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Abstract

Since the discovery of Helicobacter pylori (H. pylori), eradication has been a constant challenge, and an ideal
treatment is not yet available. The increasing resistance of the microorganism to the most frequently used
antibiotics has most impacted the effectiveness of the various schemes. The objectives of this work are to
provide a general review of H. pylori infections and the nomenclature of the various treatments, discuss the
basic issues and components of eradication therapies together with the general characteristics of antibiotics,
and finally to recommend treatments based on in the most important recent publications.
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INTRODUCTION
Helicobacter pylori is a gram-negative, microaerophilic
bacterium capable of colonizing the stomach. (1) It produces chronic gastritis, peptic ulcers, gastric cancer (CG) and
hematological diseases and is the second most common
chronic bacterial infection in humans (after Streptococcus
mutans, the producer of dental caries). (1- 4) In 2015 there
were approximately 4.4 billion people who were infected
with Helicobacter pylori. (5) Prevalence is highest in Africa
at 70% and lowest in Oceania at 24%. (5) Nigeria has the
highest prevalence (87.7%) of any country, and Switzerland
has the lowest (19%). The prevalence of H. pylori in countries with high incidences of GC is double those of countries with low incidences of GC. (6, 7) Improvement of
sanitary conditions and eradication of identified infections
decrease prevalence of the disease. (7) The post-radiation
reinfection rate is related to the socioeconomic levels of

particular countries: in Japan, it is 2%, but in Latin America,
it is 8%. (8 - 10)
Warren and Marshall received the 2005 Nobel Prize for
their research which demonstrated the etiological role of H.
pylori in chronic gastritis and peptic ulcers in 1984. (11, 12)
Twenty percent of those infected develop digestive diseases
such as peptic ulcers, GC or MALT lymphoma (lymphoma
of lymphoid tissue associated with gastric mucosa). (13-16)
In 1994, the World Health Organization (WHO) classified
H. pylori as a type I defined carcinogen. (17)
GC is a public health problem in many Latin American
countries including Colombia, and the recent Colombian
clinical practice guideline on GC recommends eradication of H. pylori in all those infected to reduce the risks of
GC. (18) Taiwan and China have shown that eradicating
H. pylori decreases the incidence of GC by 25% and 39%,
respectively (19). The recent Kyoto consensus ratified the
recommendation for eradication of H. pylori in all those
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infected, regardless of severity of gastritis and other symptoms. (20) Nevertheless, there are still no schemes available that are more than 98% effective, but this is required for
eradication of infectious diseases. In fact, the rate of effectiveness is often 80% or less, which is unacceptable. (3, 21)
The frequent failures of therapies in use are related to
both microorganism and host factors. (21-30) H. pylori
factors include its acid habitat, its microaerophilic nature,
its ability to produce biofilm which protects it from antibiotics, high bacterial loads, multiple dormant individuals
(non-replicative stage), immunological evasion, and resistance to antibiotics which is the most important factor.
(21-25) Throughout the world, therapy schemes have
become increasingly less effective due to bacterial resistance to clarithromycin, metronidazole and most recently
to quinolones. (3, 4, 21-27)
This article reviews basic concepts of eradication therapies
and additional factors involved in their success or failure.
DEEP INHIBITION OF ACID SECRETION
Proton pump inhibitors (PPIs) include omeprazole, esomeprazole, lansoprazole, and rabeprazole, among others and
are fundamental drugs in all treatment schemes. By inhibiting secretion of gastric acid and raising the pH above 6,
the rate of H. pylori replication increases and the efficacy of
the antibiotics increases. (3, 24-30) However, the efficacy
of PPIs is influenced by their metabolism in cytochrome
P450 (CYP450) and the particular genotypes of CYP219C,
CYP3A4, ABCB1 and others, as well as levels of IL-1β. (2430) CYP2C19 is the most important, (24-29) and its impact
is greatest on schemes that use omeprazole and lansoprazole,
and less on those that include esomeprazole and rabeprazole.
(25-27) This last drug has a metabolism that is independent
of that enzyme system. (25-27) On the basis of individuals’
genetic polymorphisms of CYP2C19, people are classified
into three categories of PPI metabolizers: rapid metabolizers
(RM), intermediate metabolizers (IM) and slow metabolizers (SM). (2, 28-30) The prevalence of these categories
varies from population to population. (28-31). Asians
have a high SM prevalence whereas the majority are RM in
Caucasian populations. (29, 30) Nevertheless, four doses a
day of lansoprazole or omeprazole provides sufficient acid
suppression for RMs. (24, 26, 27)
Studies conducted in Japan more than 20 years ago showed
that whether or not amoxicillin and PPI dual therapy eradicated H. pylori varied according to CYP2C19. (27, 28)
Eradication was 28%, 60% and 100%, respectively among
RMs, IMs and SMs. The healing of peptic ulcers behaved in
a similar way. (28) A recent meta-analysis has found that the
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therapeutic success rates of RMs were lower than those of
IMs regardless of the type of PPI that was taken. (28, 29) No
significant differences were observed for esomeprazole and
rabeprazole. (29) A South Korean study has found being
RM is a risk factor for failure of eradication treatment (Odds
ratio [OR]: 1.84, confidence interval [CI] 95%: 1.04-2.39). (
30) However, the effect of CYP2C19 can be overcome with
high doses of PPI such as 40 mg of omeprazole 2-3 times a
day or equivalent doses of other PPIs. (21)
Vonoprazan is a new PPI that inhibits the secretion of
acid by competitively blocking the binding of potassium
in the adenosine-triphosphatase (ATPase) of parietal cells.
(31) It overcomes some drawbacks of conventional PPIs
such as their short half-lives, their maximum inhibition of
acid secretion after 4-5 doses and their need for protective
wrapping of acid. In addition, its activity is independent
of the CYP2C19 polymorphism. (32, 33). In Japan, vonoprazan is approved for treatment of peptic ulcers, gastroesophageal reflux disease, prophylaxis and treatment of gastroduodenal lesions due nonsteroidal anti-inflammatory
drugs (NSAIDs) and for H. pylori eradication. (34, 35)
In a Japanese study, (35) the success rate for eradication
with a scheme that included vonoprazan was 92% versus
75.9% for a scheme with lansoprazole. When it was included
in second-line therapies, the success rate was 98.0%. (35) A
recent metaanalysis has found that vonoprazan therapies are
more effective than those using conventional PPIs. (36)
ANTIBIOTICS AND THEIR CHARACTERISTICS
The number of antibiotics used in H. pylori eradication
schemes is small, but combinations and dosages vary. (19,
21-24, 37)
Amoxicillin
Amoxicillin, a derivative of penicillin, inhibits the synthesis
of the bacterial wall and has an average life of approximately
one hour. (21) It’s bactericidal effect is time-dependent, so
that it achieves adequate and sustained minimum inhibitory concentration (MIC) when it is administered 3 or 4
times a day. (26, 30) Its pharmacokinetic characteristics
contrast with traditional twice-a-day dosing. (26) It should
be prescribed 3 or 4 times a day to continuously maintain
therapeutic levels. (21, 26, 30, 38) Primary resistance of
H. pylori to this antibiotic is very rare worldwide. In Latin
America it is 4%, (39) and in Colombia, it is less than 2%.
(40) Consequently, it is an excellent medicine that can
even be used in second line therapies after one scheme in
which it has been used fails. (37, 40)
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Clarithromycin

Tetracycline antibiotics

Clarithromycin, a macrolide that binds to the 50S unit of
the bacterial ribosome, has been used around the world in
standard triple therapy (STT) for several decades. (21-25,
41) Its half-life is approximately 5 hours, so it and it can be
administered twice a day. (26) Because it has been broadly
prescribed for numerous diseases, H. pylori has developed
alarming resistance to it everywhere. (41) In Japan, H.
pylori’s resistance increased from 1.8% in 1996 to 27.1%
in 2008 while in China resistance was 14.8% in 2000 and
52.6% in 2014. (41, 42) In Latin America, average resistance was 12% until 2011 and is now 25% in Colombia. (32,
43). At the beginning of 2017, WHO included clarithromycin-resistant H. pylori on its list of 16 microorganisms that
threaten humanity and for which eradication strategies are
urgently needed. (44)

The most important drugs in this group are tetracycline
and doxycycline which act by binding to the 30S subunit
of the bacterial ribosome to block protein synthesis. (26)
Their half-lives are approximately six 6 hours, so they can
be administered 2 or 3 times a day. Most commonly they
are given 3 to 4 times a day. (26) Primary resistance is
unusual and is not an obstacle to their use (46) In Latin
America, the average resistance is 6%. (39)

Metronidazole
Metronidazole ruptures the double chain of bacterial DNA
and has a plasma half-life of close to 8 hours so it can be
administered 2 or 3 times a day. (9, 26) Primary resistance
to it is very high in Turkey, Iran, China and Latin America.
(21) On this continent, the average resistance is 53%, and
Colombia has the highest reported resistance of 83%. (39)
It is the only drug whose in vitro resistance can be overcome by increasing the dosage and duration of treatment.
(45) In quadruple therapy, 500 mg 4 times a day or 400
mg 4 times a day for 14 days achieves 92% success even
with resistant strains. (46) These results are similar to those
when there is no resistance the drug. (47) At this dosage,
10-14 day quadruple therapies schemes with bismuth have
efficacy greater than 85% in regions with high resistance to
metronidazole. (48-52)
Quinolones
These drugs act on gyrase to cause breaks in bacterial DNA.
(26) Their bactericidal effect depends more on maximum
serum concentration than on duration of MIC, so they
can be administered once a day. (26) Levofloxacin, the
most commonly used quinolone, has been used in first
and second line schemes when clarithromycin resistance
rates are higher than 15% and when patients are allergic
penicillin. (40, 46) Like the case of clarithromycin, wide
use to treat other diseases especially upper respiratory tract
infections has led to development of resistance by H. pylori
everywhere. (20) In Latin America the average resistance is
15%, (39) but in Bogotá, Colombia it is 27%. (48, 49)

Bismuth
Bismuth salts have been used in gastroenterology since the
19th century as a primary or adjuvant treatment for dyspepsia and peptic ulcers. (47) Subsequently, they have been
gradually replaced by antacids. (47) The most popular salts
are bismuth subcitrate, bismuth subnitrate and bismuth subsalicylate which are hydrolyzed in the stomach to form insoluble polymers which have bactericidal effects. (47) Their
most important mechanism of action in relation to H. pylori
is preventing hydrogen ions from entering the cytoplasm
thus prevent their replication. (50, 51) To date, no H. pylori
resistance to these drugs has been reported, and their safety
and tolerance have been demonstrated. (38, 50)
Successful H. pylori eradication therapy with this drug
was developed in Australia by Borody in 1989. (46) That
scheme included bismuth subcitrate, metronidazole and
tetracycline. (46) Subsequently, a PPI was added and duration was extended to 14 days in order to recover the efficacy
lost due to resistance to metronidazole. (47) The dosage
of this scheme is complex because of its duration and the
large number of tablets per day: two tablets of bismuth four
times a day, 500 mg of tetracycline four times a day, 500 mg
of metronidazole three times a day and the PPI two times a
day. Its complexity significantly affects adherence. In addition, it also produces adverse side effects which have been
addressed by patient education, decreasing duration to 7-10
days, decreasing the dose of metronidazole when resistance
to it is low, most recently development of a capsule called
PYLERA which contains the three original medications.
(46, 47) The expected efficacy of quadruple therapy with
bismuth for 14 days is greater than 95% even though there
is high resistance to metronidazole. (52) This quadruple
therapy is recommended as a second-line or first-line regimen when there is an allergy to penicillin, when resistance
to clarithromycin is greater than 15%, and when there is
dual resistance to clarithromycin and metronidazole. (46)
It is also recommended as second-line therapy after a firstline therapy has failed. (46)

How can Helicobacter pylori eradication therapies be improved? 429

Recently, bismuth has been added to triple therapies to
counteract resistance to clarithromycin and levofloxacin.
(53, 54) This strategy is recommended in the Colombian
guidelines, (55) but the initial studies were done in Italy
and later in Spain. (56) Studies in China and Turkey have
failed to demonstrate any advantages from adding bismuth
to first-line triple therapies when there is resistance to clarithromycin or levofloxacin. (57, 58)
Rifabutin
Rifabutin, a metabolite of rifampicin, is similar to rifamycin. (59) It was discovered more than 20 years ago and
has been used in fourth-line or salvage H. pylori eradication schemes. (40, 59-61) Its bioavailability is low, and it
has a large volume of distribution. (59) It is characterized
by greater intracellular penetration capacity and tissue
distribution than rifampicin, probably because it is more
lipophilic. (59) It acts on the β subunit of the RNA polymerase dependent on bacterial DNA to inhibit synthesis
and transcription of proteins. (59, 61, 62) Resistance of H.
pylori to this medicine is only 1%, (50) but its drawbacks
include high costs, lack of easy availability in many places,
and adverse side-effects in more than 20% of patients. The
most feared side-effect is myelotoxicity which occurs with
doses of 600 mg per day or more and which disappears
upon discontinuation. (63)
Furazolidone
Furazolidone, a broad spectrum nitrofurans antimicrobial,
(64) inhibits monoamine oxidase, is very effective against
various microorganisms, and is very economical. (64-66)
Its disadvantage is lack of availability. (64-66) Initially used
in gastroenterology to treat diarrhea, (67) it has demonstrated efficacy against H. pylori, especially when it is used with
bismuth. (67) Nevertheless, it frequently produces adverse
effects when it interacts with soy derivatives and mature
cheeses. Side-effects ranger from mild symptoms such as
nausea and emesis to serious events such as hypertensive
crisis and seizures. (64, 67) This drug has been widely used
in treatment schemes in China, Iran and Colombia. (6468) Reported resistance in China is from 0% to 1% while in
Brazil it is 3% on average. (39, 67)
DURATION OF ERADICATION SCHEMES
The initial duration of the STT was 14 days, but due to pressure from the pharmaceutical industry it was shortened to
seven days because of commercial advantages. However,
shorter duration is associated with lesser effectiveness.
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Reviews of 7-day therapies induced an increase to 10 days,
but success of these schemes progressively decreased as
resistance to clarithromycin, metronidazole and, ultimately, levofloxacin increased. (46) In the last decade, SST’s
efficacy has become unacceptable (<80%). (45) Since 4th
edition of the Maastricht consensus report, it has been
recommended to extend duration to 14 days to increase
efficiency by 5% on average. (53) Most studies have consistently demonstrated the advantages of longer duration.
(24) A 2013 Cochrane metaanalysis has shown that an
STT of 14 days is superior to those of 7-10 days by a 10%
margin. (69) Extension of duration also increased adverse
events from 15.5% to 19.4%, although they did not result in
treatment discontinuations. (69) Other types of schemes
have also been shown to be more successful when durations
are increased to 14 days from shorter times. The only likely
exception is quadruple therapy with bismuth, whose duration of 10 days remains effective. (70) The current recommendations of the most important international consensus
on eradication of H. pylori and of the Colombian guidelines is that the duration for all therapy schemes, except
those containing rifabutin, be 14 days. Those containing
rifabutin can be 10 days. (38, 52-55, 70, 71)
WHICH ERADICATION SCHEME SHOULD BE TRIED
FIRST?
Ideally, H. pylori treatment should be chosen on the basis
of susceptibility testing in a manner to the selection of
treatment for any infectious disease. (16) However, culturing gastric biopsies and molecular methods such as
polymerase chain reaction (PCR) and in-situ hybridization are not available everywhere, so treatment must be
initiated empirically. (46, 47, 55, 72, 73) Given this reality,
the choice of therapy scheme should take into account the
pattern of local resistance to antibiotics and should ideally
consider whether effectiveness of the scheme to be used
has been demonstrated independently of international
consensus or guidelines. The treatment chosen must have
a minimum efficacy of 90%. (74) To date, no scheme is
100% effective which is why second, third line and rescue
treatments are needed. (40) The various schemes are described below.
Classic Quadruple Therapy
Classic quadruple therapy lasts 14 days and consists of a
PPI twice a day, 550 mg of bismuth subsalicylate either four
times/day or twice a day, 500 mg of metronidazole three
times/day, and 500 mg of tetracycline HCl four times/day.
(11, 46, 53 , 54, 56, 70, 71) Bismuth can be given twice a day.
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Hybrid Therapy
Hybrid therapy consists of two seven-day phases. (11, 66,
74). During the first seven-day phase, standard doses of
amoxicillin are taken three or four times a day and a PPI
is taken twice a day. In the second phase, two other antibiotics, usually 500 mg clarithromycin and 500 mg metronidazole or tinidazole, are also taken twice a day. Hybrid
therapy’s effectiveness is 97%. (75) When there combined
resistance to clarithromycin and metronidazole is greater than 9% (dual resistance), efficacy is less than 90%.
(66) Recently, a 15-day hybrid therapy scheme studied
in Colombia achieved an efficacy of 94%. (76) It included
500 mg of amoxicillin four times/day and 40 mg of esomeprazole twice a day for 15 days with the addition of two
tablets of bismuth subsalicylate and 100 mg of Vibramycin®
twice a day for the last ten days.
Concomitant Therapy
Concomitant therapy, the most commonly used scheme,
combines PPIs with amoxicillin, clarithromycin and
metronidazole. (46, 53, 54, 70, 71) It is recommended
because dual resistance to clarithromycin and metronidazole is infrequent. (26, 46, 53, 54, 70, 71) When there is
dual resistance, efficacy decreases markedly. (66, 74, 77)
The scheme’s overall efficacy is 88% -90%. (38, 46) As
mentioned, a new strategy that began in Europe adds bismuth to different triple therapies to counteract resistance
to clarithromycin and levofloxacin. It is currently valid and
is recommended in the Colombian guidelines. (53-56)
Standard Triple Therapy
This which includes a PPI, amoxicillin and clarithromycin
scheme was very popular in recent decades, (53-55, 70, 71)
but currently must be administered for 14 days when the local
resistance level to clarithromycin is less than 15%. The scheme
is amoxicillin 3-4 times/day, a PPI and 500 mg of clarithromycin twice a day. (53-55) If local resistance is more than 15%,
two chewable tablets of bismuth subsalicylate (Bisbacter®)
should be added before breakfast and dinner. Alternatively,
clarithromycin can be replaced with 500 mg of levofloxacin/
day. If the resistance to levofloxacin is greater than 20%, bismuth at the dosage described above can be added.
FIRST, SECOND AND THIRD LINE CHOICES
First Line Treatments
First line treatments, the initial treatment, should be based
on susceptibility tests. (10, 46) When they are, efficacy by

intention to treat (ITT) is 94.7% (95% CI: 88.8% -100%)
and efficacy per protocol (PP) is 96.4% (95% CI: 91.5%
-100%) compared to 71.9% (95% CI: 60.2% -83.5%) and
73.2% (95% CI: 61.5% -84.8% ) for empirical therapies.
(78) When clarithromycin resistance is less than 15%, triple
therapy with clarithromycin plus amoxicillin and PPI may be
used for 14 days. (53) If it is greater than 15%, it is recommended that clarithromycin be replaced with levofloxacin or
alternatively that bismuth be added. (53, 54, 70, 71) Bismuth
can be in the form of two chewable tablets of subsalicylate
(Bisbacter®) before breakfast and two more before dinner.
In Colombia, the rate of resistance to clarithromycin is
20.5%, (79), the rate of resistance to levofloxacin is 27.3%,
(80) and the rate of resistance to metronidazole is over
80%. (43) With this particular profile of resistance, the
recommendation is to add two chewable tablets of subsalicylate (Bisbacter®) before breakfast and two more before
dinner to the 14 day triple therapies. Quadruple therapies
with bismuth do not need susceptibility testing. (52)
Second and Third Line Treatments
When a first-line treatment fails, the second-line treatment
is chosen from among the schemes that do not include the
antibiotics used in the first line. Third-line treatments are
chosen according to the same principle. Other possibilities
include classical quadruple therapy, concomitant therapy
or hybrid therapy. (40)
Rescue Treatments
Rescue treatments are the fourth line used when the first three
treatment lines have failed. (40) The antibiotic used in these
schemes is furazolidone or rifabutin. (53, 54, 70, 71, 81)
The recommended dose of furazolidone is 100 mg three
times a day for 14 days. (43, 64-66) It is used in quadruple
therapies with a PPI, bismuth, two to four 4 times a day, and
either amoxicillin or tetracycline. (43, 64-66) This medication has been used in Colombia in 14 day quadruple therapy with eradication rates of 86% (95% CI: 65% -94%) for
amoxicillin (82) and 91% for tetracycline. (83) The is 850
mg of amoxicillin three times a day or 500 mg of amoxicillin every 6 hours, 100 mg of furazolidone three times a day,
two chewable tablets of subsalicylate (Bisbacter®) before
breakfast and two more before dinner, and a PPI twice a day.
For those who are allergic to penicillin, 500 mg of tetracycline every six hours replaces amoxicillin in the scheme.
Despite its efficacy, furazolidone is underused due to fear
of adverse effects including speculation that it may have
oncogenic effects (Although, there is no evidence for this.)
(63, 65, 66, 84, 85) The International Agency for Research
on Cancer of the WHO (IARC) has included furazolidone
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First line treatment

Molecular cultures available
Yes
Treatment according to antibiotic
susceptibility

No
Treatment according to local
pattern of resistance

Colombia:
Resistance to clarithromycin > 15%
Resistance to metronidazole > 40%
Resistance to levofloxacin > 20%

Triple therapy plus Bismuth for 14 days

Resistance to clarithromycin

>15 %

<15 %

Triple therapy for 14
days

Triple therapy for 14
days

Use levofloxacin
instead of
clarithromycin

Add Bismuth

Treatment fails

Second line treatment – treatment
not previously used
Alternative treatments:
Classical quadruple therapy
Concomitant therapies
Hybrid therapies

Treatment fails

Tratamiento de tercera línea
Tratamiento no usado previamente

Treatment fails
Furazolidone for fourteen days
Amoxicillin or tetracycline
Bismuth
PPIs

Rescue treatment

Rifabutin for 10 days
Amoxicillin or tetracycline
Bismuth
PPIs

Figure 1. Flowchart of suggested H. pylori treatments
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in category 3, “Not classifiable as a carcinogen for humans”.
(84) More recent studies have confirmed furazolidone’s
safety. (46, 64, 84)
Rifabutin
Schemes with rifabutin call for 150 mg of rifabutin, amoxicillin, and a PPI twice a day for 10 days. (86) This triple
therapy’s efficacy is 79% as a rescue treatment after three
or four other schemes fail, (55) but the addition of bismuth increases efficacy to 96.6%. (87) Rifabutin is chosen
for rescue therapy schemes for patients with important or
serious pathologies such as complicated peptic ulcers, gastric MALT lymphomas and histories of CG. (55)
Figure 1 below shows a flow chart of suggested treatment
schemes for H. pylori.
Probiotics
Probiotics are live microorganisms or substances produced
by them that have beneficial effects. (21, 88) They have
been used as adjuvants to antibiotic H. pylori eradication
therapy whose attributed benefits include stimulation of
the immune response, modulation of the microbiota and
decreased adverse effects from antibiotics. (21) The species that has been studied most is Lactobacillus spp. Some
studies have found improved efficacy rates, (88) and other
studies and metaanalyses have confirmed the benefit of
probiotics. These also include Biffidobacterium spp. and
Saccharomyces boulardii. (88, 89). The latter recently
attracted attention when a 2015 metaanalysis covering
more than 2200 participants found that the relative risk
(RR) of success in the eradication of H. pylori in the group
receiving this supplement was 1.11 (95% CI: 1.06-1.17)
and that the RR of adverse effects related to therapy was
0.44 (95% CI: 0.31-0.64). The RR for diarrhea was 0.51
(95% CI: 0.42-0.62). (89) Probiotics’ mechanisms of
action are not entirely clear and multiple strains, doses, and
duration of probiotic therapy have been studied. (90)
Currently there is no clear picture or uniform recommendation for use of these products. The Maastricht consensus only considered some specific strains to be useful for
increasing efficacy and reducing the occurrence of adverse
effects related to antibiotics, (52) but neither the Toronto
consensus nor the Spanish guidelines recommend probiotics. (54, 71)
Biofilm’s Importance
Similar to microorganisms such as Pseudomonas aeruginosa and Staphylococcus aureus, H. pylori produces biofilm
aggregates of organisms growing together to take advantage
of surfaces or interfaces. (91) The biofilm is an ancient and
integral component in the prokaryotic life cycle and is
currently seen as an independent virulence factor which is

recognized as a cause of exacerbation of chronic respiratory
infections. (4) Biofilm notably favors H. pylori by making
it difficult for antibiotics to reach the bacteria, decreasing
replication due to the limitation of nutrients and protecting
them from cellular and humoral immune responses. (91)
The mucolytic N-acetylcysteine (NAC) has been used to
weaken H. pylori’s biofilm, before initiation of antibiotics.
(92) An unblinded clinical trial published in 2010 used this
strategy after another treatment had failed and achieved an
efficacy rate of 65% in the NAC group while the efficacy
rate in the control group was only 20%. (93) Other biofilm degrading substances and enzymes have been tried in
in-vitro studies but their results have yet to be validated in
clinical trials. (4)
Vaccines
Vaccination has emerged as a new preventive alternative
focus in the fight against bacterial resistance. (94) H. pylori
vaccines tested in animal models have achieved acceptable
levels of protection, (23) but results in humans have varied
depending on the route of immunization and the antigens
used. (95) Recently, the first randomized double-blind clinical trial found efficacy obtained for immunogenicity to
be 71% at one year and 55% at 3 years. (96) To date, no
definitive vaccine has become available. (97)
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