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Abstract
Background: Identifying point mutations in 23S rRNA closely associated with 
clarithromycin resistance can increase the eradication rate of Helicobacter pylori (H 
pylori). In this study, we verified the sensitivity, specificity, and reliability of a newly 
developed	loop-mediated	isothermal	amplification	(LAMP)	assay	kit	to	detect	H pylori 
and 2143G and 2182C mutations in 23S rRNA.
Methods: LAMP	assay	to	detect	H pylori and a mutant strain with 2143G and 2182C 
was conducted with the Isopollo® H pylori & ClaR kit. A prospective, open-label, ob-
servational	study	was	conducted	to	validate	the	reliability	of	the	LAMP	assay	in	both	
a	development	cohort	and	a	bedside	direct	LAMP	cohort.
Results: The	LAMP	assay	had	good	sensitivity,	as	it	could	detect	as	few	as	10–100	
copies of H pylori and mutants with 2143G and 2182C in 23S rRNA, and good speci-
ficity, as it did not react with other bacterial species. In the development cohort with 
622	participants,	the	LAMP	assay	showed	good	agreement	with	RUT	for	detecting	H 
pylori	(kappa	value	0.923,	P < .001) and had exactly the same results as sequencing 
analysis	for	2143G	and	2182C	point	mutations.	The	direct	LAMP	cohort	 including	
93	patients	had	97.7%	(42/43)	of	concordance	in	detecting	2143G	and	2182C	point	
mutations compared to the PCR-based sequencing analysis.
Conclusion: The Isopollo® H pylori	&	ClaR	LAMP	assay	was	a	valid	method	for	de-
tecting H pylori and for 2143G and 2182C point mutations in 23S rRNA in a clinical 
setting.

K E Y W O R D S
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1  | INTRODUC TION

Helicobacter pylori (H pylori) is a gram-negative rod that resides in 
the deeper portion of the gastric mucosal layer and on the surface 

of gastric epithelial cells.1,2	More	 than	 half	 of	 the	world's	 popula-
tion is infected with H pylori,	and	it	is	found	in	90%	of	people	with	
gastric ulcer diseases.3 H pylori synthesizes urease, which produces 
ammonia and neutralizes the acidic environment of the stomach, 
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and proteases, causing damage to the inner layer of the stomach and 
consequently causing gastric ulcers.1 Chronic mucosal damage by H 
pylori can lead to gastric cancer over time.4-6

An increasing disease burden from H pylori infection has in-
creased the need for the eradication of this bacteria, which would 
theoretically prevent approximately 150 000 deaths from gastric 
cancer over the next 5 years.7 The first-line eradication regimen 
approved by the health insurance system of Korea and many other 
countries is clarithromycin-based triple therapy.8 Along with a re-
cent increase in antibiotic resistance, including clarithromycin, the 
eradication rate of H pylori	has	declined	to	60%	in	some	countries.9 
This has led to a need for a tailored eradication strategy according to 
the results of antibiotic resistance.10

Currently, the gold-standard method for identifying resistance to 
clarithromycin is culturing H pylori and performing sensitivity tests.11 
However, H pylori is difficult to culture in clinical settings because it 
requires microaerobic and high-CO2 culture conditions.11 Several lines 
of evidence suggest that the 2143A > G mutation in H pylori 23S ri-
bosomal RNA (rRNA) is related to clarithromycin resistance and erad-
ication failure,12-15 and screening for this mutation is likely to be an 
effective alternative method to identify clarithromycin resistance in 
H pylori.12 We previously reported that the presence of 2143G in H 
pylori 23S rRNA is an independent risk for eradication failure, which 
reached	approximately	60%	in	response	to	clarithromycin-based	triple	
therapy, and patients with 2143A-2182C mutations showed a moder-
ate	 risk	with	approximately	10%	eradication	 failure.15 However, the 
polymerase	chain	reaction	(PCR)–based	method	to	amplify	DNA	frag-
ments and identify targeted mutations is also time-consuming,16 and it 
is emerged the need for simple method to detect mutations.17

Loop-mediated	 isothermal	 amplification	 (LAMP)	 is	 a	 single-tube	
technique that amplifies DNA at a constant temperature of 60-65°C.18 
LAMP	can	amplify	a	target	sequence	with	high	selectivity	using	two	
sets of primers because it recognizes the target with six distinct se-
quences.18	Compared	to	PCR-based	amplification,	LAMP	does	not	re-
quire sophisticated equipment, such as a thermal cycler, and efficiently 
produces a larger amount of DNA that can be easily detected by the 
naked eye or by measuring the turbidity within an hour.18 The simplicity 
and	cost-effectiveness	of	the	LAMP	method	make	it	particularly	useful	
for screening or detecting infectious diseases in the field or at the point 
of care by physicians.19	In	this	study,	we	first	optimized	the	LAMP	assay	
to detect H pylori and 2143A > G and 2182T > C mutations in 23S 
rRNA, which have been known to be associated with clarithromycin 
resistance,	and	compared	the	results	of	the	LAMP	assay	to	those	from	
a rapid urease test (RUT) and PCR-based sequencing analysis.

2  | PATIENTS AND METHODS

2.1 | Sensitivity and specificity tests for the LAMP 
assay

Control wild-type H pylori and mutant strain with 2143G and 2182C 
were obtained from Helicobacter pylori Korean Type Culture Collection 

(HpKTCC). H pylori DNA was extracted with a QIAamp®	DNA	Mini	
Kit	(QIAGEN,	#51306)	according	to	the	manufacturer's	protocol.	The	
extracted DNA concentration was measured with NanoDrop™ spec-
trophotometers (Thermo Scientific). Based on the genome length (bp) 
and molar mass (g/mol), the copy number of H pylori was calculated: a 
concentration of 2 ng/μL H pylori DNA corresponded to a copy num-
ber of 106. Then, 2 ng/μL H pylori DNA (1 μL of DNA +9	μL of distilled 
water from an Isopollo® H pylori & ClaR kit) was used to generate a 10-
fold serial dilution up to 2 fg, which corresponds to 1 copy of H pylori, 
to	 test	 the	sensitivity	of	 the	LAMP	assay	 for	detecting	H pylori and 
mutant strains with 2143G and 2182C mutations using the Isopollo® 
H pylori	&	ClaR	kit	(Mmonitor	Inc).	Details	of	the	LAMP	assay	are	de-
scribed	below	in	the	direct	LAMP	assay	section	of	the	methods.	The	
specificity	of	the	LAMP	assay	for	H pylori was assessed with 10 ng of 
DNA extracted from H pylori, a mutant strain with 2143G and 2182C 
mutations, and other bacterial species, such as C jejuni, B subtilis, C per-
fringens, E aerogenes, C albicans, P aeruginosa, E coli, and H influenza. A 
total of 10 ng of DNA extracted from H pylori and distilled water were 
used as positive and negative controls, respectively.

2.2 | Patients and upper gastrointestinal endoscopy

This prospective, open-label, observational study was carried out in 
Daegu Fatima Hospital from June 2016 to November 2017. The study 
protocol was approved by the Institutional Review Board of Daegu 
Fatima Hospital (study number: DFH16DRIS026), and also registered 
with the Clinical Research Information Service (CRIS; study number: 
KCT0002668).	Patients	aged	≥18	years	who	were	willing	to	undergo	
an upper gastrointestinal endoscopic examination have been eligible 
to be enrolled into this study. Patients who had a history of gastrec-
tomy, were pregnant or lactating, had a severe concurrent disease or 
disability or were unable to understand the consent were excluded. 
All patients provided a written informed consent before enrollment.

To	validate	the	LAMP	assay	for	H pylori in a clinical setting, we 
used two groups of patients, the development cohort and the direct 
LAMP	cohort	(Table	1).	The	development	cohort	was	recruited	from	
June 2016 to April 2017; DNA was extracted from mucosal biopsy 
tissues using a QIAamp®	DNA	Mini	 Kit	 and	was	 subjected	 to	 the	
LAMP	assay.	The	direct	LAMP	cohort	was	recruited	from	May	2017	
to November 2017; three pieces of gastric antrum tissue were ob-
tained	and	subjected	 to	 the	RUT,	PCR/sequencing,	and	 the	LAMP	
assay.	 For	 the	 direct	 LAMP	 assay,	 the	 biopsy	 sample	was	 directly	
emerged	in	Mmaxpress®	DNA	kit	HS2	(Mmonitor	Inc),	as	described	
below. For the RUT, one biopsy tissue sample was immediately placed 
on a Pronto Dry®	NEW	kit	(Medical	Instruments	Corporation),	and	
the color change was measured at 30 min and 24 hr

2.3 | DNA extraction, PCR, and sequencing analysis

If the RUT was positive, whole DNA was isolated from additional 
biopsy tissue using a QIAamp®	DNA	Mini	Kit	 (QIAGEN,	#51306)	
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according	 to	 the	 manufacturer's	 protocol.	 The	 concentration	 of	
extracted DNA was measured with NanoDrop™ spectrophotom-
eters (Thermo Scientific), and the patient whose extracted DNA 
concentration was <50 ng/μL was excluded from sequencing 
analysis. We examined the nucleotide sequence of domain V in 
the 23S rRNA gene of H pylori by amplifying a segment that was 
approximately	182	bp	using	the	PCR	primers	23S	F	 (5′-TGA	ATG	
TAA	CGA	GAT	G-3′,	corresponding	to	H pylori 23S rRNA positions 
2052-2070)	and	23S	R	(5′-GCC	AAA	GCC	CTT	ACT	TCA-3′,	posi-
tions 2216-2233). The PCR products were subjected to agarose 
gel electrophoresis and visualized by staining the gel with ethid-
ium bromide. If a PCR band was found at 182 bp, it was judged to 
be positive for H pylori. The nucleotide sequencing of amplified 
DNA was performed by a commercial expert agency (www.solge 
nt.com, Daejeon, South Korea).

2.4 | Direct LAMP assay for H pylori and 23S rRNA 
point mutants

One piece of gastric mucosal biopsy samples was subjected to 
the	direct	LAMP	assay	using	 the	 Isopollo® H pylori & ClaR kit and 
Mmaxpress®	DNA	kit	HS2	 (Mmonitor	 Inc)	according	 to	 the	manu-
facturer's	protocol.	 To	extract	DNA,	100	µL	of	Mmaxpress® DNA 
kit HS2 was added to the tube containing the gastric mucosal biopsy 
sample, and it was incubated for 5 min at room temperature (RT). 
Then, 10 µL of lysate was added to tubes containing a mixture of 
1.5 µL of detection primer, 1 µL of Bst DNA polymerase, and 12.5 µL 
of 2X buffer, resulting in a final volume of 25 µL. Three kinds of de-
tection primers were used, which targeted H pylori and mutant geno-
types with 2143G and 2182C mutants in 23S rRNA. The mixed tubes 
were	loaded	on	an	automated	incubator	(Mmonitor	Inc)	and	amplified	
at 63°C for 30 min. If target DNA was meaningfully amplified, the 
hydroxynaphthol blue dye with a violet color changed to a sky-blue 

color,	which	is	easily	detected	by	the	naked	eye.	Mmaxpress® DNA 
kit HS2 was used as a negative control.

2.5 | Statistical analysis

To compare the demographic characteristics between the RUT-
positive and RUT-negative groups, categorical variables were ana-
lyzed with a chi-square test, and continuous variables were analyzed 
with	Student's	 t	 test.	Differences	between	the	direct	LAMP	assay	
and	the	RUT	and	PCR	test	were	compared	using	Cohen's	kappa	sta-
tistics	and	the	McNemar	test.	A	P-value of <.05 indicated statistical 
significance. Data were analyzed using SPSS software (version 18.0).

3  | RESULTS

3.1 | Sensitivity and specificity of the LAMP assay 
for H pylori and 23S rRNA point mutants

First,	the	sensitivity	of	the	LAMP	assay	for	H pylori and 23S rRNA 
point mutants was assessed with commercial heat-killed H pylori. 
When 106 copies of stock DNA from H pylori were serially diluted, 
the	LAMP	assay	could	detect	as	few	as	10	copies	of	H pylori, which 
was a similar sensitivity to that of qPCR.20	The	LAMP	primers	tar-
geting the 2143G and 2182C mutations showed a lower degree of 
sensitivity than the primers for H pylori and could detect as few as 
100 copies of mutant H pylori (Figure 1A). In terms of the specific-
ity	of	the	LAMP	assay,	the	primer	set	for	H pylori showed a positive 
result for both the wild-type and mutant 2143G and 2182C H pylori 
strains. In addition, the primer set did not detect other bacterial spe-
cies, such as C jejuni, B subtilis, C perfringens, E aerogenes, C albicans, 
P aeruginosa, E coli, and H influenza, at a concentration of 10 ng/μL 
DNA. The primers for 2143G and 2182C mutations were able to 

Development cohort RUT (+) (n = 246) RUT(−) (n = 376) P-value

Male	sex 128	(52.0%) 188	(50.0%) .620

Age 58.4 ± 11.8 60.1 ± 13.7 .098

BMI	(kg/m2) 20.3 ±	9.6 19.2	± 10.3 .189

Endoscopic findings

Gastric ulcer 61	(24.8%) 79	(21.0%) .269

Duodenal ulcer 220	(89.4%) 354	(94.1%) .031

Gastric cancer 15	(6.1%) 20	(5.3%) .680

Direct LAMP cohort RUT (+) (n = 43) RUT(−) (n = 50)

Male	sex 18	(41.9%) 25	(50%) .440

Age 59.6	± 12.5 56.8 ±	12.9 .299

BMI	(kg/m2) 23.0 ± 2.7 22.9	± 5.1 .981

Endoscopic findings

Gastric ulcer 8	(18.6%) 8	(16.0%) .740

Duodenal ulcer 39	(90.7%) 46	(92.0%) .823

Gastric cancer 1	(2.3%) 1	(2.0%) .914

TA B L E  1   Demographic data for the 
622 participants in the development 
cohort	and	the	93	participants	in	the	
direct	LAMP	cohort

http://www.solgent.com
http://www.solgent.com
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detect H pylori with 2143G and 2182C mutations in 23S rRNA but 
not wild-type H pylori or other bacterial species (Figure 1B).

3.2 | Clinical relevance of the LAMP assay for 
detecting H pylori and 23S rRNA point mutations with 
gastric mucosal DNA extracted in a laboratory setting

To test the clinical relevance of this assay, a total of 622 participants 
were recruited to the development cohort and were subjected to 

the	LAMP	assay.	Gastric	mucosal	DNA	was	extracted	with	a	com-
mercial DNA extraction kit (QIAamp®	DNA	Mini	Kit)	in	a	laboratory	
setting, and the results were compared to the results of the RUT and 
PCR assay for H pylori. The positivity rate for H pylori based on the 
RUT	was	39.5%	(246/622).	When	the	development	cohort	was	ana-
lyzed with the RUT, the frequency of inactive duodenal ulcers was 
lower in the RUT-positive group than that in the RUT-negative group 
(P = .031), but differences were not observed in other variables, such 
as	sex,	age,	body	mass	index	(BMI),	and	the	frequency	of	gastric	ul-
cers and cancer (Table 1).

F I G U R E  1  Sensitivity	and	specificity	of	the	colorimetric	LAMP	assay.	A,	The	sensitivity	of	the	LAMP	assay	was	assessed	using	a	10-fold	
serial dilution of H pylori DNA. A 2 ng/μL DNA concentration corresponds to 106 copies of H pylori. B, Species specificity using 10 ng of 
genomic DNAs from various bacteria. The upper row is the result with commercial H pylori, and the second and third rows are the results 
from 2143G and 2182C mutant strains

TA B L E  2  The	results	of	the	LAMP	assay	compared	to	those	of	the	RUT	and	PCR	and	sequencing	analysis	for	the	diagnosis	of	H pylori and 
the detection of the A2143G and T2182C point mutations in 23S rRNA

Development cohort RUT PCR

LAMP for H pyloria  Negative Positive Statisticsb  Negative Positive Statistics

Negative 343 5 P = .017 348 0 P = 1.0

Positive 17 229 κ =	0.923 0 246 κ = 1.0

LAMP for 2143G or 2182C

Sequencing A2143G Sequencing T2182C

2143A 2143G Statistics 2182T 2182C Statistics

2143G Negative 182 0 P = 1.0

Positive 0 64 κ = 1.0

2182C Negative 30 0 P = 1.0

Positive 0 216 κ = 1.0

aDNA	used	in	LAMP	analysis	was	extracted	in	a	laboratory	setting	with	a	QIAamp®	DNA	Mini	Kit	(QIAGEN,	#51306).	Twenty-eight	patients	with	an	
extracted DNA concentration of <50 ng/µL	were	excluded	from	the	PCR	and	LAMP	analyses.	
bP	from	McNemar	test	and	κ	from	unweighted	pairwise	Cohen's	Kappa.	
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For the detection of H pylori,	the	LAMP	assay	agreed	with	the	
RUT	for	92%	of	samples	(572/622).	The	kappa	value,	a	measure	of	
the	agreement,	was	0.923	(SE	0.016,	P < .001), suggesting almost 
perfect agreement.21	However,	based	on	the	McNemar	test,	which	
assessed	 the	 consistency	 of	 the	 two	 tests,	 the	 LAMP	 assay	was	
significantly different from the RUT (P = .017). Among 622 sam-
ples,	28	samples	(0.05%)	failed	to	yield	enough	DNA	from	the	ex-
tractions (concentrations of less than 50 ng/µL)	for	LAMP	and	PCR	
analysis. PCR analysis, which confirmed that there was a 182 bp 
band with agarose gel electrophoresis, showed exactly the same 
result	as	the	LAMP	assay	for	H pylori detection (Table 2). The 246 
samples that had a positive band in the PCR analysis were sub-
jected to sequencing analysis to detect 2143A > G and 2182T > C 
mutations in the 23S rRNA of H pylori, and the results were com-
pared	 to	 those	 of	 the	 LAMP	 assay.	 Among	 246	 samples,	 2143A	
and 2143G were detected in 182 and 64 samples, respectively, and 
2182T and 2182C were detected in 30 and 216 samples, respec-
tively.	 LAMP	 and	 sequencing	 analysis	 showed	 exactly	 the	 same	
results (Table 2).

3.3 | Direct bedside detection of H pylori and 23S 
rRNA point mutants with the LAMP test

We	then	tested	the	validity	of	the	LAMP	assay	for	instant	bedside	
testing.	Gastric	biopsy	samples	were	directly	soaked	in	Mmaxpress® 
DNA kit HS2 for 5 min, and 10 μL of each lysate was transferred to 
tubes containing primers for H pylori and 2143G and 2182C point 
mutants. After a 30-min incubation at 63°C, the color change from 
purple to blue was visually inspected. Representative results from 
the	direct	LAMP	assay	for	H pylori and 23S rRNA point mutants are 
shown in Figure 2, showing that the assay was easy to interpret.

To	evaluate	the	diagnostic	reliability	of	the	direct	LAMP	assay	for	
the detection of H pylori in a clinical setting, the results were com-
pared	to	those	of	the	RUT	and	PCR	test.	Of	the	93	specimens	tested,	
43 were positive for H pylori based on the RUT, and there was no dif-
ference in clinical features according to RUT positivity (Table 1). The 
direct	 LAMP	 assay	 had	 96.7%	 (90/93)	 and	 98.9%	 (92/93)	 concor-
dance	rates	with	the	RUT	and	PCR	test,	respectively.	Cohen's	kappa	
coefficient	for	the	agreement	of	the	direct	LAMP	assay	was	0.935	
for	the	RUT	and	0.978	for	the	PCR	test.	The	McNemar	test	revealed	
no	statistically	significant	discordance	between	the	direct	LAMP	and	
RUT/PCR tests (P = 1.0; Table 3).

The	 direct	 LAMP	 assay	 results	 for	 the	 detection	 of	 the	 point	
mutations 2143G and 2182C in 23S rRNA were compared to the 
sequencing results. Among 43 patients with positive RUT and PCR 
tests, 2143G was positive in 14 patients in sequencing analysis 
(32.6%).	The	direct	 LAMP	assay	 for	2143G	was	positive	 in	13	pa-
tients and showed discordance with sequencing for only 1 patient, 
which	 represented	 just	 a	 2.3%	 (1/43)	 discordance	 rate.	 For	 the	
2182T > C mutation, in sequencing analysis, 35 patients had 2182C, 
and	8	had	2182T.	The	direct	LAMP	assay	for	2182C	showed	a	97.7%	
(42/43) concordance with sequencing analysis (Table 3).

4  | DISCUSSION

In	 this	 study,	we	 provide	 evidence	 that	 the	 LAMP	 assay	 has	 high	
sensitivity for detecting H pylori and 23S rRNA point mutations and 
good	specificity	for	distinguishing	other	bacterial	species.	The	LAMP	
assay was a reliable method to detect H pylori and 23S rRNA point 
mutations and showed almost identical results with PCR-based se-
quencing	 analysis.	 The	 direct	 LAMP	 assay	 using	DNA	directly	 ex-
tracted at the bedside also had consistent results with sequencing 
analysis, demonstrating the potential for this assay to be used to 
determine a treatment regimen in a clinical setting.

F I G U R E  2  Representative	results	of	the	LAMP	analysis	for	the	
presence of H pylori and genetic mutations in 23S rRNA in gastric 
biopsy samples. Endoscopic biopsy specimens of gastric mucosa 
were dissolved in DNA extraction buffer for 10 min. Isolated DNA 
(2 μL) was added to each tube and analyzed with primers for H 
pylori and the 2143G and 2182C mutations, and color changes were 
observed after a 30-min reaction at 63°C
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At least 105 copies of bacterial DNA are required for a positive 
RUT result.22 On the other hand, quantitative RT-PCR can detect as 
few as 10 copies of H pylori.20	The	LAMP	assay	tested	in	this	study	
detected 10 copies of H pylori, which was comparable to that of 
quantitative	RT-PCR.	The	LAMP	assay	showed	a	sensitivity	of	100	
copies of H pylori for the detection of the point mutations 2143G 
and 2182C in 23S rRNA, which was a somewhat inferior sensitivity 
compared to that for the detection of H pylori.	However,	the	LAMP	
results for the point mutations 2143G and 2182C were fully con-
sistent with the sequencing results in the development and direct 
LAMP	cohorts.	These	data	provide	evidence	that	the	sensitivity	of	
the	LAMP	assay	for	detecting	point	mutations	in	23S	rRNA	is	com-
parable to that of PCR-based sequencing analysis, and this method is 
appropriate for clinical settings.

Despite the high sensitivity of PCR analysis, its relatively low 
specificity for H pylori detection has been noted as a drawback.23 
Although it depends on the target primer used, the specificity of 
PCR analysis for H pylori	is	usually	between	90%	and	95%,	which	
is comparable or inferior to that of RUT when culture or histol-
ogy results were considered the gold standard for detecting H 
pylori.23-26 This finding could have resulted from the low yield of 
H pylori culture due to the complex microaerobic and high CO2 
culture conditions.11	 The	 LAMP	 analysis	 used	 in	 this	 study	 can	
overcome the specificity limitations of PCR by testing not only 
H pylori but also point mutations in 23S rRNA. In particular, the 
point mutations 2143G and 2182C in 23S rRNA are associated 
with eradication failure with clarithromycin-based triple therapy, 
and individuals with these point mutations need a modified eradi-
cation regimen, as discussed below. A higher degree of specificity 
is essential for this testing which can influence the development 
of	 the	 treatment	 plan.	 This	 LAMP	 assay,	 which	 detects	 both	H 
pylori and 23S rRNA point mutants, may have advantages over 
conventional PCR analysis for detecting H pylori only in terms of 
specificity.

The most important implication of this study is the clinical 
usefulness	of	 the	LAMP	assay	 for	detecting	 the	point	mutations	
2143G and 2182C in 23S rRNA, which are known to be associated 
with clarithromycin resistance.13,15 Along with increasing antibi-
otic resistance, the eradication rate of clarithromycin-based triple 
therapy has continued to decrease in recent years.9 A meta-analy-
sis	of	5	studies	published	from	2006	to	2011	revealed	only	a	62%	
eradication rate with clarithromycin-based triple therapy.27 For 
this reason, the recent consensus for H pylori treatment recom-
mended	quadruple	 regimens	 for	14	days	 in	areas	with	over	15%	
clarithromycin resistance.28 In Korea, the clarithromycin resistance 
rate of H pylori	 is	 up	 to	 20%,	 and	 the	metronidazole	 resistance	
rate	 is	more	 than	 30%.29 Therefore, the 14-day quadruple regi-
mens are recommended according to this consensus.28 However, 
our previous data showed that the point mutations 2143G and 
2182C in 23S rRNA are closely related to the eradication failure 
rate of clarithromycin-based triple therapy; patients with 2143G 
in	23S	rRNA	had	an	eradication	failure	rate	of	approximately	60%,	
while the patients without 2143G had an eradication rate of more 
than	90%,	even	with	7-day	clarithromycin-based	triple	therapy	in	
Korea.15	This	 study	showed	that	 the	LAMP	assay	can	accurately	
detect 23S rRNA point mutations in a relatively simple manner, 
and the selection of an H pylori eradication regimen based on the 
LAMP	 assay	 results	 is	 able	 to	 dramatically	 increase	 the	 success	
rate of eradication.

The main limitation of this study was that we did not perform a 
gold-standard assay, such as culture or histologic staining, to con-
firm H pylori infection and consequently, we cannot draw conclu-
sions	regarding	the	statistical	characteristics	of	the	LAMP	assay	as	a	
diagnostic test, such as the sensitivity, specificity, and negative and 
positive predictive value. However, the primary aim of this study was 
to validate the Isopollo® H pylori	&	ClaR	LAMP	assay	by	comparing	
it to the RUT and PCR analysis, thus verifying its reliability and clin-
ical	usefulness.	These	data	showed	that	the	results	from	the	LAMP	

TA B L E  3  A	comparison	of	the	direct	LAMP	assay	with	the	RUT	and	PCR	and	sequencing	analysis	for	the	diagnosis	of	H pylori and the 
detection of the A2143G and T2182C point mutations in 23S rRNA

Direct LAMP cohort RUT PCR

Direct LAMP 
analysisa  Negative Positive Statisticsb  Negative Positive Statistics

Negative 49 2 P = 1.0 50 1 P = 1.0

Positive 1 41 κ =	0.935 0 42 κ =	0.978

LAMP for 2143G or 2182C

Sequencing A2143G Sequencing T2182C

2143A 2143G Statistics 2182T 2182C Statistics

2143G Negative 29 1 P = 1.0

Positive 0 12 κ =	0.943

2182C Negative 8 1 P = 1.0

Positive 0 33 κ =	0.926

aGastric	mucosal	DNA	was	directly	extracted	from	a	biopsy	sample	at	the	bedside	with	the	Mmaxpress® DNA kit HS2 included in the Isopollo® H 
pylori	&	ClaR	kit	(Mmonitor	Inc).	
bP	from	McNemar	test	and	κ	from	unweighted	pairwise	Cohen's	Kappa.	
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assay were almost the same as those from the PCR-based sequenc-
ing	 analysis;	 therefore,	 the	 statistical	 characteristics	 of	 the	 LAMP	
assay are assumed to be similar to those of the PCR-based sequenc-
ing analysis.

In	 conclusion,	 the	 LAMP	 assay	 using	 the	 Isopollo® H pylori & 
ClaR kit had good sensitivity and specificity for detecting H pylori 
and point mutations in 23S rRNA and was reliable compared to the 
RUT	and	PCR-based	sequencing	analysis.	Direct	LAMP	analysis	is	a	
relatively simple and cost-effective method to detect the point mu-
tations 2143G and 2182C in 23S rRNA of H pylori in bedside, and 
the choice of a tailored eradication regimen based on its result could 
be a good way to decrease the eradication failure associated with 
clarithromycin resistance.
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