Korean J Gastroenterol Vol. 81 No. 5, 209-215
https://doi.org/10.4166/kjg.2022.139

pISSN 1598-9992 elSSN 2233-6869
ORIGINAL ARTICLE

O oY AL QA HF| HA} J|EQ| Ji¥H(Helicotest®):
AL 7|E

Development of a New Liquid Type Rapid Urease Test Kit (Helicotest®): Comparison with
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Background/Aims: A quick and accurate diagnosis of Helicobacter pylori (H. pylori) infections is vital for effectively managing many
upper gastrointestinal tract diseases. Many diagnostic methods have been developed for rapid and accurate diagnosis, including
invasive and non-invasive methods, but each tool has some limitations. Among the invasive diagnostic methods, the rapid urease
test (RUT) is a relatively time-saving and accurate method, but a variation in the reaction time range causes inconvenience and in-
efficiency in the clinical field. This study developed a liquid-type medium, Helicotest®, to enable faster detection. This study examined
the reaction time of a new liquid-type RUT kit with other commercial kits.

Methods: Two H. pylori strains were cultured (H. pylori ATCC 700392 and 43504), and the urease activity of H. pylori was measured
using a urease activity assay kit (MAK120, Sigma Aldrich). Four RUT kits were used to compare the time of H. pylori detection, including
Helicotest® (Won Medical, Bucheon, Korea), Hp kit(Chong Kun Dang, Seoul, Korea), CLO kit (Halyard, Alpharetta, GA, USA), and ASAN
Helicobacter Test® (ASAN, Seoul, Korea).

Results: The detection of H. pylori was possible in bacterial amounts less than 10 pL. The color change was detected from five minutes
with bacterial densities of 5 pL and 10 pL for both strains, whereas 30 minutes and one hour were required for 0.5 pL and a 1 pL
bacterial density of ATCC 43504 and 700392 strains, respectively.

Conclusions: Compared to other RUT Kits, Helicotest® showed the fastest reaction. Therefore, faster diagnosis in clinical practice is
expected. (Korean J Gastroenterol 2023;81:209-215)
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INTRODUCTION

Helicobacter pylori (H. pylori) is one of the world’s most
common chronic bacterial infections. Previous studies have
shown that H. pylori is associated with gastric ulcer disease,
chronic gastritis, gastric malignancies, and mucosa-asso-
ciated lymphoid tissue Iymphoma.l Classified as a human car-
cinogen, H. pylori eradication therapy reduces the incidence
of gastric cancer after endoscopic or surgical resection and
that of first relative patients.z'6 The Maastricht V consensus
recommends a "test and treat" approach for affected patients;
therefore, rapid and accurate diagnosis is essential for appro-
priate treatment.”® Many invasive and non-invasive diagnostic
methods have been developed for diagnosing H. pylori
infections. Invasive diagnostic methods are performed endo-
scopically, which include rapid urease test (RUT), histopatho-
logical examination, bacterial culture tests, and PCR test.
Non-invasive diagnostic methods include urea breath test, fe-
cal antigen test, and serum test.? Among the invasive meth-
ods mentioned above, histopathological examinations, culture
examinations, and PCR tests have high accuracy; however,
considerable time is needed to confirm the final diagnosis.
On the other hand, RUT is a relatively time-saving, inex-
pensive, and tractable diagnostic method.’® RUT uses a large
amount of urease found in H. pylori. Tissue is collected from
the gastric antrum and body, mixed with a test medium, and
observed for any color change. H. pylori degrades the urea
in the medium to form carbon dioxide and ammonia. This
increases the pH, changing the reagent color from orange
to clear pink, which indicates a positive result.™* The sensi-
tivity and specificity of these tests are high at 90% and 95—
100%, respectively. The Maastricht V consensus recommends
RUT as the primary diagnostic test for H. pylori infection, in
which a positive result is the basis for immediate eradication
therapy.” RUT is a simple method, but considerable time is
sometimes needed to provide accurate test results. The re-

action time ranges from five minutes to 24 hours, which some-
times may cause an inconvenient additional number of out-
patient department visits for patients to check the final
diagnosis.10 Therefore, many test media have been developed
to attain rapid results, enabling one-stop diagnosis and
treatment. The media used in RUT kits come in three primary
forms: gel, paper, and liquid. The kits in gel form include the
CLO kit and Hp kit. Paper form kits include the PyloriTek and
ProntoDry. Liquid form kits include the UFT300 and
EndoscHp. The reaction times vary according to the type of
medium used. In particular, a CLO kit takes 24 hours; a
PyloriTek takes one hour; a UFT300 takes five minutes.™
Table 1 compares the commercially available RUT kits.">*®
The property of the medium and density of H. pylori in the
sample affects the reaction time and accuracy.>***¢*°
Therefore, a medium that rapidly reacts with samples of low
bacterial density would be of greater clinical use. This study
developed a new liquid medium, which is not currently com-
mercialized in the Republic of Korea, and the reaction time
was evaluated after inoculation with two standard H. pylori
strains (H. pylori ATCC 700392 and H. pylori ATCC 43504).
The reaction time was measured with various amounts of bac-
terial density with both strains to identify that it sufficiently
reacts with a minimal amount. Finally, research goals were
set to evaluate the reaction rate of a new liquid-type medium

compared with currently available commercial kits.

SUBJECTS AND METHODS

A liquid medium, referred to as Helicotest®, was developed
by combining sodium dihydrogen phosphate monohydrate
(NaH2PO4/H20), phenol red, sodium acetate (CHs02Na), and
urea. All experimental tests were conducted at least three
times, and urease activity during bacterial culture has shown
similar results despite the limitation on taking statistical data
due to experimental variation.

Table 1. Comparison between Commercially Available Rapid Urease Test Kits

Rapid urease test kit Phase of medium Time for diagnosis Sensitivity Specificity
Hp kit Semi-solid (gel) 2 hr 90.0% 97.5%
CLO kit Semi-solid (gel) 24 hr 93.0% 99.0-100.0%
Asan Helicobacter test® Semi-solid (gel) 2 hr 88.7% 94.0%
PyloriTek Solid (paper) 1 hr 98.0% 68.0%
UFT300 Liquid 5 min 94.5% 100.0%
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This study does not include human or animal experiments
and therefore is not applicable to Institutional Review Board
approval.

1. Reagent

Brucella blood agar was purchased from Synergy
Innovation (Seongnam, Korea). NaH2PO4/H20, phenol red, so-
dium acetate, and urea were purchased from Sigma-Aldrich
(St. Louis, MO, USA).

2. H. pylori culture

Two strains of H. pylori, H. pylori ATCC 700392, in which
the complete genome sequences have been determined, and
H. pylori ATCC 43504, a strain isolated from a gastric cancer
patient in Australia, were cultured in Brucella blood agar
plates at 37°C in 10% CO incubator under microaerobic

conditions.?**

After 3-5 days, the grown H. pylori strains
were suspended in 5 pL of distilled water in various turbidities
and centrifuged at 12,000 rpm for five minutes. H. pylori was
stored in distilled water at -20°C and regenerated before add-

ing to Helicotest® solution.
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Fig. 1. Color change of Helicotest® over time inoculated with ATCC
700392 and ATCC 43504 strain in various amounts.

3. Urease activity measurement

The urease activity of H. pylori was measured using the
method described in the MAK120 product manual from
Sigma-Aldrich. Detailed instructions can be found in the
Technical Bulletin of the Urease Activity Assay Kit. This method
used the amount of ammonia produced by the urease to eval-
uate the urease activity and the Berthelot reagent reaction
product, measured from the light absorption at a wavelength
of 670 nm. The urease activities of H. pylori ATCC 700392
and ATCC 43504 strains were measured in different amounts
of bacterial density in 0.1 pL, 0.5 pL, 1 pL, 5 pL, and 10 plL.

4. Evaluation of the reaction rate of Helicotest®

The reaction rate was evaluated from the gradual color
change of the rapid urease test kit. As RUT uses large
amounts of urease found in H. pylori, the presence of H. pylori
can be demonstrated by the change in reagent color from
orange to clear pink. Different bacterial amounts (0.1 uL, 0.5
plk, 1 pl, and 10 pl) of H. pylori in both standard strains
(e.g., ATCC 700392 and ATCC 43504) were inoculated in
Helicotest®, and the presence of color change at zero mi-
nutes, five minutes, 10 minutes, 30 mintues, and one hour

were evaluated, as shown in Fig. 1.

5. Comparison with other commercial kits

Two H. pylori strains, H. pylori ATCC 700392 and ATCC
43504 strain, were cultured to compare the new liquid type
kit, Helicotest® (Won Medical, Bucheon, Korea), with other
semi-solid (agar gel) commercial kits: Hp kit (Chong Kun Dang,
Seoul, Korea), CLO kit (Halyard, Alpharetta, GA, USA), and
ASAN Helicobacter Test® (ASAN, Seoul, Korea) and reaction
process. The results were shown by the color change, which

was recorded every minute to compare the reaction rate.

RESULTS

This study examined the reaction time of both H. pylori
strains using a new liquid-type rapid urease test kit. The rapid
urease activities of the H. pylori strains at different bacterial
densities using Helicotest® were compared with other com-
mercial Kits.

1. Color change in the Helicotest® in two H. pylori strains

Fig. 1 shows the color change in Helicotest® over time in
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various amounts of two H. pylori strains. The reaction rate minutes and one hour were required for the 0.5 puL and 1
was more rapid, with high bacterial density in both strains. pL bacterial density of ATCC 43504 and 700392 strains,
The color change was detected from five minutes with a bacte- respectively. With a bacterial density of 0.1 pL, no color
rial density of 5 puL and 10 pL for both strains, whereas 30 change was presented within one hour in this study.
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Fig. 2. Urease activity of H. pylori ATCC 700392 and ATCC 43504 strains.
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Fig. 3. Comparison of the reaction rates between Helicotest® with other commercial kits.
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Each volume of H. pylori was matched to evaluate the ure-
ase activity in Fig. 2 to estimate pathogen ability rather than
the bacterial number. This helps evaluate the actual patho-
genic ability rather than the absolute bacterial load, which
is more meaningful for developing diagnostic tools in the clin-
ical field.

2. Urease activity of both H. pylori strains

Fig. 2 presents the urease activity of both strains with dif-
ferent bacterial amounts shown in Fig. 1. The urease activity
of 0.1 pL, 0.5 pL, 1 pL, and 10 uL bacterial amounts of H.
pylori in both standard strains (e.g., ATCC 700392, ATCC
43504) were evaluated from the optical density at 670 nm.
In both strains, the urease activity increased according to the
bacterial density. The ATCC 700392 strain showed a positive
reaction from one hour after inoculation with a bacterial den-
sity of 0.5 pL and 1 pL and from five minutes with more
than 5 pL. The urease activity was -0.69 units/L, -0.31
units/L, and 43.97 unit/L at 700392 strain amounts of 0.5
pL, 1 pL, and 5 pl, respectively, with optical densities of
0.131, 0.144, and 1.694. An excessively unmeasurable small
bacterial load can produce a negative result. The ATCC 43504
strain showed a positive reaction from 30 minutes with a
strain amount of 0.5 pL, and from five minutes with a bacterial
density of more than 5 pL. The urease activity was 0.26 unit/L
and 74.14 unit/L, with optical densities of 0.164 and 2.75,
respectively. An evaluation of the urease activity presents the
pathogenic ability of bacteria that can enable an estimation
of the reaction rate using rapid urease test kits through the
appropriate bacterial concentration for diagnosis.

3. Comparison of the reaction rates between Helicotest®
and commercial kits

The reaction rates of Helicotest® and other semi-solid type
commercial kits were compared (Fig. 3). The reaction time
of both strains was presented at five minutes, 10 minutes,
30 minutes, one hour, and two hours for color change with
four different RUT kits. With Helicotest®, the ATCC 700392
and ATCC 43504 strains showed a color change from five
minutes, which was the fastest reaction, followed by the Hp
kit, CLO kit, and ASAN Helicobacter Test”.

Using the Hp kit, the 43504 strain reacted for 10 minutes,
and the 700392 strain reacted for 30 minutes each. Both
strains showed a positive sign after 30 minutes using the
CLO kit. Using an ASAN Helicobacter Test®, the 700392 strain

took more than two hours for detection, and the 43504 strain
began to change between 10 and 30 minutes. No further
evaluation was conducted after two hours because 5 pL of
the 700392 strain showed less urease activity than the
43504 strain (Fig. 3).

DISCUSSION

As one of the critical infections in the upper Gl tract, detect-
ing H. pylori is an alarming issue in managing many Gl tract
diseases. As a well-known carcinogen that is associated with
many gastric diseases, H. pylori eradication is a meaningful
outcome of upper Gl tract diseases. Considering the test and
treat approach recommended by the Maastricht V consensus,
a minimal time gap between diagnosis and management of
H. pylori infection would enable a better outcome for many
upper Gl tract diseases. For the greater clinical usage, this
study focused on developing a medium that reacts rapidly
with samples of low bacterial density.

Therefore, this study developed a liquid-type H. pylori diag-
nostic medium technology that can shorten reaction time us-
ing the liquid phase medium of different compositions com-
pared with commercial kits. Helicotest® is composed of phe-
nol red, urea, sodium acetate, sodium dihydrogen phosphate,
and vancomycin. In contrast, other commercial liquid kits are
composed of phenol red, urea, gamma valerolactone, sodium
azide composition, and buffer based on sodium acetate. In
particular, the composition of sodium dihydrogen phosphate
(pH 7.0) and sodium acetate (pH 7.3) enabled a faster re-
action rate. Helicotest® presented a positive reaction to a low
bacterial density and weak urease activity. Furthermore, the
reaction rate was highest compared to the current geltype
products. The products selected for comparison in this study
are semi-solid type medium, Hp kit, CLO kit, and ASAN
Helicobacter test®, which are widely commercialized. The Hp
kit contains a gel-based urea substrate, which needs up to
two hours for the final result. The sensitivity and specificity
were 90% and 97.5%, respectively, and the reaction time was
35.2421.4 minutes, even at a low bacterial density from a
Sydney classification grade 1 infection."® The CLO kit is a
gel-based medium that requires up to 24 hours for diagnosis.

The sensitivity after one hour was 71%, but after 24 hours,
the sensitivity and specificity became 93% and 99-100%,
respectively.’® The ASAN Helicobacter test® is a product that

Vol. 81 No. 5, May 2023
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can also serve as a transport medium. According to the prod-
uct manual, the results are presented two hours after sample
inoculation. If no color develops, it is recommended to check
again after 24 hours. One study reported a sensitivity and
specificity of 88.7% and 94.0%, respectively.™

In this study, the Helicotest”™ provided definitive test results
within five minutes and up to one hour, significantly reducing
the time required for diagnosis and treatment. As presented
in the result, with Helicotest®, the ATCC 700392 and ATCC
43504 strains showed the fastest reaction, followed by the
Hp kit, CLO kit, and ASAN Helicobacter Test®.

A rapid H. pylori diagnosis is essential for facilitating the
prompt initiation of the appropriate treatment. Upon its linkage
to many upper Gl tract diseases, the effective diagnosis of
H. pylori infection is essential for appropriately managing upper
Gl tract diseases. The success of H. pylori eradication therapy
is influenced by many factors, such as patient compliance
and the ability of proton pump inhibitors (PPIs) to suppress
acid secretion. On the other hand, the most important factor
is antibiotic resistance, particularly to clarithromycin.®> The
Maastricht V consensus recommends not using the standard
three therapies for a H. pylori infection (PPI, amoxicillin, and
clarithromycin) in cases where clarithromycin resistance ex-
ceeds 15%." According to the Evidence-based Guidelines for
the Treatment of Helicobacter pylori Infection in the Republic
of Korea: 2020 Revised Edition, the clarithromycin resistance
rate in the Republic of Korea has increased gradually over
the past 10 years. Recent studies confirmed that it was as
high as 17.8-31.0%.2>** The success rate of the standard
three therapies from 2007 to 2011 was 72.3%, which de-
creased to 70.3% from 2012 to 20162 Therefore, the necessity
of clarithromycin resistance tests has attracted attention. The
most common method is culturing H. pylori to perform antibiotic
2527 On the other hand, this method is

time-consuming because the organisms are difficult to culture,

susceptibility tests.

and clinical applications of the test are challenging. Instead,
a PCR test can be used to test for the clarithromycin resistance
g,ene,22 but this method is expensive and difficult to apply
in bulk. Therefore, a double method approach has emerged
where an inexpensive RUT is performed and followed by a
PCR test if a positive result is confirmed. Reducing the time
to confirm the RUT result would sequentially shorten the time
for determining the PCR test. In some cases, both RUT and
PCR tests can be performed simultaneously after endoscopy.

As Helicotest® enables prompt confirming test results, it would
contribute to the flexibility of applying a double method for
establishing appropriate treatment methods. Furthermore, as
RUT has high specificity, even in post-gastrectomy patients, this
advantage also can be applied to post-gastrectomy patients.”(6

No clinical trial has been conducted for Helicotest®, meaning
the accuracy of the test is unknown. The sensitivity and specific-
ity need to be confirmed through clinical trials, in which false
positives and false negatives are evaluated. In general, RUT
may produce a false negative result under conditions that
reduce the concentration of strains present in the test sample,
such as antibiotics, bismuth-containing preparations, and
PPIs.?®*3' PPIs can also cause hypochlorhydria, which may in-
duce the colonization of other bacteria and produce false
positives. If the test result is evaluated after 24 hours, other
bacteria with urease can degrade urea in the test medium,
producing a false positive.32 Further studies are needed to
determine how these factors and others affect Helicotest®
in relation to the accuracy and identification of the optimal
detection conditions. Typically, RUT is not highly sensitive. Hence,
a negative result, including the possibility of acute infection,
cannot be excluded. Therefore, it is not used for the determi-
nation of eradication.”>*

Helicotest” is expected to have this limitation, which requires
further research. Finally, in contrast to the widely commercialized
semi-solid type rapid urease test Kit, Helicotest® as a liquid
type test kit has to determine optimal storage and transport
methods. The properties of the medium affect the reaction time
and the method of storage and transport. Therefore a change
in the properties of the medium from semi-solid to liquid type
would affect the storage and transport methods. In other words,
different optimization methods for Helicotest® might be required.
In addition, for commercialization, further trials and experimental
data will be needed to evaluate the standard maximal usage
period that should be suggested to consumers.

In conclusion, the newly developed liquid-type rapid urease
test kit (Helicotest®) showed the fastest reaction rate compared
to the commercialized three semi-solid type RUT Kkits.
Nevertheless, further study and clinical trials will be needed
to determine the actual sensitivity and specificity associated
with false negative and false positive reactions.
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