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Abstract
AIM: To evaluate the prevalence of Helicobacter py-
lori  (H. pylori ) babA2 , babB  and a recombinant gene 
between babA2  and babB  (babA2/B), and their role in 
the development of atrophic gastritis in Costa Rican 
and Japanese clinical isolates. 

METHODS: A total of 95 continuous H. pylori -positive 
Costa Rican (41 males and 54 females; mean age, 
50.65 years; SD, ± 13.04 years) and 95 continuous 
H. pylori -positive Japanese (50 males and 45 females; 
mean age, 63.43; SD, ± 13.21 years) patients un-
derwent upper endoscopy from October 2005 to July 
2006. They were enrolled for the polymerase chain re-
action (PCR)-based genotyping of the H. pylori babA2 , 

babB  and babA2/B  genes. Statistical analysis was per-
formed using the χ2 test and the Fisher’s exact prob-
ability test and multivariate analysis was performed by 
logistic regression adjusting for gender and age. P < 
0.05 was regarded as statistically significant. 

RESULTS: The PCR-based genotyping of 95 Costa Ri-
can and 95 Japanese isolates showed a higher preva-
lence of babA2  in Japan (96.8%) than in Costa Rica 
(73.7%), while that of babA2/B  was higher in Costa 
Rica (11.6%) than in Japan (1.1%). In Costa Rican 
isolates only, babA2  was significantly associated with 
atrophic gastritis (P  = 0.01). 

CONCLUSION: These results suggest that the status 
of babA2  and babA2/B  shows geographic differences, 
and that babA2  has clinical relevance in Costa Rica.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H. pylori) infects the human stomach 
causing chronic inflammation, which can lead to peptic 
ulcer and gastric cancer[1,2]. The diverse clinical outcome of  
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gastric disease may involve differences in the prevalence 
or expression of  bacterial virulence factors. H. pylori 
BabA is a blood-group antigen-binding adhesin encoded 
by the babA2 gene, which has been shown to mediate 
adherence of  H. pylori to human Lewis b blood-group (Leb) 
antigens[3,4]. Although three bab alleles have been identified 
(babA1, babA2 and babB), only the babA2 gene product is 
functional for Leb binding activity[5,6]. Studies in Western 
countries have disclosed associations between the presence 
of  babA2 gene and digestive diseases such as duodenal 
ulcer and gastric cancer[4]. However, in Asia, most of  the 
H. pylori strains are babA2-positive, irrespective of  clinical 
outcome[7,8]. Thus, conclusions about the relationship 
between H. pylori genotypes and clinical outcome derived 
from one geographic region may not be true for other 
geographic regions. Evidence concerning BabA adhesin-
associated genes is insufficient in Costa Rica, where 
the incidence of  gastric cancer is very high, similar to 
Japan[9]. The babA2 gene, which encodes BabA, may 
play a role in the development of  gastric cancer in the 
Costa Rican population. In order to investigate this 
hypothesis we aimed to correlate the status of  babA2 
in Costa Rican clinical isolates with atrophic gastritis, a 
gastric premalignant lesion. In addition, because H. pylori 
populations are highly diverse and are constantly changing 
their genome by point mutations, substitutions, insertions, 
and/or deletions of  their genome[10-12], we decided to 
evaluate the prevalence of  a recombinant gene between 
babA2 and babB (babA2/B), already identified in vitro[13,14], 
in Costa Rican as well as in Japanese clinical isolates, which 
were used also in this study for comparative purposes.

MATERIALS AND METHODS
Study population
Half  of  the patients in this study attended a digestive 
center in San Jose, Costa Rica and the other half  attended 
a National University in Kochi, Japan. A total of  95 
continuous H. pylori-positive Costa Rican (41 males and 
54 females; mean age, 50.65 years; SD, ± 13.04 years) and 
95 continuous H. pylori-positive Japanese (50 males and 
45 females; mean age, 63.43; SD, ± 13.21 years) patients 
underwent upper endoscopy from October 2005 to 
July 2006. They were enrolled for the polymerase chain 
reaction (PCR)-based genotyping of  H. pylori babA2, babB 
and babA2/B genes. Informed consent was obtained from 
each patient and the study was approved by the Ethics 
Committee of  the institutions. Information was collected 
on age, gender, symptoms and medication. None of  the 
participating patients had undergone H. pylori eradication 
therapy or gastric surgery. In addition, none of  the 
patients had recent intake of  proton pump inhibitors, 
antibiotics, or non-steroidal anti-inflammatory drugs. 
The patients were histopathologically classified into two 
groups; atrophic gastritis (AG) group (29 Costa Rican and 
48 Japanese) and non-atrophic gastritis (NAG) group (66 
Costa Rican and 47 Japanese) according to the updated 
Sydney System for the classification of  gastritis[15]. 

Endoscopical and histological evaluations 
Endoscopy was performed with Olympus EVIS 
EXERA Ⅰ/Ⅱ systems (Olympus America Inc., San 
Jose, CA, USA). From each participating subject, at 
least four biopsies (from the antrum, corpus and cisura 
angularis) were collected for histological examination. In 
addition, one antral biopsy was also taken to obtain the 
clinical isolates following bacterial culture. 

The biopsy samples were conventionally fixed in  
100 mL/L formaldehyde anidre and embedded in paraffin. 
Serial 3- to 4-μm sections were stained with hematoxylin 
and eosin for histological observation. All biopsies were 
examined for the presence of  glandular atrophy and were 
scored into four grades (0: none, 1: mild, 2: moderate 
and 3: marked) for both the antrum and the body of  the 
stomach, according to the updated Sydney System of  
classification and grading of  gastritis[15]. Gastric glandular 
atrophy was defined as the loss of  gastric glands and its 
replacement with fibrosis or metaplastic epithelium.

Determination of H. pylori infection
H. pylori infection was determined by either the rapid 
urease test (RUT) or histological examination in biopsy 
specimens obtained from the antrum, cisura angularis 
and body of  the stomach. Patients were considered  
H. pylori-positive if  either the biopsy specimen was 
positive for RUT or the bacterium was observed in any 
of  the hematoxylin and eosin-stained sections.

Isolation of H. pylori from biopsy specimens and DNA 
extraction
The homogenized biopsy specimens were placed on  
H. pylori selective agar plates (Helico VI agar, E-MS70, 
Eiken Chemical Co., Ltd., Japan) and cultured at 37℃ under 
microaerobic conditions (100 mL/L CO2) for five to seven 
days. The presence of  H. pylori colonies was confirmed by 
typical morphology, Gram staining and a positive urease 
test. Eventually, a total of  190 clinical isolates obtained 
from antrum specimens were subjected to genomic DNA 
(gDNA) extraction using a DNA kit (Qiagen, Tokyo, Japan) 
according to the manufacturer’s instructions.

Detection of H. pylori babA2, babB and babA2/B genes 
by PCR
The genomic DNAs were subjected to PCR-based 
genotyping of  babA2, babB and babA2/B using two 
primer pairs including primers previously described[4,16] 
and new primers (Table 1) designed based on sequences 
of  referential H. pylori strains 26 695 and J99. We used 
PCR conditions exactly matching those described[4,16] and 
the conditions for the new primers used in this study are 
shown in Table 1. Whenever necessary, in particular, to 
determine babA2/B, sequence analysis of  the putative 
products was performed using Applied Biosystems 3130 
Genetic Analyzer (Applied Biosystems, Foster City, CA, 
USA) and these sequences were compared with babA 
and babB genes of  strains 26 695 (HP1243 and HP896, 
respectively) and J99 (jhp833 and jhp1164, respectively) 
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using the BLAST 2 SEQUENCES system (http://www.
ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi)[17]. When 
the putative recombinant gene was shown to be only ho-
mologous at the 5’ and 3’ positions of  babA2 gene open 
reading frame (ORF) and babB gene ORF, respectively, 
the gene was considered to be a recombinant babA2/B 
gene. 

Statistical analysis
Statistical analysis was performed using the χ2 test and 
the Fisher’s exact probability test [STATA SE (version 8) 
statistical software]. P < 0.05 was regarded as statistically 
significant. Multivariate analysis was performed by logis-
tic regression [SPSS 13.0 Japanese version (SPSS Japan 
Inc., 2005)] adjusting for gender and age. Odds ratios 
with 95% confidence intervals were used to study the 
influence of  these genes on the development of  gastric 
atrophy.

RESULTS
Comparison of gender and age of patients between AG 
and NAG
There was no significant difference in gender between 
the AG group and NAG group from either Costa Rica 
or Japan (Table 2). However, mean age was significantly 
higher in the AG group than in the NAG group of  both 
Costa Rican and Japanese patients.

Prevalence of gastric atrophy in Costa Rican and 
Japanese patients
In Costa Rican patients, the prevalence of  gastric atrophy 
was 30.5% (29/95) while that in Japanese patients was 
considerably higher (50.5%, 48/95).

H. pylori babA2, babB and babA2/B genes in clinical 
isolates
In Costa Rican patients, the prevalence of  babA2 was 
73.7% (70/95) and after gender and age adjustment, this 
gene was found to be significantly associated with AG in 
this population (P = 0.01) (Table 3). The prevalence of  
babB and babA2/B was 81.1% (77/95) and 11.6% (11/95), 
respectively, and no significant differences were found 
between any of  these genes and AG.

In Japanese patients, almost all patients were found to 
be babA2-positive (96.8%, 92/95), while only one patient 
had the babA2/B gene (98.9%). The prevalence of  babB 
was 90.5% (86/95). After gender and age adjustment, no 
significant differences were found between any of  these 
genes and AG in this population.

DISCUSSION
The prevalence of  babA2 in Costa Rican isolates was 
73.7%, which was higher than that shown in Western 
studies (38%-43%)[18-20], but lower than that in Asian 
studies (80%-100%)[7,21-23], including that in our Japanese 
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Table 1  PCR primers and conditions for detection of babA2, babB and babA2/B genes

Region Primer Nucleotide sequence (5’- 3’) PCR conditions Ref.

babA2 babA-F AATCCAAAAAGGAGAAAAAGTATGAAA [4]

babA-R TGTTAG TGATTTCGGTGTAGGACA
babA2-Fnc1 GAAAAAACATGAAAAAACACATCCTTTCAT [16]

babA2-Rmn2 TCTGGGTTAATGGCTTGCC
babB babB-Fnc1 CTCTCTCTCGTTTTTGCTCCA 96℃ for 2 min, 30 cycles (96℃ for 30 s, 48℃ for 30 s, 72℃ for 1 min) This study

babB-Rnc1 CTTCATAACACACCCCTAAAGAGTC
babB-Fnc3 ATGAAAAAAACCCTTTTACTC 96℃ for 2 min, 30 cycles (96℃ for 30 s, 46℃ for 30 s, 72℃ for 1 min) This study
babB-Rnc3 TGACCTGGATTGGTGCCCCTACG

babA2/B babA-F AATCCAAAAAGGAGAAAAAGTATGAAA [4]

babB-Rnc1 CTTCATAACACACCCCTAAAGAGTC
babA2-Fnc1 GAAAAAACATGAAAAAACACATCCTTTCAT [16]

babB-Rnc1 CTTCATAACACACCCCTAAAGAGTC 96℃ for 2 min, 30 cycles (96℃ for 30 s, 62℃ for 30 s, 72℃ for 1 min) This study
babB-Rnc21 CTACGCTCACCCCCTTGTACTTC 96℃ for 2 min, 30 cycles (96℃ for 30 s, 63℃ for 30 s, 72℃ for 1 min) This study
babB-Rnc31 TGACCTGGATTGGTGCCCCTACG 96℃ for 2 min, 30 cycles (96℃ for 30 s, 62℃ for 30 s, 72℃ for 1 min) This study

1Used with babA2-Fnc1.

Table 2  Characteristics of Costa Rican and Japanese dyspeptic patients

Costa Rican Japanese

AG NAG P-value AG  NAG P-value

Patients number 29 66 48 47
Sex (M/F) 15/14 26/40 0.264 24/24 26/21    0.604
mean age ± SD (yr) 54.8 ± 12.9 48.9 ± 12.8 0.041 68.4 ± 10.2 58.4 ± 14.1 < 0.001

AG: Atrophic gastritis; NAG: Non-atrophic gastritis; SD: Standard deviation.
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isolates (96.8%) (Table 3). It seems that the prevalence 
of  babA2 does not parallel the incidence rate of  gastric 
cancer in those countries, since Costa Rica, has an 
incidence rate comparable to that of  Japan and China[9]. 

The babA2 and babB genes exhibit extensive 
homologies at their 5’ and 3’ ends that should facilitate 
frequent recombination between them, suggesting 
that a recombination might interfere in the expression 
and functional activity of  BabA. In this study, this 
recombination was found in 11 and 1 Costa Rican and 
Japanese (KMT28) isolates, respectively, irrespective of  
clinical outcome. However, in the Costa Rican strains, the 
babA2 gene was found to be significantly associated with 
AG (P = 0.01 and OR = 7.8) (Table 3). This association 
has been reported previously in Western studies[9]. 

The PCR products of  12 babA2/B recombinant 
strains were employed for sequence analysis, revealing 
that several stop-codons in the amino acid sequence 
were found in all 11 Costa Rican strains, suggesting that 
these genes were non-functional. In contrast, since the 
Japanese strain KMT28 had complete in-frame sequence, 
the babA2/B gene was thought to be functional. In 
addition, reverse transcription-PCR (Toyobo Co., Ltd., 
Japan) using mRNA extracted from the KMT28 strain 
possessing the babA2/B gene with Trizol reagent 
(Invitrogen Corp., Carlsbad, CA, USA), and sequence 
analysis were performed, demonstrating that the babA2/
B transcript of  KMT28 was definitely obtained and the 
sequence was identical to the babA2/B sequence (data 
not shown).

The relationship between babA2-positive H. pylori 
and an increased risk of  developing clinical outcomes is 
controversial[7,18,20,24-26], because the presence of  babA2 
is not always to reflect the BabA binding activity due 
to regulation by the number of  transcriptional start 
adenine [poly (A)] residues in the promoter region[5] and 
the presence of  chimeric babA/B or babB/A genes[14,27]. 
Moreover, it is relatively difficult to detect the babA2 
gene by PCR with a single primer pair due to high 
homology between the sequences of babA1 and babA2. 
Thus, to determine BabA binding activity and/or the 
presence of  its transcript it was critical to consider the 

functionality of  BabA and its pathogenesis. Therefore 
we used at least two primer pairs to confirm the 
presence of  babA2 and recombinant babA2/B genes and 
investigated the relationship between the status of  these 
genes and clinical outcomes. 

Taken together, the status of  babA2 and babA2/B 
shows geographic differences, and babA2 seems to 
have clinical relevance only in Costa Rica. A functional 
babA2/B was found in one Japanese isolate. However, 
we believe that a binding assay with Leb antigen is 
necessary to confirm whether the BabA is functional 
and/or the adhesive strength is regulated individually 
depending on an adaptation of  the microorganism in the 
stomach involved in clinical manifestation. 
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COMMENTS
Background
The clinical outcome of gastric disease may involve differences in the 
prevalence or expression of bacterial virulence factors. Contrary to Asian 
studies, western studies have disclosed associations between the presence of 
babA2 gene and gastric cancer. Evidence concerning BabA adhesin-associated 
genes is insufficient in Costa Rica, where the incidence of gastric cancer is very 
high, similar to Japan. The babA2 gene, which encodes BabA, may play a role 
in the development of gastric cancer in the Costa Rican population.
Research frontiers
The research in this area is focused on the correlation between the status 
of babA2 in Costa Rican clinical isolates and atrophic gastritis, a gastric 
premalignant lesion, and on the evaluation of the prevalence of a recombinant 
gene between babA2 and babB (babA2/B), in Costa Rican and Japanese 
clinical isolates.
Innovations and breakthroughs
The PCR-based genotyping of 95 Costa Rican and 95 Japanese isolates 
showed a higher prevalence of babA2 in Japan (96.8%) than in Costa Rica 
(73.7%), while that of babA2/B was higher in Costa Rica (11.6%) than in Japan 
(1.1%). In Costa Rican isolates only, babA2 was significantly associated with 
atrophic gastritis (P = 0.01). 
Applications 
These results suggest that the status of babA2 and babA2/B shows geographic 
differences, and that babA2 has clinical relevance in Costa Rica.
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Table 3  H. pylori babA2, babB  and babA2/B genes according to atrophic gastritis in Costa Rican and Japanese patients

Costa Rican patients  Japanese patients

Gene AG/NAG P  OR 95% CI AG/NAG P  OR 95% CI

babA2
   Pos   27/43  0.01 7.80 1.63-37.40 46/46 0.88 0.82  0.06-10.70
   Neg   2/23 1.00  (Reference) 2/1 1.00  (Ref.)
babB
   Pos 25/52 0.54 1.47  0.42-5.12 45/41 0.18 3.00 0.61-14.70
   Neg   4/14 1.00  (Reference) 3/6 1.00  (Ref.)
babA2/B
   Pos 6/5  0.10 3.07   0.80-11.80 0/1 1.00 0.00
   Neg 23/61 1.00  (Reference) 48/46 1.00  (Ref.)

Pos: Positive; Neg: Negative; OR: Odds ratio; CI: Confidence intervals. Separate models were fitted to obtain an odds ratio for each gene with adjustment 
for gender and age in each country. P < 0.05 was considered significant.
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Terminology
Helicobacter pylori (H. pylori) is a Gram-negative microaerobic bacterium that 
persistently colonizes the human gastric mucosa. H. pylori BabA is a blood-
group antigen-binding adhesin encoded by the babA2 gene, which has been 
shown to mediate adherence of H. pylori to human Lewis b blood-group 
antigens.
Peer review
This paper has a correct design and is presented adequately. Title, results 
and discussion are clear and properly expressed. This topic is controversial, in 
some way, and this investigation constitutes an interesting contribution.
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