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Abstract
A residual gas analyzer (RGA) coupled with a high vacuum chamber is described for the
non-invasive diagnosis of the Helicobacter pylori (H. pylori) infection through 13C-urea breath
analysis. The present RGA-based mass spectrometry (MS) method is capable of measuring
high-precision 13CO2 isotope enrichments in exhaled breath samples from individuals
harboring the H. pylori infection. The system exhibited 100% diagnostic sensitivity, and 93%
specificity alongside positive and negative predictive values of 95% and 100%, respectively,
compared with invasive endoscopy-based biopsy tests. A statistically sound diagnostic cut-off
value for the presence of H. pylori was determined to be 3.0‰ using a receiver operating
characteristic curve analysis. The diagnostic accuracy and validity of the results are also
supported by optical off-axis integrated cavity output spectroscopy measurements. The
δ13

DOBC‰ values of both methods correlated well (R2 = 0.9973 at 30 min). The RGA-based
instrumental setup described here is simple, robust, easy-to-use and more portable and
cost-effective compared to all other currently available detection methods, thus making it a
new point-of-care medical diagnostic tool for the purpose of large-scale screening of the
H. pylori infection in real time. The RGA-MS technique should have broad applicability
for 13C-breath tests in a wide range of biomedical research and clinical diagnostics for
many other diseases and metabolic disorders.
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1. Introduction

Helicobacter pylori (H. pylori) is one of the most frequent
bacterial infectious diseases in human beings worldwide and
is now recognized as one of the key risk factors for chronic
gastritis, peptic ulcers, stomach cancer and lymphoma [1, 2].
The 13C-urea breath test (13C-UBT) is considered, at present, to
be the most reliable non-invasive method in the diagnosis of the
H. pylori infection, in contrast to direct invasive tests such as
endoscopy and biopsy-based tests including bacterial culture
and the rapid urease test [3, 4]. The 13C-UBT is the preferred
non-invasive method for all age groups including children,
pregnant women and the elderly because it is a safe, simple
and quick diagnostic test that can be performed repeatedly
without any risk of cross infection. It can also be used for
the follow-up of H. pylori eradication after treatment and for
epidemiological studies [5, 8].

The underlying principle of 13C-UBT is the high
endogenous urease activity of the H. pylori micro-organism
in the human gastrointestinal tract, which cleaves the 13C-
enriched urea (13CO (NH2)2) into NH4

+ and 13C-labeled
HCO3

−, which is then exhaled as 13CO2. Therefore, individuals
harboring H. pylori will exhibit an enrichment of 13CO2 in
their breath samples following the ingestion of 13C-enriched
substrate. The 13CO2 enrichment in breath samples is usually
reported as the delta-over-baseline (DOB) value relative to
the international standard Vienna Pee Dee Belemnite value
(PDB = 0.011 2372) in per mil (‰), i.e. δDOB

13C‰, and
consequently, a δDOB

13C � 2‰ is strongly associated with
the presence of the H. pylori infection, as reported previously
[6, 8].

At present, the most frequently used instruments for 13C-
UBT to determine the 13CO2/

12CO2 isotope ratios in exhaled
breath samples are high-precision gas-chromatography (GC)
coupled with isotope ratio mass spectrometers (IRMS). The
major disadvantages of the GC-IRMS instrumentation are the
extremely high cost, prolonged analysis time, non-portability,
hardware complexity and the need for dedicated personnel
to maintain and operate the mass spectrometers. The high
capital equipment along with the hardware intricacy of the
GC-IRMS systems have therefore significantly limited the
widespread applicability of the 13C-UBT for the non-invasive
diagnosis of the H. pylori infection in both research and
routine clinical practices for point-of-care (POC) facilities
such as hospitals and doctors’ clinics. Recently, numerous
cheaper and simpler analytical methods compared to GC-
IRMS such as non-dispersive infrared spectrometry and laser-
assisted ratio analysis have been developed for the 13C-UBT
[7] with equivalent sensitivity and specificity. However, these
analytical methods have various pros and cons as well as
practical limitations for the 13C-UBT as described in various
literature [8].

More recently, high-finesse optical cavity-based laser
absorption techniques such as cavity ring-down spectroscopy
[9, 10] and its variants, such as off-axis integrated cavity output
spectroscopy (OA-ICOS) [11], have been described in the
literature as a viable tool for measuring high-precision 13C/12C
isotope ratios in CO2 samples for H. pylori detection [12, 13].

However, their rapid exploitation for the 13C-UBT in routine
clinical practices will depend entirely on the portability and
affordability of these optical spectrometers regardless of their
technological advances for real-time high-precision isotope
ratio measurements. Therefore, there is a pressing need for
the evaluation of a simple, robust, cost-effective and POC
system that will be well-suited for breath tests in widespread
biomedical applications.

We evaluated here, for the first time to our knowledge, the
use of a simple and bench-top mass spectrometer called the
residual gas analyzer (RGA), which is designed to measure
the masses of 13C16O16O (45 amu) and 12C16O16O (44 amu)
isotopes in exhaled breath samples from patients. RGA-MS
is an analytical technique widely used for analyzing the
residual gases present in high vacuum (HV) environments
(<10−5 Torr). In brief, in an RGA-MS system, the ions from
gas molecules are produced through electron impact ionization
when gas molecules collide with thermo-electrons discharged
from a heated filament and the resulting ions are then separated
and detected based on their mass-to-charge ratio (m/z) by
utilizing a conventional RF quadrupole mass filter technology
with a Faraday Cup detector. The instrumentation that is
requisite for this RGA-MS is less expensive, more compact,
easy-to-run and more portable than that for conventional GC-
IRMS. To the best of our knowledge, while no proven RGA-
MS analytical method for screening individuals harboring
the H. pylori infection has been reported to date, the aim
of this study was therefore to standardize and validate this
simple analytical MS technique in the 13C-UBT for diagnostic
assessment.

In this paper, we first report the clinical usefulness of
a simple RGA-MS method as an alternative non-invasive
approach for the detection of H. pylori infection. The
diagnostic accuracy of the RGA-MS system was validated
by a comparison with two other established methods; one
with a high-resolution cavity-enhanced technique called OA-
ICOS and another with an invasive gold standard method,
namely the endoscopic biopsy test. In addition, a variety of
statistically significant diagnostic parameters, for instance, an
optimal diagnostic cut-off value, sensitivity, specificity, and
positive and negative predictive values (PPV and NPV) were
determined to obtain an insight into the diagnostic efficacy of
the RGA-MS technique for detecting the H. pylori infection.

2. Materials and methods

2.1. Subjects

Thirty five subjects (31 male, 4 female, aged 21–72 yrs)
with various gastrointestinal disorders (supporting information
available online from stacks.iop.org/JBR/8/016005/mmedia)
were included in this study and considered for the 13C-
UBT. Depending on the presence or absence of the H.
pylori infection as indicated by the gold standard results of
endoscopic biopsy specimens including the urease test, the
subjects were classified into two groups: H. pylori positive
patients (n = 20) and H. pylori negative or control patients
(n = 15). However, subjects were excluded from this study
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Figure 1. Schematic diagram of the residual gas analyzer mass spectrometry (RGA-MS) system. TMP: turbo molecular pump; AMLV:
all-metal leak valve.

if they had been taking antibiotics, proton pump inhibitors or
bismuth-containing compounds in the four weeks preceding
the study or if they had had recent gastric surgery. All
subjects gave written consent to participate in the study.
The study was approved by the Ethics Committee Review
Board of AMRI Hospital, Salt Lake, India (study no:
AMRI/ETHICS/2013/1).

2.2. Breath sample collection

At first, a baseline breath sample was collected in a 750 ml
breath collection bag (QT00892, QuinTron Instrument Co.,
USA) after an overnight fast. Then, a drink containing
75 mg 13C-labeled urea (CLM-311-GMP, Cambridge Isotope
Laboratories, Inc., USA) with 4.0 gm citric acid (to slow
down gastric emptying) dissolved in 200 ml of water was
given to subjects in accordance with the standard procedure
as previously described in several reports [3, 4, 14]. A further
breath sample was subsequently collected after 30 min. All
breath samples were repeated and analyzed by the RGA-MS
system. The same breath samples were then analyzed by the
OA-ICOS system for further validation and comparison of the
results obtained from the RGA-MS. All experimental results
were expressed in δDOB

13C‰ values which refer to the post-
baseline and baseline relation of 13CO2/

12CO2 isotope ratios
in the exhaled breath samples.

2.3. Statistical analysis

The one-way analysis of variance (ANOVA) test for parametric
variables and the Mann–Whitney test for non-parametric
variables were used to assess the breath test results. Box
and whisker plots were used to demonstrate the statistical
distribution of δ13

DOBC‰ values in breath samples. A linear
regression analysis was carried out to compare the results
obtained by both RGA-MS and OA-ICOS methods. A receiver
operating characteristic curve (ROC) [15] was also drawn by
plotting the true positive rate against the false positive rate

to find out an optimal diagnostic cut-off value that exhibited
the best sensitivity and specificity. All statistical analyses
and calculations were performed using the Analyse-it method
evaluation software (Analyse-it Software Ltd, UK, version
2.30) and Origin Pro 8.0. A two-sided p value <0.05 was
considered to indicate statistical significance.

2.4. Residual gas analyzer mass spectrometry (RGA-MS)

A schematic diagram of the RGA (Prisma Plus, PT-M05-212-
111, Pfeiffer vacuum, 1–200 amu) coupled with a customized
HV cylindrical chamber for measuring exhaled breath samples
is depicted in figure 1. The typical baseline vacuum level in
the HV chamber was ∼ 9.5 × 10−8 Torr (1 Torr = 1.33 mbar).
This was achieved by a turbo molecular pump (PM-153-915-
T, Sp = 260 L s−1, Pfeiffer) backed up with a turbo-drag-pump
(PM-P03-963A, Sp = 10 L s−1, Pfeiffer) and a diaphragm
pump (PK-T01-210, Sp = 40 L s−1, Pfeiffer). The HV chamber
is also equipped with a manually actuated gate valve (PF-
F71-031, Pfeiffer) to establish proper experimental conditions
for breath analysis. The pressure inside the HV chamber was
monitored by two Pirani gauges (PT-R26-002, Pfeiffer). The
typical experimental conditions for analyzing the samples were
as follows: baseline pressure 1.2–1.5 × 10−7 Torr, working
pressure 3.0–3.5 × 10−5 Torr and amount of breath samples
or standard calibrant gases injected: ∼4 mL. A gas-tight
syringe/stopcock (QuinTron) was used to inject the samples
directly into the HV chamber through an all-metal leak valve
(AMLV) (PFI52031, Pfeiffer) attached to the chamber. The
AMLV also facilitated the regulation of the flow of samples
into the chamber and the maintenance of the working pressure
for the measurements. The ion currents for the masses 44
(12C16O16O) and 45 amu (13C16O16O) were measured with
Quadera software (Prisma Plus, version 4.50) compatible with
the RGA-MS system by selecting either the scan bar-graph
mode or multiple ion current detection (MID) mode.

Figure 2 depicts typical RGA mass spectra (subtracted
from the baseline) in the scan bar-graph mode showing both
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Figure 2. A typical RGA mass spectra depicting base-line
subtracted ion currents for both 12CO2 (44) and 13CO2 (45) masses
of an H. pylori patient. The inset displays the change of ion currents
with time in seconds for the masses 44 and 45 amu.

12CO2 (m/z = 44) and 13CO2 (m/z = 45) ions when a ∼4 mL
breath sample of an H. pylori patient was injected into the
HV chamber. The masses were scanned at a scanning rate of
0.2 s amu−1 (dwell time). The inset shows the change of
ion currents with time in the MID mode for the masses
44 and 45 amu. A total number of 20–25 data points were
recorded for each mass at a scanning rate of 0.5 s amu−1.
The data acquisition rate for each of the two masses was
therefore 1 Hz. The average ion current data of both masses
were employed to calculate the δ13C values using δ13C =
(Rsample/Rstandard−1) × 1000 ‰, where Rsample is the average
ion current ratio of the sample and Rstandard is 0.011 2372.
Results were then reported as the DOB (δ13

DOBC‰) value, i.e.
the difference in the δ13C‰ values between the baseline and
30 min breath sample. The typical ion current levels in breath
samples for the masses of 44 and 45 amu were of the order of
10−10 amp and 10−12 amp, respectively, as shown in figure 2.

However, it should also be mentioned here that isotopic
species that have identical m/z values, for example, 13C16O16O
(45 amu) and 12C16O17O (45 amu), are very difficult to
distinguish using the present RGA-MS technique and even
with the conventional high-precision GC-IRMS technique. In
this study, the contribution of 12C16O17O (45 amu) to the
13C16O16O (45 amu) was considered negligible because of
its very low natural abundance (0.037%). In addition, there
are several other similar isotopic species present in exhaled
breath samples such as 14N14N16O (44 amu) and 14N15N16O
(45 amu) which could contribute to the masses of 12C16O16O
(44 amu) and 13C16O16O (45 amu), respectively. Nevertheless,
Kondo et al [16] have previously demonstrated that the
N2O in exhaled breath samples did not significantly change
between individuals with positive and negative H. pylori.
Therefore, thus suggests that no correction is important for
the contribution of the isotopes of N2O to the 44 and 45 amu
peaks measured by the RGA-MS technique. We should also
point out that in this study, as we ultimately measured the
DOB values in exhaled breath samples, any probable errors
that might arise from the overlapping masses were simply
eliminated in the δ13

DOBC‰ measurements.

2.5. Off-axis integrated cavity output spectroscopy (OA-ICOS)

In this study, we have employed a high-precision carbon
dioxide isotope analyzer (CCIA 36- EP, LGR, USA) that
exploits a high-finesse optical cavity-enhanced absorption
technique known as OA-ICOS to simultaneously measure the
absorption features of 12C16O16O and 13C16O16O in exhaled
breath samples for the further validation of the RGA-MS
system in the diagnosis of H. pylori infection. The OA-
ICOS technique and its capability of measuring high-precision
isotope ratios of 13CO2/

12CO2 in breath samples have been
described in detail elsewhere [17–19]. In brief, a continuous
wave DFB diode laser operating at ∼2.05 μm (4878 cm−1)
was coupled to a high-finesse optical cavity (59 cm long) to
scan the R(28) rotational line of 12C16O16O (4874.4481 cm−1)
and P(16) rotational line of 13C16O16O (4874.0865 cm−1) in
the (2,00,1)←(0,00,0) vibrational combination band of the
CO2 molecule. The OA-ICOS provided a typical path length
of 3 km. The laser frequency was continuously tuned over
20 GHz, that made simultaneous measurements of 12CO2 and
13CO2 molecular absorption features in a single laser sweep
(∼0.003 s). The absorption spectra were fitted in real time
to Voigt profile line shapes. The absolute concentrations of
12CO2 and 13CO2 in samples were determined using Beer’s
law.

2.6. Calibration of RGA-MS and OA-ICOS for 13C-UBT

Three certified standards containing 5% CO2 in air with known
δ13C values (Cambridge Isotope Laboratory, CIL, USA)
ranging from baseline-level (−22.8‰) to high-level (−7.3‰)
including the mid-level (−13.22‰) were used to calibrate
both the RGA-MS and OA-ICOS systems and hence to
ensure the accuracy and precision of the measurements for
δ13

DOBC‰ values in exhaled breath samples. The precision
of RGA-MS was 0.25‰ in the δ13C measurements of
calibration standards with accuracy in the range of 97–99%.
It should be mentioned here that CIL has developed these
three certified calibration standards (product codes: CLM-
3781/3782/3783) analyzed by the IRMS technique with a
precision of 0.2‰ that mimic the 13CO2 content in normal
(baseline), borderline and infected breath samples explicitly
for the 13C-UBT. The detailed results of the calibration
procedure are described in the supporting information. Table 1
shows comparisons of the δ13

DOBC‰ measurements in breath
samples from five positive and five negative H. pylori
patients as an illustration obtained by analysis with both
RGA-MS and OA-ICOS methods (see supporting information
available online from stacks.iop.org/JBR/8/016005/mmedia
for all patients’ data). The measured δ13

DOBC‰ values
using the RGA-MS method were in excellent quantitative
agreement with the values determined by the OA-ICOS
method with an average DOB shift of 1.2‰.

3. Results and discussion

Figure 3 depicts box and whisker plots of δ13
DOBC‰ values

obtained by both RGA-MS and OA-ICOS methods to illustrate
the statistical distribution of 13CO2 enrichment in H. pylori
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Table 1. Comparison of the δ13
DOBC‰ values in exhaled breath samples from five positive (P1–P5) and five negative (N1–N5) H. pylori

patients measured individually by RGA-MS and OA-ICOS methods. The uncertainties on the δDOB
13C values measured by the RGA and

ICOS spectrometers are the standard deviations of three consecutive measurements.

δDOB
13C (‰) values (δ13C (30 min)−δ13C (0 min)) ‰

Human subjects Age (yrs) Sex Endoscopy and biopsy tests OA-ICOS ( ± 0.15‰) RGA-MS ( ± 0.25‰)

P1 42 M Positive 12.64 12.11
P2 46 M Positive 58.35 56.50
P3 36 M Positive 5.00 3.50
P4 25 M Positive 18.41 16.99
P5 66 M Positive 4.75 3.83
N1 29 M Negative 1.44 0.67
N2 24 M Negative 0.51 0.12
N3 42 M Negative 1.82 1.25
N4 47 M Negative 1.95 1.79
N5 23 M Negative 0.85 1.45

Figure 3. Box and whisker plots of δ13
DOBC‰ values determined by

both RGA-MS and OA-ICOS methods illustrating the statistical
distribution of 13CO2 enrichment at 30 min in H. pylori positive and
negative individuals. The scattered points correspond to actual
experimental data points.

positive and negative patients. We observed that the mean
(29.7‰ versus 1.3‰), median (19.1‰ versus 1.3‰) and inter-
quartile ranges (41.3‰ versus 1.2‰) of δ13

DOBC‰ values
determined by the present RGA-MS technique increased
significantly (p < 0.001) for the group with H. pylori positive
patients compared to the group with H. pylori negative
patients. We also found that there were no statistically
significant differences between the δ13

DOBC‰ values analyzed
individually by the spectroscopic (OA-ICOS) and non-
spectroscopic (RGA-MS) methods (p = 0.43 and 0.67 for
positive and negative patients, respectively), indicating the
potential of the RGA-MS technique as an alternative analytical
tool for exhaled breath analysis to accurately diagnose
H. pylori infection.

We also performed the regression statistics to compare
the results obtained by RGA-MS to those obtained by OA-
ICOS. Figure 4 depicts the least-squares regression plot of
δ13

DOBC‰ values between breath samples analyzed by RGA-
MS and those analyzed by OA-ICOS for H. pylori positive and
H. pylori negative individuals. The linear regression analysis
of δ13

DOBC‰ (RGA-MS) versus δ13
DOBC‰ (OA-ICOS) data

Figure 4. Regression plot of the correlation for δ13
DOBC‰ values

between samples analyzed by RGA-MS (x-axis) and those analyzed
by OA-ICOS (y-axis).

provides a slope of 1.0365 and a y-intercept of 0.48‰.
The δ13

DOBC‰ values of both methods demonstrated close
correlation as indicated by the squared correlation coefficient
of R2 = 0.9973.

However, to assess the diagnostic accuracy of the RGA-
MS methodology to precisely distinguish positive and negative
results, an ROC curve was constructed by plotting the true
positive rate (sensitivity) against the false positive rate i.e.
(1-specificity) by comparison with the gold standard
diagnostic technique. A statistically optimal cut-off point
for the present 13C-UBT using the RGA-MS method was
defined as the point with the highest sensitivity, specificity
and diagnostic accuracy to correctly distinguish individuals
with and without the H. pylori infection.

Figure 5 shows an ROC plot for the 13C-UBT using the
RGA-MS technique. The optimal diagnostic cut-off value was
determined to be δ13

DOBC‰ (cut-off) = 3.0‰. Consequently,
the RGA-MS system exhibited a sensitivity of 100% (95%
confidence interval (CI) 83.2–100) and a specificity of 93%
(95% CI 68.1–99.8) with an accuracy of 97%. The area
under the ROC curve was also determined to be 0.99
(95% CI 98.0–100), where the statistical significance level
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Figure 5. Receiver operating characteristic curve (ROC) analysis of
the RGA-MS technique exhibiting the optimal diagnostic cut-off
value of DOB = 3.0‰.

of the p value was <0.0001. The detailed ROC analysis
is given in the supporting information (available online
from stacks.iop.org/JBR/8/016005/mmedia). Using this cut-
off value of 3.0‰, the present RGA-MS method precisely
diagnosed 20 out of 20 patients as positive and 14 of 15
patients as negative (i.e. 1 false positive patient), ensuring
the clinical feasibility of the RGA-MS detection method for
the diagnosis of H. pylori infection without the need for the
uncomfortable endoscopic biopsy test. The present RGA-MS
technique exhibited a false positive result (where δ13

DOBC‰ =
3.4‰ > δ13

DOBC‰ (cut-off) = 3.0‰), whereas the gold
standard biopsy test was negative. Interestingly, the OA-IOCS
measurement also demonstrated a significant higher value of
δ13

DOBC‰ = 4.8‰ of that individual compared to the cut-
off value of 3.0‰. The reason for producing false positive
results in the endoscopy-based biopsy test is still a subject

of controversy and subsequently several possible causes have
been reported [4, 20]. It is known that H. pylori has a very
patchy distribution throughout the stomach. As a result, the
biopsy specimens collected during the endoscopic procedure
can sometimes fail to spot the actual site of infection and
thus produce false negative results. We speculate that the one
false positive result obtained by both analytical methods may
actually have been the true positive. Therefore, the RGA-MS
approach seems to have the potential to perfectly indentify
subjects harboring the H. pylori infection in contrast to gastric
biopsy specimens. It also suggests that the endoscopic biopsy
tests are only validated for local measurements in some specific
sites of the infection, whereas our breath analysis method using
the RGA-MS technique is supported for global measurements
of the infection throughout the stomach.

However, the effect of endogenous CO2 production
related to the basal metabolic rates in individuals may
have an influence on the diagnostic accuracy of the present
breath analysis by means of the RGA-based MS technique.
It is expected that if the endogenous CO2 production
varies according to age, weight, height and sex, then the
δ13

DOBC‰ values are also expected to vary accordingly. To
investigate this, we estimated the endogenous CO2 production
of each subject using the Schofield and Mifflin–St Joer
equations [21, 22].

Figure 6(b) shows a box and whisker plot of endogenous
CO2 production rate in mmol min−1. It is apparent that there
was no statistically significant difference (p = 0.82) between
the endogenous CO2 production rates obtained for H. pylori
positive and those obtained for H. pylori negative individuals.
In addition, we determined the cumulative percentage dose
of 13C recovered (cPDR%) in breath samples which accounts
for the total amount of 13C-urea metabolized at 30 min for
both positive and negative H. pylori patients. We applied the
following equation according to Klein et al [23] to calculate
the cPDR%:

cPDR(%) = δ13
DOBC × RPDB × 10−3 × VCO2(

D
Mt

)
× (

30 min −0 min
2

)

(a) (b)

Figure 6. Box and whisker plots of (a) cumulative percentage dose of 13C recovered at 30 min, cPDR (%) and (b) endogenous
CO2 production rates between the two groups of H. pylori positive and negative patients.
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Figure 7. Plot of positive predictive values, PPV (%) against the
prevalence of H. pylori infection (%) in the Indian population. The
PPV at 30 min past the baseline would be between 97% and 98%.

where δ13
DOBC denotes the DOB values obtained from the

RGA-MS measurements, RPDB = 0.011 2372, D is the dose of
substrate administered, Mt = molecular weight of the substrate
and VCO2 is the CO2 production rate per hour. The results
are illustrated by a box and whisker plot and are shown in
figure 6(a). A marked difference of cPDR (%) values (where
the significance level of statistical analysis is p < 0.001)
between the two types of subjects demonstrated a sensitive
marker of H. pylori infection and thus confirmed the feasibility
of the RGA-MS technique in the diagnosis of the bacteria.

We finally explored the PPV and NPV of the current RGA-
MS methodology for diagnostic assessment of the infection.
The PPV and NPV express the patients’ probability of getting
the disease once the actual test results are known [24]. The
present RGA-MS technique demonstrated a diagnostic PPV
and NPV of 95% and 100%, respectively, indicating an
excellent diagnostic accuracy for the identification of H. pylori
infection. We also applied our results to assess the prevalence
of H. pylori infection in the Indian population as an illustration.

Figure 7 depicts a plot of the prevalence of the H. pylori
infection (%) against the predictive values (%) for the present
13C-UBT. Considering an H. pylori prevalence of 70%–80%
in the Indian population [25, 26], the RGA-MS technique
manifested the PPV (%) between 97% and 98% and NPV =
100%, marking the capability of the present breath analysis
technique for screening purposes in community population.
However, it is important to note that predictive data may
be used to estimate the probability of disease but both the
parameters vary in accordance with the disease prevalence of
the infection in the community [24].

4. Conclusion

We have extensively demonstrated for the first time the
use of a residual gas analyzer (RGA) exploiting the
conventional mass spectrometry (MS) technique capable
of measuring high-precision 13CO2/

12CO2 isotope ratios

in terms of δDOB
13C‰ values in exhaled breath samples

from individuals harboring H. pylori infection. The RGA-
MS system also demonstrated a diagnostic sensitivity of
100% and a specificity of 93%. Accordingly, our study
confirms that the present RGA-MS system for breath tests
has enormous potential for the accurate determination of H.
pylori infection without the need for invasive endoscopic
tests. The current RGA-MS instrument for the 13C-UBT
is compact, more portable, easy-to-run and less expensive
compared to all other currently available optical spectroscopy
and mass spectrometry-based detection methods. Therefore, it
suggests that the present RGA-based technique could routinely
be used as a powerful non-invasive POC medical tool in
clinical settings or laboratories for the diagnostic evaluation of
H. pylori infection in real time. We also conclude that the
RGA-MS method presented here is a general approach for the
determination of δDOB

13C‰ values in exhaled breath samples
from any other diseases or metabolic disorders. Consequently,
the RGA-MS technique should have broad applicability for
13C-breath tests in a wide range of biomedical and breath
analysis research.
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