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A B S T R A C T

Infection with cagA-positive Helicobacter pylori is associated with gastric cancer. Molecular techniques are vital
for accurate H. pylori diagnosis. We developed a loop-mediated isothermal amplification (LAMP) for detecting
the H. pylori cagA gene and evaluated its use for clinical diagnosis. A LAMP primer set was designed to recognize
the homologous regions of cagA gene sequences of 6 H. pylori strains. LAMP sensitivity was evaluated with serial
dilutions of H. pylori ATCC 43504 and fecal specimens; specificity was evaluated with H. pylori ATCC 49396 and
CIP 104086. The LAMP sensitivity for H. pylori specimens was 10−1 cfu/tube (reaction time, 37min), which was
10-fold more sensitive than polymerase chain reaction. LAMP was also highly sensitive and rapid for fecal
specimens. It detected cagA gene from ATCC 49396 and CIP 104086. The findings suggest LAMP can be used for
diagnosing and screening of H. pylori infections to decrease gastric cancer incidence.

1. Introduction

Helicobacter pylori has been classified as carcinogenic to humans
(group I carcinogen) by the International Agency for Research on
Cancer (IARC) (Park et al., 2018); over 50% of the global human po-
pulation is reported to be infected (Mungazi et al., 2018). The H. pylori
cagA gene is one of the virulence factors encoded on the cag patho-
genicity island. This pathogenicity island also encodes the system that
translocates cagA to the inside of epithelial cells and causes in-
flammation (Ulloa-Guerrero et al., 2018). Chronic infection with cagA-
positive H. pylori strains in the stomach is associated with a significantly
increased risk of gastric diseases, including chronic atrophic gastritis
and gastric cancer (Ekström et al., 2001). In East Asia, H. pylori cagA-
positive strains comprise 90% or more of all infecting H. pylori strains
(Ito et al., 1997), and the estimated age-standardized rate of gastric
cancer is very high (22.7–41.8 cases per 100,000 of the population)
(Suzuki and Mori, 2016). The infection ratio of cagA-positive strains is
higher than that of cagA-negative strains worldwide, except in the East
Asia region (Kamogawa-Schifter et al., 2018). Early eradication of H.
pylori has been considered to reduce the risk of developing gastric
diseases (Asaka et al., 2010); therefore, early detection and treatment of

H. pylori, especially cagA-positive strains, are required.
H. pylori infection can be diagnosed by invasive testing such as that

involving immunohistochemical staining, the rapid urease test, and
culture and noninvasive testing such as the respiratory urea breath test,
stool antigen detection, and serological analysis (Bazin et al., 2018).
Although the level of the strategy of these tests has been increasing,
their sensitivity, cost effectiveness, merits, and demerits differ from
each other, such that the use of a single test for diagnosing H. pylori
infections is not advocated (Elwyn et al., 2007). Therefore, molecular
methods are important for diagnosing H. pylori infections more accu-
rately and effectively (Bakhtiari et al., 2016). Fecal testing is an accu-
rate and noninvasive tool for assessing the status of H. pylori infection
before and after treatment (Lehmann and Beglinger, 2003). Therefore,
polymerase chain reaction (PCR) has been used earlier for detecting
pathogenic genes of H. pylori from biopsy and fecal specimens (Patel
et al., 2014).

Loop-mediated isothermal amplification (LAMP) is a nucleotide acid
amplification method that is highly sensitive, specific, and rapid
(Nakano et al., 2015; Notomi et al., 2000). In addition, LAMP is less
expensive than other molecular diagnostic methods because it can
amplify the target DNA sequence under isothermal conditions of
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60–68 °C, with simple incubators, such as a water bath or block heater,
instead of thermal cycler, and the results are observable with the naked
eye (Mori and Notomi, 2009; Kuboki et al., 2003).

Therefore, LAMP has been considered as a valuable tool for diag-
nosing infectious diseases and has already been applied to influenza
and tuberculosis diagnosis in the clinical setting (Imai et al., 2006;
Jayawardena et al., 2007; Notomi et al., 2000).

To our knowledge, our study is the first to develop a LAMP assay for
detecting the H. pylori cagA gene. We aimed to evaluate the possibility
of applying this LAMP assay to clinical diagnostics.

2. Materials and methods

2.1. Bacterial strains and DNA extraction

Serial dilutions of H. pylori ATCC 43504 cells (RIKEN BRC, Tsukuba,
Japan; 10−2 - 105 cfu per tube) were used to determine the most op-
timal temperature for and sensitivity of the LAMP assay for the H. pylori
cagA gene. H. pylori ATCC 49396 and CIP 104086 cells (RIKEN BRC)
were used to determine the specificity of the LAMP assay. The total
bacterial DNA from the serial dilutions of H. pylori ATCC 49396 cells
and from H. pylori ATCC 49396 and CIP 104086 cells was extracted by
heating the cells at 100 °C for 10min. The H. pylori ATCC 43504, ATCC
49396, and CIP 104086 cells had been cultured in sheep blood agar
under microaerophilic conditions (O2, 6–12%; CO2, 5–8%) at 37 °C for
4 days.

2.2. Preparation of fecal specimens

In accordance with Declaration of Helsinki, a fecal sample was
collected from a healthy volunteer who did not have H. pylori infection;
written informed consent was obtained for participation in this study.
H. pylori ATCC 43504 cells were cultured and added to human feces to
obtain serial dilutions of fecal specimens (10−2 - 105 cfu per tube).
Subsequently, DNA was extracted from these fecal specimens by using
the ISOSPIN Fecal DNA kit (Nippon Gene Co. Ltd., Tokyo, Japan) ac-
cording to the manufacturer's instructions.

The protocol was approved by the Ethical Review Committee of
Nara Medical University (project identification code no. 1917).

2.3. Primer design

The LAMP primer set was designed using the Primer Explorer V5
software (http://primerexplorer.jp/v5_manual/index.html) to re-
cognize the homologous regions of the cagA gene sequences of the
following 6 H. pylori strains: ATCC 43526, ATCC 43579, ATCC 49503,
NCTC 11637, NCTC 11637, and SS1 (GenBank accession numbers
AF001357, AB015414, AB015415, AB015416, AF202973, and
KR154757, respectively). The primer set 5′→ 3′; consisted of 5 primers:
2 outer primers, i.e., F3 (5′→ 3′; GCTAGTTTGTCAGCGAAAC) and B3
(5′→ 3′; TGACAAAGGAACGCTTCC); 2 inner primers, i.e., FIP (5′→ 3′;
TCATTGATTGCTCCATTCTGGATATTAGACAATTACGCTACTAACAGC)
and BIP (5′→ 3′; CGACCGGTATGCTAACGCACCGCAACTATCTTATCA
TTCACG); and a loop primer, i.e., LB (5′→ 3′; AAAAACCCTGAGTGGC
TCAAG).

2.4. LAMP assay

The LAMP reaction was performed with a Loopamp DNA amplifi-
cation kit (Eiken Chemical Co. Ltd., Tokyo, Japan). The total volume of
the reaction mixture for the LAMP assay was 25 μl, which comprised the
following (Nakano et al., 2015): 2.6 μl primer mixture containing the 2
outer primers (F3 and B3, 5 pmol each), the 2 inner primers (FIP and
BIP, 40 pmol each), and the loop primer (LB, 20 pmol), which could
accelerate the LAMP reaction; 6.9 μl distilled water; 1.0 μl Bst DNA
polymerase; 12.5 μl 2× reaction mix; and 2 μl DNA template.

DNA amplification was performed under isothermal conditions at an
optimal temperature of 64 °C for 60min, following which the termi-
nation reaction was performed at 80 °C for 5min. A Loopamp real-time
turbidimeter (LoopampEXIA, Eiken Chemical Co.) was used for obser-
ving the progress of DNA amplification.

2.5. PCR assay

PCR assays were performed as described previously (Russo et al.,
1999) with the forward primer AATACACCAACGCCTCCAAG (5′→ 3′)
and reverse primer TTGTTGCCGCTTTTGCTCTC (5′→ 3′), which are
specific for the H. pylori cagA gene. The number of thermal cycles was
modified to 35.

2.6. Determination of LAMP assay sensitivity

To evaluate LAMP assay sensitivity for detecting the H. pylori cagA
gene, serial 10-fold dilutions of genomic DNA (10−2 - 105 cfu per tube)
extracted from cultivated H. pylori ATCC 43504 cells and fecal speci-
mens were tested by LAMP and PCR. Subsequently, the results of both
these assays and reaction times were compared.

2.7. Determination of LAMP assay specificity

To evaluate LAMP assay specificity for detecting the H. pylori cagA
gene, the total bacterial DNA extracted from cultivated H. pylori ATCC
49396 and CIP 104086 cells was analyzed with LAMP.

3. Results

3.1. Sensitivity of the H. pylori cagA gene-specific LAMP assay with H.
pylori cell specimens

The LAMP assay could help detect the target gene at 10−1 - 105 cfu
per tube of the H. pylori ATCC 43504 cells within 37min. The reaction
time for 105 cfu per tube was the shortest, i.e., only 16min, and that for
10−1 cfu per tube was 37min (Fig. 1A). The detection limit of PCR was
100 cfu per tube (Fig. 1B); the assay duration was more than 120min.
Thus, LAMP (detection limit, 10−1 cfu per tube) was found to be 10
times more sensitive than PCR (detection limit, 100 cfu per tube).

3.2. Specificity of the H. pylori cagA gene-specific LAMP assay

The LAMP assay could amplify the target gene within 18min and
19min when the total bacterial DNA extracted from H. pylori ATCC
49396 and CIP 104086 cells, respectively, was analyzed.

3.3. Detection of the H. pylori cagA gene in fecal specimens

The LAMP assay for fecal specimens could amplify the target gene
even at 10−1 cfu per tube within 44min, whereas the detection limit of
PCR was 100 cfu per tube and the assay duration was more than
120min. DNA amplification for 105 cfu per tube of the specimen with
the LAMP assay was observed within 20min, which was the shortest
reaction time observed in the assay for fecal specimens.

4. Discussion

In our current study, we developed a rapid, simple, and sensitive
LAMP assay. The LAMP primer set designed was considered to be able
to detect the H. pylori cagA gene specifically and effectively because the
primers were designed to homologous regions of the cagA gene of 6 H.
pylori strains, including type strains.

The detection limit of this LAMP assay with H. pylori ATCC 43504
cell specimens was 10−1 cfu per tube; thus, this assay was 10 times
more sensitive than the previously reported conventional PCR analysis,
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which had a detection limit of 100 cfu per tube. The sensitivity of our
LAMP assay was 103 times higher than that of the LAMP assay for H.
pylori ATCC 26695 cell specimens, which previously developed for
detecting the H. pylori glmM gene (102 cfu per tube) (Minami et al.,
2006). Although the sensitivities of LAMP and PCR are affected by the
target strains, the sensitivity of LAMP is generally 10–100 times higher
than that of PCR (Chaouch et al., 2018; Nakano et al., 2015). This
higher sensitivity is attributable to the fact that LAMP can help amplify
target DNA with high efficiency under isothermal conditions, without
the results being significantly affected by the non-target DNA present
(Notomi et al., 2000). The reaction times of our LAMP assay, with
16min being the shortest reaction time and 37min being the longest,
were shorter than those of conventional PCR. The specificity of this
LAMP assay was confirmed by detection of the target gene in the other
H. pylori strains, i.e., H. pylori ATCC 49396 and CIP 104086, as well.
Thus, our findings suggest the potential of our LAMP assay for detecting
the H. pylori cagA gene, which is much more sensitive and rapid than
previously developed LAMP assays and conventional PCR, and for ap-
plication to the clinical diagnosis of H. pylori infections.

The high sensitivity and rapidity of this LAMP assay were main-
tained even for the fecal specimens; LAMP was more sensitive and rapid
than PCR even for these samples. Therefore, the application of a fecal
test involving LAMP, for clinical diagnosis of cagA-positive H. pylori
infections, would contribute to improving the screening, diagnosis, and
treatment of these infections, even in the developing countries
(Fernández-Soto et al., 2019). LAMP could also be applied to the epi-
demiological study and monitoring of H. pylori cagA-positive strains,
and be useful for the assessment of the risk of gastric diseases resulting
from cagA-positive H. pylori infection.

To summarize, such testing would aid in early detection that is
noninvasive, rapid, and highly sensitive and selective detection of H.
pylori cagA-positive strains. Although this LAMP assay was found to be
specific, a limitation of this study is that only a few bacterial strains
were tested for evaluating LAMP specificity. Further studies using dif-
ferent H. pylori strains and clinical specimens like gastric biopsy and
fecal specimens from patients are required to investigate the possibility
of expanding the application of this assay.

Fig. 1. Sensitivities of the LAMP and PCR techniques for detecting the H. pylori cagA gene.
(A) Detection of the H. pylori cagA gene by using LAMP.
(B) Detection of the H. pylori cagA gene by using PCR. M: Marker (100-bp DNA ladder), 1: 105 cfu/tube, 2: 104 cfu/tube, 3: 103 cfu/tube, 4: 102 cfu/tube, 5: 101 cfu/
tube, 6: 100 cfu/tube, 7: 10−1 cfu/tube, and 8: 10−2 cfu/tube.
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5. Conclusion

In this study, we developed a highly sensitive, rapid, and simple
LAMP assay for detecting the H. pylori cagA gene in fecal samples. This
noninvasive fecal test involving LAMP can be applied to clinical diag-
nosis. Therefore, using this method in regions with a high frequency of
people infected with cagA-positive H. pylori strains would help improve
the diagnosis and treatment of H. pylori infections and reduce cases of
gastric diseases, including gastric cancer in the world.
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