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Abstract

Helicobacter pylori is the leading cause of chronic gastrointestinal tract diseases, with a
worldwide prevalence of around 50%. For identification in medical practice, non-invasive
methods such as the immunochromatographic test for antigen in stool (SAT) and the
urease breath test (UBT) are widely used. Recently, we developed a highly sensitive
and specific nested PCR (NPCR) that involves two amplification reactions and uses
primers designed to target the variable regions of the 16S rRNA gene to amplify a short
148 bp amplicon. The aim of this study was to compare two classical methods, SAT and
UBT, with the 148 bp amplicon NPCR. We examined samples from 137 volunteers, and
found 46 positives with NPCR using stool samples, 34 with UBT, and only 24 with SAT.
H. pylori origin of the 148 bp amplicons was confirmed by sequencing. NPCR had the
highest detection rate in this cohort, suggesting that a portion of the population may be
misdiagnosed, particularly by SAT. Due to the cost and simple performance in practice,
SAT is a method of choice for initial screening. However, in cases of negative results and
persistent digestive problems, we recommend the more sensitive UBT. NPCR may be a
useful complementary method, especially in discordant or clinically suspicious cases.
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1. Introduction
Chronic diseases are defined as long-term health problems with slow progression and

are among the most common causes of death worldwide [1,2]. The pathogenesis of most
of them is unknown. However, it is believed that the leading cause of their development
is the persistence of various pathogens in the human body [1–4]. We focused our study
on the bacterium Helicobacter pylori, which is the leading cause of chronic gastrointesti-
nal tract diseases, including gastritis, peptic ulcer disease, and stomach cancer. It is also
prevalent in approximately half of the human population; however, its occurrence varies
significantly across geographic regions [1,5–7]. It is a microaerophilic, Gram-negative
bacterium with a typical S-shaped spiral. It is highly motile, propelled by a unipolar
bundle of 2-6 flagella, and its movement resembles a corkscrew. As a result, it colonizes
the mucus layer of the gastric epithelium [6,8]. The bacterium is highly successful due
to its various adaptations that facilitate colonization. These include its aforementioned
flagella, shape, movement, and ability to adhere, as well as its secretion of many tox-
ins. It moves along pH gradients and, to protect itself from unfavorable pH conditions,
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it also possesses urease activity, which enables it to increase the pH. Otherwise, it pen-
etrates epithelial cells, causing inflammation [6,8]. Recent studies have shown that H.
pylori can also influence the occurrence of various extragastric diseases. In many cases,
this connection is based solely on epidemiological studies, and the causal relationship
has not been established. The diseases with sufficiently well-established causal relation-
ships are immune thrombocytopenic purpura, iron deficiency anemia, and vitamin B12
deficiency [9–11]. Reliable diagnostics are essential for treatment. We categorize the tests
into two groups based on the sample used: invasive and non-invasive. In invasive diagnos-
tics, a sample is obtained via endoscopy and then tested using a rapid urease test (RUT),
histological examination, culture, or molecular methods [10–16].

Non-invasive diagnostics are based on detecting bacterial enzymes in the urea breath
test (UBT), antigens in the stool antigen test (SAT), antibodies in serology, or DNA se-
quences from stool and saliva [10–16]. Ideally, the test correctly identifies all patients with
and without the disease. However, current tests also show false-positive and false-negative
results. Individual methods should therefore be sensitive and specific. The gold standard
of invasive diagnostics is considered to be endoscopy, followed by subsequent histology.
Among non-invasive methods, UBT is preferred; however, SAT is also recommended. DNA
amplification methods (PCR) have not yet been established for various reasons [10–18].
Most of them had serious limitations and mistakes in primer design [18]. In addition,
there are concerns about their sensitivity and specificity. Several PCR modifications are
available; however, the preferred option for better sensitivity and specificity is nested
PCR (NPCR) [16,18,19]. This PCR variant includes two rounds of PCR reactions. The
first reaction amplifies a larger DNA region that serves as a template in the second reaction,
which then amplifies a narrower subregion [16,18,19]. Due to this feature, NPCR is more
specific, allowing DNA to be amplified from samples with fewer target molecules than in
simple PCR [16,18,19]. At the beginning, we developed a nested PCR for the unambigu-
ous identification of H. pylori in biopsy, stool, and saliva samples using primers targeting
variable regions of the 16S ribosomal RNA (rRNA) gene, amplifying a 454 bp DNA seg-
ment [18]. This assay was sensitive for H. pylori DNA isolated from stomach biopsies but
not sensitive enough to detect it in stool samples [18]. Therefore, we developed an NPCR
assay to amplify a shorter 148 bp region of the 16S rRNA gene and compared it with SAT
using many stool samples. In this case, due to DNA degradation in stool, short NPCR
detected many more positive samples than SAT [19]. The main goal of this study was to
demonstrate the power of NPCR using stool samples and compare its sensitivity with other
non-invasive methods (SAT and UBT) used in medical practice.

2. Materials and Methods
2.1. Patients and Samples

Stool and breath samples, necessary for performing UBT and SAT, were collected
from volunteers at the Faculty of Natural Science of Comenius University (PRIFUK) and
the Faculty of Physical Education and Sport (FTVŠ UK) between 2022 and 2024. A total
of 137 stool samples were analyzed (52 men and 85 women; mean age, 39.3 years; range,
11–83 years). The conditions for inclusion in the study were a minimum of 4 weeks without
antibiotic use and at least 2 weeks without proton pump inhibitor (PPI) use. All research
procedures were conducted in accordance with the ethical principles outlined in the Dec-
laration of Helsinki. The PRIFUK ethics committee approved the study. All participants
provided written informed consent, as outlined in the Declaration of Helsinki. In the
event of a positive finding, the volunteers received a consultation and, if necessary, were
treated according to standard procedures by a gastroenterologist or general practitioner.
All samples were stored in a freezer at −20 ◦C. A culture of H. pylori J493, with a partial
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16S rRNA sequence identical to that of clinical isolate B12823, which is used as a standard,
was provided by Silvia Vašková, Laboratories, Piešt’any, s.r.o. Slovakia [18].

2.2. Urease Breath Test (UBT)

The 13C urease breath test was performed using the Helicobacter Test INFAI®

(INFAI GmbH, Cologne, Germany) according to the manufacturer’s instructions. The
13C/12C ratio was determined using a laser-assisted ratio infrared spectroscopy analyzer at
Endocentrum—SanitStom, Banská Bystrica, Slovakia. An increase (∆δ-value) of more than
4‰ in the exhaled carbon dioxide after 30 min was considered indicative of infection [18].

2.3. Stool Antigen Test (SAT)

The presence of H. pylori in stool was determined using the “euroSCREEN HP” im-
munochromatographic test (Eurolab Lambda a.s., Trnava, Slovakia), which is based on
monoclonal antibodies, according to the manufacturer’s instructions [19].

2.4. DNA Isolation

DNA from stool samples (180–220 mg) was obtained using the QIAamp® Fast DNA
Stool Mini Kit (Qiagen, Valencia, CA, USA) according to the manufacturer’s instructions.
In the final step, the DNA was eluted into 40 µL of an AE solution. The extracted DNA was
stored at −20 ◦C for future analysis [18,19]. After several cycles of thawing and freezing,
most DNA preparations yielded the same results. If in doubt, we isolated DNA again from
frozen stool samples.

2.5. Nested PCR

The primers for specific NPCR amplicons and the amplification conditions are listed
in Table 1.

Table 1. Primers and PCR conditions.

Name PCR Product Size Primers 5′ → 3′ Amplification Cycling

148-
amplicon 192 bp Heli Strim 5′-AAGAACCTTACCTAGGCTTGACATTG-3′

Sat out 5′-AGTATCCTTAGAGTTCTCAGCATGACCT-3′

94 ◦C—3 min, 35x
(94 ◦C—45 s, 55 ◦C—
1 min, 72 ◦C—1 min),
72 ◦C—5 min, 14 ◦C

148-
amplicon 148 bp Hp up 5′-TGAGAGAATCCGCTAGAAATAGTG-3′

Sat in 5′-CATGACCTGTTAGCAACTAAGAAAGG-3′

94 ◦C—5 min, 25x
(94 ◦C—45 s, 55 ◦C—
1 min, 72 ◦C—1 min),
72 ◦C—5 min, 14 ◦C

1vial 206 bp

1viout 5′AGATACACGAAGAACCTTACCTAGGCTTGACATTG-3′

2viout 5′-GAGGCAGTATCCTTAGAGTTCTCAGCATGACCT-3′

1viin 5′-AGAGAATCCGCTAGAAATAGTGG-3′

2viin 5′-ATGACCTGTTAGCAACTAAGAAAG-3′

94 ◦C—3 min, 25x
(94 ◦C—45 s, 65 ◦C—
1 min, 72 ◦C—1 min), 35x
(94 ◦C—45 s, 55 ◦C—
1 min, 72 ◦C—1 min),
72 ◦C—3 min, 14 ◦C

panA 204 bp Heli Strim 5′-AAGAACCTTACCTAGGCTTGACATTG-3′

psatout 5′-CCTTACGAAGGCAGTCTCCYTAGAG-3′

94 ◦C—3 min, 35x
(94 ◦C—45 s, 55 ◦C—
1 min, 72 ◦C—1 min),
72 ◦C—5 min, 14 ◦C

panA 148 bp phpup 5′-TGAAAGAATCTGCTAGARATAGYGG-3′

psatin 5′-CGAACTGYTAGCAACTAAGGACGA-3′

94 ◦C—5 min, 25x
(94 ◦C—45 s, 50 ◦C—
1 min, 72 ◦C—1 min),
72 ◦C—5 min, 14◦

DNA was amplified using FIREPol® DNA Polymerase (BioDyne Tartu, Estonia) in a
25 µL solution that contained 1X buffer B; 0.2 mM deoxynucleotides (dNTPs); 2.5 mM
MgCl2; 1X Super PCR Enhancer (S-Solution) (BioDyne); 1 pmol/µL of each primer; 0.5 µL
of DNA; and 0.2 U/µL enzyme. For inconclusive cases, the DNA volume was increased up
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to 5 µL. The second PCR reaction contained the same components, except for the second
primer pair and 1 µL of DNA from the first reaction. Amplification was performed in a
thermal cycler (Eppendorf Mastercycler Nexus GSX1 Thermal Cycler, Eppendorf-Nethel-
Hinz GmbH, Hamburg, Germany). To avoid contamination, two negative controls were
included after each sample in triplicate experiments [18,19].

2.6. Analysis of PCR Products and Their DNA Sequences

The size of the PCR products was determined by electrophoresis in a 1% agarose gel
and 1X Tris-borate-ethylenediaminetetraacetic acid (TBE) solution. All PCR products were
sequenced after EPPiC Fast (A&A Biotechnology, Gdansk, Poland) treatment using the
ABI–100 Avant and BigDye Terminator v 3.1 Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA, USA). Sequences were edited in CHROMAS, trimmed to the same length,
and compared with each other, with sequences in the GenBank database, and with the
sequences for all accepted Helicobacter species [20] using the BlastN program from the
National Center for Biotechnology Information (NCBI). Sequences were aligned using the
Clustal W program [18,19].

2.7. Statistical Analysis

Sensitivity and specificity were calculated according to [21], McNemar’s test re-
sults were calculated according to [22], and Cohen’s Kappa values were calculated
according to [23].

2.8. Other Procedures

Other procedures were performed as described in [15,18,19].
No generative artificial intelligence (GenAI) was used in this paper.

3. Results
First, we searched for suitable patients in the gastroenterological outpatient clinic;

however, the UBT limited our options. It was challenging to find patients who had not taken
PPIs for at least 2 weeks, so we began testing volunteers from our faculty and the Faculty
of Physical Education and Sports. This volunteer-based cohort limits direct extrapolation
to symptomatic clinical populations, even though 40% had various digestive problems and
30% were treated by a gastroenterologist after testing. In total, we examined 137 volunteers,
determined the presence of H. pylori using the breath UBT, and compared it with SAT
using stool samples and NPCR using DNA isolated from stool samples. The results are
summarized in Table 2.

Table 2. H. pylori positivity in different diagnostic tests.

Number
Results

UBT SAT NPCR

20 + + +

9 + − +

5 + − −
2 − + +

2 − + −
15 − − +
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Table 2. Cont.

Number
Results

UBT SAT NPCR

83 − − −
1 − − i

Total 34/137 24/137 46/137
i = inhibition of the amplification in the first PCR reaction.

NPCR proved to be the most sensitive of all three diagnostic methods, detecting the
highest number of positive cases, specifically 33.6%. With UBT, the rate was only 24.8%,
and with SAT, it was even lower at 17.5% (Table 2). UBT is often used as the gold standard
for sensitivity and specificity calculations. Therefore, we first calculated these values with
respect to the UBT results (Table 3). Since NPCR was more sensitive, we also recalculated
the sensitivity and specificity with respect to the NPCR results (Table 4).

Table 3. Sensitivity and specificity of diagnostic tests compared to UBT.

SAT 95% CI NPCR 95% CI

Sensitivity (%) 58.8 ±16.5 85.3 ±11.3

Specificity (%) 96.1 ±6.5 83.3 ±12.6

Positive Predictive Value 83.3 63.0

Negative Predictive Value 87.6 94.4

Table 4. Sensitivity and specificity of diagnostic tests compared to NPCR.

UBT 95% CI SAT 95% CI

Sensitivity (%) 63.0 ±13.9 52 ±14.4

Specificity (%) 94.4 ±6.8 97.8 ±4.4

Positive Predictive Value 85.3 91.7

Negative Predictive Value 83.3 78.6

The odds ratio for NPCR and UBT, which was used as the control, calculated using
McNemar’s test was 3.4, with a 95% confidence interval ranging from 1.2 to 11.8. The
Cohen’s Kappa result was 0.586 at a 0.05 significance level, indicating moderate agreement.
For the SAT/UBT pair, the odds ratio from McNemar’s test was 0.29, with a 95% confidence
interval extending from 0.07 to 0.9. The Cohen’s Kappa result was 0.608 at a 0.05 significance
level. However, a key limitation of these interpretations is the choice of reference method.
SAT and UBT are widely used in medical practice. A comparison of the results of these
tests with those from NPCR indicates that some individuals may have been misdiagnosed.

We would like to emphasize the NPCR’s specificity, as the origin of any amplified
DNA segment can be identified by sequencing, and comparisons with GenBank and with
16S rRNA from 55 accepted Helicobacter [20] species confirmed the H. pylori origin. The
46 sequences produced 11 different variants (Figure 1).

https://doi.org/10.3390/labmed3020013

https://doi.org/10.3390/labmed3020013


LabMed 2026, 3, 13 6 of 10

Figure 1. Different variants of the 92 nt long segment of H. pylori 16S rRNA amplified from stool.
(A) ClustalX alignment. Divergent positions are marked in red. SAT-positive but NPCR-negative
samples are marked in gray. C26, M5, M6, etc., are codes for particular samples. (B) Degree of
conservation at divergent positions.

Only 103 samples produced the same result with all three tests (Table 2). Five samples
were positive according to UBT but negative according to SAT and NPCR. Two samples
were positive according to SAT but negative according to NPCR and UBT. Fifteen samples
were positive only according to NPCR.

4. Discussion
Why are there samples that cannot be identified correctly by all methods, no matter

whether they are non-invasive or invasive? UBT is described as a gold standard non-
invasive method for H. pylori diagnosis [9,12,14]. We did not conduct UBT in the parallel or
repeated experiments. However, a cohort of 19 out of the 137 participants were positive
according to SAT and NPCR but negative according to UBT (Table 2). The most plausible
explanation is the metabolic or physiological state of H. pylori, where, for some reason,
urease was not induced [9,12]. Perhaps it was due to the use of orange juice instead of citric
acid, as recommended in recent guidelines [12,24]. It could be associated with delta-over-
baseline (DOB) values that depend on factors such as gender, age, Body Mass Index (BMI),
socioeconomic status, and smoking habits [12]. However, we could only assign one sample
as a new positive sample, lowering the DOB cutoff to 2.4%, as recommended in some
studies [25–27]. Besides poor test performance and high cut-off values, the most plausible
explanation is volunteer obedience, as some may have used PPIs or antibiotics despite
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claiming otherwise. The alternative that some H. pylori strains lack the gene encoding
urease is unlikely. Urease genes are not essential for H. pylori survival, although they are
required for the colonization of the mouse stomach and chronic infection [28–30]. This idea
could be tested experimentally by amplifying and sequencing the urease genes.

Twenty-nine volunteers who were negative according to SAT were positive according
to UBT and NPCR. The most plausible explanation for this is that the threshold for SAT is
lower compared to NPCR [15,18,19,31,32], together with an uneven distribution of H. pylori
antigen in stool, as repeated SAT testing occasionally yields different outcomes [19].

The most interesting inconsistency was that there were samples positive according
to SAT (the least sensitive method) but negative according to NPCR (the most sensitive
method). In this study, there were two such samples; however, in the previous study, we
were unable to detect H. pylori-specific DNA in seven samples [19]. We initially explained
this as due to the interaction between the antibody present in the SAT and an antigen
similar to H. pylori that originated from another bacterium [32]. However, the most credible
explanation is DNA sequence polymorphism or divergence at primer annealing sites. We
reisolated fresh DNA from freezer-stored stool samples and repeated NPCR in the presence
of the S solution in both reactions. The S solution serves as an amplification enhancer,
thereby lowering the stringency of primer annealing. In addition, we used different NPCR
variants, such as a one-vial modification of the original 148 bp NPCR or amplification with
degenerated primers (one vial, panA, Table 1). Indeed, in repeated and variant experiments,
we were able to amplify DNA from all samples. Two were positive in the repeated NPCR
test for the 148 bp amplicon, and four in the one-vial test (Table 1). Sequencing of these PCR
products revealed sequences that can be assigned to H. pylori in two cases (17A and 15K;
Figure 1). In three instances (1A, 30L, and 20A), we were unable to distinguish between
H. canis, H. pylori, and H. saquini. In one case (18A), the sequence of the PCR product was
closely related to the DNA of a new species of Helicobacter that caused the death of a turtle
(Malacochersus tornieri) [33]. The last case (19A) required the use of degenerate, so-called
panA primers (Table 1), which were intended to amplify DNA from all species of the genus
Helicobacter. Sequencing revealed a sequence related to H. kumamotonensis and H. hepaticus.
Apparently, some inconsistencies between the SAT and NPCR are attributable to sequence
divergence at the primer annealing site.

A common problem with NPCR is inhibition of amplification during the first PCR
reaction, which is related to substances present in stool samples, such as hemoglobin and
its degradation products, polysaccharide complexes, heavy metals, or proteins [34]. This
problem can be eliminated by repeated DNA isolation and lowering the DNA load in
the first amplification reaction. The other obstacle to routine diagnostics is the increased
risk of contamination, which can be neglected by the rules used in forensic laboratories.
Testing for a short 148 bp amplicon is frequently accompanied by PCR product formation in
negative controls, even when filter tips are used. The main reason for this is the spray effect
when opening the tubes, which can be suppressed by adding oil to the first PCR reaction.
In this study, further measures included having the individual operations performed in
three different rooms. The first was reserved for DNA isolation, the second for pipetting
PCR reactions in a laminar flow box (biohazard), and the third for electrophoresis and
DNA analysis. Also, pipettes and centrifuges were explicitly designated for each operation
and cleaned and sterilized every three months. Instead of polystyrene ice boxes, we used
autoclavable plastic boxes. Two different centrifuges were used, one for mastermixes and
the first PCR reaction, and another one exclusively for the second PCR reaction. With this
regimen, H. pylori-specific DNA could be reliably identified.

Strictly speaking, this study is based on a volunteer cohort rather than a clinically
defined patient cohort. As we mentioned above, 40% of them had various digestive
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problems, and 30% were treated by a gastroenterologist after testing positive for H. pylori.
Moreover, the choice of cohort, whether patients or volunteers, should not affect the
sensitivity of H. pylori detection, at least when comparing SAT and NPCR. In a previous
study, we compared these methods and the ratio of positive SAT/NPCR was 58/106 (54.7%)
in the patient cohort and 35/66 (53.0%) in the volunteer cohort [19].

5. Conclusions
Any H. pylori identification method has its pros and cons, and the concept of a gold

standard is not the correct solution. In practice, due to its cost and ease of handling, the
method of choice for initial screening is SAT; however, in cases of negative results and
persistent digestive problems, we recommend UBT. NPCR may be a useful complementary
method, especially in discordant or clinically suspicious cases. Apparently, a combination
of these three methods allows us to bypass the drawbacks of any particular assay used for
non-invasive H. pylori diagnostics.

Author Contributions: Conceptualization, P.S., B.Š. and B.P.; methodology, P.S. and B.Š.; software,
P.S.; validation, B.P., J.K., B.Š. and V.B.; formal analysis, P.S. and B.P.; investigation, B.P., J.K., B.Š. and
V.B.; resources, J.K. and B.P.; data curation, J.K., B.Š. and B.P.; writing—original draft preparation,
P.S.; writing—review and editing, P.S., B.P., B.Š. and V.B.; visualization, V.B.; supervision, P.S.; project
administration, P.S. and B.P.; funding acquisition, P.S. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by research grants from the Scientific Grant Agency (VEGA
1/0013/20; VEGA 1/0015/25) and the Operation Program of Integrated Infrastructure for the
projects “Advancing University Capacity and Competence in Research, Development and Inno-
vation” (ITMS2014+: 313021X329) and “UpScale of Comenius University Capacities and Competence
in Research, Development and Innovation” (ITMS2014+: 313021BUZ3), co-financed by the European
Regional Development Fund.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Faculty of Natural Sciences, Comenius
University (protocol code ECH19014, date of approval 14 May 2021).

Informed Consent Statement: Written informed consent, in accordance with the guidelines of the
Ethical Commission of the Ministry of Health of the Slovak Republic, was obtained from each patient
and volunteer.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations
The following abbreviations are used in this manuscript:

UBT Urease breath test
SAT Stool antigen test
NPCR Nested polymerase chain reaction
16S rRNA RNA for the small ribosomal subunit
RUT Rapid urease test
PPI Proton pump inhibitor
BMI Body Mass Index
DOB Delta Over Baseline
95%CI 95% confidence interval

https://doi.org/10.3390/labmed3020013

https://doi.org/10.3390/labmed3020013


LabMed 2026, 3, 13 9 of 10

References
1. Gargano, L.M.; Hughes, J.M. Microbial origins of chronic diseases. Annu. Rev. Public Health 2014, 35, 65–82. [CrossRef]
2. Potgieter, M.; Bester, J.; Kell, D.B.; Pretorius, E. The dormant blood microbiome in chronic, inflammatory diseases. FEMS Microbiol.

Rev. 2015, 39, 567–591. [CrossRef]
3. Emery, D.C.; Cerajewska, T.L.; Seong, J.; Davies, M.; Paterson, A.; Allen-Birt, S.J.; West, N.X. Comparison of blood bacterial

communities in periodontal health and periodontal disease. Front. Cell. Infect. Microbiol. 2021, 10, 577485. [CrossRef] [PubMed]
4. Khan, I.; Khan, I.; Usman, M.; Jianye, Z.; Wei, Z.X.; Ping, X.; Zhiqiang, L.; Lizhe, A. Analysis of the blood bacterial composition of

patients with acute coronary syndrome and chronic coronary syndrome. Front. Cell. Infect. Microbiol. 2022, 12, 943808. [CrossRef]
[PubMed]

5. Leja, M.; Grinberga-Derica, I.; Bilgilier, C.; Steininger, C. Review: Epidemiology of Helicobacter pylori infection. Helicobacter 2019,
24, e12635. [CrossRef]

6. Malfertheiner, P.; Camargo, M.C.; El-Omar, E.; Liou, J.-M.; Peek, R.; Schulz, C.; Smith, S.I.; Suerbaum, S. Helicobacter pylori
infection. Nat. Rev. Dis. Prim. 2023, 9, 19. [CrossRef]

7. Duan, M.; Li, Y.; Liu, J.; Zhang, W.; Dong, Y.; Han, Z.; Wan, M.; Lin, M.; Lin, B.; Kong, Q.; et al. Transmission routes and patterns
of Helicobacter pylori. Helicobacter 2023, 28, e12945. [CrossRef]

8. Vellozzi, E.M.; Giugliano, E.R. The genus Helicobacter. In Practical Handbook of Microbiology, 4th ed.; Green, L.H., Goldman, E.,
Eds.; CRC Press: Boca Raton, FL, USA, 2021; pp. 579–603. [CrossRef]

9. Malfertheiner, P.; Megraud, F.; Rokkas, T.; Gisbert, J.P.; Liou, J.-M.; Schulz, C.; Gasbarrini, A.; Hunt, R.H.; Leja, M.; O’Morain,
C.; et al. Management of Helicobacter pylori infection: The Maastricht VI/Florence consensus report. Gut 2022, 71, 1724–1762.
[CrossRef]

10. Cardos, A.I.; Maghiar, A.; Zaha, D.C.; Pop, O.; Fritea, L.; Miere, F.; Cavalu, S. Evolution of Diagnostic Methods for Helicobacter
pylori Infections: From Traditional Tests to High Technology, Advanced Sensitivity and Discrimination Tools. Diagnostics 2022,
12, 508. [CrossRef] [PubMed]

11. Sabbagh, P.; Mohammadnia-Afrouzi, M.; Javanian, M.; Babazadeh, A.; Koppolu, V.; Vasigala, V.R.; Nouri, H.R.; Ebrahimpour,
S. Diagnostic methods for Helicobacter pylori infection: Ideals, options, and limitations. Eur. J. Clin. Microbiol. Infect. Dis. 2019,
38, 55–66. [CrossRef]

12. Ansari, S.; Yamaoka, Y. Helicobacter pylori Infection, Its Laboratory Diagnosis, and Antimicrobial Resistance: A Perspective of
Clinical Relevance. Clin. Microbiol. Rev. 2022, 35, e00258-21. [CrossRef]

13. Huang, H.; Li, Y.; Wu, Y.; Zhao, X.; Gao, H.; Xie, X.; Wu, L.; Zhao, H.; Li, L.; Zhang, J.; et al. Advances in Helicobacter pylori
detection technology: From pathology-based to multi-omic based methods. TrAC Trends Anal. Chem. 2024, 182, 118041. [CrossRef]

14. Godbole, G.; Mégraud, F.; Bessède, E. Review: Diagnosis of Helicobacter pylori infection. Helicobacter 2020, 25, e12735. [CrossRef]
[PubMed]

15. Sulo, P.; Šipková, B. DNA diagnostics for reliable and universal identification of Helicobacter pylori. World J. Gastroenterol. 2021,
27, 7100–7112. [CrossRef]

16. Best, L.M.; Takwoingi, Y.; Siddique, S.; Selladurai, A.; Gandhi, A.; Low, B.; Yaghoobi, M.; Gurusamy, K.S. Non-invasive diagnostic
tests for Helicobacter pylori infection. Cochrane Database Syst. Rev. 2018, 3, CD012080. [CrossRef]

17. Sugimoto, M.; Wu, J.Y.; Abudayyeh, S.; Hoffman, J.; Brahem, H.; Al-Khatib, K.; Yamaoka, Y.; Graham, D.Y. Unreliability of results
of PCR detection of Helicobacter pylori in clinical or environmental samples. J. Clin. Microbiol. 2009, 47, 738–742. [CrossRef]
[PubMed]
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