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Abstract: The present study was to evaluate the diagnostic
accuracy of different types of PCR tests with the
aim of determining which one performs best for detecting
Helicobacter pylori in stool samples. Related articles were
searched from PubMed, Embase, Web of Science databases,
Scopus, and Scholar Google. The quality of included studies
was assessed using the Quality Assessment of Diagnostic
Accuracy Studies (QUADAS-2) tool and RevMan5.4 software.
Pooled sensitivity, specificity, DOR, PLR andNLR for the stool
PCR test in detecting H. pylori infection were performed by
Stata 15.0 software. Subgroup meta-analysis was performed
by OpenMeta-analyst software. Ten studies were selected in
this study. Stool PCR test had 92.0 % (83.0, 96.0 %) pooled
sensitivity, 96.0 % (84.0, 99.0 %) pooled specificity, 296.0 (51.6,
1,696.9) pooled DOR, 26.1 (5.3, 128.7) pooled PLR and 0.09
(0.04, 0.18) NLR in the diagnosis of H. pylori infection, and
summary receiver operating characteristic curve (SROC)
illustrated an area under the curve (AUC) of 0.98. Subgroup
meta-analysis showed rtPCR as having the highest diagnostic
accuracy. Our results identify rtPCR as having the highest
diagnostic accuracy for the detection of H. pylori in stool
samples, and the stool PCR test as a reliable diagnostic tool
for H. pylori infection.

Keywords: diagnostic accuracy; Helicobacter pylori; meta-
analysis; polymerase chain reaction; stool samples

Introduction

Helicobacter pylori (H. pylori) is a Gram-negative bacterium
that is associated with various disorders, such as chronic
gastritis, MALT lymphoma and gastric cancer [1]. Consid-
ering that more than half of the world’s population is
infected with H. pylori, the accurate detection of this
bacteria is essential for the treatment of patients and the
confirmation of successful eradication post-treatment [2].
The diagnostic tests forH. pylori infection can be classified
as either invasive or non-invasive and are often used in
combination to achieve a better diagnostic result. Invasive
methods are based on endoscopy and the testing of bio-
psied tissue, and include the rapid urease test (RUT),
bacterial culture, and histologic examination. Non-
invasive methods include the detection of bacterial ure-
ase activity via urea breath test (UBT), antibody-based
testing and stool antigen detection (SAT) [3]. The gold
standard for the diagnosis of H. pylori infection is bacte-
rial culture, however, it is an invasive procedure
requiring endoscopic gastric biopsy samples and an in-
cubation period of at least 4–7 days [4]. Since these inva-
sive methods cause discomfort to patients, non-invasive
methods are more commonly used in clinical practice.

Polymerase chain reaction (PCR) is a reliable detection
method that is widely used in biological and medical
research. In recent years, the use of PCR for the detection
of H. pylori infection has attracted the attention of many
researchers. Different PCR-based methodologies have
been developed and are widely used, including conventional
PCR, nested PCR and real-time PCR (rtPCR) [5]. For rtPCR,
the probes and primers are highly sequence specific and
the degree of amplification during the PCR reaction can be
quantified by conducting a melting curve. Additionally, this
method is quick and reliable [6]. Nested PCR involves the use
of two primer sets directed against the same target, and two
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successive PCR reactions. In the case of H. pylori detection,
PCR-based tests have been successfully used with gastric
tissue samples, as well as direct detection from stool
samples [7]. Previous study of meta-analysis [8] demon-
strated that the sensitivity and specificity of stool PCR tests
are relatively similar in comparison to other diagnostic
methods for detecting H. pylori infection. While the study
not use bacterial culture or the composite reference
method (CRM) to assessing the heterogeneity among
selected literature, possibly leading to less reliable con-
clusions. In recent years, a growing number of PCR tests
based on rtPCR or nested PCR have shown high diagnostic
performance and have been used to detect H. pylori
infection. UBT is currently a reliable non-invasive test for
the diagnosis of H. pylori infection. However, UBT has
many requirements for patients including fasting,
compliance and adequate functions of important organs
[3]. In contrast, fecal samples for stool PCR test are easier
to collect. Importantly, stool PCR can simultaneously
detect point mutations resulting in antibiotic resistance,
which improve the success rate of initial eradication
therapies in patients with H. pylori infection [7]. So far,
stool PCR based diagnostic methods have become more
commonly available. Despite the recent developments and
many advantages of PCR, studies to date have not yet
revealed which PCR method is best for the detection of
H. pylori in stool samples.

In this study, we performed a more comprehensive
meta-analysis than previous studies in that we referred
to the Preferred Reporting Items for a Systematic Review
and Meta-Analysis of Diagnostic Test Accuracy Studies
(PRISMA-DTA) guidelines [9] and summarised the literature
that used bacterial culture or CRM as the standard. In
this way, we were able to determine the type of PCR with the
best diagnostic performance in detecting the presence of
H. pylori in stool samples. Additionally, we also evaluated
the diagnostic value of the stool PCR test.

Methods

The protocol of our study was based on the PRISMA-DTA guidelines [9].

Literature search strategy

To identify relevant studies, we executed a comprehensive search of the
following three electronic databases: PubMed (www.PubMed.gov),
Embase (www.Embase.com), Web of Science (www.webofscience.com),
Scopus (www.scopus.com) and Scholar Google (www.scholar.google.
com) from January 1, 2000 to June 1, 2022. The following keyword search
termswere used: “(stool OR faecal OR faeces)”AND “(HpORH. pyloriOR

H. pylori)” AND “(PCR OR Polymerase chain reaction)”. In order to avoid
missing any published studies, our search was not limited by date or
type of publication.

Study selection

Two reviewers (Zhang QL and Yang S) independently assessed all
identified publications to determine their eligibility for inclusion in
the study. Those that satisfied the following criteria were included in
the sample: (1) patients infected with H. pylori; (2) stool samples were
collected immediately before therapy was administered; (3) provided
sufficient data for 2 × 2 table construction for true positive (TP), false
positive (FP), false negative (FN), and true negative (TN) determination;
(4) culture or CRM to detect the presence of H. pylori was utilized; (5)
detection of H. pylori target genes was performed, including 23S rRNA,
16S rRNA, urease gene, glmM and hsp60; (6) the full text of the included
literature is in English.

Exclusion criteria were as follows: (1) animal experiments; (2)
duplicate publications; (3) reviews, case reports and letters; (4) study
population consisted of only pediatric patients; (5) complete data for TP,
FP, FN, and TN were not available.

Data extraction

Two independent reviewers (Zhang QL andDong QJ) carefully extracted
the following information from each of the selected studies: name of the
first author, published year, sample size, standard of H. pylori infection
diagnosis, target genes, PCR type, region of the study population, TP, FP,
FN and TN numbers. The 2 × 2 tables were then used to calculate the
sensitivities and specificities of the target assays. A third independent
reviewer (Wang LL) helped to resolve any disagreements between the
two reviewers during the data extraction process.

Methodological quality

Aquality assessmentwas carried out to analyse the presence and impact
of bias among the included studies. To do this, two authors (Zhang QL
and Li ZP) independently used the QUADAS-2 tool [10] to evaluate four
key domains: patient selection, index test, reference standard, flow and
timing. In case of uncertainty, discussion was conducted until a
consensuswasmet. For each domain, the risk of biaswas analysed using
several signalling questions. In addition to the risk of bias, the tool also
evaluated the applicability of each included study to the research
question. According to QUADAS-2, the risk of bias and applicability was
rated high, low, or unclear, and the analysis was conducted using Rev-
Man5.4 software (Cochrane Collaboration, Oxford, UK). Deeks’ funnel
plot asymmetry test was used to estimate publication bias [11] and was
performed by Stata15.0 software (College Station, TX, USA).

Statistical analysis

Themeta-analysis was carried out using bivariate random effectsmodel
[12] and Stata15.0 software. To estimate the capability of stool-based PCR
in detecting H. pylori infection, we calculated: pooled sensitivity, spec-
ificity, diagnostic odds ratio (DOR), area under the curve (AUC), positive
likelihood ratio (PLR) and negative likelihood ratio (NLR).
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To assess the heterogeneity among studies, I2 values and Q-test
were calculated, with a I2 value greater than 50 % or p-value <0.1 for
Q-test indicating substantial heterogeneity [13]. Furthermore, subgroup
meta-analysis was performed to find the reason for heterogeneity
and estimate the accuracy of different type of PCR in detection of
H. pylori in stool samples. Subgroup meta-analysis was performed
by Open Meta-analyst software (Brown University, USA). Subgroup
meta-analysis was used to analyse whether heterogeneity is caused by
non-threshold effects, and p-value <0.05 was considered statistically
significant. Sensitivity, specificity, DOR and I2 valuewere obtained using
the diagnostic random effects model and the DerSimonian–Laird
method. Finally, heterogeneity between subgroups was assessed with
a Q-test.

Results

Study inclusion

Electronic search identified a total of 2,739 records from the
following databases: PubMed (512 records), Embase (588
records), Web of Science (927 records), Scopus (363 records)
and Scholar Google (349 records) (Figure 1). After removal of
duplicate publications and detailed analysis of the selected
articles, we identified 56 that were related to the diagnosis
of H. pylori infection via stool PCR test. Of these, 46 studies
were excluded from further analysis due to lack of data to be
extracted (23), as the diagnosis of the infection did not meet
the required criteria (11) or the study population consisted of
only pediatric patients (12). Finally, 10 studies [14–23] in total
were included in the meta-analysis.

Characteristics of the included studies

A total of 2,136 participants were included in the study
of H. pylori detection by stool PCR. These studies were
conducted in nine countries, with a sample size ranging
from 50 to 1,086. The majority of studies (80.0 %) used
bacterial culture as the standard for H. pylori infection.
One study used bacterial culture only as the standard, and
the remaining nine studies used CRM for the infection.
Six studies used bacterial culture plus other tests as the
standard. Different amplification methods were used for
detection, with nested PCR used in four studies and
rtPCR used in five. The target gene to be detected was the 23S
rRNA gene in four studies. Other target genes included ureA,
ureB, ureC and hsp60. Critical data were successfully
extracted from all selected studies, including TP, FP, FN,
and TN (Table 1).

Methodological quality of included studies

The majority of included studies were of high quality in
terms of patient selection, index test and standard (Figure 2).
For the “Patient selection” domain, experiments by Noguchi
N et al. [20] showed an increased risk of bias because they did
not avoid case-control design. For the “Flow and timing”
domain, data from only a portion of patients were included
for analyses in studies by Beckman E et al. [18] and
Schabereiter-Gurtner C et al. [21]. The reason for this was a
lack of acceptable standards for some patients.

Deeks’ funnel plot asymmetry test was used to assess
publication bias. As shown in Figure 3, no significant publi-
cation bias was evident (p=0.18).

Overall performance

For the detection of H. pylori infection, stool PCR test had
a pooled sensitivity of 92.0 % and a pooled specificity of
96.0 %, with 95 % confidence interval (CI) (83.0–96.0) and
(84.0–99.0), respectively (Figure 4). The DOR of the stool PCR
test was as high as 296.0 (95 % CI: 51.6–1,696.9), indicating a
high diagnostic accuracy (Figure 5). There was significant
heterogeneity across the studies in both sensitivity and
specificity (Figure 4), with I2 greater than 50 % in both cases.
A sensitivity below 92.0 % was found in 40.0 % of data
points (4/10), and similarly, 40.0 % of data points (4/10) had
specificity below 96.0 %. The pooled PLR of stool PCR test was
26.1 (95 %CI: 5.3–128.7), and the pooledNLRwas 0.09 (95 %CI:
0.04–0.18) (Figures 6 and 7). The AUC of the stool PCR test was
0.98, indicating a good discriminatory ability of stool PCR
testing in detecting H. pylori infection (Figure 6). Putting
these results together indicates that stool PCR is a test
with high diagnostic accuracy. As significant heterogeneity
existed in every analysis, we carried out subgroup analysis,
described below.

Subgroup meta-analysis

In order to determine the reason for heterogeneity and to
identify the best type of PCR for the detection of H. pylori
in stool samples, a subgroup meta-analysis was performed
based on the different PCR type and target gene.

The results of this subgroup meta-analysis are shown
in Tables 2 and 3. Firstly, based on the different PCR types,
the included studies were divided into three subgroups:
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rtPCR subgroup, nested PCR subgroup and conventional PCR
subgroup. The result showed that diagnostic accuracy was
increased for stool rtPCR test in terms of DOR, sensitivity
and specificity in relation to the nested PCR subgroup
(Tables 2 and 3). In sensitivity, Q value of rtPCR subgroupwas
7.0 (p>0.05), and I2=42.8 %, indicating low heterogeneity.
In specificity, subgroup meta-analysis reported a Q value of
5.7 (p=0.13) and I2=46.9 % for the nested PCR subgroup
indicating low heterogeneity. Finally, based on the different
target genes amplified, we divided the included studies into
the following subgroups: 23S rRNA, urease gene and hsp60.
From this, we found the best diagnostic accuracy in DOR,
sensitivity and specificity to be when the 23S rRNA was
the selected target gene (Tables 2 and 3). The I2 value in
sensitivity was low for the 23S rRNA subgroup (I2=0 %).

Discussion

Making an early and accurate diagnosis is critical for
improving the treatment of patients withH. pylori infection.
In this study, we evaluated the performance of stool PCR
test in the detection ofH. pylori. Our results demonstrated it
is an accurate test for the diagnosis of H. pylori infection.
With respect to invasive tests for the diagnosis of H. pylori
infection, histology and culture methods have good perfor-
mance in detecting the bacterium [24, 25]. Recently, amethod
that directly detects the bacterium under the endoscopy
examinations has been reported [26]. Combined color
imaging and blue laser imaging in endoscopy examinations
have been well evaluated for the diagnosis of H. pylori
gastritis [27, 28].H. pylori infection can be diagnosed directly

Records identified through database
searching (n=2739)
 PubMed (n=512)
 Embase (n=588)
 Web Of Science (n=927)
 Scopus (n=363)
 Scholar Google (n=349)

Records after duplicates removed
(n=1186)

Exclude unrelated articles by scanned title and
abstract (n=1035):
 Animal experiments (n=216)
 Irrelevant topic (n=927)
 Reviews and other study types (n=284)
 Other languages except English (n=28)

Full-text articles assessed for
eligibility
(n=151) Full-text articles excluded (n=141):

 Irrelevant topic (n=95)
 Incomplete data (n=23)
 Unreliable reference standard (n=11)
 Pediatrics research only (n=12)

Final studies included in
quantitative synthesis
(n=10)

Identification of studies via database

Figure 1: Flow-chart for articles identified and analyzed in this meta-analysis.
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by observing the fine structure of the gastric mucosa.
Furthermore, the accuracy of H. pylori detection can be
improved by taking biopsies at characteristic sites and
validatedwith further histological tests or RUT.With respect
to non-invasive tests RUT and monoclonal SAT tests have
been recommended as non-invasive method for detection of
H. pylori [29, 30]. Considering the increasing prevalence
of antibiotic resistant strains of H. pylori, guideline for
management of H. pylori infection suggests it is reasonable
to perform antimicrobial resistance tests even before the
prescribing of thefirst-line therapies [29]. However, UBT and
SAT tests are not capable of detecting antibiotic resistance of
H. pylori. PCR test, as well as next generation sequencing and
bacteria culturemethods can simultaneously detectH. pylori
and bacteria susceptibility to antibiotics [31]. Antimicrobial
sensitive tests on bacteria require well-trained personnel,
and adequate facilities for sample transport and culture [32].

Figure 2: Quality assessment for each included
study. (A) Risk-of-bias and applicability
concerns summary (B) Risk-of-bias and
applicability concerns graph. Symbols: (+),
low risk of bias (?), unclear risk of bias (−),
high risk of bias.
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Figure 3: Estimation of the publication bias by Deeks’ funnel plots for
involved trials.
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In clinical practice, antimicrobial susceptibility tests are
time consuming, expensive and laborious. Therefore they
not routinely performed in medical institutions [33]. Next-
generation sequencing of bacteria DNA in biopsy samples is
a molecular test to detect the bacterium and mutations
responsible for resistance to antibiotics [34]. It permits more
precise prediction of antibiotic resistance phenotypes,
including those with many contributing mutations, such as
metronidazole or amoxicillin resistance [35]. However, its
high cost, complex procedures and laborious work restrict
its currentlywide use in the clinical practice. Stool PCR test is
a promising non-invasive approach for diagnosis ofH. pylori
infection, considering its high accuracy, convenience for
sample collection, less requirement for patients (i.e., fasting,
health conditions, compliance), low cost [36].

Although non-invasive diagnostic methods for H. pylori
infection already exist, there remains room for improve-
ment and a need for more reliable methods. PCR testing of
stool samples is a promising approach to replace more

invasive testing, as patients are only required to provide a
small sample of fresh stool. By eliminating the need for
invasive testing, such as gastroscopy, patients are spared the
discomfort and cost of the invasive treatment. In this study,
ourmain objective was to determine which type of stool PCR
testing performs best in the diagnosis of H. pylori infection,
and to evaluate the diagnostic value of stool PCR testing.

After demonstrating that no risk of publication bias
existed in the included studies, we determined the pooled
sensitivity and specificity of stool PCR tests to be 92.0 % (95 %
CI: 83.0–96.0) and 96.0 % (95 %CI: 84.0–99.0). The DOR gives a
measure of accuracy, combining into a single indicator the
strengths of both sensitivity and specificity, with higher
values indicating better discrimination in the test perfor-
mance. In this meta-analysis, the mean DOR was 296.0 (95 %
CI: 51.6–1,696.9), indicating a high level of overall accuracy.
Likelihood ratios are indices that take into account the
interaction between sensitivity and specificity, and a PLR>10
and NLR<0.1 are considered to be convincing evidence to
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Figure 4: Forest plots showing pooled sensitivity and specificity of stool PCR test for diagnosis of H. pylori infection. The squares and horizontal lines
represent the value of sensitivity or specificity and 95 % CI, respectively; the diamond represents the combined value of sensitivity or specificity and
corresponding 95 % CI; Q, value of Q-test for heterogeneity test; df, degrees of freedom; p, p-value for Q-test; I2, I square value for heterogeneity test.
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confirm or exclude a diagnosis, respectively. In this study,
the pooled PLR of stool PCR tests was 26.1, suggesting that the
likelihood of a positive stool PCR test result was about 20-fold
higher in patients with H. pylori infection than in patients
without. The pooled NLR of stool PCR tests was 0.09, indi-
cating that in the case of a negative result, the likelihood of
that patient having H. pylori infection was low. We used
an SROC curve to summarise the overall diagnostic perfor-
mance of the included studies and found an AUC of 0.98,
indicating good diagnostic performance. Putting these
results together, we can see that PCR of stool samples is an
accurate and valid testing approach for the detection of
H. pylori. After confirming the important role that PCR can
play in the diagnosis of H. pylori infection, we went on to
assess the type of PCR with the best diagnostic performance
for H. pylori in stool samples. Our results led us to the
following conclusion: rtPCR has the highest diagnostic

accuracy among PCR methods for detecting the infection
status of H. pylori in stool samples. Compared with nested
PCR, the diagnostic accuracy was higher with the stool
rtPCR test in term of DOR, sensitivity and specificity. As for
conventional PCR subgroup, the results were not convincing
because only one study was included, so it was not used for
comparison. This result is consistentwith the suggestion that
rtPCR has the best diagnostic performance in the detection of
H. pylori infection.

Before applying an accurate test to clinical diagnosis, a
comparison with current standards is required to evaluate
its diagnostic value. This means that the selection of an
appropriate gold standard is a prerequisite for the correct
evaluation of the diagnostic accuracy of the test in question.
In comparison to previous studies, we chose to use stricter
reference standards for the diagnosis of H. pylori infection,
and to exclude those carried out on children. In choosing the
standard for inclusion in our meta-analysis, we decided on
bacterial culture. In the case of included studies which did
not use bacteria culture, we chose CRM as the standard
instead. This was done to reduce bias and improve the reli-
ability of the final result.

Heterogeneity was present among the included studies
and in order to determine the source, we performed
subgroup meta-analysis. We found that the nested PCR
subgroup and urease gene subgroup may be the cause
of heterogeneity in sensitivity, and rtPCR subgroup may be
the cause of heterogeneity in specificity. This means that
the presence of heterogeneity could be explained by the
PCR type and target gene.

Despite the heterogeneity, we still confidently conclude
that rtPCR is the best type of PCR for the diagnosis ofH. pylori
infection in stool samples. As well as being quick and
reliable, rtPCR has an additional advantage over nested PCR,
with previous studies showing that stool rtPCR with 23S
rRNA as the target gene can detect clarithromycin resistance
with high diagnostic accuracy [37, 38]. This is of importance,
as clarithromycin is the first-line treatment for H. pylori
infection [39], and resistance to this drug is gradually
increasing worldwide [40]. Genetic analysis of resistant
strains identified mutations in the 23S rRNA as the pre-
dominant cause of resistance [41], with point mutations
A2142G, A2143G and A2142C being responsible for over 90 %
of cases. These point mutations, and thus clarithromycin
susceptibility, can be detected by rtPCR at the same time as
testing for H. pylori, making its use in the clinical setting
important for both detecting H. pylori infection quickly and
accurately, as well as reducing the abuse of antibiotics.

Although the strength of this meta-analysis is founded
on our comprehensive analysis of high-quality studies, it is
important to acknowledge the limitations. First, while
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Figure 5: Forest plot showing pooled DOR of stool PCR test for diagnosis
of H. pylori infection. The squares and horizontal lines represent the
value of DOR and 95 % CI, respectively; The diamond represents the
combined value of DOR and corresponding 95 % CI; Q, value of Q-test for
heterogeneity test; df, degrees of freedom; p, p-value for Q-test; I2, I
square value for heterogeneity test.
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we collected the literature as completely as possible, our
strict inclusion criteria resulted in the inclusion of only 10
publications. This means the study may have lacked suffi-
cient statistical power to draw a definite conclusion, and
more clinical diagnostic studies are needed to reach a final
conclusion. Second, some well-designed studies had to be
excluded because they were published in a non-English
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Figure 7: Forest plot showing PLR and NLR of stool PCR test for diagnosis
of H. pylori infection. DLR, diagnostic likelihood ratio. The squares and
horizontal lines represent the value of PLR or NLR and 95 % CI,
respectively. The diamond represents the combined value of PLR or NLR
and corresponding 95 % CI; Q, value of Q-test for heterogeneity test; df,
degrees of freedom; p, p-value for Q-test; I2, I square value for hetero-
geneity test.
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Figure 6: The SROC of stool PCR test based on sensitivity and specificity. AUC, area under the curve; SROC, summary receiver operating characteristic.

Table : Subgroup meta-analysis based on DOR.

Subgroups Studies DOR (p) Q (df) I, % (p)

PCR type Subgroup rtPCR  .
(<.)

.
()

.
(<.)

Subgroup nested
PCR

 .
(<.)

.
()

.
(.)

Subgroup conven-
tional PCR

 . (NA) NA NA

Target
gene

Subgroup S rRNA  .
(<.)

.
()

.
(<.)

Subgroup urease
gene

 .
(<.)

.
()

.
(<.)

Subgroup hsp  . (NA) NA NA

DOR, diagnosis odd ratio; NA, not applicable; df, degrees of freedom.
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language, resulting in language bias. The inclusion of studies
published in languages other than English, as well as those
with null results, may have yielded more representative
conclusions. Finally, due to the unavailability of data, we
were unable to analyse the patient demographics in detail.
In the future, we believe it would be of interest to investigate
the relationship between H. pylori infection and clinical-
pathologic characteristics such as patient gender and age.

Conclusions

Based on the current available evidence, our results
demonstrated that rtPCR has the highest diagnostic accuracy
in detecting the infection status ofH. pylori in stool samples,
and that stool PCR testing is an accurate and consistent
approach to detecting H. pylori infection. Therefore, stool
rtPCR should be considered feasible in clinical practice as a
promising method for quickly, easily, and non-invasively
detecting the infection status of H. pylori.
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