. 
Th is acid acts as a barrier contact between the microorga-
nisms and the antibiotics within the stomach (13). Adding 
to the diffi  culty of treatment, upon reaching the stomach 
antibiotics naturally continue on through the intestine, 
losing their topical eff ect, leaving only their overall syste-
mic eff ects on the infection (14). An additional problem is 
that various antibiotics lose their eff ectiveness in the acid of 
the stomach (15). Clarithromycin is particularly sensitive 
to acid which causes it to degrade. At ph2 its life is just one 
half hour (17). (Nevertheless, the effi  cacy of many other 
antibiotics is not infl uenced by acid (16). Among these 
are bismuth salts, tetracycline and methronidazolee, which 
explains the effi  cacy of the classic triple therapy using these 
three medications.

Two other important diffi  culties are the inoculum eff ect 
and the eff ects of biofi lms (18, 19). Th e inoculum eff ect 
occurs in highly concentrated populations of bacteria, 
including populations of H. pylori, in which individual cells 
do not reproduce, or are dormant. As a result they can sur-
vive treatment with antibiotics without being resistant to 

the antibiotic (s) being used (19). Biofi lm is a population 
of microorganisms which adhere to each other and/or to a 
surface which are embedded within a self-produced matrix 
of extracellular polymeric substance (EPS) which protects 
the microorganisms from the action of antibiotics (19). It 
has recently been demonstrated that H. pylori can form a 
living biofi lm which could be an important mechanism for 
persistence of the infection and for protecting the infection 
against antimicrobials (19).

Since H. pylori does not replicate at pH levels lower than 
6 large populations of bacteria can exist without reprodu-
cing in this type of micro-environment. However, once pH 
levels increase, proliferation begins again, and antibiotics 
again become eff ective (20). 

Two basic therapeutic strategies have been used against 
this infection. Th e fi rst uses two antibiotics with ranitidine 
bismuth citrate. A more soluble form of bismuth is genera-
ted which allows the release of the antibiotics bringing them 
into contact with the microorganisms and into action (13, 
20). Th e other strategy is to use a proton pump inhibitors 
(PPI), which reduces gastric acid production, in combina-
tion with two antibiotics. Amoxicillin is usually combined 
with clarithromycin or methronidazolee, although their 
synergies have not yet been proven experimentally (20). 

Th eoretically there are many arguments which favor ele-
vated pH levels:
1. Th ey result in lower production of HCl, which in turn 

diminishes the volume of gastric liquid thus increasing 
the concentration of antibiotics both within the gastric 
lumen and within the mucus (21) 

2. Higher pH levels also diminish the minimum inhibitory 
concentration (MIC) of amoxicillin and clarithromy-
cin, and increases the stability of these molecules which 
are aff ected by acid pH levels (21, 22) 

3. An individual’s immune system functions most effi  -
ciently at higher pH levels (20).

4. Inhibition of Cytochrome P450 3A4 (CYP3A4) due 
to omeprazole combined with alteration of the meta-
bolism of other substrates of this enzymatic system by 
agents such as clarithromycin increase the area under 
the curve by 15% in both plasma and gastric juice. Th e 
inverse is also true, clarithromycin elevates the area 
under the curve of omeprazole by 95%, while it doubles 
the area under the curve of esomeprazole (23). 

5. Modifi cation of pH induces important changes in the 
biology of H. pylori. It can survive at pH levels between 
4.0 and 8.0, but it can synthesize proteins only when 
pH levels are between 6.0 and 8.0. Consequently it can 
not multiply at pH levels between 4.0 and 6.O, and thus 
is not susceptible to antibiotics such as amoxicillin and 
clarithromycin which can not aff ect the bacteria unless 
it is multiplying (20). 
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Upon elevation of the pH in the stomach through the use 
of proton pump inhibitors, the H. pylori population begins 
to reproduce. Th is allows bactericides like amoxicillin, and 
bacteriostatics like clarithromycin to work. If the pH con-
tinues to rise to the point of neutrality, the PPI itself will 
eliminate many of the remaining microorganisms through 
inhibition of the urease enzyme system. For this reason 
rapid urease tests can give false negatives in the presence of 
a PPI (12, 20). 

Recently the hypothesis that increasing pH levels increa-
ses effi  cacy was corroborated by demonstrating that the 
effi  cacy of triple therapy is higher when the average pH in 
patients’ stomachs was 6.4 than when the average pH in 
patients’ stomachs was 5.2 (24). Similarly a meta-analysis 
showed that for application of triple therapy over seven 
days, high doses of omeprazole (40 mg two times per day) 
are more eff ective for curing H. pylori infections than stan-
dard doses of omeprazole (25). In addition, when rapid 
PPI metabolizers are encountered, the inhibitory eff ect of 
the PPI is reduced (26), and the standard triple therapy 
becomes less eff ective (27). On the other hand high levels 
of eradication of H. Pylori (over 90%) continue to be obser-
ved among slow PPI metabolizers, such as found in certain 
Asian populations. Th is is true for both standard triple the-
rapy and for dual therapy combining a PPI and high doses 
of amoxicillin (28). (Dual therapy has been largely dis-
continued due to low effi  cacy.) In Japan some researchers 
believe that the rate of H. Pylori eradication through stan-
dard dosage triple therapy depends as much on CYP2C19 
polymorphisms in individual patients as it depends on 
bacterial sensitivity to clarithromycin (29). Th e majority 
of PPIs are metabolized in the liver by Cytochrome P450 
through the CYP2C19 enzyme (30), however Rabeprazole 
is a PPI which is not involved in this enzyme system (31). 
PPIs which are metabolized through CYP219 are aff ected 
by polymorphisms of this enzyme system. 

While 19 alleles have been encountered, the majority 
of them can be classifi ed into three types: slow metaboli-
zers, intermediate metabolizers, and rapid metabolizers. 
Recently a fourth category, ultra-rapid metabolizers, has 
been described (32-34). Rapid metabolizers are dominant 
allele homozygotes while slow metabolizers are recessive 
allele homozygotes and intermediate metabolizers are 
heterozygotes expressing the dominant allele (32-34). 
Diff erences in frequencies of occurrence of slow meta-
bolizers exist among ethnic groups: 2.5% to 3.5% among 
Caucasians, 2% among Afro-Americans, 13 to 20% among 
Chinese and 18 to 22% among Japanese (32). 

Slow metabolizers have higher biological availability 
which allows PPIs to be more eff ective than in fast metabo-
lizers who need higher doses of both PPIs and antibiotics 
(33). A study of patients who were rapid or intermediate 

metabolizers and who were not infected with H. Pylori 
showed that a combination of 10mg. Rabeprazole, 30 
mg. Lanzoprazole 30 mg and 20 mg. omeprazole 20mg 
acted more while Rabeprazole alone led to greater increa-
ses in gastric pH (34). Another recent study showed that 
Lanzoprazole doses personalized according to the patients’ 
CYP2C19, and administered without Clarithromycine if 
the patient’s H. Pylori infection was resistant to it, resulted 
in a much higher eradication rate (96%) than did triple 
therapy using the usual dosage of Lanzoprazole (70%). 
Resistance was measured through a cost eff ective pharma-
cogenomic analysis of punctual mutations in the RNAr 23S 
gene (29). Diff erent genotypes of CYP2C19 infl uence the 
magnitude and duration of inhibition of acid secretion by 
PPIs. Treatment results diff er in Asian populations in which 
slow metabolizers are numerous and in occidental popula-
tions in which slow metabolizers are uncommon (16). 

According to some authors, knowledge of the greater 
effi  cacy of currently abandoned dual therapy to profoundly 
suppress acid justifi es reconsideration. New studies would 
test the hypothesis that at higher doses of PPIs and amoxici-
llin, administered more frequently, patients with CYP2C19 
polymorphism who are rapid PPI metabolizers should be 
similar to patients with slow metabolizing polymorphisms. 
For two weeks PPI would be administered four times a day 
and 500 mg of amoxicillin would be administered every 
six hours (16). Although resistance to amoxicillin is very 
rare (13, 16, 35), smoking has been shown to diminish the 
effi  cacy of treatment schemes which contain it (36). Th e 
cause of this link is unknown but it could be related to the 
fact that cigarett e smoking induces higher production of 
hydrochloric acid HCl (16).

Methronidazolee does not require cellular replication to 
eliminate the microorganism. It enters the cell through diff u-
sion and is reduced. Th e resulting composite damages the 
macromolecules and degrades the DNA of the bacteria (35). 

From the beginning of the search for treatments to era-
dicate H. pylori the antimicrobial approach has diff ered 
from that classically used against other infectious bacteria. 
Treatment for the majority of bacterial infections has been 
based on tests of the bacteria’s susceptibility to diff erent 
antibiotics with the objective of fi nding a treatment which 
will be successful in all cases, or in almost all cases (16). 
Physicians are att entive to the patt erns of resistance by the 
most common microorganisms in their community (12, 
16), knowledge which they use to select initial treatments. 
Th ose initial treatments are then adjusted in accord with 
results from cultures and the patt erns of resistance which 
emerge. Treatment schemes can be adjusted very rapidly in 
order to maintain high levels of success. 

Th is contrasts with what happens with H. pylori today. 
Gastroenterologists generally are unaware of the prevalence 
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of the microorganism’s primary resistances to diff erent anti-
biotics which are used in a hit or miss fashion. Nevertheless 
they expect to obtain high rates of success. Assuming their 
prescribed treatment has cured everything, gastroentero-
logists rarely verify whether or not the bacteria has in fact 
been eradicated.

When a physician decides to treat a patient infected with 
H. Pylori, the ideal would be to verify eradication using 
non-invasive techniques. Tests such as the breath test for 
urea or ELISA testing for fecal antigens should be adminis-
tered four to six weeks aft er the end of treatment, although 
when these are not indicated an endoscopy should be per-
formed (9, 12). Testing to determine whether or not the 
bacteria have been eradicated is fundamental. If the infec-
tion continues aft er treatment, an adequate new treatment 
must be administered. 

To the problems already mentioned can be added the fact 
that clinical studies rarely look at antimicrobial susceptibi-
lity prior to treatment, If undertaken this would allow ade-
quate evaluation of the effi  cacy of the prescribed treatment. 
Moreover it would also allow the physician to prepare a fall 
back treatment should the fi rst prescribed treatment fail 
(37). Th is method would allow physicians to individualize 
treatment for each patient. 

To eradicate H. pylori treatment should be based on the 
results of clinical tests which include tests of susceptibi-
lity. Whenever possible biopsies of the patient’s gastric 
mucus should be tested. When this is not possible, local 
rates of success of diff erent treatments and the experience 
of the att ending physician should be taken into account. 
Absent or insuffi  cient pre-treatment information on the 
microorganism’s resistance is an obstacle which impedes 
evaluation of the impact of the resistance, impedes evalua-
tion of the effi  cacy of the clinical testing, and impedes any 
understanding of secondary resistance and of the reasons 
for the failure of a given treatment (37).

When this data is absent, treatment strategies for eradi-
cating H. Pylori must be chosen on a trial and error basis. 
Some experts recommend pilot studies, or rehearsals, in 
which a new treatment scheme is administered to a small 
number of patients to identify whether or not a reasona-
ble rate of success can be obtained with that treatment. If 
successful with the small group, a larger rehearsal in which 
more patients are treated, can then be organized (38). 

One concept which is fundamental for confronting H. 
pylori is that it is an infection, and as such it is understood 
that it is curable (37). Recently, experts have suggested 
that the minimum expected success rate for any treatment 
should be 95% to be considered excellent. Th ey suggested a 
grading system for the success rate of H. Pylori treatments: 
A for 95% or bett er success rates; B for 90% to 94% suc-
cess rates; C for 85% to 89% success rates; D for 81% to 

84% success rates; and F for success rates of 80% or less 
(39). Experts consider that clinical testing of a treatment 
on a suffi  cient number of patients should be measured in 
two diff erent ways to determine if it achieves even the mini-
mum level of success (37) Th e fi rst measure compares the 
diff erence between the new treatment’s rate of eradication 
with the lower limit of the 95% confi dence interval (delta). 
Delta should be less than 10% to consider treatments equi-
valent. In the second method the lower limit of the 95% 
confi dence interval should be superior to 80% to consider 
the new therapy eff ective. For a 90% point estimate a mini-
mum sample of 80 patients is necessary to determine if the 
lower limit of the 95% confi dence interval is superior to 
80% (37).

Th e fi rst treatment scheme for eradication of H. Pylori 
to convincingly demonstrate a success rate over 90% was 
the classic triple therapy. Its components are bismuth 
salts, methronidazolee, and tetracycline. It is administe-
red without a PPI or other acid secretion inhibitor over a 
period of 14 days (40). However, its effi  cacy has been less 
than 90% in areas where resistance to methronidazolee has 
been high.

Th e fi rst Maastricht consensus report, issued in 1997 
(41), recommended that treatments to eradicate H. pylori 
should achieve a minimum success rate above 80%. Th e 
report’s treatment of choice was a triple therapy which used 
a PPI and two of three antibiotics: Methronidazolee (or 
tinidazole) or clarithromycin and amoxicillin. Th is became 
the standard triple therapy. It had been described fi rst by 
the Italian researchers Barzola and colleagues (42). Aft er 
Maastricht I various scientifi c associations and experts in 
every part of the world paid considerable att ention to the 
raggedy stone that was the treatment of this infection. 
(43-46). In the last ten years the treatment recommended by 
the fi rst Maastricht consensus has not changed: it was rati-
fi ed again by Maastricht III (12) and more recently by the 
American College of Gastroenterology (47). Nevertheless, 
the Maastricht III consensus recognizes that resistances to 
Clarithromycine and methronidazolee are becoming ever 
more frequent problems in many countries, even though 
treatment success rates in other countries continue to be 
high. Th e therapy has not been abandoned for this latt er 
reason (12) even though initial success rates higher than 
90% have declined notoriously and progressively in diverse 
parts of the world. Th ey have fallen to levels between 57% 
and 73% for seven day treatments, and to levels between 
67% and 79% for ten day treatments (48). Th is notable 
decline in effi  cacy has not only found in studies in the United 
States, studies in many other countries have found similar 
declines. For example a recent study in Italy found that 10 
day treatments had success rates of 77% (49), statistically 
similar to the 81.7% success rate for ten day treatments and 
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the 80% success rate for 7 day treatments encountered in 
another study (50). Despite triple therapy’s loss of effi  cacy, 
primary care physicians and gastroenterologists in many 
parts of the world continue to prescribe this treatment (51, 
52). Th e reason for this decline in effi  cacy has been att ribu-
ted to growing resistance to Clarithromycine and methro-
nidazolee (12). 

Consistently high levels of resistance to methronidazolee 
have been documented in Colombia (53-55), and recently 
resistance rates to Clarithromycine around 20% have been 
reported (55). A decade ago, using the E-test, resistance to 
methronidazolee was measured at over 80%. More recently 
two diff erent studies using the same test measured it at over 
70%. Taking into account the fact that this test overestima-
tes resistance to methronidazolee (54), and reducing these 
fi gures by the probable magnitude of the overestimation, 
we can conclude that resistance levels are above the 40% 
(54) maximum resistance level indicated in Maastricht III 
for the use of methronidazolee (12). Th e maximum resis-
tance allowed for the use of Clarithromycine is 15-20% 
(12). An additional consideration is that primary resistance 
to Clarithromycine increases dramatically aft er the failure 
of standard triple therapy (secondary resistance) (56, 57). 
Consequently, under these circumstances, Clarithromycine 
can not be used in any rescue therapy aft er it has already 
been used as part of the initial treatment (12, 58). 

In the face of growing resistance to Clarithromycine and 
increasing failure of standard triple therapy, other therapies 
which have been second choices or rescue therapies are 
now being given consideration. Among these are quadru-
ple therapies in which a PPI is added to the classic trio of 
bismuth salts, tetracycline and methronidazolee for either 
seven or fourteen days (12, 13, 16). Success rates for this 
therapy have varied between 57% and 91%, with an average 
rate of 77% (59). When resistance to Clarithromycine is 
less than 15%, the effi  cacy of seven day quadruple therapy 
is similar to seven day standard triple therapy’s success rate. 
Eradication rates are 82% and 78% respectively (60). As a 
rescue therapy aft er failure of initial treatment, quadruple 
therapy’s success rates are similar for diff erent durations of 
administration: 74% for seven day treatments; 72% for ten 
day treatments; and 81% for fourteen day treatments (59). 
One problem in the administration of quadruple therapy 
is the large numbers of tablets a patient must take every 
day which diminishes adherence to the treatment program. 
Another problem is that in some areas bismuth is not availa-
ble. To overcome these problems a new form of quadruple 
therapy has been developed. It consists of a capsule which 
contains bismuth biskalcitrate, methronidazolee and tetra-
cycline which is taken three times a day, plus a PPI which is 
taken twice a day (61). In the United States the effi  cacy of 

this treatment has been 87.7% (61), while in Europe it has 
been 93% (62). 

Taking into account the high resistance level to methro-
nidazolee in Colombia, a diff erent quadruple therapy, a 
ten day treatment using a combination of Omeprazole, 
Tetracycline, Amoxicillin and Furazolidone (OTAF 10), 
has been tested here. It has achieved an 80% eradication 
rate (63). Because of low resistance to Furazolidone and 
because of its effi  cacy in treatment schemes, there have 
been frequent recommendations in studies in diff erent 
parts of the world for its inclusion in eradication thera-
pies when other therapies have failed (12, 13,16, 64, 65, 
66-77). Nevertheless recent works have emphasized its 
toxicity which includes the capacity to cause tumors in 
lower animals, and to produce genotoxicity (78-80). For 
these reasons we believe that it should not be used until it 
is determined whether or not it produces similar results in 
human beings. Nevertheless, work is continuing with this 
medication. In the most recent work reviewed (77), it pro-
duced adverse eff ects at a rate of 85%. Its success rate was 
100% when the initial treatment which failed did not con-
tain Furazolidone, but was only 75% when the failed initial 
treatment did contain Furazolidone. 

Because of the problems which currently exist with the 
use of standard triple therapy, particularly resistance to 
methronidazolee and Clarithromycine, the world wide 
community of gastroenterologists faces a new challenge in 
the eradication of H. pylori: fi nding other treatment sche-
mes to use which are well tolerated, economical, and highly 
eff ective. Philosophically, achievement of such a scheme is 
the “Holy Grail” of the search for therapies against H. pylori 
(37). In this quest, Italian authors have developed a sequen-
tial therapy which is superior to standard triple therapy. Its 
effi  cacy is 89% versus 77% when an intention to treat (ITT ) 
analysis is done (81). Recent meta-analyses have conclu-
ded that this therapy has a raw effi  cacy rate of 93.4% versus 
76.9% for standard triple therapy (82). Sequential therapy 
consists of administration of a PPI for ten days. During the 
fi rst fi ve days 1 gram doses of amoxicillin are administered 
twice a day. During the next fi ve days a combination of 500 
mg of Clarithromycine and 500 mg of tinidazole admi-
nistered twice a day replaces the amoxicillin (81). One 
disadvantage of this scheme is that it includes amoxicillin 
which can not be administered to patients who are allergic 
to penicillin. By the same token experts recommend that 
Clarithromycine not be used when there is high resistance 
to it (16, 81-83). In a pioneer study of this therapy H. pylori 
was not eradicated in all four patients who had shown resis-
tance to both antibiotics (81). Since the number of patients 
was so small further studies are needed. In cases in which 
patients are resistant only to Clarithromycine, this therapy 
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eradicated the infection in 90% of the cases studied, a far 
higher rate than the 28.6% success rate of standard triple 
therapy for this type of case (81). Th e exact mechanism 
through which this therapy works remains unknown. It is 
believed that the initial use of amoxiciline reduces the bac-
terial load while simultaneously weakening the bacterial 
walls of H. pylori. Th is produces an osmotic disequilibrium 
which aff ects the bacteria especially strongly during the 
growth phase impeding the development of bacterial effl  ux 
pumps. Th ese pumps normally remove noxious chemicals 
including antibiotics from the bacteria, thus constituting 
an important resistance mechanism to Clarithromycine, 
preventing it from combining with bacterial ribosomes 
(81, 84). A recent study has ratifi ed this hypotheses (85). 
A group of punctual mutations occurring in RNAr 23S are 
the changes most frequently related to resistance. Cytosine 
or guanine is substituted for adenine at position 2142 
(A2142C, A2142G) or guanine is substituted at position 
2143 (A2143G) (35). In sum, the damage to the bacterial 
wall caused by the amoxicillin prevents the bacterial effl  ux 
pump from removing the Clarithromycine when it arrives 
during the second phase of the treatment, thus allowing it 
to bind to the bacterial ribosomes. 

Although the most important experience to date with 
this therapy has been in Italy, Sánchez Delgado and collea-
gues in Spain (86) have had a success rate of 84% measured 
by intention to treat and 90% when measured by protocol. 
In Korea the therapy has been used with a success rate of 
80.8% (87). Th ese results outside of Italy, whereas poor 
results were obtained in cases of dual resistance, indicate 
that studies of this treatment’s effi  cacy are needed in every 
country rather than simple empirical use of the therapy. 

Prior to the introduction of sequential therapy various 
concomitant quadruple rescue therapies without bismuth 
and lasting from three to six days were introduced (16, 
88-91). Various combinations of antibiotics are used in 
these therapies. Th ey include amoxicillin, clarithromycine, 
and methronidazolee; tinidazole and amoxicillin; and 
methronidazolee and roxithromycin. 

A recent meta-analysis demonstrated that concomitant 
therapy, measured by intention to treat, was more eff ec-
tive than standard triple therapy. Its success rate was 90% 
compared to 79% for standard triple therapy, while its 95% 
confi dence interval was 86.8% to 93.6% compared to a 
95% confi dence interval for standard triple therapy of only 
67.8% to 87.1% (83). A recent randomized study done in 
Taiwan compared 10 day sequential therapy with a 7 day 
concomitant therapy and found similar rates of eradication. 
Measured by intention to treat, both therapies had 87% 
rates, whereas when they were measured by protocol the 
rate for sequential treatment was 93% and that for conco-
mitant therapy was 91% (92). Based on these results the 

authors of the meta-analysis concluded that concomitant 
therapy should be included among treatment alternatives 
because of its effi  cacy, short treatment duration and relative 
simplicity (83). Th ese authors also concluded that more 
studies are needed, and that consideration should be given 
to extending duration of treatment in an eff ort to reach the 
95% success rate which is the objective for treatment of all 
bacterial infections in general. Like sequential therapy this 
treatment may encounter poor results in cases of simulta-
neous resistance to methronidazolee and Clarithromycine. 
When there is adequate adherence to the treatment regime, 
pretreatment resistance of H. pylori to antibiotics is the sin-
gle most important reason for therapeutic failure (93).

Levofl oxacin is another antibiotic which has emerged as 
a potential replacement for clarithromycine in triple the-
rapies. It is combined with amoxicillin in the usual doses 
and with a PPI which is administered twice a day (12). 
Levofl oxacin, a quinolone antibiotic, is an isomer of ofl oxa-
cin and a topoisomerase type II inhibitor with wide spec-
trum action against both Gram positive and Gram negative 
bacteria (94-97). Administered orally, it is rapid and is 
absorbed almost completely with bioavailability of 100%. It 
has a half life of between 9 and 16 hours, and most is renally 
excreted. It has few side eff ects (98, 99). Treatment sche-
mes which have included this antibiotic have achieved high 
success rates: an initial seven to ten day treatment scheme 
achieved a rate over 85% (98), while a 4 day scheme achie-
ved an eradication rate over 90% (99). 

Triple therapy schemes using levofl oxacin have been used 
as fi rst (100-102), second line (103-106) and third line 
therapies (107,108). In fi rst line schemes it has achieved 
an average effi  cacy rate of 90%, ranging from lows of 84% 
(100) and 87% (101) to a high of 96 % (102). Combined 
with Clarithromycine it has demonstrated similar rates 
when resistance to Clarithromycine is not high (101, 102). 
In second line rescue therapies success rates of 75% (104) 
and 77 % (105) have been published for populations in 
which H. pylori is susceptible and only 33% for a popula-
tion in which the bacteria are resistant (104). In one study 
of its use in a second line therapy it achieved a success rate 
of 67% in a 7 day scheme, but reached an 87.5% rate in a 10 
day scheme (p=0.004) (106).

In second line therapy 500 mg doses once a day have 
shown to be nearly as eff ective as the same dosage given 
twice a day, although they had failed earlier in standard tri-
ple therapy with clarithromycine (103). Administration of 
this dose once a day achieved a 79.6% success rate measu-
red by intention to treat, while twice a day administration 
achieved an 80% rate by the same measure. In third line res-
cue therapies 60% (97) and 70% (108) rates of eradication 
have been reported. 
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Treating patients who are allergic to penicillin is parti-
cularly diffi  cult given the importance of amoxicillin in the 
eradication of H. pylori. Th ere are very few therapeutic 
options for these patients. One good option is a 10 day tri-
ple therapy which substitutes Levofl oxacin for amoxicillin. 
In addition to a PPI, 500 mg doses of Levofl oxacin and 500 
mg doses of clarithromycine are administered twice a day. 
Th is triple therapy has achieved an effi  cacy rate of 87%, in 
the general population (98). Another possibility is a triple 
therapy combining clarithromycine, methronidazolee and a 
PPI (109), although this treatment is subject to limitations 
due to resistance to clarithromycine and methronidazolee. 
In places were bismuth is available, another therapeutic 
alternative is a quadruple therapy combining a PPI, bis-
muth salts, methronidazolee and tetracycline (109). 

Despite the effi  cacy of Levofl oxacin and its increasing use 
for the treatment of other infections, high levels of resis-
tance to it exist in some countries. In Japan the resistance 
level is 15%, while in France it is 17% and in Alaska in the 
United States it is 8.8%. As with clarithromicine, high levels 
of resistance to quinolone antibiotics have been observed 
aft er a treatment fails to eradicate the bacteria (113). 

Controversy exists over whether and when it is neces-
sary to culture bacteria, and over whether or not tests of 
susceptibility are necessary to guide future treatments. Th e 
question is, “To culture, or not to culture” (114).

Unlike the case of functional dyspepsia, other conditions 
require the defi nitive eradication of H. pylori. Th ey include 
MALT lymphomas, peptic ulcers and gastric cancer ante-
cedents (partial gastroectomy or endoscopic resection for 
early cancer) (93). In these situations the various rescue 
therapies should be used in a progressive manner until era-
dication is achieved. Aft er the failure of the second empi-
rical treatment the Maastricht III consensus calls for cul-
turing bacteria and for tests of anti-microbial susceptibility 
(12). Some authors have compared the strategy of a second 
line treatment scheme based on culturing with empirical 
treatment and found that treatment guided by informa-
tion provided by the culture had an 86% success rate ver-
sus a 63% success rate for empirical second line treatment 
(115). Other studies have had similar results with success 
rates as high as 95% (116). Nevertheless various authors 
have empirically prescribed three or four diff erent rescue 
treatments in succession with cumulative results of nearly 
complete success in all patients (98-99%) (117,118). A 
prospective study of 500 patients at one center used four 
consecutive treatment schemes empirically and achieved a 
cure rate of 99.5%. With these results the authors consider 
the need for bacterial cultures to be marginal (119).

If bacteria are cultured and susceptibility tests are done 
aft er failure of the second empirical treatment, the third 
treatment based on these test results has a 99% success rate 

(120). Recently a study was conducted in Greece where 
facilities for culturing bacteria were not readily available 
(108). Maastricht III recommendations were followed in 
part, taking into account that resistance to clarithromycine 
was less than 20%. Standard triple therapy was administered 
for ten days, followed empirically by quadruple rescue the-
rapy including bismuth for ten more days. Th e third rescue 
therapy, chosen empirically due to absence of facilities for 
culturing bacteria, was a ten day triple therapy substituting 
500 mg doses of Levofl oxacin twice a day for clarithromy-
cine. An initial eradication rate of 70% increased to a fi nal 
cumulative success rate of 90% of 540 patients measured by 
the intention to treat method, and to 98% when measured 
by protocol (108). Th is study demonstrates that without 
recourse to bacterial cultures an fi nal excellent fi nal rate 
of eradication can be achieved, eff ectively challenging the 
Maastricht III recommendations (12). Nevertheless, it will 
be necessary to conduct studies in which the recommenda-
tions of the consensus for a scheme based on susceptibility 
testing are followed and then compared with this empirical 
scheme. 

Whether or not susceptibility tests should be conduc-
ted before the fi rst treatment should also be considered. 
So far the evidence is contradictory. One study of 240 
patients compared the effi  cacy of treatment guided by sus-
ceptibility tests to treatment without prior testing. Th ere 
were no signifi cant diff erences between the two methods 
(121). However two other studies have shown important 
diff erences (122,123), demonstrating that susceptibility 
testing prior to treatment was useful for choosing the best 
treatment. 

Although various experts consider the utility of cultu-
ring H. Pylori to be marginal or minimal (98,108), others 
consider culturing to be cost eff ective (122,124). Based 
on the publications reviewed above we consider that anti-
microbial susceptibility testing has limitations, especially 
in terms of cost and availability. Many hospitals, and even 
some countries, do not have facilities to culture H. pylori. 
Variable rates of success of obtaining H. pylori from gastric 
samples, plus the necessity of performing an endoscopy 
to obtain samples from the stomach are additional limits. 
On top of these, in vitro resistance to methronidazolee is 
not a good predictor for resistance within the living body 
(125). Despite these limitations it is necessary for every 
region to undertake studies to determine local resistance 
characteristics in order to choose the best initial empirical 
treatment. More randomized and double blind studies are 
needed to compare the usefulness of culturing under diff e-
rent controversial circumstances and to defi ne the place of 
this classical tool used in fi ghting other bacterial infections. 
We consider that it is necessary to continue investigating 
and improving culturing methods and methods of taking 
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H. pylori samples. Considering how wide spread H. pylori 
infection is, and how serious are its consequences, it should 
be clear that we need to have a therapeutic and diagnostic 
arsenal at our disposal at least the equal of those available to 
confront other infectious diseases. We should not have to 
continue investigating treatments using the trial and error 
method. 

As mentioned Furazolidone has also been used in rescue 
therapies. Another antibiotic which has been used (93,126), 
although there are many clear arguments against its use in 
H. pylori eradication therapies. Schemes which include it 
have effi  cacy rates lower than schemes using Levofl oxacin, 
85% vs. 45% (126), moreover it can produce irreversible 
mielotoxicity iand is expensive. It is the current stone in the 
shoe of Mycobacterium tuberculosis, especially n treatment 
of HIV positive patients. Wide spread usage can produce 
resistant strains of Mycobacterium tuberculosis (127,128). 

Th e various therapeutic options and their components 
are shown in table 2. 

Numerous research studies on the treatment of H. pylori 
refl ect the serious diffi  culty gastroenterologists in eradica-
ting it. Initially eff ective treatments have progressively lost 
eff ectiveness as microorganisms have acquired resistance to 
antimicrobials. We have reached the point where there are 
reports of cases of H. pylori which has not been eradicated 
aft er four diff erent treatments have failed (129).

An interesting approach for improving the effi  cacy of 
antibiotics in the treatment of H. pylori infections is the use 
of gastro-retentive systems. Th ese systems use nano parti-
cles in a mucous-adhesive system to prevent the antibiotics 
from passing rapidly through the stomach, thus allowing 
them to have a much greater topical eff ect (130). Using par-
ticles between 550 nm and 900 nm in diameter the amount 
of amoxicillin, clarithromycine and omeprazole trapped 
within the stomach was between 60% and 90% (130). Th is 
system of drug release off ers hope for optimizing H. pylori 
treatment.

CONCLUSIONS

1. H. pylori infections should be treated like any other 
infectious disease, taking into account identifi cation of 
resistance and susceptibility in each region. We consider 
that it is necessary to verify eradication in every patient 
four to six weeks aft er treatment ends. Th is is especially 
true for patients with defi ned organic pathologies other 
than functional dyspepsia. 

2. Empirical treatment options for H. pylori include stan-
dard triple therapy, triple therapy with Levofl oxacin, 
sequential therapies, concomitant therapies, and qua-
druple therapies. Th e order of use of these therapies 
depends on the situation and upon local experience. 

Table 2. Th erapeutic options for eradicating H. pylori.

Classic Triple Therapy: 7 to 10 days
Bismuth subsalicylate, 500 mg tetracycline 3/day, 500 mg 
metronidazole 3/day

Standard Triple Therapy: 7 to 10 days
PPI twice per day, 1g amoxicillin twice per day, 500 mg 
clarithromycine twice per/day or 500 mg metronidazole three per day
Current effi cacy (where studies have been undertaken): 57% to 73% 
(7 days), and 67% to 79% (10 days)
Problems: should not be used in areas with resistance to 
clarithromycine >20% and/or to metronidazole >40%.

Quadruple Therapy: 7 to 10 days
PPI twice per day + classic triple therapy 
Effi cacy: 7-10 days: 74%
Problems: multiple tablets, poor adherence

Quadruple Therapy in one capsule: 10 days
One capsule containing bismuth biskalcitrate, metronidazole and 
tetracycline.3 times a day, plus a PPI taken twice a day.
Effi cacy: USA 87% Europe 93%
Problems: not commercially available

Sequential Therapy: 10 days.
PPI twice per day 10 days
1g Amoxicillin twice per day fi rst fi ve days
500 mg Clarithromycine twice per day + 500 mg tinidazole twice per 
day for the last 5 days 
Effi cacy: 80%-93%
Problems: dual resistance (clarithromycine/metronidazole)

Concomitant Therapies (Quadruple Therapies without bismuth): 7 
to 14 days

PPI twice per day, 1g amoxicillin twice per day, 500 mg 
clarithromycine twice per day and 500 mg tinidazole twice per day or 
500 mg metronidazole twice per day
Effi cacy: 91.7%

Triples therapies with Levofl oxacin: 7 to 10 days
PPI twice per day, 1g amoxicillin twice per day, 500 mg Levofl oxacin 
once per day or 250 mg twice per day 
Effi cacy:

First line 84 a 96%, average 90%
Second line: 60% to 94%, average 80%
Third line: 60% a 70%

Allergies to penicillin
500 mg Levofl oxacin twice per day 7 days
500 mg Clarithromycine twice per day 7 days
PPI twice per day 7 days
Effi cacy: 87%

500 mg Clarithromycine twice per day
500 mg Metronidazole three times per day
PPI twice per day
Problems: high resistance to clarithromycine and metronidazole
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All of these therapies may be used as fi rst line therapies 
with the exception of quadruple therapies which to date 
have been reserved for use as rescue therapies. 

3. Currently eradication rates for H. pylori treatment sche-
mes which are in use are lower than 90%. 

4. Standard triple therapy combining a PPI with amoxi-
cillin and either clarithromycine or metronidazole has 
notably lost effi  cacy in the majority of countries where 
recent research has been done. It continues to be useful 
in populations with low levels of resistance to clari-
thromycine and/or metronidazole and in populations 
like that of Japan in which slow metabolizing polymor-
phisms of CYP2C19 are common. Whether or not this 
therapy is eff ective must be determined on a country to 
country basis. 

5. Th e effi  cacy of the currently most used sequential the-
rapy (ten days PPI, fi rst fi ve days amoxicillin, second 
fi ve days clarithromycine and tinidazole) is not high 
in every situation and is not a good choice where high 
resistance to clarithromycine and/or metronidazole 
exists.

6. Dual therapy using high doses of amoxicillin and a PPI 
has regained favor in countries like Japan which have 
proportionally high numbers of slow metabolizers in 
the population, and where the new dual therapy has 
achieved acceptable eradication rates. 

7. Clinical trials should always be used to determine H. 
pylori’s pretreatment resistance to antibiotics in order 
to determine the usefulness of prescribed antibiotics 
for future treatments. 

8. In general, and according to the Maastricht III consen-
sus, empirical strategies of eradication should be used 
as fi rst and second line therapies, but thereaft er therapy 
should be based on the results of a culture. However, this 
recommendation has recently been challenged by the 
achievement of adequate eradication rates using a third 
empirical rescue therapy including Levofl oxacin and 
without the guidance of a culture. As of yet Colombia 
has no defi nitively established treatment scheme based 
on local studies. Results of clinical trials now underway 
(Otero, Trespalacios) are needed to establish such a 
defi nitive treatment. Our therapeutic approach today 
consists of starting with standard triple therapy, veri-
fying eradication by testing for fecal antigens, procee-
ding to triple rescue therapy with Levofl oxacin when 
initial therapy fails, verifying whether eradication has 
been successful, and fi nally either proceeding to con-
comitant quadruple therapy or to bacterial culture 
(depending on availability and economic resources). 
Schemes using Levofl oxacin have demonstrated their 
effi  cacy as fi rst line therapies and as second, third and 
fourth line rescue therapies. Th ey should also be seen 

as options for treating patients who are allergic to peni-
cillin. 

9. Every region should adopt locally chosen sequential 
therapies the components of which are chosen in accor-
dance with knowledge of local susceptibility tests and 
antimicrobial pharmacokinetics. 
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