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Abstract
Helicobacter pylori (H. pylori) can

cause a wide variety of illnesses such as
peptic ulcer disease, gastric adenocarcino-
ma and mucosa-associated lymphoid tissue
(MALT) lymphoma.  The diagnosis and
eradication of H. pylori are crucial. The
diagnosis of H. pylori is usually based on
the rapid urease test (RUT) and gastric
antral biopsy for histology. The aim of this
study is to evaluate the numbers of needed
biopsies and their location (antrum/fundus)
to obtain optimal result for the diagnosis of
H. pylori. Three hundred fifty consecutive
patients were recruited, 210 fulfill the inclu-
sion criteria and had nine gastric biopsies
for the detection of H. pylori infection: two
antral for the first RUT (RUT1), one antral
and one fundic for the second (RUT2), one
antral for the third (RUT3) and two antral
with two fundic for histology (HES,
Giemsa, PAS). The reading of the 3 types of
RUT was performed at 1 hour, 3 hours and
24 hours and biopsies were read by two
experienced pathologists not informed
about the result of RUT. Results of RUT
were considered positive if H. pylori was
found on histology of at least one biopsy.
The RUT1 at 1h, 3h and 24h has a sensitiv-
ity of 72%, 82% and 89% and a specificity
of 100%, 99% and 87% respectively. The
positive predictive value (PPV) was 100%,
99% and 85% respectively and the negative
predictive value (NPV) of 81%, 87% and
90%. The RUT2 at 1h, 3h and 24h, respec-
tively, had a sensitivity of 86%, 87% and
91% and a specificity of 99%, 97% and
90%. The PPV was 99%, 96% and 88% and
NPV of 89%, 90%, 94%. The RUT3 at 1h,
3h and 24h, respectively, had a sensitivity of
70%, 74% and 84% and a specificity of
99%, 99% and 94%. The PPV was 99%,
99% and 92% and NPV of 79%, 81% and
87%. The best sensitivity and specificity
were obtained for RUT1 read at 3h, for

RUT2 read 1h and 3h, and the RUT3 read at
24h.This study demonstrates that the best
sensitivity and specificity of rapid test for
urease is obtained  when fundic plus antral
biopsy specimens are used with a reading
time at 3 hours.

Introduction
Helicobacter pylori (H. pylori), is a

common infection. The prevalence is close-
ly tied to socioeconomic conditions and,
accordingly, this infection is more common
in developing countries than in developed
countries,1 affecting 28% to 84% of sub-
jects depending on the Population tested.2
H. pylori is implicated in the development
of duodenal or gastric ulcers, early gastric
cancer, and gastric mucosa associated lym-
phoid tissue lymphomas and its eradication
is recommended in the treatment of these
diseases.3-6

Tests used to detect H. pylori are either
invasive or non-invasive. These tests vary
in their sensitivity and specificity. The rapid
urease test (RUT) is suitable for diagnosis
before treatment.7-9

The RUT is a rapid, cheap and simple
test. False negative results can occur in
patients with recent gastrointestinal bleed-
ing, the use of PPI, H2 antagonists, antibi-
otics or bismuth-containing compounds.8,10

This study aimed to determine optimal
results for RUT with respect to the number
of biopsies needed, their location and the
reading time for the diagnosis of H. pylori.

Materials and Methods
During a period of 6 months (from

January 2015 till July 2015), 350 consecu-
tive patients who presented for upper
endoscopy at Saint Charles Hospital were
recruited, after the approval of the ethical
committee and signed informed consent.

Exclusion criteria were PPI and/or bis-
muth intake in the last 3 months, antibiotics
intake in the last 6 months, active upper
gastrointestinal bleeding and coagulation
disorders contraindicating gastric biopsy.
Of the 350 patients, 140 patients were
excluded.

The most common indications were epi-
gastric pain (82%), reflux (16%) and dys-
pepsia (13%).

The remaining 210 patients underwent
upper gastrointestinal endoscopies with 9
gastric biopsies. Four biopsies obtained
respectively from the anterior and the poste-
rior wall of the antrum and the fundus were
addressed for histological examination;
they were stained with H&E and PAS stain

and read by two experienced pathologists
uninformed of the RUT results.

The five other biopsies were placed in
the Pronto Dry® RUT kits (MIC France,
Brignais, France). Two biopsies from the
antrum obtained respectively from the pos-
terior and the anterior wall were labeled
RUT1, two biopsies obtained respectively
from the posterior wall of the antrum and
the fundus labeled RUT2, and finally one
biopsy obtained from the posterior wall of
the antrum Labeled RUT3. The reading of
different RUTs was performed at the 1st, 3rd

and 24th hour. A RUT was considered posi-
tive if the color changed from yellow to red,
pink or orange. An unchanging yellow color
indicated a negative result.

Statistical analysis
Categorical variables were compared

using the chi-square or Fisher exact tests
using SPSS v.20.0 (IBM Corp., Armonk,
NY, USA). Sensitivity, specificity, negative
and positive predictive values were calcu-
lated using SPSS 20.0 and Excel. Roc
curves and Area under curve calculations
were performed with SPSS 20.0.

Results
The demographic and clinical charac-

teristics of the 210 patients included in this
study are represented in Table 1. Major
endoscopic findings were: gastritis (70%),
bulbitis (20%) ulcer and normal finding in
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16% each. Of the 210 patients who fulfill
the inclusion criteria and underwent upper
endoscopy, 6 were excluded for incomplete
data, missing biopsy in 4 cases, and RUT
results in 2 cases.

Concerning the histological examina-
tion, 96 patients out of 204 (47%) had posi-
tive evidence of H. pylori, whereas it was
negative in 108 patients (53%).

As for the RUT, the test was positive in
104 patients (50%), negative in 104 patients
(50%) regardless of the site of biopsies, the
number of biopsies and the time of reading.
Details about the RUT results are shown in
Table 2. At 1 hour, RUT 2 showed best sen-
sitivity (75%) followed by RUT 1 (70%)
and RUT 3 (67%), with very high specifici-
ties of 99%, 100% and 99% respectively. At
3h, the RUT 3 had the same pattern of sen-
sitivity (85%, 79% and 71% for respective-
ly RUT2, RUT1, and RUT3) with high
specificities of 96%, 99% and 99% respec-
tively. At 24 hours, sensitivities were
respectively 91%, 86%, and 81% for RUT
2, RUT 1, and RUT 3 but at the expense of
a decreased specificity at 86%, 84% and
70% respectively for RUT2, RUT1 and
RUT3. Results are shown in Table 3.

In Terms of PPV of the test, after 1 hour
the PPV was 100%, 98% and 98% for RUT
1, RUT 2 and RUT 3 respectively. When

read after 3 hours, the PPV were 98%, 95%
and 95% for RUT1, RUT 2 and RUT 3
respectively. But when the test interpreta-
tion is done after 24h, the PPV decreased
slightly with the decrease in the specificity
of the tests, with values of 83%, 85% and
92% for RUT1, RUT2 and RUT3 respec-
tively (Table 3). Concerning the NPV of the
different tests, the highest was for RUT 2
after 1 hour, 3 hours and 24 hours. The
numbers are respectively for RUT 1, RUT 2
and RUT 3: 79%, 82% and 77% after 1
hour; 84%, 88% and 79% after 3 hours;
87%, 91% and 85% after 24 hours. This is
comparable to the sensitivity with the high-
est for RUT 2 after 1hour, 3 hours and 24
hours. At this point, we have concluded that
the RUT2 has the best sensitivity and speci-
ficity with high PPV and NPV. But which is
better at 1h, 3h or 24h? Figure 1 shows
Receiver Operating Characteristic (ROC)
curves. These curves were constructed by
computing the sensitivity and specificity
and the area under the curve (AUC) is a
measure of the accuracy of the test. The lat-
ter depends on how well the test separates
the group being tested into those with and
without the disease in question.

Table 4 represents the different AUC
with their interval of confidence and p val-
ues.
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Table 1. Demographic and clinical charac-
teristics of patients (n=210). 

                                                  N (%)

Age                                                 48.1±17.1 [13-94]
Male Gender                                       94 (44.8)
Previous Endoscopy                          37 (17.6)
Previous H. pylori infection              17 (8.1)
Previous treatment for                      12 (5.7)
H. pylori infection                                      
Current NSAID or Aspirin                  20 (9.5)
Occasional alcohol intake                36 (17.1)
Smoking (on-going)                           65 (31.0)

Table 2. Rapid urease test (RUT) results. 

RUT positive                                         104 (50%)
RUT 1                                                               
     1h                                                              68
     3h                                                              79
     24h                                                           100
RUT 2                                                               
     1h                                                              73
     3h                                                              86
     24h                                                           104
RUT 3                                                               
     1h                                                              67
     3h                                                              71
     24h                                                           102

Table 3. Sensitivity, specificity, negative and positive predictive value of the three rapid urease tests (RUTs).

                         Sensitivity, %             Specificity, %         Positive predictive values, %         Positive predictive values, %       Accuracy

RUT 1 1h                           70.7                                        100                                                   100                                                                   79.3                                           0.862
RUT 2 1h                           75.8                                       99.1                                                  98.7                                                                   82.1                                           0.881
RUT 3 1h                           67.7                                       99.1                                                  98.5                                                                   77.5                                           0.843
RUT 1 3h                           79.8                                       99.1                                                  98.8                                                                   84.6                                             0.9
RUT 2 3h                           85.8                                       96.4                                                  95.5                                                                   88.4                                           0.914
RUT 3 3h                           71.7                                       99.1                                                  98.6                                                                   79.7                                           0.862
RUT 1 24h                         86.9                                       84.7                                                  83.5                                                                   87.9                                           0.857
RUT 2 24h                         90.9                                       86.5                                                  85.7                                                                   91.4                                           0.886
RUT 3 24h                         81.8                                         70                                                     92                                                                    85.2                                           0.881
RUT1: two biopsies from the antrum obtained respectively from the posterior and the anterior wall  RUT2: two biopsies obtained respectively from the posterior wall of the antrum and the fundus RUT3: one biopsy
obtained from the posterior wall of the antrum. 

Table 4. Area under the curve (AUC) of the different RUT according to sites of biopsy and time of reading.

Test Result Variable(s)                                       AUC                  Std. Error                      P                              95% Confidence Interval
                                                                                                                                                                    Lower bound                   Upper bound

RUT1 (2 antrum) read at 1h                                                  0.854                             0.029                              <0.001                              0.797                                           0.910
RUT1 (2 antrum) read at 3h                                                  0.894                             0.025                              <0.001                              0.845                                           0.944
RUT1 (2 antrum) read at 24h                                                0.858                             0.028                              <0.001                              0.803                                           0.912
RUT2 (1 antrum + 1 fundus) read at 1h                             0.874                             0.027                              <0.001                              0.821                                           0.927
RUT2 (1 antrum + 1 fundus) read at 3h                             0.911                             0.023                              <0.001                              0.866                                           0.957
RUT2 (1 antrum + 1 fundus) read at 24h                           0.887                             0.025                              <0.001                              0.838                                           0.936
RUT3 (1 antrum) read at 1h                                                  0.834                             0.030                              <0.001                              0.774                                           0.893
RUT3 (1 antrum) read at 3h                                                  0.854                             0.029                              <0.001                              0.798                                           0.911
RUT3 (1 antrum) read at 24h                                                0.878                             0.027                              <0.001                              0.826                                           0.930
The test result variable(s): Urease test 1 antrum + 1 fundus biopsies read at 1h, 3h, 24h; Urease test 2 antrum biopsies read at 1h, 3h, 24h, Urease test 1 antrum biopsy read at 1h, 3h, 24h. RUT 2 at 3h has at least one
tie between the positive actual state group and the negative actual state group with the highest AUC and thus highest accuracy. Statistics may be biased.
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Discussion
A strong association has been con-

firmed between H. pylori infection and dys-
pepsia, gastritis, peptic ulcer disease and
gastric malignancies as it was defined as a
class 1 carcinogen.11-14

H. pylori infection is so common and as
many as 50% of the world population is
infected with,15 and a good mean of detec-
tion, with the best combination of simplici-
ty, sensitivity, specificity, cost-effectiveness
and rapid accurate results, is necessary to
guarantee the correct treatment and prevent-
ing unnecessary further investigations for
these patients or those with negative H.
pylori gastric diseases. This guided us to
look for an optimization of the widely used
rapid urease test that combines all the char-
acteristics to be an excellent confidential
cheap and widely available test for the
detection of H. pylori. Where is the best site
to biopsy for the test? How many biopsies
should we take? When to read and interpret
the test for the optimum results? The
answers to these questions remained
ambiguous and little confusing for some
gastroenterologists and others were
unaware of their importance, with subopti-
mal test results, leading to treatment failure,
increased resistance and costs.

Concerning the best site to biopsy, very
rare studies were done to help solving this
question. Shou-Wu Lee encouraged two
biopsies with one from antrum to minimize

the false negative rate of rapid urease test in
patients with gastric or duodenal ulcers.16

Another study showed that the Upper Body
Greater Curvature side is the most sensitive
and specific biopsy site to detect H. pylori
in gastric cancer patients due to less fre-
quent atrophy and intestinal metaplasia than
at the antrum or Upper Body Lesser
Curvature side.17 Concerning the optimum
number of biopsies to take for the test, Li-
Lin Lim et al. showed that the development
of a positive Ultra-rapid urease test result is
hastened by doubling the number of gastric
biopsies, taking two instead of one biopsy is
recommended to achieve an earlier positive
RUT result.18 Increasing the number of
biopsies to more than two, three or four
antral biopsy specimens, may increase the
sensitivity given that this will probably
increases the H. pylori load and therefore
the amount of urease.19

The length of time it takes for rapid ure-
ase test still poses a problem to the endo-
scopists. Balancing the reading time length
with the accuracy of the result of the test
determines the ideal time that allows the
physician to prescribe H. pylori eradication
treatment to the patient without further
delay.  Since One hour was the optimal time
to read the test in some studies and 24-hour
latency could yield  better accuracy in oth-
ers.20,21

In our study, we worked on to make this
clear. We studied the best site to biopsy
from and the right time to read the test, fix-

ing the number of biopsies to 2 specimens.
Our results suggested that combining

tissue biopsies from the antrum and the fun-
dus resulted in the highest sensitivity rate of
H. pylori detection rather than using only
antral or fundic mucosa specimens, when-
ever the test is read, with very high NPV
and PPV (Mean values 91% and 94.3%
respectively), guiding us to favor the use of
fundic and antral mucosa specimens for
RUT to give the best results in detecting H.
pylori, as there may be an increased yield of
detection when taking biopsy specimens
from different sites of the stomach due to
the differences in the geographical distribu-
tion and concentration of H. pylori (patchy
nature of the disease).

In terms of specificity of the test, it was
so high reaching 99-100% at 1h wherever
was the site of biopsy. With time of reading,
the specificity of the test decreases progres-
sively but slightly to reach 87%, 90% and
92% for the antral specimens, the fundic
plus antral and the fundic specimens respec-
tively which are relatively high numbers.
The decrease in specificity with time, and
the increase in the rate of false positive
results (though minimal) may be explained
by the presence of other urease producing
organisms such as Proteus mirabilis,
Citrobactor freundii, Klebsiella pneumonia,
Enterobactor cloacae and Staphylococcus
aureus, which are unlikely to be present in
sufficient concentration to produce a posi-
tive test unless given enough time and
delaying the reading time to 24h to grow in
the test media and give false positive results
for the presence of H. pylori.22

The ROC curve demonstrated 3 h is the
optimum time to interpret the RUT, using
specimens of the antrum and the fundus,
giving the best results when combining the
sensitivity and specificity of H. pylori
detection among the other two time inter-
vals and among all the other tests whenever
the time of reading is.

Conclusions
Until we have a more revolutionary

RUT test that may shortens the reading
interval, increase the sensitivity of detection
even for special populations like those who
are on PPI or antibiotics, with the smallest
number of specimens, the optimum RUT
results for H. pylori detection came when
fundic plus antral biopsy specimens are
used and delaying the time of test reading to
3 hours. On the other hand, patients exclud-
ed from this study, especially those under
PPI treatment, RUT can be evaluated.

                                                                                                                             Article

Figure 1. Comparison of ROC curves of the different tests.
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