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Summary

Introduction. Helicobacter pylori is responsible for a
highly prevalent bacterial infection in developing coun-
tries, and its adequate pharmacological treatment is essen-
tial to prevent serious complications such as gastric cancer.
However, at present, the usual treatment has significant
Jailure rates, and its main factor is bacterial resistance.

Aim. To identify the frequency and risk factors for re-
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sistance to clarithromycin, amoxicillin, azithromycin,
metronidazole, and levofloxacin in patients with Heli-
cobacter pylori infection in the Gastroenterology Center,
Cuenca, between December 2020 and May 2021. Ma-
terial and methods. A Single-center observational and
descriptive study of 157 adult patients who underwent
endoscopic procedures and biopsies that were cultured to
obtain resistance rates to different antibiotics. Patients
were excluded if they did not sign the informed consent
if they had received treatment with antibiotics, bismuth
and/or proton pump inhibitors, at least two weeks before
the procedure, and if they had received prior treatment
for Helicobacter pylori, or with upper gastrointestinal
bleeding. Information was collected using a form: age,
sex, sociodemographics, and access to public services. Data
were presented in tables, with relative frequencies and
percentages. Pearson'’s Chi-square test was used to assess
the association between variables. Statistically significant
association when p < 0.05. Results. The prevalence of
H. pylori infection was 31.2% by urea test and 12.1%
by 48-hour culture. The lowest percentage of resistance
was observed for levofloxacin (0%), followed by azithro-
mycin at 16.7%; clarithromycin ar 21.1%; amoxicillin
25 mcg at 26.3%; amoxicillin 10 mcg ar 31.6% and
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with the highest percentage of resistance, metronida-
zole at 63.2%. Resistance to metronidazole and amox-
icillin 25 mcg was only significantly associated with
patient age, being higher in those older than 60 years.
Conclusions. Metronidazole had a high resistance rate in
the sample, while levofloxacin had a sensitivity of 100%.
Resistance to metronidazole and amoxicillin 25 mcg was as-
sociated with patient longevity.

Keywords. Helicobacter pylori, antibiotic resistance, antibi-
otic scheme, antibiogram.

Prevalencia y factores de riesgo
asociados a la resistencia antibiéti-
ca al Helicobacter pylori en Cuenca,
Ecuador

Resumen

Introduccion. Helicobacter pylori es responsable de una
infeccion bacteriana de alta prevalencia en los paises en
vias de desarrollo y su tratamiento farmacoldgico adecua-
do es esencial para prevenir complicaciones graves como el
cdncer gistrico. Sin embargo, en la actualidad, el trata-
miento habitual presenta tasas importantes de fracaso, y
se considera que el principal factor es la resistencia bac-
teriana. Objetivo. ldentificar la frecuencia y factores de
riesgo de resistencia a claritromicina, amoxicilina, azitro-
micina, metronidazol y levofloxacina en pacientes con in-
feccidn por Helicobacter pylori en el Centro de Gastroen-
terologia de Cuenca, entre diciembre de 2020 y mayo de
2021. Materiales y métodos. Estudio observacional y
descriptivo unicéntrico que incluyd 157 pacientes adultos
estudiados mediante procedimientos endoscdpicos y biopsias
que fueron cultivadas para obtener tasas de resistencia a
diferentes antibidticos. Se excluyeron los pacientes que no
Sfirmaron el consentimiento informado, que habian reci-
bido tratamiento con antibidticos, bismuto y/o inhibidores
de la bomba de protones al menos dos semanas antes del
procedimiento, y aquellos que habian recibido tratamiento
previo para Helicobacter pylori, o presentaron hemorragia
digestiva alta. Se recogid informacién mediante un formu-
lario: edad, sexo, sociodemografia y acceso a servicios pii-
blicos. Los datos se presentaron en tablas, con frecuencias
relativas y porcentajes. Se utilizé la prueba Chi-cuadrado
de Pearson para evaluar la asociacion entre variables. Se
considerd asociacion estadisticamente significativa cuando
p < 0,05. Resultados. La prevalencia de la infeccion por

Helicobacter pylori fue del 31,2% mediante la prueba
de urea y del 12,1% por el cultivo de 48 horas. El me-
nor porcentaje de resistencia se observd para levofloxacina
(0%), seguido de azitromicina con 16,7%; claritromicina
con 21,1%; amoxicilina 25 mcg con 26,3%; amoxicilina
10 mcg con 31,6% y, con el mayor porcentaje de resisten-
cia, metronidazol con 63,2%. La resistencia a metronida-
zol y amoxicilina 25 mcg solo se asocid significativamente
con la edad de los pacientes, siendo mayor en los mayores
de 60 aios. Conclusiones. El metronidazol presentd una
elevada tasa de resistencia en la muestra, mientras que la
levofloxacina tuvo una sensibilidad del 100%. La resis-
tencia al metronidazol y a la amoxicilina se asocid con la
longevidad de los pacientes.

Palabras claves. Helicobacter pylori, resistencia a antibid-
ticos, esquema antibidtico, antibiograma.

Introduction

Helicobacter pylori (H. pylori) infection is a global
health problem, with a high prevalence, ranging from
85 - 90% in developing countries to 30-50% in devel-
oped countries." However, its prevalence in each geo-
graphical area may differ. In Ecuador, it has been shown
that it can vary between 40.2% - 47.66% in adults.**
It is a microaerophilic, gram-negative, helicoidal bac-
terium that is transmitted via fecal-oral, oral-oral, con-
taminated food and water. Its pathogenicity is relat-
ed to its strong ability to survive in the acidity of the
human stomach (pH below 4) through the activity of
three enzymes: urease, oxidase, and catalase.” The most
important for its diagnostic utility is urease, an enzyme
accumulated in the cytoplasm of the microorganism.
This enzyme catabolizes urea into two components,
ammonia, and carbon dioxide, thus increasing the pH
(between 6 and 7) and forming an alkaline medium that
allows it to neutralize the acid and survive. The essential
protective layer of the stomach, which prevents acid ag-
gression to the mucosa, is attached to the gastric mucus.
Its pathogenicity also includes processes such as activa-
tion of the inflammatory response and evasion of the
immune system.’ This microorganism is responsible for
a wide spectrum of gastrointestinal pathologies, ranging
from non-specific disorders such as dyspepsia to pre-
neoplastic lesions. It is considered responsible for up to
90% of duodenal ulcers, a large proportion of atrophic
gastritis, 92% of MALT-type lymphomas and increases
the risk of gastric adenocarcinoma by a factor of six.
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For this reason, early treatment is important.® There are
several methods of diagnosis, but the choice of one or
the other varies greatly depending on the geographical
area. In the case of the urea breath test, it is a non-in-
vasive method that, according to the recommendations
of the Maastricht consensus, may be more cost-effec-
tive in countries with a high prevalence of infection.'
However, there are countries where the complications
of this infection are more frequent, such as Ecuador,
where the high incidence of gastric cancer justifies the
use of invasive procedures such as upper gastrointestinal
endoscopy with biopsy. Treatment is carried out with
different antibiotic regimens, depending on the pattern
of antibiotic resistance, adverse effects, or adherence,
etc. The most used regimen in Ecuador is triple thera-
py consisting of amoxicillin, clarithromycin and proton
pump inhibitors (PPIs ) with an effectiveness of approx-
imately 80%.” ® It should be noted that antibiotic ther-
apy should be initiated early as secondary prevention
of complications of this infection. However, there is a
significant rate of failure in eradicating H. pylori due to
the development of bacterial resistance. In Quito, Ecua-
dor, up to 32% of cases may be resistant to the amox-
icillin/clarithromycin combination.®? In the literature,
H. pylori resistance rates show differences according to
geographical area and vary for each antibiotic, with high
resistance found mainly against amoxicillin and met-
ronidazole.®'® Antibiotic resistance is associated with
educational, sociodemographic and cultural variables.
However, there are no studies in our environment on
the prevalence of bacterial resistance to antibiotic ther-
apy determined with the gold standard technique, i.e.
the use of cultures with susceptibility tests. The Maas-
tricht VI consensus points out the importance of local
or regional bacterial susceptibility studies to select the
most appropriate antibiotic regimen, as there is wide
geographical variability in antibiotic resistance rates and
differences between individuals depending on their pre-
vious exposure and access to antibiotics."!

Aim

The present study aims to analyze the prevalence of
antibiotic resistance of Helicobacter pylori strains and
their associated risk factors in infected and endoscopical-
ly analyzed patients.

Materials and Methods

An observational, descriptive, and cross-sectional
study was conducted, which included patients from a
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gastroenterology specialty center, located in the city of
Cuenca, Ecuador. They were selected during the peri-
od between December 2020 and May 2021, through
non-probabilistic purposive sampling, based on the ap-
plication of the selection criteria. All patients who un-
derwent upper gastrointestinal endoscopy with biopsy
during this period, who were over 18 years of age and
who signed the informed consent, were included. Pa-
tients were excluded if they did not sign the informed
consent, if they had received antibiotics, bismuth and/or
proton pump inhibitors at least two weeks prior to the
procedure, if they had received prior treatment for H.
pylori, if they had upper digestive bleeding, if there were
problems with biopsy collection, and/or if the biopsy
sample was insufficient. The endoscopic study performed
allowed the collection of samples from the antrum and
the gastric body according to the current Maastricht VI
recommendations."!

One biopsy was taken from the gastric antrum for
the rapid urease test, while two biopsies (a single biop-
sy from the antrum and one from the body) were taken
for culture, using the standardized method of preparing
a culture medium based on Columbia blood agar (Ox-
oid) plus a Campylobacter Blaser-Wang supplement,
using Stuard's transport medium (bacterial viability in
48 hours), and taken to the laboratory for culture in
less than 5 hours. The biopsy fragments were placed
in a mortar with transport medium and enrichment
broth until completely homogenized. The culture me-
dium used was Pylori Agar in combination with horse
plasma that facilitated the growth of bacteria with
PolyVitex and antibiotics, which prevented the growth
of enterobacteria, allowing only the development of
H. pylori colonies. Once the medium was prepared,
the sample was plated and incubated at 35°C under
microaerophilic conditions (low oxygen tension envi-
ronment and 10-12% CO2) for a minimum of 3 days
and a maximum of 5 days. Subsequently, streaking was
used for colony counting and streak separation for bac-
terial identification by examining discrete translucent,
on-coalescing colonies. A Gram stain study was per-
formed to confirm the presence of H. pylori by visualiz-
ing of Gram-negative, curved, or spiral-shaped bacilli.
Once the H. pylori culture was confirmed, an anti-
biogram was performed by Kirby Bauer technique, us-
ing antibiotic discs of clarithromycin (15 mcg), amox-
icillin (10 mecg), amoxicillin (25 mcg), metronidazole
(5 mcg), levofloxacin (15 mecg), azithromycin (15 mcg).
The cut-off points and standardization for the deter-
mination of sensitivity and resistance were applied
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according to the Clinical and Laboratory Standards
Institute.'” The following antibiotics were defined as
sensitive according to their halo diameter: amoxicil-
lin 2 25 mm, clarithromycin > 21 mm; metronidazole
> 21 mm, intermediate between 16 and 21 mm, and
resistant if < 16 mm. As a cut-off point for levofloxacin,
> 19 mm is sensitive and less than 17 mm is resistant.
For azithromycin, a halo > 22 mm was defined as sen-
sitive and < 16 mm as resistant.”!?

In addition, a questionnaire was administered to
each patient, in which general variables such as age,
sex, residence and educational level were collected, as
well as questions on whether they had access to drink-
ing water, sewage and the frequency of deworming,
justified by the fact that the Ministry of Public Health
of Ecuador has a prevention program that uses metro-
nidazole periodically to deworm the population in our
environment, variables that indicate environmental
conditions and unhealthy habits associated with the
prevalence of H. pylori infection.

Statistical Analysis: Based on the stated objectives,
data analysis was performed using SPSS statistical soft-
ware version 23. First, the frequency of H. pylori in-
fection and antibiotic resistance was determined. From
this information, distribution tables were generated for
all variables, as well as dispersion and location statis-
tics according to each variable, with relative frequencies
and percentages. Pearson's Chi-square test was used to
evaluate the association between variables. Statistically
significant association when p < 0.05.

Ethical Considerations: This research complies
with current medical research regulations and its de-
velopment was authorized by the authorities of the
Gastroenterology Center and the University of Cuenca
Health Area Research Bioethics Committee (COBIAS).
Informed consent was obtained from the patients for
the use of the samples collected and the collection of so-
cio-demographic information. The authors declare that
this article does not contain any personal information
that would allow the identification of participants.

Figure 1. Transport medium and culture with antibiogram

— ]
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Results

A total of 157 cultures with antibiograms were stud-
ied. Of the participants, 61.1% were female. The most
frequent age group was 40-59 years with 38.9% (n=61)
followed by the group > 60 years with 33.8% (n=53).
Residence, education, availability of drinking water
sewage and frequency of deworming are summarized in

Table 1.

Table 1. General characteristics of the study population

Variables N %
Sex
Male 61 38.9
Female 96 61.1
Age group
< 40 years old 43 27.4
40 - 59 years 61 38.9
60 years and above 53 33.8
Residence
Urban 128 81.5
Rural 29 18.5
Education level
Primary school 49 31.2
High school 43 27.4
Tertiary level 51 325
Master and above 14 8.9
Drinking water
Yes 147 93.6
No 10 6.4
Sewage
Yes 144 91.7
No 13 8.3
Frequency of deworming
Not done 51 325
Every 6 months 34 21.7
Every year 52 331
Every 2 years 20 12.7
Total 157 100.0

The prevalence of H. pylori infection was 31.2%
(n=49) by urea test and 12.1% (n=19) by 48-hour cul-
ture. Resistance patterns identified by antibiogram
(Table 2) to H. pylori positive cultures showed high re-
sistance to metronidazole with 63.2% and amoxicillin
with 31.6%.

A statistically significant association was found be-
tween age and resistance to metronidazole (X* = 6.414;
2 = 0.040) and amoxicillin 25 (X? = 6.199; p = 0.045),
with older subjects (= 60 years) having a higher preva-
lence of bacterial resistance (100% resistance to metro-
nidazole and 75.0% resistance to amoxicillin). The rest
of the variables did not show a statistically significant
association with antimicrobial resistance (Table 3).

Table 2. Bacterial resistance patterns in cultures positive

for H. pylori

Variables N %
Clarithromycin
Sensitive 15 789
Resistant 4 211
Metronidazole
Sensitive 7 36.8
Resistant 12 63.2

Amoxicilin 10 mcg

Sensitive 13 68.4
Resistant 6 31.6
Amoxicilin 25 mcg

Sensitive 14 73.7
Resistant 5 26.3
Levofloxacin

Sensitive 18 100.0
Resistant 0 0
Azithromycin

Sensitive 15 83.3
Resistant 3 16.7

744
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Table 3. Factors associated with bacterial resistance in H. pylori

Clarithromycin Metronidazole Amoxicilin 10 mcg Amoxicilin 25 mcg Azithromycin
Sensitive Resistant | Sensitive Resistant Sensitive Resistant Sensitive Resistant Sensitive Resistant
n % n % n % n % n % n % n % n % n % n %
Sex
Male 4 800 1 200] 1 200 4 80| 2 400 3 600] 3 600 2 400| 3 600 2 400
Femae |11 786 3 214| 6 429 8 571 | 11 786 3 214| 11 786 3 214| 12 923 1 77
X (p)* 0.005 (0.946) 0.827 (0.363) 2.537 (0.111) 0.655 (0.418) 2.714 (0.099)
Age
<40vyears| 7 875 1 125] 2 250 6 750 | 6 750 2 250| 7 875 1 125| 6 750 2 250
32;3 6 87 1 143| 5 714 2 286| 6 87 1 143| 6 87 1 143| 7 1000 0 0
60 years 500 2 500] 0 0 4 1000] 1 250 3 750 1 250 3 750 2 667 1 333
and above
X (p)* 2.562 (0.278) 6.414 (0.040) 4.620 (0.099) 6.199 (0.045) 2.400 (0.301)
Residency
Urban 11 733 4 27| 6 400 9 600|110 667 5 333| 11 733 4 27| 11 786 3 214
Rural 4 1000 0 o0 |1 250 3 750 3 750 1 250| 3 750 1 250 4 1000 0 O
X (p)* 1.351 (0.245) 0.305 (0.581) 0.101 (0.750) 0.005 (0.946) 1.029 (0.310)
Education level
zg'r']‘;glry 5 833 1 167| 2 333 4 667| 4 667 2 333| 4 667 2 333| 5 833 1 167
':ci%';ol 5 714 2 286| 2 286 5 714| 6 87 1 143| 6 87 1 143| 6 1000 0 0
milary 4 800 1 200| 3 600 2 400| 3 600 2 400| 3 600 2 400| 4 800 1 200
a""bf)s\}gr and 1 4000 0 0|0 o0 1 1000 0o o 1 1000] 1 1000 0 0 0 0 1 100.0
X (p)* 0,578 (0,902) 1,973 (0,578) 3,308 (0,347) 1,515 (0,679) 6,240 (0,100)
Drinking water
Yes 12 800 3 20| 6 400 9 600| 11 733 4 267| 12 800 3 200]| 11 786 3 214
No 3 750 1 250| 1 250 3 750 2 500 2 500| 2 500 2 500 4 1000 O O
X (p)* 0.048 (827) 0.305 (0.581) 0.796 (0.372) 1.466 (0.226) 1.029 (0.310)
Sewage
Yes 12 750 4 250] 6 375 10 625| 11 688 5 313| 12 750 4 250| 12 800 3 200
No 3 1000 0 o0 |1 333 2 67| 2 667 1 333| 2 667 1 333| 3 1000 0 0O
X (p)* 0.950 (0.330) 0.019 (0.891) 0.005 (0.943) 0.090 (0.764) 0.720 (0.396)
Deworming
No 6 1000 0 0 | 2 333 4 667| 3 500 3 500] 4 667 2 333| 5 833 1 167
Yes 9 692 4 308| 5 385 8 615|110 769 3 231|110 769 3 231 10 833 2 167
X2 (p)* 2.338 (0.126) 0.046 (0.829) 1.377 (0.241) 0.223 (0.637) 0.001 (0.999)

* Pearson's Chi-square test. Statistically significant association when p < 0.05.
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Discussion

This is an observational study that analyzes the prev-
alence of H. pylori infection, antibiotic resistance, and
factors associated with the latter in patients with an in-
dication for endoscopic study, in order to identify these
variables in our population. We provide the following
novel information: the prevalence of H. pylori infection
is 31.2% by urea test and 12.1% by 48-hour culture.
The difference observed between the two prevalences is
probably due to an overestimation by the rapid urease
test. In this regard, this test has been questioned for its
inability to rule out the presence of other urease-pro-
ducing bacteria in the gastric mucosa." Evidence sug-
gets that its sensitivity is low, particularly in situations
where the density of H. pylori is low."*"> Although the
48-hour culture presents better sensitivity and speci-
ficity indexes, this technique also has its disadvantag-
es, such as sample processing time, transport medium,
culture and/or incubation time. These factors could
negatively influence its diagnostic capacity.'>'® Howev-
er, they were taken into account in this study to avoid
influencing the results.

In addition, this study demonstrated significant re-
sistance to metronidazole in 63.2% of cases, amoxicillin
in 31.6% and clarithromycin in 21.1%. This resistance
is significantly associated with the older patient age. An-
tibiotic resistance due to H. pylori is frequent in Latin
America; with an estimated 80% efficacy and 32% in
vitro resistance to first-line amoxicillin/clarithromycin,
according to a study conducted in Quito-Ecuador.””

In our study, we identified the highest antibiotic re-
sistance of H. pylori against metronidazole in 63.2% of
the cases. This correlates with high levels found in other
studies in different geographical areas: Quito 63%, Co-
lombia 81%, Brazil 38.9%, Cameroon 97.85%, China
78% and Portugal 33.9%.% '3 1718 This shows a high
rate of resistance to metronidazole, in most cases high-
er than 50%. The differences are probably due to the
study design and the sociodemographic characteristics
of the populations studied. In our study, amoxicillin re-
sistance was determined in 31.6% of the strains. Similar
studies have shown great variability in resistance: Quito
43%, Colombia 3.8%, Portugal 0.6%, China 9%, Do-
minican Republic 26.76%, Cameroon 97% and Brazil
68.8%.510131718 The high variability could be explained
by the pattern of use and previous exposure to B-lact-
ams in each population studied, being one of the main
antibiotics used since childhood for the treatment of
multiple respiratory infections. In the case of resistance
to clarithromycin, 21.1% of the strains were found to

Acta Gastroenterol Latinoam 2024;54(1):70-78

be resistant. This correlates with similar levels found in
Bogota with 17.7%, Brazil with 23.2% and Germany
with 28.2%.">'7"Y However, in other areas, it can vary
significantly, as seen in Quito with 66%, in Ireland with
7.3%, and Malaysia with 0%.%'” This is probably due
to the pattern of previous use in each geographic area.
Nevertheless, this resistance should be considered im-
portant since, according to the Maastricht VI consen-
sus, the use of an antibiogram is recommended or its
use should be avoided in local resistance rates greater
than 15%."

Our study highlights the fact that 100% sensitivi-
ty to levofloxacin was found, which correlates with
the study from the Dominican Republic that found
the same situation.'” However, in China and Portugal,
they identified a resistance profile of 31% and 33.9%
respectively.'”'® This difference may be due to the wide-
spread use of fluoroquinolones in first world countries
for multiple infections, which translates into access and
previous exposure of the population. Regarding factors
associated with bacterial resistance, age was the only
factor significantly associated with metronidazole (p =
0.040) and amoxicillin (p = 0.045). Vallejos ez al. also
reported that metronidazole resistance was significant-
ly higher in subjects older than 60 years, while clari-
thromycin did not show a defined resistance pattern
across age groups.” In previous studies, Almeida ez .
and Alban ez al. observed that being female was an in-
dependent predictor of antibiotic resistance, especially
for clarithromycin and/or metronidazole.” ' Similarly,
in the study by Osato et a/. women and young adults
harbored resistant A. pylori more frequently than men
and older patients.”! In contrast, Wang et al. found a
significantly higher rate of clarithromycin resistance in
men than in women (44.4% vs. 15.2%, respectively;
OR: 4.5 p=0,002)."7 Previous and failed eradication
treatments were also associated with lower susceptibility
to clarithromycin. In addition, a history of frequent in-
fections, a first-degree relative with gastric cancer, and
a low level of education were associated with greater re-
sistance to levofloxacin.'® Another study by Gomollon
et al** observed that among patients without previous
H. pylori eradication treatment, there was a higher pro-
portion of resistance to clarithromycin in those older
than 40 years. These findings suggest that age could be a
risk factor for antimicrobial resistance, because the older
you get, the more often you use antibiotics.

Regarding the demographic area, as in our study,
Osato et al. found no significant regional differences
in antibiotic resistance.”’ However, despite the docu-
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mented risk factor represented by the consumption of
untreated or non-drinking water, the absence of sew-
erage for wastewater, or the indiscriminate use of met-
ronidazole as an antiparasitic agent, these variables did
not have a significant association with antimicrobial re-
sistance in this study.?* %

Some of the limitations recognized in our study are
that we did not use the dilution method preferred by
the European Committee for Antimicrobial Suscepti-
bility Testing (EUCAST), so the minimum inhibito-
ry concentration (MIC) level was not analyzed, which
makes comparison with other studies difficult. Another
limitation is the difficulty in extrapolating the data to
the population of Cuenca due to the limited number of
samples analyzed, so it is recommended that this study
be carried out with larger samples.

Conclusion

In conclusion, antibiotic resistance to H. pylori is
a public health problem, because it is one of the most
common gastroenterological infections worldwide. Prop-
er selection of an antibiotic regimen as initial therapy
avoids exposure to nonspecific antibiotics and increase
the cure rate. A significant percentage of the therapies
used are resistant, with metronidazole (63.2%) being the
most resistant, followed by amoxicillin (31.6%), clari-
thromycin (21.1%), and azithromycin (16.7%). Levo-
floxacin was the only drug that was sensitive in 100% of
cases. Age over 60 years was significantly associated with
resistance to metronidazole and amoxicillin 25 mcg.

The antibiotic scheme with levofloxacin and azithro-
mycin could be considered as the first treatment option
in patients over 60 years of age in the city of Cuenca,
Ecuador.
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