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Abstract
Background Helicobacter pylori eradication therapy based on antimicrobial susceptibility in Vietnamese children 
currently get low efficiency. There are causes of treatment failure, among host genetic factors namely MDR1 C3435T 
and CYP2C19 affect the absorption and metabolism of proton pump inhibitors - a crucial component of eradication 
therapy. The study aimed to investigate the effect of MDR1 C3435T and CYP2C19 genetic polymorphisms on the cure 
rate.

Methods 207 pediatric patients with gastritis and peptic ulcer infecting Helicobacter pylori completed the eradication 
therapy based on antimicrobial susceptibility with proton pump inhibitor esomeprazole. Eradication efficacy was 
assessed after at least 4 weeks by the urease breath test. MDR1 C3435T genetic polymorphism and CYP2C19 genotype 
were determined using a sequencing method based on Sanger’s principle.

Results Among 207 children recruited in this study, the ratio of CYP2C19 EM, IM, and PM phenotypes was 40.1%, 
46.4%, and 16.9%, respectively. The patient with MDR1 3435 C/C polymorphism accounted for 43.0%, MDR1 3435 C/T 
was 40.1%, and MDR1 3435T/T was 16.9%. The cure rate of Helicobacter pylori infection in patients with CYP2C19 
EM genotype was 78.3%; 83.3% of those with the IM genotype, and PM genotype was 96,4% (p = 0.07). Successful 
eradication rates for Helicobacter pylori were 85.4%, 86.7%, and 68.6% in patients with the MDR1 3435 C/C, C/T, and 
T/T, respectively (p = 0.02). Multiple logistic regression analysis found that MDR1 C3435T genetic polymorphisms 
of patients were significant independent risk factors for treatment failure, and CYP2C19 genotype did not affect 
Helicobacter pylori eradication.
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Background
Helicobacter pylori (H. pylori) infection is commonly 
acquired in children, resulting in chronic active gastritis. 
The treatment regimen for H. pylori eradication combines 
proton pump inhibitor drugs (PPIs), such as omeprazole, 
lansoprazole, rabeprazole or esomeprazole, and two anti-
biotic agents. The high treatment failure rate has posed 
a significant challenge for general physicians and gastro-
enterologists in recent years. Many factors might cause 
H. pylori treatment failure. Among the rapidly increasing 
and complicated development of antibiotic resistance in 
H. pylori and nonadherence to therapy are considered the 
important reasons [1]. In addition, host factors, including 
CYP2C19 and MDR1 genetic polymorphisms, may indi-
rectly impact the efficacy of eradicating H. pylori because 
they alter the absorption and metabolism of PPIs.

PPIs are a key component of the H. pylori eradication 
regimen. They work by elevating the pH levels in the 
stomach, thereby increasing the stability and bioavail-
ability of antibiotics within the stomach. In addition, PPIs 
also increase the sensitivity of the bacteria to antibiot-
ics. The absorption of PPIs through oral administration 
is influenced by an ATP-dependent transporter protein 
namely P-glycoprotein (P-gp). The MDR1 gene encodes 
P-gp. This gene has many polymorphisms and a polymor-
phic site at position 3435 in exon 26 has been evaluated 
to be related to the activity of P-gp [2]. Therefore, the 
concentration of PPIs in the serum may differ between 
MDR1 C3435T genotypes and may affect the therapy 
outcome for H. pylori infection. Recent research revealed 
that MDR1 C3435T polymorphism had an impact on 
the success or failure of H. pylori eradication by therapy 
based on PPIs including omeprazole, lansoprazole, and 
pantoprazole, and this impact is different among ethnici-
ties on the world [3–5].

After PPIs are absorbed into the circulatory sys-
tem, they are primarily metabolized in the liver by the 
enzyme CYP2C19. The CYP2C19 gene is polymorphic, 
and encodes the enzyme S-mephenytoin 4’-hydroxy-
lase, which metabolizes PPIs. The CYP2C19 gene had 
9 exons and 38 allele variants, which differ between the 
ethnic groups [6]. In the Vietnamese population, two 
mutations namely CYP2C19*2 in exon 5 and CYP2C19*3 
in exon 4 are more popular than them in Caucasians, 
and CYP2C19*17 allele is rare [7]. Therefore, based on 
the degree of metabolism, three phenotypes are deter-
mined: extensive metabolizer (EM) with genotype 
CYP2C19*1/*1, intermediate metabolizer (IM) with 

genotypes CYP2C19*1/*2 and CYP2C19*1/*3, and poor 
metabolizer (PM) with genotype CYP2C19*2/*2, *2/*3, 
and *3/*3. The effectiveness of gastric acid inhibition 
by PPIs depends on the polymorphism of the CYP2C19 
gene and may affect the H. pylori treatment outcome. 
Some previous studies have found that the successful 
eradication rate in patients with poor or intermediate 
metabolizers was higher than in patients with extensive 
metabolizer [8]. The relationship between CYP2C19 
phenotype and H. pylori eradication therapy effective-
ness varies depending on the PPI drug, ethnicity, and 
CYP2C19 polymorphism. Currently, there are many 
studies on these two genes in adults, but the results are 
conflicting, and the research on children is still limited. 
Therefore, we conducted this study to determine the 
impact of CYP2C19 and MDR1 C3435T polymorphisms 
on the outcome of eradication therapy in Vietnamese 
children with gastritis and peptic ulcers to optimize the 
effectiveness of H. pylori eradication therapy in children.

Materials and methods
Study design and participants
An observational study was conducted at Can Tho Chil-
dren’s Hospital and Can Tho University of Medicine and 
Pharmacy Hospital from March 2019 to April 2022. The 
sample size included 207 pediatric patients aged 6 to 
16, who presented with gastrointestinal symptoms, and 
had esophagogastroduodenoscopy (EGD) indications. 
These patients had EGD and histologically proven pep-
tic ulcer and chronic gastritis, positive H. pylori culture 
test, and carried out successful epsilometer test. Then the 
participants were treated H. pylori by regimen based on 
antimicrobial susceptibility with PPI was esomeprazole, 
monitoring, evaluating eradication outcome, and finally 
taking blood to identify genotyping of CYP2C19 and 
MDR1 C3435T polymorphism.

Participants who were allergic to drugs in the regimen, 
did not follow the eradication protocol based on antimi-
crobial susceptibility results, had intolerances to therapy, 
or did not return to perform UBT for H. pylori outcome 
evaluation were excluded.

EGD and biopsies
EGD was performed after the patient was completely 
anesthetized by well-trained endoscopists at the Endos-
copy Center, University of Medicine and Pharmacy 
Hospital and Gastrointestinal Endoscopy unit, gastro-
enterology faculty, Can Tho Children’s Hospital. During 

Conclusions The Helicobacter pylori eradication rates by regimens based on antibiotic susceptibility and 
esomeprazole were not significantly different between the CYP2C19 phenotypes. The MDR1 C3435T polymorphism is 
one of the factors impacting Helicobacter pylori eradication results in children.
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upper endoscopy, we collected 04 gastric mucosa biop-
sies. One piece at the antrum and one piece at the body 
of the stomach were taken initially for H. pylori culture. 
One piece in the antrum was for the rapid urease test 
(NK Pylori test, Nam Khoa Biotek Co., Ltd), and one in 
the antrum for histopathology. The histopathological 
evaluation was applied to the updated Sydney classifica-
tion [9].

Culture and epsilometer test
The culture was performed from the patient’s biopsies 
for whom the rapid urease test was positive. These biop-
sies are placed in a transportation medium and imme-
diately transferred to the Department of Microbiology, 
Can Tho University of Medicine and Pharmacy for cul-
turing. A single colony in culture medium for 4–5 days, 
determined based on colony morphology and the fea-
tures of H. pylori including gram-negative-S shaped bac-
terium, urease positive, oxidase positive, and catalase 
positive. Finally, the antimicrobial susceptibility test was 
performed by epsilometer. Minimal inhibitory concen-
tration (MIC) of 5 different antibiotics such as amoxi-
cillin (AMX), clarithromycin (CLR), levofloxacin (LEV), 
tetracycline (TET), and metronidazole (MTZ) were 
determined by E-test (BioMerieux). According to the 
standards of the European Committee on Antimicrobial 
Susceptibility (EUCAST) 2019 to evaluate the suscepti-
bility, the resistance cutoff values were 0.125  µg/mL for 
amoxicillin, 0.5  µg/mL for clarithromycin, 1  µg/mL for 
levofloxacin and tetracycline, 8 µg/mL for metronidazole 
[10].

Tailored therapy and outcome evaluation
A 14 days regimen was tailored based on the results of 
the antimicrobial susceptibility test of the H. pylori strain 
isolated from gastric biopsies of every patient. It con-
sisted of a PPI drug - was esomeprazole and two antibi-
otic agents to which H. pylori strain was susceptible for 
14 days. In addition, pediatric patients with gastric ulcers 
were administered a standard dose of esomeprazole for 4 
weeks, and 2 weeks for duodenal ulcer patients. Dosages 
of drugs were determined according to the 2017 ESP-
GHAN/NASPGHAN guidelines [11].

Following up and assessing the outcome of anti-H. 
pylori therapy: The eradicated results were judged at least 
4 weeks after the tailored therapy was completed using 
the C13 or C14 urea breath test.

Determination genotyping of CYP2C19 and MDR1 C3435T
Blood samples of patients were taken 2 mL of blood from 
the peripheral vein into a test tube with the anticoagulant 
EDTA, stored, and preserved at -800C.

DNA extraction from a blood sample: genomic DNA 
was extracted from the peripheral blood using the 

GeneJET Whole Blood Genomic DNA Purification Mini 
Kit of Thermo Scientific according to the manufacturer’s 
protocol.

Genotyping was performed by the Sanger sequenc-
ing method to determine the nucleotide sequence of the 
CYP2C19*2 allele in exon 5, CYP2C19*3 allele in exon 
4, and MDR1 C3435T polymorphisms in exon 26. The 
nucleotide sequences of the gene fragments were ana-
lyzed by ABI 3500 Genetic Analyzer (Applied Biosystem, 
USA).

The forward and reverse primer sequences of the 
CYP2C19*2 allele were designed as 5’-  A A C C A G A G C 
T T G G C A T A T T G-3’ and 5’-  A T G T C C A T C G A T T C T 
T G G T G-3’, respectively. The primers that analyzed the 
CYP2C19*3 allele were 5’-  T C T G C T C C A T T A T T T T C 
C A G − 3’ and 5’-  T G G A T T T C C C A G A A A A A A A G-3’, 
respectively. Subjects were classified into three groups: 
extensive metabolizers: EM (CYP2C19*1/*1), intermedi-
ate metabolizers: IM (CYP2C19*1/*2, CYP2C19*1/*3), 
poor metabolizers: PM (CYP2C19*2/*2, CYP2C19*3/*3, 
and CYP2C19*2/*3).

We directed gene sequencing of the MDR1 C3435T 
SNP, rs1045642 with primer sequence (Outer-MRD1-
F: 5’-  C C T G T T T G A C T G C A G C A T T G-3’and Outer-
MDR1-R: 5’- G A A A C A T G A C A G T T C C T C C A A G G C A T 
A C-3’) was used to conduct the test. MDR1 C3435T gen-
otypes were classified into three statuses, namely C/C, 
C/T, and T/T.

The experiments were carried out in the Center for 
Molecular Biomedicine, University of Medicine and 
Pharmacy at Ho Chi Minh City.

Statistical analysis
Data were analyzed using the Statistical Package for 
Social Science (SPSS) version 20.0. Descriptive statisti-
cal analysis was used to describe the characteristics of 
the pediatric patients such as gender, age, gastroduodenal 
disease, susceptibility-resistance to antibiotics, outcome, 
EM/IM/PM phenotypes, and CC/CT/TT genotypes. 
The chi-square test was used to correlate the difference 
between proportions. Fisher’s exact test was used alter-
natively when more than 20% of the expected counts 
were less than 5. The logistic regression analysis deter-
mined the relationship between eradication outcomes 
and independent variables. A p-value less than 0.05 was 
accepted as statistical significance.

Ethical issue
The study was conducted according to the guidelines of 
the Declaration of Helsinki and approved by the Eth-
ics Committee of Ho Chi Minh University of Medicine 
and Pharmacy (approval No. 273/ĐHYD-HĐĐĐ dated 
07 April 2019). Each patient obtained informed consent 
before participating in the study.
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Results
We collected 361 pediatric patients assigned eradica-
tion treatment during the study period, and conducted 
H. pylori culture. There were 237 pediatric patients 
with positive H. pylori culture and successful antimicro-
bial susceptibility testing. Out of 237 pediatric patients 
enrolled in the study, 207 patients were eligible to 
undergo treatment and evaluate the efficacy of the regi-
men, and 30 patients were excluded from the analysis. 
Among excluded children, 13 patients lost to follow-up, 
EGD checked a patient, a patient was intolerant to ther-
apy because of side effects, 07 patients were infected with 
multi-resistant strains of H. pylori and their parents did 
not agree with eradication treatment, 08 patients were 
not treated according to antimicrobial susceptibility 
results. Finally, we conducted sequencing CYP2C19 and 
MDR1 C3435T genomic for the returned patients (Fig. 1).

Characteristics of patients
Among 207 pediatric patients in the study, we showed 
that the percentage of males was 48.8% (n = 101); the 
mean age was 10.7 ± 2.4 years old. Patients with gastri-
tis were 69.6% (n = 144), the duodenal ulcer was 28.0% 
(n = 58), and the gastric ulcer was 2.4% (n = 5). The 
patients with mild H. pylori bacterial load accounted for 
62.8% (n = 130), moderate was 17.4% (n = 36), and severe 
was 19.8% (n = 41). Resistance rates of H. pylori were 

79.2% to clarithromycin, 70.5% to amoxicillin, 43.5% to 
metronidazole, 44.4% to levofloxacin, and 10.6% to tet-
racycline. The successful H. pylori eradication rate of the 
tailored therapy base on the 2017-ESPGHAN/NASP-
GHAN guideline was 83.1% (172/207).

The proportion of the CYP2C19*2, and *3 alleles 
accounted for 29.7% and 6.8%, respectively; there was 
no significant difference in the proportions of the 
CYP2C19*2 and *3 alleles between male and female 
patients. The frequencies of CYP2C19 EM, IM, and PM 
phenotypes in the study were 40.1%, 46.4%, and 13.5%, 
respectively. The distribution of CYP2C19 EM, IM, and 
PM phenotype in the gastritis group was not significantly 
different from the peptic ulcer patient group (p > 0.05) 
(Table 1).

About the MDR1 C3435T polymorphism, the propor-
tion of the MDR1 3435T allele was 37.0% lower than that 
of the 3435 C allele, at 63.0%. In a total of 207 patients, 
43.0% (89/207) were MDR1 3435  C/C genotype, 40.1% 
(83/207) were C/T genotype, and 16.9% (35/207) were 
T/T genotype. There was no significant difference in the 
MDR1 C3435T genotype distribution between gastritis 
to peptic ulcer patient group (Table 2).

Fig. 1 Flowchart of the study
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Factors associated with the H. pylori tailored therapy 
outcome
Three factors significantly influenced to cure rate: age, 
EGD diagnosis, and MDR1 C3435T genotype. There was 
no statistically significant difference in the outcome of 

H. pylori therapy by gender, history of previous H. pylori 
treatment, the load of H. pylori on the histopathology 
test, and CYP2C19 genotype (p > 0.05) (Table 3).

The lowest cure rate was 78.3% for pediatric patients 
with CYP2C19 EM phenotype, 83.3% for CYP2C19 IM, 
and the highest of them was 96.4% for CYP2C19 PM, 
but no significant differences in the eradication rates 
between different CYP2C19 phenotypes. In the MDR1 
C3435T polymorphism analysis, the cure rates for MDR1 
3435T/T were lowest with 68,6%, C/T, and T/T geno-
types were 85.4%, and 86.7%, respectively (p = 0.02). The 
patients with MDR1 3435T/T genotype were 3 times 
more likely to fail treatment than MDR1 3435  C/C and 
C/T.

The patients aged 6 to 10 years old had a reasonably 
lower cure rate than those those aged 11 to 16 years old 
(71.4 vs. 93.6, OR = 5.83, 95% CI = 2.41–14.09, p < 0.001).

Table 1 The CYP2C19 polymorphisms in H. pylori-infected pediatric patients
CYP2C19 genotype n (%) CYP2C19 phenotype n (%) EGD Diagnosis

Gastritis Peptic ulcer
*1/*1 83 (40.1) EM 83 (40.1) 58 (40.3) 25 (39.7)
*1/*2 81 (39.2) IM 96 (46.4) 67 (46.5) 29 (46.0)
*1/*3 15 (7.2)
*2/*2 18 (8.7) PM 28 (13.5) 19 (13.2) 9 (14.3)
*2/*3 5 (2.4)
*3/*3 5 (2.4)
Total 207 (100) 207 (100) 144 63
EM, Extensive metabolizer; IM, Intermediated metabolizer; PM, Poor metabolizer

Table 2 The MDR1 C3435T polymorphisms in H. pylori-infected 
pediatric patients
MDR1 C3435T n (%) EGD Diagnosis p-value

Gastritis Peptic ulcer
Allele
3435 C
3435T

261 (63.0)
153 (37.0)

179 (62.2)
109 (37.8)

82 (65.1)
44 (34.9)

0.6

MDR1 C3435Tgenotype
C/C 89 (43.0) 60 (41.7) 29 (46.0) 0.6
C/T 83 (40.1) 59 (41.0) 24 (38.1) 0.7
T/T 35 (16.9) 25 (17.4) 10 (15.9) 0.8
MDR1, Multidrug resistance.

Table 3 Univariate analysis of factors influencing Helicobacter pylori eradication rate of tailored therapy
Factor n Eradication outcome p-value OR (95% CI)

Success Failure
Mean age (year)
Aged group

10.7 ± 2.4 11.4 ± 2.29 9.0 ± 2.36 < 0.001

 6–10 years old
 11–16 years old

98
109

70 (71.4)
102 (93.6)

28 (28.6)
7 (6.4)

< 0.001 5.83 (2.41–14.09)

Gender
 Male
 Female

101
106

84 (83.2)
88 (83.0)

17 (16.8)
18 (17.0)

0.98 0.99 (0.48–2.05)

EGD diagnosis 0.03 3.05 (1.13–8.28)
 Gastritis
 Peptic ulcer

144
63

114 (79.2)
58 (92.1)

30 (20.8)
5 (7.9)

H. pyloriload
 Mild
 Moderate and severe

130
77

112 (86.2)
60 (77.9)

18 (13.8)
17 (22.1)

0.18 1.76 (0.85–3.67)

CYP2C19genotype
 EM
 IM
 PM

83
96
28

65 (78.3)
80 (83.3)
27 (96.4)

18 (21.7)
16 (16.7)
1 (3.6)

0.19
1.0
0.06a

1.74 (0.84–3.62)
1.03 (0.5–2.14)
5.32 (0.76–37.3)

MDR1 C3435T
 C/C
 C/T
 T/T

89
83
35

76 (85.4)
72 (86.7)
24 (68.6)

13 (14.6)
11 (13.3)
11 (31.4)

0.46
0.27
0.02*

1.34 (0.63–2.83)
1.57 (0.72–3.41)
2.83 (1.23–6.51)

(a): Fisher’s Exact Test, (*): p = 0.02 compared with C/C and C/T.

EM, Extensive metabolizer; IM, Intermediated metabolizer; PM, Poor metabolizer.
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Table  4 showed the summary of CYP2C19 genotype 
and MDR1 C3435T polymorphism with the therapy 
outcome. The pediatric patients with the simultaneous 
CYP2C19 EM phenotype and MDR1 3435T/T had the 
lowest cure rate of H. pylori infection, only at 60%. In 
contrast, the patients carrying both CYP2C19 PM phe-
notype and MDR1 3435 C/C or C/T had the highest suc-
cessful eradication rate, getting at 100%, and this patient 
group has an increased chance of successful eradication 
therapy compared to those with CYP2C19 EM or IM 
phenotypes and MDR1 3435T/T (p = 0.02).

Effect of the CYP2C19 genotype and MDR1 C3435T 
polymorphism on the H. pylori eradication rates. We 
performed a multivariable logistic regression analysis of 
factors impacting the treatment outcome, including age, 
EGD diagnosis, CYP2C19 genotype, and MDR1 C3435T 
polymorphisms. The results suggested that age and 
MDR1 C3435T had related to the cure rate of H. pylori 
(Table 5).

Discussion
Characteristics of patients
Our research showed that the frequencies of CYP2C19 
EM, IM, and PM phenotypes in pediatric patients 
infected with H. pylori with gastritis and peptic ulcer 
were 40.1%, 46.4%, and 13.5%, respectively. We noticed 
differences in the distribution of CYP2C19 phenotype 
between the research in Vietnamese populations. The 
CYP2C19 PM prevalence was reported from 6.3 to 9.0% 
in the previous study, and 13.5% in the Mekong Delta, 
Vietnam (our study). The frequencies of CYP2C19 phe-
notypes in our study are similar to the reports of Asian 
countries, such as China - Zhang Y. in 2020 (CYP2C19 
EM was 47%, CYP2C19 IM was 44%, and CYP2C19 PM 
was 10%) [12]; Japan - Okimoto T. in 2016 (CYP2C19 
EM was 32.4%, IM was 47.0%, and PM was 20.5%) [13]; 
and Thailand - Auttajaroon J. in 2019 (CYP2C19 EM 
was 55.9%, IM was 40.9%, and PM was 3.2%) [14]. How-
ever, these results were different compared to the reports 
in the Caucasians as Bernal C.J. in 2019 in the United 
States (CYP2C19 UM was 33%, CYP2C19 EM was 
40%, and PM/IM was 27%) [15], Omeci in 2016 in Tur-
key (CYP2C19 EM was 78.0%, IM was 19.5%, and PM 
was 2.5%) [16]. In general, most pediatric patients with 
indications for H. pylori eradication treatment have the 
CYP2C19 EM and IM phenotypes. Thus, our results sug-
gest that if the CYP2C19 genotype is unknown, clini-
cians should not choose the first generation PPIs, such as 
omeprazole, lansoprazole, or pantoprazole on the anti-H. 
pylori therapy in Vietnamese children.

The proportion of the MDR1 3435T allele was 37.0% 
lower than that of the MDR1 3435 C allele, at 63.0%. The 
distribution of the MDR1 C3435T genotypes is the same 
as the previous research in Asia such as: Oh J.H. in Korea 
(MDR1 3435 C/C was 35.7%, MDR1 3435 C/T was 51.9%, 
and MDR1 3435T/T was 12.4%) [17], Tahara T. in Japan 
(MDR1 3435 C/C was 36.9%, MDR1 3435 C/T was 45.7%, 
and MDR1 3435T/T was 17.4%) [18], and BaniHani N.M. 
in Jordan (MDR1 3435 C/C was 27.3%, MDR1 3435 C/T 
was 52.1%, and MDR1 3435T/T was 20.6%) [19]. How-
ever, our findings demonstrate a lower percentage of 
the MDR1 3435T/T compared to the studies conducted 
in Europe and Australia such as Salagacka A. in Poland 
(MDR1 3435T/T was 34.2%) [20], Karaca R.O. in Turkey 
(MDR1 3435T/T was 25.4%) [5], and Omar M. in Austra-
lia (MDR1 3435T/T was 30.3%) [21]. This polymorphism 
distribution generally differ from the research in other 
parts of the world. This can be explained by polymor-
phisms related to inherited traits, so they vary between 
ethnicities. Our study on the different distribution of 
the MDR1 C3435T polymorphism in pediatric patients 
with gastritis and peptic ulcers may be useful in modify-
ing drug selection on personalized therapy. The PPIs, a 
substrate of P-pg, play an important role in the anti - H. 

Table 4 Summary of the CYP2C19 genotype and MDR1 C3435T 
polymorphism with therapy outcome
CYP2C19 
genotype

MDR1 
C3435T

Successful 
eradication

Failure 
eradication

p-value

EM
(n = 83)

C/C 
(n = 34)
C/T 
(n = 39)
T/T 
(n = 10)

27 (79.4)
32 (81.2)
6 (60.0)

7 (20.6)
7 (17.8)
4 (40.0)

0.53
1.0
0.07*

IM
(n = 96)

C/C 
(n = 42)
C/T 
(n = 34)
T/T 
(n = 20)

36 (85.7)
30 (88.2)
14 (70.0)

6 (14.3)
4 (11.8)
6 (30.0)

0.7
0.5
0.1

PM
(n = 28)

C/C or 
C/T
(n = 23)
T/T 
(n = 5)

23 (100.0)
4 (80.0)

0 (0.0)
1 (20.0)

0.02*

1.0

(*)Fisher’s Exact Test

Table 5 Multivariate logistic regression analysis of factors that 
affected the outcomes of anti-H. pylori treatment
Factor OR 95% Cl p
Age 1.47 1.21–1.79 < 0.001
EGD diagnosis
 Gastritis
 Peptic ulcer (Ref )

2.28
1.00

0.76–6.83 0.14

CYP2C19 phenotype
 EM (Ref )
 IM
 PM

1.00
2.03
8.07

0.86–4.75
0.96–67.97

0.10
0.06

MDR1 C3435T
 C/C
 C/T
 T/T (Ref )

3.74
3.63
1.00

1.25–11.22
1.26–10.48

0.02
0.02
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pylori treatment. Patients with a high level of P-gp activ-
ity are at risk of failure of eradication therapy due to the 
poorly absorbed PPI drugs into intestinal epithelial cells. 
Therefore, it would be beneficial to recognize the tissue 
of the MDR1 C3435T genotype distribution, from that 
we can do the personalized eradication therapy and get a 
higher eradication outcome.

Factors impact the outcome of Helicobacter pylori 
treatment
The relationship between CYP2C19 phenotype and the 
effectiveness of Helicobacter pylori treatment
According to the ESPGHAN/ NAPGHAN 2017 guide-
line, in our study, the PPI drug utilized in the anti-H. 
pylori treatment was esomeprazole, the cure rate in 
pediatric patients with CYP2C19 EM phenotype was 
78.3%, IM was 83.3%, and PM was 96.4%. There was no 
difference in the H. pylori eradication rates between the 
CYP2C19 phenotypes (p > 0.05). Several studies world-
wide have shown the influence of the CYP2C19 poly-
morphism on H. pylori eradication treatment outcomes 
with esomeprazole. In Asia, the research of Okimoto T. 
et al. (2016) Japan, 108 patients treated for seven days 
with EAC regimens (esomeprazole, amoxicillin, and clar-
ithromycin), the success rate in the CYP2C19 EM phe-
notype was 77.3%, the IM phenotype was 75.5%, and 
the PM phenotype was 71.4%; the CYP2C19 phenotype 
had no effect on treatment outcome [13]. Similarly, the 
study of Su J. in China in 270 H. pylori-infected patients 
treated by the triple regimen with PPI was esomeprazole, 
the success rate of H. pylori treatment in the CYP2C19 
EM and IM phenotypes was 84.0%, and PM was 84.4%, 
the CYP2C19 polymorphism did not affect the outcome 
of H. pylori treatment [22]. In Europe, a study conducted 
by Miehlke S. in Germany on 103 patients who had previ-
ously failed anti-H. pylori therapy showed that the eradi-
cation rate was higher among patients with CYP2C19 PM 
and IM phenotypes (93.1%) compared to the EM pheno-
type (78.8%) (p = 0.059) [23]. Our results were consistent 
with the above studies. When using 3 or 4 drug regimens 
with the PPI drug esomeprazole, the CYP2C19 polymor-
phism did not affect the results of H. pylori treatment. 
However, this is unconsistent with some studies, such as 
the research of Kuo C.H. in 2010 in Korea [24], Saito Y. in 
2015 in Japan [25]. These studies found that the H. pylori 
cure rate was significantly differed between the CYP2C19 
phenotypes.

With the current data source, we did not find a study 
on the effect of CYP2C19 genetic polymorphism on the 
efficacy of H. pylori eradication therapy by the regimen 
consisting of esomeprazole in children. Previous studies 
have rarely mentioned the influence of CYP2C19 genetics 
on H. pylori eradication in children. In 2010, a review of 
Chiesa C. only discussed the factors influencing therapy 

outcomes, including antibiotic resistance, adherence, and 
bacteria factors [26]. The study of Settin A. in Egypt in 
2014 on 100 gastritis pediatric patients who were eradi-
cated by the triple regimen of lansoprazole for 14 days. 
The cure rate of the patient group with the CYP2C19 IM 
and PM phenotypes was higher than in the EM pheno-
type group (84.6% and 77.8% vs. 69.2%), and this differ-
ence is not statistically significant [27]. The weakness of 
the study is the lack of data on antibiotic resistance of H. 
pylori and the small sample size, the CYP2C19 PM phe-
notype group has 9 cases, of which 7 were successful, and 
2 fail. In 2020, a research by Zhang Y.D. in China on 156 
pediatric patients infected with H. pylori who failed with 
a standard triple regimen (omeprazole, amoxicillin and 
clarithromycin). The participants were divided into two 
groups. Group 1 included 64 children, who did not per-
form H. pylori culture and CYP2C19 gene test, eradicated 
treatment by bismuth, esomeprazole, amoxicillin, and 
metronidazole regime, the cure rate reached 72%. Group 
2 included 92 children, the eradication rate got 99% in 
pediatric patients who were treated based on antimi-
crobial susceptibility and CYP2C19 phenotype, and 88% 
in the patients whose H. pylori culture failed, treatment 
only based on CYP2C19 phenotype. The study advised 
that H. pylori treatment in children should be based on 
antimicrobial susceptibility and CYP2C19 genotype [12].

According to the literature, there are many factors 
affecting the effectiveness of the H. pylori eradica-
tion treatment, among which the important factors are 
the antibiotic resistance of bacteria and adherence to 
therapy of the patient. Some studies about the effect of 
CYP2C19 genotype on the outcome of H. pylori eradica-
tion therapy did not address these two basic factors and 
maybe this is one of the reasons leading to the difference 
in the research results. The strength of our study is the 
anti-H. pylori therapy based on the guideline of ESP-
GHAN/NAPGHAN 2017 and excluded cases of intol-
erance to therapy. Although the difference in the cure 
rates between the CYP2C19 phenotype groups was not 
statistically significant, we found that the eradication rate 
was higher in the CYP2C19 PM phenotype patients than 
the CYP2C19 EM and IM phenotypes. With the devel-
opment of personalized medicine, the effectiveness of H. 
pylori therapy can be further improved when treatment is 
based on the CYP2C19 genotype.

The relationship between the MDR1 C3435T genotypes and 
the effectiveness of Helicobacter pylori treatment
The study found that the H. pylori cure rate in pediatric 
patients with MDR1 3435T/T genotype was lower than 
that in MDR1 3435  C/C and 3435  C/T genotypes. The 
difference in H. pylori eradication rate between 3 geno-
type groups, namely MDR1 3435T/T, C/T, and T/T was 
statistically significant. Similar to the studies in Asian 
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countries such as Japan, and Korea about the influence 
of the MDR1 C3435T polymorphism on the effective-
ness of the H. pylori eradication treatment. A previous 
study by Furuta T. et al. in Japan, in 2007 conducted on 
313 adult patients with gastritis and peptic ulcer, found 
that the success rate of the H. pylori treatment in the 
patient group with MDR1 3435T/T genotype was 67%, 
which was statistically significantly lower than in MDR1 
3435  C/C and 3435  C/T genotypes were 82% and 81%, 
respectively (p = 0.004) [3]. The research by Oh J.H. et 
al. in 2009 in Korea, eradicated H. pylori in 210 patients 
with gastritis and peptic ulcer by the triple regimen based 
on pantoprazole, amoxicillin and clarithromycin for 7 
days. The successful eradication rate of the patient group 
with the MDR1 3435T/T genotype was 76.9%, lower than 
that in the MDR1 3435  C/C and 3435  C/T genotypes, 
82.7% and 84.4% respectively. However, the difference 
in H. pylori cure rate between genotype groups MDR1 
3435  C/C, 3435  C/T and 3435T/T was not statistically 
significant (p > 0.059) [17]. A review analysis by Li M. in 
2017 also concluded the same, the MDR1 3435T/T geno-
type was associated with low eradication rates in patients 
receiving triple regimens with omeprazole or lansopra-
zole [28]. Therefore, the MDR1 C3435T polymorphism 
affects the outcome of the H. pylori eradication treatment 
by the regimens with PPIs, and the MDR1 3435T/T geno-
type reduces the H. pylori eradication rate in Asians.

However, similar research was done by Gawronska-
Szklarz B. et al. in Poland and Karaca O.R. et al. in Tur-
key showed that the successful eradication rate of H. 
pylori in patients with the MDR1 3435T/T genotype 
was higher than the MDR1 3435  C/C and C/T geno-
types, and found that the H. pylori cure rate between 
the MDR1 C3435T genotypes did not differ statistically 
significantly [4, 5]. It is opposite to our result. The basic 
research of Hoffmeyer et al. in Germany reported that 
the single nucleotide polymorphism at position 3435 on 
exon 26 was associated with the activity level of P-pg in 
the small intestine. The subjects having a homozygous T 
allele were associated with a 2-fold lower expression level 
of the MDR1 gene than those with a homozygous C allele 
[2]. Thus, the plasma level of drugs, which is the substrate 
of P-gp and is used orally, was higher in carriers of the 
MDR1 3435T/T genotype than those of MDR1 3435 C/C. 
Resulting in a higher H. pylori cure rate among patients 
with MDR1 3435T/T genotype compared to those with 
the MDR1 3435  C/C and C/T genotype in the Cauca-
sian population. This explains the different impact of the 
MDR1 C3435T polymorphism on the efficacy of H. pylori 
eradication treatment using PPI-based regimens between 
Asians and Caucasians.

Some factors affect the outcome of Helicobacter pylori 
eradication treatment in children
Through our analysis, we demonstrated that some fac-
tors that can affect the outcome of H. pylori eradication 
treatment by tailored therapy based on PPI are esome-
prazole in pediatric patients with gastritis and peptic 
ulcer including age, gastroduodenal disease diagnosis, 
CYP2C19 phenotypes, and MDR1 C3435T genotype. We 
carried out multivariate regression analysis to remove 
confounding factors. The results showed that age and 
MDR1 C3435T polymorphism are two independent fac-
tors affecting the effectiveness of H. pylori eradication 
therapy.

Regarding the aged factor of pediatric patients, the 
study found that the H. pylori cure rate in the 11–16 aged 
group was statistically significantly higher than those in 
the 5–10 aged group, and if the patient increases plus one 
year old, H. pylori successful eradication treatment abil-
ity will increase 1.47 times (95% CI: 1.21–1.79, p < 0.05). 
Today, very few studies consider age as the factor affect-
ing the effectiveness of eradication treatment. According 
to the Japanese Society for Pediatric Gastroenterology, 
Hepatology and Nutrition guideline in 2020, it is rec-
ommended to consider H. pylori eradication therapy 
in children 5 years of age and older [29]. However, the 
present study recommended that we consider treating 
H. pylori eradication for children younger than 11 years 
old. Hence, it is essential to conduct well-designed stud-
ies with a large sample size to investigate this factor that 
could potentially impact the effectiveness of H. pylori 
eradication in children.

The study found that the host genetic factor, namely 
MDR1 C3435T polymorphism is an independent factor 
affecting the effectiveness of H. pylori eradication treat-
ment in children. With the development of clinical phar-
macogenetics, the previous treatment model, namely one 
size/one drug fit all is no longer relevant. The study of 
Kodaira C. et al. demonstrated that the MDR1 C3435T 
polymorphism influenced the pharmacokinetics, but not 
the pharmacodynamics (i.e., intragastric pH), of lanso-
prazole in rapid metabolizers of CYP2C19 [30]. There-
fore, We recommend that study about the association 
with pharmacokinetics (plasma level of esomeprazole) 
and MDR1 C3435T genetic polymorphisms in Vietnam-
ese pediatric patients should be conducted in the future.

The CYP2C19 polymorphism does not affect the effi-
cacy of H. pylori eradication therapy by regimen based 
on antimicrobial susceptibility with the PPI drug esome-
prazole. Therefore, if the anti-H. pylori treatment based 
on antimicrobial susceptibility and using a PPI drug is 
esomeprazole, the routine CYP2C19 genetic test is not 
necessary to choose a specific regimen for subjects with 
CYP2C19 EM improved the eradication rate in children.
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Conclusion
The H. pylori eradication rates by regimen based on anti-
microbial susceptibility with esomeprazole were not sig-
nificantly different between the CYP2C19 phenotypes. 
The MDR1 C3435T polymorphism is one of the factors 
impacting the H. pylori eradication outcome in children.

Abbreviations
H. pylori  Helicobacter pylori
PPI  Proton pump inhibitor

Acknowledgements
The authors thank Can Tho University of Medicine and Pharmacy, and Can Tho 
Children’s Hospital.

Author contributions
Conceptualization, L.T.T.L., N.A.N., and T.A.N.; methodology, L.T.T.L., N.A.N., and 
T.A.N.; sample collection, L.T.T.L., and H.A.V.; data curation, L.T.T.L., N.A.N., and 
T.A.N.; writing - original draft preparation, L.T.T.L., H.A.V., and L.N.T.; writing-
review and editing, L.T.T.L., N.A.N., and T.A.N. All authors have read and agreed 
to the published version of the manuscript.

Funding
This research received no external funding.

Data availability
The data is available from the corresponding author upon reasonable request.

Declarations

Ethics approval
This study was conducted according to the guidelines of the Declaration of 
Helsinki and approved by the Ethics Committee of Ho Chi Minh University of 
Medicine and Pharmacy (approval No. 273/ÐHYD-HÐÐÐ dated 07 April 2019).

Informed consent
Informed consent was obtained from all parents/legal guardians of 
participants involved in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1University of Medicine and Pharmacy at Ho Chi Minh City, Ho Chi Minh 
City, Vietnam
2Faculty of Nursing and Medical Technology, Can Tho University of 
Medicine and Pharmacy, Can Tho City, Vietnam
3Center for Molecular Biomedicine, University of Medicine and Pharmacy 
at Ho Chi Minh City, Ho Chi Minh City, Vietnam
4Department of Pediatrics, University of Medicine and Pharmacy at Ho 
Chi Minh City, Ho Chi Minh City, Vietnam
5Faculty of Medicine, Can Tho University of Medicine and Pharmacy, Can 
Tho City, Vietnam

Received: 8 July 2023 / Accepted: 20 January 2024

References
1. Shah SC, Iyer PG, Moss SF. AGA clinical practice update on the management 

of Refractory Helicobacter pylori infection: Expert Review. Gastroenterology. 
2021;160(5):1831–41.

2. Hoffmeyer S, Burk O, von Richter O, Arnold HP, Brockmöller J, Johne A, 
Cascorbi I, Gerloff T, Roots I, Eichelbaum M, et al. Functional polymorphisms 
of the human multidrug-resistance gene: multiple sequence variations and 

correlation of one allele with P-glycoprotein expression and activity in vivo. 
Proc Natl Acad Sci U S A. 2000;97(7):3473–8.

3. Furuta T, Sugimoto M, Shirai N, Matsushita F, Nakajima H, Kumagai J, Senoo 
K, Kodaira C, Nishino M, Yamade M, et al. Effect of MDR1 C3435T poly-
morphism on cure rates of Helicobacter pylori infection by triple therapy 
with lansoprazole, Amoxicillin and clarithromycin in relation to CYP 2C19 
genotypes and 23S rRNA genotypes of H. Pylori. Aliment Pharmacol Ther. 
2007;26(5):693–703.

4. Gawrońska-Szklarz B, Siuda A, Kurzawski M, Bielicki D, Marlicz W, Droździk M. 
Effects of CYP2C19, MDR1, and interleukin 1-B gene variants on the eradica-
tion rate of Helicobacter pylori infection by triple therapy with pantoprazole, 
Amoxicillin, and metronidazole. Eur J Clin Pharmacol. 2010;66(7):681–7.

5. Karaca RO, Kalkisim S, Altinbas A, Kilincalp S, Yuksel I, Goktas MT, Yasar U, Boz-
kurt A, Babaoglu MO. Effects of genetic polymorphisms of cytochrome P450 
enzymes and MDR1 transporter on Pantoprazole Metabolism and Helico-
bacter pylori Eradication. Basic Clin Pharmacol Toxicol. 2017;120(2):199–206.

6. Lima JJ, Thomas CD, Barbarino J, Desta Z, Van Driest SL, El Rouby N, Johnson 
JA, Cavallari LH, Shakhnovich V, Thacker DL, et al. Clinical pharmacogenetics 
implementation Consortium (CPIC) Guideline for CYP2C19 and Proton Pump 
inhibitor dosing. Clin Pharmacol Ther. 2021;109(6):1417–23.

7. Vu NP, Nguyen HTT, Tran NTB, Nguyen TD, Huynh HTT, Nguyen XT, Nguyen 
DT, Nong HV, Nguyen HH. CYP2C19 genetic polymorphism in the Vietnamese 
population. 2019, 46(6):491–7.

8. El Rouby N, Lima JJ, Johnson JA. Proton pump inhibitors: from CYP2C19 
pharmacogenetics to precision medicine. Expert Opin Drug Metab Toxicol. 
2018;14(4):447–60.

9. Dixon MF, Genta RM, Yardley JH, Correa P. Classification and grading of gastri-
tis. The updated Sydney System. International Workshop on the Histopathol-
ogy of Gastritis, Houston 1994. The American journal of surgical pathology 
1996, 20(10):1161–1181.

10. Eucast. Breakpoint tables for interpretation of MICs and zone diameters 
European Committee on Antimicrobial susceptibility testing. Eucast EU 2019, 
9.0.

11. Jones NL, Koletzko S, Goodman K, Bontems P, Cadranel S, Casswall T, Czinn S, 
Gold BD, Guarner J, Elitsur Y, et al. Joint ESPGHAN/NASPGHAN guidelines for 
the management of Helicobacter pylori in Children and adolescents (Update 
2016). J Pediatr Gastroenterol Nutr. 2017;64(6):991–1003.

12. Zhang YD, Dong QW, Zhang SH, Gu F, Zhang Y, Song HB, Zuo NY, Zhang SS, 
Ma L, Ding ZL. [Effectiveness of eradication regimen based on the bacterial 
susceptibility and CYP2C19 genotype in children with refractory Helicobacter 
pylori infection]. Zhonghua Er Ke Za Zhi = Chinese Journal of Pediatrics. 
2020;58(1):41–5.

13. Okimoto T, Mizukami K, Ogawa R, Okamoto K, Shuto M, Fukuda K, Kodama M, 
Murakami K. Esomeprazole- or rabeprazole-based triple therapy eradicated 
Helicobacter pylori comparably regardless of clarithromycin susceptibility 
and CYP2C19 genotypes. J Clin Biochem Nutr. 2016;59(2):149–53.

14. Auttajaroon J, Chotivitayatarakorn P, Yamaoka Y, Vilaichone R-K. CYP2C19 
genotype, CagA genotype and antibiotic resistant strain of Helicobacter 
pylori infection. Asian Pac J Cancer Prev. 2019;20(4):1243–7.

15. Bernal CJ, Aka I, Carroll RJ, Coco JR, Lima JJ, Acra SA, Roden DM, Van Driest SL. 
CYP2C19 phenotype and risk of Proton Pump inhibitor-Associated infections. 
Pediatrics 2019, 144(6).

16. Ormeci A, Emrence Z, Baran B, Gokturk S, Soyer OM, Evirgen S, Akyuz F, Karaca 
C, Besisik F, Kaymakoglu S, et al. Effect of cytochrome P450 2C19 polymor-
phisms on the Helicobacter pylori eradication rate following two-week 
triple therapy with pantoprazole or rabeprazole. Eur Rev Med Pharmacol Sci. 
2016;20(5):879–85.

17. Oh JH, Dong MS, Choi MG, Yoo HW, Lee SB, Park YI, Chung IS. Effects of 
CYP2C19 and MDR1 genotype on the eradication rate of Helicobacter pylori 
infection by triple therapy with pantoprazole, amoxycillin and clarithromycin. 
J Gastroenterol Hepatol. 2009;24(2):294–8.

18. Tahara T, Shibata T, Yamashita H, Hirata I, Arisawa T. Influence of MDR1 poly-
morphism on H. Pylori-related chronic gastritis. Dig Dis Sci. 2011;56(1):103–8.

19. BaniHani MNKO, Alzoubi KH, Bashir NA, Shakhatreh MAK, Sabi SH, Alrabadi N. 
The Association between ABCB1 C1236T/C3435T SNPs and H. pylori infection 
among jordanians. Genes 2020, 11(1).

20. Sałagacka A, Bartczak M, Zebrowska M, Jażdżyk M, Balcerczak M, Janiuk R, 
Mirowski M, Balcerczak E. C3435T polymorphism of the ABCB1 gene: impact 
on genetic susceptibility to peptic ulcers. Pharmacol Rep. 2011;63(4):992–8.

21. Omar M, Crowe A, Parsons R, Ee H, Tay CY, Hughes J. P-glycoprotein expres-
sion in Helicobacter pylori-positive patients: the influence of MDR1 C3435T 
polymorphism. J Dig Dis. 2012;13(8):414–20.



Page 10 of 10Thuy et al. BMC Pediatrics          (2024) 24:464 

22. Su J, Zhou X, Chen H, Hao B, Zhang W, Zhang G. Efficacy of 1st-line bismuth-
containing quadruple therapies with levofloxacin or clarithromycin for the 
eradication of Helicobacter pylori infection: a 1-week, open-label, random-
ized trial. Medicine. 2017;96(7):e5859.

23. Miehlke S, Schneider-Brachert W, Kirsch C, Morgner A, Madisch A, Kuhlisch E, 
Haferland C, Bästlein E, Jebens C, Zekorn C, et al. One-week once-daily triple 
therapy with esomeprazole, moxifloxacin, and rifabutin for eradication of 
persistent Helicobacter pylori resistant to both metronidazole and clarithro-
mycin. Helicobacter. 2008;13(1):69–74.

24. Kuo CH, Wang SS, Hsu WH, Kuo FC, Weng BC, Li CJ, Hsu PI, Chen A, Hung WC, 
Yang YC, et al. Rabeprazole can overcome the impact of CYP2C19 polymor-
phism on quadruple therapy. Helicobacter. 2010;15(4):265–72.

25. Saito Y, Serizawa H, Kato Y, Nakano M, Nakamura M, Saito H, Suzuki H, Kanai T. 
First-line eradication for Helicobacter pylori-positive gastritis by esome-
prazole-based triple therapy is influenced by CYP2C19 genotype. World J 
Gastroenterol. 2015;21(48):13548–54.

26. Chiesa C, Pacifico L, Anania C. Helicobacter pylori therapy in children: over-
view and challenges. Int J ImmunoPathol Pharmacol. 2010;23(2):405–16.

27. Settin A, Abdalla AF, Al-Hussaini AS, El-Baz R, Galal A. Cure rate of Heli-
cobacter pylori infection in Egyptian children related to CYP2C19 gene 

polymorphism. Indian J Gastroenterology: Official J Indian Soc Gastroenterol. 
2014;33(4):330–5.

28. Li M, Li T, Guo S, Liang H, Jiang D. The effect of MDR1 C3435T polymorphism 
on the eradication rate of H. Pylori infection in PPI-based triple therapy: a 
meta-analysis. Medicine. 2017;96(13):e6489.

29. Kato S, Shimizu T. The updated JSPGHAN guidelines for the management of 
Helicobacter pylori infection in childhood. 2020, 62(12):1315–31.

30. Kodaira C, Sugimoto M, Nishino M, Yamade M, Shirai N, Uchida S, Ikuma M, 
Yamada S, Watanabe H, Hishida A, Furuta T. Effect of MDR1 C3435T polymor-
phism on lansoprazole in healthy Japanese subjects. Eur J Clin Pharmacol. 
2009;65(6):593–600.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Effect of MDR1 C3435T and CYP2C19 genetic polymorphisms on the outcome of Helicobacter pylori eradication treatment in children with gastritis and peptic ulcer, Vietnam
	Abstract
	Background
	Materials and methods
	Study design and participants
	EGD and biopsies
	Culture and epsilometer test
	Tailored therapy and outcome evaluation
	Determination genotyping of CYP2C19 and MDR1 C3435T
	Statistical analysis
	Ethical issue

	Results
	Characteristics of patients
	Factors associated with the H. pylori tailored therapy outcome

	Discussion


