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INTRODUCTION

Abstract

Treatment of Helicobacter pylori infections remains an unsolved problem in clinical practice because of the
high percentage of failures to eradicate the bacteria. The main cause is that antibiotic resistance varies with
the geographical area under study. Several techniques have been developed to study the bacteria’s sensitivity
in vitro, but they are difficult to use in clinical practice, and they are costly. It is also important to recognize
that sensitivity in vitro is not always directly related to sensitivity in vivo. Nevertheless, these techniques
can help improve the results of eradication. This article reviews the mechanisms of resistance and reviews
articles published in Latin America on in vitro resistance to the antibiotics most frequently used in eradication
schemes. The review found 35 studies in Latin America with a total of 3,358 isolates. Forty-eight percent of the
studies used the E-test for sensitivity, 37% used agar dilution, and 8% used agar diffusion. The studies show
considerable heterogeneity with important differences among countries in the region and even among studies
in the same country. In vitro resistance to metronidazole was 65.7%, in vitro resistance to amoxicillin was 6.5
in vitro resistance to clarithromycin was 14%, in vitro resistance to tetracycline was 8.3% to, in vitro resistance
to levofloxacin was 39% and in vitro resistance to furazolidone was 6.9%.
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other antibiotics such as levofloxacin. Bacterial resistance is
the main cause of the failure of antimicrobial therapy (6, 7).
Poor adherence is another cause of eradication failure (3, 4):

Helicobacter pylori (H. pylori) infections are considered to
be the main cause of chronic gastritis, peptic ulcers, MALT
(mucosa-associated lymphoid tissue) lymphomas and gas-
tric adenocarcinoma (1,2).

Currently, the most commonly used first line schemes
for treating these infections are triple therapies consisting
of proton pump inhibitors (PPIs), amoxicillin, metroni-
dazole, and clarithromycin in schemes that last from seven
to fourteen days. Other schemes that have been proposed
include sequential therapy, concomitant therapy and qua-
druple therapy. In many parts of the world eradication rates
for these schemes are considered unacceptable, as are eradi-
cation rates for second and third line schemes that include

The resistance of H. pylori bacteria might be primary
(natural) which means that the antibiotic has an intrinsic
incapacity to eradicate the infection from the start, or it
could be secondary resistance acquired after treatment
with an antibiotic to which the bacteria is sensitive.

The resistance developed by H. pylori is essentially due
to chromosomal mutations. Resistance is transmitted ver-
tically within a bacterial population from resistant cells
to their offspring which results in progressively increasing
resistance. Unlike resistance due to chromosomal muta-
tion, resistance resulting from plasmids is rapidly transmit-
ted through horizontal diffusion throughout any bacterial
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population that acquires it (11, 49). The genes implicated
in chromosomal mutations of H pylori have been identi-
fied and have a number of specific mutations that can be
detected by molecular methods (49).

Lab techniques that detect resistance in vitro are divided
into phenotypic methods and genotypic methods. Most
publications report the use of phenotypic methods.

There are two groups of phenotypic methods: diffusion
and dilution.

Diftusion techniques, including the Kirby-Bauer method,
are qualitative tests that do not determine the minimum
inhibitory concentration (MIC) to which the microorgan-
ism is sensitive. The MIC is defined as the lowest amount
of antibiotic that inhibits bacterial growth and is expressed
in micrograms of antibiotic per milliliter of culture medium
(ug/ml or mg/l). The Etest (previously known as the
Epsilometer test), stands out among diffusion techniques
because it has a good correlation with the reference method
even though it may overestimate resistance of H. pylori to
metronidazole (8).

Unlike diffusion techniques, dilution techniques deter-
mine the MIC. Table 1 shows the MIC data for each anti-
biotic employed in treatment of H. pylori infections (9, 10).

Table 1. Sensitivity and resistance figures for the agar dilution technique
for H. pylori to different antibiotics used for its eradication.

Antibiotic Sensitivity (mg/L)  Resistance (mg/L)
Metronidazole 05220 8.0
Amoxicillin 0.06 20.25 1.0
Clarithromycin 0.016 2 0.50 1.0
Tetracycline 05a20 4.0
Levofloxacin 0.25a0.5 1.0

Dilution in agar is the most widely used technique and
is considered to be the gold standard by the Clinical and
Laboratory Standards Institute (CLSI). The interpretation
of the MIC of each antibiotic must be compared to cut-oft
points determined by international committees.

Two genotypic methods are used for resistance detec-
tion: polymerase chain reaction (PCR) and restriction
fragment length polymorphism (RFLP) molecular tests.
Both can be applied in samples of the gastric mucosa or
samples of human feces. These methods establish resis-
tance more quickly because of their capacity to determine
specific changes in the bacterial genome that provide anti-
biotic resistance.

This review presents studies published in Latin America
and the Caribbean about the resistance of H. pylori found
through the use of different in vitro technique. We consider
it important to understand the regional situation since it is
a fact that resistance varies in different regions of the world.

218 Rev Col Gastroenterol / 29 (3) 2014

MATERIALS AND METHODS

Searches of scientific publications in Latin American
countries and the Caribbean were done in MEDLINE,
BIREME, LILACS and SCIELO databases. Searches tar-
geted articles in Spanish, Portuguese and English about in
vitro resistance of H. pylori to the antibiotics most widely
used in treatment schemes.

The publications were organized by publication date,
country, number of samples, lab technique and antibiotic.
The search period was from 1995 and 2002.

RESULTS

There were 35 published articles found in these data bases
that reported tests on a total of 3,358 samples. Of these
3,262 came from adults, and 96 came from children (12-
46). The number of samples per study ranged from 395 to
18 with an average of 96 samples.

There were nine articles from Brazil, eight from
Colombia, five from Mexico, four from Chile, and one
each from Peru, Costa Rica, Ecuador, Jamaica, Paraguay,
Uruguay and Venezuela.

The Etest was used in 17 studies (48%), agar dilution in
14 studies (37%) and disc diffusion in three (18%).

The resistance mechanisms and the results from these
Latin American countries are presented below.

Metronidazole

Metronidazole is a heterocyclic compound with a five car-
bon nuclei and one nitro radical (NO,). Nitroimidazoles
are activated when they enter into a cell with the help of
the NADPH nitroreductase enzyme. Within the cell they
are transformed into imidazole intermediaries which cause
structural damage to the DNA, inhibit acid synthesis, and
lead to cell death (47).

Mutations involving stop codons or substitutions inac-
tivate the rdxA gene which normally encodes oxygen-
insensitive NADPH nitroreductase. In some cases, the frxA
gene promotes resistance and in other cases it also presents
mutations along with rdxA (48).

Twenty-six of the studies found in Latin America were for
metronidazole. They reported on 2,263 isolate: 2,212 from
adults and 51 from children (12-30, 32, 35, 37, 38, 40-42).
The prevalences reported range from 97.6% in Colombia
(29) to 12.5% in Chile (42). There are also notable differ-
ences within countries and within sub-regions.

The prevalence of resistance in three out of four studies,
from Mexico and Central America was greater than 50%.
In the study from Jamaica it was 33%. The Brazilian stud-
ies all reported more than 50%. In Colombia, the preva-

Original articles



lence of resistance ranged from 82% to 97.6% (13, 29, 30,
32,33, 38).

In the south of Latin America the prevalence of resis-
tance reported were 38% in Argentina, 12% in Chile, 33%
in Paraguay and 38% in Uruguay (32,41,27,34).

Table 2 presents a summary of these studies.

The prevalence of the resistance published for met-
ronidazole in developed countries shows prevalence of
resistance in Europe of 20%, 40% in the USA, and 12%
in Japan.

Table 2. General antibiotic resistance of H. pylori in Latin America, according to the published study and the employed lab technique.

Year Country  Isolate  Technique Metro Amo Clar Tetra Levo Furaz Ref Author
n= % % % % % %

1996 Peru 61 AD 61 5 0 Vasquez
1998 Col 84 Etest 82 Gutiérrez
1998 Mex 31 AD 54 0 0 Lopez
2000 CR 51 AD 63 0 6 20 Rivas
2000 Bra 90 AD 42 29 7 7 4 Mendoca
2001 Mex 195 Etest 80 18 24 Torres
2001 CR 50 AD 12 Bosques
2001 Chi 91 DD 42 0 2.2 Gonzalez
2002 Bra 92 AD 8 12 9 3 Eclisato
2002 Bra 202 AD 53 10 Prazeres
2002 Mex 62 Etest 371 0 8.1 0 Garza
2003 Ven 45 Etest 45 7 7 Urrestarazu
2003 Ecu 42 Etest 81 0 9.5 0 Debbets
2003 Bra 155 AD 55 38 16 9 13 Ortiz
2004 Jam 48 AD 33 8 Lee
2007 Par 46 Etest 33 2 2 Farifias
2007 Chi 50 AD 45 22 45 Vallejos
2008 Col 84 DD 97.6 9.5 63.1 85.7 Yepes
2009 Col 106 Etest 82 1.9 3.8 0 Alvarez
2009 Col 63 DD 15 Henao
2009 Col 88 Etest 88 0 2.2 0 Alvarez
2009 Col 53 Etest 72 Henao
2009 Uru 71 Etest 36 0 12 0 Torres
2010 Arg 299 AD 38 0 28 0 Vega
2010 Bra 111 Etest 16.5 Lins
2010 Bra 45 Etest 13 4 27 0 Garcia
2010 Col 79 Etest 81 3.8 17.7 Trespalacios
2010 Chi 41 AD 26.8 Toledo
2011 Bra 39 Etest 51 0 8 0 23 0 Einsind
2011 Mex 90 Etest 19 55 Ayala
2011 Chil 99 Etest 12.5 2.3 9.1 0 Otth
2011 Per 95 AD 37 Machizuki
2011 Bra 45 Etest 26.7 Scaletski
2012 Col 203 AD 205 19.8 Figueroa
2012 Bra 395 terDNA 0 Suzuki
Total 3358 1397 135 321 158 72 26

% 96 65.7 6.5 14.0 8.3 39 6.9

AD= Agar Dilution, DD=Disk diffusion, Etest= epsilon test, Metro=metronidazole, Amo=amoxicillin, Clar=clarithromycin, Tetra=tetracycline,
Levo=levofloxacin, Fura=furazolidone, Arg (Argentina), Bra (Brazil), Chil (Chile), Col (Colombia), CR (Costa Rica), Ecu (Ecuador), Jam (Jamaica),
Mex (Mexico), Par (Paraguay), Per (Peru), Ven (Venezuela), Uru (Uruguay)
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Resistance to metronidazole has been related to its fre-
quent use to treat parasitic diseases and dental infections and
to treat gynecological infections in women (table 3) (49, 50).

Amoxicillin

Amoxicillin is a semi-synthetic penicillin that inhibits the
synthesis of the bacterial wall which creates an osmotic
imbalance and bacterial lysis. The bactericidal action of
amoxicillin requires the bacteria to be in its replication
phase. Penicillin binding proteins located in the surface of
the cellular membrane allow the beta lactam ring contained
in the Amoxicillin to block synthesis of the peptidoglycan
of the cellular wall. Since amoxicillin is labile to acid, PPIss
improve its stability and bio-availability (47).

PBP mutations in the bacteria lead to resistance. The
PBP1A mutation presents a greater affinity for the medi-
cation and affects its antibiotic effectiveness when mani-

fested. The S414R mutation can create resistant pheno-
types by itself. Other mutations that have been reported
are S402G, E406A, S417T, T555S, N561Y, S542R, T5401
and I562V (51, 52).

Twenty Latin Americas articles about Amoxicillin were
found. In total, they reported on 2076 isolates of which 51
came from children. The prevalence of resistance varies
from 0% to 38% (25). The highest prevalences of resis-
tance were reported in Brazil (29% and 38%), (16, 25)
followed by Colombia (20.5% and 9.5%) and Mexico
(18%) (29, 45, 12). In contrast to these results, no resis-
tant strains were found in nine studies which makes it
hard to draw conclusions about whether or not resistance
to amoxicillin has increased in the region (14, 15, 19, 22,
24,32, 34, 35, 40).

The high prevalences of resistance found also contrast
with prevalences reported in publications from other
regions of the world. Megraud has reported prevalences

Table 3. H. pylori resistance to metronidazole according to the lab technique.

1996 Peru 61 AD 61 Vasquez
1998 Col 84 Etest 82 Gutiérrez
1998 Mex 31 AD 54 Lopez
2000 CR 51 AD 63 Rivas
2000 Bra 90 AD 42 Mendoca
2001 Mex 195 Etest 80 Torres
2001 Chi 91 DD 42 Gonzélez
2002 Bra 202 AD 53 Eclisato
2002 Mex 62 Etest 371 Garza
2003 Ven 45 Etest 45 Urrestarazu
2003 Ecu 42 Etest 81 Debbets
2003 Bra 155 AD 55 Ortiz
2004 Jam 48 AD 33 Lee
2007 Par 46 Etest 33 Farifias
2007 Chi 50 AD 45 Vallejos
2008 Col 84 DD 97.6 Yepes
2009 Col 106 Etest 82 Alvarez
2009 Col 88 Etest 88 Alvarez
2009 Col 53 Etest 72 Henao
2009 Uru 71 Etest 36 Torres
2010 Arg 299 AD 38 Vega
2010 Bra 45 Etest 13 Lins
2010 Col 79 Etest 81 Trespalacios
2011 Bra 39 Etest 51 Einsind
2011 Mex 90 Etest 19 Ayala
2011 Chil 99 Etest 12.5 Otth
Total 1397 65.7

AD= Agar dilution, DD=disk diffusion, E test= epsilon test

220 Rev Col Gastroenterol / 29 (3) 2014

Original articles



ranging between 0.0% and =.9% from 18 studies in Europe,
Asia, the USA and the Middle East.

In Taiwan, an amoxicillin resistant strain with the bla__
gene has been detected. This gene codes for TEM-1 which
is a beta lactamase, the class of enzymes responsible for
most resistance to penicillin and penicillin derivatives. The
MIC of this strain is 256 mg/1(53).

Clarithromycin

Clarithromycin is a synthetic macrolide that inhibits the
synthesis of bacterial proteins by binding to S0S ribosomal
sub-units where it inhibits the translocation of transfer
RNA used in the synthesis of polypeptides.

Resistance to clarithromycin is due to a single point
mutation in 23S rRNA. The mutations responsible for
90% of the cases of resistance are produced because of the
substitution of adenine by cytosine or guanine in position
2142 (A2142C or A2142G) or by an adenine for a gua-
nine in position 2143 (A2143G). Other mutations such as
A2143G are less frequent.

The in vitro frequency of these mutation fluctuates
between 3.2 X 107 to 6.0 X 108, but in vitro results do not
always predict in vivo results because in vivo results may be
greater due to oxidative stress.

Another resistance mechanism that has been described is
the cellular efflux systems. It has been proposed that mul-
tiple drug resistance is intrinsic to efflux systems. PPIs may
inhibit the activity of bacterial efflux pumps, and their use
has decreased MIC values for clarithromycin, metronida-
zole, amoxicillin and furazolidone in multi-resistant isolate.
27 studies were found in Latin America with a total of 2292
H. pylori isolate.

We found a total of 27 Latin American studies that dis-
cussed Clarithromycin resistance and a total number of iso-
late studied of 2,292. The highest prevalences were observed
in Mexico, Colombia, Argentina and Brazil (17, 29, 35, 44).

Several studies using phenotypic and genotypic lab tech-
niques have been published in Colombia. The first publi-
cation in 2008 used a disc diffusion technique. It reported
63.1% prevalence of resistance. This percentage is consid-
ered to be too high, and only one other study, published in
Peru in 199, had 50% prevalence of resistance. These high
percentages have not been found in more recent studies.
Another Colombian study done in the same geographical
region in 2009, and which also used a disc diffusion tech-
nique, reported a 15% prevalence resistance (12,29, 31).

Table 4 summarizes the 27 studies of in vitro resistance
to Clarithromycin.

Tetracycline

Tetracyclines inhibit bacterial protein synthesis by bond-
ing to ribosome subunit 30S where they inhibit amino acid
binding in the process of polypeptide chain formation.

A single point mutation at the rRNA 16S gene is
responsible for tetracycline resistance. This gene codes
for ribosomal ribonucleic acid 16S. Mutations prevent
the binding of aminoacylated transfer RNAs to ribosomal
sites. Mutations are found in the base triplet adenine, gua-
nine, adenine in positions 926 to 928 (AGA 926-928) of
the rRNA 16S gene in the so-called C box. Mutations in
positions 965 to 967 that code for flow protein TetA (p)
decrease the affinity of the antibiotic (6, 10, 54).

Twenty Latin American studies discussing tetracycline
resistance were found. They reported results for a total of
1,903 isolates. In the studies performed with the agar dilu-
tion technique in Brazil between the years 2000 and 2003,
the resistance varied from 0% to 9%; in Argentina, Peru and
Mexico the resistance was 0%. In Chile, the resistance was
26.8% found an unusually high resistance.

The studies performed with the Etest technique in
Colombia, Chile, Ecuador and Uruguay found 0% resis-
tance, but one study using the Etest technique in Venezuela
found 7%.

In Colombia, a study performed with the disk diffusion
technique with 115 isolates showed resistance in 85.7% of
the samples, but this was the only study performed (12, 14,
16,20, 23-25,28-30, 32, 34, 35, 42).

Levofloxacin

Fluoroquinolones act by inhibiting bacterial topoisom-
erases. Topoisomerase IV and DNA gyrase are Type II
topoisomerases which consist of two polypeptide subunits,
gyrA and gyrB encoded by the gyrA and gyrB genes. DNA
gyrase helps remove the DNA’s supercoiling at the begin-
ning of replication and maintains the DNA's helical struc-
ture. The quinolones stop replication of DNA by inhibiting
subunit A of DNA gyrase in the region that determines the
resistance to quinolones QRDR (Quinolone Resistance
Determining Region). Mutations in the gyRA gene at posi-
tions 91 (Asp91Gly, Asn, Ala o Tyr), 87 (Asn87Lys) and
88 (Ala88Val) are in this region. They create resistance to
levofloxacin. Mutations in positions 91 and 87 have been
found to be present in 100% of the resistant isolates (56).
Three publications, one each from from Costa Rica, Brazil
and Peru, were found. The highest prevalence of resistance
was 37% in Peru (18, 40, 43).
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Table 4. H. pylori resistance to clarithromycin according to the lab technique.

Year Country Technique Isolate Resistance % Author
2000 Costa Rica AD 63 6.0 Rivas
2000 Brazil AD 90 7.0 Mendoca
2001 Mexico Etest 195 24 Torres
2001 Chile DD 91 2.2 Gonzalez
2002 Brazil AD 92 12 Eclissato
2002 Brazil AD 202 10 Prazeres
2002 Mexico Etest 62 8.1 Garza
2003 Venezuela ETest 45 7.0 Urrestarazu
2003 Ecuador Etest 42 9.5 Debbets
2003 Brazil AD 155 16.0 Ortiz
2004 Jamaica AD 48 8.0 Lee
2007 Paraguay Etest 46 2.0 Farifias
2007 Chile AD 50 22 Vallejos
2008 Colombia DD 83 63.1 Yepes
2009 Colombia Etest 106 3.8 Alvarez
2009 Colombia DD 63 15 Henao
2009 Colombia Etest 88 2.2 Alvarez
2009 Uruguay Etest 7 12.0 Torres
2010 Argentina AD 299 28 Vega
2010 Brazil Etest 111 16.5 Lins
2010 Brazil Etest 45 27 Garcia
2010 Colombia Etest 79 17.7 Trespalacios
2011 Brazil Etest 39 8.0 Einsind
2011 Mexico Etest 90 5.5 Ayala
2011 Chile Etest 99 9.1 Otth
2011 Brazil Etest 45 26.7 Scaletski
2012 Colombia AD 203 19.8 Figueroa
Total 321 14

AD=dilucion en agar; DD= difusién en disco; E test= épsilon test.

In Europe, two studies in France found prevalence of
resistance to be 3.8% and 3.3%. One study in Holland
found prevalence of resistance at 4.7%, but one in Portugal
found prevalence of resistance to be 20.9% which is the
highest level of resistance rate in Europe. The resistance is
crossed with other quinolones (42, 55).

In Taiwan, resistance has quadrupled from 3.2% in 2004
to 16.3%. In Europe, the average resistance reported in
2009 was 14.1% (4% to 28%) (S).

Furazolidone
Furazolidone is a synthetic medication derived from furan.

Furazolidone’s action mechanisms intervenes with the
enzymatic systems of bacteria by inhibiting monoamine
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oxidase and decreasing bacterial processes of oxidation.
Its secondary metabolites damage RNA. Furazolidone has
been used as an alternative antibacterial when high rates of
metronidazole resistance have been observed (20).

Mechanisms of resistance to furazolidone are not clear.
The bacteria use reductases other than those related to the
metronidazole (RdxA, FrxB, FdxB) resistance. Two poten-
tial reductases are pyruvate-flavodoxin oxidoreductase
and the 2-oxoglutarate reductase which may be essential
enzymes for bacteria. This might explain the low mutation
rate and therefore the low resistance rate to furazolidone
reported in most studies.

There are few studies of furazolidone resistance in Latin
America, and most of these have been done in Brazil.
Prevalence of resistance was reported at 4% in 2000 and
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7.5% in 2002. A study by Queiroz and Colsno in the state
of Sao Paulo in 2002 reported no resistant isolates. Godoy
Ortiz and collaborators found a prevalence of resistance of
13% in 2003. This is double the prevalence found in other
studies performed in the same geographic region (16, 58).

DISCUSSION

The antibiotic resistance of H. pylori is a growing problem
worldwide: it is the main cause of eradication failure of
all current schemes. Resistances vary geographically, and
in vitro studies of resistance are complex and expensive
which limits the possibility of performing these studies in
clinical practice. The genes compromised by chromosomal
mutations that create most of the resistance to antibiot-
ics are transmitted vertically to their offspring in bacterial
populations. Most are single point mutations which can be
detected by molecular methods based on real time PCR
techniques. In the future, these techniques may become
more available in clinical practice. This could allow more
focused treatment of an infection whose eradication con-
tinues to be an unsolved problem.

Since most studies come from other regions in the world,
we considered studies in Latin America in the Caribbean
that show our continent’s situation to be especially impor-
tant. This review spanned a 16 year period and included
publications in three different languages. The fact that
thirty-five published studies were found shows that the
region is not foreign to study of antibiotic resistance.

Resistance to clarithromycin is currently considered to
have the greatest impact on eradication failure. The twenty-
seven studies found in Latin America reported prevalences
of resistance ranging from 2.0% to 63.1% although it should
be noted that the results of most studies do not support
these extreme percentages.

The most important risk factor for the development
of resistance to clarithromycin is previous consumption
of macrolides. Increased resistance in children has been
related to the frequent use of these antibiotics for respira-
tory infections (49). The use of clarithromycin must be
considered solely for patients who have not been treated
previous with macrolides.

The most promising method for detecting clarithro-
mycin resistance is real time PCR detection based on the
amplification of mutant gene 23S rRNA.

The 26 studies in Latin America of in vitro resistance
to metronidazole also showed varying results that ranged
from 97.6% in Colombia (29) to 12.5% in Chile (42).
Other notable differences were found between a regions
within countries. Unlike studies of resistance to clarithro-
mycin, in vitro studies of resistance to metronidazole have
been questioned because phenotypic methods are limited

by a high level of reproducibility of failure with discrepancy
percentages of 10% to 20% (49).

In the twenty Latin American studies found for tetracy-
cline, resistance rates varied from 0% to 9% except for one
study in Chile with 26.8% and one in Colombia of 85.7%
which used the disk diffusion technique. This high per-
centage has not been reproduced in any other study which
could have the effect of causing continued use of tetracy-
cline in the belief that resistance to it is low.

The twenty Latin American studies of amoxicillin found
reported resistance rates ranging from 0% to 38%. Low resis-
tance rates have been documented worldwide, and a lot of
studies in Latin America found 0% resistance. Nevertheless,
despite the wide range of reports, if the high resistance
percentages of some studies are confirmed, it would be an
alarming situation. This could compromise the use of amoxi-
cillin in most schemes even though it is currently considered
fundamental due to its effectiveness and low cost.

The three studies of levofloxacin found in Latin America
reported high resistance percentages of 37% and 39%.
The small number of studies must be taken into account
together with the fact that its use is generally considered
only for second line schemes since it is an expensive medi-
cation. The exceptions are for patients who have previously
used macrolides and in geographical regions where resis-
tance to clarithromycin is higher than 20% and resistance
to quinolones is less than 10% (57).

The studies of furazolidone found ranges between 0%
and 13%. The scant number of studies were mostly done
in Brazil. Furazolidone has emerged as a useful antibacte-
rial for treating H. pylori because it is inexpensive and
available almost everywhere on the continent even though
only selected cases can benefit from its use. The use of fura-
zolidone has been prohibited in European countries due to
findings of possible DNA alteration and to its relation to
carcinogenesis.

This review assembles a wide number of publications
of in vitro resistance to H. pylori in Latin American and
the Caribbean. Many of these publications have not been
widely disseminated because they are not in English. These
studies show that, similar to other continents, in Latin
America there are high levels of resistance to many antibi-
otics (59). This is alarming because of the high prevalence
of H. pylori infections combined with the high prevalences
of severe diseases that related to H. pylori infection such as
pre-neoplastic lesions and gastric adenocarcinoma. Within
Latin America there are profound differences in economic
development and in the availability and quality of health
services. In addition, marked inequality exists between
urban and rural areas. Useful and reasonably priced medi-
cations are required. The studies conducted in this region
pose a continuous challenge to Latin American doctors and
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create the need to continue research into ways to improve
eradication results in our countries.
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