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Abstract
AIM
To develop a novel Helicobacter pylori  (H. pylori ) CagA 
antibody enzyme-linked immunosorbent assay (ELISA) 
suitable for detecting serum anti-CagA antibodies with 
high sensitivity.

METHODS
Recombinant East Asian-type CagA protein was purified 
and immobilized for ELISA. Serum samples from 217 
Vietnamese individuals (110 H. pylori -infected and 
107 uninfected individuals) were applied. Conventional 
ELISA from Western-type CagA and our East Asian-type 
CagA ELISA were evaluated by comparing 38 subjects 
with the Western-type genotype and 72 subjects with 
the East Asian-type cagA genotype. Histological scores 
of the gastric mucosa were determined using the 
updated Sydney System to examine the relationship 
with anti-CagA antibody titers.

RESULTS
Recombinant 70-100 kDa fragments were immobilized 
on the ELISA plate. In ROC analysis, the area under 
the curve of our East Asian-type CagA ELISA was 
comparable to that of conventional CagA ELISA. The 
sensitivity of the two ELISAs differed depending on the 
cagA genotype. The sensitivity of East Asian-type CagA 
ELISA was higher for subjects infected with East Asian-
type cagA  H. pylori  (P  < 0.001), and the sensitivity 
of the conventional CagA ELISA tended to be higher 
for subjects infected with Western cagA  H. pylori  (P  
= 0.056). The titer of anti-CagA antibody tended to 
correlate with monocyte infiltration scores (r  = 0.25, 
P  = 0.058) and was inversely correlated with H. pylori  
density (r  = -0.26, P  = 0.043).

CONCLUSION
The novel ELISA is useful to detect anti-CagA antibodies 
in East Asian countries, and the titer may be a marker 
for predicting chronic gastritis.

Key words: Helicobacter pylori ; cagA  genotype; Anti-
CagA antibody; Enzyme-linked immunosorbent assay; 
Inflammation; Gastritis
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Core tip: We developed a novel East Asian-type CagA 
enzyme-linked immunosorbent assay (ELISA) to 
determine whether this method could detect CagA 
seropositivity with greater sensitivity in East Asian 
countries than the conventional anti-CagA antibody 
ELISA, which utilizes Western-type CagA as the antigen. 
Our findings revealed that conventional CagA ELISA 
underestimated CagA seropositivity in East Asian 
countries and the novel CagA ELISA could detect anti-
CagA antibodies with higher sensitivity. In addition, the 
anti-CagA antibody titer tended to correlate with chronic 
inflammation in the stomach. Therefore, the titer of East 
Asian CagA ELISA may be a useful marker for predicting 

chronic inflammation in the gastric mucosa.

Matsuo Y, Kido Y, Akada J, Shiota S, Binh TT, Trang TTH, 
Dung HDQ, Tung PH, Tri TD, Thuan NPM, Tam LQ, Nam BC, 
Khien VV, Yamaoka Y. Novel CagA ELISA exhibits enhanced 
sensitivity of Helicobacter pylori CagA antibody. World J 
Gastroenterol 2017; 23(1): 48-59  Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i1/48.htm  DOI: http://
dx.doi.org/10.3748/wjg.v23.i1.48

INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative 
microaerophilic bacterium, which is etiologically 
associated with various diseases, such as gastritis, 
peptic ulcer, mucosa associated lymphoid tissue (MALT) 
lymphoma, and gastric cancer. Although over half 
of the world’s population is infected with H. pylori, 
the incidence of H. pylori-associated diseases varies 
geographically. These geographic differences in the 
incidence of gastric cancer can be explained, at least 
in part, by the presence of different types of H. pylori 
virulence factors, in particular cytotoxin-associated 
gene A (CagA), vacuolating cytotoxin A (VacA), and 
outer inflammatory protein A (OipA)[1]. 

CagA, the major virulence factor, is delivered into 
gastric epithelial cells via the type IV secretion system 
of H. pylori[2]. Structural variants of CagA have been 
shown to alter bacterial virulence. The C-terminus 
of CagA possesses a variable number of tyrosine 
phosphorylation sites, which are located within the 
Glu-Pro-Ile-Tyr-Ala (EPIYA) motif[3]. EPIYA segments 
can be classified into four types according to the amino 
acid sequence surrounding the EPIYA motif. H. pylori 
found in Western countries possess Western-type 
CagA, which contains EPIYA-A, EPIYA-B, and EPIYA-C 
segments. In contrast, H. pylori in East Asian countries 
possess East Asian-type CagA, which contains EPIYA-A, 
EPIYA-B, and EPIYA-D segments[4,5]. These EPIYA 
motifs can exhibit varying numbers and configurations 
in the C-terminal end of CagA variants[6]. The EPIYA-D 
segment has been reported to bind more strongly to 
the proto-oncogenic SH2-domain-containing tyrosine 
phosphatase (SHP2) than the EPIYA-C segment, 
leading to hyper-stimulation of Ras-Erk signaling[7,8]. 
Therefore, the East Asian-type CagA is associated with 
greater virulence than the Western-type CagA owing 
to the structural variance of CagA.

CagA is also a highly antigenic protein[9,10]. Com
prehensive epidemiological studies have reported 
on the relationship between CagA seropositivity 
and clinical outcomes in Western and East Asian 
countries[11-17]; however, the results are controversial. 
Huang et al[18] used meta-analysis to analyze the 
relationship between CagA seropositivity and gastric 
cancer and concluded that infection with cagA-positive 
H. pylori further increased the risk of gastric cancer 
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over that associated with cagA-negative H. pylori 
infection. Our previous meta-analysis also showed that 
CagA seropositivity was significantly associated with 
gastric cancer in East Asian countries[19]. However, 
the positive rate of CagA antibodies among H. pylori-
infected Japanese individuals was relatively low (53.7% 
to 81.1%) although the majority of H. pylori strains 
in Japan possess an East Asian-type cagA gene[20,21]; 
the prevalence of cagA positive H. pylori was 95.0% 
to 95.5% in Vietnam[22,23] and 86.4% to 96.3% in 
Japan[24,25]. 

Therefore, we hypothesized that the commercially 
available CagA antibody enzyme-linked immunosorbent 
assay (ELISA), which uses Western-type CagA as the 
antigen, might underestimate serum CagA antibody 
levels in East Asian countries. In the present study 
we developed an East Asian-type CagA ELISA, which 
immobilizes East Asian-type recombinant CagA, and 
assessed the characteristics of two types of CagA based 
ELISA systems.

To examine differences in the performance of 
both types of CagA ELISA, we chose to use serum 
samples from Vietnamese individuals because cagA 
genotype prevalence is region-dependent in Vietnam. 
The predominant cagA genotype in the central region 
(Daklak province) is the Western-type cagA and in the 
northern region (Lao Cai province) is the East Asian-
type cagA. Our results indicate that the accuracy of 
the two types of CagA ELISA is comparable for these 
Vietnamese samples. In addition, we examined the 
relationship between CagA antibody titer and the 
degree of inflammation in each individual. 

MATERIALS AND METHODS
Volunteers for endoscopic survey
The endoscopic survey was conducted in nine rural 
areas in the Daklak and Lao Cai provinces, Vietnam, 
from July 2012 and April 2013. We travelled to these 
areas twice and spent several days each visit recruiting 
the volunteers. Ethical approval was obtained from 
the Ethics Committees of Daklak Hospital and Lao 
Cai Hospital, Vietnam and the Oita University Faculty 
of Medicine, Japan. Written informed consent was 
obtained from all participants prior to the study.

Four biopsy specimens (three from the antrum and 
one from the upper posterior wall of the corpus) were 
obtained during endoscopy. The antrum specimens 
were used for the rapid urease test, H. pylori culturing, 
and histological examination. The corpus specimen 
was used for histological examination. Blood samples 
were collected from all participants immediately 
following endoscopy.

Determination of H. pylori status
The rapid urease test, culturing test, histological tests 
confirmed by immunohistochemistry (IHC), and serum 
H. pylori antibody test were used to maximize the 
accuracy of the H. pylori infection diagnosis.

H. pylori was isolated using a standard culturing 
method[25]. The H. pylori total antibody titer in serum 
samples was measured by E-plate (Eiken Co. Ltd, Tokyo, 
Japan). CagA antibody titer in sera was measured 
using the CagA ELISA kit (Genesis Diagnostics Ltd, Ely, 
United Kingdom), which represented Western CagA 
ELISA in this study. Stomach biopsy specimens were 
also provided for histological testing as previously 
described[26]. 

In this study, H. pylori-infected status was defined 
as positive by H. pylori culturing. While, H. pylori-
uninfected status was defined as all negative by H. 
pylori culturing, rapid urease test, serum H. pylori 
antibody, serum CagA antibody, and histopathological 
examination results.

Classification of cagA genotype 
Genomic DNA was extracted from cultured H. pylori 
using the DNeasy Blood and Tissue Kit (QIAGEN, 
Hilden, Germany). The cagA genotypes (Western-type 
or East Asian-type) were determined by PCR based 
direct sequencing of the C-terminal region containing 
the EPIYA segments, as previously described[24]. The 
cagA genotype was determined by evaluating the 
amino acid sequences of the EPIYA segments using 
MEGA6 software[27].

Expression of glutathione sulfate-transferase-fused 
recombinant CagA 
The full length cagA gene was PCR amplified from the 
genomic DNA of a clinical H. pylori strain isolated from 
a Japanese volunteer with gastritis (Supplementary 
material). The 5′ terminus of the amplified fragment 
contained a SmaI recognition site and the 3′ terminus 
contained an Xho I recognition site. The 3.5-kb 
amplified cagA product was cloned into the SmaI and 
Xho I digested pGEX-6P-1 vector (GE Healthcare, 
Little Chalfont, United Kingdom) using T4 DNA ligase 
(TAKARA Inc) and the resulting plasmid, pGEX-CagA, 
was propagated in Escherichia coli DH5α competent 
cells (Merck Millipore, Darmstadt, Germany). pGEX-
CagA was then transformed into the E. coli Rosetta 
Blue DE3 pLysS expression strain (Merck Millipore). 
These cells were then grown to an OD600 of 0.7 in 
Luria Bertani (LB) broth supplemented with ampicillin 
(100 µg/mL), chloramphenicol (40 µg/mL), and 0.2% 
(w/v) glucose at 37 ℃. Expression of the glutathione 
sulfate-transferase (GST)-fused recombinant CagA 
(rCagA) protein was induced by the addition of 
0.4 mM (final concentration) of isopropyl β-D-1-
thiogalactopyranoside (IPTG) for 2 h at 30 ℃; the cells 
were then harvested by centrifugation at 8000 × g, 
4 ℃ for 10 min.

Purification of East Asian-type recombinant CagA
The harvested E. coli cells were suspended in a 
sonication buffer. The E. coli lysate was sonicated 
and then centrifuge to remove the unlysed cells. 
The clarified supernatant was collected and the 
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statistically significant. The statistical analysis of this 
study were reviewed by Kido Y, Akada J, Yamaoka Y.

RESULTS
Purification of East Asian-type rCagA and development 
of a novel East Asian-type CagA ELISA 
To develop an East Asian CagA ELISA, we first cloned 
the cagA gene from a clinical H. pylori strain isolated 
from a Japanese gastritis patient and constructed 
a CagA expression vector. The EPIYA segments of 
cagA were confirmed as East Asian type cagA, ABD 
segments, by DNA sequencing (Gen Bank accession 
number LC158593).

The full length East Asian-type rCagA was expressed 
in E. coli as a GST-tag fusion protein (deduced molecular 
size of 160 kDa). GST-rCagA was expressed to a high 
level in the soluble fraction of the E. coli lysate following 
induction (Figure 1A, lane 2 vs lane 1, uninduced). The 
GST-rCagA was bound to glutathione beads and rCagA 
was collected by cleaving the tag during the elution step 
(Figure 1A, lane 5). Western blotting using an anti-CagA 
antibody showed that the size of the eluted rCagA was 
75-100 kDa (Figure 1B, lane 3); full length rCagA (135 
kDa) was estimated to constitute < 1% of the total 
protein based on CBB stained SDS-PAGE (Figure 1A, 
lane 5). Hence, the full-length CagA was cleaved into 
75-100-kDa fragments. We used this purified rCagA 
protein for the development of a novel East-Asian CagA 
ELISA. 

Evaluation of the East Asian-type CagA ELISA compared 
with Western-type CagA ELISA
The subjects in this study included 310 subjects in 
Vietnam. As described at methods, H. pylori-positive 
status was defined. Our selection criteria to determine 
infected and uninfected samples presumably reduce 
pseudo-positive and pseudo-negative facilitating the 
evaluation of the a novel ELISA method; 110 H. pylori-
infected subjects and 107 H. pylori-uninfected subjects 
(217 serum samples in total) were used for the initial 
experiment. Endoscopic diagnoses showed that most 
volunteers had only gastritis and that some had peptic 
ulcers and gastroesophageal reflux disease (GERD) 
(Table 1). PCR-based direct sequencing was used to 
determine the cagA genotype of the 110 H. pylori-

N-terminally tagged GST-rCagA was purified by 
GST-tag affinity chromatography, which utilizes the 
binding ability of GST to glutathione sepharose 4B 
resin (GE Healthcare). The resin was washed and the 
rCagA was eluted following the use of PreScission 
protease (GE Healthcare). The rCagA preparation 
buffer was exchanged to a phosphate buffer (pH 7.4) 
by ammonium sulfate precipitation. Each fraction 
was electrophoresed on sodium dodecyl sulfate 
polyacrylamide gel (SDS-PAGE) and stained with 
Colloidal CBB stain (Bio-Rad). rCagA expression was 
confirmed by western blotting using anti-CagA Rabbit 
IgG (Austral Líneas Aéreas, Buenos Aires, Argentina) 
as the primary antibody and anti-Rabbit IgG 
conjugated alkaline phosphatase (Jackson Immuno 
Research Labs, West Grove PA, United States) as the 
secondary antibody.

Production of an East-Asian type CagA antibody ELISA
East Asian-type rCagA (0.1 µg/well) in phosphate 
buffer was immobilized on Maxi-sorp 96-well plates 
(Thermo Fisher Scientific, Massachusetts, United 
States). Human serum samples were reacted with 
the rCagA immobilized plate. Anti-CagA rabbit IgG 
(1 mg/mL; Austral Líneas Aéreas) was reacted 
concurrently to obtain a standard curve for calculating 
the amount of human IgG. The plate was washed 
and then anti-human IgG conjugated horse radish 
peroxidase (anti-human IgG-HRP; Jackson Immuno 
Research Labs) and anti-rabbit IgG conjugated horse 
radish peroxidase (anti-rabbit IgG-HRP; Jackson 
Immuno Research Labs) were added to the plate. 
After washing the plate, ELISA peroxidase substrate 
3,3’,5,5’-tetramethylbenzidine (TMB; NACALAI 
TESQUE, Kyoto, Japan) was used for coupling and then 
the absorbance at 450 nm was measured. The amount 
of CagA antibody was calculated from the standard 
curve using anti-CagA rabbit IgG/anti rabbit IgG-HRP. 
The detailed protocol is described in supplementary 
material. 

Chronic gastritis scoring
Biopsy specimens were stained with hematoxylin and 
eosin. The grade of neutrophil infiltration, mononuclear 
cell infiltration, atrophy, and intestinal metaplasia 
were scored in each specimen based on the updated 
Sydney System (0, none; 1, mild; 2, moderate; and 3, 
severe)[28].

Statistical analysis
All statistical analyses was performed using EZR 
software[29]. Receiver Operating Characteristic (ROC) 
analysis was used to define the cut off value for a 
novel CagA antibody ELISA. Discrete variables were 
tested using the χ 2 and McNemar’s test. Spearman 
rank coefficients (r) were determined to evaluate the 
association between CagA antibody levels and the 
histological score. P value < 0.05 was considered 

Table 1  cagA genotype and clinical outcome of subjects

H. pylori  infection status 
and cagA genotype

Gastritis Peptic ulcer GERD Total

H. pylori-infected   95 12 3 110
   Western cagA   34   4 0   38
   East Asian cagA   61   8 3   72
H. pylori-uninfected   98   3 6 107
Total 193 15 9 217

GERD: Gastroesophageal reflux disease; H. pylori: Helicobacter pylori.
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infected volunteers; 38 were infected with Western-
type cagA and 72 with East Asian-type cagA (Figure 2, 
ROC analysis group). 

Next, we compared our East Asian-type CagA 
ELISA with a commercially available CagA ELISA, 
which utilizes Western-type CagA. The CagA antibody 
titer was measured for the 110 H. pylori-infected and 
107 uninfected subjects (Table 2). Western-type CagA 
ELISA showed that 103 uninfected subject serum 

samples (96%) had a low titer (0-5 U/mL). The serum 
titers of infected subjects demonstrated two peaks; 
the titer of 36 subjects was within the 0-5 U/mL range, 
while the other 17 showed had titers > 85 U/mL 
(Figure 3A). The 36 subjects in the 0-5 U/mL range 
included 33 subjects infected with H. pylori with East 
Asian-type cagA and only 3 with Western-type cagA. 
The 17 subjects with a titer > 85 U/mL consisted of 
14 subjects infected with H. pylori with Western-type 
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Figure 1  Purification of recombinant East Asian-type CagA. A: CBB-stained 8% SDS-PAGE gel; 20 μg of protein were loaded per well. Lane 1: Uninduced lysate; 
2: 0.4 mmol/L IPTG induced lysate; 3: Flow through; 4: Wash; 5: Elution. In the elution fraction (Lane 5), the 135 kDa band (arrowhead 1) is the full length rCagA. The 
75-100 kDa rCagA cleavage product (arrowhead 2) comprised approximately 50% of the elution fraction; B: Western blot analysis with anti-CagA antibody. Lane 1: 
Uninduced lysate; 2: 0.4 mmol/L IPTG induced lysate; 3: Elution. Following induction (Lane 2), the full length GST-fused rCagA (*1) was expressed. However, it was 
subsequently cleaved (*2). In the elution fraction (Lane 3), the amount of full length rCagA was low (arrowhead 1) and various smaller-sized bands (arrowhead 2) were 
confirmed as rCagA fragments.

A B

Figure 2  Subjects groups used in this study. ROC analysis was performed to confirm the accuracy of East Asian-type CagA ELISA for subjects in the ROC 
analysis group. The correlation between CagA antibody titer and histological score was compared between subjects infected with either Western-type or East Asian-
type cagA Helicobacter pylori (H. pylori) in the gastritis group.

Endoscopic survey in Vietnam (310 subjects)

ROC analysis group (217 subjects)

H. pylori  infected subjects (110 subjects)
Criteria: H. pylori  culture (+)
   cagA genotype
      Western cagA: 38 subjects
      East Asian cagA: 72 subjects

Gastritis group (95 subjects)

H. pylori  infected gastritis subjects
   cagA genotype
      Western cagA: 34 subjects
      East Asian cagA: 61 subjects

Exclude no gastritis subjects (15 subjects)
   cagA genotype
      Western cagA: 4 subjects
      East Asian cagA: 11 subjects

H. pylori  uninfected subjects (107 subjects)
Criteria: H. pylori culture (-), serum antibody (-),

histology (-)

Exclude subjects did not fulfill the criteria (93 subjects)
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cagA and only three with East-Asian cagA (Figure 3B). 
Additionally, the mean antibody titer against Western-
type CagA (78.8 ± 71.6 U/mL) was significantly higher 
than that against East Asian-type CagA (22.6 ± 40.7 
U/mL; P < 0.001). These data indicate that Western-
type CagA ELISA reacts less efficiently with the CagA 
antibody present in individuals infected with H. pylori 
possessing East Asian-type CagA. 

In contrast, the East Asian-type CagA ELISA 
revealed that 101 (94%) uninfected volunteers had 
titers < 50 U/mL. The titers of the infected subjects 
ranged from 30-40 U/mL (Figure 3C). The mean ± SD 
CagA antibody titer was 85.9 ± 52.0 U/mL in subjects 
infected with Western-type cagA H. pylori and 79.1 ± 
47.6 U/mL in subjects infected with East Asian-type 
cagA H. pylori; the differences were not statistically 
significant (P = 0.50; Figure 3D). These data show 
that the East Asian-type CagA ELISA reacted equally 
with CagA antibodies derived from subjects infected H. 
pylori with both types of CagA.

ROC analysis was used to evaluate the accuracy 
of East Asian-type CagA ELISA for all 217 subjects. 

The area under the curve (AUC) of the 110 H. pylori 
infected and 107 uninfected samples was nearly equal 
for both types of CagA ELISA: 0.91 for East Asian-type 
CagA ELISA and 0.87 for Western-type CagA ELISA 
(Table 3). These results indicate that the accuracy of 
East Asian-type CagA ELISA is comparable to that of 
Western-type CagA ELISA. Additionally, the positive 
cut off value of the East Asian-type CagA ELISA was 
determined as > 45 U/mL based on the ROC curve 
(Figure 4). 

Characteristic differences between Western-type CagA 
and East Asian-type CagA ELISA
The CagA antibody titers of all subjects were 
independently measured using the two types of CagA 
ELISA and plotted separately as the following four 
groups: H. pylori-uninfected group, H. pylori-infected 
group, subjects infected with Western-type cagA H. 
pylori group, and subjects infected with East Asian-
type cagA H. pylori group. The cut off value for the 
East Asian-type CagA ELISA was determined to be 45 
U/mL based on the ROC curve and that of Western-
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type CagA ELISA was used as 6.25 U/mL according to 
the manufacturer’s instruction. 

Of the 107 H. pylori-uninfected subjects, 104 
subjects (97.2%) were negative by Western-type 
CagA ELISA and 100 were negative (93.5%) by East 
Asian-type CagA ELISA (Figure 5A). This indicates 
that the specificity of East Asian-type CagA ELISA is 
sufficiently high and similar to that of Western-type 

CagA ELISA. Of the 110 H. pylori infected subjects, 69 
(62.7%) were identified as positive by Western-type 
CagA ELISA and 78 (70.9%) by East Asian-type CagA 
ELISA (Figure 5B). The accuracy of each of the ELISA 
results was further examined using the cagA genotype 
sub-group; of the 38 subjects infected with Western-
type cagA H. pylori, 32 (84.2%) were identified as 
positive by Western-type CagA ELISA and 25 (65.8%) 
by East Asian-type CagA ELISA. In these 32 subjects, 
nine subjects were identified as positive by Western-
type CagA ELISA, but negative by East Asian-type 
CagA ELISA (Figure 5C). Of the 72 subjects infected 
with East Asian-type cagA H. pylori, 53 (73.6%) were 
found to be positive by the East Asian-type CagA 
ELISA, and 37 (51.4%) were found to be positive by 
the Western-type CagA ELISA. Of these 53 subjects, 
19 were identified as positive by the East Asian-type 
CagA ELISA, but negative by the Western-type CagA 
ELISA (Figure 5D).

Table 3 summarizes the sensitivity and specificity 
of both types of ELISA. The sensitivity of Western-
type CagA ELISA tended to be higher than that of East 
Asian-type CagA ELISA for the sub-group of subjects 
infected with Western cagA H. pylori (P = 0.065; Table 
3). Similarly, the sensitivity of East Asian-type CagA 
ELISA was higher than that of Western-type CagA 
ELISA for the sub-group of subjects infected with East 
Asian-type cagA H. pylori (P < 0.001; Table 3).

Table 2  Subject Helicobacter pylori -infection status 

H. pylori  status and cagA genotype H. pylori  infection status cagA genotype

Infected Uninfected Western East Asian

ROC analysis group
   n 110 107 38 72
   Male 63 (57%)1 46 (43%)1 17 (45%) 46 (64%)
   Age (yr)
      mean ± SD 40.1 ± 12.9 38.5 ± 12.8 38.6 ± 10.8 41.0 ± 13.8
      Range 18-76 19-78 18-69 21-76
Gastritis subjects group
   n 34 61
   Male 19 (56%) 38 (62%)
   Age (yr)
      mean ± SD 37.5 ± 8.5 39.3 ± 13.0
      Range 22-60 20-70

1Statistically significant between Helicobacter pylori (H. pylori) infected and uninfected status (P < 0.05). 

Table 3  Association between cagA genotype and the accuracy of CagA antibody ELISA

Group name n Western-type CagA ELISA East Asian-type CagA ELISA

cagA genotype (cut off value: 6.25 U/mL) (cut off value: 45.0 U/mL)

Sens. Sp. AUC 95%CI Sens. Sp. AUC 95%CI

Western and East Asian 110 62.7 97.2 0.87 0.82-0.92 70.9 93.5 0.91 0.86-0.95
Western   38 84.2 97.2 0.92 0.83-0.99 65.8 93.5 0.91 0.86-0.96
East Asian   72  51.41 97.2 0.85 0.79-0.91  73.61 93.5 0.90 0.85-0.95

1Statistically significant between Western-type CagA ELISA and East Asian-type CagA ELISA (P < 0.001). n: The number of Helicobacter pylori (H. pylori) 
infected subjects; 107 H. pylori uninfected subjects were added for ROC analysis. Sens.: Sensitivity; Sp.: Specificity; AUC: Area under the curve. 
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Figure 4  ROC curve analysis of Western-type and East Asian-type CagA 
ELISA. The ROC curves of both types of CagA ELISA were analyzed using all 
217 serum samples of the ROC analysis subjects group (Figure 2). The area 
under the curve (AUC) of the commercial Western-type CagA antibody ELISA 
was 0.87 and that of East Asian CagA antibody ELISA was 0.91. No significant 
difference was apparent.
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Relationship between CagA antibody titer and 
histological gastritis scores 
The relationship between lower CagA seropositivity 
and clinical outcomes in East Asian countries has 
not yet been clarified, even when almost all of the 
examined individuals have been infected with cagA-
positive H. pylori. The novel East Asian-type CagA 
ELISA presented in this study had higher sensitivity 
for East Asian-type cagA H. pylori-infected subjects 
than Western-type CagA ELISA. Thus, East Asian-type 
CagA ELISA was used to investigate the relationship 
between the CagA antibody titer and histological 
scores of gastritis in subjects infected with either East 
Asian-type or Western-type cagA H. pylori. 

Ulcer and GERD subjects were excluded from the 
H. pylori infected subjects of ROC analysis group and 
all gastritis subjects were included in the gastritis 
group (Figure 2). A total of 95 volunteers, including 
34 subjects infected with Western-type cagA H. pylori 
and 61 infected with East Asian-type cagA H. pylori, 
were used for this analysis (Table 2). The correlation 
between CagA antibody titer and histological score was 
examined using the Spearman rank coefficients test. 

Histological scores were evaluated using the updated 
Sydney System for the classification and grading 
of gastritis. The East-Asian CagA antibody titers of 
gastritis subjects infected with East Asian-type cagA 
H. pylori (measured by East Asian-type CagA ELISA) 
tended to correlate with the monocyte infiltration at 
the stomach antrum scores (r = 0.25, P = 0.058; 
Figure 6A). The monocyte score included monocytes 
as well as lymphocytes and plasma cells. Furthermore, 
the East-Asian CagA antibody titers were inversely 
correlated with H. pylori density in the antrum (r 
= -0.26, P = 0.043; Figure 6B). In contrast, no 
correlation was apparent for Western-CagA antibody 
titers (measured by Western-type CagA ELISA) among 
gastritis subjects infected with Western-type cagA H. 
pylori (Figure 6C and D).

DISCUSSION
In this study, we developed a novel East-Asian CagA 
antibody ELISA and compared it with commercial 
Western-type CagA ELISA using subjects infected 
with either East Asian-type or Western-type cagA H. 
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Figure 5  Relationship between the two types of CagA antibody ELISA titers. Dotted lines indicate the cut off values (6.25 U/mL for Western-type CagA ELISA and 
45.0 U/mL for East Asian-type CagA ELISA). A: Scatter plot of uninfected subjects. Of the 107 Helicobacter pylori (H. pylori) uninfected subjects, 104 subjects (97.2%) 
were negative by Western-type CagA ELISA and 100 subjects (93.5%) by East Asian-type CagA ELISA; B: Scatter plots of infected subjects. Of the 110 H. pylori 
infected subjects, 69 (62.7%) subjects were positive by Western-type CagA ELISA and 78 (70.9%) by East Asian-type CagA ELISA; C: Scatter plot of Western-type cagA H. 
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pylori. The sensitivity of the East Asian-type CagA 
ELISA was higher than that of the Western-type CagA 
ELISA for the subgroup of individuals infected with 
East Asian-type cagA H. pylori, while the sensitivity 
of the Western-type CagA ELISA tended to be higher 
than that of the East Asian-type CagA ELISA for the 
subgroup of individuals infected with Western-type 
cagA H. pylori. These results indicate that Western-
type CagA ELISA might not be suitable for application 
in East Asian countries and that East Asian-type CagA 
ELISA could be useful for detecting the East Asian-type 
CagA antibody with high sensitivity.

During the development of the East Asian-type 
CagA ELISA, we noted that full length rCagA seemed 
to be unstable and was cleaved into 75-100 kDa 
fragments. This instability of CagA has been previously 
demonstrated in both in vivo and in vitro studies[30-32]. 
CagA was cleaved into 100 kDa and 35 kDa fragments 
in vivo, with the N-terminus of CagA present in 100 
kDa fragment. Although the C-terminus of CagA 
was cleaved during protein purification, our novel 
East Asian-type CagA ELISA still exhibited greater 
sensitivity for East Asian-type CagA. This suggests that 

the 75-100 kDa East Asian-type CagA fragment still 
contains East Asian-type specific epitopes.

The CagA antibody epitope seems to depend on 
cagA genotype. Klimovich et al[33] reported that the 
majority of H. pylori-positive serum samples reacted 
with rCagAfr.2 antigen, which was located in the 
middle section of the Western-type CagA fragment. 
Furthermore, the middle section of East Asian-type 
CagA has been found to be highly antigenic in serum 
samples from H. pylori-positive Japanese children[34]. 
Of the subjects infected with East Asian-type cagA 
H. pylori in the present study, 19 were identified 
as positive by the East Asian-type CagA ELISA, but 
negative by the Western-type CagA ELISA. In addition, 
the anti-CagA antibody titer of the CagA ELISA was 
independent of CagA EPIYA variant motifs, although 
the number of minor variant EPIYA motifs was very 
small. These results suggest that high-antigenicity 
regions specific to East Asian CagA are present in 
regions without EPIYA motifs. Moreover, the CagA 
antibody epitope may depend on the cagA genotype. 
Therefore, the novel East Asian-type CagA ELISA 
should be used in order to increase the sensitivity of 
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CagA seropositivity detection in East Asian countries.
East Asian-type CagA antibody titer positively 

correlated with monocyte infiltration and negatively 
with H. pylori density in the antrum. These results 
are consistent with the fact that the atrophic mucosa 
cannot be colonized easily by H. pylori and that anti-H. 
pylori antibody titer decreases in a time-dependent 
manner[35-38]. Furthermore, the half-life of the CagA 
antibody is greater than that of the anti-H. pylori 
antibody[39-41]. These findings are consistent with the 
negative correlation between CagA antibody titer 
and H. pylori density in the stomach, which reflects 
the progression of atrophy at the stomach mucosa. 
Previous studies have demonstrated the increased 
antigenicity of East Asian-type CagA. Miura et al[42] 
showed that transgenic mice expressing East Asian-
type CagA developed tumors more frequently than 
those expressing Western-type CagA; and Satomi 
et al[43] reported that patients infected with H. pylori 
carrying the East Asian-type CagA were associated 
with severe gastric atrophy and gastric cancer in 
Japan. Therefore, the correlation between anti-CagA 
antibody titer and histological score in this study may 
be a reflection of severe inflammation derived from 
the virulence of CagA.

In conclusion, the novel East Asian-type CagA 
ELISA developed in this study should be used con
comitantly with Western-type CagA ELISA in order to 
increase the sensitivity of CagA seropositivity detection 
in East Asian countries. Moreover, subjects with higher 
CagA antibody titers could be classified into higher risk 
population to cause gastric cancer. The findings gained 
of this study may help us to further understand the 
potential marker of predicting H. pylori pathogenicity. 
Recently, it was reported that human genetic factor 
determines the antigen epitope and reduced the risk 
of severe gastric disease[44]. To fully appreciate the 
immunity to CagA and its interaction with the human 
genetic factor will need to reveal the relationship CagA 
antibody and clinical outcomes. In addition, further 
epidemiological studies are required to confirm the 
accuracy of East-Asian CagA ELISA and to determine 
a more reliable cut off value for the global use of this 
method.
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COMMENTS
Background 
The cagA genotype is known to be responsible for the pathogenicity of 
Helicobacter pylori (H. pylori) as well as the geographic differences associated 
with the incidence of gastric cancer. The cagA genotype was classified 
according to the amino acid sequence of the surrounding EPIYA motifs. Most 
H. pylori strains isolated in East Asian countries possess the cagA gene; the 

predominant cagA genotype is the East Asian-type, which causes more severe 
inflammation than the Western-type. However, the relationship between CagA 
seropositivity and clinical outcomes is controversial.

Research frontiers
Many researchers have reported the relationships between CagA antibody titers 
and clinical outcomes using conventional CagA ELISA, which was immobilized 
Western-type CagA. However, the positive rate of CagA antibodies among H. 
pylori-infected Japanese individuals was relatively low, although the majority of 
H. pylori strains in Japan possess an East Asian-type cagA gene. Therefore, 
conventional CagA ELISA may underestimate the seropositivity of anti-CagA 
antibody detection. Further studies are needed to support this hypothesis. 

Innovations and breakthroughs
In present study, the authors developed a novel East Asian-type CagA ELISA 
to detect anti-CagA antibodies with higher sensitivity in East Asian countries 
and then demonstrated that conventional CagA ELISA underestimated the 
seropositivity of anti-CagA antibody detection for subjects infected with East 
Asian cagA H. pylori. CagA has sequence variations in different populations 
around the world, and CagA ELISAs specific for a geographic location may 
improve diagnoses. 

Applications
The novel East Asian-type CagA ELISA developed in this study could be 
used concomitantly with the Western-type CagA ELISA in order to increase 
the sensitivity of CagA seropositivity detection in East Asian countries. This 
may be useful in South Asian countries in which H. pylori harbor East Asian-
type or Western-type CagA. Moreover, the titer of East Asian CagA ELISA was 
correlated with the activity of chronic inflammation in the gastric mucosa. Thus, 
individuals with higher anti-CagA antibody titers could be classified as having a 
higher risk of gastric cancer.

Terminology
Receiver operating characteristic (ROC) curve is used to evaluate the 
discrimination ability of the diagnostic tool for the target disease. The accuracy 
of the tool is evaluated from the area under the curve, and the cut-off value is 
determined based on the ROC curve. The sensitivity and specificity of the tool 
depend on the cut-off value.

Peer-review
These researchers determined the presence and the levels of anti-CagA 
antibodies in two groups of patients, one infected by H. pylori strains with East 
Asian-type CagA, the other one with Western type CagA. The gold standard 
for the H. pylori infectious status was endoscopy with rapid urease test, biopsy 
culture, histological tests confirmed by immunohistochemistry and detection of 
serum antibodies to whole H. pylori antigens. They observed that ELISA using 
East Asian-type CagA had greater sensitivity with patients infected by strains 
expressing East Asian CagA; in addition, the levels of anti-CagA antibodies in 
these patients tended to correlate with histologic chronic inflammation score. 
This study is important, since it partly solve a main problem of H. pylori and 
CagA serology, sensitivity. The manuscript is written in good English and is very 
clear.
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