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ABSTRACT The noninvasive detection of Helicobacter pylori and its resistance to
clarithromycin could revolutionize the management of H. pylori-infected patients by
tailoring eradication treatment without any need for endoscopy when histology is
not necessary. Several real-time PCR tests performed on stools have been proposed,
but their performances were either poor or they were tested on too few patients to
be properly evaluated. We conducted a prospective, multicenter study including
1,200 adult patients who were addressed for gastroduodenal endoscopy with gastric
biopsies and who were naive for eradication treatment in order to evaluate the per-
formance of the Amplidiag H. pylori�ClariR assay recently developed by Mobidiag
(Espoo, Finland). The results of the Amplidiag H. pylori�ClariR assay performed on
DNA from stools (automatic extraction with the EasyMag system [bioMérieux]) were
compared with those of culture/Etest and quadruplex real-time PCRs performed on
two gastric biopsy samples (from the antrum and corpus) to detect the H. pylori
glmM gene and mutations in the 23S rRNA genes conferring clarithromycin resis-
tance. The sensitivity and specificity of the detection of H. pylori were 96.3% (95%
confidence interval [CI], 92 to 98%) and 98.7% (95% CI, 97 to 99%), respectively. The
positive and negative predictive values were evaluated to be 92.2% (95% CI, 92 to
98%) and 99.3% (95% CI, 98 to 99%), respectively. In this cohort, 160 patients
(14.7%) were found to be infected (positive by culture and/or PCR). The sensitivity
and specificity for detecting resistance to clarithromycin were 100% (95% CI, 88 to
100%) and 98.4% (95% CI, 94 to 99%), respectively.

KEYWORDS diagnosis, gastric cancer, gastric ulcers, Helicobacter pylori, molecular
diagnosis, noninvasive sampling, PCR, stool

Helicobacter pylori is responsible for the most common chronic bacterial infection in
humans (1, 2). This bacterium has been implicated in the pathogenesis of gas-

troduodenal diseases, such as gastritis, peptic ulcer, mucosa-associated lymphoid tissue
(MALT) lymphoma, and gastric adenocarcinoma (2, 3, 39). Eradication of H. pylori
infection has been associated with a reduction of the risk of recurrent peptic ulcer
diseases as well as a reduction of the risk of development of gastric adenocarcinoma
and MALT lymphoma (4). Clarithromycin is a key component of the first-line treatment
used to eradicate H. pylori. It is now widely accepted that clarithromycin resistance
among H. pylori strains has been increasing worldwide and is the most important factor
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responsible for the failure of eradication treatment (5–7). Clarithromycin resistance in H.
pylori was considered in 2017 by the World Health Organization (WHO) to be a high
priority for antibiotic research (8). The mechanism leading to clarithromycin resistance
in H. pylori is well characterized. Resistance in H. pylori is mostly due to point mutations
in the peptidyltransferase region of the 23S rRNA gene. Single nucleotide variants
decrease the affinity between ribosomes and clarithromycin. The mutations A2143G
and A2142G/C are most commonly associated with clarithromycin resistance in natural
H. pylori isolates worldwide (9, 10). In addition, other 23S rRNA gene mutations, such as
T2289C, C2245T, G2224A, T2182C, T2717C, and T2243C, have occasionally been re-
ported in clarithromycin-resistant H. pylori isolates, but their relevance is still under
debate (11). Given the spread of antibiotic resistance and the subsequent failure of
empirical eradication treatment, treatment guided by the results of culture and stan-
dard susceptibility tests or PCR detection of resistance has been recommended in
regions or populations with high rates of clarithromycin resistance (�15%) (4, 12, 13).
Up until now, only invasive methods requiring endoscopy for the collection of biopsy
specimens could reliably detect clarithromycin resistance with good performances (14).
Several attempts to develop methods for the detection of clarithromycin resistance
with noninvasive sampling (stool sampling, for example) have been reported, but their
performances were not sufficient for use in the clinical management of patients.
Moreover, either the performances of these tests were poor or the tests were tested on
a small cohort, limiting the quality of their evaluation (15–25).

A noninvasive test detecting H. pylori and its resistance to clarithromycin could
revolutionize the management of H. pylori-infected patients by tailoring eradication
treatment without any need for endoscopy when histology is not necessary.

Mobidiag (Espoo, Finland) recently developed a new multiplex real-time PCR assay
(Amplidiag H. pylori�ClariR), CE-IVD marketed, detecting H. pylori infection and muta-
tions conferring clarithromycin resistance (without the distinction of the mutations).
With good performances when performed on gastric biopsy samples, this test can also
be performed on stool specimens (26, 27).

The aim of this study was to evaluate the performances (sensitivity, specificity,
positive predictive value [PPV], negative predictive value [NPV], accuracy) of the real-
time Amplidiag H. pylori�ClariR stool PCR assay on a large cohort of adult patients.

MATERIALS AND METHODS
Ethical considerations. The University Hospital of Poitiers was the promoter of the study. Mobidiag

was the sponsor of the study but was not involved in the design, the interpretation of the results, or the
decision to publish this study.

The study received ethical approval from the regional Committee for the Protection of People (CPP)
and from the National Commission for Protection of Personal Data on 23 November 2015. All patients
were informed before inclusion, and their consent was obtained before analysis.

Study design. A prospective multicenter clinical study (study HepyStool 2015-A01075-44) was set up
to evaluate the Amplidiag H. pylori�ClariR assay (Mobidiag) performances on stools from adult patients.
To limit confusion biases, these patients were naive for H. pylori eradication treatment. The results of the
test on stools were then compared with those of tests on two gastric biopsy samples, i.e., culture and/or
glmM PCR, to evaluate the detection of H. pylori and Etest and/or a quadruplex real-time PCR (which
detect mutations in the 23S rRNA genes) to evaluate the detection of clarithromycin resistance.

This study was carried out in four hospitals in west-central France (the University Hospital of Poitiers,
Hospital of Montmorillon, Hospital of Thouars, and Hospital of Parthenay), but all of the analyses were
performed in the Bacteriology Laboratory of the University Hospital of Poitiers. Consecutive patients who
met the selection criteria were included from December 2015 to July 2018 (30 months). Inclusions were
performed 2 days per week.

Study population. Consecutive adult patients without diarrhea referred for endoscopy and gastric
biopsy on two random days per week were screened for inclusion as representative targets for the index
test. Inclusion criteria were an age of �18 years, referral as a hospitalized patient or an outpatient to one
of the participating centers for endoscopy because of suspected H. pylori infection, a willingness to
participate, and signing of an informed consent. Exclusion criteria were an age of �18 years, recent or
ongoing antibiotic treatment for �4 weeks, previous receipt of eradication treatment, no affiliation with
social insurance, receipt of legal protection, refusal to sign informed consent, inclusion in another trial,
an inability to take oral medication on an ongoing basis, or the presence of severe life-threatening
disease in the short term.

Gastric biopsies. (i) Collection of gastric biopsy samples. As recommended for routine diagnosis,
a single corpus and antrum biopsy specimen from each patient was collected during endoscopy and

Pichon et al. Journal of Clinical Microbiology

April 2020 Volume 58 Issue 4 e01787-19 jcm.asm.org 2

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/j

cm
 o

n 
25

 F
eb

ru
ar

y 
20

22
 b

y 
19

3.
54

.1
10

.6
1.

https://jcm.asm.org


immediately placed into Portagerm pylori transport medium (Port-Pyl; bioMérieux, Marcy l’Etoile, France)
before being sent to the laboratory within 48 h (14). Biopsy specimens (10 to 20 mg) were ground
together with a Retsch MM400 mixer mill (Retsch, Haan, Germany) in 1 ml sterile water with two
4-mm-diameter inox beads in a 1.5-ml Eppendorf tube for 1 min 30 s at 20 Hz. The material was then split
into three parts: 100 �l was used for culture, 500 �l was used for immediate molecular analysis, and
400 �l was stored at �80°C.

(ii) Culture from gastric biopsy samples. For the culture phase, biopsy material was plated on
Columbia agar supplemented with 10% (vol/vol) sheep blood and Skirrow antibiotic supplement (Oxoid,
Basingstoke, Hampshire, United Kingdom). The inoculated plates were incubated at 37°C for 12 days
under microaerobic conditions (by using a GENbox Microaer generator [bioMérieux] in an anaerobic jar).
Identification of H. pylori was based on colony morphology, typical appearance on Gram staining, and
positive urease, catalase, and oxidase activities.

For phenotypic clarithromycin susceptibility testing, a suspension of the H. pylori culture in saline
buffer was adjusted to a number 3 McFarland standard (14). A Gram staining examination of a smear was
then performed with each H. pylori strain to confirm the absence of coccoid forms. The suspension was
plated onto Mueller-Hinton agar supplemented with 10% horse blood (Becton, Dickinson, NJ, USA). An
Etest strip containing clarithromycin (bioMérieux) at concentrations ranging from 0.016 to 256 mg/liter
was placed on the agar after plating. The inoculated plates were incubated at 37°C for 3 days under
microaerobic conditions. The MIC was determined, and susceptibility was interpreted according to 2016
EUCAST recommendations, applying a clinical breakpoint of �0.5 mg/liter. To control the process, H.
pylori strain CCUG 17874 was similarly analyzed.

(iii) Molecular analysis from gastric biopsy samples. For the molecular analysis phase, DNA was
extracted from 500 �l of ground material from the gastric biopsy samples by using a NucliSENS easyMAG
system (bioMérieux), according to the manufacturer’s instructions, in 400 �l lysis buffer, using the specific
B 2.1 protocol, 100 �l of silica, and 100 �l of eluate. The isolated DNA was stored at �20°C until use.

glmM PCR. To detect H. pylori infection, a TaqMan real-time PCR assay targeting the H. pylori-specific
gene glmM was used, optimizing published methods (27–29).

Briefly, the primer and probe sequences were as follows: forward primer, 5=-AGCGCTCTCACTTCCAT
AGGC-3=; reverse primer, 5=-TCTTCGGTTAAAAAAGCGAT-3= (the primers amplified an 80-bp fragment);
and TaqMan probe, 5=-6-FAM TGATCCAAATAGGGCCTATGCCTACCCC-3=-TAMRA (where 6-FAM is
6-carboxyfluorescein and TAMRA is 6-carboxytetramethylrhodamine). Real-time PCR was performed on
an Applied Biosystems 7500 Fast thermocycler (Life Technologies, CA, USA). An internal control (5 �l) was
included in the ground material of the gastric biopsy samples before extraction (with a Simplexa Focus
Diagnostics extraction kit and an amplification control primer pair; DiaSorin, Saluggia, Italy). The
amplification reaction mix (25 �l) contained Premix Ex Taq DNA polymerase (TaKaRa, Shiga, Japan),
90 nM each primer, 70 nM probe, and 5 �l of the extracted DNA. Amplification consisted of the following
program: 20 s of denaturing at 95°C, followed by 45 cycles of 15 s at 95°C and 30 s at 55°C. A positive
control (DNA extracted from four strains, the 23S rRNA genes of which were sequenced) and a negative
control (molecular-quality distilled water) were used in each run of the PCR assay.

Scorpion PCR. Detection of H. pylori single nucleotide variants in the 23S rRNA gene was performed
by Scorpion PCR according to a previously published method in a multiplex real-time PCR assay that
detects H. pylori infection and identifies four alleles of the 23S rRNA gene of H. pylori. The process detects
the wild-type sequence and three mutations conferring clarithromycin resistance (A2142G, A2143G, and
A2142C) (30). A positive control (DNA extracted from four strains, the 23S rRNA genes of which were
sequenced) and a negative control (molecular-quality distilled water) were used in each run of the PCR
assay.

PCR was performed in a final volume of 25 �l with Premix Ex Taq (TaKaRa), 5 �l of DNA extracted from
the biopsy specimen, 0.1 �M oligonucleotide primer 23SF2, 0.14 �M primer 23SscA2142G, 0.18 �M
primer 23SscA2143G, 0.1 �M primer 23SscA2142C, and 0.08 �M primer 23SScWT. Amplification was
performed after a denaturation step (95°C for 15 s) for 50 cycles of denaturation (95°C for 15 s), annealing
(55°C for 30 s), and extension (72°C for 20 s). Reading of the fluorescence was performed at the annealing
step on four channels (6-carboxyfluorescein [FAM], Texas Red, Cy3, and Cy5).

Stool. (i) Stool sample collection. Within 1 week after endoscopy and biopsies and before
treatment, stools were self-collected by the patients at home using a disposable stool collection device
(Daklapack, Perpignan, France) with an eNAT tube (Copan, Brescia, Italy) for transport at ambient
temperature. The eNAT tubes were immediately sent to the laboratory. After receipt in the
laboratory, the samples were stored at �80°C until testing. The delay between stool emission and
storage in the laboratory was reported in days.

(ii) Nucleic acid extraction from stool samples. After collection, 400 �l of the eNAT tube super-
natant was extracted using the NucliSENS easyMAG system (bioMérieux), according to the manufactur-
er’s instructions, in 2 ml lysis buffer under the following conditions: the specific B 2.1 protocol with 140 �l
of silica, after adding of 1 �l of internal control (Amplidiag Easy Process Control I; Mobidiag), for a final
volume of eluate of 70 �l.

(iii) Real-time PCR on stool with the Amplidiag H. pylori�ClariR assay. Real-time PCR was
conducted according to the manufacturer’s instructions (Amplidiag H. pylori�ClariR; Mobidiag) on a
Bio-Rad CFX96 system (Bio-Rad, Hercules, CA, USA). Twenty-eight samples at a maximum were tested at
a time with 96�well plates, because all samples (including the negative, wild-type [WT], and mutant
controls) were tested in triplicate. Note that each reaction mixture included an internal amplification
control aimed at detecting PCR inhibitors (Amplidiag Easy Process Control I; Mobidiag). The raw data
were analyzed by using a fully automated analysis program, the Amplidiag analyzer (Mobidiag). The test
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provided results for the detection of H. pylori and for the detection of mutations conferring clarithro-
mycin resistance (without a distinction between the mutations).

(iv) Determination of analytical sensitivity of Amplidiag H. pylori�ClariR assay. To test the
analytical sensitivity of the Amplidiag H. pylori�ClariR assay, DNAs extracted from specific inocula of the
four reference strains (3.5 � 106 CFU/�l of DNA for the J99 strain with the wild-type phenotype/
genotype, 1 � 106 CFU/�l of DNA for clarithromycin-resistant strain HP 222 with the A2143G mutation,
2.5 � 106 CFU/�l of DNA for clarithromycin-resistant strain HP 225 with the A2142G mutation, and
1.75 � 106 CFU/�l of DNA for clarithromycin-resistant strain HP 825 with the A2142C mutation) were
diluted 10-fold to 10�7 in an H. pylori-negative stool matrix. The seven 10-fold serial dilutions of each
DNA were tested by PCR. To determine the specificity of H. pylori detection in stool samples, 10
Campylobacter species culture-positive stool samples were processed similarly.

Regarding the detection of multiple strains in the same biopsy sample, chromosomal DNA from
the wild-type reference strain J99 and from a clarithromycin-resistant reference strain harboring
either the A2143G (43G), A2142G (42G), or A2142C (42C) mutation was mixed in different propor-
tions. To assess the performances of the PCR, geometric dilutions were tested in saline buffer and
in a Helicobacter-negative stool sample. Briefly, after precise quantification of the inoculum using
culture and molecular methods, both resistant and wild-type strains were diluted to the same
concentration (6.25 � 107 CFU/ml, corresponding to a threshold cycle value of 22) and then
geometrically diluted to determine the limit of detection of a pure WT or resistant strain. All PCRs
were carried out in triplicate, and the results were considered negative when zero or one replicate
was positive.

After that, each of the three mutated strains was diluted in a constant quantity of the WT strain (42G
scale, 42C scale, and 43G scale). H. pylori subpopulations were obtained in the following proportions:
99%, 95%, 90%, 80%, 20%, 10%, 5%, and 1%. In this way, artificial samples (n � 24) were obtained and
analyzed by PCR. To assess the performances in both a paucicellular matrix and a highly cellular matrix,
volume-to-volume dilution in elution buffer or conservation buffer with Helicobacter-negative stool was
carried out.

(v) External quality assessment. Two sets of 10 samples for external quality assessment (Helico-
bacter pylori EQA Pilot Study 2017 and 2018; QCMD, Glasgow, Scotland, UK) were tested to control the
quality of our results.

Reference tests. Patients were tested, in parallel with stool PCR, by culture and PCR of two gastric
biopsy samples collected during esophagogastroduodenoscopy, to determine a consensus patient
infection status. A patient was considered infected by H. pylori when culture yielded spiral urease-,
catalase-, and oxidase-positive bacteria or the glmM DNA fragment was detected by the TaqMan
real-time PCR assay of gastric biopsy samples. The infecting strain of H. pylori was considered resistant
to clarithromycin if the clarithromycin MIC of the cultivated strain determined by Etest was over
0.5 mg/liter or if one of the three mutations conferring clarithromycin resistance (A2142G, A2142C,
A2143G) was detected by the Scorpion PCR.

The performances of the evaluated test (sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy) and their confidence intervals were determined for the two parameters
tested: detection of H. pylori infection and detection of clarithromycin resistance (31).

Analysis of discrepant results. The real-time PCR products of samples with discrepant results
(false-positive results, i.e., a positive result with the tested method and a negative result with the
reference method) were sequenced on an ABI Prism 3130 genetic analyzer (Applied Biosystems, Foster
City, CA, USA) after purification (QIAquick PCR purification kit; Qiagen, Hilden, Germany). The primer
sequences used were 5=-GCTAGTCTAAGGGCGTAGATTGGAGGGAAG-3= for the forward primer and 5=-G
CTTGTGCCATTACACTCAACTTGCGATTTC-3= for the reverse primer. The sequencing program included an
initial denaturation of the templates at 94°C for 10 min, followed by 40 cycles, each of which consisted
of a denaturation step at 94°C for 15 s and an annealing and elongation step for 2 min at 66 to 68°C. After
production, the DNA sequences were verified by BLAST analysis. Similarly, false-positive results (i.e., a
positive result by the tested method and a negative result by the reference method) were verified using
an Amplidiag Bacterial GE real-time multiplex PCR kit (Amplidiag), searching for Campylobacter DNA (32).

Statistical analyses. Based on an estimated prevalence of H. pylori infection of 17% (the prevalence
of the infection in the main investigation center in 2015; data not shown) and an estimated prevalence
of clarithromycin resistance of 20% (the resistance prevalence in the main investigation center in 2015;
data not shown), expecting a sensitivity of clarithromycin resistance detection of 0.95 � 0.07, the minimal
number of patients required to be evaluated was calculated to be 1,200 (31).

RESULTS
Analyzed population. In this prospective multicenter study, 1,200 patients were

included by gastroenterologists from four centers from December 2015 to July 2018
(30 months). The activities involving samples from these patients constituted 35% of
the complete activity of the Bacteriology Laboratory of the University Hospital of
Poitiers during the same period (1,200/3,423). A total of 114 patients (9.3%) were
excluded from the study: 20 (1.7%) refused to continue the trial, 87 did not send their
stool sample (7%), and 7 (�1%) took antibiotics before stool was collected (Fig. 1). This
population was composed of 53% males with a median age of 56 years (range, 22 to
96 years), and two-thirds were born in France (Table 1).
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Analytical performances of Amplidiag H. pylori�ClariR assay. (i) Limit of de-
tection of pure WT H. pylori or H. pylori strains with 23S rRNA mutations. In saline
buffer, the pure WT H. pylori strain was detected up to a concentration of 3.12 � 10�3

CFU/ml. In stool conserved in conservation medium, detection was possible up to a
concentration of 3.12 CFU/ml.

FIG 1 Study design and flowchart. Out of the 1,200 enrolled patients, after exclusion of 114 patients, the
population (n � 1,086) was divided into two groups according to their H. pylori infection status (infected patients,
n � 160; noninfected patients, n � 926).

TABLE 1 Patient baseline characteristics

Characteristic

Value for:

H. pylori-infected
patients (n � 160)

All patients
(n � 1,086)

Age (yr) 50 51.4

No. (%) of patients by sex
Male 72 (45) 446 (41)
Female 88 (55) 640 (59)

No. (%) of patients with the following birth locationa:
Europe 115 (71.9) 988 (91.0)
Africa 38 (23.7) 76 (7.0)
Asia 4 (2.5) 11 (1.0)
The Americas 3 (1.9) 11 (1.0)

Median (range) delay (days) before receipt of stool 1.47 (0–7) 1.37 (0–10)
aPercentage of infections among patients born in each location: Europe (11.6%), Africa (50.0%), Asia (36.0%),
and America (27%).
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In saline buffer, pure 42C, 42G, and 43G mutant H. pylori strains were detected at
minimal concentrations of 3.12 � 10�4 CFU/ml, 3.12 � 10�3 CFU/ml, and 3.12 � 10�3

CFU/ml, respectively. In stool conserved in conservation medium, pure 42C, 42G and
43G mutant H. pylori strains were detected at minimal concentrations of 3.12 CFU/ml,
3.12 � 10�1 CFU/ml, and 3.12 � 10�1 CFU/ml, respectively.

(ii) Limit of detection of mixed wild-type and mutated H. pylori strains. In saline
buffer, clarithromycin-resistant subpopulations were detected when they represented
�1% of the population. In stool sample plus conservation medium, resistant 42C, 42G,
and 43G mutant subpopulations were detected when they represented �5% of the
population. Note that in this buffer, the wild-type subpopulation was not detected
when it represented less than 5% of the population in a resistant 43G mutant
subpopulation.

(iii) External quality assessment. Two sets of 9 samples for external quality
assessment (Helicobacter pylori EQA Pilot Study 2017 and 2018; QCMD, Glasgow,
Scotland, UK) were tested during the study to control the quality of our results. We
obtained a perfect concordance with the expected results. The sets of samples con-
sisted of 6 samples with wild-type clarithromycin-susceptible H. pylori, 10 samples with
clarithromycin-resistant H. pylori, and 2 negative samples.

Detection of H. pylori and clarithromycin susceptibility testing by culture and
real-time PCR. As summarized in Table 2, among the 1,086 gastric biopsy samples
tested in this study, culture was positive for 154 biopsy specimens (14.2%). Among the
strains from these specimens, Etest identified 28 to be clarithromycin resistant (28/154;
18.2%). One hundred sixty gastric biopsy samples (160/1,086; 14.7%) were positive for
the H. pylori-specific gene glmM. Among those samples, clarithromycin resistance-
associated mutations of the 23S rRNA gene were detected in 28 gastric biopsy samples
(28/160; 17.5%); i.e., the A2143G (n � 20; 71.4%), A2142G (n � 7; 25%), or A2142C
(n � 1; 3.6%) mutation was detected. Rare gastric biopsy samples harbored a mixed
infection (3/160; 1.9%) with both clarithromycin-susceptible and -resistant isolates. In
these cases, mixed infections were not detected by phenotypic susceptibility testing
with Etest, as the resistant isolate was the only one detected.

Finally, considering the results of both culture and PCR, 160 patients (160/1,086;
14.7%) were considered H. pylori infected.

Note that five gastric biopsy samples were negative by culture and positive by PCR
(positive for a wild-type susceptible H. pylori strain), and all gastric biopsy samples in
which glmM was detected by real-time PCR were positive (for a wild-type or mutated
allele) by the Scorpion PCR. No discrepant results between phenotypic and genotypic
methods for the detection of clarithromycin resistance were observed.

TABLE 2 Comparison of culture and clarithromycin susceptibility testing of biopsy
specimens compared to molecular testing of stoola

No. of patients
(n � 1,086)

Result for:

Gastric biopsy samples

Stool by real-time Amplidiag
H. pylori�ClariR PCR

Culture Real-time PCR

Growth Etest glmM
23S rRNA by
Scorpion PCR

913 � � � � �
13 � � � � S
5 � S � S �
1 � R � R �
120 � S � S S
5 � � � S S
24 � R � R R
3 � R � R � S R
1 � S � S R
1 � � � S R � S
aClarithromycin susceptibility testing was carried out by Etest and real-time PCR (for detection of glmM and
23S rRNA gene mutations by Scorpion PCR) of biopsy specimens. S, susceptible; R, resistant.
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The H. pylori-infected population was not statistically significantly different from the
total population in terms of demographic characteristics, except for the place of birth
(Europe versus other countries at 11.6% versus 28%, P � 0.01; Table 1).

The distribution of H. pylori-related diseases (n � 147 patients for which results were
available) yielded 83 cases of gastritis (83/147; 56.5%), 12 duodenal ulcers (12/147;
8.2%), 5 gastric ulcers (5/147; 3.4%), and 47 (31.2%) precancerous and cancerous lesions
(23 gastric atrophies [23/147; 15.6%], 19 cases of metaplasia [19/147; 12.9%], 3 cases of
dysplasia [3/147; 2.0%], and 2 cases of gastric adenocarcinoma [2/147; 1.4%]).

Clinical performances of the Amplidiag H. pylori�ClariR assay on stool sam-
ples. For the 1,086 stool samples collected for this study, the average time between
home stool delivery and sample tube freezing in the laboratory was 1.37 days (range,
0 to 6 days). All samples were tested by operators maintained blind to the culture
results. Out of these samples, the results for five remained invalid due to discrepant
results by the three tests (5/1,086; 0.5%), These 5 samples were run again and were then
rendered valid for analysis. The PCR process did not detect any inhibition of the PCR.

The performances of the stool PCR in comparison to the results of culture and
gastric biopsy were analyzed on the basis of two different parameters: (i) detection of
H. pylori infection and (ii) detection of clarithromycin resistance (Table 3).

First, for the detection of H. pylori, the reference considered both culture and PCR of
biopsy specimens, enabling detection of H. pylori in 15% of the total number of patients
included. Among this group and even after retesting, 13 false-positive results (a positive
result by the Amplidiag test of stool and a negative result by culture or PCR of gastric
biopsy samples) and 6 false-negative results (a negative result by the Amplidiag test of
stool and a positive result by culture or PCR of gastric biopsy samples) were observed.
Considering these results, the sensitivity was 96.3% (95% confidence interval [CI], 92%
to 98%), the specificity was 98.7% (95% CI, 97% to 99%), the positive predictive value
(PPV) was 92.2% (95% CI, 92% to 98%), the negative predictive value (NPV) was 99.3%
(95% CI, 98% to 99%), and the accuracy was 98.2% (95% CI, 97% to 99%) (Table 3).
Analysis of the discrepant results demonstrated the presence of five clarithromycin-
susceptible strains and one clarithromycin-resistant strain in the samples with false-
negative results obtained by culture from gastric biopsy samples. For the stool samples
with false-positive results, the amplified product was sequenced and was usable for six
samples: two with Arcobacter spp., two with Helicobacter cinaedi strains, one with a
Helicobacter canicola strain, and one with a Helicobacter pylori strain. Among the 13
samples with false-positive results, the histological status was available for 10 of them
(usable histological results were not obtained for the 3 others). The gastric mucosa
histology was normal for six of the samples (two with Arcobacter spp., one with an H.
cinaedi strain, one with an H. canicola strain, and two with nonusable bacterial sequences),
nonactive gastritis was found in three of them (two with nonusable bacterial sequences
and one with an H. cinaedi strain), and active chronic gastritis with detection of an H. pylori
sequence was found in one of them.

TABLE 3 Performances of the H. pylori Amplidiag H. pylori�ClariR assay for detection and susceptibility testing of H. pylori in stoola

Result detected

No. (%) of specimens with the
following result: Analytical performance (%)b

TP TN FP FN Sensitivity Specificity PPV NPV Accuracy

H. pylori (n � 1,086) 154 (14.2) 913 (84.1) 13 (1.2) 6 (0.6) 96.3 (92–98) 98.7 (97–99) 92.2 (92–98) 99.3 (98–99) 98.2 (97–99)
Clarithromycin resistance

(n � 154)
27 (17.5) 125 (81.2) 2 (1.3) 0 (0) 100 (88–100) 98.4 (94–99) 93.1 (78–98) 100 (97–100) 98.7 (95–99)

aTrue-positive specimens (TP) were defined as specimens positive by both the Amplidiag test on stool and culture or PCR of gastric biopsy samples or resistant by
both the Amplidiag test on stool and Etest or Scorpion PCR of gastric biopsy samples. True-negative (TN) specimens were defined as specimens negative by both the
Amplidiag test on stool and culture or PCR of gastric biopsy samples or susceptible by both the Amplidiag test on stool and Etest or Scorpion PCR of gastric biopsy
samples. False-positive (FP) specimens were defined as specimens positive by the Amplidiag test on stool and negative by culture or PCR of gastric biopsy samples
and susceptible by the Etest or Scorpion PCR of gastric biopsy samples and resistant by the Amplidiag test on stool. False-negative (FN) specimens were defined as
specimens positive by culture or PCR of gastric biopsy samples and negative by the Amplidiag test on stool or susceptible by the Amplidiag test on stool and
resistant by the Etest or Scorpion PCR of gastric biopsy samples. PPV, positive predictive value; NPV, negative predictive value.

bValues in parentheses are 95% confidence intervals.
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Second, for the detection of resistance to clarithromycin, the reference considered
both the culture (Etest) and the Scorpion PCR result for the biopsy specimens, enabling
detection of clarithromycin resistance in 17.5% of this cohort. Among the patients
found to be H. pylori positive by both stool PCR test and culture or glmM PCR of biopsy
specimens, no samples with false-negative results and two samples with false-positive
results were detected (Table 3). Considering these results, the sensitivity was 100%
(95% CI, 88% to 100%), the specificity was 98.4% (95% CI, 94% to 99%), the PPV was
93.1% (95% CI, 78% to 98%), the NPV was 100% (95% CI, 97% to 100%), and the
accuracy was 98.7% (95% CI, 95% to 99%). For the two samples with false-positive
results, one was found to contain a mixture of susceptible and resistant isolates with
the Amplidiag test of stool, while the isolates in the other sample were not found to be
susceptible at all. The isolates in both samples were found to be susceptible by the
Scorpion PCR of gastric biopsy samples.

DISCUSSION

This study is the first one to evaluate the analytical performances of PCR assays
detecting H. pylori infection and clarithromycin resistance in stool samples.

The main challenge in the management of H. pylori infection is linked to the direct
consequences of antimicrobial resistance. Clarithromycin is a key component of the
triple therapy routinely used to eradicate H. pylori. As resistance to this molecule has
increased in many countries worldwide, it is the main element responsible for the
failure of eradication using first-line therapy (up to 70%) (5–7, 33). Recent international
guidelines have discouraged empirical clarithromycin-based triple therapy in geo-
graphical areas with a significantly high prevalence (�15%) of clarithromycin resistance
(4). Antibiotic susceptibility testing was subsequently recommended and proved to be
highly effective and superior to empirical treatments, thereby justifying recommenda-
tion of its use (12, 13, 34–37). This approach necessitates culture- or PCR-based tests for
detection and resistance characterization. Usually performed on gastric biopsy samples
(necessitating invasive endoscopic procedures) and requiring an experienced labora-
tory to perform culture, in routine practice this approach remains limited, rendering this
guided strategy difficult to apply on a large scale and explaining why most interna-
tional guidelines do not yet recommend use of the guided therapy strategy as the
first-line treatment. Detection of H. pylori DNA in stool by molecular analysis is crucial
to the development of the guided therapeutic strategy. Noninvasive tests using this
easily obtained sample could improve patient compliance and therapeutic outcomes,
optimizing the time/cost importance of disease management, especially in the context
of future increases in rates of resistance. Moreover, the benefits to dysbiosis of the
intestinal microbiota are clearly established, as this approach limits the number of
antibiotic molecules present.

For now, few studies have focused on PCR detection in stool of both H. pylori and
clarithromycin resistance. These rare studies have relied on poor criterion determina-
tion and a small number of patients, leading to very large confidence intervals for
performance characteristics (15–17, 19, 20). In these studies, PCR tests performed on
stool are designed for use with biopsy specimens, as described for the GenoType
HelicoDR (Hain Lifescience, Nehren, Germany) and H. pylori ClariRes (Ingenetix, Wien,
Austria) assays, without extensive validation on this particular matrix (15, 17–19, 21, 24).
Other studies have been performed on cohorts constituted of selected H. pylori-
infected patients or by a reference test with low performances (15, 16, 19, 23, 25).
Finally, other studies have focused on composite reference testing to obtain a high
sensitivity and specificity (18, 21, 22). In this context, the major strength of the present
study resides in its prospective design and the inclusion of a large number of patients
(n � 1,200) from four centers, thereby ensuring a robust representation of the target
population. Moreover, this study is in accordance with the Standards for Reporting of
Diagnostic Accuracy (STARD) checklist, facilitating fine reporting of important results
(31). The design of the study is reinforced by the very high rate of adherence (92%) of
a nonhospitalized patient population, thanks to the stool collection device proposed
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for use by the included subjects and the low number (0.5%) of patients excluded for
other reasons. As described in the manufacturer’s recommendations, the eNAT tube
sample system stabilizes microbial DNA, ensuring the good preservation of H. pylori
DNA without differences between infected and noninfected patients in terms of a delay
to the time of receipt in the laboratory (t test value � 1.4868; P � 0.05).

This study reports very high performances of the stool assay (with very narrow
confidence intervals of performances, highlighting the reliability of these good results)
for the detection of both H. pylori infection and clarithromycin resistance. We observed
only five discordant results by the test (�0.5%) when done in triplicate, according to
the manufacturer’s recommendations. Use of fully automated software is key to analysis
of these results, as no melting curve analysis is needed, contrary to other commercial-
ized tests (18, 21, 35). Rare false-positive results by stool testing seemed to be due
mostly to nonspecific detection of phylogenetically closely related bacterial species,
commensals, or pathogens of the gastrointestinal tract (Arcobacter, H. cinaedi, H.
canicola). One positive case, the sequence of which allowed the identification of H.
pylori, was highly suggestive of false-negative results for both reference tests. To ensure
the absence of cross-reactivity with Campylobacter, infected patients (n � 10) were
verified not to be positive by this molecular testing.

Moreover, for this study, patients performed stool self-sampling at home. After
inclusion, they received a disposable stool collection device and a collection tube
(eNAT; Copan) tolerating postal transport at ambient temperature. This procedure
ensured the very good compliance by the patients, with 92% of stool specimens being
received at the laboratory.

The feasibility of the molecular assay was very good and minimally time-consuming
(5 min for extraction and 10 min for amplification, with a complete turnaround time of
3 h 45 min, including validation of the result). The total price per patient, including
transport tube, postal transport, extraction, and amplification, was evaluated to be less
than €30.

In the study population, the low prevalence of H. pylori infection (14.7%) (and a low
rate of clarithromycin primary resistance of 17.5%) reflected the epidemiology of H.
pylori infection in developed countries, such as France, as we observed a higher
prevalence (28%) in patients born outside of Europe (1). The relatively low prevalence
of resistance to clarithromycin might also be associated with the recent decrease
observed in European countries, such as France (6, 7, 30, 38).

The very good performances of this noninvasive test (sensitivity, 96.3%; specificity,
98.7%) allow us to recommend its use in all cases where histological study of the gastric
mucosa is not necessary. First, this test could be used for several indications for H. pylori
testing and oriented treatment if the result is positive in patients �40 years of age
and/or a first-degree family member of a gastric cancer patient; long-term users of
aspirin and nonsteroidal anti-inflammatory drugs; long-term proton pump inhibitor
users; and patients with iron deficiency anemia, idiopathic thrombocytopenic purpura,
and vitamin B12 deficiency (4, 12). Second, this test could also be proposed for use for
screening for H. pylori infection in patients when fibroscopy and the collection of biopsy
specimens for histological study are indicated and then performed only in patients with
proven infection, in which case fibroscopy could be delayed until after treatment
guided by the results of the test. This approach could avoid many needless fibroscopy
procedures in noninfected asymptomatic patients. Finally, use of this test can also be
proposed when fibroscopy with the collection of gastric biopsy samples has been done
with a histological survey only and when this examination reveals the presence of H.
pylori. In this case, antimicrobial susceptibility testing by culture or PCR could be
performed with the stool PCR test in order to guide treatment, without the need for a
new fibroscopy with the collection of biopsy specimens. Nevertheless, several medi-
coeconomic studies are needed to confirm these hypothetical recommendations.

Conclusion. This study was conducted using the best criteria to provide relevant
results associating (i) the very good compliance of patients with autosampling, (ii) the
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good feasibility of the test (it is easy to perform), and (iii) a cost of less than €30
(including stool transport and extraction). The results demonstrated the very good
performances of the noninvasive Amplidiag H. pylori�ClariR assay for the detection of
H. pylori and clarithromycin resistance with stool. This stool PCR testing will clearly
revolutionize the management of H. pylori-infected patients, thereby enabling guided
treatment without invasive sampling.
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