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Abstract: Introduction: Clarithromycin is the first-line antibiotic for the treatment of Helicobacter pylori infection.
Bacterial resistance is mainly due to the presence of specific mutations in the 23S ribosomal RNA (rRNA) gene. Objective:
To determine the frequency of A2143G and A2142G specific mutations in the 23S rRNA gene associated with
clarithromycin resistance of H. pylori in samples from patients with dyspeptic manifestations in Medellin, northwestern
Colombia. Materials and methods: DNA was extracted from gastric biopsy samples of patients with dyspeptic
manifestations seen at an endoscopy unit in Medellin between 2016 and 2017. PCR was performed to amplify the bacterial
s and m vacA regions, and a region in the 23S rRNA gene. The presence of the A2142G and A2143G mutations was
determined using the restriction fragment length polymorphism (RFLP) technique with the Bbsl and Bsal enzymes,
respectively. Results: The prevalence of infection was 44.2% (175/396), according to the histopathology report. The
positive samples were analyzed and the three regions of the bacterial genome were amplified in 143 of the 175 samples.
The A2143G and A2142G mutations were identified in 27 samples (18.8%, 27/143). The most frequent mutation was
A2143G (81.5%, 22/27). Conclusions: We found a high prevalence of H. pylori mutations associated with clarithromycin
resistance in the study population. Further studies are required to determine the bacterial resistance in the Colombian
population in order to define first line and rescue treatments.
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1 Introduction

Helicobacter pylori is a Gram-negative bacillus belonging to the Helicobacteraceae family and exists in two forms,
spiral and coccoid; it has multiple unipolar flagella and encodes enzymes such as catalase, oxidase, and urease, which
allow it to adapt to the conditions of the gastric epithelium. It is a microaerophilic bacterium with specific nutritional
requirements, which makes it difficult to culture in vitro [1,2].

In most cases, H. pylori is acquired within the family environment via the oral-oral and fecal-oral routes during the
first five years of life [3]. It is estimated that 50% of the world's population is infected with this microorganism. In

developing countries, the prevalence of infection in the general population ranges from 60% to 90%, while in developed
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countries it ranges from 25% to 50%, reflecting the importance of socioeconomic factors as determinants of its prevalence
[4,5].

Helicobacter pylori selectively colonizes the gastric epithelium. In most people, the infection is asymptomatic;
however, it can trigger chronic inflammation and lead to peptic ulcers in about 10% of individuals. Two types of cancer
have been associated with H. pylori infection: Mucosa-Associated Lymphoid Tissue (MALT) lymphoma, which occurs in
0.1% of cases, and gastric adenocarcinoma, which is present in 1-3% of patients and is the fifth most common cancer
worldwide [6-8].

Treatment to eradicate H. pylori infection prevents the development of gastroduodenal conditions. The globally
recommended regimen includes a proton pump inhibitor and two types of antimicrobials. In first-line treatment,
amoxicillin and clarithromycin are most commonly used, while in second-line treatment, amoxicillin and levofloxacin are
employed. However, widespread resistance to these antibiotics has made it difficult to eradicate the infection [9].

The primary mechanism of H. pylori resistance to clarithromycin is a decrease in the macrolide's affinity for the 50S
subunit of the bacterial ribosome due to point mutations in nucleotides adjacent to domain V of the 23S rRNA gene [10,11].
The most common mutations have been reported at positions 2142 and 2143, involving substitutions of adenine (A) for
guanine (G) (A2142G and A2143G) or A for cytosine (C) (A2142C); the A2144G substitution has also been reported,
although less frequently [12—15]. The development of resistance has been facilitated by nonadherence to treatment and the
use of macrolides to treat other infections, primarily of the respiratory tract [16].

Colombia has only one study evaluating the overall prevalence of H. pylori infection. Bravo et al. reported a
prevalence of 69.1% in 8,652 histopathological reports from endoscopies of patients with dyspeptic symptoms in 16
regional hospitals in the southwest, north, central, central-west, and eastern regions of the country, which varied among
regions within a range of 41.7% to 99.1% [17].

Nationwide, the high prevalence of infection correlates with the equally high incidence of gastric adenocarcinoma,
which between 2010 and 2014 was the leading cause of cancer death in men and the third leading cause in women, with
mortality rates of 16.84 and 8.73 per 100,000 inhabitants, respectively [18,19].

H. pylori infection has a significant impact on the lives of affected individuals and on the healthcare system; therefore,
its diagnosis and treatment are very important [20]. Treatment regimens should be based on local resistance studies due to
the heterogeneity of the infection's presentation across different populations. However, in Colombia, treatments based on
studies from other countries continue to be prescribed [21], as well as regimens that have lost their efficacy due to bacterial
resistance, even though the most commonly used regimens are those mentioned in the Maastricht Consensus [9,22].

In a meta-analysis of H. pylori resistance in Latin America, Camargo et al. reported a clarithromycin resistance rate of
18% (range: 2.7% to 60%) in Colombia, based on studies in Bogota, Pereira, Armenia, Tumaco, Taquerres, and Manizales,
suggesting that Colombia is one of the countries with the highest prevalence of resistance in Latin America [23]. This
implies that the bacterium's susceptibility to other antibiotics must be evaluated in order to establish first-line and rescue
regimens, given that there are few antibiotics effective for treating the infection [21,24].

H. pylori resistance to clarithromycin has been demonstrated in studies of antibiotic treatment efficacy. Castafio et al.,
for example, compared two standard clarithromycin treatment regimens—one lasting 7 days and the other 10 days—
administered to patients in Medellin; they found that eradication rates in the intent-to-treat analysis, as determined by an
optimized breath test, were 67.8% and 74.3%, respectively, with no statistically significant differences; these percentages
are below optimal for eradication [25]. Subsequently, the same authors compared standard treatment with clarithromycin to

a 10-day regimen with levofloxacin and found a significant difference in efficacy between the two regimens in favor of




levofloxacin [26].

In Medellin, the prevalence of H. pylori infection in symptomatic patients ranges from 36.4% to 65%; however, the
prevalence of clarithromycin resistance in this bacterium is unknown [17,27].

The objective of this study was to determine the frequency of the A2143G and A2142G point mutations in the 23S
rRNA gene associated with H. pylori resistance to clarithromycin in gastric biopsies from patients with dyspeptic
symptoms treated at an endoscopy unit in Medellin.

2 Materials and methods

2.1 Study population

A descriptive cross-sectional study was conducted among patients over 18 years of age with dyspeptic symptoms
treated at an endoscopy unit at [IPS SURA (Industriales de Medellin campus) between February 2016 and April 2017. This
care unit is a second-level facility and primarily serves patients in socioeconomic strata 4 through 6 who have prepaid
health insurance plans.

A sample size of 175 patients was calculated based on an estimated prevalence of resistance of 16% for the
Colombian population, with a 95% confidence interval and a 5% margin of error.

Patients included in the study had not received treatment with proton pump inhibitors or antibiotics in the month prior
to sample collection. Those diagnosed with cancer, terminal illness, or a history of gastrectomy were excluded.

Each patient was given an explanation of the study, and if they agreed to participate, they were asked to sign an
informed consent form.

Five gastric biopsies were taken for histopathological examination following the Sydney protocol: the greater and
lesser curvatures of the antrum and body, and the angular incisura [28]; an additional biopsy was taken from the antrum for
molecular analysis, as this is the region of the stomach with the highest bacterial density in cases of H. pylori infection [29].
The antrum sample was placed in a sterile 1.5-ml plastic tube containing brain-heart infusion (BHI, BD, Sparks, MD, USA)
and 20% glycerol. The samples were refrigerated at 4 °C and transported to the Gastrohepatology Laboratory at the
University of Antioquia on the same day as the endoscopic procedure, where they were stored at -70 °C until processing.

2.2 Ethical considerations

The project was approved by the Bioethics Committee for Human Research at the University Research Center of the
University of Antioquia.

2.3 DNA extraction and PCR amplification

All biopsies obtained underwent histopathological analysis and were stained using standard hematoxylin and eosin
staining. Approximately 70% of the samples were analyzed by a pathologist specializing in the gastrointestinal tract, and
the remaining 30% were evaluated by other pathologists.

From the samples that tested positive for H. pylori according to the histopathology report, total DNA was extracted
using a commercial kit (Q[Aamp DNA Mini Kit™, Qiagen, Germany) and following the manufacturer's instructions. The
extracted material was quantified (NanoDrop 2000™, Thermo Scientific, USA).

To determine the presence of the bacterium in the sample, the s and m regions of the vacA gene were amplified using
the primers described by Acosta et al.: vacA s: F 5'-ATGGAAATACAACAAACACAC-3'and R 5'-CTGCTTGAATGCG
CCAAAC-3'; vacA m: F'-CAATCTGTCCAATCAAGCGAG-3' and R 5'-GCGTCTAAATAATTCCAAGG-3'[30]. In
samples that tested positive for the s and m regions of the vacA gene, a region of the 23S rRNA gene was amplified to
determine the presence of mutations, using the primers previously described by Occhialini et al.: K1 5'-CCACAGCGAT
GTGGTCTCAG-3' and K2 5'-CTCCATAAGAGCCAAAGCCC-3' [31].




Each of the three PCR reactions was carried out in a final volume of 25 pl containing 1X buffer, 1.5 mM MgCl,, 0.2
mM dNTPs, 0.4 mM of each primer, 2.5 U of Biolase™ (Bioline, United Kingdom), and 2 pl of extracted DNA.

In a thermal cycler (C1000 Touch™, Thermal Cycler), an initial denaturation cycle was programmed at 94 °C for two
minutes, followed by 35 amplification cycles with variations depending on the region of interest: at 94°C for one minute, at
55 °C for one minute and at 72 °C for one minute for the s region of the vacA gene; at 94 °C for one minute, at 52 °C for
one minute, and at 72 °C for one minute for the m region of the vacA gene; and at 94 °C for 30 seconds, at 60 °C for 30
seconds, and at 72 °C for 30 seconds for the 23S rRNA region, with a final cycle at 72 °C for five minutes.

The amplification products were subjected to electrophoresis on 2.5% agarose gels stained with ethidium bromide.
For PCR standardization, genomic DNA from the H. pylori strain NCTC 11637 was used as a positive control (kindly
donated by Dr. Alba Alicia Trespalacios, professor at the Pontificia Universidad Javeriana), and sterile distilled water was
used as the negative control. It should be noted that strain NCTC 11637 does not have mutations at nucleotides 2142 and
2143 and, therefore, was not included in the RFLP assays.

In the Restriction Fragment Length Polymorphism (RFLP) technique, the restriction enzymes Bbsl and Bsal (New
England Biolabs, USA) were used, along with 3.5 pl of the 23S rRNA gene PCR product in a final volume of 20 pl,
according to the manufacturer's instructions.

When the A2142G mutation is present, digestion of the amplicons from the peptidyltransferase region of the 23S
rRNA gene with the Bbsl enzyme yields two fragments of approximately 93 and 332 base pairs, whereas digestion with the
Bsal enzyme (A2143G) produces three fragments of 20, 300, and 105 base pairs (GenBank U27270).

Amplicons of the core Open Reading Frame (ORF) of the hepatitis B virus (HBV), obtained from the pJET-TH24 1.5
plasmid (GenBank FJ589065), were included as a positive control for the RFLPs [32]. Amplification of this region yields a
fragment of approximately 748 bp, which was digested with the Bbsl enzyme to produce two fragments of 608 and 140 bp,
and with the Bsal enzyme to produce two fragments of 508 and 240 bp. This sequence was selected via restriction mapping
using the BioEdit software, version 7.1.9. Amplicons from the HBV core ORF (nucleotides 1098 to 1846) were included in
all RFLP assays (Figure 1).

Eighteen (12.5%) positive samples were randomly selected from the histopathology study to evaluate the
reproducibility of the PCR results for the three regions (vacA s and m and 23S rRNA) and of the RFLP method.
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Figure 1. DNA electrophoresis on a 2.5% agarose gel stained with ethidium bromide. The bands obtained using the RFLP
technique with the HBV Core ORF positive control are shown
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In addition, 10 biopsies with negative histopathology results were analyzed by PCR to verify the presence of the vacA
and 23S rRNA genes, and those with positive histopathology results but that did not amplify for vacA s and m and 23S
rRNA were analyzed by PCR to verify genome integrity, using the following primers for the glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) gene: 5'-CCTTCATTGACCTCAACTACATGG-3' and 5-AGTCTTCTGGGTGGCAGTGATG
G-3.

3 Results

Between February 2016 and April 2017, 588 patients referred for endoscopy due to dyspeptic symptoms presented at
the IPS Sura in Medellin. Of these patients, 403 (68.5%) were invited to participate in the study, and 396 agreed; seven
were excluded due to a history of gastric cancer or antibiotic use, or because they did not consent to the study. Fifty-nine
percent (234/396) of the study participants were women; their ages ranged from 18 to 86 years, with a mean of 48 (£14)
years.

Of the 396 cases included in the study, 175 tested positive for H. pylori infection based on histopathological
evaluation with hematoxylin and eosin, representing an infection prevalence of 44.2% (175/396). It should be noted that
other diagnostic methods, such as the rapid urease test or the urea breath test, as these are not routine tests for cases of
dyspepsia at this healthcare facility.

Of the 175 samples that tested positive for H. pylori by histopathology, amplification of the s and m regions of the
vacA gene and the 23S rRNA gene region was obtained in 143 (82%) (Figure 2). The vacA gene is a virulence factor that
is present in all H. pylori strains, and its usefulness for detecting this bacterium in biological samples is comparable to that
of other bacterial genes, such as ureA, ureC, 16S rRNA, 23S rRNA, and Hsp60 [30,33,34].

In 27 of 143 (18.8%) samples analyzed, the RFLP method identified the A2143G and A2142G point mutations in the
23S rRNA gene of H. pylori (Figures 2 and 3).

396 patients with dyspeptic symptoms
referred to an endoscopy unit at IPS

SURA
175 biopsies from patients who 221 biopsies from patients who
tested positive for H. pylori by were negative for H. pylori by
histopathology histopathology

143 samples that tested positive by
PCR for the s and m regions of the
vacA gene

32 samples that were PCR-negative for|
the s and m regions of the vacA gene

143 gastric biopsy samples that tested 32 samples that tested positive

positive by PCR for the 23S rRNA by PCR for the GAPDH gene
region

27 samples with a point mutation (18.8%): 22
with the A2143G mutation, 3 with the
A2142G mutation, and 2 with both mutations

Figure 2. Diagram of the procedures and results obtained for the gastric biopsies processed in the study




Bbsl Bsal

—

on
on

Marcador de

peso

A2142G
Wild type
Mutaci

AZ143G
Wild type

Mutac

500pb
425pb

332pb 3000b

105pb
93pb

Figure 3. DNA electrophoresis on a 2.5% agarose gel stained with ethidium bromide. The bands obtained using the RFLP
technique in the presence of the A2143G and A2142G mutations are shown

The most common substitutions were A2143G in 22 of 27 samples (81.5%) and A2142G in 3 of 27 (11%); both of
these mutations were found simultaneously in 2 of 27 (7.4%) samples (Figure 2). Table 1 presents the demographic

variables of patients with samples positive for H. pylori infection detected by PCR.
Follow-up information for the patients was not available; therefore, it was not possible to determine whether there was

a correlation between the presence of mutations and resistance to treatment.

Eighty-one percent (116/143) of the analyzed samples in which amplification of bacterial genome sequences was
achieved did not exhibit point mutations associated with clarithromycin resistance. The 18 samples analyzed in duplicate
by PCR for the three regions of the bacterial genome—vacA s and m and 23S rRNA—and by the RFLP method
demonstrated 100% reproducibility. Likewise, in none of the 10 samples that tested negative for H. pylori infection in the

histopathological study were the regions of interest in the bacterial genome successfully amplified (data not shown).

Table 1. Demographic variables of patients with dyspeptic symptoms and samples positive for H. pylori infection by PCR

treated at an endoscopy unit in Medellin

Mutations A2143G and A2142G

Characteristic
Presence n (%) Absence n (%)
Sex
Female 16 (59) 60 (52)
Male 11 (41) 56 (48)
Age (years)
18-35 6 (22) 44 (38)
36-50 11 (41) 30 (26)
51-72 10 (37) 42 (36)
Total 27 116




4 Discussion

According to the histopathology report, the prevalence of H. pylori infection in the study population treated at the
Medellin study unit between 2016 and 2017 was 44.2%. This prevalence is similar to that described in a retrospective
study of samples obtained from patients with dyspeptic symptoms treated at the VID Diagnostic Clinic in Medellin
between 2012 and 2013 (36.4%; 986/2708), a study in which the diagnosis of H. pylori infection was also determined by
histopathology [27].

However, the results of both studies show a decrease in the prevalence of H. pylori infection compared to the 65%
prevalence reported in histopathology reports from 494 patients at a public hospital in Medellin in 1997 [17]. This decrease
is likely due to improvements in the population's sanitary conditions over the past two decades, as well as access to
drinking water and wastewater collection and treatment [5].

Given the technical difficulties involved in isolating the bacterium, histopathological examination is considered one of
the reference standard techniques for diagnosing H. pylori infection [1]. To minimize the likelihood of false negatives,
standardized sampling must be performed, such as that described in the Sydney Protocol; furthermore, the use of
antibiotics and proton pump inhibitors must be restricted for at least 30 days prior to endoscopy [35], in order to achieve
better diagnostic sensitivity and specificity compared to other direct methods, such as the rapid urease test, the urea breath
test, or PCR [36,37].

Given the technical difficulties involved in culturing the bacterium, PCR amplification from gastric biopsy specimens
is a method that allows for the detection of H. pylori sequences; the sensitivity of PCR for H. pylori is estimated at 20
copies of the gene of interest per sample [38].

To determine H. pylori resistance to clarithromycin, various techniques have been implemented, such as agar
diffusion, the epsilometry test, Fluorescent in situ Hybridization (FISH), RFLP, and real-time PCR [15]. A correlation has
been reported between the detection of the A2142G and A2143G point mutations and resistance to clarithromycin, as
determined by an increase in the Minimum Inhibitory Concentration (MIC) in culture using the agar dilution technique
[12,13,39]. The RFLP method is faster and more cost-effective than other qualitative methods, such as sequencing and
FISH, and has a specificity of 88%, a sensitivity of 85%, a positive predictive value of 54%, and a negative predictive
value of 97% compared to culture [13]. Therefore, this technique represents an excellent alternative given the technical
difficulty of isolating H. pylori [40-42]. Furthermore, the RFLP technique can be used on paraffin-embedded biopsies [43].

In the present study, the genotypic resistance of H. pylori to clarithromycin in the population was 18.8%. This
percentage is similar to that reported in patients treated at healthcare facilities in other cities in Colombia. Trespalacios et al.
reported a resistance rate of 13.6% in 256 samples from patients treated at a hospital in Bogota between 2009 and 2011.
Resistance was assessed using the agar dilution technique and confirmed by sequencing the bacterial 23S rRNA region,
with at least one of the three mutations (A2143G, A2142G or A2142C) in samples with an increased MIC [14]. In previous
studies, resistance rates of 15 to 17.7% were reported in samples from patients with dyspepsia treated at healthcare
facilities in Bogota between 2007 and 2009, based on results obtained using the epsilometry test and the disk diffusion
method, respectively [16,44].

In a recent study at a hospital in Tumaco (southwestern Colombia), a resistance rate of 19.8% was determined using
the agar dilution technique in 203 samples analyzed [45]. However, two other studies in Bogota have reported higher rates
of clarithromycin resistance. In the first of these studies, conducted in 2008 among 115 patients in a gastroenterology unit,
a primary resistance rate of 60% was determined using the disk diffusion method, representing the highest rate of H. pylori

resistance to clarithromycin reported to date in the country [46]. In a second study, clarithromycin resistance was detected




in 39.2% (42/107) of the samples using the agar dilution technique. Phenotypic resistance was confirmed by allele-specific
PCR (Allele-Specific Polymerase Chain Reaction) in all resistant isolates, and the A2143G or A2142G mutations were
identified [12].

On the other hand, resistance to this macrolide has been below 5% in patients from other cities in the country. In the
Coffee Region (Pereira, Armenia, and Manizales), a prevalence of 3.8% was reported in 106 samples analyzed using the
epsilometry test; of these, three had the A2143G mutation and one had the A2142G substitution as determined by PCR-
RFLP analysis [47,48].

Acosta et al. evaluated the frequency of mutations associated with resistance by direct sequencing in 162 samples
from patients treated at a hospital in Popayan (southwestern Colombia); 4.3% (7/162) of the samples had a mutation, and
of these, four corresponded to the A2143G substitution and three to A2142G [30]. Bustamante et al. found the lowest rate
of H. pylori resistance to clarithromycin reported in the country, 2.7%; this study was conducted on 149 isolates obtained
from 206 patients treated at a hospital in Tuquerres (southwestern Colombia) using the agar dilution technique [49]. In
these studies, the most common point mutation was A2143G, which is consistent with the findings of the present study
(81.5%).

In 116 of the 143 samples analyzed in another study, no point mutations were detected; however, this does not rule
out bacterial resistance to this macrolide due to other mutations or other mechanisms, such as efflux pumps [39].

In 32 of the 175 histopathologically positive gastric biopsies in this study, none of the three regions of the bacterial
genome (regions s and m of the vacA gene and a region of the 23S rRNA gene) could be amplified by PCR; it should be
noted that PCR inhibitors were ruled out by amplifying the GAPDH gene (data not shown). The discrepancy between the
histopathology and PCR results could be explained by the difference in the number of samples analyzed by histopathology
(five biopsies from different regions of the stomach) and by PCR (a gastric antral biopsy), which increased the likelihood
of detecting the bacilli via histopathology.

According to the meta-analysis by Camargo et al., in studies conducted in Argentina, Cuba, Ecuador, Brazil, Chile,
Colombia, Costa Rica, Mexico, Peru, and Venezuela, the prevalence of H. pylori resistance to this macrolide ranged from
6% to 18%, with Colombia having the highest percentage (18%) [23]. In more recent studies, Squarcio et al. reported a
resistance rate of 16.9% (83/490) using molecular methods in different regions of Brazil; the A2143G mutation was found
in 90.4% of resistant isolates [50]. In Argentina, Zerbetto et al. found a resistance prevalence of 26.9%, and the most
common mutation was A2143G, present in 89.4% of resistant isolates [51]. In Mexico, a resistance rate of 17.8% using the
disk diffusion assay in 45 samples, and the A2143G mutation was detected in 1 of 8 isolates with phenotypic resistance
[52].

When the rate of H. pylori resistance to clarithromycin in a population exceeds 15%, the second-line treatment is a
quadruple regimen with bismuth or levofloxacin [9,23]. However, a recent study by Trespalacios et al. in Bogota showed a
considerable increase in levofloxacin-resistant isolates between 2009 (11.8%) and 2014 (27.3%) [53]. It is therefore of
great importance to determine H. pylori to antibiotics, in order to establish treatment regimens based on the results in the
Colombian population and thereby reduce the incidence of gastrointestinal diseases associated with the infection [54].

This is the first study to describe the status of H. pylori resistance to clarithromycin in patients treated in Medellin; a
high prevalence of point mutations associated with this resistance was found. Given this finding, high rates of failure in
eradicating the microorganism with triple therapy that includes this macrolide should be anticipated.

Limitations of this study included a lack of information on prior antibiotic use to treat H. pylori infection, making it

impossible to distinguish between primary and secondary resistance, as well as a lack of details from the histopathology




report, such as bacterial load and the condition of the gastric epithelium; furthermore, study participants were treated at a
single endoscopy unit in the city.
Further studies are needed to determine the bacteria's resistance to antibiotics in the Colombian population and to

establish first-line and rescue treatments.
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