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Abstract

Background: Acid pH induces transcriptional changes that affect the expression of
Helicobacter pylori (H. pylori) ureA and hopQ genes, which may be adaptive
mechanisms to acid stress conditions that are expressed differently depending on the
virulence of the bacterium. However, the relationship between gene expression and
virulence profile requires further studies, so we evaluated the effect of different pH values
on the expression of ureA and hopQ genes of H. pylori strains with high and low virulence
profiles.

Methods: Two H. pylori isolates with high virulence and low virulence profiles that were
exposed to pH 3.0, 4.0, 6.0 and 7.0 for one hour under microaerophilic conditions were
used. Subsequently, RNA was extracted from the isolates and cDNA was obtained to
identify the differential expression of the H. pylori ureA and hopQ genes by
semiguantitative real-time PCR. The results obtained did not present a normal
distribution due to the small number of samples used; therefore, nonparametric tests
such as the Mann-Whitney U test were used.

Results: This study revealed that UreA gene expression is higher in strains with a high
virulence profile while hopQ gene expression increases in strains with a low virulence

profile when subjected to acid stress. This result suggests that depending on the type of



virulence, H. pylori uses different mechanisms to colonize and adapt to the gastric
environment and its pH fluctuations.

Conclusion: The results showed that in these two isolates with different virulence
profiles there is an important effect of pH on the regulation of the expression of the ureA
and hopQ genes. This possibly indicates that the change in pH will condition the
adaptation mechanisms of each strain or isolate to the conditions of the gastric
environment
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Introduction

H. pylori is a microaerophilic gram-negative bacterium that colonizes the surface of the
gastric mucosa and duodenum. Moreover, H. pylori is associated with gastric and
duodenale ulcers, chronic gastritis, gastric cancer, and Mucosa Associated-Lymphoid
Tissue (MALT) lymphoma. There is evidence of relationship between this bacterium and
some extraintestinal diseases such as iron and B12 deficiency anemias, idiopathic
thrombocytopenia purpura, diabetes mellitus, cardiovascular diseases, and recurrent

aphthous stomatitis (1).

H. pylori infection initially produces an immune response and superficial gastritis;
however, no more than 10% of infected individuals develop symptomatic disease. The
rest of infected population may remain asymptomatic or develop peptic ulcer or atrophic
gastritis after years or even decades. The manifestation or lack thereof in patients may
be due to genetic characteristics of the individuals, the environment, dietary factors, or

H. pylori virulence factors (2-5).



The evolution of H. pylori infections is partly due to the expression of virulence factors
such as cagA (cytotoxin-associated gene A), vacA (vacuolizing cytotoxin A) proteins,
which change between strains, and the urease system. This explains the existence of H.
pylori strains that are more virulent than others. cagA upon entering the host cell,
activates kinases through EPIYA motifs at its C-terminus, which disrupt signaling
pathways, increase interleukin-8 production, gastric inflammation and the risk of gastric
carcinoma (2-5). Worldwide, cagA-positive strains are responsible for ~ 60% of H. pylori
infections, compared with cagA-negative strains. Their association with carcinoma is due
to their ability to promote proteasomal degradation of the TP53 protein and the

acquisition of spontaneous loss-of-function mutations in the TP53 gene (6).

Meanwhile, VacA gene which includes two widely studied variable regions; namely, the
signal region with two alleles, s1 (subtypes sla, slb, and slc) and s2, and the middle
region, with alleles m1 and m2 encodes a vacuolating protein that induces formation of
cytoplasmic vacuoles inside epithelial cells, where it accumulates in different cellular
compartments and generates apoptosis and acts as a urea transporter (5). This
transporter can increase the permeability of the gastric epithelium to urea by enhancing
urease activity. Furthermore, both vacA sl and ml genotypes are associated with
increased neutrophil and lymphocytic infiltration, epithelial damage, gastric atrophy, and

intestinal metaplasia (2-5).

At the same time, in order for this bacterium to colonize, grow and adapt to the acidic
environment of the stomach, it modifies the expression of some genes related to the
urease enzyme. This enzyme hydrolyzes gastric urea to form ammonia and neutralizes
gastric acid, which allows H. pylori to invade the gastric mucosa and damage the

epithelial cells (4).



Urease also stimulates inflammatory cells, producing further cell injury (5). This is
demonstrated in a study published in 2018 by Marcus et al., which concluded that the

H. pylori genes expression in the presence or absence of urea can vary when the acidity
of the medium increases (7). Similarly, at least four microarray studies showed the
existence of significant differences in H. pylori gene expression at neutral pH compared

to gene expression when the bacteria are exposed to acidic pH (8—11).

In vitro studies show that exposing the bacteria to acidic stress may trigger the
transcriptional response. This can produce variations in the gene expression like cagA,
vacA, UreA, and hopQ due to changes in the microenvironment, where infections take
place (7,12). Specifically, these studies showed that low pH induces the expression of
the cagA gene. Meanwhile, the findings of Merrell et al. and Allan et al. suggest that cagA
and vacA genes are strongly repressed when the bacteria is exposed to an acidic
environment (10,13). However, exposing the bacteria to pH stress favors the expression
of the ureA encoded by the urease gene cluster and involved in urea transport, as it
rapidly increases ammonia production in the extracellular medium when the pH of the
medium decreases (12). Additionally, H. pylori expresses about 64 Outer Membrane
Proteins (OMPs), that facilitate adherence to gastric epithelial cells and are organized
into at least five paralogous gene families. Family 1 is composed of the Hop and Hor
genes. These genes encode for adhesion proteins and include hopQ, which is a gene
that encodes for a protein that induces host cell signaling allowing translocation of cagA

into the cells and decreases its expression in the presence of acidic pH (7,14).

As H. pylori passes through the stomach lumen, pH can change due to processes of
cellular homeostasis and nutrient absorption. Consequently, this bacterium has evolved
several mechanisms that allow it to adapt to pH variations. Another system different to
urease is the periplasmic a-carbonic anhydrase, which contributes to buffering the pH of

the cytoplasm and periplasm after the conversion of CO; from urea hydrolysis into HCOs.



Furthermore, the ArsRS two-component signal transduction system is involved in pH
sensing and in mediating changes in the expression of urease-encoding genes related
to acid acclimation and pH homeostasis (15-17). A study published in 2018 by Marcus
et al. found that at least 250 genes can be overexpressed or repressed in response to

low pH (7,10).

In this study, we evaluated the effect of different pH values on the expression of ureA
and hopQ genes in H. pylori strains with high virulence and low virulence profiles to

understand their role in acid acclimation of strains with different virulence profiles.

METHODOLOGY

Bacterial strains and culture conditions

H. pylori type 1 [vacA (sl/ml)/cagA (+)] and type 2 virulence [vacA (s2/m2)/cagA (-)]
isolates from the microorganism collection of the Bacteria & Cancer research group of
the Faculty of Medicine of Universidad de Antioquia were previously identified by
conventional PCR for the ureA, cagA, and vacA genes. They were cryopreserved in
Brucella broth (BBL) ® supplemented with 20% glycerol and 10% fetal bovine serum.
Bacteria were reactivated on plates containing Brucella agar (BBL) ® with 7% horse
blood, Isovitalex ® (BBL) enrichment supplement, and they were incubated for a period

of 10 days under microaerobic conditions (5% O;and 10% CO,) at 37°C.

Exposure of H. pylori strains to acidic stress conditions

For exposure to acidic pH, subcultures of H. pylori strain ATCC 43504 with high virulence
profile and isolate 439A with low virulence profile were used. Subcultures were collected
from culture plates containing Brucella ® agar (BBL) and suspended in Brucella ® broth
(BBL) supplemented with 10% fetal bovine serum and yeast extract (0.25%) to obtain a

final suspension of approximately 6x108 CFU/mL. The pH of the liquid culture was



adjusted by the addition of 1N HCI (EMSURE) to obtain pH values of 3, 4, and 5.0
considering the methodology described by Marcus et al. and Wen et al. The non-acidic
pH used for all experiments was 7. Bacteria were suspended in 5 mL of Brucella ® broth
(BBL) in filter culture flasks (SPL) ® and incubated under microaerophilic conditions at

120 rpm for one hour. This protocol was performed in triplicate.

RNA preparation

To isolate total RNA from bacteria exposed to low pH, H. pylori was harvested by
centrifuging at 5000 x g for 5 min at 4°C using the refrigerated centrifuge ROTANTA®
MOD. 460. Total RNA was purified using the Rneasy® mini kit (Qiagen, Germany)
following the manufacturer’s instructions and the RNA concentration was determined

with the Nanodrop spectrophotometer (Thermo Scientific™) to be above 10 ng/uL.

cDNA preparation

A DNase treatment was previously performed by adding 2 pL of random hexamers to 10
pL of total RNA. RNA was converted to cDNA using the RevertAid™ H Minus cDNA kit
(Thermo scientific ®); for which 4 pL of 5X reaction buffer, 1 pL of Ribolock RNase
inhibitor, 2 pL of 10 mM dNTP mix, and 1 uL of RevertAid H Minus M-MuLV reverse
transcriptase were added to a final volume of 20 L. Finally, the mixture was incubated
for 5 min at 25°C followed by 60 min at 42°C and the reaction was terminated by heating

at 70°C for 5 min. The product of the reverse transcription reaction was stored at -80 °C.

Real-Time Polymerase Chain Reaction (QRT-PCR)

Semi-quantitative qRT-PCR was completed from cDNA using the Luna ® Universal
Probe gPCR Master Mix and QuantiTect SYBR Green PCR Kit®, with a StepOnePlus™
Real-Time PCR System equipment (Applied Biosystems). All used genes were

previously performed in the literature (Table 1).



Table 1. Primers for gPCR used in this study.

Primer Sequence Target gen | Reference
UreA-F TGGATCATGCTTGCCACGCC UreA (18)
Urea-R GCGGTAGCTTTGATTAGTGCCC

HopQ-F ATGGCACAAACTCAAAGACAAG | HopQ (19)
HopQ-R TAACACCGATCTCAACGCTAAA

GyrA-F TTTRGCTTATTCMATGAGCGT GyrA (20)
GyrA-R CTCCATAAGAGCCAAAGCCC

The preparation of the reaction was carried out with a final volume of 30 uL, adding 0.8
uL of each one of the primers, 10 yL of master mix, 10 pL of SYBR Green, 3.4 uL of
water, and 5 pL of cDNA. The negative control contained the reaction mixture but no
cDNA. gRT-PCR was completed using the standard cycling protocol, conditions were
50°C for 2 minutes, 95°C for 10 minutes, 95°C for 15 seconds and 60°C for 60 seconds

for 45 cycles.

Standard curve

To evaluate the efficiency and reproducibility of the amplification, a standard curve was
constructed for all the genes from known concentrations of CFU/uL of H. pylori. For this
purpose, isolates 576A and 512A (high virulence profile) as well as 545A and 583C (low
virulence profile) were used for RNA extraction and cDNA synthesis. Subsequently,
cDNAs from high and low virulence isolates were mixed to obtain a pool of isolate
concentrations that were prepared with 1/10 serial dilutions. The standard curve included

seven dilution points, each in duplicate.

Statistical analysis
The obtained results did not present a normal distribution due to the small number of

samples used; therefore, non-parametric tests, such as the Mann-Whitney U-test, were



used to determine if there were significant differences between the pH analyzed and the

ureA and hopQ genes.

RESULTS

Real-time PCR amplification efficiencies and linearity

Real-time PCR efficiencies were calculated from the equation E = 10[-1/slope]. The
points on the standard curve were fitted to a straight line by linear regression. From the
slope of the standard curve, the efficiency of the amplification reaction was determined,
and linearity was calculated from the correlation coefficient R? obtained in linear
regression. All transcripts showed high efficiency rates, for hopQ (115%), gyrA (112%)
and ureA (100%) with high linearity (Pearson's correlation coefficient r > 0.95) (Table 2).

Table 2. Efficiency and linearity of genes

Gen | Efficiency (%) | R?

hopQ 115 1
ureA 100 0,99
gyrA 112 0,99

H. pylori gene expression exposed to different values of pH.

To identify important changes in the expression of ureA and hopQ genes in response to
low pH, it was necessary to ensure that H. pylori isolates remained viable throughout the
experiment. To determine their viability, three experiments were performed on separate
days using Brucella agar at pH 7.0 as control. To demonstrate the ability to grow in
different acidic pH values, Brucella broths containing the isolates were incubate for 1
hour, then 10 pL of Brucella broth were resuspended in the solid medium. The
expression patterns for both genes are shown in Figures 2 and 3 after calculating the
RQ from the delta CT obtained for each pH and the efficiency obtained for the genes of

interest.
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For the ureA gene, an increase in expression was observed for the high virulence isolate
compared to pH 7, being higher at pH 4 and 3, while in the low virulence isolate, although
an increase in ureA gene expression was observed as pH decreased, it did not exceed

the expression shown at pH 7 (Figure 2).
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Figure 2. Comparison of susceptibility of high and low virulence strains of H. pylori after
exposure to pH 7, 5, 4 and 3 for one hour. RQ indicates the difference in ureA gene

expression levels after exposure to acidic pH.

On the other hand, for the hopQ gene, a decrease in expression was observed at pH 5
and 4 in the low virulence isolate, while gene expression at pH 3 had a similar behavior
at pH 7. Although for the high virulence isolate, an increase in gene expression was
observed at the different acidic pH with respect to pH 7. The gene expression was not

significant since the RQ was not greater than 1 (Figure 3).
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Figure 3. Comparison of susceptibility of high and low virulence strains of H. pylori after
exposure to pH 7, 5, 4, and 3 for one hour. RQ indicates the difference in hopQ gene

expression levels after exposure to acidic pH.

In addition, significant differences were observed between isolates with respect to hopQ
gene expression, which was higher in the low virulence isolate with a value of P < 0.05.
The ureA gene did not show significant differences, which may be due to the small
number of samples used or due to the role of this gene in maintaining the physiology of
the bacterium, which presents less genetic variability and therefore was more conserved.
Unlike the OMP that are directly exposed to the environment and produced greater
genetic variability. However, it is observed that gene expression tends to be higher in the

isolate of high virulence when subjected to acid stress.

DISCUSSION

Colonization of the stomach represents a challenge for H. pylori since it must adapt to
the fluctuations of the gastric environment and not only survive, but also grow and
replicate at very acidic pH levels where other types of microorganisms could not easily

adapt. This ability of H. pylori to adapt to the variation of stomach pH is due to the

163,55



regulation in the expression of some genes. These genes are directly affected by pH and
their transcription levels are higher when H. pylori is subjected to acid stress. Previous
studies have shown significant differences in the expression patterns of H. pylori genes,
including the genes selected for this study. Wen Y et al., Sachs G et al., and Merrell DS
et al. have concurred that the ureA and OMP genes increase and decrease their
expression, respectively, in the presence of acid stress (10,11,21). Similarly, H. pylori is

constantly exposed to pH fluctuation during its colonization of the gastric epithelium.

Among the genes reported to positively regulate their expression in the presence of acid
pH are those belonging to the enzyme urease, being ureA/B structural components of
the enzyme. Bijlsma et al. have shown that this enzyme is crucial for the survival of H.
pylori under acidic conditions since at pH below 7 there is an induction of its expression.
Furthermore, Marcus E et al. found that the ureA gene is significantly increased in
expression at pH 6 compared to pH 7.4; even for the ureB gene, increased expression

was observed at pH 4 compared to pH 3 and 6 (7, 22).

These findings agree with the results obtained for strain ATCC 43504, which present a
high virulence profile where a gradual increase in the expression of the ureA gene was
observed with respect to pH 7, while pH 4 was the factor that produced the greatest
induction of the gene. However, an intriguing pattern is observed for isolate 439A with a
low virulence profile where the expression levels for the ureA gene are lower than 1 RQ
at acidic pH compared to pH 7, which presents an expression of approximately 925 RQ.
This result suggests that the ureA gene is not a key factor in survival under acidic
conditions for H. pylori strains with low virulence profile, these strains may use other
adaptive mechanisms such as periplasmic a-type carbonic anhydrase (a-CA) or the
ArsRS system, which responds to acid stress conditions when the urease system is not

sufficient for colonization of the stomach (15,17).



On the other hand, among the OMPs, there is hopQ, which is believed to be fundamental
in the adhesion of H. pylori to gastric epithelial cells and whose expression decreases in
the presence of acidic pH. This is an environmental signal that causes changes in the
adhesion properties of the cell (9,11). Similarly, to what occurs with the ureA gene,
differences were found in the expression patterns of hopQ. In this case, the isolate of
high virulence presents an expression level for the hopQ gene lower than 1 RQ.
However, as pH decreases the expression of the gene tends to increase, although not
significantly. In turn, the low virulence isolate expresses much higher levels for this gene
that decreases as pH decreases. Nevertheless, at pH 3 an induction of its expression is
observed reaching levels similar to those expressed at pH 7. This result agrees with that
published in 2018 by Marcus EA et al, where they reported an induction of expression
for this gene >1.5-fold, where it is stated that the differences in the results with other
studies may be due to differences in experimental conditions such as the strains used

the method of analysis and the time of exposure to acidic conditions (7).

The obtained results demonstrate the capacity of H. pylori to colonize the gastric
epithelium through mechanisms of adaptation to acid pH that favor not only transcription
of genes involved with acid acclimation such as ureA but also genes that participate in
the colonization process. However, it is likely that the way in which H. pylori adapts to
these conditions differs depending on the virulence of the strain. This indicates that not
only there are significant differences in the expression of virulence genes, but also a
possible correlation between virulence and the mechanisms that H. pylori uses to survive
acid stress conditions.

Although the urease enzyme and associated genes are one of the main mechanisms
reported for the adaptation of H. pylori to acidification conditions, it was evidenced that
this mechanism acquires greater relevance for strains with type 1 virulence.
Consequently, it can be inferred that the association between the development of

gastroduodenal diseases, gastric cancer, and the expression of the cagA+ and vacA



slml genotypes are due to a greater predilection to remain in the gastric mucosa in
contact with epithelial cells where cell-mediated mechanisms exist to maintain a more
basic pH compared to other regions such as the gastric lumen. Thus, exposure to more
acidic environments suggests being a factor that triggers a higher transcriptional
response for strains of high virulence compared to strains expressing a different
virulence, which may be more adapted to stay in more acidic environments or use

different mechanisms to survive this stress condition (24,25).

Finally, although gPCR is not a routine diagnostic method, it is a useful test to detect not
only the presence of H. pylori but also its viability, being a promising method, especially
in patients where other diagnostic methods such as culture present lower sensitivity rates
due to the use of antibiotics or Protons Pump Inhibitor that can inhibit the isolation of the

microorganism.

CONCLUSIONS

The differences found in the expression of the genes evaluated between high and low
virulence isolates indicate the importance of carrying out a more detailed study involving
the analysis of other H. pylori genes, which could contribute to the understanding of the
pathophysiology of the disease caused by this microorganism. Furthermore, the results
showed that in these two isolates with different virulence profiles there is an important
effect of pH on the regulation of the expression of the ureA and hopQ genes. This
possibly indicates that the change in pH will condition the adaptation mechanisms of

each strain or isolate to the conditions of the gastric environment.

ABBREVIATIONS



H. pylori Helicobacter pylori

MALT Mucosa Associated-Lymphoid Tissue lymphoma
cagA Cytotoxin associated gene A

vacA Vacuolating cytotoxin A

OMP Outer Membrane Proteins

DECLARATIONS

Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Competing interests

The author declared no potential conficts of interest.
Funding

This study was supported by Colciencias.
Acknowledgements

Bacteria and Cancer Research Group, University of Antioquia, Colombia.
Availability of data and materials

All data generated or analyzed during this study are included in this manuscript.

REFERENCES

1. Al-Amad SH. Helicobacter pylori and gastric hyperacidity, and their association
with recurrent aphthous stomatitis. Int J Oral Maxillofac Surg [Internet].
2020;49(12):1599-604. Available from:

http://www.sciencedirect.com/science/article/pii/S0901502720302009



2. Ferreira RM, Figueiredo C. Clinical relevance of Helicobacter pylori vacA and
cagA genotypes in gastric carcinoma. Best Pract Res Clin Gastroenterol. 2014;28:1003—
15.

3. Ramis IB, Fonseca TL, Moraes EP de, Fernandes MS, Mendoza-Sassi R,
Rodrigues O, et al. Molecular Basis of Pathogenicity in &lt;emé&gt;Helicobacter
pylori&lt;/em&gt; Clinical Isolates. J Clin Microbiol [Internet]. 2010 Oct 1;48(10):3776 LP
— 3778. Available from: http://jcm.asm.org/content/48/10/3776.abstract

4, Karbalaei M, Talebi Bezmin Abadi A, Keikha M. Clinical relevance of the cagA
and vacA slml status and antibiotic resistance in Helicobacter pylori: a systematic
review and meta-analysis. BMC Infect Dis [Internet]. 2022;22(1):573. Available from:
https://doi.org/10.1186/s12879-022-07546-5

5. Kim J, Wang TC. Helicobacter pylori and Gastric Cancer. Gastrointest Endosc
Clin N Am [Internet]. 2021;31(3):451-65. Available from:
https://doi.org/10.1016/j.giec.2021.03.003

6. Takahashi-Kanemitsu A, Knight CT, Hatakeyama M. Molecular anatomy and
pathogenic actions of Helicobacter pylori CagA that underpin gastric carcinogenesis. Cell
Mol Immunol [Internet]. 2020;17(1):50-63. Available from:
http://dx.doi.org/10.1038/s41423-019-0339-5

7. Marcus EA, Sachs G, Scott DR. Acid-regulated gene expression of Helicobacter
pylori: Insight into acid protection and gastric colonization. Helicobacter [Internet]. 2018
Jun 1;23(3):€12490. Available from: https://doi.org/10.1111/hel.12490

8. Ang S, Lee CZ, Peck K, Sindici M, Matrubutham U, Gleeson MA, et al. Acid-
Induced Gene Expression in Helicobacter pylori: Study in Genomic Scale by Microarray.
Infect Immun [Internet]. 2001 [cited 2023 Jun 25];69(3):1679. Available from:
/pmc/articles/PMC98072/

9. Bury-Moné S, Thiberge JM, Contreras M, Maitournam A, Labigne A, De Reuse
H. Responsiveness to acidity via metal ion regulators mediates virulence in the gastric

pathogen Helicobacter pylori. Mol Microbiol [Internet]. 2004 Jul [cited 2023 Jun



25];53(2):623-38. Available from: https://pubmed-ncbi-nim-nih-
gov.udea.lookproxy.com/15228539/

10. Merrell DS, Goodrich ML, Otto G, Tompkins LS, Falkow S. pH-Regulated Gene
Expression of the Gastric Pathogen Helicobacter pylori. Infect Immun [Internet]. 2003
Jun 1 [cited 2023 Jun 25];71(6):3529. Available from: /pmc/articles/PMC155744/

11. Wen Y, Marcus EA, Matrubutham U, Gleeson MA, Scott DR, Sachs G. Acid-
Adaptive Genes of Helicobacter pylori. Infect Immun [Internet]. 2003 Oct 1 [cited 2023
Jun 25];71(10):5921. Available from: /pmc/articles/PMC201084/

12. Thorell K, Bengtsson-Palme J, Liu OHF, Gonzales RVP, Nookaew |, Rabeneck
L, et al. In vivo analysis of the viable microbiota and Helicobacter pylori transcriptome in
gastric infection and early stages of carcinogenesis. Infect Immun. 2017;85(10):1-15.
13.  Allan E, Clayton CL, McLaren A, Wallace DM, Wren BW. Characterization of the
low-pH responses of Helicobacter pylori using genomic DNA arrays. Microbiology.
2001;147(8):2285-92.

14. Grzeszczuk MJ, Bocian-Ostrzycka KM, Bana$ AM, Roszczenko-Jasinska P,
Malinowska A, Stralova H, et al. Thioloxidoreductase HP0231 of Helicobacter pylori
impacts HopQ-dependent CagA translocation. Int J Med Microbiol. 2018;308(8):977-85.
15. Marcus EA, Moshfegh AP, Sachs G, Scott DR. The periplasmic a-carbonic
anhydrase activity of Helicobacter pylori is essential for acid acclimation. Vol. 187,
Journal of Bacteriology. 2005. p. 729-38.

16. Yi W, R. SD, Olga V, Elmira T, A. ME, George S. Measurement of Internal pH in
Helicobacter pylori by Using Green Fluorescent Protein Fluorimetry. J Bacteriol
[Internet]. 2018 Jun 25;200(14):e00178-18. Available from:
https://doi.org/10.1128/JB.00178-18

17. Loh JT, Shum M V., Jossart SDR, Campbell AM, Sawhney N, Hayes McDonald
W, et al. Delineation of the pH-responsive regulon controlled by the Helicobacter pylori

ArsRS two-component system. Infect Immun. 2021;89(4).



18. Salazar BE, Pérez-Cala T, Gomez-Villegas Sl, Cardona-Zapata L, Pazos-Bastidas
S, Cardona-Estepa A, et al. The OLGA-OLGIM staging and the interobserver agreement
for gastritis and preneoplastic lesion screening: a cross-sectional study. Virchows Arch

[Internet]. 2022;480(4):759-69. Available from: https://doi.org/10.1007/s00428-022-

03286-8

19. Dooyema SDR, Krishna US, Loh JT, Suarez G, Cover TL, Peek RM. Helicobacter
pylori-Induced TLR9 Activation and Injury Are Associated With the Virulence-Associated
Adhesin HopQ. J Infect Dis [Internet]. 2021 Jul 15 [cited 2023 Jun 26];224(2):360-5.
Available from: https://pubmed.ncbi.nlm.nih.gov/33245103/

20. Toledo H, Lopez-Solis R. Tetracycline resistance in Chilean clinical isolates of
Helicobacter pylori. Journal of antimicrobial chemotherapy. 2010;65(3):470-3.

21. Sachs G, Weeks DL, Wen Y, Marcus EA, Scott DR, Melchers K. Acid acclimation by
Helicobacter  pylori.  Physiology  (Bethesda). 2005 Dec;20:429-38. doi:
10.1152/physiol.00032.2005. PMID: 16287992.

22. Jetta JE Bijlsma, Monique M Gerrits, Raoef Imamdi, Christina MJE Vandenbroucke-
Grauls, Johannes G Kusters, Mutantes de Helicobacter pylori sensibles a los acidos y
positivos a la ureasa: resistencia al acido independiente de la ureasa implicada en el
crecimiento a pH bajo, FEMS Microbiology Letters , Volumen 167, nimero 2, octubre de
1998, paginas 309 a 313, https://doi.org/10.1111/j.1574-6968.1998.tb13244.x

23. Mikio Karita, Martin J. Blaser, Acid-Tolerance Response in Helicobacter pylori and
Differences between cagA+ and cagA- Strains, The Journal of Infectious Diseases,
Volume 178, Issue 1, July 1998, Pages 213-219, https://doi.org/10.1086/515606

24. Uribe Echeverry, Paula Tatiana, Acosta Cerquera, Maria Alejandra, Arturo Arias,
Brenda Lucia, Jaramillo Arredondo, Maria Del Socorro, Betancur Pérez, Jhon Fredy, &
Pérez Agudelo, Juan Manuel. (2018). Prevalencia genotipica de cagA y vacA en
aislamientos de Helicobacter pylori de pacientes colombianos. Revista Cubana de

Medicina Tropical, 70(3), 18-26. Recuperado en 16 de noviembre de 2023, de


https://doi.org/10.1007/s00428-022-03286-8
https://doi.org/10.1007/s00428-022-03286-8

http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0375-
07602018000300003&Ing=es&ting=pt.

25. Acosta-Astaiza C, Lépez-Sandoval A, Bonilla-Chaves J, Valdes-Valdes A, Romo-
Romero W. Genotipos de virulencia de Helicobacter pylori y su asociacion con lesiones
precursoras de malignidad gastrica y parametros histolégicos en pacientes
colombianos. Rev Peru Med Exp Salud Publica. 2023;40(3):348-53. doi:

10.17843/rpmesp.2023.403.12858



