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Abstract
Currently, Western-type CagA is used in most commercial Helicobacter pylori CagA ELISA kits for CagA detection rather 
than East Asian-type CagA. We evaluated the ability of the East Asian-type CagA ELISA developed by our group to detect 
anti-CagA antibody in patients infected with different cagA genotypes of H. pylori from four different countries in South 
Asia and Southeast Asia. The recombinant CagA protein was expressed and later purified using GST-tag affinity chromatog-
raphy. The East Asian-type CagA-immobilized ELISA was used to measure the levels of anti-CagA antibody in 750 serum 
samples from Bhutan, Indonesia, Myanmar, and Bangladesh. The cutoff value of the serum antibody in each country was 
determined via Receiver-Operating Characteristic (ROC) analysis. The cutoff values were different among the four countries 
studied (Bhutan, 18.16 U/mL; Indonesia, 6.01 U/mL; Myanmar, 10.57 U/mL; and Bangladesh, 6.19 U/mL). Our ELISA had 
better sensitivity, specificity, and accuracy of anti-CagA antibody detection in subjects predominantly infected with East 
Asian-type CagA H. pylori (Bhutan and Indonesia) than in those infected with Western-type CagA H. pylori predominant 
(Myanmar and Bangladesh). We found positive correlations between the anti-CagA antibody and antral monocyte infiltra-
tion in subjects from all four countries. There was no significant association between bacterial density and the anti-CagA 
antibody in the antrum or the corpus. The East Asian-type CagA ELISA had improved detection of the anti-CagA antibody 
in subjects infected with East Asian-type CagA H. pylori. The East Asian-type CagA ELISA should, therefore, be used in 
populations predominantly infected with East Asian-type CagA.
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Introduction

Since past 4 decades, Helicobacter pylori has become the 
most studied bacterial pathogen in the human stomach. H. 
pylori is a causative agent of several gastroduodenal dis-
eases, such as chronic gastritis, peptic ulcers, and gastric 
cancer [1, 2]. The capability of H. pylori to induce the 

development of gastroduodenal diseases is strongly asso-
ciated with cytotoxin-associated gene A (CagA) [3]. The 
translocated CagA is reported to be able to activate or inacti-
vate multiple host signaling cascades either in a phosphoryl-
ation-dependent or phosphorylation-independent way [4–6].

Numerous repeat sequences exist within the 3ʹ regions 
of cagA, and the C-terminus of CagA possesses a variable 
number of tyrosine phosphorylation sites located within the 
Glu-Pro-Ile-Tyr-Ala (EPIYA) motif [3]. The presence of 
repeat sequences results in various sizes of the CagA protein 
in different strains [7] and classification of the protein is gen-
erally divided into Western-type and East Asian-type CagA 
[8]; they possess EPIYA-C and EPIYA-D segments, respec-
tively. The binding capability of EPIYA-D to the proto-onco-
genic SH2-domain-containing tyrosine phosphatase (SHP2) 
was reported to be stronger than that of EPIYA-C, leading 
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to hyper-stimulation of Ras-Erk signaling [9–11]. Therefore, 
the East Asian-type CagA is associated with greater viru-
lence than the Western-type CagA.

The anti-CagA antibody level may be dependent on 
whether CagA is East Asian-type or Western-type, which 
will dictate the type of serologic assay to be used [12]. 
Although the ELISA system using immobilized antigen 
derived from Western-type CagA is widely commercially 
available, there was no ELISA system that used antigen 
derived from East Asian-type CagA [12]. Our previous 
home-made East Asian-type CagA ELISA had compara-
ble performance to commercial Western-type CagA-based 
ELISA in Vietnam [13]. However, considering the high 
variation of cagA genotypes, it is important to examine the 
capability of the East Asian-type CagA ELISA to detect 
antibody in respect to the genotypic variations of cagA. We 
evaluated the performance of our newly constructed East 
Asian-type CagA ELISA in detecting the anti-CagA anti-
body in subjects infected with H. pylori possessing various 
cagA genotypes from four different countries in South Asia 
and Southeast Asia. Furthermore, we analyzed the associa-
tion between anti-CagA antibody value, H. pylori density, 
and the gastric histological scores.

Materials and methods

Study participants

We used samples from four different countries in South Asia 
and Southeast Asia as the representative of an East Asian-
type CagA predominant countries (Bhutan and Indonesia) 
[14, 15] and a Western-type CagA predominant countries 
(Myanmar and Bangladesh) [16, 17]. We performed upper 
endoscopy on 150 subjects with dyspeptic symptoms in 
Mawlamyine and Mingaladon City, Myanmar during Feb-
ruary 13–17, 2017. The sample population consisted of 98 
males and 52 females with a mean age of 47.1 ± 13.0 years 
(range 17–87 years). In this study, we included samples and 
data from our previous studies including 372 samples from 
Bhutan [14, 18] and 133 from Bangladesh [16]. We also 
included samples and data of 1139 patients from our previ-
ous studies in Indonesia [19, 20], including our recent endo-
scopic surveys held in Palu and Ternate. We performed an 
upper endoscopy on 100 subjects with dyspeptic symptoms 
in Palu and Ternate, Indonesia on March 2017. The sam-
ple population consisted of 47 males and 53 females with 
a mean age of 44.5 ± 13.0 years (range 19–83 years) and 
fasting sera samples were collected immediately after endos-
copy. During the endoscopies, we collected four biopsy 
specimens, including three samples from the lesser curvature 
of the antrum approximately 2 cm from the pyloric ring and 
one sample from the greater curvature of the corpus. Each 

sample from the antrum was used for rapid urease test, H. 
pylori culture, and histological examination. Corpus speci-
mens were used for histological examination. Fasting sera 
samples were collected immediately after endoscopy session 
and then were stored at − 20 °C until used.

Ethical approval was obtained from the Ethics Commit-
tee of Dr. Soetomo Teaching Hospital (Surabaya, Indone-
sia), Dr. Cipto Mangunkusumo Teaching Hospital (Jakarta, 
Indonesia), Bangladesh Medical Research Council (Dhaka, 
Bangladesh), Defense Services General Hospital (Myan-
mar), Thammasat University (Pathum Thani, Thailand), 
and Oita University Faculty of Medicine (Yufu, Japan). A 
written informed consent was collected before data collec-
tion based on the guidelines of the Declaration of Helsinki.

Histology, serology, and culture

Biopsy materials were fixed in 10% formaldehyde neutral 
buffer (Nacalai Tesque, Japan), followed by paraffin embed-
ding. May–Grünwald–Giemsa and hematoxylin–eosin stains 
were applied to 5-µm slices of paraffin-embedded biopsy. 
On the basis of the updated Sydney system, an experienced 
pathologist (TU) assessed the degree of inflammation, atro-
phy, and bacterial density in each specimen and assigned 
each to one of four grades: 0, normal; 1, mild; 2, moder-
ate; and 3, marked [21]. Serological tests were performed to 
determine the presence of H. pylori infection by measuring 
the anti-H. pylori antibody levels using an E-plate (Eiken 
Co., Ltd., Tokyo, Japan).

Helicobacter pylori culture was performed as previously 
described [22]. Briefly, biopsy specimens were homog-
enized in normal saline and streaked onto H. pylori selec-
tive media (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan). 
The plates were incubated for up to 10 days at 37 °C under 
microaerophilic conditions (10% O2, 5% CO2, and 85% N2). 
The H. pylori colonies were sub-cultured onto Brucella 
Agar medium (Becton–Dickinson, Sparks, MD, USA) sup-
plemented with 7% horse blood (Nippon Bio-test, Tokyo, 
Japan) without antibiotics. H. pylori was identified on the 
basis of bacteria morphology, Gram-negative staining result, 
and positive result of oxidase, urease, and catalase test. Iso-
lated strains were stored at − 80 °C in Brucella Broth (Bec-
ton–Dickinson, Sparks, MD, USA) containing 10% glycerol 
and 10% horse serum.

The H. pylori-positive status was determined via H. pylori 
culture. However, H. pylori-negative status was defined as 
negative via H. pylori culture, rapid urease test, presence 
of H. pylori antibody in the serum, and histopathological 
examination.
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cagA genotyping

Helicobacter pylori DNA was extracted using a commer-
cially available kit (QIAGEN, Santa Clarita, CA). The con-
served cagA gene was amplified by polymerase chain reac-
tion (PCR) as previously described [23]. The absence of 
cagA was confirmed by the presence of a cagA empty site, 
as previously described [24]. The CagA type was confirmed 
by sequencing (e.g., East Asian-type, Western-type, or ABB-
type). Direct DNA sequencing was performed using the AB 
3130 Genetic Analyzer (Applied Biosystems, Foster City, 
CA). The EPIYA segment types of CagA were defined as 
described previously [5, 8, 15, 25]. In this study, we also 
utilized the cagA sequences from our previous studies in 
Bhutan [14], Indonesia [15, 25, 26], and Bangladesh [16]. 
Additionally, we also analyzed the CagA N-terminus region 
[27, 28] to confirm the differences of N-terminus region of 
East Asian-type and Western-type CagA strains. N-terminus 
region was defined as amino acid from start codon up to just 
before EPIYA-A segment. We obtained the CagA N-termi-
nus region sequences of several selected strains from four 
countries by performing BLAST search of the cagA against 
our next-generation sequencing database for the samples 
obtained from Myanmar and Bhutan, whereas the samples 
from Bangladesh and Indonesia were obtained from our pre-
vious studies [16, 25]. We constructed a phylogenetic tree 
based on N-terminus region of CagA protein sequence using 
poison model implemented in Mega 7 [29], with the addition 
of several reference strains obtained from GenBank.

Recombinant East Asian‑type CagA preparation

The full-length cagA gene was amplified from the genomic 
DNA of clinical H. pylori isolated from a Japanese gastritis 
patient. The cagA-containing plasmid (pGEX-6P-1/cagA) 
was constructed using previously described methods [13]. 
The CagA-expressing plasmid pGEX-6P-1/cagA was trans-
formed into the E. coli Rosetta Blue DE3 pLysS expression 
strain competent cells (Merck Millipore, Germany). The 
cells were cultured in Luria–Bertani liquid medium sup-
plemented with carbenicillin (final concentration 100 µg/
mL), chloramphenicol (final concentration 34 µg/mL), and 
glucose (final concentration 0.2%) at 30 °C until grown to an 
OD600 of 0.7. Isopropyl β-d-1-thiogalactopyranoside (final 
concentration 0.4 mM) was added to induce the expression 
of glutathione sulfate-transferase (GST) tag-fused recombi-
nant CagA, and the culturing process was continued for 2 h 
at 30 °C. Recombinant CagA was purified using Glutathione 
Sepharose 4B (GE Healthcare) and was separated from the 
GST-tag using PreScission Protease enzyme (GE Health-
care) following the manufacturer’s instruction. The newly 
purified protein was confirmed via SDS-PAGE and western 
blotting using anti-CagA rabbit polyclonal antibody (Austral 

Lineas Aereas), as well as the anti-CagA m24 peptide rabbit 
polyclonal antibody described in the East Asian-type CagA 
ELISA section.

East Asian‑type CagA ELISA

ELISA was used to measure anti-CagA antibody according 
to our previous work [13] with modifications to the proto-
col. We developed an anti-CagA m24 peptide rabbit IgG 
antibody to be used as a standard curve. The m24 peptide 
(QKITDKVDNLNQAVSETKL) is located within the mid-
dle region of CagA protein and has been previously reported 
[30]. Using a 20mer-m24N peptide (NQKITDKVDNL-
NQAVSETKL), anti-CagA m24 peptide rabbit IgG antibody 
was generated, and then purified using m24N peptide affinity 
column chromatography (Sigma, St. Louis, USA) [31].

The purified recombinant East Asian-type CagA (0.1 µg/
well) in 50 mM carbonate/bicarbonate buffer solution (pH 
9.6) was immobilized overnight on a Maxisorp Loose 
ELISA plate (Thermo Fisher Scientific, Denmark). The East 
Asian-type CagA-immobilized plate was blocked with 2% 
(w/v) bovine serum albumin (BSA) in phosphate-buffered 
saline (PBS) for 1 h at 20–25 °C. Human serum samples 
(1:1000 dilution) were applied to the well and allowed to 
react with the immobilized recombinant CagA for 30 min 
at 20–25 °C. To generate the standard curve of antibody 
detection in the serum samples, serially diluted anti-CagA 
m24 peptide rabbit IgG was used as the primary antibody 
simultaneously in the recombinant East Asian-type CagA-
immobilized 96-well plate. The plate was washed with wash 
buffer (PBS supplemented with 0.1% Tween-20 as final con-
centration). Anti-human IgG conjugated with horseradish 
peroxidase (HRP) (anti-human IgG-HRP; Jackson Immuno 
Research Labs) and anti-rabbit IgG conjugated with HRP 
(anti-rabbit IgG-HRP; Jackson Immuno Research Labs) 
were then applied to the sample and standard curve wells, 
followed by a 30-min incubation at 20–25 °C. After the plate 
was washed with wash buffer, ELISA peroxidase substrate 
(TMB; Nacalai Tesque, Japan) was added for the coupling 
reaction (10 min at 20–25 °C). Sulfuric acid was then added 
to stop the reaction and the absorbance was measured at 
450 nm. The amount of anti-CagA antibody in human serum 
was calculated by applying the absorbance to the standard 
curve. The anti-CagA antibody calculated was then mul-
tiplied to the dilution factor to obtain the concentration of 
undiluted sample. In this study, we defined that 1 U/mL anti-
CagA antibody from human was comparable to 1 µg/mL 
anti-CagA rabbit IgG.

Statistical analysis

Discrete variables were tested using the Chi square test. 
Continuous variables were tested using the Mann–Whitney 
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U. The cutoff value for the antibody levels measured via East 
Asian-type CagA ELISA was calculated using Receiver-
Operating Characteristic (ROC) analysis. Spearman rank 
correlation model was used to determine the association 
between anti-CagA antibody, bacterial density, and histo-
logical score. Statistical significance was determined when 
the P value was less than 0.05. The statistical analysis was 
performed using the SPSS statistical software package ver-
sion 23.0 (IBM Corp., Armonk, NY, USA).

Nucleotide sequencing

Nucleotide sequences data obtained in this study are avail-
able under the DNA Data Bank of Japan (DDBJ) acces-
sion numbers LC471224-LC471291, LC497423 (CagA 
EPIYA region in C-terminus), and LC497060-LC497072 
(CagA N-terminus). The detailed information of the strains 
obtained in this study and the accession numbers are shown 
in the Supplementary Table 1.

Results

Samples characteristics

We isolated 65 strains from 150 gastric biopsies from a new 
survey at Mawlamyine and Mingaladon City, and 7 strains 
were isolated from 100 gastric biopsies from patients in Palu 
and Ternate. We used serum samples from culture-positive 
subjects, and excluded subjects who were culture negative, 

but histopathology or serology positive. We also excluded 
subjects with no serum and without complete histological 
data. Based on those criteria, 74 Bhutan samples, 13 Myan-
mar samples, and 12 Bangladesh samples were excluded. 
Given that Indonesia is a country with low prevalence of 
H. pylori infection [22], we utilized 56 H. pylori positive 
subjects from our previous studies [19], 7 H. pylori-positive 
from Palu and Ternate, and 131 H. pylori negative, which 
were randomly selected from among the Indonesian H. 
pylori-negative population. Finally, a total of 750 samples 
were further analyzed, and the demographic data and clini-
cal outcomes of the subjects in each country are shown in 
Table 1.

CagA types in each country

Table 2 shows the CagA types in each country. Among the 
383 isolated strains, PCR analysis revealed that 365 (95.3%) 
contained cagA, including 199 (100%) from Bhutan, 61 
(96.8%) from Indonesia, 64 (98.5%) from Myanmar, and 41 
(73.2%) from Bangladesh. There were also 18 cagA-negative 
strains: 2 from Indonesia, 1 from Myanmar, and 15 from 
Bangladesh.

Sequence analysis showed that infected patients from 
Myanmar were predominant for the Western-type CagA, 
with 12 strains containing multiple EPIYA-C motifs 
(ABCC) and only 7.8% (5/64) were East Asian-type CagA. 
All Bangladesh samples were Western-type CagA. The East 
Asian-type CagA were high in Bhutan (92.0%) and moder-
ate in Indonesia (54.1%). There were 8 Indonesia strains 

Table 1   Demographic data and 
clinical outcome of subjects

a Positive status was determined by culture method
b This number does not represent the actual prevalence of H. pylori infection in Indonesia

Characteristic Country Total (%)

Bhutan (%) Indonesia (%) Myanmar (%) Bangladesh (%)

Total samples
 n 298 194 137 121 750 (100)

H. pylori statusa

 Positive 199 63b 65 56 383 (51.1)
 Negative 99 131b 72 65 367 (48.9)

Sex
 Male 128 (43.0) 118 (60.8) 90 (65.7) 55 (45.5) 391 (52.1)
 Female 170 (57.0) 76 (37.3) 47 (34.3) 66 (54.5) 359 (47.9)

Age
 Mean ± SD 39.1 ± 15.0 46.7 ± 13.6 47.3 ± 13.1 37.1 ± 12.5 42.2 ± 14.5

Disease
 Gastritis 249 (83.6) 166 (85.6) 99 (72.3) 114 (94.2) 628 (83.7)
 Gastric ulcer 23 (7.7) 16 (8.2) 6 (4.4) 5 (4.1) 50 (6.7)
 Duodenal ulcer 20 (6.7) 1 (0.5) 26 (19.0) 2 (1.7) 49 (6.5)
 Gastric cancer 3 (1.0) 1 (0.5) 2 (1.5) 0 (0.0) 6 (0.8)
 Reflux esophagitis 3 (1.0) 10 (5.2) 4 (2.9) 0 (0.0) 17 (2.3)
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possessing ABB-type CagA. Two strains from Myanmar 
and one from Bhutan were PCR positive, but insufficient 
sequencing results prompted us to categorize these strains 
as undetermined-type CagA.

East Asian‑type CagA ELISA performance

Table 3 shows the anti-CagA antibody value of the cagA-
positive H. pylori-infected subjects. The median value of 
the anti-CagA antibody was higher in Bhutan (52.0 U/mL) 
than in the other three countries, while the median values 
in Indonesia, Myanmar, and Bangladesh were highly simi-
lar (18.8 U/mL, 18.7 U/mL, and 16.5 U/mL, respectively). 
The anti-CagA antibody levels in Bhutan were significantly 

higher than those in the other three countries (P < 0.05 for 
all). In Bhutan and Indonesia, the median value of the anti-
CagA antibody of East Asian-type CagA H. pylori-infected 
subjects was higher than that of Western-type CagA H. 
pylori-infected subjects.

ROC analysis was performed on both the positive and 
negative groups (Table 4). The positive group comprised 
subjects infected with cagA-positive H. pylori, while the 
negative group comprised H. pylori-uninfected and cagA-
negative H. pylori-infected subjects. The area under the 
curve (AUC) and cutoff values were different among coun-
tries. The cutoff value in Bhutan was 18.16 U/mL, with sen-
sitivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), and accuracy values of 89.4%, 
90.9%, 95.2%, 81.1%, and 89.9%, respectively (AUC 0.940; 
95% CI 0.910–0.970). The results in Bhutan highlight that 
the East Asian-type CagA ELISA showed better detection 
of anti-CagA antibody in East Asian-type CagA-infected 
subjects than in Western-type CagA-infected subjects, as 
demonstrated by better sensitivity (91.3% vs. 86.7%), speci-
ficity (90.9% vs. 81.8%), and accuracy (91.1% vs. 82.5%), 
respectively.

In Indonesia, with all CagA-type-infected subjects 
included in the positive group for the ROC analysis, we 
found that the cutoff value was 6.01 U/mL with the sensitiv-
ity, specificity, PPV, NPV, and accuracy values being 85.2%, 
88.7%, 77.6%, 92.9%, and 87.6%, respectively (AUC 0.921; 
95% CI 0.875–0.967). Similar to Bhutan, our result in Indo-
nesia also showed that East Asian-type CagA ELISA had 
better detection of anti-CagA antibody in East Asian-type 
CagA-infected subjects than Western-type CagA-infected 
subjects with better sensitivity (90.9% vs. 75.0%), speci-
ficity (90.2% vs. 88.7%), and accuracy (90.4% vs. 86.9%), 
respectively.

Table 2   CagA types in each country

a These data were analyzed from our previous studies in Bhutan [14], 
Bangladesh [16], and Indonesia [15, 25, 26] with the addition of 7 H. 
pylori strains isolated from Palu and Ternate
b ABB-type is a unique CagA type found in Papua island [15, 25]

CagA type Country Total

Bhutana Indonesiaa Myanmar Banglade-
sha

CagA status
 Positive 199 61 64 41 365
 Negative 0 2 1 15 18
 Total 199 63 65 56 383

CagA type (%)
 East Asian 

type
183 (92.0) 33 (54.1) 5 (7.8) 0 221

 Western 
type

15 (7.5) 20 (32.8) 57 (89.1) 41 (100) 133

 ABB 
typeb

0 8 (13.1) 0 0 8

 Undeter-
mined

1 (0.5) 0 2 (3.1) 0 3

 Total 199 61 64 41 365
East Asian type (%)
 ABD 81 (44.3) 29 (87.9) 4 (80.0) 0 114
 ABBD 98 (53.5) 4 (12.1) 1 (20.0) 0 103
 ABBBD 2 (1.2) 0 0 0 2
 BD 2 (1.2) 0 0 0 2
 Total 183 33 5 0 221

Western type (%)
 ABC 13 (86.7) 15 (75.0) 42 (73.7) 27 (65.9) 97
 ABCC 0 0 12 (21.1) 8 (19.5) 20
 ABCCC​ 0 0 0 2 (4.9) 2
 ABBC 0 0 0 1 (2.4) 1
 AB 1 (6.7) 1 (5.3) 1 (1.8) 3 (7.3) 6
 BC 0 4 (21.0) 1 (1.8) 0 5
 AC 1 (6.7) 0 1 (1.8) 0 2
 Total 15 20 57 41 133

Table 3   The anti-CagA antibody values of H. pylori-positive subjects 
infected with different CagA types in 4 countries

Anti-CagA 
antibody value 
(U/mL)

Country

Bhutan Indonesia Myanmar Bangladesh

All types
 n 199 61 64 41
 Median 52.0 18.8 18.7 16.5
 Range 0.0–180.5 0.0–145.8 0.0–113.2 0.0–147.4

East Asian type
 n 183 33 5 0
 Median 54.4 24.2 11.0 –
 Range 0.0–180.5 0.0–145.8 1.6–28.3 –

Western type
 n 15 20 57 41
 Median 48.9 13.2 19.1 16.5
 Range 0.0–153.8 0.0–118.6 0.0–113.2 0.0–147.4
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The cutoff value in Myanmar subjects was lower than that 
in Bhutan subjects (10.57 U/mL vs. 18.16 U/mL) but higher 
than that in Indonesia subjects (10.57 U/mL vs. 6.01 U/
mL). The sensitivity, specificity, PPV, NPV, and accuracy 
of the ELISA in Myanmar subjects were 70.3%, 84.9%, 
80.4%, 76.5%, and 78.1%, respectively (AUC 0.807; 95% 
CI 0.732–0.882). Bangladesh subjects had a cutoff value 
of 6.19 U/mL with sensitivity, specificity, PPV, NPV, and 
accuracy of 82.9%, 76.3%, 64.2%, 89.7%, and 78.5%, respec-
tively (AUC 0.851; 95% CI 0.780–0.922).

False‑negative and false‑positive analyses

To confirm the capabilities of the ELISA developed by our 
group, we also analyzed the false-negative subjects. There 
were 56 false-negative subjects, including 21 (10.6%) from 
Bhutan, 9 (14.8%) from Indonesia, 19 (29.7%) from Myan-
mar, and 7 (17.1%) from Bangladesh (Table 5). The number 
of false negatives may be attributed to the difference in the 
CagA types tested by the East Asian-type CagA ELISA and, 
therefore, we analyzed these false-negatives based on the 
CagA typing.

In Bhutan, the East Asian-type CagA ELISA had a lower 
rate of false negatives when detecting antibody from sub-
jects infected with East Asian-type CagA H. pylori (16/183, 
8.7%) than from subjects infected with Western-type CagA 
(5/15, 33.3%). Interestingly, in the East Asian-type CagA, 
subjects infected with ABBD-type CagA had a lower 
false-negative rate (5/98, 5.1%) than the typical ABD-type 
CagA (11/81, 13.5). In Indonesia, three false-negative sub-
jects were infected with East Asian-type CagA, five were 
infected with Western-type CagA, and one was infected 

with ABB-type CagA. A similar pattern to that of Bhutan 
was observed in Indonesia, in which the East Asian-type 
CagA ELISA had a higher rate of false negatives in subjects 
infected with Western-type CagA (5/20, 25.0%) than East 
Asian-type CagA (3/33, 9.1%). However, the opposite result 
was observed in Myanmar (East Asian-type: 2/5, 40.0% vs. 
Western-type: 16/57, 28.1%).

Overall, we identified 56 (15.3%) false-negative samples 
in four countries. Specifically, 21 (9.5%) of the subjects 
with false-negatives were infected with the East Asian-
type CagA, 33 subjects (24.8%) infected with Western-type 
CagA, one subject (12.5%) was infected with ABB-type 
CagA, and one subject (33.3%) was infected with an unde-
termined-type CagA. Our results showed that false negatives 
were more frequent in Western-type CagA-infected subjects 
than in East Asian-type CagA-infected subjects. In addition, 
there were 54 false positives, including 15 from Indonesia, 
11 from Myanmar, 19 from Bangladesh, and 9 from Bhutan.

Anti‑CagA antibody and H. pylori density

We analyzed the correlation between the anti-CagA antibody 
and H. pylori density (Table 6). There was no significant 
association between anti-CagA antibody and the antral H. 
pylori density in Bhutan, Indonesia, Myanmar, and Bang-
ladesh (P = 0.342, P = 0.456, P = 0.711, and P = 0.428, 
respectively). Similar results were also found in the corpus 
(P > 0.05 for all).

Furthermore, we analyzed the correlation with respect 
to the CagA type. We divided the subjects into two groups 
depending on whether they were infected with Western-type 
CagA and East Asian-type and excluded subjects infected 

Table 4   East Asian-type CagA ELISA performance in each country

EAT East Asian type, WT Western type
a AUC was calculated from the negative group (H. pylori-uninfected subjects and cagA-negative H. pylori-infected subjects) in each respective 
country: 99 Bhutan samples, 133 Indonesian samples, 73 Myanmar samples, and 80 Bangladesh samples

CagA types n AUC​a 95% CI Cutoff (U/mL) Sens. (%) Spec. (%) PPV (%) NPV (%) Accuracy (%)

Bhutan
 All types 199 0.940 0.910–0.970 18.16 89.4 90.9 95.2 81.1 89.9
 EAT 183 0.944 0.915–0.974 18.16 91.3 90.9 94.9 84.9 91.1
 WT 15 0.884 0.773–0.995 12.30 86.7 81.8 41.9 97.6 82.5

Indonesia
 All types 61 0.921 0.875–0.967 6.01 85.2 88.7 77.6 92.9 87.6
 EAT 33 0.947 0.898–0.995 7.04 90.9 90.2 69.8 97.6 90.4
 WT 20 0.862 0.759–0.965 6.01 75.0 88.7 50.0 95.9 86.9

Myanmar
 All types 64 0.807 0.732–0.882 10.57 70.3 84.9 80.4 76.5 78.1
 WT 57 0.818 0.742–0.894 10.57 71.9 84.9 78.8 79.5 79.2

Bangladesh
 All types (WT) 41 0.851 0.780–0.922 6.19 82.9 76.3 64.2 89.7 78.5
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with ABB-type CagA and undetermined-type CagA. There 
was a significant association between the anti-CagA anti-
body in subjects infected with Western-type CagA and the 
antral H. pylori density in Bhutan (P = 0.031, r = 0.558). 

However, there was no significant association between 
the anti-CagA antibody in subjects infected with Western-
type CagA and the antral H. pylori density in Indonesia, 
Myanmar, and Bangladesh (P = 0.117, P = 0.625, P = 0.428, 

Table 5   CagA types in samples 
with false-negative result

a No East Asian-type CagA was found in Bangladesh

CagA types Country Total

Bhutan Indonesia Myanmar Bangladesha

True positive 178 52 45 34 309
False negative 21 9 19 7 56
Total 199 61 64 41 365
False-negative samples
 East Asian type (%)
  ABD 11/81 (13.5) 3/29 (10.3) 2/4 (50.0) – 16/114 (14.0)
  ABBD 5/98 (5.1) 0/4 (0.0) 0/1 (0.0) – 5/103 (4.8)
  Others 0/4 (0.0) – – – 0/4 (0.0)
  Total 16/183 (8.7) 3/33 (9.1) 2/5 (40.0) – 21/221 (9.5)

 Western type (%)
  ABC 4/13 (30.7) 2/15 (13.3) 12/42 (28.6) 5/27 (18.5) 23/97 (23.7)
  ABCC – – 4/12 (33.3) 2/8 (25.0) 6/20 (30.0)
  BC – 3/4 (75.0) 0/1 (0.0) – 3/5 (60.0)
  AC 1/1 (100) – 0/1 (0.0) – 1/2 (50.0)
  Others 0/1 (0.0) 0/1 (0.0) 0/1 (0.0) 0/6 (0.0) 0/9 (0.0)
  Total 5/15 (33.3) 5/20 (25.0) 16/57 (28.1) 7/41 (17.1) 33/133 (24.8)

 ABB type (%) – 1/8 (12.5) – – 1/8 (12.5)
 Undetermined (%) 0/1 (0.0) – 1/2 (50.0) – 1/3 (33.3)

Total false negative 21/199 (10.6) 9/61 (14.8) 19/64 (29.7) 7/41 (17.1) 56/365 (15.3)

Table 6   Association between anti-CagA antibody level, H. pylori density, and histological score

EAT East Asian type, WT Western type
*P < 0.05
a No East Asian-type CagA was found in Bangladesh and there were only 5 subjects infected with East Asian-type CagA H. pylori in Myanmar

Country n Helicobacter pylori density Monocyte infiltration

Antrum Corpus Antrum Corpus

Median P value r Median P value r Median P value r Median P value r

All types
 Bhutan 199 2 0.342 − 0.068 2 0.513 − 0.047 2 0.084 0.123 1 0.109 0.114
 Indonesia 61 1 0.456 0.097 1 0.553 − 0.077 2 0.002* 0.388 1 0.231 − 0.156

Myanmar 64 1 0.711 − 0.047 1 0.179 0.170 1 0.407 0.105 1 0.044* 0.253
Bangladesh 41 2 0.428 0.127 1 0.676 − 0.067 2 0.030* 0.340 1 0.260 0.180
EATa

 Bhutan 183 2 0.075 − 0.132 2 0.394 − 0.063 2 0.318 0.074 1 0.266 0.083
 Indonesia 33 1 0.972 0.006 1 0.749 − 0.058 2 0.016* 0.417 1 0.337 0.172

WT
 Bhutan 15 2 0.031* 0.558 2 0.559 0.148 2 0.008* 0.654 1 0.215 0.340
 Indonesia 20 1 0.117 0.362 1 0.816 − 0.056 2 0.047* 0.449 1 0.046* − 0.451
 Myanmar 57 1 0.625 − 0.066 1 0.271 0.148 1 0.299 0.140 1 0.025* 0.298
 Bangladesh 41 2 0.428 0.127 1 0.676 − 0.067 2 0.030* 0.340 1 0.260 0.180
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respectively). There was no significant association between 
the anti-CagA antibody in subjects infected with the West-
ern-type CagA and the corporal H. pylori density in four 
countries (P > 0.05). In subjects infected with East Asian-
type CagA, there was no significant association between 
anti-CagA antibody and the antral and corporal H. pylori 
density in Indonesia and Bhutan (P > 0.05).

Anti‑CagA antibody and histological score

The correlation between anti-CagA antibody and the histo-
logical score was analyzed (Table 6). We observed that there 
was a significant positive correlation between anti-CagA 
antibody and monocyte infiltration in the antrum in Indo-
nesia (P = 0.002, r = 0.388) and in Bangladesh (P = 0.030, 
r = 0.340), and in the corpus in Myanmar (P = 0.044, 
r = 0.253).

When we divided the subjects infected with East Asian-
type CagA and Western-type CagA, we found a significant 
correlation between the antral monocyte infiltration and the 
anti-CagA antibody in subjects infected with East Asian-
type CagA in Indonesia (P = 0.016, r = 0.417). There was 
no significant correlation between anti-CagA antibody and 
monocyte infiltration in the antrum or the corpus of subjects 
infected with East Asian-type CagA in Bhutan (P > 0.05).

We found a significant correlation between antral mono-
cyte infiltration and the anti-CagA antibody in subjects 
infected with Western-type CagA in Bhutan (P = 0.008, 
r = 0.654), in Indonesia (P = 0.047, r = 0.449), and in Bang-
ladesh (P = 0.030, r = 0.340). We also found a significant 
correlation between corporal monocyte infiltration and the 
anti-CagA antibody in subjects infected with Western-type 
CagA in Indonesia (P = 0.046, r = − 0.451) and in Myanmar 
(P = 0.025, r = 0.298).

Discussion

In this study, we evaluated the performance of our newly 
developed East Asian-type CagA ELISA to detect anti-CagA 
antibody in subjects infected with different CagA types H. 
pylori. We revealed that the East Asian-type CagA ELISA 
had improved detection of the anti-CagA antibody in sub-
jects infected with East Asian-type CagA than in those 
infected with Western-type CagA. Thus, the East Asian-
type CagA ELISA is better suited for use in the countries 
in which the population was predominantly infected with 
East Asian-type CagA H. pylori, such as Indonesia and Bhu-
tan. The findings presented here are in agreement with our 
previous study in Vietnam [13]. Our results highlight the 
importance of an ELISA assay using East Asian-type CagA 
antigen to be used in populations that are predominantly 

infected with East Asian-type CagA H. pylori, such as Japan 
[32, 33], China [34], Indonesia [15], and Thailand [35].

The false-negative sample analysis also supports the find-
ings presented here. The East Asian-type CagA ELISA had 
a higher rate of false-negatives when detecting the West-
ern-type CagA H. pylori-infected subjects. Interestingly, we 
found that our East Asian-type CagA ELISA also had the 
ability to detect antibody in subjects infected with not only 
the typical ABD-type, but also the non-typical East Asian-
type (such as ABBD-, ABBBD-, and BD-type CagA), as 
highlighted by the low rate of false-negatives. This result 
indicates that the East Asian-type CagA ELISA was still able 
to perform well on East Asian-type CagA H. pylori-infected 
subjects, regardless of the variation in CagA motifs. This is 
an important feature of a diagnostic test to ensure that the 
test is applicable for a wide variety of samples.

The cutoff value of East Asian-type CagA ELISA was 
different in four countries, and the cutoff value in Bhutan 
was higher than in Indonesia, Myanmar, and Bhutan. The 
high anti-CagA antibody values in Bhutan may be attributed 
to the strong host recognition toward CagA, resulting in a 
higher immunological response. A previous study also men-
tioned that host recognition could be associated with the dif-
ference of serum anti-CagA antibody titer [12]. In addition, 
it was suggested that the high antibody titer against CagA 
might be caused by differences in the transcription level of 
the cagA gene in the H. pylori strain [36]. The differences 
in the anti-CagA antibody level is not only affected by fac-
tors involving the host and pathogenic agent, but can also be 
related to the environmental factors. For example, the low 
pH and high salt level had been reported to increase CagA 
expression [37–39], and subsequently might affect anti-
CagA antibody production. Despite the high cutoff value 
in Bhutan, the sensitivity, specificity, and accuracy levels 
were high, indicating that the East Asian-type CagA ELISA 
is suitable to be used in Bhutan.

An accurate standard curve is an important part of the 
ELISA not only for quantifying the amount of serum anti-
body, but also for the reproducibility of the test. Our current 
study used the newly anti-CagA m24 peptide rabbit IgG 
antibody as the standard curve. This antibody was prepared 
based on the m24 peptide, which is identical to the m24 
middle region of the recombinant East Asian-type CagA. 
Previous studies reported that the CagA antibodies from 
children were reactive with the epitopes corresponding to 
m24 peptide region, which is containing sequences specific 
only to East Asian-type CagA [30]. The anti-m24 peptide 
antibody is a complement of and has a strong reaction to our 
recombinant East Asian-type CagA, thus making it possible 
to be used as a standard curve in this study. This standard 
curve system was based on IgG system, and generally it may 
give different affinity from antibodies reaction in human IgG 
system. However, this rabbit IgG-based standard curve was 
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useful to be used as detection control to adjust the variation 
between each ELISA plate in this study. In the future study, 
the calibration of human IgG level would be important to 
ensure the accuracy of the antibody level quantification.

Our data showed that the anti-CagA antibody displayed 
a trend toward positive correlation with the antral monocyte 
infiltration, and the same pattern was consistently found in 
all four countries, regardless the difference of CagA type. 
This result confirmed our previous studies in Japan using 
Western-type CagA ELISA and in Vietnam using East 
Asian-type CagA ELISA [12, 13]. There was no significant 
association between bacterial density and the anti-CagA 
antibody in the antrum or the corpus regardless the CagA 
type, suggesting that bacterial density alone cannot correlate 
with anti-CagA antibody level. These findings are the cur-
rent general conclusion with two previous studies in Japan 
and Vietnam [12, 13]. However, the correlation between the 
anti-CagA antibody with H. pylori density and monocyte 
infiltration could also be dependent on the compatibility of 
the used ELISA test for a given infecting H. pylori strain.

More than 90% of H. pylori strains reported in several 
countries were cagA positive, including in Japan [40–42], 
South Korea [43, 44], China [45, 46], Indonesia [15], and 
Bhutan [14]. Additionally, most countries in East Asia and 
Southeast Asia were infected with East Asian-type CagA H. 
pylori, which supports the use of the East Asian-type CagA 
ELISA to detect H. pylori infection with high sensitivity, 
specificity, and accuracy. An alternative approach to rapid 
diagnostic methods based on recombinant CagA such as 
immunochromatography also warrant further investigation 
[47]. The high immunogenicity of the CagA antigen [48, 
49] also highlights the potential use of this antigen in the 
development of future H. pylori vaccines [50, 51].

There were several limitations in this study. The recom-
binant protein used as an antigen was a crude mixture of 
products from the protein purification procedure, which con-
tained not only the full-sized protein, but also protein with 
certain degree of denaturation. As a result, the protein with 
denaturation in C-terminus region might be putatively con-
taining no EPIYA motifs, subsequently reduce the amount 
of antibody measurement for the C-terminus. In addition, 
although we determined the CagA type by examining the 
EPIYA repeat region located in the C-terminus, the con-
structed East Asian-type CagA protein was based on whole 
CagA residues. Therefore, the N-terminus region of the 
CagA might also have an important role to the performance 
of this ELISA system. To understand the importance of the 
CagA N-terminus (approximately 100 kDa), the phyloge-
netic tree analysis was performed using only the N-terminus 
region of several selected H. pylori strains isolated from 
the patients in this study (Supplementary Fig. 1). Interest-
ingly, the phylogenetic tree was separated into two main 
branches, one (upper branches) consisted of Western-type 

CagA strains and the other (bottom branches) consisted of 
East Asian-type CagA strains, including KYJP001 strain that 
the cagA gene was cloned to develop the recombinant pro-
tein used in this study. The phylogenetic tree separation was 
in concordance with the genotyping based on the C-terminus 
EPIYA repeat region. This result suggests that the perfor-
mance of the ELISA might also be affected by N-terminus 
region differences. Further study is needed to confirm the 
importance of N-terminus region for the ELISA. Moreover, 
additional efforts to develop full-sized CagA protein and to 
use it as antigen might be important to increase the perfor-
mance of ELISA system in the future.

Conclusion

The East Asian-type CagA ELISA display greater capabili-
ties of detecting the anti-CagA antibody in subjects infected 
with East Asian-type CagA H. pylori. These results high-
light the importance of using an ELISA assay based on the 
East Asian-type CagA in a population that is predominantly 
infected with East Asian-type CagA H. pylori.

Author contributions  Conceived and designed the experiments: DD 
and YY. Performed the experiments: DD and YM. Analyzed the data: 
DD, MM, JA, and YY. Contributed reagents/material/analysis tools: 
YK, YM, TM, TTY, KH, HA, RV, VM, TR, LT, LAW, KAF, TU, AFS, 
and YAA. Wrote the paper: DD, MM, JA, and YY.

Funding  This report is based on work supported in part by grants from 
the National Institutes of Health (DK62813) to YY and Grants-in-Aid 
for Scientific Research from the Ministry of Education, Culture, Sports, 
Science, and Technology (MEXT) of Japan (15H02657, 16H05191, 
16H06279, 18KK0266, and 19H03473) to YY and (17K09353) to JA. 
This work was also supported by the Japan Society for the Promotion 
of Science (JSPS) Institutional Program for Core-to-Core Program; B. 
Africa-Asia Science Platform to YY and The Ministries of Research, 
Technology and Higher Education of Indonesia for World Class Profes-
sor Program (no. 123.4/D2.3/KP/2018) to MIL and MM. This study 
was also supported by Bualuang ASEAN Chair Professorship Grant, 
Thammasat University, Thailand to RV and YY. LAW, DD, and KAF 
are Ph.D. students supported by the Japanese Government (MEXT) 
scholarship program for 2015, 2016, and 2017, respectively.

Compliance with ethical standards 

Conflict of interest  No competing interests declared.

References

	 1.	 Graham DY (2014) History of Helicobacter pylori, duodenal 
ulcer, gastric ulcer and gastric cancer. World J Gastroenterol 
20(18):5191–5204. https​://doi.org/10.3748/wjg.v20.i18.5191

	 2.	 Peek RM Jr, Blaser MJ (2002) Helicobacter pylori and gastroin-
testinal tract adenocarcinomas. Nat Rev Cancer 2(1):28–37. https​
://doi.org/10.1038/nrc70​3

https://doi.org/10.3748/wjg.v20.i18.5191
https://doi.org/10.1038/nrc703
https://doi.org/10.1038/nrc703


	 Medical Microbiology and Immunology

1 3

	 3.	 Graham DY, Yamaoka Y (1998) Helicobacter pylori and cagA: 
relationships with gastric cancer, duodenal ulcer, and reflux 
esophagitis and its complications. Helicobacter 3(3):145–151

	 4.	 Backert S, Blaser MJ (2016) The role of CagA in the gastric biol-
ogy of Helicobacter pylori. Can Res 76(14):4028–4031. https​://
doi.org/10.1158/0008-5472.can-16-1680

	 5.	 Lind J, Backert S, Hoffmann R, Eichler J, Yamaoka Y, Perez-Perez 
GI, Torres J, Sticht H, Tegtmeyer N (2016) Systematic analysis 
of phosphotyrosine antibodies recognizing single phosphorylated 
EPIYA-motifs in CagA of East Asian-type Helicobacter pylori 
strains. BMC Microbiol 16(1):201. https​://doi.org/10.1186/s1286​
6-016-0820-6

	 6.	 Tegtmeyer N, Neddermann M, Asche CI, Backert S (2017) 
Subversion of host kinases: a key network in cellular signal-
ing hijacked by Helicobacter pylori CagA. Mol Microbiol 
105(3):358–372. https​://doi.org/10.1111/mmi.13707​

	 7.	 Argent RH, Kidd M, Owen RJ, Thomas RJ, Limb MC, Atherton 
JC (2004) Determinants and consequences of different levels of 
CagA phosphorylation for clinical isolates of Helicobacter pylori. 
Gastroenterology 127(2):514–523

	 8.	 Yamaoka Y (2010) Mechanisms of disease: Helicobacter pylori 
virulence factors. Nat Rev Gastroenterol Hepatol 7(11):629–641. 
https​://doi.org/10.1038/nrgas​tro.2010.154

	 9.	 Hayashi T, Senda M, Suzuki N, Nishikawa H, Ben C, Tang C, 
Nagase L, Inoue K, Senda T, Hatakeyama M (2017) Differential 
mechanisms for SHP2 binding and activation are exploited by 
geographically distinct Helicobacter pylori CagA oncoproteins. 
Cell Rep 20(12):2876–2890. https​://doi.org/10.1016/j.celre​
p.2017.08.080

	10.	 Higashi H, Tsutsumi R, Fujita A, Yamazaki S, Asaka M, Azuma 
T, Hatakeyama M (2002) Biological activity of the Helicobac-
ter pylori virulence factor CagA is determined by variation in 
the tyrosine phosphorylation sites. Proc Natl Acad Sci USA 
99(22):14428–14433. https​://doi.org/10.1073/pnas.22237​5399

	11.	 Matozaki T, Murata Y, Saito Y, Okazawa H, Ohnishi H (2009) 
Protein tyrosine phosphatase SHP-2: a proto-oncogene product 
that promotes Ras activation. Cancer Sci 100(10):1786–1793. 
https​://doi.org/10.1111/j.1349-7006.2009.01257​.x

	12.	 Shiota S, Murakami K, Okimoto T, Kodama M, Yamaoka Y 
(2014) Serum Helicobacter pylori CagA antibody titer as a use-
ful marker for advanced inflammation in the stomach in Japan. 
J Gastroenterol Hepatol 29(1):67–73. https​://doi.org/10.1111/
jgh.12359​

	13.	 Matsuo Y, Kido Y, Akada J, Shiota S, Binh TT, Trang TT, Dung 
HD, Tung PH, Tri TD, Thuan NP, Tam LQ, Nam BC, Khien VV, 
Yamaoka Y (2017) Novel CagA ELISA exhibits enhanced sensi-
tivity of Helicobacter pylori CagA antibody. World J Gastroen-
terol 23(1):48–59. https​://doi.org/10.3748/wjg.v23.i1.48

	14.	 Matsunari O, Miftahussurur M, Shiota S, Suzuki R, Vilaichone 
RK, Uchida T, Ratanachu-ek T, Tshering L, Mahachai V, Yama-
oka Y (2016) Rare Helicobacter pylori virulence genotypes in 
Bhutan. Scientific reports 6:22584. https​://doi.org/10.1038/srep2​
2584

	15.	 Miftahussurur M, Syam AF, Makmun D, Nusi IA, Zein LH, 
Zulkhairi Akil F, Uswan WB, Simanjuntak D, Uchida T, Adi P, 
Utari AP, Rezkitha YA, Subsomwong P, Nasronudin Yamaoka 
Y (2015) Helicobacter pylori virulence genes in the five largest 
islands of Indonesia. Gut pathogens 7:26. https​://doi.org/10.1186/
s1309​9-015-0072-2

	16.	 Aftab H, Miftahussurur M, Subsomwong P, Ahmed F, Khan AKA, 
Matsumoto T, Suzuki R, Yamaoka Y (2017) Two populations of 
less-virulent Helicobacter pylori genotypes in Bangladesh. PLoS 
ONE 12(8):e0182947. https​://doi.org/10.1371/journ​al.pone.01829​
47

	17.	 Myint T, Miftahussurur M, Vilaichone RK, Ni N, Aye TT, 
Subsomwong P, Uchida T, Mahachai V, Yamaoka Y (2018) 

Characterizing Helicobacter pylori cagA in Myanmar. Gut and 
liver 12(1):51–57. https​://doi.org/10.5009/gnl17​053

	18.	 Vilaichone RK, Mahachai V, Shiota S, Uchida T, Ratanachu-ek 
T, Tshering L, Tung NL, Fujioka T, Moriyama M, Yamaoka Y 
(2013) Extremely high prevalence of Helicobacter pylori infection 
in Bhutan. World J Gastroenterol 19(18):2806–2810. https​://doi.
org/10.3748/wjg.v19.i18.2806

	19.	 Miftahussurur M, Waskito LA, Syam AF, Nusi IA, Siregar G, 
Richardo M, Bakry AF, Rezkitha YAA, Wibawa IDN, Yamaoka 
Y (2019) Alternative eradication regimens for Helicobacter pylori 
infection in Indonesian regions with high metronidazole and levo-
floxacin resistance. Infect Drug Resist 12:345–358. https​://doi.
org/10.2147/idr.s1870​63

	20.	 Miftahussurur M, Waskito LA, Syam AF, Nusi IA, Wibawa 
IDN, Rezkitha YAA, Siregar G, Yulizal OK, Akil F, Uwan WB, 
Simanjuntak D, Waleleng JB, Saudale AMJ, Yusuf F, Maula-
hela H, Richardo M, Rahman A, Namara YS, Sudarmo E, Adi 
P, Maimunah U, Setiawan PB, Fauzia KA, Doohan D, Uchida T, 
Lusida MI, Yamaoka Y (2019) Analysis of risks of gastric cancer 
by gastric mucosa among Indonesian ethnic groups. PLoS ONE 
14(5):e0216670. https​://doi.org/10.1371/journ​al.pone.02166​70

	21.	 Dixon M, Genta R, Yardley J, Correa P (1996) Classification and 
grading of gastritis. The updated Sydney system. International 
workshop on the histopathology of Gastritis, Houston 1994. Am 
J Surg Pathol 20(10):1161–1181

	22.	 Syam AF, Miftahussurur M, Makmun D, Nusi IA, Zain LH, 
Zulkhairi Akil F, Uswan WB, Simanjuntak D, Uchida T, Adi P, 
Utari AP, Rezkitha YA, Subsomwong P, Nasronudin Suzuki R, 
Yamaoka Y (2015) Risk factors and prevalence of Helicobacter 
pylori in five largest islands of Indonesia: a preliminary study. 
PLoS ONE 10(11):e0140186. https​://doi.org/10.1371/journ​
al.pone.01401​86

	23.	 Matsunari O, Shiota S, Suzuki R, Watada M, Kinjo N, Murakami 
K, Fujioka T, Kinjo F, Yamaoka Y (2012) Association between 
Helicobacter pylori virulence factors and gastroduodenal diseases 
in Okinawa, Japan. J Clin Microbiol 50(3):876–883. https​://doi.
org/10.1128/jcm.05562​-11

	24.	 Mukhopadhyay AK, Kersulyte D, Jeong JY, Datta S, Ito Y, 
Chowdhury A, Chowdhury S, Santra A, Bhattacharya SK, Azuma 
T, Nair GB, Berg DE (2000) Distinctiveness of genotypes of Heli-
cobacter pylori in Calcutta, India. J Bacteriol 182(11):3219–3227

	25.	 Waskito LA, Miftahussurur M, Lusida MI, Syam AF, Suzuki R, 
Subsomwong P, Uchida T, Hamdan M, Nasronudin Yamaoka Y 
(2018) Distribution and clinical associations of integrating con-
jugative elements and cag pathogenicity islands of Helicobacter 
pylori in Indonesia. Sci Rep 8(1):6073. https​://doi.org/10.1038/
s4159​8-018-24406​-y

	26.	 Miftahussurur M, Syam AF, Nusi IA, Makmun D, Waskito 
LA, Zein LH, Akil F, Uwan WB, Simanjuntak D, Wibawa ID, 
Waleleng JB, Saudale AM, Yusuf F, Mustika S, Adi P, Maimu-
nah U, Maulahela H, Rezkitha YA, Subsomwong P, Nasronudin 
Rahardjo D, Suzuki R, Akada J, Yamaoka Y (2016) Surveillance 
of Helicobacter pylori antibiotic susceptibility in Indonesia: dif-
ferent resistance types among regions and with novel genetic 
mutations. PLoS ONE 11(12):e0166199. https​://doi.org/10.1371/
journ​al.pone.01661​99

	27.	 Backert S, Muller EC, Jungblut PR, Meyer TF (2001) Tyrosine 
phosphorylation patterns and size modification of the Helicobac-
ter pylori CagA protein after translocation into gastric epithelial 
cells. Proteomics 1(4):608–617. https​://doi.org/10.1002/1615-
9861(20010​4)1:4%3c608​:aid-prot6​08%3e3.0.co;2-g

	28.	 Hayashi T, Senda M, Morohashi H, Higashi H, Horio M, Kashiba 
Y, Nagase L, Sasaya D, Shimizu T, Venugopalan N, Kumeta H, 
Noda NN, Inagaki F, Senda T, Hatakeyama M (2012) Tertiary 
structure-function analysis reveals the pathogenic signaling poten-
tiation mechanism of Helicobacter pylori oncogenic effector 

https://doi.org/10.1158/0008-5472.can-16-1680
https://doi.org/10.1158/0008-5472.can-16-1680
https://doi.org/10.1186/s12866-016-0820-6
https://doi.org/10.1186/s12866-016-0820-6
https://doi.org/10.1111/mmi.13707
https://doi.org/10.1038/nrgastro.2010.154
https://doi.org/10.1016/j.celrep.2017.08.080
https://doi.org/10.1016/j.celrep.2017.08.080
https://doi.org/10.1073/pnas.222375399
https://doi.org/10.1111/j.1349-7006.2009.01257.x
https://doi.org/10.1111/jgh.12359
https://doi.org/10.1111/jgh.12359
https://doi.org/10.3748/wjg.v23.i1.48
https://doi.org/10.1038/srep22584
https://doi.org/10.1038/srep22584
https://doi.org/10.1186/s13099-015-0072-2
https://doi.org/10.1186/s13099-015-0072-2
https://doi.org/10.1371/journal.pone.0182947
https://doi.org/10.1371/journal.pone.0182947
https://doi.org/10.5009/gnl17053
https://doi.org/10.3748/wjg.v19.i18.2806
https://doi.org/10.3748/wjg.v19.i18.2806
https://doi.org/10.2147/idr.s187063
https://doi.org/10.2147/idr.s187063
https://doi.org/10.1371/journal.pone.0216670
https://doi.org/10.1371/journal.pone.0140186
https://doi.org/10.1371/journal.pone.0140186
https://doi.org/10.1128/jcm.05562-11
https://doi.org/10.1128/jcm.05562-11
https://doi.org/10.1038/s41598-018-24406-y
https://doi.org/10.1038/s41598-018-24406-y
https://doi.org/10.1371/journal.pone.0166199
https://doi.org/10.1371/journal.pone.0166199
https://doi.org/10.1002/1615-9861(200104)1:4%3c608:aid-prot608%3e3.0.co;2-g
https://doi.org/10.1002/1615-9861(200104)1:4%3c608:aid-prot608%3e3.0.co;2-g


Medical Microbiology and Immunology	

1 3

CagA. Cell Host Microbe 12(1):20–33. https​://doi.org/10.1016/j.
chom.2012.05.010

	29.	 Kumar S, Stecher G, Tamura K (2016) MEGA7: molecular evolu-
tionary genetics analysis version 7.0 for bigger datasets. Mol Biol 
Evol 33(7):1870–1874. https​://doi.org/10.1093/molbe​v/msw05​4

	30.	 Akada J, Okuda M, Hiramoto N, Kitagawa T, Zhang X, Kamei S, 
Ito A, Nakamura M, Uchida T, Hiwatani T, Fukuda Y, Nakazawa 
T, Kuramitsu Y, Nakamura K (2014) Proteomic characterization 
of Helicobacter pylori CagA antigen recognized by child serum 
antibodies and its epitope mapping by peptide array. PLoS ONE 
9(8):e104611. https​://doi.org/10.1371/journ​al.pone.01046​11

	31.	 Ansari S, Akada J, Matsuo Y, Shiota S, Kudo Y, Okimoto T, 
Murakami K, Yamaoka Y (2019) Epitope peptides of Helicobac-
ter pylori CagA antibodies from sera by whole-peptide mapping. 
J Gastroenterol. https​://doi.org/10.1007/s0053​5-019-01584​-8

	32.	 Yamaoka Y, Kodama T, Kashima K, Graham DY, Sepulveda AR 
(1998) Variants of the 3′ region of the cagA gene in Helicobacter 
pylori isolates from patients with different H. pylori-associated 
diseases. J Clin Microbiol 36(8):2258–2263

	33.	 Yamaoka Y, Orito E, Mizokami M, Gutierrez O, Saitou N, 
Kodama T, Osato MS, Kim JG, Ramirez FC, Mahachai V, Gra-
ham DY (2002) Helicobacter pylori in North and South America 
before Columbus. FEBS Lett 517(1–3):180–184

	34.	 Aziz F, Chen X, Yang X, Yan Q (2014) Prevalence and correla-
tion with clinical diseases of Helicobacter pylori cagA and vacA 
genotype among gastric patients from Northeast China. Biomed 
Res Int 2014:142980. https​://doi.org/10.1155/2014/14298​0

	35.	 Subsomwong P, Miftahussurur M, Vilaichone RK, Ratanachu-
Ek T, Suzuki R, Akada J, Uchida T, Mahachai V, Yamaoka Y 
(2017) Helicobacter pylori virulence genes of minor ethnic groups 
in North Thailand. Gut pathogens 9:56. https​://doi.org/10.1186/
s1309​9-017-0205-x

	36.	 Suzuki G, Cullings H, Fujiwara S, Hattori N, Matsuura S, Hakoda 
M, Akahoshi M, Kodama K, Tahara E (2007) Low-positive anti-
body titer against Helicobacter pylori cytotoxin-associated gene 
A (CagA) may predict future gastric cancer better than simple 
seropositivity against H. pylori CagA or against H. pylori. Can-
cer Epidemiol Biomark Prevent 16(6):1224–1228. https​://doi.
org/10.1158/1055-9965.epi-06-1048

	37.	 Allan E, Clayton CL, McLaren A, Wallace DM, Wren BW (2001) 
Characterization of the low-pH responses of Helicobacter pylori 
using genomic DNA arrays. Microbiology (Read Engl) 147(Pt 
8):2285–2292. https​://doi.org/10.1099/00221​287-147-8-2285

	38.	 Karita M, Tummuru MK, Wirth HP, Blaser MJ (1996) Effect of 
growth phase and acid shock on Helicobacter pylori cagA expres-
sion. Infect Immun 64(11):4501–4507

	39.	 Loh JT, Torres VJ, Cover TL (2007) Regulation of Helicobacter 
pylori cagA expression in response to salt. Can Res 67(10):4709–
4715. https​://doi.org/10.1158/0008-5472.can-06-4746

	40.	 Maeda S, Ogura K, Yoshida H, Kanai F, Ikenoue T, Kato N, Shira-
tori Y, Omata M (1998) Major virulence factors, VacA and CagA, 
are commonly positive in Helicobacter pylori isolates in Japan. 
Gut 42(3):338–343

	41.	 Shimoyama T, Fukuda S, Tanaka M, Mikami T, Saito Y, 
Munakata A (1997) High prevalence of the CagA-positive Heli-
cobacter pylori strains in Japanese asymptomatic patients and 
gastric cancer patients. Scand J Gastroenterol 32(5):465–468

	42.	 Shiota S, Murakawi K, Suzuki R, Fujioka T, Yamaoka Y (2013) 
Helicobacter pylori infection in Japan. Expert Rev Gastroenterol 
Hepatol 7(1):35–40. https​://doi.org/10.1586/egh.12.67

	43.	 Miehlke S, Kibler K, Kim JG, Figura N, Small SM, Graham DY, 
Go MF (1996) Allelic variation in the cagA gene of Helicobacter 
pylori obtained from Korea compared to the United States. The 
American journal of gastroenterology 91(7):1322–1325

	44.	 Yamaoka Y, Kodama T, Gutierrez O, Kim JG, Kashima K, Gra-
ham DY (1999) Relationship between Helicobacter pylori iceA, 
cagA, and vacA status and clinical outcome: studies in four dif-
ferent countries. J Clin Microbiol 37(7):2274–2279

	45.	 Gong YH, Wang Y, Yuan Y (2005) Distribution of Helicobacter 
pylori in north China. World J Gastroenterol 11(23):3523–3527

	46.	 Zhou J, Zhang J, Xu C, He L (2004) cagA genotype and variants 
in Chinese Helicobacter pylori strains and relationship to gas-
troduodenal diseases. J Med Microbiol 53(Pt 3):231–235. https​
://doi.org/10.1099/jmm.0.05366​-0

	47.	 Gonzalez L, Marrero K, Reyes O, Rodriguez E, Martinez L, Rod-
riguez BL (2013) Cloning and expression of a recombinant CagA 
-gene fragment of Helicobacter pylori and its preliminary evalua-
tion in serodiagnosis. Biomedica 33(4):546–553

	48.	 Covacci A, Censini S, Bugnoli M, Petracca R, Burroni D, Macchia 
G, Massone A, Papini E, Xiang Z, Figura N et al (1993) Molecular 
characterization of the 128-kDa immunodominant antigen of Heli-
cobacter pylori associated with cytotoxicity and duodenal ulcer. 
Proc Natl Acad Sci USA 90(12):5791–5795

	49.	 Tummuru MK, Cover TL, Blaser MJ (1993) Cloning and expres-
sion of a high-molecular-mass major antigen of Helicobacter 
pylori: evidence of linkage to cytotoxin production. Infect Immun 
61(5):1799–1809

	50.	 Liu KY, Shi Y, Luo P, Yu S, Chen L, Zhao Z, Mao XH, Guo G, 
Wu C, Zou QM (2011) Therapeutic efficacy of oral immuniza-
tion with attenuated Salmonella typhimurium expressing Heli-
cobacter pylori CagA, VacA and UreB fusion proteins in mice 
model. Vaccine 29(38):6679–6685. https​://doi.org/10.1016/j.vacci​
ne.2011.06.099

	51.	 Malfertheiner P, Schultze V, Rosenkranz B, Kaufmann SH, 
Ulrichs T, Novicki D, Norelli F, Contorni M, Peppoloni S, Berti 
D, Tornese D, Ganju J, Palla E, Rappuoli R, Scharschmidt BF, 
Del Giudice G (2008) Safety and immunogenicity of an intra-
muscular Helicobacter pylori vaccine in noninfected volunteers: 
a phase I study. Gastroenterology 135(3):787–795. https​://doi.
org/10.1053/j.gastr​o.2008.05.054

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Affiliations

Dalla Doohan1,2 · Muhammad Miftahussurur2,3 · Yuichi Matsuo1,4 · Yasutoshi Kido1,5 · Junko Akada1 · 
Takeshi Matsuhisa6 · Than Than Yee7 · Kyaw Htet8 · Hafeza Aftab9 · Ratha‑korn Vilaichone10 · Varocha Mahachai11 · 
Thawee Ratanachu‑ek12 · Lotay Tshering13 · Langgeng Agung Waskito1,2 · Kartika Afrida Fauzia1,2 · 
Tomohisa Uchida14 · Ari Fahrial Syam15 · Yudith Annisa Ayu Rezkitha2,16 · Yoshio Yamaoka1,3,17

1	 Department of Environmental and Preventive Medicine, Oita 
University Faculty of Medicine, Yufu 879‑5593, Japan

2	 Institute of Tropical Disease, Universitas Airlangga, 
Surabaya 60115, Indonesia

https://doi.org/10.1016/j.chom.2012.05.010
https://doi.org/10.1016/j.chom.2012.05.010
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1371/journal.pone.0104611
https://doi.org/10.1007/s00535-019-01584-8
https://doi.org/10.1155/2014/142980
https://doi.org/10.1186/s13099-017-0205-x
https://doi.org/10.1186/s13099-017-0205-x
https://doi.org/10.1158/1055-9965.epi-06-1048
https://doi.org/10.1158/1055-9965.epi-06-1048
https://doi.org/10.1099/00221287-147-8-2285
https://doi.org/10.1158/0008-5472.can-06-4746
https://doi.org/10.1586/egh.12.67
https://doi.org/10.1099/jmm.0.05366-0
https://doi.org/10.1099/jmm.0.05366-0
https://doi.org/10.1016/j.vaccine.2011.06.099
https://doi.org/10.1016/j.vaccine.2011.06.099
https://doi.org/10.1053/j.gastro.2008.05.054
https://doi.org/10.1053/j.gastro.2008.05.054


	 Medical Microbiology and Immunology

1 3

3	 Gastroentero‑Hepatology Division, Department of Internal 
Medicine, Faculty of Medicine‑Dr. Soetomo Teaching 
Hospital, Universitas Airlangga, Surabaya 60131, Indonesia

4	 Department of Host‑Defense Biochemistry, Institute 
of Tropical Medicine (NEKKEN), Nagasaki University, 
Nagasaki, Japan

5	 Department of Parasitology, Graduate School of Medicine, 
Osaka City University, Osaka, Japan

6	 Department of Gastroenterology, Tama-Nagayama University 
Hospital of Nippon Medical School, Tama, Japan

7	 Department of GI and HBP Surgery, No (2), Defense Service 
General Hospital (1000 Bedded), Nay Pyi Taw, Myanmar

8	 Department of GI and HBP Surgery, No (1), Defense Service 
General Hospital (1000 Bedded), Mingalodon, Yangon, 
Myanmar

9	 Department of Gastroenterology, Dhaka Medical College 
and Hospital, Dhaka, Bangladesh

10	 Gastroenterology Unit, Department of Medicine, Thammasat 
University Hospital, Pathum Thani, Thailand

11	 GI and Liver Center, Bangkok Medical Center, 
Bangkok 10310, Thailand

12	 Department of Surgery, Rajavithi Hospital, Bangkok 10400, 
Thailand

13	 Department of Surgery, Jigme Dorji Wangchuck National 
Referral Hospital, Thimphu 11001, Bhutan

14	 Department of Molecular Pathology, Oita University Faculty 
of Medicine, Yufu 879‑5593, Japan

15	 Division of Gastroenterology, Department of Internal 
Medicine, Faculty of Medicine, University of Indonesia, 
Jakarta, Indonesia

16	 Faculty of Medicine, University of Muhammadiyah 
Surabaya, Surabaya 60113, Indonesia

17	 Department of Gastroenterology and Hepatology, Baylor 
College of Medicine and Michael E. DeBakey Veterans 
Affairs Medical Center, Houston, TX 77030, USA


	Characterization of a novel Helicobacter pylori East Asian-type CagA ELISA for detecting patients infected with various cagA genotypes
	Abstract
	Introduction
	Materials and methods
	Study participants
	Histology, serology, and culture
	cagA genotyping
	Recombinant East Asian-type CagA preparation
	East Asian-type CagA ELISA
	Statistical analysis
	Nucleotide sequencing

	Results
	Samples characteristics
	CagA types in each country
	East Asian-type CagA ELISA performance
	False-negative and false-positive analyses
	Anti-CagA antibody and H. pylori density
	Anti-CagA antibody and histological score

	Discussion
	Conclusion
	References




