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 Background: The effects of PPI are variable owing to the CYP2C19 polymorphisms. However, whether the polymorphisms 
could affect the Hp eradication efficacy of triple therapy is still not clear. The present study aimed to assess 
the effects of CYP2C19 gene polymorphisms on proton pump inhibitor (PPI), amoxicillin, and levofloxacin tri-
ple therapy for Helicobacter pylori (Hp) eradication.

 Material/Methods: We randomly assigned 160 Hp-positive patients with chronic gastritis to 2 groups to receive either 20 mg bid 
omeprazole (OAL group, n=80) or 10 mg bid rabeprazole (RAL group, n=80), combined with 1000 mg bid amoxi-
cillin and 500 mg qd levofloxacin. The 2 groups were treated for 10 days. The CYP2C19 genotypes included wild-
type, M1 mutant gene (*2, the mutation of exon 5), and M2 mutant gene (*3, the mutation of exon 4) identi-
fied by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFIP). According to CYP2C19 
genotype combinations, the patients were divided into extensive metabolizer (EM), intermediate metaboliz-
er (IM), and poor metabolizer (PM) subgroups. The eradication efficacy of Hp was evaluated by 14C-UBT at 28 
days after treatment.

 Results: The trial was completed by 155 patients. Hp eradication rates in OAL and RAL groups were 78.2% and 88.3%, 
respectively, on per-protocol (PP) analysis, indicating no significant difference (P>0.05). Regarding CYP2C19 
genotypes, eradication rates of 60.7%, 84.2%, and 100% were obtained for EM, IM, and PM subgroups, re-
spectively, of the OAL group. EM group eradication rates were significantly lower than IM and PM group values 
(P<0.05). In the RAL group, no such difference was observed (P>0.05). Hp eradication rates were significantly 
lower in the EM subgroup of the OAL group compared with that of the RAL group.

 Conclusions: Hp eradication rates were higher in the RAL group than in OAL-treated patients. Interestingly, omeprazole-based 
therapy was significantly affected by the CYP2C19 genotype, unlike the rabeprazole-based therapy.
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Background

Helicobacter pylori (Hp) infection is an important risk factor for 
digestive ulcer, gastric mucosa-associated lymphoid tissue lym-
phoma (MALT), chronic gastritis with indigestion, gastric mu-
cosa atrophy or erosion, gastric polyps, malignant tumors, and 
other diseases of the digestive system [1]. Long-term follow-
up showed that Hp eradication has an important role in peptic 
ulcer treatment and Hp-related chronic gastritis prognosis, as 
well as in reversing gastric mucosa-associated lymphoid tissue 
lymphoma progression. Hp eradication has a preventive effect 
by eliminating the precancerous lesions of gastric cancer [2].

Proton pump inhibitors (PPIs) increase gastric pH by inhibit-
ing acid secretions, and enhance the activity of oral antibiot-
ics while inhibiting Hp; therefore, they are widely used in the 
clinical treatment of acid-related diseases. Currently, triple 
therapy based on PPI combination with 2 antibiotics is com-
monly used in Hp eradication treatment [3]. In the traditional 
standard triple therapy, the most commonly used antibiotics 
are amoxicillin, metronidazole, and clarithromycin. Recently, a 
Chinese Hp resistance survey indicated that the Hp resistance 
rates towards metronidazole and clarithromycin were 75.6% 
and 27.6%, respectively, in many areas of China [4].

Therefore, Hp eradication with standard triple therapy is be-
coming less common and cannot satisfy the target demand. In 
recent years, a number of studies suggested that triple therapy 
containing levofloxacin has better Hp eradication rates [5,6]. 
The latest Maastricht IV/Florence Consensus Report and Fourth 
Chinese National Consensus Report on the management of 
Helicobacter pylori infection both recommend triple therapy 
containing levofloxacin in Hp eradication strategies, especial-
ly amoxicillin combined with levofloxacin based on PPI as the 
initial treatment scheme [6].

Proton pump inhibitor (PPI) is an important basic part in Hp 
eradication schemes [7]. Omeprazole, as the first-generation 
representative PPI drug, is one of the most commonly used 
proton pump inhibitors and has been widely studied for its 
pharmacogenetics properties; it is mainly involved in CYP2C19 
and CYP3A4 metabolic pathways [8]. The affinity of omepra-
zole for CYP3A4 is 10 times lower than for CYP2C19, and its 
metabolism is mainly through CYP2C19 in vivo [9]; therefore, 
omeprazole efficacy is significantly affected by CYP2C19 gene 
polymorphisms. Rabeprazole is a new-generation PPI devel-
oped in recent years, with unique pharmacokinetic character-
istics; its dependence on liver drug metabolizing enzymes is 
reduced, but it is transformed into sulfide rabeprazole mainly 
through the non-liver enzyme pathway. Therefore, CYP2C19 
gene polymorphisms minimally affect rabeprazole metabolism. 
After oral rabeprazole intake, AUC values for the PM group are 
only 1.2 times higher than those of the EM group; anti-acid 

effects for both groups do not reach ideal levels, suggest-
ing that the effects on intragastric pH do not depend on the 
CYP2C19 genotype [10].

For the past few years, studies have demonstrated great diver-
sity in pharmacokinetic and pharmacodynamic aspects (e.g., 
bioavailability, metabolism, drug interactions, and biological 
specificity) among different PPIs [11–13]. The therapeutic ef-
fects observed in different populations using the same PPI are 
variable, mainly due to the interactions between the drugs and 
genetic factors, including Cytochrome P450 2C19 (CYP2C19) 
polymorphisms [14,15]. CYP2C19 (NCBI gene ID: 1557), also 
known as S-mephenytoin hydroxylase, belongs to the protein 
family of the cytochrome P450 mixed-function oxidase system, 
and is involved in the metabolism of xenobiotics such as PPIs 
and anti-epileptics [16]. Its gene defects directly affect enzyme 
activity and, consequently, drug efficacy. CYP2C19 has been 
shown to display at least 30 alleles, including 23 encoding a 
protein (CYP2C19*1 is the gene yielding the normal enzyme 
activity) [17,18]. De Morais et al. found that CYP2C19 mainly 
shows 2 mutant alleles [19], CYP2C19*2 and CYP2C19*3, which 
were previously known as CYP2C19 M1 and CYP2C19 M2; both 
of them encode nonfunctional proteins due to single-nucleo-
tide mutations. CYP2C19*2 is the main CYP2C19 mutation in 
Chinese individuals [18]. According to CYP2C19 genotype dif-
ferences, 3 metabolic types can be distinguished: no mutation, 
strong metabolism type (EM); one-locus mutated, intermediate 
metabolizer (IM); and 2 loci mutated, weak metabotropic (PM).

The present study aimed to explore the effects of CYP2C19 gene 
polymorphisms on efficacy of triple therapy with amoxicillin com-
bined with levofloxacin based on proton pump inhibitor (PPI) 
for the eradication treatment of Hp-positive chronic gastritis, 
and provide new insights to guide individual treatments and 
reasonable adjustment of drug dosage to ensure drug efficacy.

Material and Methods

Patients

This study enrolled 160 patients with dyspeptic symptoms, in-
cluding 77 males and 83 females, diagnosed with Hp-positive 
chronic gastritis by endoscopy in Guangzhou First Municipal 
People’s Hospital from May to December 2014. The subjects 
were all of Han ethnicity, with an average age of 45.2±12.6 
years (18 to 70 years).

Inclusion criteria were: (1) diagnosis of Hp-positive chron-
ic gastritis by gastroscopy in parallel to rapid urease test, (2) 
aged from 18 to 70 years, (3) no use of antimicrobial drugs 
within 2 weeks of enrolment, and (4) willingness to undergo 
Hp eradication therapy.
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Exclusion criteria were: (1) comorbidity with peptic ulcer, 
Zollinger Ellison syndrome, reflux esophagitis, esophageal var-
ices, gallstones; a history of stomach surgery and other diges-
tive diseases; (2) coexistence of serious underlying diseases 
such as severe liver disease, pulmonary heart disease, kidney 
disease, malignant tumors; (3) treatment with antibiotics and 
bismuth, H2 receptor antagonists, and proton pump inhibitors 
within 2 weeks of enrolment; (4) treatment with nonsteroidal 
anti-inflammatory drugs, antiplatelet drugs, anticoagulant drugs 
for gastric mucosal damage, or phenytoin, diazepam and other 
drugs that affect CYP2C19 within 3 months of enrolment; (5) 
allergies to study drugs; and (6) pregnant or lactating women.

Exit criteria included: (1) condition aggravation or occurrence 
of other serious complications; (2) inability to tolerate adverse 
drug reactions; (3) pregnancy or other symptoms interfering 
with the study arising during treatment; and (4) loss to fol-
low-up and voluntary withdrawal.

This study was approved by the Ethics Committee of Guangzhou 
First Municipal People’s Hospital, and each patient provided 
signed informed consent.

Hp testing standards

Each piece of mucosa from the gastric antrum to body of stom-
ach was examined by gastroscopy, and a rapid urease test was 
carried out. The effect of HP eradication therapy was detect-
ed with 14C urea breath test at 4 weeks after therapy end and 
withdrawal of acid-suppressive drugs.

Rapid urease test

Phenol reagent and urea were mixed evenly to pale yellow 
according at the proportion of 10 ml: 0.2 g as a pH indicator. 
The gastric mucosal tissue was immediately placed in the mix-
ture and color change was observed after 30 min; Hp presence 
was reflected by the color changing from pale yellow to red.

14C urea breath assay

Urea [14C] breath test kits were purchased from Haidewei 
Biotechnology Co., Ltd. (China), and used according to the man-
ufacturer’s instructions. Fasting subjects took a capsule con-
taining urea [14C] with 20 ml of cold water, and sat still for 25 
min before blowing through a catheter to the CO2 collecting 
agent until it became colorless. Then, 4.5 ml diluted scintilla-
tion fluid was added to the sample bottle and stamped with 
a seal, shaken up before assessing radioactivity of 14C sam-
ples for 2 min on a liquid flash instrument. Hp was consid-
ered to be present when 14C-UBT was greater than or equal 
to 100 dpm/mmol CO2.

Grouping and treatment scheme

Patients were randomly divided into 2 groups, and received 
levofloxacin triple therapy for Hp eradication therapy. The 
omeprazole group (OAL group, 80 cases) was treated with 20 
mg omeprazole (Losec, AstraZeneca Pharmaceutical Co., Ltd) 
twice daily, in combination with 1000 mg amoxicillin (AMO 
Xian, Zhuhai federal Pharmaceutical Co. Ltd.) twice a day and 
500 mg levofloxacin (Cravit, Daiichi Sankyo Co. Ltd.) once dai-
ly, for 10 days. The rabeprazole group (RAL group, 80 cases) 
received 10 mg rabeprazole (Pollitt Lei Bei, Eisai Co. Ltd.) per 
os twice a day, in combination with amoxicillin and levoflox-
acin at the above regimens, also for 10 days.

CYP 2C19 genotype assessment

Genomic DNA was extracted from 2 ml EDTA anticoagulated 
peripheral venous blood obtained from fasting patients, using 
the Blood DNA TIANamp Kit (Tiangen Biotech Co., Ltd., Beijing, 
China). CYP2C19 (NCBI gene ID: 1557) genotype analysis was 
performed by polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP) technology on a Bio-Rad 
S1000 PCR instrument, and the primer sequences are shown in 
Table 1. Three main alleles were found: wild-type (CYP2C19*1) 
and 2 mutants (mutations in exon 5 for CYP2C19*2 and in exon 
4 for CYP2C19*3) (Supplementary Figure 1).

Genomic DNA characterization

DNA samples were examined for concentration and purity on 
an ultraviolet spectrophotometer and agarose gel electrophore-
sis, and qualified specimens were selected: concentration >50 
ng/μL, OD260/OD280 ratio between 1.5 and 2.0, gel electro-
phoresis bands clear, and integrity >20 kb, ensuring DNA in-
tegrity and purity compatible with the PCR method.

PCR amplification

Genomic DNA from patient blood samples was used as tem-
plate with the specific primers described in Table 2. PCR was 
carried out with the Taq PCR Master Mix kit (TianGen Biotech 
Co., Ltd.) according to the manufacturer’s instructions. Briefly, 
a total reaction volume of 25 μl contained DNA template (5 μl), 

Genotype Primer sequence

CYP2C19*2
Forward 5’-AATTACAACCAGAGCTTGGC-3’

Reverse 5’-TATCACTTTCCATAAAAGCAAG-3’

CYP2C19*3
Forward 5’-TATTATTATCTGTTAACTAATATGA-3’

Reverse 5’-ACTTCAGGGCTTGGTCAATA-3’

Table 1. PCR primers.
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upstream and downstream primers (10 μM, 1 μl each), 2×Taq 
PCR Master Mix (12.5 μl), and ddH2O to 25 μl. The reaction con-
ditions were: 94°C for 3 min (initial denaturation); 30 cycles of 
94°C for 30 s (denaturation), 56 °C (exon 5) or 53 °C (exon 4) 
for 30 s (annealing), and 72°C for 1 min (extension); and final 
extension at 72°C for 5 min. PCR products of exon 5 carrying 
CYP2C19*2 mutation sites and exon 4 with CYP2C19*3 muta-
tion sites were assessed by 2% agarose gel electrophoresis.

Enzyme digestion

Each PCR product (exon 5 and exon 4) was cut by restriction 
endonucleases SmaI and BamHI (NEB Co., Ltd.), respectively. 
Exons 5 and 4 were digested (37°C) for 15 min according to 
the manufacturer’s instructions.

Agarose gel electrophoresis

Electrophoresis of enzyme digestion products was carried out 
on 2% agarose gel followed by band observation under ultra-
violet light; the genotypes were assessed by standard DNA 
molecular techniques. Figure 1 shows polymorphism bands 
of CYP2C19 *2 and CYP2C19*3.

Statistical analysis

General patient information was compared between the 2 
groups using the t test and c2 test, as appropriate; HP eradi-
cation rate differences were analyzed by the c2 test. Intention 
to treat (ITT) and per-protocol (PP) analyses were performed 
in comparing total HP eradication rates of the 2 treatment 
groups. In ITT analysis, a sample was retained in the original 
group for analysis regardless of whether treatment was com-
pleted, but PP analysis only included samples with completed 
treatment in the final analysis. The statistical software SPSS 
18 was employed in this study; P<0.05 was considered statis-
tically significant.

Results

General patient data

A total of 160 subjects were enrolled in this study, with 155 
completing the treatment, including 76 males and 79 females, 
aged between 18 and 70 years (average 44.8±12.5 years). There 
were 46/155 smokers (29.6%) and 19/155 drinkers (12.3%). 
In the OAL group, 78 cases completed the treatment: 1 case 
withdrew due to a rash that healed without special treatment, 
while another was lost to follow-up. The RAL group included 
77 cases who completed the treatment: 2 cases dropped out 
due to adverse reactions (1 case each of skin rash and diar-
rhea, who were healed without special treatment) and a third 
patient was lost to follow-up (Figure 1). There were no sig-
nificant differences in age, sex, genotype, smoking, drinking, 
and compliance between the 2 treatment groups (Table 2, 
P>0.05). Of the 155 patients, a total of 54 (34.8%) were of EM 
type (genotype, *1/*1), including 28 and 26 from OAL and RAL 
groups, respectively. There were 78 cases (50.3%) of IM type 
(genotype, *1/*3 or *1/*2), with 38 and 40 from the OAL and 
RAL groups, respectively. Finally, a total of 23 cases (14.8%) 
were of PM type (genotype, *2/*3, *1/*2 or *3/*3), with 12 OAL 

OAL group (n= 78) RAL group (n=77) P value

Male (%)  37 (47.4%)  39 (50.6%) 0.160

Age (year)  44.62±12.23  45±12.83 0.848

Smoking (%)  22 (28.2%)  24 (31.2%) 0.163

Alcohol taking (%)  9 (11.5%)  10 (13.0%) 0.076

CYP2C19 genotype

 EM (%)  28 (35.9%)  26 (33.8%) 0.078

 IM (%)  38 (48.7%)  40 (51.9%) 0.162

 PM (%)  12 (15.4%)  11 (14.3%) 0.37

Table 2. Baseline patient data.

Alcohol taking: Drink at least 4 times a week for the past 30 days.

Figure 1.  Flow chart of patient enrolment.

CYP2C19 genotype detection
randomize (n=160)

RAL group (n=80)OAL group (n=80)

Quit for rash (n=1)
Quit for diarrhea (n=1)Quit for rash (n=1)

Lost to follow up (n=1)Lost to follow up (n=1)

Analyzed (n=77)

Follow up
14C-UBT on the

28th day (n=77)

Analyzed (n=78)

Follow up
14C-UBT on the

28th day (n=78)
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group cases and 11 RAL group individuals. There were no sig-
nificant differences between the 2 groups (Table 2, P>0.05).

Hp eradication rates

Hp eradication rates by PP and ITT analyses of the OAL group 
were 78.2% and 76.3%, respectively; in the RAL group, erad-
ication rates of 88.3% and 85%, respectively, were obtained. 
The differences in HP eradication rates between the 2 treat-
ment groups were not statistically significant by any analysis 
method (Table 3, P>0.05).

Genotype distribution and HP eradication rate

Hp eradication rates of different genotypes were compared be-
tween the 2 treatment groups (Table 4). In the OAL group, Hp 
eradication rates of EM, IM, and PM subgroups were 60.7%, 

84.2%, and 100%, respectively, indicating statistically sig-
nificant differences among the 3 genotypes. Indeed, the EM 
type showed significantly lower eradication rates compared 
with the IM and PM subgroups (P<0.05); however, the differ-
ences between IM and PM showed no statistical significance 
(P>0.05). Hp eradication rates of EM, IM, and PM subgroups 
were 84.6%, 86%, and 100%, respectively, in the RAL group; 
there was no statistically significant difference among these 
3 genotypes (P>0.05). A comparison of Hp eradication rates of 
the same genotype between both groups suggested that the 
EM type of the OAL group had marginally lower values than 
that of the RAL group (P=0.05) (Table 5), while HP eradication 
rates of IM and PM genotypes did not differ significantly be-
tween treatment groups (P>0.05).

Analyze method OAL group RAL group P value

PP analysis  61/78 (78.2%)  68/77 (88.3%) 0.092

ITT analysis  61/80 (76.3%)  68/80 (85%) 0.161

Table 3. Hp eradication rates in different treatment groups.

Treatment groups Genotype Hp eradication rate

P value

Multi comparison
Comparison between 

two groups

OAL group

EM  60.7% (17/28)

0.010

0.031*

IM  84.2% (32/38) 0.338**

PM  100% (12/12) 0.030***

RAL group

EM  84.6% (22/26)

0.401

1.000*

IM  86.0% (35/40) 0.508**

PM  100% (11/11) 0.296***

Table 4. Hp eradication rates of patients in the same treatment based on genotypes.

* EM vs. IM; ** IM vs. PM; *** EM vs. PM.

Genotype Treatment group Hp eradication rate P value

EM
OAL  60.7% (17/28)

0.050
RAL  84.6% (22/26)

IM
OAL  84.2% (32/38)

0.677
RAL  86.0% (35/40)

PM
OAL  100% (12/12)

1.000
RAL  100% (11/11)

Table 5. Hp eradication rate of patients with the same genotypes based on treatment groups.
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Discussion

CYP2C19 metabolic polymorphisms show individual and pop-
ulation differences. For instance, multiple studies showed that 
PM mutation rates in whites and Asians are 3–5% and 13–23%, 
respectively, with blacks showing intermediate rates [20]. 
Wang et al. found that CYP2C19 mainly shows 2 point muta-
tions (M1 and M2) in 155 unrelated healthy Han volunteers, 
with incidence rates for EM, IM, and PM of 36.8% (57/155), 
47.7% (74/155), and 15.5% (24/155), respectively [21]. The pres-
ent study showed that the genotype distribution was 34.8% 
EM (54/155), 50.3% IM (78/155), and 14.9% PM (23/155), cor-
roborating the above findings.

This study showed that HP eradication by triple therapy con-
taining levofloxacin and based on the first generation of PPI 
omeprazole is markedly affected by CYP2C19 gene polymor-
phism, while a similar triple therapy based on rabeprazole is 
more stable and less affected by CYP2C19 gene polymorphism. 
These findings indicate that the impact of CYP2C19 gene poly-
morphism on different PPIs is similar to that observed in stan-
dard triple therapy, with treatment containing levofloxacin and 
based on the new generation PPI rabeprazole having higher Hp 
eradication ratio and smaller individual differences.

As an important clinical treatment tool, CYP2C19 genotype de-
tection method has been widely applied because it is rapid, 
simple, affordable, and suitable for use in all levels of hospital. 

Patients should be submitted to CYP2C19 genotyping before 
treatment of acid-related diseases and eradication of Hp. This 
would contribute to providing individualized PPI therapy for 
different patients, adjusting drug use based on gene polymor-
phism, and developing the best solutions for further treatment 
optimization. Selecting drug and administration regimen ac-
cording to the genetic polymorphism of different individuals 
will provide a strong scientific basis for rational drug use and 
better efficacy, with fewer adverse reactions and lower costs.

Conclusion

Eradication rates of Hp were higher for levofloxacin-containing 
triple therapy in the RAL group than in OAL-treated patients. 
Interestingly, Hp eradication rates with omeprazole-based le-
vofloxacin-containing triple therapy were significantly affected 
by the CYP2C19 genotype. The efficacy of rabeprazole-based 
levofloxacin-containing triple therapy was relatively stable and 
less affected by the CYP2C19 genotype. These findings pro-
vide additional insights that can help develop individualized 
therapies for Hp eradiation, with rational drug use, better ef-
ficacy, fewer adverse reactions, and lower costs.

Conflicts of interest
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Supplementary Figure 1.  PCR-RFLP electrophoretogram OF CYP2C19 genotypes. (A) M, 50 bp Marker; 1, PCR product; 2, *1/*1; 3, *1/*2; 
4, *2/*2. (B) M, 50 bp Marker; 1, PCR product; 2, *1/*1; 3, *1/*3; 4, *3/*3.
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