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ABSTRACT

Background & Aims: Patients undergoing upper endoscopy have often used proton pump inhibitors (PPI)
and/or antibiotics (ABx) recently. Both drugs have been associated with a poorer yield of the Helicobacter
pylori (H. pylori) diagnostic tests. The aim was to assess the accuracy of the polymerase chain reaction test
(qPCR), histological exam (HE) and ultra-fast urease test (UFUT) for H. pylori detection in patients that
recently used PPI or ABx.

Methods: Prospective study recruiting 206 patients who underwent upper endoscopy and gastric biopsies.
Demographics and use of PPI/ABx were obtained. Sensibility (Sn), specificity (Sp), predictive value (PV), likelihood
ratio (LR) and PABAK concordance index, were calculated, considering as the gold standard the positivity of 2
out of 3 analyzed tests. A global analysis and another one based on the PPI/ABx intake were performed.
Results: 48.5% of patients used PPI and 12.8% ABx within the 2 and 4 weeks prior to endoscopy, respectively.
The UFUT was positive in 13.1% of patients, HE in 34% and qPCR in 35.9%. UFUT achieved lower Sn (37%)
than HE (98%) and qPCR (98%) (p<0.001) overall. ABx were associated with lower Sn in HE (p=0.04) and
lower Sp in qPCR (p=0.03). PPI did not associate with a significant drop in Sn and Sp. The concordance
between HE and qPCR was 0.83 (95%CI: 0.73-0.89).

Conclusions: Under real world conditions, the accuracy and concordance of HE and qPCR to diagnose H.
pyloriwere excellent, but UFUT achieved unsatisfactory outcomes. The intake of ABx was associated with the
worse performance, fundamentally for HE. The PPI did not reduce the tests yield significantly.

Key words: Helicobacter pylori — qPCR - ultra-fast urease test - histological exam — proton pump inhibitor
- antibiotic.

Abbreviations: ABx: antibiotic; H. pylori: Helicobacter pylori; HE: histological exam; NLR: negative likelihood
ratio; NPV: negative predictive value; PLR: positive likelihood ratio; PPI: proton pump inhibitor; PPV: positive
predictive value; qQPCR: real-time quantitative polymerase chain reaction test; RUT: rapid urease test; UFUT:
ultra-fast urease test.

INTRODUCTION

and ureB, which are codified by target genes for the molecular
detection of H. pylori [3-6]. Nowadays, multiple techniques

Helicobacter pylori (H. pylori)
is a gram-negative bacillus able
to colonize the gastroduodenal
mucosa prompting inflammation
and immune response, and it
modulates the local pH by means
of urea hydrolysis [1, 2]. These
pathogenic characteristics are
used for most of the tests to
make the infection diagnosis.
Furthermore, the enzyme that
unfolds the urea is composed
of two structural subunits, ureA
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for H. pylori infection diagnosis are available. Depending on
if the performance of an endoscopy is needed or not, they are
classified as invasive or non-invasive tests [7-11].

The faster, cheaper and easier to perform invasive method
is the rapid urease test (RUT). When the test is carried out
under optimal conditions the sensitivity and specificity values
are close to 80-100% and 95%, respectively. Its accuracy
diminishes in the presence of blood in the stomach and due to
proton pump inhibitor (PPI) or antibiotic (ABx) consumption.
A minimum of 10° microorganisms per sample is required to
gain a positive result [12, 13]. In the histological exam (HE)
the presence of typical bacteria in an inflamed tissue area is
considered diagnostic of a H. pylori infection. Its sensitivity and
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specificity are estimated at around 94% and 99%, respectively
[14], although it can change depending on the biopsied
gastric area, the distribution and density of the pathogen, the
pathologist experience and the chosen stain. Additionally, it
could be influenced by drug consumption (PPI and ABx), and
it is not able to diagnose metabolically inactive forms. The
culture of samples obtained by gastric biopsy shows specificity
0f 100%, but sensitivity close to 80%, so it is not recommended
as a first choice diagnostic option. Finally, in some research
the molecular techniques based on real-time quantitative
polymerase chain reaction (qQPCR), using gastric biopsies,
have demonstrated sensitivity and specificity over RUT, HE
and culture. qPCR is not influenced by blood presence in the
stomach, and it is able to detect both H. pylori forms, helical
and coccoid, even with low bacterial density [9-11]. It also
allows detecting virulence and antibiotic-resistance specific
genes. PCR techniques in samples from the oral cavity or
stool have been recently developed, and some novelties such
as the detection of 16S rRNA and ureC genes, combinations
with ureA, and multigenic tests, could increase the method
validity [15].

In spite of successive technical improvements, a gold
standard for the H. pylori diagnosis has not yet been defined.
The qPCR has shown advantages regarding other choices
when the test is carried out during a peptic ulcer bleeding
[16]. Nevertheless, its use has not been added to the diagnostic
routine in a widespread way, and the potential advantage
regarding other methods in non-urgent real-world conditions
is unknown. Under these conditions those patients who have
not stopped the PPI or ABx consumption during the required
time are often required to be tested, or simply patients where the
recent intake of any of these drugs is unknown. In this scenario
the alternative tests significantly decrease its sensitivity [17],
and qPCR is expected to be the gold standard. Therefore, the
aim of this study was to determine and compare the accuracy
of UFUT, HE and qPCR in the H. pylori infection diagnosis
under real world conditions, assessing the burden of PPI and
ABx intake in the outcomes. The influence of clarithromycin
resistance on test yield was also studied.

METHODS

A prospective, single center research was performed
reflecting real world conditions, following the current
guidelines. Adults older than 18 years, in whom H. pylori
infection test and upper endoscopy were indicated, were
consecutively recruited. The exclusion criteria were known
and untreated H. pylori infection, prior successful eradication
treatment, partial gastrectomy, active upper gastrointestinal
bleeding, pregnancy or breastfeeding, severe comorbidity
(groups IV and V of the American Society of Anesthesiologists
-ASA- classification). H. pylori infection was considered as
proven (gold standard) when at least two of the three diagnostic
tests described below were positive.

Biopsy samples from the greater curvature of the antrum
and incisura angularis were obtained during the upper
endoscopy for ultra-fast urease test. The Biohit Ultra-Fast
UFT300 Helicobacter pylori Quick Test® (Biohit HealthCare
Itd, Cheshire, United Kingdom) was used, evaluating the

results after 5 minutes of the incubation period, according to
the manufacturer s instructions.

Three biopsy samples from incisura angularis and greater
curvature of antrum and corpus were obtained for HE.
Afterwards, the paraffin-embedded tissue sections were
stained with hematoxylin and eosin and studied for an expert
pathologist blind to the other test’s results.

The samples used for UFT were immediately stored at -20°C
and further processed for the qPCR test (no later than 2 weeks).
Viasure" Helicobacter pylori + Clarithromycin resistance Real
Time PCR Detection Kit (CerTest Biotec, S.L. Zaragoza, Spain)
was employed. After isolation of DNA with the Viasure RNA-
DNA Extraction kit (CerTest Biotec, S.L. Zaragoza, Spain),
the identification of H. pylori, clarithromycin resistance and/
or clarithromycin wild-type sequence in the 23S rRNA was
performed by the amplification of a conserved region of the
ureB and 23S rRNA genes respectively, using specific primers
and a fluorescent-labeled probe. Point mutations in the 23S
rRNA gene (A2142G and A2143G), which confer resistance
to Clarithromycin were amplified and detected in the FAM
channel; H. pylori DNA targets were amplified and detected in
the ROX channel; clarithromycin wild-type sequence in the 23S
rRNA gene DNA targets were amplified and detected in HEX
channel and the internal control (IC) in the Cy5 channel. The
fluorescence was measured on the Real Time PCR platform
(Bio-Rad CFX96™ Real-Time PCR Detection System).

A positive and a negative control were included in every
run to validate the reaction, as well as an inner control to
verify the correct working of the amplification mixture. The
test results were understood as is shown in Table I. The sample
was considered positive if amplification was observed before
40th cycle, or when a starting high number of the target nucleic
acid copies were presented. The result was invalidated, and the
assay was repeated when an amplification graphic was observed
for the negative control or the signal was lacking in positive
control. If the inner control signal was lacking the assay was
also repeated but diluting the sample 1:10, or the extraction
was done again to rule out possible inhibition problems.

Table I. qPCR test results interpretation

Sample Inner Negative ~ Positive Interpretation
control control control
+ +/- - + H. pylori Positive
- + - + H. pylori Negative
- - - No valid
+ + + + No valid

qPCR: real-time quantitative polymerase chain reaction

To calculate the sample size (n), an H. pylori prevalence
of 75% in patients with indication of upper endoscopy was
assumed, such as has been reported for dyspeptic patients
[14], an UFUT sensibility under PPI consumption not over
80% and 85% for all cases, just as 95% for qPCR under
similar conditions, based on disposable data [16, 17]. The
0.9 confidence level and a standard error of 0.05 to estimate
sensitivity were used. With these data the calculated n was 203
patients who underwent endoscopy.
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Variables of gender, age, endoscopy indication, prior PPI
and ABx intake (last 2 and 4 weeks, respectively), regular
alcohol consumption and smoking habit, as well as H. pylori
tests, endoscopy and histological exam results, were collected.
Quantitative variables were expressed as means and standard
deviation and categorical ones as a proportion with 95%
confidence interval (CI). A descriptive study was carried out,
and median or Barnard’s test were used in order to assess the
independence of the variables. Ratios of sensitivity, specificity,
positive and negative predictive values (PPV and NPV), and
positive and negative likelihood ratios (PLR and NLR) for each
test, were calculated. CI for predictive values were established by
means of asymptotic standard logit intervals, using the adjusted
method in the presence of null values. An analytical research
assessing the Sn and Sp achieved for each test was performed, and
McNemar’s or Barnard’s test were used, according to matching.
A prevalence-adjusted and bias-adjusted kappa coefficient
(PABAK) was used to assess the agreement between diagnostic
tests. The p-value less than 0.05 was considered significant.

Written informed consent for participation was obtained
from each of the patients before entry into the study. The
patient information was managed according to Spanish
Constitutional Law 15/1999 about Personal Data Protection.
The study protocol conforms to the ethical guidelines of the
1975 Declaration of Helsinki and was approved by the Ethical

Committee of the Aragon Institute of Health Science (CP-CI
PI16/0234).

RESULTS

Two hundred and six patients were recruited, comprising
142 females (68.93%) and 64 males. The average was 53.2 years
(range: 19-86). Fifty-eight (28.2%) were current smokers, while
14 (6.8%) regularly (daily) consumed alcohol. The endoscopies
were indicated for dyspeptic symptoms in 72.8% and the result
was mostly normal in 55.8%. No association was found among
the distribution of these variables and the outcomes of the
evaluated diagnosis test (Table II).

In the two weeks before endoscopy 99 patients had
consumed PPT (48.53% out of 204 patients with known data
about this consumption), 67 of them in daily intake (32.84%);
while in prior 4 weeks 26 patients had consumed ABx (12.81%
out of 203 with known data). In all patients UFUT was positive
in 27 (13.11%), HE in 70 (33.98%) and qPCR in 74 (35.92%).
Among PPI consumers UFUT was positive in 10 patients
(10.1%), HE in 29 (29.29%) and qPCR in 32 (32.32%). Among
ABx consumers UFUT was positive in 3 (11.54%), HE in 7
(26.92%), and qPCR in 10 (38.46%). Among both of them,
PPI or ABx consumers, the positive numbers were 10.28% for
UFUT, 28.97% for HE and 33.64% for qPCR.

Table II. Patients’ demographics and endoscopy findings compared with test results

Gender Female Male p-value
UFUT + 10.94% 14.08% 0.602
HE + 35.92% 29.69% 0.419
qPCR + 38.73% 29.69% 0.237
Age (years): mean (SD) Positive Negative p-value
UFUT 52.5(14.5) 53.3 (16.4) 0.199
HE 53.3 (14.5) 53.1 (16.9) 0.995
qPCR 54.2 (13.2) 52.6 (17.5) 0.982
Smoking habits Yes No p-value
UFUT + 12.07% 13.79% 0.755
HE + 24.14% 38.62% 0.051
qPCR + 32.76% 37.93% 0.497
Regular alcohol consumption Yes No p-value
UFUT + 7.14% 13.76% 0.619
HE + 28.57% 34.92% 0.872
qPCR + 21.43% 37.57% 0.265
Main indication for endoscopy Dyspepsia Others p-value
UFUT + 12.67% 14.29% 0.802
HE + 34,00% 33.92% 0.999
qPCR + 34,00% 41.07% 0.402
Main endoscopy findings Normal  Acute peptic gastro- Others p-value
duodenal disease
UFUT + 12.17% 16.18% 8.70% 0.658
HE + 33.91% 35.29% 30.43% 0.910
qPCR + 35.65% 39.71% 26.09% 0.499

HE: histological exam; qPCR: real-time quantitative polymerase chain reaction; SD: standard deviation; UFUT:
ultra-fast urease test. Statistics: median and Barnard’s test.
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The estimated test values of sensitivity, specificity,
predictive values and likelihood ratios are shown in Table
III. UFUT globally achieved lower sensitivity than HE and
qPCR (p<0.001). The ABx intake was associated with lower
sensitivity in HE (p=0.04), and lower specificity in qPCR
(p=0.03) in comparison with non-drug intake. The PPI
consumption was not associated with a statistically significant
lowering of the tests’ accuracy. Nevertheless, there was a trend
to lower sensitivity of the qPCR in patients with daily intake
regarding those with occasional or no PPI-intake (p=0.06),
and also regarding no PPI intake (p=0.07) (Fig. 1). The
PABAK concordance index between results of HE and gPCR
was 0.83 (95%CI: 0.73-0.89), with McNemar mid-p-value of
0.36, meaning an almost perfect agreement between both test
results. The same index was 0.47 (95%CI: 0.33-0.58) between
UFUT and qPCR, and 0.50 (95%CI: 0.38-0.62) between UFUT
and HE, both with McNemar <0.001, showing significant
disagreement among UFUT and the other two tests.

The clarithromycin resistance presence in the H. pylori
positive samples was detected in 16 out of 74 patients with
positive qPCR (21.62%). Among the patients with resistance,
5 were positive in UFUT and 14 in HE. Among the 58 patients
without resistance 18 were positive in UFUT and 49 in HE.
The ratio resistant/sensitive of UFUT and HE were separately
homogeneous (p=1 and p=0.922, respectively), meaning
that both tests’ sensitivity was not modified according to
clarithromycin resistance. As in the overall analysis, a lowering
in the UFUT sensitivity regarding HE one was seen in both
groups, with and without clarithromycin resistance (p=0.002
and p<0.001, respectively); so that we can conclude that HE
reached a better diagnostic performance than UFUT regardless
of the resistance status.

DISCUSSION

This is a prospective study that compares the accuracy
of the two most used invasive H. pylori diagnostic tests and

Table ITI. Comparison of the tests’ performance in different scenarios

qPCR, in real world conditions. The included patients were
candidates for upper endoscopy and the H. pylori investigation
was indicated for them. In this scenario more than 48.5%
consumed PPI (almost 33% in a daily regimen) and 12.81%
had taken some dose of antibiotic in the 2 and 4 weeks prior
to endoscopy, respectively. These percentages are very similar
to the 47% of patients taking PPI reported by El-Zimaity el al.
[18], but lower than 61% in the study of Shirin el al. [19] also
in patients referred for upper endoscopy. In the latter only
4.5% of patients stopped PPI 2 weeks before the procedure and
10.8% had been on antibiotic treatment within the past four
weeks. These data suggest that in H. pylori diagnosis by means
of invasive tests, around half of the time the ideal conditions
are not kept to, which could affect the accuracy of the method.

The current Clinical Guidelines [7, 8] state that PPI should
be discontinued at least 2 weeks before testing for H. pylori
infection, while antibiotics and bismuth compounds should
be discontinued at least 4 weeks before the test. In vitro
studies found that high doses of PPI have negative effects on
H. pylori viability, inhibiting the growth of isolates and urease
activity, with bacterial morphology changing from spiral
to coccoid [17, 20]. In parallel, the authors reported that in
their series the PPI consumption was significantly higher in
RUT-negative patients than in positives. Other researchers
concluded that the consumption of both, ABx and PPI, could
lead to reduction in the antrum of the H. pylori population
[21, 22]. This phenomenon has been explained by changes in
the gastric surface that could occult the bacteria, elevation of
the intragastric pH making an unfavorable environment for
H. pylori to develop, and the antimicrobial effect, not only of
antibiotics but also of PPIL. All of these circumstances could
lead to false-negative results especially of RUT and HE.

The level of concordance among the tests according to the
results of the calculated PABAK coefficient must be considered
very good between HE and qPCR, but only mild/moderate
between UFUT and qPCR, with significant disagreement
between the latter two. In fact, we found a pronounced drop in

Sn (95% CI)

Sp (95% CI)

PPV (95% CI)

NPV (95% CI)

PLR (95%CI)

NLR (95% CI)

Overall UFUT  0.37*(0.25-0.49)  0.98 (0.94-1)
HE 0.98 (0,92-1) 0.96 (0.91-0.98)
gqPCR  0.98 (0,92-1) 0.93 (0.87-0.97)

With Antibiotics UFUT 0.6 (0.15-0.95) 1 (0.84-1)

HE 0.87 (0.28-0.99)  0.86 (0.64-0.97)
gqPCR  1(0.48-1) 0.76" (0.53-0.92)

With PPI (any intake) UFUT  0.33** (0.16-0.55)  0.97 (0.91-1)
HE 1(0.86-1) 0.93 (0.85-0.98)
gqPCR  1(0.86-1) 0.89 (0.80-0.95)

Daily PPI intake UFUT  0.35%* (0.14-0.62)  0.96 (0.86-1)
HE 1(0.80-1) 0.94 (0.83-0.99)
gqPCR  1(0.80-1) 0.86 (0.73-0.94)

0.89 (0.71-0.96)
0.91 (0.83-0.96)

0.86 (0.78-0.92)
0.70 (0.28-0.88)
0.57 (0.30-0.81)
0.42 (0.25-0.58)
0.80 (0.48-0.95)
0.79 (0.62-0.87)
0.72 (0.57-0.81)
0.75 (0.40-0.93)
0.79 (0.59-0.89)
0.67 (0.50-0.78)

0.77 (0.74-0.80)
0.99 (0.95-1)

0.99 (0.95-1)

0.90 (0.81-0.95)
0.95 (0.76-0.99)
0.95 (0.80-0.98)
0.82 (0.77-0.86)
0.98 (0.91-0.99)
0.98 (0.91-0.99)
0.81 (0.75-0.86)
0.98 (0.88-0.99)
0.97 (0.87-0.99)

17.35 (5.42-55.56)

23.14 (10.57-
50.65)

13.88 (7.63-25.25)
Inf (NaN-Inf)
5.60 (1.80-17.43)
420 (1.95-9.03)
12.50 (2.85-54.90)
15.00 (6.43-18.99)
9.38 (4.87-18.05)
8.82 (1.96-39.65)
16.67 (5.56-49.93)
7.14 (3.59-14.20)

0.64 (0.53-0.78)
0.02 (0.00-0.11)

0.02 (0.00-0.12)
0.40 (0.14-1.17)
0.23 (0.04-1.36)
0.00 (0.00-NaN)
0.68 (0.51-0.91)
0.00 (0.00-NaN)
0.00 (0.00-NaN)
0.67 (0.47-0.96)
0.00 (0.00-NaN)
0.00 (0.00-NaN)

HE: histological exam; Inf: Infinite; NaN: Not a number (impossible-to-calculate value); NLR: negative likelihood ratio; NPV: negative predictive value;
PLR: positive likelihood ratio; PPI: Proton pump inhibitor; PPV: positive predictive value; qPCR: real-time quantitative polymerase chain reaction; Sn:
sensibility; Sp: Specificity. UFUT: ultra-fast urease test; **p<0.001 regarding other test results; "p<0.05 regarding non-drug intake. Statistics: McNemar’s

and Barnard’s tests.
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Fig. 1. Sensitivity and specificity (mean and 95% CI) achieved for each test in
different scenarios. PPI: Proton pump inhibitor. For abbreviations see Table II.

the sensitivity of UFUT. Our results are consistent with those
reported by Siavoshi et al. [17], which showed a lowering of
sensitivity from 92.2% up to 74.4% in patients without vs.
with PPI consumption, respectively. Other researchers using
different RUT devices described a sensitivity ratio drop from
71.9 % (without PPI) to 43.3% (with PPI) [23].

The RUT chosen in our study was the UFUT, sampling
antrum and incisura angularis, and with reading after 5
minutes, following the manufacturer’s instructions. In patients
not selected by PPI consumption, the UFUT with reading at 30
and 60 minutes have demonstrated to be at least as accurate as
conventional RUT with reading up to 24 hours [24]. Previously,
Vaira et al. [25] did not find differences between UFUT with
reading at 60 and 5 minutes in specificity (100% in both) and
sensitivity [96.2 (95%CI: 94.5-98) vs. 94.5 (95%Cl: 92.4-96.6)],
in this case for patients without prior PPL

Regarding the HE test, in our series the PPI intake was
not associated with a lowering in accuracy, nevertheless
the antibiotic consumption decreased both sensitivity and
specificity. Bazin et al. [26] also reported non-significant-
statistical differences in the sensitivity of the HE, in 192 patients
H. pylori positive, 52 of them taking PPI. Other authors have
informed fall in sensitivity of HE taking PP, in both antrum
and corpus biopsies, using PCR as gold standard, but the
sample size analyzed was small and their ratios were even lower
than others reported in earlier studies for the same researchers.
Furthermore, they yield very low specificity of HE and PCR
regarding that commonly reported, which was not explained
[27,28]. On the other hand, classical studies also found a drop
in the sensitivity of HE and culture after taking ABx, which
explains the guidelines’ recommendations concerning stopping
them 4 weeks before diagnostic tests [8].

The exposed tests’ limitations could be saved, partially at
least, for the molecular techniques since they have gene targets
not affected by bacterial morphology and they are able to
detect smaller bacterial load. In fact, the molecular diagnosis
techniques have been demonstrated to be less influenced by
PPI consumption and to detect additional H. pylori positive

] Gastrointestin Liver Dis, June 2021 Vol. 30 No 2: 198-204

cases [29, 30] which is in accordance with our results (trend
to lower sensitivity among PPI consumers but not achieving
statistical significance). Additionally, a very high specificity of
the 23S qPCR, close to 100%, has been already established [26].
For all these reasons, QPCR has been proposed as an additional
test to assure the diagnosis in RUT negative patients, while it
also can provide determining information for the treatment
choice, based on the ABx-resistance. In the current research the
clarithromycin-resistance ratio was 21.6%, which is close to the
almost 18% recently reported from a neighboring geographical
area [31], and this condition did not affect the test yield.

In spite of the points made above, a limitation of our study
might be that UFUT test might not be representative of all
the remaining RUT tests, and there is scarce prior research
about this issue. As shown below, Vaira et al. [25] did not
find differences reading test results in 5 or in 60 minutes.
McNichols et al. [24] reported higher frequency of positive tests
in a prospective series in cases read at 60 minutes regarding
those read at 5 minutes (90% vs 78%), but these results came
from different populations and settings, which do not allow
their comparison. Along these lines we studied in our series
the positive UFUT test read just before qQPCR processing
(between 24 hours to 2 weeks after biopsy), named as late UFUT
(L-UFUT). We found higher sensitivity ratio than conventional
UFUT (0.77 vs 0,37), without loss of specificity and with a
moderate correlation phi coeflicient (0.60) between both, UFUT
and L-UFUT, suggesting that a later reading of UFUT test could
improve the yield of the test. However, the sensitivity of L-UFUT
measure was also significantly lower than the same of HE and
qPCR in practically all the scenarios (data in Supplementary
file). Therefore, the choice of different RUT techniques does
not seem to substantially modify the main results.

CONCLUSIONS

Under real world conditions a large number of patients
who underwent upper endoscopy did not stop the PPI and/or
ABx consumption for the period of time recommended by the
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current Clinical Guidelines to ideally investigate the H. pylori
infection. In this scenario the UFUT test has shown lower
sensitivity than HE and qPCR. The last two tests achieved on
the whole sample high accuracy and high level of agreement.
The intake of PPI did not significantly affect the accuracy
of qPCR and HE, whereas the intake of ABx decreased the
sensitivity of HE. The resistance to the clarithromycin factor
did not have a relevant burden on the test yield. So, in view of
these data the isolated use of UFUT should be strongly advised
against in situations where conditions are far from ideal. The
qPCR could be the best choice among the invasive tests in real
practice, used as a sole method or as additional test in UFUT
negative cases.
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