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Abstract

Traditional diagnostic assays for Helicobacter pylori detection have their limitations. Molecular
methods can improve both diagnosis and understanding of gastric diseases. Here we describe
an in-house quantitative real-time polymerase chain reaction (g-r--PCR) for the detection of H.
pyloriin gastric biopsies which has been developed and has a detection limit of 10 copies, the
specificity of which was tested against other gastric colonizer bacteria. In this study, 199 gas-
tric biopsies from adults with different clinical gastric symptoms were examined. Biopsies were
obtained during endoscopy and the following tests performed: rapid urease testing (RUT), cul-
ture and g-1t-PCR. H. pyloribacterial load expressed as bacterial load per 10° cells was calcu-
lated using a standard curve. H. pylori was isolated in 41% of patients, RUT was positive in
32% and bacterial genome was detected in 45% (p = 0.010). Concordance between traditional
invasive microbiological methods used together and g-rt-PCR was almost 100%. Bacterial
load in patients with positive RUT was significantly higher than those where it was negative
(p<0.0001). There were also significant differences between bacterial load in patients with
more than one positive assay versus those where only one method was positive (p = 0.006).
The in-house g-PCR developed here is quick and inexpensive, and allows accurate diagnosis
of H. pyloriinfection. It also permits normalized bacterial load quantification, which is important
to differentiate between asymptomatic colonisation and infection.

Introduction

Helicobacter pylori (H. pylori) is one of the most prevalent pathogens worldwide, infecting an
estimated 50% of the global population [1,2]. It produces diseases of the upper gastrointestinal
tract such as chronic active gastritis, peptic ulcer disease (duodenal and gastric), mucosa-asso-
ciated lymphoid tissue (MALT) and extra-digestive diseases [3,4]. It is also considered a
human carcinogen [5].
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H. pylori is a motile, spiral microaerobic Gram-negative bacillus which adheres to the gas-
tric mucosa of the epithelial layer of the stomach. It produces urease enzyme, which is impor-
tant for colonisation, in abundance, and this can be used to detect the organism.

There are many testing methods available for the detection of H. pylori, both invasive and
non-invasive. Invasive methods, which use an endoscope, include rapid urease testing (RUT),
culture and histology. Non-endoscopic approaches include faecal antigen detection, serologic
testing and urea breath testing [6,7]. Which of these tests to use depends on cost and availabil-
ity, as well as on the prevalence of the H. pylori infection [1,6]. Furthermore, none of these
techniques accurately quantifies the H. pylori present in test samples, information which could
be important for the clinical management of the infection. Molecular methods for detection of
H. pylori may constitute a more reliable approach [8,9]. Nowadays there are many commercial
molecular tests available with high sensitivity and specificity, but they are costly, which puts
them beyond the reach of some clinical laboratories.

The aim of this study was to develop a proprietary quantitative real time PCR, analyse its
utility and compare it with culture and RUT methods for the detection of H. pylori in gastric
biopsies.

Materials and methods
2.1. Patients

This study comprised samples from 199 symptomatic patients attending the Gastroenterology
Unit of the Hospital Universitario San Agustin (Avilés, Spain). Written informed consent was
obtained from each patient, and the protocol was approved by the Research Ethics Committee
of the Hospital. At the time that samples were collected, patients had not received proton-
pump inhibitor drugs (PPIs) or antibiotics for at least 2 weeks. Clinical features of the patients
recruited are presented in Table 1.

2.2. Gastric biopsy specimens and classical diagnosis methods

All the samples were taken from stomach antrum. All samples were transported to the Microbiology
Laboratory in Portagerm pylori transport medium (BioMérieux, France). Biopsies were processed as
follows: single fragments were cultured in both nonselective and selective media (Columbia agar
with 5% sheep blood and Pylori agar, respectively, both from BioMérieux, France) and then incu-
bated for 10 days at 37°C in a microareophilic atmosphere (5% O,, 10% CO, and 85% N,). Isolates
were identified as H. pylori based on colony morphology, positive biochemical reactions for urease,
catalase and oxidase tests, and characteristic Gram staining. Another biopsy fragment was used for
rapid urease test (RUT) which was inoculated into urea broth and incubated for 2 days at 37°C in

Table 1. Demographic and clinical characteristics of patients.

Age (mean + SD (range))

Result of endoscopy
Normal/Gastritis
Gastric ulcer
Duodenal ulcer
Healed ulcer

Male Female Total
(N=75) (N=124) (N=199)
56.1+16.3 (14-87) 57.6+18.6 (15-92) 57.0+17.7 (14-92)
30 (40.0%) 72 (58.1%) 102 (51.3%)

9 (12.0%) 23 (18.5%) 23 (16.1%)

29 (38.7%) 27 (21.8%) 56 (28.1%)

7 (9.3%) 2(1.6%) 9 (4.5%)

All the data were anonymised.

https://doi.org/10.1371/journal.pone.0178674.t001
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an aerophilic atmosphere. The test result was considered positive if there was a colour change from
yellow-gold to pink-red, which is due to an increase in pH induced by urease enzyme production.
Finally, another fragment was stored at -20°C until DNA extraction. Next, PCR was performed as
described below. Where only one single piece of gastric biopsy was received, these were divided in
the laboratory using a sterile scalpel.

2.3. Q-PCR methods

(i) DNA extraction. DNA was extracted from the biopsies after an overnight enzymatic
digestion with 0.25% trypsin at 37°C. A proteinase K method was used: 200uL of lysis solution
(10mM Tris-HCI pH 8.3, 50mM potassium chloride, 2.5mM magnesium chloride, 0.5% Igepal,
0.5% Tween 20 and 10ug of proteinase K) was added to each sample, mixed and incubated for
40 minutes at 60°C, then 10 minutes at 96°C to inactivate proteinase K. Samples were then
stored at -20°C until use.

(ii) Quantification of microorganism. An in-house system was designed to amplify a
fragment of the ureA gene of H. pylori using the software package Primer Express 3.0.1
(Applied Biosystems, California). The primers and TagMan FAM-labelled probe used are
shown in Table 2. The quantitative PCR reaction was carried out in a total volume of 11uL:
5uL of Brilliant ITT Ultra fast QPCR Master Mix (Agilent Technologies, USA), 1uL of 900nM
primers and 250nM probe, and 5pL of purified DNA sample. The reaction was run on a Cobas
480 real-time PCR platform (Roche Diagnostics GmbH, Germany). PCR amplification com-
prised an initial denaturation cycle at 95°C for 10 minutes, followed by 40 amplification cycles
consisting of 95°C for 10 seconds, annealing at 55°C for 22s and extension at 60°C for 30s.

A standard curve was performed using serial dilutions from 10 to 10" of amplicon-based
positive controls in order to determine the sensitivity of the assay.

The specificity was evaluated using bacterial strains of various microorganisms frequently
found in the human gastrointestinal microbiome: Pseudomonas aeruginosa, Proteus mirabilis,
Escherichia coli, Campylobacter jejuni, Enterococcus faecalis, Staphylococcus spp., Citrobacter
spp. and Morganella morganii.

In addition, the human 3-globine gene was quantified in each sample in order to evaluate
sample cellularity and correct for the different sizes of gastric biopsies in order to normalise
bacterial load (Table 2).

Bacterial count as copies/10°cells and log was calculated using the quotient between the
standard curve of the controls and the curve for the B-globine gene described in Alvarez-
Argtelles et al.[10].

2.4. Analysis of results

A patient was considered to be infected with H. pylori when at least one of the assays was
positive.

Table 2. Nucleotide sequences of primers and probes.

UreA H. pylori

Beta

https://doi.org/10.1371/journal.pone.0178674.t002

Primers and Probes Sequences

Forward target DNA primer 5'-TGCAAGAAGGGCGCACTCT-3"'
Reverse target DNA primer 5'-CCATCAGGAAACATCGCTTCA-3"
Target DNA probe (FAM) 5’ -CCGGATGATGTGATGGA-3"
Forward target DNA primer 5'-ACACAACTGTGTTCACTAGC-3"
Reverse target DNA primer 5'-CCAACTTCATCCACGTTCACC-3"
Target DNA probe (FAM) 5" -TGCATCTGACTCCTGAGGA-3"
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Statistical tests were performed using SPSS software (version 23.0, SPSS, Chicago, IL, USA).
Agreement between diagnostic tests was assessed by Cohen’s kappa coefficient. H. pylori status in
relation to gastroduodenal diseases was assessed by Chi square test. Average copy number was
compared with the Mann-Whitney rank sum test and Kruskal-Wallis H test for two, or more
variables, respectively. All p-values were two sided and considered significant when below 0.05.

Results
3.1. Sensitivity and specificity of PCR

A ten-fold dilution series of H. pylori standard DNA was tested by the q-PCR assay to evaluate
the sensitivity of the system, and the detection limit was found to be 10 copies.

By plotting the log DNA copies count against threshold cycle (Ct) values, a standard curve
was performed (Fig 1).

Specificity of q-PCR was proven using DNA from several other bacteria, none of which
gave any amplification signal.

Amplification of human 88-globine gene was positive in all the biopsies, indicating success-
ful DNA extraction.

3.2. Sample results

H. pylori infection was diagnosed by one or more of the three methods in 91 (46%) of the total
199 patients. It was found in 43 (42%) patients with gastritis/normal endoscopic findings, 15
(47%) patients with gastric ulcer, 31 (55%) patients with duodenal ulcer and 2 (22%) patients
with healed ulcer (p = ns).

In terms of the diagnostic method used and endoscopy results, Table 3 shows that H.pylori
was detected in a total of 90 samples (45%) by PCR, 81 (41%) by culture and 64 (32%) by RUT.
Using traditional methods (culture plus RUT) H. pylori was detected in a total of 89 (45%)
patients. RUT alone showed statistically significant lower sensitivity than either g-PCR or cul-
ture alone (p = 0.010).
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Fig 1. Standard curve of H. pylori q-PCR assay.
https://doi.org/10.1371/journal.pone.0178674.9001
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Table 3. H. pyloriresults by different diagnostic test according to result of endoscopy.

Endoscopic findings Normal/Gastritis Gastric ulcer Duodenal ulcer Healed ulcer TOTAL

(n=102) (n=32) (n=56) (n=9) (n=199)
g-PCR 42 (41%) 15 (47%) 31 (55%) 2 (22%) 90 (45%)
Culture 7 (36%) 14 (44%) 8 (50%) 2 (22%) 81 (41%)
RUT 0 (29%) 10 (31%) 2 (39%) 2 (22%) 64 (32%)*
Culture+RUT 1 (40%) 15 (47%) 1 (55%) 2 (22%) 89 (45%)
% =0,010

https://doi.org/10.1371/journal.pone.0178674.1003

The percentage of biopsies testing positive for H. pylori according to diagnostic test used
and results of endoscopy are shown graphically in Fig 2.

A total of 196 patients gave results which were concordant using both traditional meth-
ods and PCR. Of the non-concordant results, ten biopsies were positive by PCR although
showed negative in culture, eight of which were RUT positive. One biopsy was negative by
PCR, although positive by both culture and RUT. PCR and culture had the highest agree-
ment (kappa = 0.887), then PCR and RUT (kappa = 0.709) and finally culture and RUT
(kappa = 0.645). Table 4 shows concordance between tests.

3.3. Q-PCR results and analysis of H. pylori DNA load

The average H. pylori bacterial load (DNA copies/10° cells) in our patients was 3.34+1.06 log
(0.75-5.93). In relation to endoscopic findings, the average bacterial load was 3.22+1.10 log
(0.89-5.67) in patients with chronic gastritis/normal endoscopy, 3.29+1.04 log (2.30-5.93) in
patients with gastric ulcer, 3.46+1.02 log (0.75-5.15) in patients with duodenal ulcer and 4.41
+0.38 log in two patients with healed ulcer (p = ns). Bacterial load according to sex was 3.27
+1.04 log (0.75-5.67) in male and 3.39+1.08 log (0.89-5.93) in female (p = ns). By age groups,
H. pylori bacterial load was 3.38+0.99 log (1.76-5.93) in patients under 50 years, 3.29+1.10 log
(0.75-5.67) in patients between 50 and 70 years and 3.40+1.13 log (0.89-5.15) in patients over
70 years (p = ns) (Fig 3).

100%
75%
50% 1
~ I .I_I
0%
g-PCR Culture Culture + RUT
B Normal/Gastritis Gastriculcer Duodenal ulcer

Fig 2. Percentage of biopsies testing positive for H. pylori.
https://doi.org/10.1371/journal.pone.0178674.9002
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Table 4. Concordance between diagnostic tests.

Culture RUT Culture+RUT
Positive Negative Positive Negative Positive Negative
H. pyloripositive by PCR 80 (40%) 10 (5%) 63 (32%) 27 (14%) 88 (44%) 2 (1%)
H. pylorinegative by PCR 1(0.5%) 108 (54%) 1(0.5%) 108 (54%) 1(0.5%) 108 (54%)

https://doi.org/10.1371/journal.pone.0178674.t1004

With respect to the different diagnostic tests, the average number of copies of H. pylori
DNA in samples testing positive by both RUT and PCR was 3.67+0.89 log (1.80-5.93) and 2.58
+1.05 log (0.75-4.70) in PCR positive/RUT negative samples (p<0.0001). In relation to culture
results, average bacterial load in those positive both by culture and PCR was 3.34+1.04 log
(0.75-5.93), and 3.39+1.28 log (1.33-5.67) in those positive by PCR but negative by culture
(p = ns) (Fig 4A and Fig 4B).

Out of 91 positive H. pylori cases, 2 (2%) were detected by one method alone, 34 (37%) by
two methods and 55 (6%) by each of the three methods. The average H. pylori bacterial load
detected in samples found positive by all methods was 3.66+0.85 log (1.80-5.93) and 2.87+1.17
log (0.75-5.67) in samples found positive by two methods (p = 0.006) (Fig 4C).

Although both q-PCR and culture have high detection rates, while PCR gives results quickly,
only 38 (42%) patients gave positive culture results within seven days. Speed of culture results
however had no bearing on number of copies, average number for positive culture results before
7 days being 3.37+0.93 log (1.76-5.93) and those after 7 days being 3.32+1.15 log (0.75-5.67)

(p =ns) (Fig4D).

Discussion

Traditional diagnosis of H. pylori is performed using a combination of invasive and non-inva-
sive diagnostic tests, due to limitations in terms of sensitivity and/or specificity of the various

p=03934
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Fig 3. Relationship between average H. pyloribacterial load and endoscopic findings, sex and age.

https://doi.org/10.1371/journal.pone.0178674.9003
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https://doi.org/10.1371/journal.pone.0178674.g004

methods used separately [11,12]. Historically, the combination of RUT and culture, both inva-
sive techniques, has been considered the gold standard from the microbiological point of view.
Culture has the great advantage of allowing antimicrobial susceptibility to be tested and pro-
vides high specificity. However, it is technically difficult, costly and time consuming because
the fastidious nature of H. pylori requires very specific culture conditions and long incubation
[7,13-15]. The other traditional invasive microbiological test, RUT, has the advantage of pro-
viding results in 24-72 hours, but it has the limitation of requiring at least 10° bacteria to
obtain good enough sensitivity and it may not be specific in the presence of other urease-posi-
tive bacteria [12,16-19]. To date, none of these techniques allows the number of bacteria per
sample to be quantified. Studies based on molecular techniques have been performed to detect
H. pylori DNA in biopsy samples, with high sensitivity and specificity, and some also allow
bacterial quantification [8,20-23]. In the present study, a quantitative proprietary real-time
PCR method for the diagnosis of H. pylori was designed. This PCR is based on a real time sys-
tem that allows quantification, shorter diagnosis times, and at a low price. The H. pylori urease
gene amplification designed was able to detect 10 copies, a limit of detection low enough to be
very useful in case diagnosis, even with compromised samples.

What is more, this method showed total specificity since it did not detect any of the other
colonising bacteria from the same habitat as H. pylori.

This q-PCR also allows quantification of bacterial load expressed per 10” cells. The use of
normalized counts, focusing on sample quality rather than absolute numbers enables compari-
sons between samples to be made. The possibility of quantifying bacterial load has been proven
to be useful in previous studies, where the variability of H. pylori DNA load for different histo-
pathological parameters, different endoscopic findings or the different results of traditional
diagnostic techniques were described [20,21,24,25]. In this study such differences were not
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found, though it must be acknowledged that sample numbers were low and details of symp-
toms and endoscopic findings were not available for all patients.

Of the 199 patients included in this study, H. pylori was found in 91 (46%) when all methods
were considered together, a prevalence similar to other studies [25-27]. The sensitivity of the
in-house PCR used here was similar to that obtained using two traditional methods together
(culture plus RUT). Concordance between the combination of traditional methods and q-PCR
was almost 100%. When compared separately with each of these two traditional methods, q-
PCR was more sensitive than culture and far more sensitive than RUT. Two patients tested
positive by q-PCR but not by traditional methods. Both samples had lower bacterial loads than
could not be detected by the other methods. The average number of copies of H. pylori DNA
of these samples was lower than those samples testing positive by two or three techniques.
Moreover, the possibility of false positive results was excluded by repeating the test several
times and achieving the same cycle threshold. One patient was positive by traditional methods
and negative by q-PCR, which may be due to the non-uniform distribution of Helicobacter in
gastric mucosa.

One of the great advantages of -PCR over traditional methods is the decrease in response
time. Indeed, culturing H. pylori required more than 7 days for results to be reported for most
of the patients (80%). RUT could be compared to q-PCR in terms of response time, i.e. giving
results within 24-72 hours, but its sensitivity was considerably lower (32%). As said before,
RUT sensitivity is greatly influenced by bacterial density, requiring a minimum number of the
organisms per biopsy, and varies significantly from one study to another [24,26].

It must be recognised, however, that traditional culture techniques are able to provide infor-
mation about antimicrobial susceptibility, which is essential in order to establish the appropi-
ate antibiotic treatment, and ensure local resistance data is taken into account in adjusting the
empirical treatments. This technique could be improved by also considering with the addition
of detection of genomic resistance by searching for specific mutations in the H. pylori genome.
Further studies focused on this issue need to be carried out.

We found differences between bacterial load in samples testing positive in two or three tra-
ditional diagnostic tests and those which gave only one positive result. Quantification of
microorganisms in the gastric mucosa by q-PCR would complement the limitations of tradi-
tional methods making it possible to differentiate between asymptomatic colonisation and
infection [21,28,29]. Indeed, a number of dyspeptic patients could be diagnosed with H. pylori
infection, patients who may currently be being misdiagnosed due to the low sensitivity of the
traditional assays rather than absence of infection.

No bacterial load difference was associated with clinical symptoms. As said above, further
work focused on more specific clinical symptoms and using a greater number of patients
could help to clarify this point.

In conclusion, we developed a q-PCR with satisfactory results in terms of sensitivity, speci-
ficity, low cost and easy processing, though of course, supplementary studies with a greater
number of samples would provide stronger data. The good results achieved in this study, cou-
pled with the low cost and easy processing make this technique useful for both large and small
microbiology laboratories, both public and private. It might even be possible to look for a non-
invasive technique, such as pharyngeal swabs or stool samples where this technique could be
used. Nevertheless, culture still remains an important tool as it provides information in terms
of antimicrobial susceptibility which is necessary to choose the right treatment option [6,30].
Molecular assays are available to detect DNA point mutations associated with clarithromycin
and metronidazole resistance [31,32] but their high price makes it prohibitive for small labora-
tories to use them. The technique described here could provide a first step to including the
detection of DNA mutations associated with antibiotic resistance.
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