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Background: Threshold values for 13C-urea breath test (13C-UBT) positivity may be af-
fected by various sociodemographic, host, bacterial,and laboratory factors. Manufacturer
recommended cutoffs for 13C-UBT assays may not be applicable in all settings.
Optimizing 13C-UBT cutoffs may have profound public health ramifications. We aimed
to determine the optimal threshold for 13C-UBT positivity in our population.

Methods: Consecutive test samples collected at our central laboratory from patients
undergoing a first-time 13C-UBT between 1 January 2010 and 31 December 2015
were included. The difference between values at 30 minutes and at baseline (T30-
TO) was expressed as delta over baseline (DOB). Cluster analysis was performed on
the 13C-UBT test results to determine the optimal cutoff point with minimal inter-
class variance.

Results: Two lakhs thirty four thousand eight hundred thirty one patients (87 291
(37.2%) male, age 39.9 + 19.9) underwent a first-time 13C-UBT, including 124 701
(53.1%) negative and 110 130 (46.9%) positive tests, using the manufacturer-
recommended cutoff of 3.5 DOB. Cluster analysis determined an optimized cutoff of
2.74 DOB, representing an additional 2180 (0.93%) positive subjects who had been
previously categorized as negative according to the manufacturer-specified cutoff of
3.5 DOB. Mean positive and negative DOB values were 19.54 + 14.95and 0.66 + 0.51,
respectively. The cutoffs for male and female subjects were 2.23 and 3.05 DOB, re-
spectively. Threshold values for <45-year-olds, 45-60-year-olds and >60-year-olds
were 2.67,2.55, and 2.93 DOB, respectively. Of the 2180 (0.93%) patients with DOB
2.73-3.49, 289 (13.3%) performed a subsequent 13C-UBT and 140 (48.4%) remained
positive when tested at 20.3 + 14.4 months.

Conclusions: Major referral laboratories should optimize threshold values for 13C-
UBT positivity for their geographical location. Different cutoff values should be ap-
plied for male and female subjects.

KEYWORDS
13C-urea breath test, cluster, cutoff, Helicobacter pylori, threshold

J Clin Lab Anal. 2019;33:€22674.
https://doi.org/10.1002/jcla.22674

wileyonlinelibrary.com/journal/jcla © 2018 Wiley Periodicals, Inc. | 1of5


www.wileyonlinelibrary.com/journal/jcla
http://orcid.org/0000-0003-3357-613X
mailto:dboltin@gmail.com

MWI LEY

PERETS ET AL.

1 | INTRODUCTION

Helicobacter pylori (H. pylori) infection affects up to 50% of the
world’s population and is the leading cause of peptic ulcer dis-
ease, gastric cancer, and MALT lymphoma.! The most widely
available and accurate noninvasive test for the diagnosis of H. py-
lori is the *3C-urea breath test (13C-UBT).? This test exploits the
urease producing characteristic of the organism, and involves
measuring expired 13CO2 following oral ingestion of 18C-urea.
When H. pylori infection is present, 13C-urea is cleaved by bacte-
rial urease to 2NH, and *3CO,,. Absorbed *3CO, is excreted via the
lungs and measured in the expired air at baseline and 30 minutes
following ingestion of the tracer. A positive result is indicated by
an increase in expired 13¢C over baseline, or delta over baseline
(DoB).>®

A cutoff value of 5 DOB has been widely used to discrim-
inate between positive and negative test and was originally rec-
ommended in the standard European protocol.® Later, by using
receiver operator characteristic (ROC) curves, Johnston, et al val-
idated a cutoff of 3.5 DOB.” Others have used cluster analysis to
identify a cutoff of 3.0 DOB.2 Similarly, it had been suggested that
different cutoff values be applied to different populations. In chil-
dren, for example, diagnostic accuracy is improved by employing a
cutoff of 7.0 DOB in children younger than 6 years and 4.0 DOB in
children over 6 years.”

The magnitude of DOB value is affected by multiple patient-
related factors including gender, nationality, fasting, medications,
and posture.!®® Furthermore, test characteristics such as *C-urea
dosage, test meal, test duration, and laboratory equipment, are di-
rectly related to 13C-UBT accuracy.**™*?

It follows that the 13C-UBT cutoff value should be adjusted in
different populations and laboratory settings.?°?> Nevertheless,
most laboratories use manufacturer-specified cutoff values with-
out regard for these variables. In the present study, we aimed to
identify the optimal cutoff value for 13C-UBTs analyzed at our
referral laboratory and optimize the cutoff according to age and

gender.

2 | METHODS

2.1 | Patients

Patients over the age of 18 years who had undergone a °C-urea
breath test (13C-UBT) at Clalit Health Service (CHS) during a cap-
ture period of 1 January 2010-31 December 2015 were identified.
Only one 13C-UBT result per patient was included in the final data
set (the index test). Repeat tests were not included. Patients with any
13C-UBT performed during the 2 years before inclusion (1 January
2008 to 31 December 2009) were excluded. Therefore, our cohort
included patients undergoing 13C-UBT for the initial diagnosis of
H. pylori infection, rather than for the confirmation of eradication fol-
lowing treatment.

2.2 | Sample acquisition and analysis

We collected breath samples from all CHS affiliated facilities, includ-
ing 1300 primary care and referral clinics and 14 hospitals spread
geographically across Israel. The test meal consisted of 75 mg of
C®-urea dissolved in 200 mL 0.1 mol/L citric acid solution or 200 mL
orange juice. Samples were processed at the Gastroenterology
Laboratory at Rabin Medical Center (Petah Tikva, Israel) using an AP
2003 Isotope Ratio Mass Spectrometer (IRMS) (Analytical Precision,
Phoenix, AZ, USA) and a Gilson XL 222 Automatic Breath Sampler
(Gilson, Middleton, WI, USA). At baseline and 30 minutes after intake
of the test meal, we assayed expired 3C:*2C (parts per thousand),
and the difference between these scores (delta over baseline, DOB)
was the test result. According to the manufacturer, DOB above 3.5

was indicative of H. pylori infection.

2.3 | Data extraction

We retrieved demographic data and 13C-UBT test results from
the CHS database. Approval was obtained from the Rabin Medical
Center ethics committee, and the study was performed in accord-

ance with the principles of Good Clinical Practice.

2.4 | Statistical analysis

The Kolmogorov-Smirnov test (P < 0.01) was used to analyze con-
tinuous variables (mean * SD). Cluster analysis was performed on
the 13C-UBT test results to determine the optimal cutoff point
with minimal interclass variance. SPSS version 24.0 software (IBM,
Armonk, NY) was used.

3 | RESULTS

Two lakhs thirty four thousand eight hundred thirty one patients
(87 291 (37.2%) male, age 39.9 + 19.9) underwent a first-time 13C-
UBT, including 124 701 (53.1%) negative and 110 130 (46.9%) posi-
tive tests, using the manufacturer-recommended cutoff of 3.5 DOB.
Patient characteristics are shown in Table 1.

Cluster analysis determined an optimized cutoff of 2.74 DOB for
the entire data set (Figure 1). Mean positive and negative DOB val-
ues were 19.54 + 14.95 and 0.66 + 0.51, respectively (Table 2).

The cutoffs for male and female subjects were 2.23 and
3.05 DOB, respectively. Threshold values for <45-year-olds,
45-60-year-olds and >60-year-olds were 2.67, 2.55, and 2.93 DOB,
respectively (Table 3).

TABLE 1 Patient characteristics
Total, N(%)
Male, N(%)
Age, mean (SD)

234831 (100)
87291 (37.2)
39.9 (19.9)

SD, standard deviation.
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FIGURE 1 Cluster analysis in the whole study population. The histogram of the logarithmically transformed 13C-urea breath test values
shows two distinct populations: Helicobacter pylori -negative and H pylori-positive. DOB, delta over baseline

TABLE 2 Optimized *C-urea breath test threshold level in the tested population

H. pylori-positive

H. pylori-negative

N (%) Cutoff (DOB) N (%)
All 234831 (100) 2.74 112310 (47.8)
Male 87291 (37.2) 2.23 42604 (48.8)
Female 147540 (62.8) 3.05 69979 (47.4)

DOB, delta over baseline; SD, standard deviation.

Adjustment of the cutoff identified an additional 2180 (0.93%)
positive subjects who had been previously categorized as negative
according to the manufacturer-specified cutoff of 3.5 DOB. Of the
2180 (0.93%) patients with 2.73-3.49 DOB, 289 (13.3%) performed
a subsequent 13C-UBT and 140 (48.4%) remained positive when
tested at 20.3 = 14.4 months.

4 | DISCUSSION

The 13C-UBT is the preferred noninvasive test for the diagnosis of
H. pylori infection.! In our large cohort, we determined an optimal
cutoff of DOB 2.74 for subjects undergoing 13C-UBT. The optimized
cutoff was higher among women (3.05 DOB) and among subjects
over the age of 60 years (2.93 DOB).

Minor adjustments in 13C-UBT threshold levels can have major

public health ramifications. Upwards adjustment of the cutoff has

TABLE 3 Optimized **C-urea breath test thresholds in different
age groups (DOB)

<45y 45-60y >60y
All 2.67 2.55 2.93
Male 2.16 2.06 2.53
Female 3.00 2.83 3.12

DOB, delta over baseline.

Mean DOB (SD) N (%) Mean DOB (SD)
19.54 (14.95) 122521 (52.2) 0.66(0.51)
15.29 (13.26) 44687 (51.2) 0.56 (0.44)
22.06 (15.34) 77561 (52.6) 0.71(0.53)

the potential to considerably decrease exposure to antibiotics with a
concomitant decrease in antibiotic-associated morbidity and micro-
bial resistance. Downwards adjustment of the cutoff, as performed
in our study, will lead to an increased detection of H. pylori. This has
the potential to decrease the burden of gastric cancer in our pop-
ulation.?® Furthermore, a high detection rate of H. pylori infection
among subjects with uninvestigated dyspepsia may lead to timely
treatment and fewer referrals for endoscopy.?* It follows that adjust-
ment of the cutoff value either upwards or downwards may lead to
decreased health-related costs.

In our study, we reclassified 2180 subjects as positive after
having received a negative result using the manufacturer-specified
cutoff of 3.5 DOB. Among these subjects, 13.3% performed a sub-
sequent 13C-UBT. This proportion is higher than expected, since the
likelihood of a positive 13C-UBT following a negative 13C-UBT is
less than 1%, and primary care physicians would likely to be hesi-
tant to request a test with such a low pretest probability.?> The fact
that so many subjects were referred for repeat testing despite this,
might indicate that patients had ongoing symptoms due to undiag-
nosed H. pylori infection. Over half of subjects were negative (<2.74
DOB) upon repeat testing; however, we cannot exclude a situation
in which subjects who were initially incorrectly classified as negative
(2.74-3.49 DOB) subsequently underwent a endoscopy-based test
for H. pylori, received treatment, and performed the second 13C-
UBT following treatment. Among the 140 subjects who were initially
incorrectly classified as negative (2.74-3.49 DOB) and performed
a second 13C-UBT which was positive (>2.74 DOB), 128 (85.7%)
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would have tested positive even using the manufacturer-specified
cutoff of 3.5 DOB.

Our findings are consistent with those of other laboratories who
have demonstrated that manufacturer-specified threshold levels
may be too high. Mauro, et al identified a cutoff of 3.09 DOB in a
cohort of 2232 Canadian subjects, with highest threshold levels
observed in subjects over age 60 years. Among subjects undergo-
ing 13C-UBT for confirmation of eradication following treatment,
threshold levels were lower (2.88 DOB).26 Others have identified
cutoff values of 2.5-3.0 DOB.8*

Age is a major factor which may affect the optimal threshold
value for the 13C-UBT. Yang, et al performed a validation study
among children and recommended applying a cutoff value of 7.0
DOB in children below age 6 years and a cutoff value of 4.0 DOB
in children older than 6years.9 In addition, a large meta-analysis
showed that the 13C-UBT test is less accurate for the diagnosis of
H. pylori infection in children younger than 6 years, but using a cut-
off value of at least 6.0 DOB may improve test accuracy.?’

The need for a higher cutoff in children may be due to urease-
producing microorganisms, including Streptococcus salivarius,
Proteus mirabilis, and Klebsiella pneumoniae, which are present in
the oral cavity and cause false positive results when lower thresh-
olds are used.?®?? Although these organisms are often present in
adults, children tend to retain *3C-urea in the mouth leading to false
positive results and the need for a higher cutoff value.’%3! Another
reason for higher cutoff values in children is related to the use of a
standardized '°C-urea dose (often >75 mg) regardless of age or body
weight. Relatively higher doses of 13C-urea in children may influence
the DOB values and lead to false positive results.” Finally, children
produce relatively abundant endogenous *2CO,.*2 This may increase
the isotopic ratio of 13C02/12CO2 as compared with adults thereby
necessitating higher threshold values for 13C-UBT. Similar microbi-
ological and physiological studies have not been performed in the el-
derly; however, it is conceivable that some of the same mechanisms
may account for the higher 13C-UBT threshold values required
among women and in subjects over the age of 60 (Table 3). Another
possible cause for higher threshold values among women and the
elderly may be an exaggerated effect of the citric acid test meal on
gastric emptying and gastric acidity, compared to younger men. A
standard dose of citric acid was administered without consideration
of a lower mean body weight or a possible baseline impairment in
gastric emptying.

In addition to patient factors which may influence optimal
threshold values, various test characteristics should also be con-
sidered. Leodolter, et al identified a cutoff of 4.0 DOB using a
test meal of 200 mL 0.1 mol/L citric acid and a test duration of
30 minutes.?® Malaty, et al found that a cutoff value of 2.4 DOB
is 96% sensitive and 100% specific when shortening the test du-
ration to 20 minutes, omitting the test meal and using 125 mg of
13C-urea.'” Wang, et al suggest a cutoff value of 2.8 DOB when
shortening the duration to 15 minutes, using fresh milk as the test
meal and using 100 mg of B3C-urea (99% sensitivity, 93% specific-
ity).!® Tepes, et al used a cutoff value of 2.5 DOB and a novel test

meal combining citric, malic, and tartaric acid, to achieve 92% sen-
sitivity and 96% specificity despite treatment with a proton pump
inhibitor.®* Ohara, et al suggest using a cutoff value of 2.5 DOB
to achieve 98.1% sensitivity and 97.9% specificity with a test du-
ration of 20 minutes, omitting the test meal and using 100 mg of
3C-urea.l? As a result of this study, a cutoff of 2.5 DOB has been
widely accepted in Japan. Nevertheless, among Japanese subjects
performing the test following treatment, a cutoff of 3.5 DOB has
been suggested.14

The mainstrength of our study is the large sample size. Limitations
include the lack of a gold standard such as histology. This precluded
us from being able to determine 13C-UBT sensitivity and specific-
ity using the optimized threshold. However, using a gold standard is
clearly not feasible with such a large data set. Furthermore, previous
studies have confirmed the validity of threshold values derived from
cluster analysis.®14192¢

In conclusion, our study demonstrates that manufacturer-
recommended 13C-UBT threshold values may not be applicable in
every setting. Different cutoff values should be applied for male
and female subjects. Major referral laboratories should optimize
threshold values for 13C-UBT positivity in their geographical

location.
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