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Abstract
Background: Many studies reported high prevalence of H. pylori infection among patients co-infected with intestinal
parasites. Molecular approach for the DNA detection of those microbes in stool have been proposed. However there are a
few reports that evaluated the effect of bead-beating in relation to the H. pylori outcome. Therefore, we developed and
evaluated two TaqMan-based real-time PCR (rt-PCR) qualitative assays for the detection of ureC (glmM) and cagA of
Helicobacter pylori on DNA extracted by three procedures.
Results: The two PCRs were analysed on 100 stool samples from patients who were screened for intestinal parasites. Three
DNA extraction procedures were used: 1) automation with bead beating, 2) automation without bead beating and 3) hand
column. The specificity of the new assays was confirmed by sequencing the PCR products and by the lack of cross-reactivity
with other bacteria or pathogens DNA. Rt-PCR assays showed a detection limit of 10^4 bacteria/200 mg stool. The ureC_PCR
with bead beating process was compared to conventional stool antigen test (SAT), with 94.12 and 93.75% of respectively
sensitivity and specificity. However, the discordant samples were confirmed by DNA sequencing suggesting a potential
higher sensitivity and specificity of PCR.
Conclusions: Our findings showed that the automation with bead-beating –suggested procedure for intestinal parasitic
infections- can reach highly sensitive results in H. pylori detection on stool compared also with SAT. Thus, this work can
provide new insights into the practice of a clinical microbiology laboratory in order to optimize detection of gastro-intestinal
infections. Further studies are needed to better define the clinical value of this technique.
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Background
The polymicrobial causes of gastrointestinal disorders
have gained tremendous clinical significance [1]. Helicobacter pylori and intestinal parasites are common causes
of gastrointestinal symptoms and discomfort [2]. In particular, H. pylori infection is a major cause of gastric ulcer
disease and gastritis in humans and is a risk factor for the
development of gastric cancer. It is estimated that H. pylori infects more than 50% of the world population with
highest burden among developing countries like those in
Africa [3]. Intestinal parasites have also a worldwide distribution affecting millions of people globally [4]. Nowadays,
the migratory flow has increased also in developed countries. Many studies reported high prevalence of H. pylori
infection among patients co-infected with intestinal parasites [5–7]. In order to optimize deoxyribonucleic acid
(DNA) extraction for the detection of intestinal parasites,
previous studies have suggested a supplementary beadbeating step [8–12]. On the other hand, to the best of our
knowledge, there are a few publications that evaluated the
effect of bead-beating in relation to the H. pylori outcome
[13–15]. In these studies, the approach of using a stool
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specimen in a molecular test for non-invasive detection of
H. pylori DNA has been proposed. However, data on the
use of such an approach still require more exploration for
its clinical application. Therefore, the aim of this study
was to evaluate different methods to improve the detection of H. pylori DNA in human stool. We compared the
effect of a bead-beating procedure prior to DNA extraction from stool samples with ethanol preservation. We
assessed two real-time PCRs (rt-PCR) Taqman for ureC
(glmM) and cagA, respectively for the detection of H. pylori and for the pathogenicity analysis. For the present
study, we collected stool samples from subjects who
attended to our hospital earlier and were screened for H.
pylori by the Stool Antigen Test (SAT) and for intestinal
parasites (protozoa and helminths) by multiplex rt-PCRs.

Results
Primers and probes optimization for rt-PCR and
verification of species-specificity

We evaluated the optimal amounts of primers/probe by
preparing dilution series to determine the minimum
concentrations giving the maximum ΔRn (normalized

Fig. 1 Gel agarose and sequencing results for H. pylori ureC and cagA PCRs. A) Gel 2% agarose for ureC (62 bp) and cagA (81 bp). M, DNA marker
(50 bp, Sigma); Lane 1, H. pylori strain used as positive control for ureC_PCR; Lane 2, NTC for ureC_PCR; Lane 3, H. pylori strain used as positive
control for cagA_PCR; Lane 4, NTC for cagA_PCR. B) Alignment of sequences obtained from H. pylori strain (Strain) used as positive control for
ureC and cagA PCRs set-up with 100% identity using BLAST search
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reporter) (supplementary material). All experiments
were performed using DNA of a control strain of H. pylori. Gel electrophoresis obtained a single band of expected length for the amplicon of H. pylori and no signal
for the non-template control (Fig. 1a). To determine the
species-specificity, the products of conventional PCR for
ureC and cagA were tested by DNA sequencing on the
strain used as positive control for the set-up of reactions
and for all the analyses. For both target genes ureC and
cagA, the analysis found 100% of identity respectively
with H. pylori phosphoglucosamine (glmM) gene (accession number GenBank: GQ334380.1) and H. pylori cagA
gene for cytotoxin-associated proteinA (accession number GenBank: LC187635.1) (Fig. 1b). Also, we chose to
check the 16S of H. pylori as longer fragment (145 base
pair (bp)) [16], on H. pylori strain and biopsy samples
(Fig. 1S). No cross-reaction was seen with bacteria other
than H. pylori. Thus, using rt-PCR assays, the DNA from
strains of H. pylori revealed a strong signal with both
ureC_PCR (mean Ct values = 20.94, standard deviation
(SD) = 3.64, n = 3) and cagA_PCR (mean Ct values =
21.70, SD = 6.25, n = 3) and the biopsies revealed a signal
of medium intensity with both ureC_PCR (mean Ct
values = 26.70, SD = 1.20, n = 3) and cagA_PCR (mean
Ct values = 34.61, SD = 5.73, n = 3).

was developed to be used as a qualitative and nonquantitative analysis, efficiency was calculated according
to the formula Efficiency = − 1 + 10 ^ (− 1 / slope) and a
value of 94% was achieved. On the other hand, supplementary material show the results obtained with cagA_
PCR, and the signal was revealed up to a quantity of
0.01875 ng (1.04 × 10^4 copies of DNA) with a positivity
of all 6 replicates and 3 using 0.001875 ng (1.04 × 10^3
copies of DNA). Figure 2 shows the linear regression
with an R2 = 0.98. Also, the efficiency was calculated for
the cagA_PCR, obtaining a value equal to 97%.

Limit of DNA detection

Rt-PCR analysis on stool large scale

The results obtained with ureC_PCR are reported in the
supplementary material. The signal was revealed at a
DNA quantity of 0.001875 ng (1.04 × 10^3 copies of
DNA) for all 6 replicates. From 6 replicates only one
positivity was detected for 0.0001875 ng (1.04 × 10^2
copies of DNA), and at lower concentrations the signal
was undetermined (UD), probably due to the low DNA
load. In Fig. 2, the linear regression showed good proportionality between the variability of the data with coefficient of determination R2 = 0.99. Although the rtPCR

The ureC_PCR and cagA_PCR were evaluated on a
panel of stool samples positive to H. pylori (n = 68) and
not (n = 32) as detected previously by SAT. Table 1S reports the mono intestinal parasitic co-infections with H.
pylori. All the 100 stool samples were analysed by the
three different procedures of DNA extraction A, B and
C. Since this is a retrospective study, the number of
samples extracted with each procedure is not identical.
The Ct results are reported in supplementary material.
The overall discordant results among the three

Limit of detection from stool

Before proceeding with the analysis on the samples of
the population included in the study, a verification of
the minimum detection limit of the faecal sample was
carried out. The supplementary material reports the results. In the case of ureC the signal was detected up to a
bacteria quantity of 10^4 for all 6 replicates in all three
procedures A, B and C. The bacterial quantity of 10^3
was only detected with Procedure B in one replicate
from six, probably because of the low DNA load. Similarly, the results for cagA_PCR had a signal up to 10^4
bacteria with a positivity of 6/6 replicates in all three
procedures.

Fig. 2 Linear regression analysis for determination of the detection limit with ureC_PCR and cagA_PCR. UD, undetermined
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Table 1 Comparison of mean cycle threshold (Ct) values between DNA extraction procedures for the detection of H. pylori on SAT
positive (total n = 56 samples for ureC and n = 20 for cagA, excluding all missing, undetermined and discordant results)
PCR
H. pylori

Ct B vs A

P value

Ct B vs C

P value

Ct A vs C

P value

ureC

36.08 vs 36.23

ns

36.08 vs 36.58

ns

36.23 vs 36.58

ns

cagA

38.40 vs 38.42

ns

38.40 vs 46.00

ns

39.51 vs 38.42

ns

ns not significant by paired Student t-test

procedures were n = 8 for ureC and n = 16 for cagA
(among the SAT positive), and were repeated twice and
results were confirmed. The results of the comparison
between the reference procedure B (routine procedure
in our laboratory) and the others A and C are summarized in Tables 1 and 2. Overall, excluding missing, undetermined and discordant results, we observed not
significant difference in Ct mean value by ureC_PCR
and cagA_PCR between procedures. Moreover, we compared SAT results as reference standard for H. pylori detection in our study and Procedure B with ureC_PCR as
routine procedure in our laboratory. We found 94.12%
(95% CI 88.53 to 99.71) sensitivity and 93.75% (95% CI
85.36 to 100.00) specificity of ureC_PCR. We checked
DNA of the discordant samples by 16S PCR and DNA
sequencing, and all positive and negative samples were
confirmed (Fig. 1S). When available, the DNA was extracted from an additional stool aliquot (apart from sample 56).

Discussion
Molecular methods such as rt-PCR are progressively
more used in the clinical microbiology laboratory. In
particular, for the intestinal parasitic infections, recent
evidences have reported better results by the introduction of a bead-beating step improving the DNA yield [8].
In this context, we wanted to explore also the diagnosis
of H. pylori on clinical faecal specimens by our routine
method of automated DNA extraction that includes
bead-beating step, thereby without changing the rt-PCRs
outcome targeting other stool parasites. Three procedures (A, B, C) of DNA extraction were evaluated to assess the DNA detection of H. pylori. Although the use of
bead-beating to isolate DNA of H. pylori has been reported in a few publications, details of the benefits are
limited and the majority of the studies reported hand
column isolation [17–20]. A recent study was performed
on 18 faecal specimens collected from five H. pylori-

infected children and their family members in Japan,
and Qiagen column was used after bead-beating [17].
However, in this study, the aim was to investigate the intestinal microbiota of the subject infected with H. pylori
and the performance of the DNA extraction method was
not considered. Additional studies used a bead-beater
method to extract total genomic DNA from the gastric
biopsy samples by using a combination of the QIAamp
DNA isolation kit or automated instruments [18]. To
our knowledge, two studies [19, 20] reported details on
adding beads in stool for the detection of H. pylori DNA
by 23S nested PCR. However, column method for DNA
isolation was used. In our study, 100 stool samples have
been collected from a center in northern Italy known as
a reference center for tropical parasitic infections. These
stool samples showed great levels of infections with parasites, both helminths and protozoa. The high prevalence of H. pylori was confirmed by the detection of it in
68% of the stool samples by SAT. Thus, this population
of stool samples was highly suitable for comparing different DNA extraction procedures. Indeed, the majority
of prevalence studies of co-infections used serologybased diagnosis for H. pylori [21, 22]. Thus, we wanted
to implement the H. pylori DNA detection on clinical
stool as more as suitable technical practice for a molecular parasitology laboratory. In particular, we intended to
apply the bead-beating as current and established routine procedure in our department. Indeed, without the
addition of bead-beating, the DNA yields of intestinal
parasites is generally low [8]. Naturally the yield of H.
pylori DNA might be expected to be substantially low in
human stool specimen [23, 24]. Thus, we combined the
demonstrated beneficial effect of ethanol preservation
with bead-beating, in particular for helminth infections
[25]. We chose to use this preservative solution for all
the three procedures of DNA extraction, thus we did not
performed a comparison of preservation among them
and the internal control did not show inhibition in DNA

Table 2 Comparison of mean cycle threshold (Ct) values between DNA extraction procedures for the detection of H. pylori on SAT
negative. The Ct values were detected on two samples, while the remaining were undetermined. Data are analysed on two positive
samples for ureC and the only one for cagA
H. pylori

Ct B vs A

P value

Ct B vs C

P value

Ct A vs C

P value

ureC

38.92 vs 35.86

ns

38.92 vs 34.84

ns

35.86 vs 34.84

ns

cagA

39.24 vs 45.66

na

39.24 vs 38.18

na

45.66 vs 38.18

na

ns not significant by paired Student t-test, na not applicable
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detection. The ureC and cagA rt-PCR reactions were designed and assessed in this study. The analyses were
conducted on the entire population providing results
compared to SAT. First, we observed that ureC was detected in 96% of SAT. However, the negative ureC samples were confirmed by DNA sequencing, thus
indicating that the stool PCR method before H. pylori
eradication described in this paper appears to be highly
sensitive and specific. Also, among the ureC positive
samples, 54% were also cagA+. Of note, cagA was detected only in ureC positive samples suggesting a good
fit between the two molecular assays used in the present
study and their agreement on the actual presence of the
bacterium DNA. A multiplex assay of ureC and cagA
might be assed in a further work. Thus, our results suggest that both PCRs are suitable tools for detection of H.
pylori infection on stool before eradication and their optimal time point of application during the follow up of
treatment requires further investigation especially for
the early eradication [18].

Conclusions
Overall, our results showed that a bead-beating step
prior to automated DNA extraction has relatively minor
differences in the output of rt-PCR for H. pylori in human stool compared to the automated extraction without bead-beating as well as to the hand column method.
This PCR assay appears highly sensitive and specific for
the H. pylori DNA detection in sample with co-infection
of other pathogens. Moreover, a non-invasive molecular
assay on clinical stool specimens might be beneficial in
detecting not only the infection but also the pathogenicity and the antibiotic resistance of H. pylori. However,
the cooperation of reference laboratories may be necessary in adding further efforts to optimize the molecular
diagnosis of gastro-intestinal infections.
Methods
Study design and sample collection

A total of 100 adult migrants and travelers were monitored at IRCCS Sacro Cuore Don Calabria Hospital,
Negrar di Valpolicella, Italy, between March 2018 to December 2019. Stool samples were collected from patients
retrospectively screened for H. pylori by stool antigen
test (SAT) and for intestinal parasites by rt-PCR.
Sample preparation and DNA isolation

Briefly, one aliquot of approximately 1 g was mixed with
ethanol solution (96%) for transport at room temperature.
Upon arrival at the Department of Infectious-Tropical and
Microbiology (DITM), aliquots of approximately 200 mg
were prepared and a washing step was applied to the preserved samples to remove the ethanol [25]. Thereafter, the
washed samples were suspended in PBS containing 2%
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polyvinylpolypyrrolidone (pvpp) (Sigma) and then stored
at − 20 °C. Three DNA extraction procedures were used
(Fig. 2S): Procedure A, DNA extraction performed without bead-beating and using the MagnaPureLC.2 instrument (Roche Diagnostic); Procedure B, DNA extraction
with a preliminary step of bead-beating and using the
MagnaPureLC.2 instrument; Procedure C, DNA extraction performed by hand using QIAamp Fast DNA Stool
Mini Kit (Qiagen). For the bead-beating procedure, 200
mg of stool were transferred into 2-ml screw-capped tube
prefilled with ceramic beads (MagNa Lyser Green Beads,
Roche), followed by a beating using a homogenization instrument (MagNA Lyser Instrument, Roche). In each
sample, Phocin herpes virus-1 (PhHV-1) DNA was included in the isolation lysis buffer, to serve as an internal
control [26]. For DNA isolation, in Procedure A and B,
200 μl of stool sample were transferred to the cartridge
sample of MagnaPureLC.2 instrument (Roche Diagnostic)
following the protocol DNA_I_Blood_Cells_High performance_II, using the DNA isolation kit I (Roche) with a
final elution volume of 100 μL. For the Procedure C,
200 μl of stool sample were transferred to the column
using QIAamp DNA Stool Mini kit (Qiagen) with a final
elution volume of 200 μL, accordingly to the manufacturer’ instructions. All the extracted DNA samples were
frozen at − 20 °C until further molecular analysis. As
under diagnostic routine conditions according to our protocols, DNA concentrations were not quantified prior to
performing the PCR runs.
Control samples

Positive control H. pylori strains (n = 3) were kindly provided by prof. Berardino Vaira (Department of Internal
Medicine and Gastroenterology, S. Orsola Hospital,
Italy), and DNA was extracted by boiling at 95 °C for 10
min. We used also DNA obtained from gastric biopsies
(n = 3) positive to H. pylori by histology, kindly provided
by prof. Giuseppe Zamboni (Department of Anatomic
Pathology, IRCCS Sacro Cuore Don Calabria, Italy), and
DNA was extracted using QIAamp DNA FFPE Tissue
Kit (Qiagen) following the manufacture’ instructions.
Primers and probes design for H. pylori

Two different rt-PCR Taqman assays were used to detect H. pylori specific DNA: ureC and cagA. All primers
and probes were selected from gene bank database
(Table 3) Nucleotide sequences for several isolates, and
only regions with sequence homology of 99% or greater
among the various isolates were chosen for primers selection. The PCR primers/probes are designed to amplify
a highly conserved 62 bp of ureC and 81 bp of cagA of
the H. pylori genome. The primers and probes design
was performed using Primer 3 Plus (https://primer3plus.
com/cgi-bin/dev/primer3plus.cgi).
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Table 3 Primers and probes used for H. pylori rt-PCR assay
Primer/probe name

Accession number

Primer/probe sequence

Gene target

Amplicon size

Gene position (nt)

Ref

ureC-F

M60398.1

5′-TGAGCGAATGCATGCGATT-3′

ureC

62 bp

1447–1466

This study

ureC-R

5′-AATGATATGCCCGCTTTGCT-3’

FAM-ureC-MGBEQ
cagA-F

1489–1509

5′-ACAAAGCCAATTTTGGAGG-3’
X70039.1

1467–1485

5′-TCAAGAACCAGTTCCCCATGTC-3’

cagA

81 bp

687–709

cagA-R

5′-TCTCTAGCTTCAGGCGGTAAGC-3’

746–768

HEX-cagA-MGBEQ

5′-ACCAGATATAGCCACTACC-3’

710–730

Rt-PCR for H. pylori

Both ureC_PCR and cagA_PCR were performed with a
25 μL reaction mix containing 5 μL DNA, 1 × SsoAdvanced™ Universal Probes Supermix (BioRad), 600 nM of
Forward and Reverse primers, 300 nM of probe. The
program consisted of an initial step of 2 min at 95 °C
followed by 50 cycles of 15 s at 95 °C, 30s at 58 °C and
30s at 72 °C. Amplification, detection and analysis were
performed using the CFX96 real-time detection system
(Bio-Rad laboratories). No template control (NTC),
negative and positive control samples were included in
each PCR run. Cycle threshold (Ct) value results were
analysed using Bio-Rad CFX software (Manager v3.1).
The amplification of individual samples was considered
to be hampered by inhibitory factors if the expected Ctvalue of 33 in the PhHV-specific PCR [27] was increased
by more than 3 cycles [26]. The PhHV PCR showed no
significant reduction in Ct value. For each H. pylori-specific target, DNA loads were arbitrarily categorized into
the following intensity groups: high (Ct < 30), moderate
(30⩽Ct⩽35), low (35 < Ct < 50), and negative (≥50 cycles
or no amplification detected).
PCR validation

Primer and probe specificity was checked in silico by
BLAST analysis (http://blast.ncbi.nlm.nih.gov/Blast.cgi)
and by 2% agarose gel electrophoresis at 100 V for 30
min. The analytical specificity of the PCR was tested on
a panel of clinical control samples. The panel included
H. pylori strain and gastric biopsy samples, all from patients infected with H. pylori. To confirm results obtained by the molecular screening for H. pylori described
above, Sanger sequencing analysis was performed as
confirmatory assay. Briefly, DNA target sequences were
cloned into E.coli (One Shot TOP10) and using GeneArt
Seamless Cloning and Assembly kit (Thermofisher). As
verification of cloning, HotStarTaq (Qiagen) was used to
performed the PCR reactions following the validated
conditions. Then, the amplification products, after purification by ExoSap (Applied Biosystems), were
sequenced bi-directionally for more accuracy using Big
Dye terminator sequencing 3.1 kit (Applied Biosystems)
on an ABI Prism 3500 sequencer (Applied Biosystems),
following the manufacturer’s instructions. The obtained

This study

sequences data were aligned and compared with known
sequences data for H. pylori (GenBank) using Sequencing Analysis v6 Software (Applied Biosystems) and
ClustalW. The specificity of analysis was considered for
DNA sequences that align with at least 95% identity to
reference sequence.
Analysis of detection limit

The limit of detection of ureC_PCR and cagA_PCR was
verified using nine serial dilutions (1:10) of DNA with
start concentration of 75 ng/μl extracted from the control strain (0.33McFarland corresponding to 10^8/mL
cells) of H. pylori. The limit of detection was also determined on a 10-fold dilution series of a negative stool
sample (negativity was checked for H. pylori as well as
for all the intestinal parasites considered in the present
study) spiked with a quantity of H. pylori added (10^6,
10^5, 10^4, 10^3, 10^2 bacteria in 200 mg of stool).
DNA was extracted from each dilution using all the
three Procedures (A, B and C) (Fig. 2S) and the highest
dilution with a positive signal indicated the detection
limit. The variation in Ct-values was determined by 6
times within the same run. The coefficient of variation
(CV, expressed as %) of the Ct-values was calculated.
Application of rt-PCR for H. pylori

In order to validate the practicality of H. pylori DNA detection, we analysed 100 stool samples collected from subjects who attended at our Department. Each stool sample
was retrospectively analysed by SAT for H. pylori and by
rt-PCR examination for intestinal parasites. In particular,
according to the routine procedure of our laboratory, molecular diagnostic screening for intestinal parasites was
performed by four separate multiplex rt-PCRs for Entamoeba histolytica—Entamoeba dispar—Cryptosporidium
spp., for Giardia intestinalis—Dientamoeba fragilis—Blastocystis spp., for Strongyloides stercoralis—Schistosoma
spp—Hymenolepis nana and for Necator americanus—Ascaris lumbricoides—Ancylostoma duodenale—Trichuris
trichiura. Multiplex rt-PCRs were performed adapting the
reported protocols [28–36], as summarized in Table 2S.
For logistical reasons, the DNA extraction for the molecular analysis of intestinal parasites, was performed by the
Procedure B (Fig. 2S) as the routine method used at our
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laboratory. Thus, for the H. pylori DNA detection analysis,
we used also two additional and available stored aliquots
of each stool sample for the Procedures A and C (Fig. 2S).
Since the samples in the study were obtained retrospectively, in one case the stool sample was not available for all
three procedures.
Statistical analysis

All collected data were exported to SAS v9 and GraphPad Prism 8 for statistical analysis and visualization. Descriptive analysis was used to characterise the outcome
of each DNA extraction procedure. Student’s t-tests was
used for the comparison between procedures of DNA
extraction. Negative samples were recoded into an arbitrary value, i.e. Ct 50 for PCR and were excluded in the
statistical analysis. A P-value < 0.05 was considered to be
statistically significant.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12866-020-01824-5.
Additional file 1: Table S1. Prevalence of intestinal parasites in subjects
positive to H. pylori (n = 63).
Additional file 2: Table S2. Primer/probe sets of four multiplex rt-PCR
for intestinal parasites.
Additional file 3: Figure S1. Gel agarose and sequencing results for H.
pylori 16S PCR. A) Gel 2% agarose for 16S PCR (145 bp). M, DNA marker
(50 bp, Sigma); Lane 1, first H. pylori strain used as positive control for
ureC and cagA PCRs set-up; Lane 2, second H. pylori strain; Lane 3, third
H. pylori strain; Lane 4, first gastric biopsy sample; Lane 5, second gastric
biopsy sample; Lane 6, third gastric biopsy sample; Lane 7, stool sample
number 72; Lane 8, stool sample number 99; Lane 9; stool sample number 48; Lane 10, stool sample number 56; Lane 11, stool sample number
65; Lane 12, stool sample number 67; Lane 13, NTC. B) Alignment of sequences obtained from H. pylori strain used as positive control for ureC
and cagA PCRs set-up (Strain) with 98% identity using BLAST search, from
a gastric biopsy (BG) with 97% identity using BLAST search, from stool
sample number 72 (72) with 99% identity using BLAST search, from stool
sample number 99 (99) with 97% identity using BLAST search.
Additional file 4: Figure S2. Flow-chart of the collection and preparations of stool samples. Each preparation procedure is labelled as: Procedure A: DNA extraction was performed on frozen samples without beadbeating and using the MagnaPureLC.2 instrument (Roche Diagnostic);
Procedure B: bead-beating was performed before DNA extraction on frozen samples and using the MagnaPureLC.2 instrument (Roche Diagnostic); Procedure C: DNA extraction was performed by hand using QIAamp
DNA Stool Mini kit (Qiagen).
Additional file 5. Supplementary data set.
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