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ABSTRACT

والطفرات   VacA و   CagA جينات  تواتر  احلالية  الدراسة  تصف  األهداف: 
املرتبطة مبقاومة الكالريثروميسني بني عزالت هيليكوباكتر بيلوري من املنطقة 

الشرقية باململكة العربية السعودية.

ويونيو  2020م  يوليو  من  الفترة  خالل  مقطعية  دراسة  أجريت  املنهجية: 
عزل  السعودية.مت  العربية  اململكة  اخلبر،  في  تعليمي  مستشفى  في  2021م 
34 ساللة من بكتيريا هيليكوباكتر بيلوري من خزعات املعدة من مرضى عسر 
الهضم. متت دراسة وجود جينات VacA و CagA بواسطة PCR وُدرست 
مقاومة كالريثروميسني من خالل تسلسل جزء اجلني املقابل في املجال V من 

.23s جني احلمض النووي الريبوسي

النتائج: كانت جميع العزالت موجبة بالنسبة جلني CagA. حوالي97.1% 
)33/34( منعزله كانت موجبة بواسطة بادئات VacA M، و%91.2 كانت 
األليلية األكثر شيوًعا هي  التركيبة  VacA S. كانت  بادئات  موجبة بواسطة 
)%26.7(، ثم  S1/M2/cag بنسبة  )%60(، تليها  S2/M2/cag بنسبة 
حوالي   .)3.3%( بنسبة   S2/M1/cag و   ،)10%( بنسبة   S1/M1/cag
 .A2143G و %29 لديها طفرة A2142G 6.5 من العزالت حتوي طفرة%
احتوت عزلة واحدة على الطفرة T2182C. أظهر التحليل الوراثي أن 58% 
يبدو   42% الباقي  بينما  والعاملية  اإلقليمية  العزالت  مع  تتكتل  العزالت  من 
أنها منتشرة بشكل خاص في اململكة العربية السعودية. خضع معظم املرضى 

)%73.5( بالفعل لعالج سابق الستئصال بكتيريا امللوية البوابية.

بني  الفوعة  جينات  انتشار  في  إقليمًيا  تبايًنا  هناك  أن  أظهرنا  لقد  اخلالصة: 
عزالت هيليكوباكتر بيلوري. باإلضافة إلى ذلك، أظهرنا تواتر طفرات احلمض 
العربية  اململكة  في  كالريثروميسني  مبقاومة  املرتبطة   23s الريبوسي  النووي 

السعودية.

Objectives: To describe the frequency of cytotoxin-
associated gene A )CagA( and vacuolating cytotoxin A 
)VacA( virulence genes and clarithromycin resistance-
associated mutations among Helicobacter pylori 
)H. pylori( clinical isolates from Eastern Saudi Arabia.

Methods: A cross-sectional study was carried out 
between July 2020 and June 2021 in a tertiary hospital 
in AL-Khobar, Saudi Arabia. A total of 34 H. pylori 
isolates were obtained from gastric biopsies of patients 
with dyspepsia. The existence of the virulence genes 
was studied by polymerase chain reaction and the 
gene fragment of the 23s ribosomal subunit )23s rRNA( 
gene was sequenced.

Original Article

Results: All isolates harbored the CagA gene. 
Approximately 97.1% )33/34( isolates were positive 
using the VacA M primer and 91.2% )31/34( 
isolates were positive using the VacA S primer. The 
most frequent allelic combination was S2/M2/cag 
)60%(, followed by S1/M2/cag )26.7%(, S1/M1/cag 
)10%(, and S2/M1/cag )3.3%(. Approximately 6.5% 
isolates harbored the A2142G mutation and 29% 
isolates harbored the A2143G mutation. One isolate 
contained the mutation T2182C. The phylogenetic 
analysis showed that 58% isolates clustered with the 
regional and global isolates while the remaining 42% 
isolates seemed to be specifically circulating in Saudi 
Arabia. Most of the patients )73.5%( had already 
underwent a previous H. pylori eradication therapy.

Conclusion: We showed that there is a regional 
variation in the frequency of the virulence genes 
among H. pylori isolates. Additionally, we showed 
the frequency of 23s rRNA mutations related to 
clarithromycin resistance in Saudi Arabia.

Keywords: H. Pylori, clarithromycin, resistance, Saudi 
Arabia, 23s rRNA
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Helicobacter pylori )H. pylori( has been recognized 
since a long time as a significant pathogen for the 

stomach and duodenal tissues and the most common 
cause of gastric ulcers and gastric cancer.1 The main 
treatment regimen for H. pylori is a combination of 
clarithromycin )CLR(, a proton pump inhibitor, and 
amoxicillin or metronidazole.1 However, the emergence 
of H. pylori strains that are resistant to CLR and other 
antibiotics and its implication in failure of treatment 
has warranted the need to discover novel treatment 
strategies.

Clarithromycin is a macrolide antibiotic which 
targets the 23s ribosomal subunit )23s rRNA( and 
mutations within the V domain of the 23s rRNA are 
mostly linked to macrolides resistance.2 Globally, 
studies have found that the pattern of resistance to 
clarithromycin, levofloxacin, and metronidazole in 
H. pylori isolates exceeded 15% in many parts of the 
world.3 Additionally epidemiological studies assessing 
the prevalence of clarithromycin resistance have 
indicated a resistance level that ranges from 5.5-30.8% 
with the highest trend in Asia )27.5%(.2

Resistance to CLR was mainly attributed to point 
mutations in the gene 23s rRNA.4 In addition, multidrug 
efflux pumps can also contribute to a conserved 
resistance to CLR in H. pylori strains.5 Moreover, 
point mutations in rpl22 and infB genes have also been 
implicated in CLR resistance.6 In this context, CLR 
resistance is a determining factor in successful treatment 
and eradication of H. pylori; therefore, recent guidelines 
recommended that H. pylori treatment strategies should 
depend on the degree of CLR resistance.7 Bearing in 
mind the importance of CLR resistance in H. pylori, 
introduction of levofloxacin antibiotic to the treatment 
regimen resulted in the emergence of strains resistant 
to this antibiotic as well. Levofloxacin resistance is 
associated, at least in part, with mutations in the region 
determining quinolone resistance, which contains 
2 genes encoding the gyrase enzyme isoforms A and B.8,9 
This information on levofloxacin and CLR resistance 
was supported by a German study, which reported 
a 6.9% prevalence of CLR and a 14% prevalence of 
levofloxacin resistance in Germany.10 Hence, linking 
the bacterial phenotype to the genotype and the map of 
antimicrobial resistance could be significant to deriving 
better clinical decisions on the choice of the suitable 

antibiotic that could be more effective depending on 
bacterial strain genotype. 

The vacuolating cytotoxin A )VacA( as well as cytotoxin 
associated antigen A )CagA( are thought to be the major 
H. pylori pathogenic genes.11 Cytotoxin associated 
antigen A gene is the principal protein encoded by 
cytotoxin associated gene pathogenicity island and 
has been linked to the virulent strains that have been 
found to be linked to peptic ulcer disease and gastric 
carcinoma. On the other hand, VacA is a common 
gene among isolates of H. pylori. However, some gene 
alleles were linked to chronic inflammation of gastric 
mucosa.11 Helicobacter pylori strains carrying the VacA 
gene may differ depending on the variation in VacA 
regions namely, s-, i-, m-, d-, and c-regions with VacA 
s1/m1 alleles are known to be among the most virulent 
H. pylori strains.12

The prevalence of H. pylori in Saudi Arabia ranges 
between 28-46% among adults with dyspepsia 
depending on the geographical location; the highest 
being in the southern region.13-16 Among children, the 
seroprevalence of H. pylori in Saudi Arabia was reported 
to be 40%.17 Therefore, understanding the pathogenesis 
of the circulating strains and antimicrobial resistance 
pattern, and their molecular background is crucial for 
proper treatment of H. pyroli infection.

Thus, the aim of the current study was to explore 
the genetic makeup of H. Pylori isolates obtained from 
patients in Saudi Arabia and to identify potential 
antibiotic resistance mutations to get insight on the 
most successful therapy combinations to eradicate 
this microorganism and attenuate its virulence-related 
pathogenicity.

Methods. A cross-sectional study was carried out 
between July 2020 and June 2021 in a tertiary hospital 
in AL-Khobar, Saudi Arabia. Gastric biopsies from 
patients who underwent gastroduodenal endoscopy were 
received at the diagnostic Microbiology Laboratory at 
King Fahd Hospital of the University, Al-Khobar, Saudi 
Arabia, for the detection and isolation of H. pylori. No 
patient sample was specifically collected for the purpose 
of this project. Only isolated H. pylori strains were 
collected and used in the study. Patient’s clinical data 
were collected from the patient’s medical record and 
data analysis was carried out anonymously.

The inclusion criteria was any H. pylori strain 
isolated in culture from gastric biopsy and no exclusion 
criteria was carried out. Helicobacter pylori isolates 
were collected from 34 gastric biopsies from 17 males 
and 17 females. A total of 28 )82.4%( patients were 
from Saudi Arabia, 2 from Jordan, and one each from 

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.
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Yemen, Morocco, Eritrea, and Indonesia. The patient’s 
age ranged between 19-73 years )median 35 years and 
average 38 years(.

The ethical approval for the study was obtained from 
the Institutional Review Board at Imam Abdulrahman 
Bin Faisal University, Dammam, Saudi Arabia, 
)approval number: IRB-2020-03-229(.

Since no samples were directly obtained from the 
patients for the purpose of this study and only the 
isolated bacterial strains were used in the study, no 
consent form was required.

Helicobacter pylori clinical isolates were obtained 
from the diagnostic microbiology laboratory at 
the University hospital. The routine processing of 
gastric biopsies for isolation of H. pylori was carried 
out as follows: after homogenization of the biopsy 
sample in a manual tissue grinder containing 1 ml 
normal saline, 350 µl homogenate was inoculated on 
Colombia agar supplemented with 10% horse serum 
and Dent supplement )SPML, Riyadh, Saudi Arabia(. 
Additionally, 350 µl of the grinded tissue were inoculated 
on 5% sheep blood agar and on chocolate agar )SPML, 
Riyadh, Saudi Arabia(. All plates were incubated in 
microaerophilic condition using Oxoid CampyGen 
Gaspak )ThermoFisher Scientific, Hampshire, UK( for 
4-10 days. Any bacterial growth on any of the plates 
was tested by Gram stain and other biochemical tests. A 
heavy inoculum of the identified H. pylori isolates was 
resuspended in 300 µl phosphate buffered saline and 
stored at -80°C for molecular characterization.

The QiaAmp DNA extraction kit )Qiagen, Hilden, 
Germany( was utilized for bacterial DNA extraction 
following the manufacturer’s instruction. The presence 
of major genes that correlate with the H. pylori virulence 
)VacA S, VacA M, and CagA( was studied by PCR using 
the primers shown in Table 1.18,19 Cycling protocols were 
employed as previously described.18 The visualization of 
the PCR product was carried out gel electrophoresis.

The fragment of the 23s rRNA gene that contains 
the CLR resistance associated mutations was amplified 
by PCR employing the primers enumerated in Table 1.20 
The amplified PCR fragment was excised from the 
agarose gel and purified. The purified DNA sample was 
sequenced using the big dye terminator mix )Thermo 
Fisher Scientific, Massachusetts, USA( in both forward 
and reverse directions.

Sequences were cleaned and a consensus sequence 
was obtained from the forward and reverse sequences 
for each isolate. The sequences were aligned using 
ClustalW multiple alignment function in the software 
BioEdit, version 7.0.4.1. The phylogenetic tree was 
generated via the Neighbor-Joining method.

All sequences from the bacterial isolates were 
deposited in the The National Center for Biotechnology 
Information data bank )accession numbers: MZ350604-
MZ350633(.

Statistical analysis. Data were tabulated in Microsoft 
Excel spreadsheets. All frequencies and percentages were 
calculated in Microsoft Excel. Statistical associations 
were calculated using the OpenEpi website and 
employing the 2x2 tables. The mid-p exact test was used 
to evaluate the association with a significant p-value of 
<0.05.

Results. Patients’ characteristics are shown in 
Table 2. There was no statistically significant difference 
in the rate of infection between females and males from 
different age groups )p=0.786(.

Endoscopic findings showed that most patients have 
normal mucosa with mild to severe gastritis or erosive 
gastritis with or without nodules )Table 2(. Most of 
the patients )25/34, 73.5%( had already underwent a 
previous H. pylori eradication therapy )Table 2(.

All of the isolates were positive for the CagA gene. 
Approximately 97.1% )33/34( isolates were found to be 
positive using VacA M primers )6 M1 and 27 M2( and 
91.2% )31/34( isolates were found to be positive using 

Table 1 - Primer sequences and amplicon size.

Primers Sequences Band sizes (bp) References

VacA )s(-F 5’ATGGAAATACAACAAACACAC3’
s1: 259, s2: 286

18,19

VacA )s(-R 5’CTGCTTGAATGCGCCAAAC3’
VacA )m(-F 5’CAATCTGTCCAATCAAGCGAG3’

m1: 570, m2: 642
VacA )m(-R 5’GCGTCTAAATAATTCCAAGG3’
CagA-F 5’AATACACCAACGCCTCCA3’

400
CagA-R 5’TTGTTGCCGCTTTTGCTCTC3’
23s-F ATGAATGGCGTAACGAGATG

361 20
23s-R GGAAATCGCAAGTTGAGTGT

VacA: vacuolating cytotoxin A, CagA: cytotoxin associated antigen A
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VacA S primers )11 S1 and 20 S2; Figure 1(. The most 
frequent allelic combinations between VacA variants 
and the CagA were S2/M2/Cag )18/30(, followed by 
S1/M2/Cag )8/30(, S1/M1/Cag )3/30(, and S2/M1/Cag 
)1/30(. The S2 variant was more represented with the 
moderate and nodular gastritis )5/1( than the S1 variant 
)3/0(; however, this representation was statistically 
insignificant.

Sequence analysis for the 23s rRNA gene fragment 
was obtained from 31 isolates. Sequence analysis showed 

that 2 )6.5%( isolates harbored the A2142G mutation 
and 9 )29%( isolates harbored the A2143G mutation. 
One isolate contained the mutation T2182C while the 
rest of isolates had single scattered mutations )Figure 2(.

The phylogenetic tree of the local and global isolates 
based on the 23s rRNA gene fragment is shown in 
Figure 3. Approximately 58% of the isolates clustered 
with the regional and global isolates. The isolates 
with the A2143G mutation clustered together with a 
similar isolate reported in Iran. The remaining 42% 

Table 2 - Demographic and clinical data of the patients infected with Helicobacter pylori.

Variables Male (n=17) Female (n=17)

Age (years)
19-30
31-40
41-50
51-60
>60

7 )53.8(
4 )50.0(
2 )40.0(
3 )42.9(
1 )100(

6 )46.1(
4 )50.0(
3 )60.0(
4 )57.1(
0 )0.0(

Nationality
Saudi
Non-Saudi

14 )50.0(
3 )50.0(

14 )50.0(
3 )50.0(

Endoscopic findings (gastritis)
Mild 
Moderate
Severe
Nodular
Erosive

5 )41.7(
4 )66.7(
2 )100(
2 )66.7(
3 )75.0(

7 )58.3(
2 )33.3(
0 )0.0(
1 )33.3(
1 )25.0(

Prior eradication therapy
Unknown
Once
Twice

4 )50.0(
13 )52.0(
0 )0.0(

4 )50.0(
12 )48.0(
1 )100(

Values are presented as number and precentage )%(.

Figure 1 - Percentage of positive virulence genes and genotype combinations in Helicobacter pylori isolates. The VacA 
S1 and S2 values are calculated from the VacA S total positive.31 The VacA M1 and M2 values are calculated 
from the VacA M total positive.33 The VacA S value is calculated from the total isolates.34 The VacA M value 
is calculated from the total isolates.34 The genotypes combinations values are calculated out of 30 isolates. 
VacA: vacuolating cytotoxin A



1132

Molecular characterization of H. pylori ... Alkharsah et al

Saudi Med J 2022; Vol. 43 )10(     https://smj.org.sa

Figure 2 - Sequence alignment of the 23s rRNA gene fragment.
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of the isolates including those harboring the A2142G 
mutation seemed to be specifically circulating in Saudi 
Arabia )Figure 3(.

Discussion. The current study describes the 
prevalence of the VacA and CagA virulence genes and 
mutations related to CLR resistance in H. pylori clinical 
isolates from the Eastern province of Saudi Arabia. 

All H. pylori strains in this study were positive for 
CagA, which is uncommon to other strains from the 
same region.11,21,22 The CagA protein is an important 
virulence protein, which is introduced into the host cell 
through a secretion system of type IV.23 It is responsible 
for enhancing inflammation in gastric mucosa by 
inducing DNA damage and oxidative stress leading to 
increased risk of gastric cancer.24 This may explain the 

presence of mild to severe gastritis in the majority of 
the patients in the study. Horiuchi et al25 suggested a 
correlation between CagA positive strain and recurrent 
H. pylori infection. Indeed, approximately 75% of the 
patients in the study did undergo a previous eradication 
therapy. However, a reinfection scenario cannot be 
confirmed nor a failure of the eradication therapy due to 
incompliance with the treatment cannot be precluded 
at this stage.

Vacuolating cytotoxin A is another important 
virulence protein of H. pylori encoded by the gene VacA. 
In addition to induction of vacuolation inside host cells, 
VacA induces inflammation, inhibits T-cell activation, 
and triggers cellular apoptosis via the mitochondrial 
intrinsic pathway.26 Helicobacter pylori strains expressing 
VacA show an increased tendency to cause peptic 
ulceration and gastric cancer.26 Vacuolating cytotoxin A 
seropositive individuals were shown to be at higher risk 
of developing gastric cancer that occurred mostly in 
association with the S1/M1 allele.27 The VacA allele 
s1bm1 was prevalent in more than half of the isolates 
in a study from North Arizona.28 European strains of 
H. pylori harbor multiple VacA allelic types with or 
without the Cag pathogenicity island, while the East 
Asian S1 or S2 strains that lacks the Cag pathogenicity 
island usually do not exist.29

The most common VacA allele in our study was 
the S2/M2 allele. This allele did not show in vitro Vac 
activity, which might explain the mild form of the disease 
in our patients.30 It was reported previously that the S1/
M1 allele is responsible for higher level of virulence, 
compared to other alleles, followed by the S1/M2 
allele.26 These alleles were present in only 10% and 26% 
of our isolates. However, they were not associated with 
increased severe clinical picture. Different studies from 
Saudi Arabia reported different prevalence of the VacA 
alleles. The S1/M1 allele is the most prevalent in the 
southern region of Saudi Arabia, while S1/M2 allele is 
more prevalent in the middle and the western regions 
of the country.11,31,32 The most frequent allele in our 
study was S2/M2, followed by S1/M2, which indicated 
a regional variation. The S2/M1 allele was only found 
in 3% of our isolates and was not previously reported in 
Saudi Arabia.11,22,33

As CLR is the first line therapy for H. pylori related 
infections, understanding the mechanisms underlying 
the development of CLR resistance is crucial.34 The 
overall resistance to CLR in Saudi Arabia was reported to 
range between 23-40%.35,36 Several studies have linked 
the 23s rRNA gene mutations of H. pylori, including 

Figure 3 - Phylogenetic tree of the Helicobacter pylori isolates from Saudi 
Arabia and other regional and global isolates based on the 23s 
rRNA gene fragment. The circles indicate the isolates with the 
mentioned mutations.
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A2142G, A2143G, or T2182C, among others, to CLR 
resistance.37 Nonetheless, multiple studies reported 
a discrepancy between the phenotypic resistance and 
mutation detection.38 A study from Iraq showed that 
the clarithromycin related mutations are very common 
)60.5% for A2144G and 50% for A2143(.39 In a study 
from China, 82.8% of the clarithromycin resistant 
isolates contained the mutation A2143G and 89.7% 
contained the mutation T2182C, while 45.5% of the 
clarithromycin sensitive isolates contained the A2143G 
mutation.40

Approximately 35.5% )11/31( of the isolates in our 
study had either one of the 3 mutations mentioned 
above. However, 73.5% of the study population had 
a previous eradication treatment. Whether this is 
attributed to one of the detected mutations cannot be 
confirmed due to the lack of phenotypic antimicrobial 
susceptibility for the isolates. Additionally, the 
possibility of reinfection and incompliance with the 
treatment cannot be precluded.

The phylogenetic tree showed a nice clustering of 
genotypes with other regional and global strains and 
reflects the multinational atmosphere in the country. 
Furthermore, a group of strains seems to be circulating 
in Saudi Arabia but this could be attributed to the short 
sequence included in the analysis.

Study limitations. The little number of isolates 
and the lack of antimicrobial susceptibility testing 
data, which preclude a firm conclusion regarding the 
association of the CLR mutations with phenotypic 
resistance.

In conclusion, our study showed that there is a 
regional variation in the prevalence of virulence genes 
among H. pylori isolates. Additionally, we showed that 
the prevalence of the 23s rRNA mutations-related to 
CLR resistance is not high among the isolates, despite 
the fact that most of the patients did already receive 
eradication treatment. However, as above mentioned, 
phenotypic clarithromycin resistance testing is needed 
to confirm this conclusion. Furthermore, we presented 
the phylogenetic relatedness of the H. pylori isolates 
and showed that most isolates cluster with isolates from 
other countries, while some isolates are circulating in 
Saudi Arabia.

Acknowledgment. The authors gratefully acknowledge the 
Microbiology Laboratory at King Fahd Hospital of the University, 
Al-Khobar, Saudi Arabia, in addition to Mr. Badr Alsaqr, 
Mr. Jawadul Alrahman, and Mrs. Salma Aljaroodi for their technical 
support. they also would like to thank ManuscriptEdit by Reseapro for 
English language editing.

References
  
  1. Piscione M, Mazzone M, Di Marcantonio MC, Muraro R, 

Mincione G. Eradication of Helicobacter pylori and gastric 
cancer: a controversial relationship. Front Microbiol 2021; 12: 
630852.

  2. Ghotaslou R, Leylabadlo HE, Asl YM. Prevalence of antibiotic 
resistance in Helicobacter pylori: a recent literature review. World 
J Methodol 2015; 5: 164-174.

  3. Savoldi A, Carrara E, Graham DY, Conti M, Tacconelli 
E. Prevalence of antibiotic resistance in Helicobacter pylori: 
a systematic review and meta-analysis in World Health 
Organization regions. Gastroenterology 2018; 155: 1372-1382.

  4. Liu Y, Wang S, Yang F, Chi W, Ding L, Liu T, et al. Antimicrobial 
resistance patterns and genetic elements associated with the 
antibiotic resistance of Helicobacter pylori strains from Shanghai. 
Gut Pathog 2022; 14: 14.

  5. Hirata K, Suzuki H, Nishizawa T, Tsugawa H, Muraoka H, 
Saito Y, et al. Contribution of efflux pumps to clarithromycin 
resistance in Helicobacter pylori. J Gastroenterol Hepatol 2010; 
25: S75-S79.

  6. Binh TT, Shiota S, Suzuki R, Matsuda M, Trang TT, Kwon DH, 
et al. Discovery of novel mutations for clarithromycin resistance 
in Helicobacter pylori by using next-generation sequencing. J 
Antimicrob Chemother 2014; 69: 1796-1803.

  7. Bińkowska A, Biernat MM, Łaczmański Ł, Gościniak G. 
Molecular patterns of resistance among Helicobacter pylori 
strains in South-Western Poland. Front Microbiol 2018; 9: 
3154.

  8. Seck A, Burucoa C, Dia D, Mbengue M, Onambele M, 
Raymond J, et al. Primary antibiotic resistance and associated 
mechanisms in Helicobacter pylori isolates from Senegalese 
patients. Ann Clin Microbiol Antimicrob 2013; 12: 3.

  9. Hanafi A, Lee WC, Loke MF, Teh X, Shaari A, Dinarvand M, 
et al. Molecular and proteomic analysis of levofloxacin and 
metronidazole resistant Helicobacter pylori. Front Microbiol 
2016; 7: 2015.

10. Megraud F, Coenen S, Versporten A, Kist M, Lopez-Brea M, 
Hirschl AM, et al. Helicobacter pylori resistance to antibiotics 
in Europe and its relationship to antibiotic consumption. Gut 
2013; 62: 34-42.

11. Akeel M, Shehata A, Elhafey A, Elmakki E, Aboshouk T, Ageely 
H, et al. Helicobacter pylori vacA, cagA and iceA genotypes in 
dyspeptic patients from southwestern region, Saudi Arabia: 
distribution and association with clinical outcomes and 
histopathological changes. BMC Gastroenterol 2019; 19: 16.

12. Bridge DR, Merrell DS. Polymorphism in the Helicobacter 
pylori CagA and VacA toxins and disease. Gut Microbes 2013; 4: 
101-117.

13. Alghamdi TS, Ansari T, Bashir AA, Batais MA, Aldhahi MF, 
Alanazi MA. Helicobacter Pylori infection among dyspepsia 
patients in suburbs of Riyadh, Saudi Arabia. J Pak Med Assoc 
2020; 70: 2174-2177.

14. Momenah AM, Tayeb MT. Helicobacter pylori cagA and iceA 
genotypes status and risk of peptic ulcer in Saudi patients. 
Saudi Med J 2007; 28: 382-385.

15. Elsawaf ZM, Albasri AM, Hussainy AS, Alhujaily AS. 
Histopathological pattern of benign endoscopic gastric biopsies 
in Western Saudi Arabia: a review of 1236 cases. J Pak Med 
Assoc 2017; 67: 252-255.

https://pubmed.ncbi.nlm.nih.gov/33613500/
https://pubmed.ncbi.nlm.nih.gov/33613500/
https://pubmed.ncbi.nlm.nih.gov/33613500/
https://pubmed.ncbi.nlm.nih.gov/33613500/
https://pubmed.ncbi.nlm.nih.gov/26413490/
https://pubmed.ncbi.nlm.nih.gov/26413490/
https://pubmed.ncbi.nlm.nih.gov/26413490/
https://pubmed.ncbi.nlm.nih.gov/29990487/
https://pubmed.ncbi.nlm.nih.gov/29990487/
https://pubmed.ncbi.nlm.nih.gov/29990487/
https://pubmed.ncbi.nlm.nih.gov/29990487/
https://pubmed.ncbi.nlm.nih.gov/35354484/
https://pubmed.ncbi.nlm.nih.gov/35354484/
https://pubmed.ncbi.nlm.nih.gov/35354484/
https://pubmed.ncbi.nlm.nih.gov/35354484/
https://pubmed.ncbi.nlm.nih.gov/20586871/
https://pubmed.ncbi.nlm.nih.gov/20586871/
https://pubmed.ncbi.nlm.nih.gov/20586871/
https://pubmed.ncbi.nlm.nih.gov/20586871/
https://pubmed.ncbi.nlm.nih.gov/24648504/
https://pubmed.ncbi.nlm.nih.gov/24648504/
https://pubmed.ncbi.nlm.nih.gov/24648504/
https://pubmed.ncbi.nlm.nih.gov/24648504/
https://pubmed.ncbi.nlm.nih.gov/30619218/
https://pubmed.ncbi.nlm.nih.gov/30619218/
https://pubmed.ncbi.nlm.nih.gov/30619218/
https://pubmed.ncbi.nlm.nih.gov/30619218/
https://pubmed.ncbi.nlm.nih.gov/23298145/
https://pubmed.ncbi.nlm.nih.gov/23298145/
https://pubmed.ncbi.nlm.nih.gov/23298145/
https://pubmed.ncbi.nlm.nih.gov/23298145/
https://pubmed.ncbi.nlm.nih.gov/28018334/
https://pubmed.ncbi.nlm.nih.gov/28018334/
https://pubmed.ncbi.nlm.nih.gov/28018334/
https://pubmed.ncbi.nlm.nih.gov/28018334/
https://pubmed.ncbi.nlm.nih.gov/22580412/
https://pubmed.ncbi.nlm.nih.gov/22580412/
https://pubmed.ncbi.nlm.nih.gov/22580412/
https://pubmed.ncbi.nlm.nih.gov/22580412/
https://pubmed.ncbi.nlm.nih.gov/30683054/
https://pubmed.ncbi.nlm.nih.gov/30683054/
https://pubmed.ncbi.nlm.nih.gov/30683054/
https://pubmed.ncbi.nlm.nih.gov/30683054/
https://pubmed.ncbi.nlm.nih.gov/30683054/
https://pubmed.ncbi.nlm.nih.gov/23380646/
https://pubmed.ncbi.nlm.nih.gov/23380646/
https://pubmed.ncbi.nlm.nih.gov/23380646/
https://pubmed.ncbi.nlm.nih.gov/33475593/
https://pubmed.ncbi.nlm.nih.gov/33475593/
https://pubmed.ncbi.nlm.nih.gov/33475593/
https://pubmed.ncbi.nlm.nih.gov/33475593/
https://pubmed.ncbi.nlm.nih.gov/17334464/
https://pubmed.ncbi.nlm.nih.gov/17334464/
https://pubmed.ncbi.nlm.nih.gov/17334464/
https://pubmed.ncbi.nlm.nih.gov/28138180/
https://pubmed.ncbi.nlm.nih.gov/28138180/
https://pubmed.ncbi.nlm.nih.gov/28138180/
https://pubmed.ncbi.nlm.nih.gov/28138180/


1135https://smj.org.sa     Saudi Med J 2022; Vol. 43 )10(

Molecular characterization of H. pylori ... Alkharsah et al

16. Akeel M, Elmakki E, Shehata A, Elhafey A, Aboshouk T, 
Ageely H, et al. Prevalence and factors associated with H. pylori 
infection in Saudi patients with dyspepsia. Electron Physician 
2018; 10: 7279-7286.

17. Al-Hussaini AA, Al Jurayyan AN, Bashir SM, Alshahrani D. 
Where are we today with Helicobacter pylori infection among 
healthy children in Saudi Arabia? Saudi J Gastroenterol 2019; 
25: 309-318.

18. Falsafi T, Favaedi R, Mahjoub F, Najafi M. Application of 
stool-PCR test for diagnosis of Helicobacter pylori infection in 
children. World J Gastroenterol 2009; 15: 484-488.

19. Park CY, Kwak M, Gutierrez O, Graham DY, Yamaoka Y. 
Comparison of genotyping Helicobacter pylori directly from 
biopsy specimens and genotyping from bacterial cultures. J Clin 
Microbiol 2003; 41: 3336-3338.

20. Chen J, Ye L, Jin L, Xu X, Xu P, Wang X, et al. Application 
of next-generation sequencing to characterize novel mutations 
in clarithromycin-susceptible Helicobacter pylori strains with 
A2143G of 23s rRNA gene. Ann Clin Microbiol Antimicrob 
2018; 17: 10.

21. Saber T, Ghonaim MM, Yousef AR, Khalifa A, Al Qurashi 
H, Shaqhan M, et al. Association of Helicobacter pylori cagA 
gene with gastric cancer and peptic ulcer in Saudi patients. J 
Microbiol Biotechnol 2015; 25: 1146-1153.

22. Marie MA. Relationship between Helicobacter pylori virulence 
genes and clinical outcomes in Saudi patients. J Korean Med Sci 
2012; 27: 190-193.

23. Backert S, Tegtmeyer N, Fischer W. Composition, structure 
and function of the Helicobacter pylori cag pathogenicity island 
encoded type IV secretion system. Future Microbiol 2015; 10: 
955-965.

24. Kontizas E, Tastsoglou S, Karamitros T, Karayiannis Y, Kollia P, 
Hatzigeorgiou AG, et al. Impact of Helicobacter pylori infection 
and its major virulence factor CagA on DNA damage repair. 
Microorganisms 2020; 8: 2007.

25. Horiuchi S, Nakano R, Nakano A, Hishiya N, Uno K, Suzuki 
Y, et al. Prevalence of Helicobacter pylori among residents and 
their environments in the Nara prefecture, Japan. J Infect Public 
Health 2021; 14: 271-275.

26. Palframan SL, Kwok T, Gabriel K. Vacuolating cytotoxin A 
)VacA(, a key toxin for Helicobacter pylori pathogenesis. Front 
Cell Infect Microbiol 2012; 2: 92.

27. Figueroa G, Troncoso M, Toledo MS, Faúndez G, Acuña R. 
Prevalence of serum antibodies to Helicobacter pylori VacA and 
CagA and gastric diseases in Chile. J Med Microbiol 2002; 51: 
300-304.

28. Monroy FP, Brown HE, Sanderson PR, Jarrin G, Mbegbu 
M, Kyman S, et al. Helicobacter pylori in Native Americans in 
Northern Arizona. Diseases 2022; 10: 19.

29. McClain MS, Beckett AC, Cover TL. Helicobacter pylori 
vacuolating toxin and gastric cancer. Toxins (Basel) 2017; 9: 
316.

30. Yamaoka Y, Kodama T, Kita M, Imanishi J, Kashima K, Graham 
DY. Relationship of vacA genotypes of Helicobacter pylori 
to cagA status, cytotoxin production, and clinical outcome. 
Helicobacter 1998; 3: 241-253.

31. Al-Khattaf AS. Helicobacter pylori virulence markers in 
gastroduodenal disorders. Detection of cytotoxin-associated 
gene A and vacuolating cytotoxin-associated gene A genes in 
Saudi patients. Saudi Med J 2012; 33: 716-721.

32. Momenah AM, Tayeb MT. Relationship between Helicobacter 
pylori vacA genotypes status and risk of peptic ulcer in Saudi 
patients. Saudi Med J 2006; 27: 804-807.

33. Bibi F, Alvi SA, Sawan SA, Yasir M, Sawan A, Jiman-Fatani AA, 
et al. Detection and genotyping of Helicobacter pylori among 
gastric ulcer and cancer patients from Saudi Arabia. Pak J Med 
Sci 2017; 33: 320-324.

34. Kamboj AK, Cotter TG, Oxentenko AS. Helicobacter pylori: the 
past, present, and future in management. Mayo Clin Proc 2017; 
92: 599-604.

35. Eed EM, Hawash YA, Khalifa AS, Alsharif KF, Alghamdi 
SA, Saber T, et al. Molecular diagnosis of Helicobacter pylori 
antibiotic resistance in the Taif region, Saudi Arabia. Microbiol 
Immunol 2019; 63: 199-205.

36. Phan TN, Santona A, Tran VH, Tran TN, Le VA, Cappuccinelli 
P, et al. High rate of levofloxacin resistance in a background of 
clarithromycin- and metronidazole-resistant Helicobacter pylori 
in Vietnam. Int J Antimicrob Agents 2015; 45: 244-248.

37. Waskito LA, Salama NR, Yamaoka Y. Pathogenesis of 
Helicobacter pylori infection. Helicobacter 2018; 23: e12516.

38. Domanovich-Asor T, Motro Y, Khalfin B, Craddock HA, Peretz 
A, Moran-Gilad J. Genomic analysis of antimicrobial resistance 
genotype-to-phenotype agreement in Helicobacter pylori. 
Microorganisms 2020; 9: 2.

39. Hussein RA, Al-Ouqaili MTS, Majeed YH. Detection of 
clarithromycin resistance and 23srRNA point mutations in 
clinical isolates of Helicobacter pylori isolates: phenotypic and 
molecular methods. Saudi J Biol Sci 2022; 29: 513-520.

40. Zhang Y, Wen Y, Xiao Q, Zheng W, Long G, Chen B, 
et al. Mutations in the antibiotic target genes related to 
clarithromycin, metronidazole and levofloxacin resistance in 
Helicobacter pylori strains from children in China. Infect Drug 
Resist 2020; 13: 311-322.

https://pubmed.ncbi.nlm.nih.gov/30258561/
https://pubmed.ncbi.nlm.nih.gov/30258561/
https://pubmed.ncbi.nlm.nih.gov/30258561/
https://pubmed.ncbi.nlm.nih.gov/30258561/
https://pubmed.ncbi.nlm.nih.gov/31006713/
https://pubmed.ncbi.nlm.nih.gov/31006713/
https://pubmed.ncbi.nlm.nih.gov/31006713/
https://pubmed.ncbi.nlm.nih.gov/31006713/
https://pubmed.ncbi.nlm.nih.gov/19152455/
https://pubmed.ncbi.nlm.nih.gov/19152455/
https://pubmed.ncbi.nlm.nih.gov/19152455/
https://pubmed.ncbi.nlm.nih.gov/12843087/
https://pubmed.ncbi.nlm.nih.gov/12843087/
https://pubmed.ncbi.nlm.nih.gov/12843087/
https://pubmed.ncbi.nlm.nih.gov/12843087/
https://pubmed.ncbi.nlm.nih.gov/29562911/
https://pubmed.ncbi.nlm.nih.gov/29562911/
https://pubmed.ncbi.nlm.nih.gov/29562911/
https://pubmed.ncbi.nlm.nih.gov/29562911/
https://pubmed.ncbi.nlm.nih.gov/29562911/
https://pubmed.ncbi.nlm.nih.gov/25791852/
https://pubmed.ncbi.nlm.nih.gov/25791852/
https://pubmed.ncbi.nlm.nih.gov/25791852/
https://pubmed.ncbi.nlm.nih.gov/25791852/
https://pubmed.ncbi.nlm.nih.gov/22323867/
https://pubmed.ncbi.nlm.nih.gov/22323867/
https://pubmed.ncbi.nlm.nih.gov/22323867/
https://pubmed.ncbi.nlm.nih.gov/26059619/
https://pubmed.ncbi.nlm.nih.gov/26059619/
https://pubmed.ncbi.nlm.nih.gov/26059619/
https://pubmed.ncbi.nlm.nih.gov/26059619/
https://pubmed.ncbi.nlm.nih.gov/33339161/
https://pubmed.ncbi.nlm.nih.gov/33339161/
https://pubmed.ncbi.nlm.nih.gov/33339161/
https://pubmed.ncbi.nlm.nih.gov/33339161/
https://pubmed.ncbi.nlm.nih.gov/33508684/
https://pubmed.ncbi.nlm.nih.gov/33508684/
https://pubmed.ncbi.nlm.nih.gov/33508684/
https://pubmed.ncbi.nlm.nih.gov/33508684/
https://pubmed.ncbi.nlm.nih.gov/22919683/
https://pubmed.ncbi.nlm.nih.gov/22919683/
https://pubmed.ncbi.nlm.nih.gov/22919683/
https://pubmed.ncbi.nlm.nih.gov/11926734/
https://pubmed.ncbi.nlm.nih.gov/11926734/
https://pubmed.ncbi.nlm.nih.gov/11926734/
https://pubmed.ncbi.nlm.nih.gov/11926734/
https://pubmed.ncbi.nlm.nih.gov/35466189/
https://pubmed.ncbi.nlm.nih.gov/35466189/
https://pubmed.ncbi.nlm.nih.gov/35466189/
https://pubmed.ncbi.nlm.nih.gov/29023421/
https://pubmed.ncbi.nlm.nih.gov/29023421/
https://pubmed.ncbi.nlm.nih.gov/29023421/
https://pubmed.ncbi.nlm.nih.gov/9844065/
https://pubmed.ncbi.nlm.nih.gov/9844065/
https://pubmed.ncbi.nlm.nih.gov/9844065/
https://pubmed.ncbi.nlm.nih.gov/9844065/
https://pubmed.ncbi.nlm.nih.gov/22821304/
https://pubmed.ncbi.nlm.nih.gov/22821304/
https://pubmed.ncbi.nlm.nih.gov/22821304/
https://pubmed.ncbi.nlm.nih.gov/22821304/
https://pubmed.ncbi.nlm.nih.gov/16758039/
https://pubmed.ncbi.nlm.nih.gov/16758039/
https://pubmed.ncbi.nlm.nih.gov/16758039/
https://pubmed.ncbi.nlm.nih.gov/28523030/
https://pubmed.ncbi.nlm.nih.gov/28523030/
https://pubmed.ncbi.nlm.nih.gov/28523030/
https://pubmed.ncbi.nlm.nih.gov/28523030/
https://pubmed.ncbi.nlm.nih.gov/28209367/
https://pubmed.ncbi.nlm.nih.gov/28209367/
https://pubmed.ncbi.nlm.nih.gov/28209367/
https://pubmed.ncbi.nlm.nih.gov/31045263/
https://pubmed.ncbi.nlm.nih.gov/31045263/
https://pubmed.ncbi.nlm.nih.gov/31045263/
https://pubmed.ncbi.nlm.nih.gov/31045263/
https://pubmed.ncbi.nlm.nih.gov/25499186/
https://pubmed.ncbi.nlm.nih.gov/25499186/
https://pubmed.ncbi.nlm.nih.gov/25499186/
https://pubmed.ncbi.nlm.nih.gov/25499186/
https://pubmed.ncbi.nlm.nih.gov/30203582/
https://pubmed.ncbi.nlm.nih.gov/30203582/
https://pubmed.ncbi.nlm.nih.gov/33374988/
https://pubmed.ncbi.nlm.nih.gov/33374988/
https://pubmed.ncbi.nlm.nih.gov/33374988/
https://pubmed.ncbi.nlm.nih.gov/33374988/
https://pubmed.ncbi.nlm.nih.gov/35002447/
https://pubmed.ncbi.nlm.nih.gov/35002447/
https://pubmed.ncbi.nlm.nih.gov/35002447/
https://pubmed.ncbi.nlm.nih.gov/35002447/
https://pubmed.ncbi.nlm.nih.gov/32099422/
https://pubmed.ncbi.nlm.nih.gov/32099422/
https://pubmed.ncbi.nlm.nih.gov/32099422/
https://pubmed.ncbi.nlm.nih.gov/32099422/
https://pubmed.ncbi.nlm.nih.gov/32099422/

	Title
	Authors
	Affiliation
	ABSTRACT
	Introduction
	Methods
	Results
	Discussion
	References
	Acknowledgment

