Chapter 9
Urea Breath Test and Rapid Urease Test

Akiko Shiotani, Maria Pina Dore, and David Y. Graham

Abstract The urea breath test (UBT) and the rapid urease test (RUT) are the most
commonly used diagnostic methods for H. pylori infection and rely on detecting the
presence of urease produced by H. pylori. The sensitivity of the UBT is excellent
(often exceeding 95 %). The majority of false-positive results after eradication
occur when the results are near the cutoff value and are most frequent in areas
where atrophic gastritis is common and citric acid is not used as an adjuvant. The
sensitivity of RUT is slightly less (approximately 80-95 %). Increasing the number
and size of biopsy fragments, collecting them from the antrum and corpus, or
sampling gastric mucus more widely instead of biopsy samples achieves better
results with the RUT. Negative results of the either test should not be taken as
evidence of the absence of the infection especially in PPI users as well as in patients
with bleeding or a history of partial gastrectomy.

Keywords Urea breath test « Rapid urease test « Diagnosis « Helicobacter pylori
Proton pump inhibitor ¢ Gastrectomy e Citric acid ¢ Bleeding  False-negative
results

9.1 Introduction

The vast numbers of infected patients worldwide and the severe clinical outcomes
have made Helicobacter pylori (H. pylori) infection a public health issue. Because
at least 20 % of those with clinically latent H. pylori infections eventually develop
serious clinical diseases, the infection should be eradicated whenever it is discov-
ered unless there are compelling reasons [1, 2]. If a simple and effective therapy or
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Table 9.1 Accuracy of diagnostic tests for H. pylori infection

Rapid urease test Urea breath test Stool antigen test [5]
Sensitivity | Specificity | Sensitivity | Specificity | Sensitivity | Specificity
Before o} © @ © e} ©
eradication
After X e} ® e} © ©
eradication
PPI use X @ A @ A
Upper GI X A o) ¢) A o)
bleeding
Gastrectomy A © A e} e} ©

@ more than 95 %, O 85~95 %, A more than 75 %, X 75 % and less

vaccine were available, H. pylori would likely be targeted for a worldwide elimi-
nation campaign. The recommended approach is a three-part strategy of test, treat,
and confirm cure. The decision to treat must be based on an accurate diagnosis, and
the test of choice among a variety of available tests depends on the clinical
condition and the indication for testing. Noninvasive testing includes the urea
breath test (UBT), stool antigen test, and serologic tests. Biopsy-based tests include
the rapid urease test (RUT), histological evaluation, culture, and molecular tests
using the polymerase chain reaction (PCR) [3, 4].

Tests differ in specificity and sensitivity, and choice of which test to use is often
influenced by the pretest probability of infection (local prevalence of infection).
Additional important factors are availability, cost, clinical setting, and factors that
might influence the accuracy of testing such as post-eradication, the use of proton
pump inhibitors (PPIs), bismuth or antibiotics, upper gastrointestinal (GI) bleeding,
past history of partial gastrectomy, etc. (Table 9.1). The choice between noninva-
sive and invasive testing is dependent on whether there are other indications to
perform GI endoscopy. In this paper, we review the RUT and UBT which are the
most commonly used diagnostic methods for H. pylori infection. Both rely on
detecting the presence of urease produced by H. pylori.

9.2 Urea Breath Test (UBT)

The UBT is a preferred test for the diagnosis and confirmation of cure because it is a
noninvasive, simple, and accurate method for diagnosis of active infections
[3]. Testing requires the patient to ingest a small quantity of urea in which the
carbon is labeled with either the stable isotope '*C or the radioactive isotope '*C
[3, 6]. If H. pylori is present, H. pylori breaks down orally ingested '*C- or '*C-
labeled urea into CO, and ammonia. 13C02 or 14C02 diffuses into the blood, is
exhaled via the lungs, and can be measured in the exhaled air. Both 3C. and '“C-
UBTS are sensitive and specific for H. pylori detection; however, '°C is generally
preferred because it is not radioactive and thus avoids the potential problems
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associated with the use of radioactive substances, especially in children and in
pregnant women.

Most previous studies report similar high sensitivity and specificity of the UBT
exceeding 95 % [7]. Positive and negative UBT results tend to cluster outside of the
range between 2%o and 5%o such that change in cutoff value within this range would
be expected to have little effect on the clinical accuracy of the test (see below)
[7, 8].

The simplicity, good tolerance, and economy of the citric acid test meal probably
make its systematic use advisable. Some protocols use a test meal to delay gastric
emptying and attempt to spread the urea within the stomach. Over time the choice
of test meal switched from an actual test meal such as a pudding to citric acid. A
study comparing a pudding test meal, ascorbic acid, and two doses of citric acid in
11 volunteers showed that the increased intragastric urease activity associated with
citric acid could not be attributed only to gastric emptying. Citric acid and malic
acid both enhance urease activity possibly via an effect on Urel, a proton-gated urea
channel, thus making urea more accessible to the intra-bacterial urease [9]. The
dose of urea varies from essentially none with the 'C test to mg quantities of Be-
urea. Originally, the "*C-UBT was studied with a dose of '*C-urea of 5 mg/kg of
body weight [10]. Subsequently, doses of 125 and 100 mg were validated, and more
recently 75 mg, 50 mg, or less and possibly even 10 mg of '*C-urea have proved to
be sufficient [11-15]. The UBT protocol containing citric acid test meal can be
performed with relatively low doses (<100 mg) of urea: 75 mg or even 50 mg seem
to be sufficient. With the most widely used protocol (with citric acid and 75 mg of
urea), excellent accuracy is obtained when breath samples are collected as early as
10—15 min after urea ingestion [16].

It is frequently asked whether fasting before UBT is required. Most have found
no significant differences between tests performed under fasting and non-fasting
conditions. Thus fasting prior to testing seems to be not necessary and non-fasting
may be more applicable in the routine setting. In the USA, fasting from solid food
for one hour is required. Because the issue remains controversial, it would seem
prudent to perform UBT in fasting condition from solid food for one hour until new
data will definitively clarify this issue [7, 17-20].

9.2.1 Assessment for Eradication

Overall, the UBT is generally the best noninvasive method for detection of active
H. pylori infections and for confirmation of cure of the infection. The excellent
sensitivity of the UBT, especially after eradication therapy, may be explained by
the fact that the UBT is more likely to produce positive results than biopsy-based
tests including RUT in cases of moderate colonization or patchy distribution of
H. pylori. The sensitivity and specificity were previously reported to be greater than
95 %, and it is widely recommended as the primary method for confirmatory testing
after H. pylori eradication therapy [7, 12].
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The accuracy of UBT for eradication assessment is markedly affected by two
factors: the timing of the assessment and the cutoff value used for the assessment.
After eradication treatment, the values resulting from the '>C-UBT have converged
around the cutoff value. A cutoff value of 5%o for '*C-UBT is widely used for
eradication assessment worldwide. In Korea and Japan, the optimum cutoff value of
the '*C-UBT performed using the UBiTkit (Otsuka Pharmaceutical; measurement
at 20 min after the administration of 100 mg of urea) for the detection of H. pylori
infection before and after eradication is 2.5%o [15]. The cutoff value of 2.5%o was
based on a multicenter trial conducted in patients prior to treatment for eradication
of H. pylori in Japan [15], while the cutoff value is 2.4%o in the USA.

Early experience with a low proportion of false-positive results has been recently
challenged by studies from Spain and Korea [21, 22]. In Korea they reported a low
specificity of 47.1 % instead of high sensitivity of 99.3 % using the film-coated urea
tablet without citric acid after H. pylori eradication [22]. False-positive results after
eradication tend to occur in studies using cutoff in patients with atrophic gastritis.
The majority of false-positive results occur when the results are near the cutoff
value and are most frequent in areas where atrophic gastritis is common and citric
acid is not used. In those locations we recommend that tests with results between
the cutoffs (e.g., 2.5%o and 10%o) should be considered indeterminate and con-
firmed with a different test. In Korea this accounted for up to 10 % of cases of post-
H. pylori eradication therapy. It is unknown if the addition of citric acid which
increases the urease activity of H. pylori and inhibits non-H. pylori ureases would
prevent this problem. After failure of H. pylori therapy, the infection may recover
slowly such that testing should be delayed for at least 4 weeks after the end of
therapy and 2 weeks after treatment with PPI to allow any remaining H. pylori to
achieve a sufficient density to be detected [23].

The stool antigen test is also useful for confirming H. pylori eradication;
however, stool testing is inconvenient and has low diagnostic accuracy when
polyclonal antibodies are used. Both the UBT and stool antigen test have similar
accuracy if one ensures one is using a validated stool antigen test based on the use of
monoclonal antibodies [24].

9.2.2 Diagnosis in Children

Citric acid has demonstrated good performance as an adjuvant to the UBT in adults
and is well accepted in children when a sweetener is included as in the USA. Apple,
orange, or grape juices are often used as alternatives in UBT of children although
their suitability has not been evaluated critically. The standard '*C-UBT is less
accurate for the diagnosis of H. pylori infection in young children, especially under
6 years old, because the test is assessed by measuring the relative amounts of
natural and 13C02. Attempts to adjust based on cutoff value, pretest meal, and urea
dose are gross attempts to this adjustment and are not recommended as CO, is
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highly dependent on size which varies greatly in different populations. The problem
can be overcome by adjusting for the CO, production rate [25].

A systematic review and meta-analysis showed that stool antigen tests using a
monoclonal antibody are also highly accurate for the diagnosis of H. pylori infec-
tion in children [26]. The specificity of UBT was less than 90 % in young children
aged 6-30 months in the developed countries, while both monoclonal stool antigen
test and UBT have proven to be reliable in South American developing
countries [27].

9.3 Rapid Urease Test (RUT)

The diagnosis of H. pylori can be established by endoscopy to obtain specimens for
RUTs, histology, or culture. Choosing among these tests depends upon the clinical
circumstance, the accuracy of the tests, and their relative costs and especially their
local availability. Endoscopy is generally not indicated only to establish H. pylori
status, and rather, the primary use of endoscopy is to evaluate for the presence of
upper GI diseases, many of which are consequences of H. pylori infections, or to
obtain biopsies for culture to perform antimicrobial susceptibility testing. As noted
above, endoscopy is expensive and not without risk, and it is prudent to combine
visual inspection with diagnostic testing for H. pylori. Japan is one of the countries
with the highest incidence of gastric cancer, and the Japanese Minister of Health,
Labour and Welfare has recently approved the application of medical insurance of
H. pylori eradication in patients with chronic gastritis diagnosed by endoscopy
based on the strategy for the elimination of gastric cancer deaths. Therefore in
Japan, endoscopy for screening of gastric cancer and evaluation of gastric cancer
risk is required prior to H. pylori eradication for chronic gastritis.

The RUT is inexpensive, rapid, widely available, and highly specific. In 1998,
American College of Gastroenterology suggested that the RUT is the test of first
choice when endoscopy is indicated [28]. Additional biopsy specimens should also
be taken from normal appearing mucosa and placed into formalin.

RUTs are based on the fact that H. pylori urease splits urea into ammonia and
CO,. When a gastric biopsy containing H. pylori is placed into a urea-containing
medium, the ammonia produced by bacterial urease will increase the pH, and this is
detected by the color change of a pH indicator. In regions where cost is an important
factor in terms of whether testing can be done, any laboratory can produce “home-
made” tests for pennies. These tests are made from a solution containing 2 g urea,
10 mL of 0.5 % (w/v) phenol red, and 20 mg sodium azide in 100 mL of 0.01 M
sodium phosphate buffer, pH6.5. Approximately %2 to 1 mL of this solution is
placed in a dram vial and the biopsy is immersed in this solution. The pH indicator
is initially yellow, and the addition of H. pylori-positive biopsy specimens will
change the solution from yellow to pink. Many commercial RUTs are available,
including tests that use urea-impregnated agar (e.g., ipfast, GI Supply, Camp Hill,
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PA; CLO test, TriMEd Specialties, Inc., Lenexa, Kans), liquid-based tests
(Helicocheck, Otsuka Pharmaceutical, Tokyo, Japan), or dry filter-paper tests
using a urea-impregnated semipermeable membrane (PyloriTek, Serim Research
Co., Elkhart, IN). They typically provide a result within 1-24 h, depending on the
format of the test and the bacterial density in the biopsy specimens. The speed of the
reaction in the agar tests can be increased by the use of a warmer (e.g., Helicoview,
GI Supply, PA), the use of large biopsy specimens, or adding several specimens to
the agar [29-31]. A study comparing the two types of RUTs, a liquid-based test and
a dry filter-paper test, showed they had significantly faster reaction times than an
agar test such as the CLO test [32]. Some RUTs marketed in Europe are reported to
give accurate results within minutes. However, clinical experience has not shown
rapid or ultrarapid results to be advantageous clinically.

The specificity for these RUTs varies from 90 % to 100 %, but their sensitivity is
slightly less (approximately 80-95 %) [21, 30, 31, 33, 34]. Positive results should
generally prompt H. pylori treatment. However, false-positive results may occur if
the test is not interpreted within 24 h because of the growth of urease-containing
mouth bacteria. We recommend RUTs be discarded after 24 h. Importantly, a
negative RUT should not be taken as evidence of the absence of the infection
especially in PPI users and those with atrophic gastritis (see below).

9.4 False-Negative Results

Because the RUT samples such a tiny fraction of the gastric mucosa, there is a high
possibility of false-negative results with RUT due to the presence of a low-level,
suppressed, or patchy infection. This problem with false-negative tests is responsi-
ble for the abovementioned dictum not to accept a negative RUT as the sole
criterion for either the absence of the infection. Extensive atrophy or intestinal
metaplasia leads to patchy distribution of the infection and may be associated with
low H. pylori density and false-negative RUT results. Corpus-predominant gastritis
or achlorhydria can also lead to false-negative UBTs, as like RUT. The number of
bacteria present in the biopsy specimen is the main cause in reducing the test’s
sensitivity. It is estimated that densities lower than 10°~10° organisms may result in
false-negative tests [35]. The false-negative result could also be caused by the use
of H. pylori- and urease-suppressive therapies, such as PPIs, antibiotics, or bismuth
compounds [36, 37].

Preimmersion of the biopsy forceps in formalin does not adversely affect
viability of the organisms, although it has been suggested that formalin contami-
nation of forceps used to collect the biopsy may possibly contribute to reduced
sensitivity [38—41].
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9.4.1 PPI Users

False-negative rates greater than 30 % have been reported when PPI is used just
prior or at the time of testing, and this problem is present with histology, culture,
RUT, UBT, and stool antigen testing. Gatta et al. [13] reported that the sensitivity of
both UBT and stool antigen test was significantly decreased (UBT range,
77.1-85.4 %; stool test, 83 %) after 14 days of PPI treatment, while it was
unchanged in those that took antacids. PPIs should be stopped 2 weeks (at least
1 week) before the UBT [42]. H, receptor antagonists have no effect on H. pylori
and can be continued up to the day of testing for histology, RUT, and stool antigen
testing. However, high pH caused by H, receptor antagonists may reduce the
accuracy of the UBT, especially the “C-UBT. Citric acid can overcome the
problem with the '*C-UBT.

9.4.2 Diagnosis in Patients with Upper GI Bleeding

The false-negative result in RUT or culture may often occur in bleeding patients
[43, 44]. The biological mechanisms for the false-negative results in the setting of
acute upper GI bleeding are poorly understood and may indeed vary depending on
the test. Blood adversely affects the performance of the RUT. One suggestion is the
pH-buffering effect of the blood or serum albumin rather than a direct inhibition on
the urease activity. The color change of the pH indicator was progressively
suppressed by higher concentrations of serum albumin regardless of the presence
of anti-H. pylori antibody [45]. Velayos et al. [46] investigated the accuracy of UBT
performed immediately after emergency endoscopy in patients with peptic ulcer
bleeding by comparing the results with those of UBT performed after hospital
discharge. The sensitivity and specificity of the early UBT were 86 and 66 %,
respectively, with a negative predictive value of 50 %. In contrast, Tu et al. [47]
compared invasive and noninvasive methods for detecting H. pylori infection in
bleeding peptic ulcer and reported a higher sensitivity of UBT compared to RUT
(95 % vs. 46 %). In reality, there is no compelling reason to diagnose H. pylori in a
bleeding patient. Since H. pylori infections are acquired in childhood, most patients
have been infected for decades. There is thus no rush to diagnose and diagnostic
testing can be delayed until after the acute problems have settled.

9.4.3 Diagnosis in Patients with History of Partial
Gastrectomy

The studies using UBT performed in patients with a history of partial gastrectomy
indicated that the sensitivity is decreased in patients with partial gastrectomy. One
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problem is that bile inhibits H. pylori and thus the density of the organism is often
low. The accuracy of UBT in patients’ post-distal gastrectomy was reported to be
lower than that of RUT [48]. The UBT may become unreliable because of rapid
gastric emptying and/or enterogastric alkaline reflux. A cutoff of 4.0%o using the
commercially available test has been recommended [49]. A meta-analysis indicated
that the sensitivity and specificity of UBT were 0.77 (95 % CI, 0.72-0.82) and 0.89
(95 % CI, 0.85-0.93) compared to the RUT (0.79 (95 % CI, 0.72-0.84) and 0.94
(95 % CI, 0.90-0.97)) and histology (0.93 (95 % CI, 0.88-0.97) and 0.85 (95 % CI,
0.73-0.93)) [50]. In contrast, a Japanese trial used the UBT protocol that included
ingestion of 100 mg '*C-urea, the use of mouthwash, and the body in a horizontal
position on the left side. Using that approach the sensitivity of ">*C-UBT in patients
with a remnant stomach was improved to 95.7 % [51]. Overall, histology is often
the best choice for the diagnosis of H. pylori infection after partial gastrectomy
[50]. However, stool antigen test may also be reliable, and the specificity of stool
antigen test in Japanese patients who underwent distal gastrectomy was reported to
be 90.5 % in contrast of a standard UBT of only 59 % [52].

9.5 False-Positive Results

In contrast, urease-producing bacteria (Streptococcus, Staphylococcus,
Gardnerella, Lactococcus, and Enterococcus) could cause false-positive results
of urease-dependent tests [53—55]. Although some members of the microbiota in
the oropharynx produce urease which is swallowed in the saliva, most non-H. pylori
urease enzymes have a pKa greater than seven and are thus inactive in the acidic
conditions of the stomach. However, in the achlorhydric patient, their presence may
prove to be a problem. A previous Japanese study demonstrated that five bacterial
species with urease activity (Proteus mirabilis, Citrobacter freundii, Klebsiella
pneumoniae, Enterobacter cloacae, and Staphylococcus aureus) were subsequently
isolated from the oral cavity and/or stomach and all of the patients with a false-
positive UBT result were suffering from atrophic gastritis [55]. The use of the citric
acid adjuvant will also lower the intragastric pH below the pH optimum of
non-H. pylori ureases and thus reduce the chance of false-positive results seen in
patients with hypochlorhydria and overgrowth of non-H. pylori urease-containing
organisms. False-positive RUT is infrequent but may occur if the sample is kept
beyond 24 h [56].

9.6 Improvement of the UBT

Mouthwashing prior to a standard UBT has been recommended to reduce the
interaction of the urea with mouth urease-containing organisms to reduce frequency
of false-positive UBT results; however, it has not been critically examined
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[57]. Alternative methods have been to use a straw to drink the urea solution or the
use of film-coated '*C-urea tablets to decrease the interaction of the urea and
urease-positive bacteria in the oral cavity. The simplest method is to use citric
acid and to delay the first breath sample to at least 10 min to allow the low pH of the
citric acid solution to inhibit non-H. pylori ureases and to enhance H. pylori urease
activity. One potential problem with urea tablets or capsules is that they can
potentially empty from the stomach without exposing the H. pylori to the labeled
urea. Clearly, more head-to-head studies are needed to compare different delivery
methods.

9.7 Improvement of the RUT

Increasing the number and size of biopsy fragments and/or collecting them from
various regions of the stomach (e.g., combining biopsies for the antrum and body in
one well) achieves better results with the RUT [58]. Combining tissues not only
increased the detection of H. pylori compared with testing separate specimens but
also produces faster results [59]. Obtaining two samples one from the antrum and
one from the corpus avoiding areas of ulceration and obvious intestinal metaplasia is
sufficient to obtain optimal results and provide the highest yield [56].

The tissue sample contained in the agar of an RUT can be used for other
purposes. For example, the sample can be removed from the agar gel of positive
tests and used for molecular testing for H. pylori and/or for the presence of
clarithromycin resistance [60]. Since the sample contains host tissue, it could be
used for other testing such as the CYP2C19 genotype of the host as well as 23S
rRNA of H. pylori [61].

To increase the sensitivity of RUT, authors have recommended sampling gastric
mucus more widely instead of biopsy samples. We assessed whether adherent
gastric mucus to biopsy forceps instead of biopsy samples was suitable for diag-
nosis. Gastric mucus was obtained by gently scraping gastric mucosa from the
antrum greater curvature to corpus greater curvature using biopsy forceps and put
into RUT tube. The accuracy of RUT using gastric mucus was superior to that using
combined two biopsy specimens in 494 subjects including 300 H. pylori-positive
patients. The sensitivity and specificity of using gastric mucus were 0.93 (95 % CI,
0.90-0.96) and 0.93 (95 % CI, 0.89-0.96) compared to using biopsy specimens
(0.87 (95 % CI, 0.80-0.94) and 0.92 (95 % CI, 0.86-0.99)). (The data is not
published.) An alternative is to use an endoscopy brush to collect mucus. As
noted previously, the use of the RUT seems to have declined in Western countries
possibly because of the desire to obtain the additional information available with
histology.



152 A. Shiotani et al.

References

1.

2.

3.

V)]

10.

1

—

12.

13.

14.

15.

16.

17.

18.

19.

20.

Graham DY. Can therapy even be denied for Helicobacter pylori infection? Gastroenterology.
1997;113(6 Suppl):S113-7.

Shiotani A, Nurgalieva ZZ, Yamaoka Y, Graham DY. Helicobacter pylori. Med Clin North
Am. 2000;84(5):1125-36. viii.

Graham DY, Klein PD. Accurate diagnosis of Helicobacter pylori. 13C-urea breath test.
Gastroenterol Clin North Am. 2000;29(4):885-93. x.

Qureshi WA, Graham DY. Diagnosis and management of Helicobacter pylori infection. Clin
Cornerstone. 1999;1(5):18-28.

. Gisbert JP, Pajares JM. Stool antigen test for the diagnosis of Helicobacter pylori infection: a

systematic review. Helicobacter. 2004;9(4):347—68. doi:10.1111/j.1083-4389.2004.00235.x.
Peura DA, Pambianco DJ, Dye KR, Lind C, Frierson HF, Hoffman SR, et al. Microdose
14C-urea breath test offers diagnosis of Helicobacter pylori in 10 minutes. Am J Gastroenterol.
1996;91(2):233-8.

. Gisbert JP, Pajares JM. Review article: 13C-urea breath test in the diagnosis of Helicobacter

pylori infection — a critical review. Aliment Pharmacol Ther. 2004;20(10):1001-17. doi:10.
1111/5.1365-2036.2004.02203.x.

Graham DY, Opekun AR, Jogi M, Yamaoka Y, Lu H, Reddy R, et al. False negative urea
breath tests with H2-receptor antagonists: interactions between Helicobacter pylori density
and pH. Helicobacter. 2004;9(1):17-27.

. Shiotani A, Saeed A, Yamaoka Y, Osato MS, Klein PD, Graham DY. Citric acid-enhanced

Helicobacter pylori urease activity in vivo is unrelated to gastric emptying. Aliment
Pharmacol Ther. 2001;15(11):1763-7.

Graham DY, Klein PD, Evans Jr DJ, Evans DG, Alpert LC, Opekun AR, et al. Campylobacter
pylori detected noninvasively by the 13C-urea breath test. Lancet. 1987;1(8543):1174-7.

. Bielanski W, Konturek SJ. New approach to 13C-urea breath test: capsule-based modification

with low-dose of 13C-urea in the diagnosis of Helicobacter pylori infection. J Physiol
Pharmacol. 1996;47(3):545-53.

Gatta L, Ricci C, Tampieri A, Osborn J, Perna F, Bernabucci V, et al. Accuracy of breath tests
using low doses of 13C-urea to diagnose Helicobacter pylori infection: a randomised con-
trolled trial. Gut. 2006;55(4):457-62. doi:10.1136/gut.2005.078626.

Gatta L, Vakil N, Ricci C, Osborn JF, Tampieri A, Perna F, et al. Effect of proton pump
inhibitors and antacid therapy on 13C urea breath tests and stool test for Helicobacter pylori
infection. Am J Gastroenterol. 2004;99(5):823-9. doi:10.1111/j.1572-0241.2004.30162.x.
Graham DY, Malaty HM, Cole RA, Martin RF, Klein PD. Simplified 13C-urea breath test for
detection of Helicobacter pylori infection. Am J Gastroenterol. 2001;96(6):1741-5. doi:10.
1111/j.1572-0241.2001.03867 ..

Ohara S, Kato M, Asaka M, Toyota T. Studies of 13C-urea breath test for diagnosis of
Helicobacter pylori infection in Japan. J Gastroenterol. 1998;33(1):6-13.

Lopes Al Vale FF, Oleastro M. Helicobacter pylori infection - recent developments in
diagnosis. World J Gastroenterol. 2014;20(28):9299-313. doi:10.3748/wjg.v20.128.9299.
Epple HJ, Kirstein FW, Bojarski C, Frege J, Fromm M, Riecken EO, et al. 13C-urea breath test
in Helicobacter pylori diagnosis and eradication. Correlation to histology, origin of ‘false’
results, and influence of food intake. Scand J Gastroenterol. 1997;32(4):308-14.

Moayyedi P, Braunholtz D, Heminbrough E, Clough M, Tompkins DS, Mapstone NP, et al. Do
patients need to fast for a 13C-urea breath test? Eur J Gastroenterol Hepatol. 1997;9(3):275-7.
Ng FH, Lai KC, Wong BC, Wong WM, Wong SY, Chow KC, et al. [13C]-urea breath test
without prior fasting and without test meal is accurate for the detection of Helicobacter pylori
infection in Chinese. J Gastroenterol Hepatol. 2002;17(8):834-8.

Wang WM, Lee SC, Wu DC, Chen LT, Liu CS, Peng CF, et al. Simplified 13C-urea breath test
for the diagnosis of Helicobacter pylori infection — the availability of without fasting and
without test meal. Kaohsiung J Med Sci. 2000;16(12):607—-13.


http://dx.doi.org/10.1111/j.1083-4389.2004.00235.x
http://dx.doi.org/10.1111/j.1365-2036.2004.02203.x
http://dx.doi.org/10.1111/j.1365-2036.2004.02203.x
http://dx.doi.org/10.1136/gut.2005.078626
http://dx.doi.org/10.1111/j.1572-0241.2004.30162.x
http://dx.doi.org/10.1111/j.1572-0241.2001.03867.x
http://dx.doi.org/10.1111/j.1572-0241.2001.03867.x
http://dx.doi.org/10.3748/wjg.v20.i28.9299

2

—

22.

23.

24.

25.

26.

217.

28.

29.

30.

3

—

32.

33.

34.

35.

36.

37.

38.

39.

Urea Breath Test and Rapid Urease Test 153

. Calvet X, Sanchez-Delgado J, Montserrat A, Lario S, Ramirez-Lazaro MJ, Quesada M,

et al. Accuracy of diagnostic tests for Helicobacter pylori: a reappraisal. Clin Infect Dis.
2009;48(10):1385-91. doi:10.1086/598198.

Kwon YH, Kim N, Lee JY, Choi YJ, Yoon K, Hwang JJ, et al. The diagnostic validity of citric
acid-free, high dose c-urea breath test after Helicobacter pylori eradication in Korea.
Helicobacter. 2015. doi:10.1111/hel.12189.

Laine L, Estrada R, Trujillo M, Knigge K, Fennerty MB. Effect of proton-pump inhibitor
therapy on diagnostic testing for Helicobacter pylori. Ann Intern Med. 1998;129(7):547-50.
Shimoyama T. Stool antigen tests for the management of Helicobacter pylori infection. World
J Gastroenterol. 2013;19(45):8188-91. doi:10.3748/wjg.v19.i45.8188.

Klein PD, Malaty HM, Czinn SJ, Emmons SC, Martin RF, Graham DY. Normalizing results of
13C-urea breath testing for CO, production rates in children. J Pediatr Gastroenterol Nutr.
1999;29(3):297-301.

Leal YA, Cedillo-Rivera R, Simon JA, Velazquez JR, Flores LL, Torres J. Utility of stool
sample-based tests for the diagnosis of Helicobacter pylori infection in children. J Pediatr
Gastroenterol Nutr. 2011;52(6):718-28. doi:10.1097/MPG.0b013e3182077d33.

Queiroz DM, Saito M, Rocha GA, Rocha AM, Melo FF, Checkley W, et al. Helicobacter
pylori infection in infants and toddlers in South America: concordance between [13Clurea
breath test and monoclonal H. pylori stool antigen test. J Clin Microbiol. 2013;51
(11):3735-40. doi: 10.1128/ICM.01752-13.

Howden CW, Hunt RH. Guidelines for the management of Helicobacter pylori infection. Ad
Hoc committee on practice parameters of the American college of gastroenterology. Am J
Gastroenterol. 1998;93(12):2330-8. doi:10.1111/§.1572-0241.1998.00684.x.

Weston AP, Campbell DR, Hassanein RS, Cherian R, Dixon A, McGregor DH. Prospective,
multivariate evaluation of CLOtest performance. Am J Gastroenterol. 1997;92(8):1310-5.
Yousfi MM, El-Zimaity HM, Cole RA, Genta RM, Graham DY. Detection of Helicobacter
pylori by rapid urease tests: is biopsy size a critical variable? Gastrointest Endosc. 1996;43
(3):222-4.

. Yousfi MM, El-Zimaity HM, Cole RA, Genta RM, Graham DY. Does using a warmer

influence the results of rapid urease testing for Helicobacter pylori? Gastrointest Endosc.
1996;43(3):260-1.

Tseng CA, Wang WM, Wu DC. Comparison of the clinical feasibility of three rapid urease
tests in the diagnosis of Helicobacter pylori infection. Dig Dis Sci. 2005;50(3):449-52.
Laine L, Lewin D, Naritoku W, Estrada R, Cohen H. Prospective comparison of commercially
available rapid urease tests for the diagnosis of Helicobacter pylori. Gastrointest Endosc.
1996;44(5):523-6.

Yousfi MM, El-Zimaity HM, Cole RA, Genta RM, Graham DY. Comparison of agar gel
(CLOtest) or reagent strip (PyloriTek) rapid urease tests for detection of Helicobacter pylori
infection. Am J Gastroenterol. 1997;92(6):997-9.

Ricci C, Holton J, Vaira D. Diagnosis of Helicobacter pylori: invasive and non-invasive tests.
Best Pract Res Clin Gastroenterol. 2007;21(2):299-313. doi:10.1016/j.bpg.2006.11.002.
Lewis JD, Kroser J, Bevan J, Furth EE, Metz DC. Urease-based tests for Helicobacter pylori
gastritis. Accurate for diagnosis but poor correlation with disease severity. J Clin
Gastroenterol. 1997;25(2):415-20.

Capurso G, Carnuccio A, Lahner E, Panzuto F, Baccini F, Delle Fave G, et al. Corpus-
predominant gastritis as a risk factor for false-negative 13C-urea breath test results. Aliment
Pharmacol Ther. 2006;24(10):1453-60. doi:10.1111/j.1365-2036.2006.03143.x.

Castellote J, Guardiola J, Porta F, Falco A. Rapid urease test: effect of preimmersion of biopsy
forceps in formalin. Gastrointest Endosc. 2001;53(7):744—6. doi:10.1067/mge.2001.114786.
Ozaslan E, Koseoglu T, Purnak T, Yildiz A. A forgotten cause of false negative rapid urease
test: formalin contamination of the sample. Hepatogastroenterology. 2010;57:99-100. 2 p
preceding table of contents.


http://dx.doi.org/10.1086/598198
http://dx.doi.org/10.1111/hel.12189
http://dx.doi.org/10.3748/wjg.v19.i45.8188
http://dx.doi.org/10.1097/MPG.0b013e3182077d33
http://dx.doi.org/10.1128/JCM.01752-13
http://dx.doi.org/10.1111/j.1572-0241.1998.00684.x
http://dx.doi.org/10.1016/j.bpg.2006.11.002
http://dx.doi.org/10.1111/j.1365-2036.2006.03143.x
http://dx.doi.org/10.1067/mge.2001.114786

154 A. Shiotani et al.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Wettstein A, Loy C, Frommer DJ. Effect of immersion of biopsy forceps in formalin on tissue
urease activity. J Gastroenterol Hepatol. 1999;14(10):984—6.

Yousfi MM, Reddy R, Osato MS, Graham DY. Culture of Helicobacter pylori: effect of
preimmersion of biopsy forceps in formalin. Helicobacter. 1996;1(1):62—4.

Graham DY, Opekun AR, Hammoud F, Yamaoka Y, Reddy R, Osato MS, et al. Studies
regarding the mechanism of false negative urea breath tests with proton pump inhibitors. Am J
Gastroenterol. 2003;98(5):1005-9. doi:10.1111/j.1572-0241.2003.07426.x.

Choi YJ, Kim N, Lim J, Jo SY, Shin CM, Lee HS, et al. Accuracy of diagnostic tests for
Helicobacter pylori in patients with peptic ulcer bleeding. Helicobacter. 2012;17(2):77-85.
doi:10.1111/j.1523-5378.2011.00915.x.

Vaira D, Menegatti M, Miglioli M. What is the role of Helicobacter pylori in complicated
ulcer disease? Gastroenterology. 1997;113(6 Suppl):S78—84.

Leung WK, Sung JJ, Siu KL, Chan FK, Ling TK, Cheng AF. False-negative biopsy urease test
in bleeding ulcers caused by the buffering effects of blood. Am J Gastroenterol. 1998;93
(10):1914-8. doi:10.1111/j.1572-0241.1998.00457 .x.

Velayos B, Fernandez-Salazar L, Pons-Renedo F, Munoz MF, Almaraz A, Aller R,
et al. Accuracy of urea breath test performed immediately after emergency endoscopy in
peptic ulcer bleeding. Dig Dis Sci. 2012;57(7):1880-6. doi:10.1007/s10620-012-2096-5.

Tu TC, Lee CL, Wu CH, Chen TK, Chan CC, Huang SH, et al. Comparison of invasive and
noninvasive tests for detecting Helicobacter pylori infection in bleeding peptic ulcers.
Gastrointest Endosc. 1999;49(3 Pt 1):302-6.

Adamopoulos AB, Stergiou GS, Sakizlis GN, Tiniakos DG, Nasothimiou EG, Sioutis DK,
et al. Diagnostic value of rapid urease test and urea breath test for Helicobacter pylori
detection in patients with Billroth II gastrectomy: a prospective controlled trial. Dig Liver
Dis. 2009;41(1):4-8. doi:10.1016/j.d1d.2008.05.010.

Konturek PC, Konturek SJ, Hahn EG. Duodenal alkaline secretion: its mechanisms and role in
mucosal protection against gastric acid. Dig Liver Dis. 2004;36(8):505—12. doi:10.1016/j.d1d.
2004.03.008.

Tian XY, Zhu H, Zhao J, She Q, Zhang GX. Diagnostic performance of urea breath test, rapid
urea test, and histology for Helicobacter pylori infection in patients with partial gastrectomy: a
meta-analysis. J Clin Gastroenterol. 2012;46(4):285-92. doi:10.1097/MCG.
0b013e318249c4cd.

Kubota K, Hiki N, Shimizu N, Shimoyama S, Noguchi C, Tange T, et al. Utility of [13C] urea
breath test for Helicobacter pylori detection in partial gastrectomy patients. Dig Dis Sci.
2003;48(11):2135-8.

Yan J, Yamaguchi T, Odaka T, Suzuki T, Ohyama N, Hara T, et al. Stool antigen test is a
reliable method to detect Helicobacter pylori in the gastric remnant after distal gastrectomy for
gastric cancer. J Clin Gastroenterol. 2010;44(1):73—4. doi:10.1097/MCG.0b013e3181aae65e.
Brandi G, Biavati B, Calabrese C, Granata M, Nannetti A, Mattarelli P, et al. Urease-positive
bacteria other than Helicobacter pylori in human gastric juice and mucosa. Am J
Gastroenterol. 2006;101(8):1756—61. doi:10.1111/j.1572-0241.2006.00698..x.

Gurbuz AK, Ozel AM, Narin Y, Yazgan Y, Baloglu H, Demirturk L. Is the remarkable
contradiction between histology and 14C urea breath test in the detection of Helicobacter
pylori due to false-negative histology or false-positive 14C urea breath test? J Int Med Res.
2005;33(6):632-40.

Osaki T, Mabe K, Hanawa T, Kamiya S. Urease-positive bacteria in the stomach induce a
false-positive reaction in a urea breath test for diagnosis of Helicobacter pylori infection. J
Med Microbiol. 2008;57(Pt 7):814-9. doi:10.1099/jmm.0.47768-0.

Uotani T, Graham DY. Diagnosis of Helicobacter pylori using the rapid urease test. Ann
Transl Med. 2015;3(1):9. doi:10.3978/j.issn.2305-5839.2014.12.04.

Lee TH, Yang JC, Lee SC, Farn SS, Wang TH. Effect of mouth washing on the. J Gastroenterol
Hepatol. 2001;16(3):261-3.


http://dx.doi.org/10.1111/j.1572-0241.2003.07426.x
http://dx.doi.org/10.1111/j.1523-5378.2011.00915.x
http://dx.doi.org/10.1111/j.1572-0241.1998.00457.x
http://dx.doi.org/10.1007/s10620-012-2096-5
http://dx.doi.org/10.1016/j.dld.2008.05.010
http://dx.doi.org/10.1016/j.dld.2004.03.008
http://dx.doi.org/10.1016/j.dld.2004.03.008
http://dx.doi.org/10.1097/MCG.0b013e318249c4cd
http://dx.doi.org/10.1097/MCG.0b013e318249c4cd
http://dx.doi.org/10.1097/MCG.0b013e3181aae65e
http://dx.doi.org/10.1111/j.1572-0241.2006.00698.x
http://dx.doi.org/10.1099/jmm.0.47768-0
http://dx.doi.org/10.3978/j.issn.2305-5839.2014.12.04

58.

59.

60.

61

Urea Breath Test and Rapid Urease Test 155

Hsu WH, Wang SS, Kuo CH, Chen CY, Chang CW, Hu HM, et al. Dual specimens increase
the diagnostic accuracy and reduce the reaction duration of rapid urease test. World J
Gastroenterol. 2010;16(23):2926-30.

Moon SW, Kim TH, Kim HS, Ju JH, Ahn YJ, Jang HJ, et al. United rapid urease test is superior
than separate test in detecting Helicobacter pylori at the gastric antrum and body specimens.
Clin Endosc. 2012;45(4):392-6. doi:10.5946/ce.2012.45.4.392.

Li Y, Rimbara E, Thirumurthi S, Trespalacios A, Reddy R, Sabounchi S, et al. Detection of
clarithromycin resistance in Helicobacter pylori following noncryogenic storage of rapid
urease tests for 30 days. J Dig Dis. 2012;13(1):54-9. doi:10.1111/j.1751-2980.2011.00549.x.

. Furuta T, Sagehashi Y, Shirai N, Sugimoto M, Nakamura A, Kodaira M, et al. Influence of

CYP2C19 polymorphism and Helicobacter pylori genotype determined from gastric tissue
samples on response to triple therapy for H. pylori infection. Clin Gastroenterol Hepatol.
2005;3(6):564-73.


http://dx.doi.org/10.5946/ce.2012.45.4.392
http://dx.doi.org/10.1111/j.1751-2980.2011.00549.x

	Chapter 9: Urea Breath Test and Rapid Urease Test
	9.1 Introduction
	9.2 Urea Breath Test (UBT)
	9.2.1 Assessment for Eradication
	9.2.2 Diagnosis in Children

	9.3 Rapid Urease Test (RUT)
	9.4 False-Negative Results
	9.4.1 PPI Users
	9.4.2 Diagnosis in Patients with Upper GI Bleeding
	9.4.3 Diagnosis in Patients with History of Partial Gastrectomy

	9.5 False-Positive Results
	9.6 Improvement of the UBT
	9.7 Improvement of the RUT
	References


