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ABSTRACT

Background: Helicobacter pylori (H. pylori) infection causes various abnormalities in the stomach. Only 
particular strain can cause severe problems in the stomach. CagA is a microbial virulent factor which is 
associated with more severe stomach problems, such as: peptic ulcer and stomach cancer. We would like to know 
the prevalence of CagA in Balinese population, and the association of H. pylori CagA status with the severity 
of endoscopic appearance in dyspepsia patients.

Method: Study design being used was analytic cross sectional study, involving 71 dyspepsia patients who 
underwent upper gastrointestinal endoscopic examination in Surya Husada Hospital and Balimed Hospital 
in June-December 2013. Sample was chosen in consecutive manner. Later, polymerase chain reaction (PCR) 
examinations of the stomach mucous biopsy tissue to determine H. pylori infection status and CagA status were 
performed. Further, Chi-square test was used to identify the difference in proportion of H. pylori and CagA 
between mild and severe endoscopic appearance.

Results: In this study, we found that the prevalence of H. pylori infection was 22.5% using PCR examination. 
Prevalence of CagA positive in H. pylori positive was 62.5%. There was significant association between status 
of H. Pylori infection and severity of endoscopic appearance (p = 0.038; OR= 2.67; 95% CI = 1.18-6.05). 
Status of CagA in H. pylori infected patients was not associated with the severity of endoscopic appearance. 
Additionally, there was significant association between patients’ age and severity of endoscopic appearance. 

Conclusion: The prevalence of CagA in H. pylori positive was 62.5%. H. pylori infection was associated 
with severity of endoscopic appearance and CagA status in H. pylori infected patients was not associated with 
severity of endoscopic appearance. 
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ABSTRAK

Latar belakang: Infeksi Helicobacter pylori (H. pylori) mengakibatkan berbagai kelainan pada lambung. 
Hanya jenis tertentu yang dapat menimbulkan kelainan yang berat pada lambung. CagA merupakan faktor 
virulensi kuman yang dikaitkan dengan kelainan lambung yang lebih berat seperti ulkus peptikum dan kanker 
lambung. Peneliti ingin mengetahui prevalensi CagA pada populasi suku Bali, dan hubungan status CagA H. 
pylori dengan beratnya gambaran endoskopi pada pasien dispepsia.
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Metode: Penelitian dengan rancangan potong lintang analitik, melibatkan 71 pasien dispepsia yang dilakukan 
pemeriksaan endoskopi saluran cerna atas di Rumah Sakit (RS) Surya Husada dan RS Balimed pada periode 
Juni-Desember 2013. Sampel dipilih secara konsekutif. Kemudian dilakukan pemeriksaan reaksi berantai 
polimerase pada jaringan biopsi mukosa lambung untuk menentukan status infeksi H. pylori dan status CagA. 
Kemudian dilakukan uji chi-square untuk mengetahui perbedaan proporsi H. pylori dan CagA antara gambaran 
endoskopi ringan dan berat.

Hasil: Pada penelitian ini didapatkan prevalensi infeksi H. pylori 22,5% dengan pemeriksaan reaksi berantai 
polimerase. Prevalensi CagA positif pada H. pylori positif 62,5%. Terdapat hubungan yang bermakna antara 
status H. pylori dengan beratnya gambaran endoskopi (p = 0,038; OR= 2,67; 95% CI = 1,18-6,05). Status CagA 
pasien terinfeksi H. pylori tidak berhubungan dengan beratnya gambaran endoskopi. Dan terdapat hubungan 
yang bermakna antara umur pasien dengan beratnya gambaran endoskopi. 

Simpulan: Prevalensi CagA pada H. pylori positif adalah 62,5%. Infeksi H. pylori berhubungan dengan 
beratnya gambaran endoskopi dan status CagA pasien terinfeksi H. pylori tidak berhubungan dengan beratnya 
gambaran endoskopi.

Kata kunci: Helicobacter pylori, CagA, gambaran endoskopi

INTRODUCTION

Recently, Helicobacter pylori (H. pylori) infection 
is recognised as a health problem across the globe. H. 
pylori colonisation in human’s stomach occurs in up 
to 50% of worldwide population and 70% of these 
are found in developing countries.1,2 The prevalence 
of infection in South East Asia is also high, where in 
Thailand the prevalence was 54.1-76.1%.3 Meanwhile, 
seroepidemiology in Indonesia showed the prevalence 
of H. pylori infection is approximately 36-46.1%.4 In 
Bali, we have performed several studies in different 
populations. A study in a rural-based community which 
was performed in Tabanan showed prevalence of 43%, 
while another study in Denpasar revealed a prevalence 
of 41.2%.5

H. pylori infection is the most common cause 
of chronic gastritis, and is closely related to peptic 
ulcer, mucosa-associated lymphoid tissue (MALT) 
lymphoma, and gastric cancer.1-3,6,7 In 1994, International 
Agency for Research on Cancer (IARC) and World 
Health Organization (WHO) classified H. pylori as 
a definite carcinogenic group.8 The development of 
gastric carcinoma involves several factors, including 
H. pylori virulence level, host genetic characteristic, 
environment factor and or host-microbe specific 
interaction. H. pylori heterogeneity has been studied 
to identify the possibility of virulence factor because 
most H. pylori infection did not cause cancer.9 CagA 
Helicobacter pylori is the first bacterial oncoprotein 
which has been identified for its association with human 
cancer.10 Patient who is infected by strain containing 
CagA, has an increased risk to develop gastric cancer 
compared to those infected by strain which did not 
contain this oncoprotein.11 CagA is the main virulence 

factor of H. pylori. Recent publication on the role of 
virulence factor to abnormalities happening in gastric 
mucosa in Indonesia which was performed in 5 big 
islands, Sumatra, Java, Borneo, Sulawesi, and Papua 
concluded that most infection that happened were 
infection of CagA strain East Asia type, but with low 
virulence.12 Currently, there is no publication on the 
role of CagA virulence factor to the severity of gastric 
mucosa abnormality in Balinese population.

Based on the aforementioned background, we 
established formulation of research problems as 
follows: what is the prevalence of CagA H. pylori in 
dyspepsia patients and how is the association of H. 
pylori infection and CagA with endoscopic appearance 
in Balinese dyspepsia patients. This study aimed to 
identify the prevalence of H. pylori infection using 
PCR method in Balinese dyspepsia patients, to identify 
the prevalence of CagA in Balinese dyspepsia patients, 
to reveal the association of H. pylori status with 
endoscopic appearance, and to discover the association 
of CagA H. pylori status with endoscopic appearance.

METHOD

This was a study using analytic cross sectional design 
to identify the association between CagA H. pylori status 
and the endoscopic appearance of dyspepsia patients. 
It was conducted in Endoscopy Unit Surya Husada 
Hospital and Balimed Bali Hospital and Mataram 
Biomedik Laboratory. This study was performed for 6 
months from June-December 2013. Target population 
of this study was all Balinese dyspepsia patients in 
Denpasar. Accessible population of this study was 
dyspepsia patients in Balimed Hospital and Surya 
Husada Hospital who underwent upper gastrointestinal 
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endoscopy examination. Samples of this study were 
dyspepsia patients in Balimed Hospital and Surya 
Husada Hospital who fulfilled inclusion and exclusion 
criteria. Inclusion criteria included patients with 
dyspepsia complaints, agreed to underwent endoscopy 
and gastric biopsy, aged 18 years old or more, and 
Balinese. Patients who refused to participate in the study, 
those with unstable hemodynamic condition, those who 
consumed PPI drugs in the last 2 weeks, NSAID drugs 
or antibiotics in the last 1 month.

Sample size was determined by using formula 
quoted from Madiyono et al, with zα 1.96, prevalence 
of Hp CagA+: 80%, with desired level of absolute 
precision of 10%; thus, based on the calculation using 
those numbers above, we found that the minimal 
number of sample needed was 69 samples.13,14 
Samples were chosen using consecutive sampling 
technique. Patients with dyspepsia complaints who 
visited Balimed Hospital and Surya Husada Hospital 
for treatment and fulfilled the inclusion and exclusion 
criteria were included as samples, until the number of 
required sample was fulfilled.

Variables in this study were classified as follows: 
independent variable was CagA H. pylori status. 
Dependent variable was endoscopic appearance. 
Confounding variables: age, education level. Diagnosis 
of H. pylori was performed using PCR technique, to 
detect UreC and CagA gene. Endoscopic appearance 
was based on the results of endoscopic examination of 
upper gastrointestinal tract, which could be in the form 
of antrum superficial gastritis, superficial pangrastritis, 
erosive gastritis, gastric ulcer, duodenal ulcer, polyp or 
tumour and could be normal mucosal appearance. Severe 
endoscopic appearances were considered if in endoscopic 
examination, there was presence of erosion, ulcer, 
tumour, or polyp. Mild endoscopic appearances included 
superficial gastritis appearance or normal appearance.

Before this study was conducted, the researcher 
asked for permission to the Director of Balimed 
Hospital and Surya Husada Hospital, Denpasar, and 
established cooperation with nurses in the endoscopy 
unit. Study sample was collected through consecutive 
sampling. Dyspepsia patients who came to undergo 
endoscopic examination were explained about this 
study, if agreed they signed an informed consent. 
Patients performed preparation for endoscopic 
examination including fasting 6 hours before the 
procedure being performed. Endoscopic examination 
was performed by a gastroenterologist. During 
endoscopy, biopsy of patients’ gastric mucosa was 
performed, one from the corpus area and one from the 

antrum area. Results of endoscopic examination were 
presented in the form of pictures with description of 
endoscopic appearance being found. Gastric mucosal 
biopsy was then preserved in buffer media, for further 
PCR examination in Mataram Biomedik Laboratory. 
Collected data was analysed using computer software.

RESULTS

In this study, 71 samples who fulfilled inclusion and 
exclusion criteria were included. Thirty-eight individuals 
(53.5%) were males and the other 33 were (46.5%) 
females. Patients who participated in this study were 
between 21-70 years old. Samples’ age was normally 
distributed (Kolmogorov Smirnov; p = 0.2). Patients who 
were included in this study were all Balinese living in 
Bali; endoscopic examination was performed in 2 private 
hospitals in Denpasar. PCR examination of H. pylori was 
performed in Mataram Biomedik Laboratory. Complete 
sample characteristics were presented in Table 1.

Table 1. Subjects’ characteristics data 
Variable n (%)
Sex

Male
Female

Age (years)
20-29
30-39
40-49
50-59
60-70

Education
Primary school
Junior high school
High school
University

Endoscopic appearance
Superficial antrum gastritis 

Superficial pangastritis 
Gastritis erosive
Gastric ulcer
Duodenal ulcer
Gastric polyp

38 (53.5)
33 (46.5)

8 (11.3)
20 (28.2)
15 (21.1)
14 (19.7)
14 (19.7)

13 (18.3)
4 (5.6)
38 (53.5)
16 (22.5)

43 (60.6)
12 (16.9)
7 (9.9)
4 (5.6)
3 (4.2)
2 (2.8)

In this study, we found 16 (22.5%) patients from 
71 samples were positive for PCR UreC examination, 
and found 10 (62.5%) individuals with positive CagA 
from 16 patients with positive PCR results. To perform 
analysis of study results, endoscopic appearance (EA) 
was classified into 2 main group: mild abnormality 
and severe abnormality. Superficial antrum gastritis 43 
(60.6%) and superficial pangastritis 12 (16.9%) were 
classified into mild abnormality, while erosive gastritis 
7 (9.9%), gastric ulcer 4 (5.6%), duodenal ulcer 3 
(4.2%) and gastric polyp 2 (2.8%) were classified into 
severe abnormality. To define which variables influence 
the endoscopic appearance, we performed analysis to 
age, sex, and education level variables of the samples. 
The analysis results could be seen in Table 2. 
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From the results of Chi-square test, there was 
no significant difference between proportion of 
sex towards endoscopic appearance. Similarly, in 
education level, there was no significant difference of 
education level proportion to endoscopic appearance. 
Meanwhile, to evaluate age mean difference, since 
the data was normally distributed, unpaired t-test was 
performed. There was significant mean difference in 
severe endoscopic appearance compared to the group 
with mild endoscopy appearance (p = 0.032; 95% CI: 
5.42-25.36).

Association of H. pylori PCR with patients’ 
endoscopic appearance could be seen in table 3.

test criteria was not fulfilled. Therefore, Fisher test was 
performed. From Fisher test, we obtained p = 0.63.

Table 5. Association of CagA status and severity of endoscopic 
appearance
Cag A Examination Severe EA (n = 7) Mild EA (n = 9) p
CagA (+)
CagA (-)

5 (71.4%)
2 (28.6%)

5 (55.6%)
4 (44.4%) 0.63

EA: endoscopic appearance

From the table above, the proportion of CagA (+) in 
severe EA (71.4 %) was higher compared to mild EA 
(55.6 %); this difference was not statistically significant 
(p = 0.63; OR = 1.5; 95% CI= 0.41-5.45). From these 
results of analysis, it could be concluded that there was 
no significant association between CagA status of H. 
pylori infected patients and severity of the patients’ 
endoscopic appearance.

DISCUSSION

In this study, we obtained that the prevalence of 
H. pylori infection using PCR method was 22.5%. 
Meanwhile, using IgG Anti H. pylori examination, we 
found that the prevalence was 18.3%. These results 
were quite low compared to the previously performed 
studies using different methods of examination. 
Generally, prevalence of H. pylori reaches up to 80% 
in developing countries in middle-aged population, 
while in developed countries the prevalence was 20-
50%. In children, the incidence of H. pylori infection 
was quite low, but will increase up to 20% in the age 
of 40 and 50% in the age of 60.15

The result of this study was similar to the study 
performed by Darya in 2009 which found that 
the prevalence of H. pylori infection in gastritis 
patients in Sanglah Hospital was 18.8% using 
immunochromatography method.16 Target population 
in both studies was similar, which was dyspepsia patients 
who visited each hospitals for treatment. Meanwhile, 
other studies had different target population, which was 
general population who had dyspepsia complaints got 
higher results. A study in rural area in Tabanan obtained 
a prevalence of 43%, while another study in Denpasar 
found a prevalence of 41.2%.5 Latest study in Indonesia 
attained a prevalence of 33.6%.12

PCR is a very good diagnostic tool to detect the 
presence of H. pylori infection. In the study performed 
by Fonseca et al, it was found that the sensitivity 
and specificity to detect H. pylori using ureA PCR 
was 93.3 and 95.8%, meanwhile if culture is used, 
the result showed 100% sensitivity and specificity.17 
Additionally, compared to H. pylori examination using 
immunohistochemical analysis and campylobacter like 

Table 2. Association of sex, age, and education level with 
endoscopic appearance (EA)

Variable
Severe EA  
(n = 16)
n (%)

Mild EA  
(n = 55)
n (%)

p

Sex
Male
Female

Age (mean ± SD)
Education

Primary School
Junior high school
Senior high school
University

9 (56.3)
7 (43.8)
51.50 ± 12.48

3 (18.8)
3 (18.8)
8 (50.8)
2 (12.5)

29 (52.7)
26 (47.3)
43.45 ± 13.0

10 (18.2)
1 (1.80)
30 (54.4)
14 (25.5)

0.80

0.032

0.06

EA: endoscopic appearance

Table 3. Association of PCR examination results and endoscopic 
appearance

PCR Examination Severe EA 
(n = 16)

Mild EA 
(n = 550) p

PCR (+)
PCR (-)

7 (43.8)
9 (56.3)

9 (16.4)
46 (83.6) 0.038

PCR: polymerase chain reaction; EA: endoscopic appearance

From the table above, we could see significant 
difference of PCR (+) proportion between severe EA 
(43.8%) and mild EA (16.4%). Additionally, the odds 
ratio was OR = 2.67; 95% CI=1.18-6.05. 

Samples with positive PCR UreC examination 
were further followed up for detection of CagA gene. 
Results of CagA status could be seen in table 4 below.
Table 4. Proportion of CagA in each endoscopic appearance 
groups in patients with PCR (+) results
Endoscopic appearance PCR (+) CagA (+) CagA (-)
Severe EA
Mild EA

7
9

5 (71.4%)
5 (55.6%)

2 (29.6%)
4 (44.4%)

PCR: polymerase chain reaction; EA: endoscopic appearance

From the table above, we could see that CagA 
positive was performed in 5 from 9 PCR (+) in mild 
endoscopic appearance (superficial gastritis), and 5 
from 7 PCR (+) in severe EA (3 from 4 PCR (+) in 
erosive gastritis, 1 from 2 PCR (+) in gastric ulcer and 
1 from gastric polyp). Relationship between CagA 
status and severity of endoscopic appearance could be 
seen in Table 5. From that cross table, Chi-square test 
was performed. Because there was more than 1 cell 
having expected value < than 5, then the Chi-square 
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organism (CLO) test, PCR examination can identify 
more samples. This is proven by study performed by 
Weiss et al which found 23 H. pylori positive samples 
using PCR but negative using immunohistochemical 
analysis or even using CLO test.18

A study in Netherland showed that in order to detect 
H. pylori, PCR examination has the highest sensitivity of 
99.4%, followed by histological examination (92.2%), 
culture (89.5%) and CLO test (89.0%). For their 
specificities, these 3 examinations had specificity of 
more than 98%. This study also showed that the positive 
results obtained from CLO test (p = 0.001) and culture 
(p = 0.031) was very influenced by bacterial density. 
However, this is not the case in examination using PCR 
method (p = 0.130). Therefore, effect of mistakes during 
sample collection for PCR examination was very small, 
because it did not require a large amount of sample for 
examination using PCR method.19

In this study, we observed that age was associated 
with the severity of endoscopic appearance. The older 
patients showed more severe endoscopic appearances. 
In accordance to the results of previous studies. 
Prevalence of normal gastric mucosa was said to 
decrease in line with the addition of age, either with or 
without the presence of H. pylori infection.20 In older 
patients, there will be a decreased capacity of defensive 
factors in gastric mucosa to maintain gastric mucosal 
integrity. It may relate to the decrease in the production 
of mucous and bicarbonate. In healthy old individuals, 
it is also found that there is a decrease in prostaglandin 
concentration compared to younger individuals; this 
is known to be the result of significant decrease of 
cyclooxygenase enzyme activity. Therefore, it is easier 
to experience abnormality compared to younger age.21

H. pylori strain which contains CagA gene is said 
to cause infection with worse clinical symptoms. 
Although CagA is not H. pylori infection determinant, 
identifying the presence of this gene may help to 
determine the prognosis and association of infection 
with the occurring disease.17,19

In this study, we found 62.5% patients with positive 
PCR had CagA gene. This result was in accordance 
to the previous study in which this gene was reported 
to be found in approximately 60-70 % from H. pylori 
isolates in Europe.22 Other study found a prevalence of 
68.3%, while a study conducted by Fonseca reported 
a prevalence of 53%, where 6 (75%) patients suffered 
from erosive gastritis and 2 (25%) patients suffered 
from superficial gastritis.17,23 Another study even 
indicated a lower prevalence of 40.8%.24

In this study, we found significant association 

between H. pylori infection and the severity of 
endoscopic appearances (OR = 2.67; 95% CI = 1.18-
6.05). This result was in accordance with the available 
literature. H. pylori is the aetiology of most duodenal 
and gastric ulcer. Individual who is infected by H. 
pylori will have risk of 3-25% to suffer from peptic 
ulcer in his life. There is a robust evidence that H. 
pylori infection increases the risk of gastric cancer. 
H. pylori infection significantly increases the risk 
of gastric MALT lymphoma and 72-98% of patients 
with gastric MALT lymphoma were infected by H. 
pylori.25 H. pylori infection causes impairment of 
epithelial cells through various mechanisms. Epithelial 
cell impairment can result from reactive oxygen 
or nitrogen species which is produced by activated 
neutrophils.26 Epithelial impairment is the initial stage 
in the formation of abnormality in gastric mucosa. The 
presence of inflammatory process which is induced by 
H. pylori and the role of host immune response will 
cause various abnormalities in gaster, starting from 
gastritis, ulcer, until gastric cancer.

In this study, CagA gene in H. pylori infected 
patients was not significantly associated with severity 
of endoscopic appearance. This result concurred with 
the results reported in a study performed by Viana et 
al, who found that there was no significant difference 
between clinical manifestations and CagA status. 
However, they found that the prevalence of peptic ulcer 
was more common in CagA EPIYA-ABCC/ABCCC 
strain compared to CagA EPIYA-ABC strain.24 
This showed that microbial virulence was not only 
determined by the presence of CagA gene, but also by 
the role of EPIYA motif in the CagA gene. 

Recent study found that the virulence level of H. 
pylori was determined by genotype of EPIYA motif in 
CagA. Patients with EPIYA Western type (ABC) motif 
had milder clinical appearance compared to EPIYA 
East Asian type (ABD) because EPIYA ABD motif 
would produce more IL-8 from gastric epithelial cells 
compared to EPIYA ABC motif.27 In addition to CagA, 
there are several microbial virulence factors which 
need to be considered that influence the severity of 
gastric abnormality, such as VacA, OipA, IceA, BabA. 
VacA type s1/m1 is the most active type which has the 
potential to cause more severe abnormality.28

Infection of gastric mucosa by H. pylori is marked 
by the production of proinflammatory cytokine, 
particularly interleukin 8 (IL-8), which is a potent 
neutrophil activation chemokine. Cag PAI is involved 
in the induction of gastric IL-8 production. A study 
showed that CagA was involved in the induction of 
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IL-8 depend on the strain. IL-8 level induced by CagA 
East Asian type was higher compared to those induced 
by CagA Western type.29 This probably underscores 
more severe clinical manifestation to happen due to 
infection of H. pylori strain CagA East Asian type.

A Study performed in 5 big islands in Indonesia 
revealed that the prevalence of CagA was 97.7% 
from patients with positive H. pylori, with dominant 
of EPIYA East Asian motif, but clinical symptoms 
which appear mostly were mild. This was thought to 
be caused by EPIYA gene East Asian type which was 
found in Indonesia had deletion in 6 bp, thus it had 
different type to the EPIYA gene East Asian type.12 
Bali Island which is located in Indonesia, probably 
had CagA strain similar to this study, thus also had 
CagA strain with EPIYA East Asian motif with mild 
clinical appearances.

CONCLUSION

In this study, we found prevalence of CagA in 
H. pylori infection was 62.5%. H. pylori status was 
associated with severity of endoscopic appearance. 
Meanwhile, CagA status from H. pylori was not 
associated with severity of endoscopic appearance. 
Further study is needed to identify the EPIYA motif 
from H. pylori strain with positive CagA to determine 
the virulence of H. Pylori strain.

REFERENCES
1. 	 Atherton JC. The pathogenesis of Helicobacter pylori –

induced gastro-duodenal diseases. Annu Rev Pathol Mech 
Dis 2006;1:63–96. 

2. 	 Hatakeyama M, Higashi H. Helicobacter pylori CagA: 
a new paradigm for bacterial carcinogenesis. Cancer Sci 
2005;96:835–43. 

3. 	 Sahara S, Sugimoto M, Vilaichone RK, Mahachai V, 
Miyajima H, Furuta T, et al. Role of Helicobacter pylori 
cagA EPIYA motif and vacA genotypes for the development 
of gastrointestinal diseases in Southeast Asian countries: a 
meta-analysis. BMC Infect Dis 2012;12:223. 

4. 	 Rani AA, Fauzi A. Infeksi Helicobacter pylori dan Penyakit 
Gastro-duodenal. In: Sudoyo A R, Setiyohadi H, Alwi I, 
Kolopaking M S, Setiati A, eds. Buku Ajar Ilmu Penyakit 
Dalam. 1st ed. Jakarta: Interna Publ 2006.p.331–5. 

5. 	 Sumandi IK. Hubungan Infeksi Helicobacter pylori dengan 
Kadar Pepsinogen II serum Penderita Dispepsia [Tesis]. 
Denpasar: Fakultas Kedokteran Universitas Udayana 2005. 

6. 	 Ogura K, Maeda S, Nakao M, Watanabe T, Tada M, Kyutoku 
T, et al. Virulence factors of Helicobacter pylori responsible 
for gastric diseases in Mongolian gerbil. J Exp Med 
2000;192:1601–10. 

7. 	 Vaziri F, Peerayeh SN, Alebouyeh M, Maghsoudi N, 
Azimzadeh P, Siadat SD, et al. Novel effects of Helicobacter 
pylori CagA on key genes of gastric cancer signal transduction: 

a comparative transfection study. Pathog Dis 2015;73:1–8. 
8. 	 WHO, IARC. IARC monographs on the evaluation of 

carcinogenic risks to humas. IARC Monogr 1994;177–220. 
9. 	 Polk DB, Peek RM. Helicobacter pylori: gastric cancer and 

beyond. Nature Reviews Cancer 2010;10:403–14. 
10. 	 Ohnishi N, Yuasa H, Tanaka S, Sawa H, Miura M, Matsui A, et 

al. Transgenic expression of Helicobacter pylori CagA induces 
gastrointestinal and hematopoietic neoplasms in mouse. Proc 
Natl Acad Sci 2008;105:1003–8. 

11. 	 Peek RM, Crabtree JE. Helicobacter infection and gastric 
neoplasia. J Pathol 2006;208:233–48. 

12. 	 Miftahussurur M, Syam AF, Makmun D, Nusi IA, Zain LH, 
Zulkhairi, et al. Risk factors and prevalence of Helicobacter 
pylori in five largest islands of Indonesia: a preliminary study. 
PLoS One. BioMed Central 2015;10:1–10. 

13. 	 Madiyono B, Moeslichan S, Sastroasmoro S, Budiman I, Harry 
PS. Perkiraan Besar Sampel. In: Sastroasmoro S, Ismael S, 
eds. Dasar-dasar metodologi penelitian klinis. 2nd ed. Jakarta: 
Balai Penerbit FKUI 2002.p.259–87. 

14. 	 Go MF. Review article: natural history and epidemiology 
of Helicobacter pylori infection. Aliment Pharmacol Ther 
2002;16:3–15. 

15. 	 Mitchell H, Katelaris P. Epidemiology, clinical impacts and 
current clinical management of Helicobacter pylori infection. 
Med J Aust 2016;204:376–80. 

16. 	 Darya IW. Korelasi antara derajat gastritis dan rasio 
pepsinogen I/II pada penderita gastritis [Tesis]. Denpasar: 
Fakultas Kedokteran Universitas Udayana 2009. 

17. 	 Fonseca TL, Moraes EP, Juliano CR, Silva AM, Scaini 
CJ, Mendoza-Sassi RA, et al. Detection of Helicobacter 
pylori by phenotypic and genotypic methods. Dig Dis Sci 
2010;20:1643–8. 

18. 	 Weiss J, Tsang TK, Meng X, Zhang H, Kilner E, Wang E, et al. 
Detection of Helicobacter pylori gastritis by PCR: correlation 
with inflammation scores and immunohistochemical and CLO 
test findings. Am J Clin Pathol 2008;129:89–96. 

19. 	 Van Doorn LJ, Henskens Y, Nouhan N, Verschuuren A, Vreede 
R, Herbink P, et al. The efficacy of laboratory diagnosis of 
Helicobacter pylori infections in gastric biopsy specimens 
is related to bacterial density and vacA, cagA, and iceA 
genotypes. J Clin Microbiol 2000;38:13–7. 

20. 	 Sonnenberg A, Genta RM. Changes in the gastric mucosa with 
aging. Clin Gastroenterol Hepatol 2015;13:2276–81. 

21. 	 Salles N. Is stomach spontaneously ageing? Pathophysiology 
of the ageing stomach. Best Pract Res Clin Gastroenterol 
2009;23:805–19. 

22. 	 Audibert C, Burucoa C, Janvier B, Fauchère JL. Implication 
of the structure of the Helicobacter pylori cag pathogenicity 
island in induction of interleukin-8 secretion. Infect Immun 
2001;69:1625–9. 

23. 	 Mentis A, Lehours P, Megraud F. Epidemiology and diagnosis 
of Helicobacter pylori infection. Helicobacter 2015;20:1–7. 

24. 	 Vianna JS, Ramis IB, Halicki PCB, Gastal OL, Silva RA, 
Junior JS, et al. Detection of Helicobacter pylori CagA EPIYA 
in gastric biopsy specimens and its relation to gastric diseases. 
Diagn Microbiol Infect Dis 2015;83:89–92. 

25. 	 Suerbaum S, Michetti P. Helicobacter pylori infection. N Engl 
J Med 2002;10:1175–86. 

26. 	 Zhang QB, Nakashabendi IM, Mokhashi MS, Dawodu JB, 
Gemmell CG, Russell RI. Association of cytotoxin production 
and neutrophil activation by strains of Helicobacter pylori 
isolated from patients with peptic ulceration and chronic 
gastritis. Gut 1996;38:841–5. 



Volume 17, Number 2, August 2016 105

Detection of Helicobacter pylori CagA gene and Its Association with Endoscopic Appearance in Balinese Dyspepsia Patients

27. 	 Backert S, Tegtmeyer N, Selbach M. The versatility of 
Helicobacter pylori caga effector protein functions: the master 
key hypothesis. Helicobacter 2010;15:163–76. 

28. 	 Yamaoka Y. Pathogenesis of Helicobacter pylori related 
gastroduodenal diseases from molecular epidemiological 
studies. Gastroenterol Res Pract 2012;2012:1–9. 

29. 	 Yamaoka Y. Mechanisms of disease: Helicobacter pylori 
virulence factors. Nat Rev Gastroenterol Hepatol 2011;7:629–41. 


