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Abstract

Reliable diagnostics are a major challenge for the detection and treatment of
Helicobacter pylori (H. pylori) infection. Currently at the forefront are non-invasive
urea breath test (UBT) and stool antigen test (SAT). Polymerase chain reaction
(PCR) is not endorsed due to nonspecific primers and the threat of false-positives.
The specificity of DNA amplification can be achieved by nested PCR (NPCR),
which involves two rounds of PCR. If the primers are properly designed for the
variable regions of the 165 rRNA gene, it is not difficult to develop an NPCR
assay for the unambiguous identification of H. pylori. Elaborate NPCR for a 454 bp
amplicon was validated on 81 clinical biopsy, stool, and saliva samples, each from
the same individuals, and compared with available H. pylori assays, namely
histology, rapid urease test, SAT, and *C-UBT. The assay was much more sensi-
tive than simple PCR, and it was equally sensitive in biopsy samples as the *C-
UBT test, which is considered the gold standard. In addition, it is sufficiently
specific because sequencing of the PCR products exclusively confirmed the
presence of H. pylori-specific DNA. However, due to the threshold and lower
abundance, the sensitivity was much lower in amplifications from stool or saliva.
Reliable detection in saliva also complicates the ability of H. pylori to survive in
the oral cavity aside from and independent of the stomach. The reason for the
lower sensitivity in stool is DNA degradation; therefore, a new NPCR assay was
developed to obtain a shorter 148 bp 165 rRNA amplicon. The assay was valid-
ated on stool samples from 208 gastroenterological patients and compared to SAT
results. Surprisingly, this NPCR revealed the presence of H. pylori in twice the
number of samples as SAT, indicating that many patients are misdiagnosed, not
treated by antibiotics, and their problems are interpreted as chronic. Thus, it is
unclear how to properly diagnose H. pylori in practice. In the first approach, SAT
or UBT is sufficient. If samples are negative, the 148 bp amplicon NPCR assay
should be performed. If problems persist, patients should not be considered
negative, but due to threshold H. pylori abundance, they should be periodically
tested. The advantage of NPCR over UBT is that it can be used universally,
including questionable samples taken from patients with achlorhydria, receiving
proton pump inhibitors, antibiotics, bismuth compound, intestinal metaplasia, or
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Core Tip: Polymerase chain reaction (PCR) is not endorsed for Helicobacter pylori (H.
pylori) diagnostics due to nonspecific primers and the threat of false-positives.
However, a nested PCR that is as specific and equally sensitive in biopsy samples as
the *C-urea breath test was developed. Due to the threshold of H. pylori abundance and
the ability to survive in the oral cavity, it is not suitable for saliva samples. Despite
DNA degradation in stool samples, nested PCR for a shorter 148 bp amplicon
identified twice the number of positive samples as stool antigen test, indicating that
many patients are misdiagnosed, not treated by antibiotics, explaining why their
problems are interpreted as chronic.
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INTRODUCTION

Chronic diseases, such as cardiovascular disease (CVD) and cancer, are the leading
causes of death worldwide. In the United States alone, they account for 70% of deaths
per year, and CVD and cancer account for over 50% of all deaths each year. Addi-
tionally, diseases of the joints, such as arthritis, Parkinson’s disease, and Alzheimer’s
disease, reduce the quality of life for the elderly, and the treatment consumes
enormous resources (reviewed in[1,2]). In 2005, 133 million Americans had at least one
chronic disease. The economic cost was estimated at $1.3 trillion (sic) per year[1]. Of
the 12.7 million new cases of cancer in 2008, about 2 million were attributed to
infectious agents, such as human papilloma virus, hepatitis B virus, hepatitis C virus,
and Helicobacter pylori (H. pylori)[1].

There is clear evidence that H. pylori is a major cause of chronic disease in the gastr-
ointestinal tract (GIT). This helical, gram-negative, microaerophilic bacterium is the
most successful human pathogen. The route of infection is not fully understood, but it
is transmitted between sexual partners and relatives due to gastroesophageal reflux,
often in childhood by an oral-oral or oral-fecal route. The infection persists and
remains with the host for life[3]. In most cases, the infection causes mild gastritis,
which remains mostly asymptomatic. In approximately 10%-20% of infected people,
H. pylori causes stomach and duodenal ulcers. The chronic state increases the risk of
developing duodenal and gastric cancer. Thus, since 1994, the International Agency for
Research on Cancer has classified H. pylori as a "group 1 (definite carcinogen)" along-
side asbestos and benzopyrene[4-6]. Patients with stomach cancer have a poor
prognosis. After lung, breast, colorectal, and prostate cancers, stomach cancer is the
fifth most common malignancy in the world, and is the third-leading cause of cancer
death in both sexes (723000 deaths in 2012, 8.8%)[7]. The high mortality rate is related
to early metastatic expansion through the lymphatic system. Since the discovery of H.
pylori as the causative agent, its eradication has reduced the incidence of ulcers to
almost zero. Additionally, a decrease in the incidence of stomach cancer has been
recorded in most European countries over the last decade. Despite this trend, the
incidence remains high. In some areas of Eastern Europe, it is more than 20 per 100000
inhabitants, while it is approximately 7 per 100000 in Central and Western Europe, and
approximately 2 per 100000 in North America[3,7-10]. Recently, H. pylori infection has
also been associated with a number of extragastric diseases, such as idiopathic
thrombocytopenic purpura, iron deficiency anemia, vitamin B12 deficiency, insulin
resistance, and metabolic syndrome[4,10,11].
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There are several clinical tests for H. pylori identification used differentially,
depending on the method of medical examination and considering country-specific
preferences. The Maastricht V/Florence Consensus Report recommends only the **C-
urea breath test (UBT), the stool antigen test (SAT), or endoscopy for consistent identi-
fication[4,10].

The BC-UBT detects H. pylori indirectly by measuring the activity of bacterial urease
in the stomach. The principle is based on the hydrolysis of orally administered **C- or
1“C-labelled urea that is hydrolyzed into ammonia and CO,, which diffuse into the
blood and are exhaled through the lungs. The increase in *C-labelled CO,in breath
specimens (analyzed before and 30 min after the consumption of the urea) is the proof
of urease activity and can be measured by mass spectrometry or by the less expensive
infrared spectroscopy and laser-assisted ratio analysis. False-negative test results can
occur if the patient has received a proton-pump inhibitor (PPI) two weeks before the
examination or antibiotics four weeks before. Bleeding similarly affects the diagnostic
reliability of the UBT, and therefore, the assay should be accomplished only when
bleeding is suppressed. Corpus-predominant gastritis can also be the reason for false-
negatives[11].

SAT relies on the recognition of H. pylori antigens in stool. Two types of SAT, the
enzyme immunoassay (EIA) and immunochromatography assay (ICA), have been
used for H. pylori detection. Either polyclonal or monoclonal antibodies are used, but
monoclonal antibody-based and EIA-based tests provide more accurate and reliable
data. The accuracy can be affected if the patient has taken PPIs, antibiotics, or N-acetyl-
cysteine, or has bleeding ulcers. False-negative results may also occur when the H.
pylori count is low, also due to the use of antibiotics, bismuth, and PPIs. The SAT is a
fast, simple, and inexpensive test that is also useful in epidemiological studies and
screening programs[11].

Both tests have good sensitivity and specificity, as well as excellent performance if a
monoclonal antibody-based enzyme-linked immunosorbent assay (ELISA) is used[4,
10-12]. Nevertheless, extensive study has shown that 3% of cases examined by UBT
and 9% of patients tested by H. pylori-specific SAT should be taken as false-negatives
[13].

In cases where the patient's medical condition requires endoscopy, H. pylori
infection is examined in gastric biopsies by a rapid urease test (RUT), histology, or
cultivation. RUT depends on the ability of H. pylori to secrete the enzyme urease. In the
mixture containing urea, phenol red or other pH indicators and stomach tissue
samples, urea is decomposed into ammonia and carbon dioxide. The presence of
ammonia increases the pH, which changes the color of the indicator. The sensitivity
and specificity of this method is considered to be > 90%. Patients with achlorhydria
and those treated with PPIs, antibiotics, or bismuth compounds may have false-
negative results. The test is also not very reliable in patients with intestinal metaplasia
or gastric ulcer bleeding[11].

In histology, the biopsy sample is usually stained with Giemsa to identify pathogens
and by hematoxylin and eosin to visualize inflammatory cells. If these stains provide
inconclusive images, toluidine blue, acridine orange, and Warthin-Starry silver
staining can be beneficial. H. pylori is unevenly distributed in the mucus layer;
therefore, biopsy samples used to be taken from different parts of the stomach. The
sensitivity is 80%-95%, and the specificity is 99%-100%. The diagnostic accuracy of
histological examination affects many factors, such as the skill and experience of the
gastroenterologist performing the sampling and the pathologist observing the biopsy
specimens, the staining technique adopted, the use of PPIs or antibiotics, and the
bleeding of peptic ulcers[11,12].

The culture of H. pylori from gastric biopsy samples is performed only in specialized
laboratories, as it is not a routine technique. However, it is rather useful for the
detection of antibiotic susceptibility and for scientific research. Sensitivity and
specificity are considered to be about 70%-80% and 100%, respectively, but in our
hands, it is possible to cultivate H. pylori from only about 8% of positive samples[11,
14].

Serology, the main approach to detect bacterial infections in blood, is a controversial
topic. The ability to recognize active infections of H. pylori relies on age, the clinical
conditions of the infection, the antigen used for antibody preparation in the ELISA kit,
and the prevalence of infection. Serology has a high negative predictive value; despite
its low accuracy, it is cost-effective and due to the availability and simplicity, it is
commonly used in epidemiological studies[10,11].

Approaches involving DNA amplification have not been widely accepted in
medical practice, due to their higher price in comparison to SAT and UBT and the
associated technical demands. The other objections are doubts concerning accuracy, as
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alterations in the primer binding site may produce false-negatives; on the other hand,
nonspecific primers may generate false-positives[12,13,15,16]. This opinion comes
from the article by Sugimoto et al[17], who examined 26 various PCR reactions with
diverse primers, designed to number of different H. pylori genes including 165 rRNA.
DNA from biopsy and saliva specimens was amplified and compared to the results
from cultivation and histological examination[17]. They concluded that none of the
amplification systems were consistent in terms of specificity or sensitivity with
classical tests and all provided false-positives.

In addition, multiple cases of positive results in PCR assays were reported without
confirmation by other methods[16-19]. Furthermore, there are considerable doubts
about interpreting PCR from a single gene, although the reliability can be unambi-
guously verified by sequencing[15,16]. Despite the ability to detect a few H. pylori cells
or DNA molecules, the PCR approach was not even accepted for proving the
eradication by antibiotics, which is again associated with the danger of the identi-
fication of cell debris[16]. These misbeliefs are still held, despite the recent meta-
analysis reporting that the sensitivity and specificity of stool PCR tests are similar to
those of other diagnostic methods[20].

Several PCR modifications, such as real-time PCR, allow the rapid detection and
quantification of target DNA[21-24]. However, the disadvantages of real-time PCR
include the high equipment cost, the high levels of technical skill required, the
increased chance of false-negative results due to operator error resulting from
improper assay development, and improper data analysis[21,25,26].

The alternative of choice is nested PCR (NPCR), which includes two rounds of PCR
reactions. The first reaction amplifies a larger DNA region that is used as a template in
the second reaction, which amplifies a narrower sub-region (Figure 1)[15,27].

Due to the two sets of primers, NPCR is more specific, and DNA can be amplified
from samples with a smaller number of target molecules than simple PCR[27-30].
However, this method is prone to spray contamination and false-positives[27,28].
Nevertheless, NPCR has the potential to become the gold standard in diagnostics
when sampling difficulties due to the patchy distribution of H. pylori and the recurrent
incidence of false-positives are properly addressed[15]. The potential of NPCR is
reinforced by the detection of antibiotic-resistant mutations in 23S rRNA in stool
samples with no reports of false-positives[31,32].

We have been involved in H. pylori diagnostics for a while, and during four master’s
degree theses and one dissertation, we found that simple PCR was much more
sensitive than histology and that many samples that were considered negative were
actually positive by NPCR performed in our laboratory. However, before designing
this assay, 17 different NPCRs available for H. pylori detection were evaluated from the
point of view of efficiency and selectivity. In most of them, serious limitations and
mistakes were found in the design of primers. The first major drawback was the non-
specificity of primers, especially at the 3" ends, which can be proved by the BlastN
comparison if the Helicobacter Taxld is excluded. This is typical for oligos designed to
amplify ribosomal RNAs and protein genes. A lack of specificity was confirmed in two
cases from PCR product sequences by the authors themselves[30,33]. The common
cause is a mismatch at the 3" ends of the primer, resulting from polymorphisms found
in the flil, hpaA, hsp60, ureA, ureC/glmM genes. Frequently, alterations in the melting
temperature (T,)) are greater than the accepted 4 °C. Sporadically, primer oligos are
very short and their T, is consequently low. These differences should have an impact
on the efficiency of the amplification and could cause a failure in the amplification of
positive samples. This issue is profound for the housekeeping gene glmM, which was
used to confirm qPCR results[34], where the detection rate was only about half of that
in the 16S rRNA-positive samples[35-37]. In another two NPCR assays, specificity was
assessed through an experiment[31,38] on the Helicobacter-free stool samples and the
products targeted to the 165 rRNA gene were sequenced. Their GenBank comparison
showed 97% or more identity to the unrelated bacteria Actinomyces naeslundii,
Bifidobacterium pseudocatenulatum, and Varibaculum cambriense[38] and to Bacteroides
salanitronis in the case of 23S rRNA amplification[31]. An identity of 97% or higher is
the taxonomic criterion that allows isolates to be assigned to the same bacterial species
[39]. Apparently, almost all published NPCR systems are not specific or sensitive
enough to spot low-density infection in complex specimens. Only ureA gene ampli-
fication systems passed the BlastN in silico test[40,41], but the ureA product is not
critical for the H. pylori persistence in the stomach[42], although it is indispensable for
colonization of the GIT in mice[43]. Furthermore, the ureA gene PCR systems were not
examined on composite samples, and the PCR products were not sequenced.
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Figure 1 Nested polymerase chain reaction. Nested polymerase chain reaction involves two amplification reactions. The first round targeted a larger DNA
region, and the second targeted a narrower sub-region of the products of the first round that were used as a template. PCR: Polymerase chain reaction.
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In conclusion, nonspecific primers that amplify the DNA of other biological species
are major pitfalls in PCR diagnostics. This current state results from inappropriate
primer design, mostly from 30 years ago, and the recurrent use of outdated primers.
At that time, only a limited number of sequences were stored in GenBank, so primer
design was focused only on unique genes, such as urease genes.

RELIABLE DNA DIAGNOSTICS

Primer design

Many sequences are currently available for various strains, related organisms, and
organisms from natural ecological niches, with many for entire genomes. In addition,
most of the bioinformatic software offers the option of primer design. However, it is
not difficult to design them using common sense.

The first task is gene selection. Various housekeeping genes are considered, but due
to habits in taxonomy and clinical microbiology, especially with regard to the identi-
fication of new species, our attention should be focus on the 165 rRNA gene for the
small ribosomal subunit. This RNA gene present in any bacteria contains conserved
regions that are used in metagenomic studies for the universal amplification of
bacterial DNA[39,44,45]. In addition, species- or genus-specific hypervariable sections
can be found in the 165 rRNA sequence, which favors this gene for primer design[46,
47]. Sufficiently selective primers can be designed in the regions discriminating Helico-
bacter from other known bacteria. To select a suitable region, the H. pylori 165 rDNA
sequence was compared to the corresponding genes from representative stool resident
(Escherichia coli) and representative of the closely related genera (Campylobacter jejuni).
If these DNAs are aligned, several unique H. pylori regions useful for primer design
can be found (Figure 2).

First pick primers were modified for a significant mismatch at the 3' end, in order to
keep the GC content below 50%. Primer length was then trimmed to maintain the T, at
around 55 °C, which can be easily calculated in many programs. These parameters are
important to prevent the amplification of false priming sites and to improve efficiency.
Primer specificity can be assessed simply in silico by BlastN comparison with other
GenBank sequences. Good primers match precisely 100 times or more within the
Helicobacter genus, but exhibit a strong divergence at the 3' end of other bacteria. This
can be done by the exclusion of Helicobacter TaxId from the task. According to these

WJG | https://www.wjgnet.com 7104 November 7,2021 | Volume27 | Issuedl |



H.pylori
C.jejuni
E.coli

H.pylori
C.jejuni
E.coli

H.pylori
C.jejuni
E.coli

H.pylori
C.jejuni
E.coli

H.pylori
C.jejuni
E.coli

Sulo P et al. H. pylori DNA diagnostics

AGATTAARACTCARAGGAATAGACGGGGACCCGCACAAGCGGTGGAGCATGTGGTTTAAT
AGATTAARACTCARAGGAATAGACGGGGACCCGCACAAGCGGTGGAGCATGTGGTTTAAT
AGGTTAARACTCARATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAAT

kk KkAkkkAXkAAXAX KXk k *AXKAXLA *A XXX XX AKX XA X AA XA AKX A XX AKX XA X AL xA K

TCGAAGATACACG]
TCGAAGATACGCGRAGAACCTTACCTGGGCTTGATATCCTAAGAACCTTT TAGAGATAAG
TCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCACGGAAGTTTTCAGAGATGAG

kkkk k kk khkkkkkkkkkhkkkikkik Kk khkxkkx k% *kk kkk k%

iAGTGTCTAGCTTGCTAGACCTTGAAAACAGGTGCTGCACGGCTGTCGTCAGCTCGTGT
AGGGTG-CTAGCTTGCTAGAACTTAGAGACAGGTGCTGCACGGCTGTCGTCAGCTCGTGT
AATGTG————- CCTTCGGGAACCGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGT

* k% * * X **k * * khkkkkkkhkkkhkkkhk Khkhkhkikkxxkkkhkhkhhhhhk ik

CGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCCTTR®
CGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCACGTATTTAGT TGCTAAC GGT
TGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGT

kkhkkk khkkkkkkkkikhkhhhkhkhkhkhkhhkhhhihhhhhiik * kk kkkkk%x * * *

<

< <
GCCTCCG-TAAGGAGGAGGAAGGTGGGGACGACGT
TCG-GCCGAGCACTCTAAATAGACTGCCTTCG-TAAGGAGGAGGAAGGTGTGGACGACGT

CCG-GCCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGT
k  kk Kk Kk Kkkk Kk Kk Kkkkkk *x KAk kkkkhkhhkhhkkx khk KAAkkK

Figure 2 Design of Helicobacter pylori-specific primers for shorter 148-bp 16S rRNA amplicon. Alignment of Helicobacter pylori (amplified region)
to other bacterial species. Selective primers marked in red, and blue were designed in the regions with a high divergence of Helicobacter sequence.
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principles, two primer sets were selected: External primers for the amplification of a
497 bp region and internal primers for the amplification of a 454 bp fragment.
However, the excellent performance of any PCR assay requires the optimization of
amplification conditions, such as annealing temperature, the concentration of
magnesium and the number of cycles (25-45)[28].

Sensitivity and the limit of detection

The Achilles heel of all identification methods is the absence of a detection limit, which
should be understood as the minimal number of cells or DNA copies that can be
consistently identified. This can be determined by adding (‘spiking’) a known number
of cells directly into the PCR reaction (‘colony PCR’) or to the spare samples that
previously tested negative. The detection limit for H. pylori cells was as low as 0.5 cells
in a PCR vial (Figure 3)[28].

This value expresses the smallest DNA amount that can be theoretically amplified,
as the H. pylori genome contains duplicate 16S rRNA genes[48]. Nevertheless, in
reality, when samples are spiked with H. pylori culture, the detection threshold is
roughly ten times less sensitive; it contained approximately 10 cells in a PCR vial that
requires more than 1-5 x 10° cells per g or mL of biopsy, saliva, or stool specimen[28].
This is apparently the consequence of reduced DNA yield from silica columns.
However, due to the unknown elution volumes, these data cannot be compared to
those of other studies[17,49]. Nonetheless, the detection limit does not rely on the
DNA isolation kit or the enzyme used[28].

Solo PCR is significantly less effective since approximately ten times more cells are
needed in the amplification reaction for consistent identification. Another parameter
that is extremely important but omitted from almost all diagnostic works is the
concentration of target molecules in the analyzed samples. Their actual abundance is
possible to determine from dilutions of the sample solutions. The lowest detectable
density should be the same for particular NPCRs and specimens as the known
threshold limits. The number of target DNA copies in the sample can be estimated by
multiplying this value by the dilution factor. The density of H. pylori in stomach
biopsies was found to be in the range 0.5-2.5 x 10* cells/g, while in saliva and feces it
corresponded to 5 x 10° cells/g or 1 x 10° cells/ mL, respectively. This was at least 5- to
25-fold lower than that in stomach mucosa[28].

WJG | https://www.wjgnet.com 7105 November 7,2021 | Volume27 | Issuedl |



Sulo P et al. H. pylori DNA diagnostics

454 bp

Figure 3 Threshold value of the nested polymerase chain reaction assay for Helicobacter pylori detection in cell suspension (colony
polymerase chain reaction). Lines: 1: Size marker MPst1; 2: 500; 3: Negative control (NC); 4: 50; 5: NC; 6: 5; 7: NC; 8: 0.5; 9: NC; 10: 0.05; 11: NC; 12: 0.005;
13: NC. Numbers express cell counts in the polymerase chain reaction (PCR) reaction. External primers HeliS/HeliN. Internal primers Hpup/Hpdown. Size of PCR
product is 454 bp[28,53]. Each sample was tested by PCR separately in two independent experiments, always with the same result. Separated on 2% agarose in

TBE.

Reliability of NPCR assays in different specimens

NPCR was validated in biopsy, stool, and saliva samples from the same individuals
and compared to other detection methods[28]. Overall, 39.5% of patients were positive
for H. pylori by UBT considered the gold standard, but only 21% by histopathology,
18.5% by RUT, and 27.2% by immunochromatographic SAT, while 39.5% of the biopsy
samples were positive by NPCR (Table 1)[28]. Biopsy specimens were subjected to
evaluation by simple PCR (second amplification reaction from NPCR), but only 29.6%
were positive (Table 1).

As expected, NPCR was more sensitive than simple PCR. In addition to NPCR,
samples that were positive in all other H. pylori tests were also positive using UBT. The
H. pylori origin of PCR products was confirmed by DNA sequencing and their
comparison revealed that they belong to at least 32 different strains. The sensitivity of
histology, RUT, SAT, and simple PCR tests was lower, so these differences were
interpreted as false-negatives (Tables 1 and 2)[28].

Are saliva specimens reliable?

There is an increasing demand for non-invasive diagnostics to circumvent the
discomfort of the endoscopic examination required to collect samples[16,17]. The oral
cavity is as suitable for a H. pylori reservoir as the stomach in adults[18], as are
inflamed teeth (pulp) in children[18], but this is still a controversial issue[15,35,50]. It
remains unclear whether H. pylori colonizes the oral cavity residentially, transiently, or
at all[35]. Therefore, saliva and feces from 81 individuals were examined for the
presence of H. pylori-specific DNA by simple and nested PCR. Simple PCR did not
provide specific PCR products from any samples, but NPCR revealed a positive rate of
about 12% in stool and 10% in saliva samples. Sequencing confirmed the correct origin,
demonstrating high specificity of NPCRs, because several hundred diverse bacteria
can be found in saliva[51]. The variability or identity of microbial populations can be
distinguished simply by DNA polymorphism. Sequence comparisons of stool and
saliva sources confirmed identical strains in the GIT and oral cavity in only three of the
eight H. pylori-positive samples. Different strains in the stomach and saliva were found
in two cases. However, in three individuals, H. pylori was identified exclusively in
saliva/the oral cavity, but not in stool samples. Apparently, this pathogen can persist
in the oral cavity, aside from and independent of the stomach, which was already
reported in adolescents[52]. Nevertheless, NPCR of saliva samples appears to be a
reproducible, consistent assay because the H. pylori 165 rRNA gene can be repeatedly
amplified from any positive specimen. To find out how sampling could affect the
results, we took advantage of the willingness of one SAT- and saliva-positive volun-
teer who was keen to provide samples throughout the day. However, besides one
sample, which was only positive when the DNA concentration in the reaction was
increased to maximum, all other daily saliva assays were negative. This outcome can
be explained by variables but especially by the insufficient occurrence of bacteria in
the samples. Therefore, saliva cannot be considered as a reliable source to confirm the
presence of H. pylori in the stomach. This conclusion regarding the consistent detection
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Table 1 Helicobacter pylori positivity by different diagnostic tests

Patients 8C-UBT :)i;tslszs)’y RUT (biopsy) SAT (stool) PCR'(biopsy) NPCR (biopsy) NPCR (stool) NPCR (saliva)
5 + + + + + + + +
3 + + + + + + + -
7 + + + + + + - -
2 # - = + + + + i
5 + = = + + + - -
2 + + - - + + = .
6 + = = = . + = -
2 + = - - - 8 - -
2 - - - - - + . -
3 - - = . . . - +
44 . ; . B, . } ; .
Total 81 32 17 15 22 24 32 10 8

ISimple polymerase chain reaction (PCR).

Hpup/HPdown primers; 37 cycles; PCR products sequenced. GenBank database comparisons confirmed the DNA sequence origin as Helicobacter pylori.
Plus indicates a positive result, minus indicates a negative result[43]. RUT: Rapid urease test; SAT: Stool antigen; PCR: Polymerase chain reaction; NPCR:

Nested PCR.

Table 2 Sensitivity and specificity of diagnostic tests

Histology (biopsy) RUT (biopsy) SAT (stool) PCR (biopsy) NPCR (biopsy)

Sensitivity (%) 53.1
Specificity (%) 100
Positive predictive values (%) 100
Negative predictive values (%) 74.6

46.9 68.8 75 100

100 100 100 95.6
100 100 100 93.8
721 815 84.6 GiL3}

Sensitivity and specificity related urea breath test[43]. RUT: Rapid urease test; SAT: Stool antigen; PCR: Polymerase chain reaction; NPCR: Nested PCR.

JBaishideng®

also supports a 50-fold lower (threshold) abundance in the oral cavity in comparison
to the stomach[28,53].

The detection of H. pylori DNA in stool

Stool contains several thousand different species of bacteria. Nevertheless, we only
amplified H. pylori DNA from stool samples using NPCR. These data again
demonstrate the specificity of NPCR[54]. According to the SAT test, 22 samples were
positive but only 10 were positive by NPCR. When stool samples were spiked with
dilutions of H. pylori culture, the SAT limit was > 2-5 x 10°/g, which is 100 times less
than that of the NPCR assay[28]. This shows strong inconsistencies between the
detection limits and detection capabilities of SAT and NPCR. This paradox could be
caused by the breakdown of intact H. pylori cells and its DNA in the digestive system.
During digestion, DNA from food components is degraded to only about 200 bp
fragments[55] which are much smaller than the NPCR product (454 bp). Despite our
efforts, we were unable to determine which antigen was used to produce antibody
components of the immunochromatographic SAT kits. Hypothetically, the SAT test
could be more sensitive if antibodies were prepared against secreted antigens such as
urease, CagA, VacA or surface antigens, which are not extensively degraded in the
stool. To explain the SAT/NPCR paradox, we designed a new NPCR that allows the
amplification of a shorter 148 bp segment of the 16S rRNA gene. SAT and NPCR for
the 148 bp amplicon showed that only about 30% of 106 volunteers and 203 gastroen-
terological patients were positive by SAT, but 60% by short NPCR[53,56]. The origin of
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the PCR product was confirmed by DNA sequencing, indicating a sensitivity for SAT
of only 50%.

A comparison of SAT and NPCR indicates that many patients are misdiagnosed.
They have health problems and host H. pylori, but are diagnosed as negative. They
have been using proton pump inhibitors for a long time and see a physician regularly,
but their problems become chronic. Gastroenterologists are aware of this phenomenon
and often consider alternative pathogens[57]. We and others[51] have not identified
any another pathogens, even by metagenomic analysis, and the most plausible
explanation is the insufficient sensitivity of H. pylori tests due to the threshold of
abundance[53,56,58].

Pitfalls of NPCR and H. pylori diagnostics

The major drawback of NPCR is false-positives due to the spray effect, as the tubes are
opened after the first PCR to add aliquots to the second amplification reaction[27,59,
60]. To avoid contamination, instead of a single negative control, we included two
negative controls after each sample and analyzed the samples in triplicate. Only cases
with a signal in the sample and without the signal in the negative control were
considered positive.

This arrangement is good for the amplification of longer fragments (400-500 bp) but
not for the amplification of shorter DNA (100-200 bp). Testing for a short 148 bp
amplicon is not routine. The rules of the forensic laboratory and a number of rules,
especially for pipetting, must be followed, not all of which can be reported in the
protocol. Apparently, this assay cannot be used in practice in medical laboratories for
the routine analysis of tens or hundreds of samples. The major source of the spray
effect and thus of false-positives is the opening of tubes containing DNA amplified in
the first reaction. However, it is possible to simplify NPCR so that it can take place in a
single tube according to the rules described in previous studies[61-63]. Moreover, the
assay can be modified for real-time PCR using both SYBR Green and TagMan
detection. Preliminary data are promising, and even the SYBR Green variant was
shown to be more robust and as sensitive as the 148 bp amplicon NPCR assay. This
modification has the potential for use in medical practice in the future. However, there
are several other emerging methods, such as CRISPR-based detection, new imaging
techniques, and novel fluorescent methods in histology[10,64,65].

CONCLUSION

The diagnosis of H. pylori can be divided into two basic categories. The first includes
culture, RUT, and UBT and relies more on the good physiological state of metabol-
ically active bacteria than on their abundance. However, this feature cannot be
neglected; although in the case of UBT, it involves the extent of stomach colonization.
However, these methods have a number of limitations, as errors can occur in patients
receiving PPIs, antibiotics, and bismuth compounds or those with intestinal metaplasia
or gastric ulcer bleeding. The second category involves PCR, NPCR, SAT, histology,
and partial RUT, and relies strictly on cell abundance and the scale of their
degradation. RUT and histology likely require bacterial loads of at least 104[10-64], an
abundance that can be reached only in some biopsy samples[28]. For other methods,
cell debris is sufficient for the identification of H. pylori, despite the threshold of
occurrence in stool.

Generally, the fundamental problems in medical research are methods, their use,
and their interpretation. The stumbling block is the common effort to detect various
analytes (antigens, antibodies, pathogens) at levels around the detection limit, but the
results are interpreted as data from an area of high confidence. The attempt to find the
nature of the problem is then replaced by statistics and the comparison of inaccurate
results. Its massive and improper use is the reason why half-true data are
accumulated, complicating the solution to the problem[66]. Whether or not this is the
case, medicine attempts to solve the problem via meta-analysis of the already
published results (perhaps it is the only science to do so). The problem is significant in
the identification of H. pylori.

The most common objection about the use of PCR is concerns about false-negatives
that could be caused by polymorphism and the risk of false-positive results that could
occur if non-specific primers are used[12,14,16].

One source of these misbeliefs is the phenomenon known as the 'gold standard'.
This is a reliable method, which is usually histological examination together with
urease or breath tests in the case of H. pylori detection. The gold standard implies
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unanimously positive samples in all tests. Furthermore, the terms sensitivity and
specificity are used, given as percentages[14]. The sensitivity expresses the percentage
of samples in which the presence of H. pylori is detected compared to the gold
standard, with 100% indicating that all samples identified as positive by the gold
standard are identified as positive in the new test. The second concept, specificity,
expresses the ability of the new test to accurately select samples in which H. pylori is
absent. When a new test identifies samples as positive which were negative by the
gold standard, they are considered false-positives. The fact that the new test might
have a better detection threshold and is more sensitive, as is the case for NPCR, is
disregarded. Samples are simply considered false-positives. However, the origin of the
amplified DNA can be confirmed by DNA sequencing and comparison with databases
such as GenBank. If the identity is > 97%, the isolates are considered to be the same
bacterial species. This criterion is generally used in taxonomy and molecular biology
[39,67], but for unknown reasons, it is ignored in medicine.

Apparently, the most promising H. pylori DNA detection method is the one-vial
modification of short-amplicon NPCR. In addition to sensitivity and specificity,
another advantage is that it can be used to verify the presence of H. pylori in quest-
ionable samples from patients that are SAT-negative but with achlorhydria, those
receiving PPIs, antibiotics, or bismuth compounds, or in those with intestinal
metaplasia or gastric ulcer bleeding, although all symptoms indicate H. pylori
infection.
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