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near future. Hence, the possibility of an early breakthrough in
reducing asphyxia-related neonatal mortality in these countries
appears remote.
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The 13e urea breath test to assess Helicobacter pylori
infection in school children

S.P.DORE, S.KRUPADAS, S.BORGONHA, A.V.KURPAD

ABSTRACT
Background. The 13Curea breath test was used in this study

to establish it as a diagnostic tool as well as to assess the
prevalence of Helicobactorpyloriin agroup of school children.

Methods and Results. In a group of 50 children studied,
82% were found to be positive for H. pylori by this test. The
influence of diet in modifying the results of the test was also
assessed. Relatively small errors were seen if adequate
precautions were taken.
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Conclusion. Epidemiological studies are required to further
quantify the magnitude of the prevalence of H. pylori in the
Indian setting.
Natl Med J India 1997;10:57-60

INTRODUCTION
Helicobacter pylori infection has been established as a major
cause of chronic gastritis in adults.l+It has been implicated in the
genesis of gastric carcinomas} and the development of gastric and
duodenal ulcers.> It is postulated that nearly 90% of the adult
population in developing countries may be affected with the
infection since childhood." Earlier studies on Indians>'? using
serology and endoscopic biopsy have shown a high incidence of
H. pylori infection in small numbers of patients. Considering the
high prevalence and possible implications bf infection with
H. pylori, there is a need to standardize the DCurea breath test in
the Indian environment.
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While it may be possible to isolate H. pylori non-invasively
from dental plaques or faecal samples.t-" the only definite means
of detecting the organism at present is to perform a gastric biopsy
or assess seroprevalence. 12The I3Curea breath test,'>" which is
simple, specific and non-invasive, is increasingly being used to
determine the presence of H. pylori infection. This breath test is
based on the principle that the bacterium, which contains the
enzyme urease, will hydrolyse an orally administered dose of
13C-labelledurea. The I3C02which is liberated will then enter the
body CO2 pool through the gastric mucosa, and eventually be
excreted through the breath as 13C02. As there are no other urease-
containing organisms located in the upper gastrointestinal tract,
the breakdown of the I3C-labelled urea molecule within the first
hour after oral administration would exclusively be due to H.
pyLori urease activity.

The resultant DC02 released in the breath is usually measured
as the increase in DC02 enrichment over the normally occurring
(background) I3C02 level in the breath. Since the background
I3C02enrichment in breath is variable, we also established these
in normal subjects.

This study aimed to establish the I3C urea breath test as a
possible diagnostic and epidemiological tool in an Indian popu-
lation. Secondly, as a pilot study, we attempted to determine the
probable level of infection in the lower socio-economic group of
school-going children in a sample from a school in Bangalore.

METHODS
Twenty-nine male and 21 female students in the age group of
6-18 years from the lower socio-economic strata studying in a
government public school in the urban area of Bangalore city
were selected for the study. All volunteers had no previous history
of hospitalization or past medical illness and had not been treated
with antibiotics or any other medication in the month preceding
the study. Fasting volunteers were transported to the laboratory at
8 a.m. A brief medical examination was carried out, and after a
resting stage of 30 minutes, a basal sample of breath for the
background enrichment of 13C02was collected in single outlet
plastic bags. This was transferred to evacuated glass tubes (Vacu-
tainers, Becton Dickenson, New Jersey, USA) by means of a
22-gauge needle and a three-way tap. The subjects were then
given 75 mg of I3C-Iabelled urea dissolved in 100 ml of distilled
water along with a nutrient drink containing milk and cornflour
(composition: lipid 6.5 g, protein 5 g and carbohydrate 18 g) to
delay gastric emptying. Breath samples were collected in dupli-
cate every 15 minutes for the next hour in vacutainers. Physical
activity of the subjects was restricted by keeping them seated
throughout the experiment. This was because physical activity
could lead to increased ventilation as well as an increase in the
pool size of body CO2due to endogenous CO2production. After
the study period of90 minutes, the subjects were given a meal and
transported back to their schools.

Since the nutrient drink contained potential sources of 13Cthat
may have interfered with the specificity ofthe test, we also studied
breath 13C02 in 6 different subjects to assess the background
contribution. In this phase, the subjects were given the same
nutrient drink that was administered in the main experiment and
breath samples were collected for the next hour. In order to further
elucidate the role of cane-sugar (which has a high natural enrich-
ment of I3C, and is a common part of many nutrient drinks), a
group of different fasting subjects were given 75 g of cane-sugar
in water, and their breath samples collected over the next 3 hours.

The breath samples were analysed by mass spectrometry
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(Europa Scientific, Crewe, United Kingdom) in duplicate within
24 hours, and 13CO/I2C02 ratios were calculated. A continuous
flow technique was used where gas samples collected in vacutainers
were automatically sequenced and passed through a gas chro-
matograph maintained at a temperature of 100 "C. A continuous
helium flow at a pressure of 1.41 kg/ern" ensured displacement,
chromatographic separation and delivery of CO2from the samples
to the mass spectrometer. The basic unit in the mass spectrometer
was a magnetic sector instrument in which the flight tube passed
in a curve near a permanent magnet. A diffusion pump and a turbo
molecular pump maintained a functional pressure within the
system at 3E-6 mbar. CO2 from the gas samples (see above) was
admitted into a high vacuum electron source after which they
ionized to positive ions:

CO2+ e- = CO/ + 2e-

These ions were then displaced by a positive charge down the
curved flight tube where the magnetic field resolved the ions
according to their mass-charge ratios. The separated beams (i.e.
mass 44, 45 and 46) were then collected and quantified. Mass 46
was measured to determine the 170contribution to mass 45. The
ratio of 13CO/I2C02 in the sample was calculated after compari-
son with the known ratio of an external CO2 standard, the PDB
(pee Dee Belemenite) international standard. The isotopic enrich-
ment could now be expressed in two ways. The fraction of the
isotope that was different against the standard was referred to as
the delta, which is a relative measurement notation (0/00) of the
difference between the sample and reference. Isotopic enrichment
of the breath (atom%) was calculated from the delta, and the
increase in breath enrichment after administration of the isotope
was referred to as atom percent excess (APE). The APE was
calculated by taking the arithmetic difference between enrich-
ment of each breath sample and the predose basal breath sample.

All calculations were according to the mathematical model
proposed by Eggers et al." Briefly, CO2 production was calcu-
lated from the body surface area and weight of each subject using
the formula:

CO2production (mmol/kg/hour)= 300xbody surface area
body-weight

This was used to determine the percent dose excretion per hour
which was the percentage ofthe dose excreted for every time point
ofthe experiment. The cumulative percent dose, i.e. the area under
the curve till 60 minutes after ingestion of the isotope was then
determined.

Positivity of the breath test was assumed when values of the
cumulative percent dose were above the cut-off level of 1%. For
borderline cases such as 0.96% or 1.02%, the shape of the curve
was taken into account-an early peak was assumed to be indica-
tive of an oral rather than a gastric infection.

RESULTS
The daily coefficient of variation of the mass spectrometer for the
measurement of a set of reference gas samples was less than
0.02%. The variation in background 13C02levels after the test
nutrient drink in the breath of the subjects was +0.00 1APE. When
the subjects were fed cane-sugar, the APE was 0.005-0.006 three
hours after ingestion. In the first hour after ingestion of cane-
sugar, the APE of breath I3C02 was 0.003, or roughly three times
the enrichment obtained after the sugarless nutrient drink.

Representative graphs of a positive (cumulative percent dose
>1) and a negative subject (cumulative percent dose <1) are
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FIG 1. IlC02 enrichments in breath over one hour in a positive
subject

TABLE I. BC urease breath test

Group Positive (%) Negative (%)n

Male
Female

Total

29
21
50

25 (86.2)
16 (76.2)
41 (82.0)

4 (13.8)
5 (23.8)
9 (18.0)

shown in Figs. 1 and 2. In general, the increase in enrichment in
positive subjects did not return to the background level after one
hour of the experiment. The increase in enrichment ranged be-
tween 0.01 and 0.06 APE after 30 minutes of the dose.

In the study of 50 school children, 82% of all subjects tested
positive, i.e. the cumulative dose excretion was greater than 1%.
The sex distributed results in Table I show that both males and
females were affected to similar extents.

DISCUSSION
With preliminary data showing a high prevalence in the Indian
environment.>" there is a need to quantify H. pylori infections on
an epidemiological basis and to study the possible impact of this
infection on chronic undernutrition states. The present pilot study
in 50 subjects confirmed the high prevalence of H. pylori infec-
tion which was predicted by earlier serological studies. In addi-
tion, there did not appear to be any difference in the prevalence of
infection between sexes.

The assessment of a secondary metabolite, i.e. CO2 was used
in this method to diagnose the presence of infection. Since the
labelled metabolite appears in the breath, the breath can be
collected and analysed. The analysis of the I3C02 excretion in
breath after the administration of the substrate allows a dynamic
evaluation of the kinetic activity of bacterial urease, given that
this enzyme relates to the rate-limiting step in the process of CO2
generation.

The contribution of the test meal to the background I3C02 is an
important issue in the interpretation of data from secondary
metabolite experiments. This is because most dietary plant sugars
have I3Cin varying quantities. For instance, CO2 fixation by the
C4 pathway results in grain (maize) with a delta value of -11 %
(more enriched), whereas fixation by the C3 pathway yields grain
(rice, wheat) with a delta value of -27% (less enriched). 14There-
fore, test meals with rice and wheat are less likely to raise the
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FIG 2. DC02 enrichments in breath over one hour in a negative
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background enrichment of breath 13C02and interfere with the
interpretation of breath I3C02 appearance.

Of particular interest in the Indian situation is the use of cane-
sugar (a part of many dietary preparations) which can raise the
background enrichment of breath to a peak value of 0.0006 APE,
three hours after its oral ingestion. In the first hour after ingestion
of cane-sugar, the APE was about 0.003. While this scale of
contribution of I3C from test meal origin could interfere with
interpretation of the breath test, it is important to note that this is
the maximum dietary contribution possible. In mixed diet meals,
with low carbohydrate and high fat contents, this contribution
could be minimized. In a previous study" where the test meal
contribution to the I3C02 enrichment was 0.005 after one or two
hours, the authors preferred to increase the cut-off between
positive and negative subjects to 3% ofthe dose excreted. Another
solution to this problem is to decrease or omit the test meal
altogether." However, it has been shown that this approach
reduces the sensitivity ofthe breath test as gastric emptying is not
recorded, and the resultant levels of I3C02 from the I3Curea (in
positive subjects) could be actually reduced, as the dose of I3C
urea is emptied from the stomach at a faster rate. Therefore, it is
important to keep the limitation of the dietary contribution of
13C02 in mind when carrying out this test. Decreasing the isotope
dosage to reduce costs is not advisable in India where cane-sugar
forms a large part of the diet (in this context, the percent error
contributed by background variation may increase).

We did not attempt to compare other methods in this study, for
example endoscopic examination or serology as earlier investiga-
tions have exhaustively set out the validity of the breath test for
both sensitivity and specificity, when compared with serology or
culture. 13.17In one study, 13which used H. pylori culture as the gold
standard, the sensitivity of the I3Curea breath test was 90% and
the specificity 98.6%. The accuracy of the test was 94.8% with a
positive predictive value of 98.2%.

Since I3Cis a stable isotope, the technique is completely safe,
and can also be used in pregnant women and children. Serology
to detect H. pylori infection is an invasive test requiring a greater
amount of field apparatus for collection and storage of blood
samples. A positive serological test is indicative of either past or
present infection and also provides no information regarding the
density of infection.

This study demonstrates the feasibility of using the I3Curea
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breath test in India as a standard modality for detecting H. pylori
infection in large groups of people. In addition, I3C urea breath test
provides information regarding the density" of H. pylori in the
gastric mucosa which will be helpful in determining the protocol
for and effects of treatment. This test accurately reflects the
presence of H. pylori in the gastric mucosa, whereas endoscopy
can be occasionally inaccurate due to patchy distribution of the
organism. The clinical significance of the I3C urea breath test lies
in the fact that it can be repeatedly used to assess the effficacy of
treatment, thereby avoiding unnecessary endoscopic procedures
in patients. If a large number of samples can be processed, the cost
of this test can be reduced.
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