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Accurate noninvasive tests for diagnosing Helicobacter pylori infection in very young children are strongly required. We investi-
gated the agreement between the [13C]urea breath test ([13C]UBT) and a monoclonal ELISA (HpSA) for detection of H. pylori
antigen in stool. From October 2007 to July 2011, we enrolled 414 infants (123 from Brazil and 291 from Peru) of ages 6 to 30
months. Breath and stool samples were obtained at intervals of at least 3 months from Brazilian (n � 415) and Peruvian (n �
908) infants. [13C]UBT and stool test results concurred with each other in 1,255 (94.86%) cases (kappa coefficient � 0.90; 95%
confidence interval [CI] � 0.87 to 0.92). In the H. pylori-positive group, delta-over-baseline (DOB) and optical density (OD)
values were positively correlated (r � 0.62; P < 0.001). The positivity of the tests was higher (P < 0.001; odds ratio [OR] � 6.01;
95% CI � 4.50 to 8.04) in Peru (546/878; 62.2%) than in Brazil (81/377; 21.5%) and increased with increasing age in Brazil (P �
0.02), whereas in Peru it decreased with increasing age (P < 0.001). The disagreement between the test results was associated
with birth in Brazil and female gender but not with age and diarrhea. Our results suggest that both [13C]UBT and the stool
monoclonal test are reliable for diagnosing H. pylori infection in very young children, which will facilitate robust epidemiologi-
cal studies in infants and toddlers.

Helicobacter pylori infection is acquired primarily in early child-
hood and is predominantly transmitted within families, in-

fected mother and siblings being the most common familial
source of the microorganism (1–5). Infants and toddlers most
frequently acquire and lose the infection (3, 6), but there are sub-
stantial knowledge gaps in respect to the predictors of initial ac-
quisition, as well as the persistence of the infection, in this age
group. In addition, in children, H. pylori infection has been asso-
ciated with iron deficiency anemia, diarrheic disease, and impair-
ment of growth, weight, and cognitive functions (7, 8). Thus, a
simple and reliable noninvasive test to detect H. pylori infection in
this age group is required, especially in developing countries,
where the prevalence of H. pylori infection is very high.

The noninvasive [13C]urea breath test ([13C]UBT) (9–12) and
stool antigen test (13–15) are very reliable for the diagnosis of H.
pylori infection in children older than 6 years. The stool test based
on monoclonal antibodies has proved to be highly accurate in all
age groups (13–15), but the specificity of the [13C]UBT varies
from 82% to 100% for young children (9–12). However, studies of
this subject are scarce and have not included large enough num-
bers of infants and toddlers to obtain reliable results. Further-
more, different “gold standard” tests have been used to validate
the [13C]UBT, and most studies are in developed countries, where
the prevalence of infection is very low (11, 12, 16, 17).

To validate noninvasive tests for diagnosis of H. pylori infec-
tion, the indicated “gold standard” includes at least two invasive
tests, which is a difficult task with young children due to the cur-
rent rarity of symptomatic H. pylori infection in this period of life.
In addition, as stated by Goodman and Correa, validation using
invasive tests has some limitations; recent short-term colonization

and patchy distribution of the bacterium in the gastric mucosa
may decrease the sensitive of biopsy-based tests in very young
children (18). Such problems currently restrict epidemiological
investigations of the acquisition of H. pylori infection in infants
and toddlers in developing-country settings.

The aim of this study was to investigate whether the two inde-
pendent noninvasive tests for H. pylori infection diagnosis, the
[13C]UBT and monoclonal stool antigen test, have good concor-
dance in young children. For that, we evaluated a cohort of infants
and toddlers living in impoverished regions of two developing
countries in South America. Our hypothesis was that if the
[13C]UBT and monoclonal stool antigen test had good agreement
in infants and toddlers, either of the two noninvasive tests could be
used for the diagnosis of H. pylori in this age group. We also aimed
to investigate causes linked to discordant results between the two
tests.

MATERIALS AND METHODS
Children and methods. The study was approved by the Ethics Commit-
tees of the participant institutions. The study was also reviewed by the EU
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(European Union) Ethics Committee. Informed written consent was ob-
tained from the parents or guardians of the included children.

From October 2007 to July 2011, 123 children living in Parque Uni-
versitário, a poor urban community neighborhood of Fortaleza, Ceará, in
the northeastern region of Brazil, and 291 children from Las Pampas de
San Juan and Nuevo Paraiso, an established shanty town on the southern
edge of the Lima, Peru, were included in a longitudinal birth cohort study
that aimed to evaluate the influence of H. pylori infection on the risk of
acute diarrhea, malnourishment, iron deficiency, and iron deficiency ane-
mia in young children. Breath and stool samples were obtained at intervals
of at least 3 months from infants and children of ages 6 to 36 months.

The [13C]UBT was performed after at least 4 h of fasting by the sub-
jects. The Brazilian children drank 100 ml of orange juice and Peruvian
children 100 ml of water containing 50 mg of [13C]urea (�99.00% chem-
ical purity; Eurisotop, Paris, France) through a straw. Breath samples,
collected by trained staff, using a face mask with unidirectional valve into
a breath bag, were sent to the Laboratory of Research in Bacteriology
(LPB), Belo Horizonte, Brazil, where they were analyzed within 1 month
after sample collection with a nondispersive infrared spectrometer (Wag-
ner Analysen Tecnik, Bremen, Germany).

An increase in the ratio of carbon-13 dioxide to carbon-12 dioxide
between the baseline sample and the 30-min sample (delta-over-baseline
[DOB]) values of �4‰ is considered indicative of active infection and
�4‰ negative, according to the manufacturer’s recommendations.
We also analyzed the data considering cutoff DOB values of 3.5‰,
5‰, and 6‰.

For the stool antigen assay, stool samples, collected by parents or care-
takers, were maintained at 4°C if there was a refrigerator in the household
or at room temperature for up to 8 h before being sent at 4°C to local
laboratories, where they were maintained at �80°C. The stool samples
were transported in dry ice to LPB, Belo Horizonte, Brazil, where they
were tested by using a commercial ELISA Premier Platinum HpSA Plus
assay (Meridian Bioscience Europe from Launch Diagnostics Ltd., Long-
field, United Kingdom) that uses multiple murine monoclonal anti-H.
pylori capture antibodies adsorbed to microwells, according to the man-
ufacturer’s recommendations. A 10-�l disposable loop was used to dilute
stool samples in 500 �l of sample diluent. In the case of liquid of semisolid
stools, 100 �l of stools were added to the sample diluent. Optical densities
(OD) of �0.140 at 450 nm were considered positive, and an OD of �0.140
was considered negative, according to the manufacturer’s recommenda-
tions. The samples were randomly selected among those in which the time
interval between stool and breath sample collection was equal to or less
than 30 days.

To evaluate the effect on the stool antigen test results of maintaining
the stool samples at increased temperature, positive samples classified as
having high (1.449 and 1.620) and low (0.149 and 0.183) ODs were re-
tested in parallel after being maintained at 25°C and 37°C for 6 h, 12 h, 24
h, and 48 h.

Statistical analysis. The kappa coefficient with 95% confidence inter-
val (CI) (19) was used to assess agreement between the two assay methods.
In order to investigate variables associated with discordant results be-

tween the two tests, the association of independent variables (the age of
the children in months, gender, country of birth, unformed/watery stools,
and time interval in days between breath and stool collections) and a
dependent variable (disagreement between the tests, ascribed as absent or
present) was tested in univariate analysis. All variables with P values of
�0.25 were included in the full model of logistic regression. Odds ratio
(OR) and 95% CI were used as an estimate of the risk. The Hosmer-
Lemeshow goodness-of-fit test was used to evaluate the fit of the model.

Because [13C]UBT DOB and stool test OD values do not have a Gauss-
ian distribution, data were compared by using the two-tailed �2 test, Fish-
er’s test, Student’s t test, and one-way analysis of variance (ANOVA) after
natural log transformation. Correlations were analyzed by using Pearson’s
correlation coefficient. The level of significance was set at a P value of
�0.05. Analyses were performed using the Statistical Package for the So-
cial Sciences version 17 (SPSS Inc., Chicago, IL).

RESULTS

A total of 1,323 breath and stool samples were tested. For 28
(2.1%) children, only one sample was tested. The mean of samples
tested per child was 3.9. No difference in the gender balance (P �
0.41; OR � 1.1; 95% CI � 0.87 to 1.40) was observed between
Peru (453/908; 49.9% girls) and Brazil (197/415; 47.5% girls), but,
the mean age (� standard deviation [SD]) in months of the Peru-
vian children (17.84 � 6.14) was lower (P � 0.001) than that of the
Brazilian children (19.86 � 12.16).

Concordance between [13C]UBT and stool antigen test. Be-
cause the best concordance, even in each country separately, was
obtained by adopting the cutoff point of 4‰, all analyses were
done with this cutoff value (Table 1). The [13C]UBT and stool test
results concurred with each other for 1,255 (94.9%) breath/stool
samples with a kappa coefficient of 0.90 (95% CI � 0.87 to 0.92).
[13C]UBT results concurred with stool test results for 878/908
(96.7%) of the Peruvian samples (kappa coefficient of 0.93; 95%
CI � 0.91 to 0.96) and for 377/415 (90.8%) of the Brazilian sam-
ples (kappa coefficient of 0.75; 95% CI � 0.68 to 0.83), being
significantly higher in the former (P � 0.001; OR � 2.95; 95%
CI � 1.75 to 4.97) (Table 2).

The concordance between the tests did not differ (P � 0.43;
OR � 2.25; 95% CI � 0.53 to 13.50) when unformed/watery stool
samples (80 of 82, concordance of 97.6%) were compared with
normal stool samples (1,175 of 1,241, concordance of 94.7%) and
when boys were compared with girls (P � 0.62; OR � 0.86; 95%
CI � 0.51 to 1.43). The mean age (� SD) in months (18.47 � 8.47
and 19.21 � 9.87; P � 0.48) and the mean time interval (days)

TABLE 1 Agreement between [13C]UBT and monoclonal stool test
results for diagnosis of H. pylori infection in infants and toddlers
according to the different [13C]UBT cutoff pointsa

Cutoff
(‰)

No. of discordant results No. (%) of
results in
agreement

Kappa
coefficient 95% CI�UBT/�SAT �UBT/�SAT

3.5 77 21 1,225 (92.59) 0.85 0.82–0.88
4.0 45 23 1,255 (94.86) 0.90 0.87–0.92
5.0 120 18 1,185 (89.57) 0.79 0.76–0.82
6.0 191 14 1,118 (84.50) 0.69 0.65–0.73

a n � 1,323. ‰, DOB (delta over baseline); �UBT, positive urea breath test; �UBT,
negative urea breath test; �SAT, positive stool antigen test; �SAT, negative stool
antigen test. Kappa coefficient was calculated according to Cohen’s statistic (18).

TABLE 2 [13C]Urea breath test and stool antigen monoclonal test
results for samples from Brazilian and Peruvian infants and toddlers

Result categorya

No. of results

Brazil Peru Boys Girls Total

All 415 908 673 650 1,323
Concordant

HP� 81 546 287 340 627
HP� 296 332 352 276 628
Total 377 878 639 616 1,255

Discordant
HPSA� UBT� 14 9 6 17 23
HPSA� UBT� 24 21 26 19 45
Total 38 30 32 36 68

a HP�, H. pylori positive; HP�, H. pylori negative; HpSA, H. pylori stool antigen assay.
The DOB (delta over baseline) of 4‰ was adopted.
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between breath and stool sample collection (13.97 � 10.35 and
14.16 � 12.09; P � 0.88) did not differ between concordant and
discordant results, respectively.

The positivity of the tests was higher (P � 0.001; OR � 6.01;
95% CI � 4.50 to 8.04) for samples from Peru (546/878; 62.2%)
than for those from Brazil, (81/377; 21.5%). In Brazil, no differ-
ence was observed between the genders (41/138 girls versus 40/158
boys; P � 0.61; OR � 1.17; 95% CI � 0.70 to 1.98), whereas in
Peru, samples from girls (299/437; 68.4%) were more frequently
positive than those from boys (247/441; 56.0%) (P � 0.001; OR �
1.70; 95% CI � 1.28 to 2.26), even after Bonferroni adjustment for
age. A greater number of positive samples that became negative by
the two tests from the first year to the second year of age was
observed for Peruvian females (84.5 to 62.9%) than for males
(67.0 to 59.6%; P � 0.02; OR � 1.2; 95% CI � 1.02 to 1.39). The
prevalence of the infection increased with increasing age in Brazil
(P � 0.02), whereas in Peru it decreased with increasing age (P �
0.001) (Fig. 1).

In the group of H. pylori-positive (r � 0.62; P � 0.001) but not
H. pylori-negative (r � 0.02; P � 0.67) children, DOB and OD
values were correlated. In the positive group, both the DOB and
OD values increased with increasing age (Fig. 2A and C). In the
negative group, a significant increase in DOB values occurred
from the first to the second year of life (Fig. 2B). Significantly
higher DOB values were observed for Brazilian than for Peruvian
positive children (Table 3). No differences in the mean DOB (P �
0.80) and OD (P � 0.58) values were observed between watery
(20.19 � 25.55 and 0.72 � 1.09, respectively) and normal
(19.63 � 24.09 and 0.76 � 1.04, respectively) positive stool sam-
ples. No other difference in respect to DOB and OD values was
observed.

Discrepant results between [13C]UBT and stool antigen test
and associated factors. The results of the tests were discrepant in
68/1,323 (5.1%) samples (23 [33.8%] negative-[13C]UBT and
positive-stool-test samples and 45 [66.2%] positive-[13C]UBT
and negative-stool-test samples) (Table 2).

Only birth in Brazil (P � 0.001; OR � 3.14; 95% CI � 1.92 to
5.16) was associated with the disagreement between the tests. We

then constructed two other models of analysis. First, the positive-
[13C]UBT/negative-stool-test group was compared with the con-
cordant group, and only the country of birth remained associated
in the multivariate analysis (Table 4). Second, the negative-
[13C]UBT/positive-stool-test group was compared with the con-
cordant group. Female gender, increased time interval between
stool and breath sample collection, and birth in Brazil remained
directly and independently associated (Table 4).

Effect of temperature on performance of stool antigen test.
When stool samples with initial OD values of 1.449 and 1.620
maintained at 25°C were retested, the OD values dropped to 1.305
and 1.356, respectively, after 6 h and to 0.944 and 0.921, respec-
tively, after 48 h. The decrease of the OD values was more pro-
nounced when the samples were maintained at 37°C, dropping to
1.225 and 1.210, respectively, in the first 6 h and to 0.159 and
0.173, respectively, after 48 h. Remarkably, when the stool samples
with OD values of 0.149 and 0.183 were retested after 6 h of incu-
bation at 37°C, the OD dropped to values below the cutoff (0.125
and 0.120, respectively).

DISCUSSION

Although there are studies demonstrating high accuracy of the
monoclonal stool antigen test (13, 14) for the diagnosis of H.
pylori infection in young children, there is not concordance
among studies evaluating another noninvasive test, the [13C]UBT
(9, 11, 12). Furthermore, since most validation studies to date
have been undertaken in developed countries, where the preva-
lence of H. pylori infection is low, only a small number of young
infected children have been included. Concomitant H. pylori in-
fection and diarrheal disease might also influence the perfor-
mance of the noninvasive diagnostic tests in developing countries,
also indicating the need to test the reliability of the [13C]UBT and
stool antigen test in developing countries.

Notably, by evaluating a large number of samples obtained
from infants and toddlers in two developing countries, we dem-
onstrated that the results of the [13C]UBT were highly in agree-
ment with those of the monoclonal stool antigen test, which
points to a good accuracy of each test for the diagnosis of H. pylori
infection in very young children. Reinforcing this hypothesis, the
positive correlation observed between [13C]UBT DOB and stool
test OD values in the group of H. pylori-positive children is in
agreement with our previous report for older children (20).

In the H. pylori-positive infants and toddlers, the DOB values
increased with age, which is in contrast to observations of older
children by others (21, 22) and our group (20). In the present
study, the OD values in the stool antigen assay also increased with
age. No association between OD values and age has been observed
in older children (14, 20). Taken together, these results suggest
that DOB and OD values increase with age only in very young
children and represent a progressive increase in the gastric bacte-
rial load at this age. In [13C]UBT-negative children, however, the
DOB values increase only from the first to the second year of life.

Clear differences between the two studied populations in
South America were observed. First, H. pylori positivity increased
with increasing age in Fortaleza but decreased in Lima. Spontane-
ous clearance of the infection as observed in Lima has been ques-
tioned. Some authors argue that the DOB values are higher in H.
pylori-negative infants, which could lead to [13C]UBT false posi-
tivity at this age (21). However, in the [13C]UBT-negative Lima
population, the lowest DOB values were observed in the first year

FIG 1 H. pylori prevalences based on concomitant positive results of
[13C]UBT and the monoclonal stool antigen test according to age range in
Peru (P � 0.001) and Brazil (P � 0.001). The numbers at the bottom refer to
the number of samples tested in each age group (total number � 1,255).
Statistical analysis was done using the chi-square test.
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of life, in parallel with the highest H. pylori positivity, also ob-
served in the first year of life. Furthermore, we could not demon-
strate any cause of false-positive results in both tests in Peruvian
children. Differences in respect to the prevalence of the infection,

which was higher in Lima than in Fortaleza, were also observed.
One explanation is that Peruvian children live in an area of very
prevalent H. pylori infection, being highly exposed to the bacte-
rium (23), which contributes to very early infection. Ethnic differ-

FIG 2 Results of [13C]UBT and monoclonal stool antigen tests according to age range. The [13C]UBT and stool antigen test results are shown in DOB and OD
values (median and interquartile range, 25 to 75). The analyses were done after log transformation. (A) [13C]UBT positive results (n � 671). Statistical analysis
was done using ANOVA (P � 0.001). (B) [13C]UBT negative results (n � 652). Statistical analysis was done using Student’s t test (P � 0.01; comparison between
the first and the second year of age). (C) Stool antigen test positive results (n � 671). Statistical analysis was done using ANOVA (P � 0.001).

TABLE 3 Mean values of [13C]UBT DOBs and HpSA Plus ODs for Brazilian and Peruvian children who had concordant results between the two testsa

Result

Mean value � SD for group or comparison

Country Gender

Peru Brazil P value Boys Girls P value

UBT DOB
Negative 1.37 � 1.63 1.36 � 1.30 0.38 1.30 � 1.36 1.48 � 1.67 0.23
Positive 18·87 � 23.36 25.20 � 28.24 0.05 18·37 � 21.44 19.45 � 25.38 0.52

HpSA OD
Negative 0.07 � 0.02 0.07 � 0.03 0.35 0.07 � 0.03 0.07 � 0.02 0.54
Positive 0.76 � 0.99 0.78 � 0.93 0.26 0.77 � 1.06 0.76 � 1.03 0.85

a DOB, delta over baseline, mean � SD (‰); OD, optical density, mean � SD; cutoff values adopted were those recommended by the manufacturers (n � 1,255). Data were
analyzed by using Student’s t test after natural log transformation.
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ences could also account for the differences observed, since it has
been demonstrated that the population living in Lima has a pre-
dominantly Amerindian ancestry (�70%) (24), whereas in people
from Fortaleza, European ancestry predominates (�70%) (25).

In this study, a small but significant discordant result between
the two noninvasive tests was observed. Explanations include the
lower prevalence of the infection in Fortaleza than in Lima, lead-
ing to a lower positive predictive value for the former, different
cultural habits between the two countries, and the storage of stool
samples, which is considered a critical step in the performance of
the stool antigen test (11, 12, 21). Positive [13C]UBT and negative
stool test results may have occurred in Brazilian children due to
the higher mean annual temperature in Fortaleza (30°C) than in
Lima (23°C), which may result in false-negative results for a stool
test with low positive OD values. In this study, the relevance of
adequate storage of the stool samples to the performance of the
stool test in regions of high ambient temperature was demon-
strated. By experimentally keeping stool samples at 37°C for more
than 6 h, stool tests with OD values slightly above the cutoff limit
turned negative. Transient gastric infection with urease-produc-
ing Streptococcus (26) and other gastric Helicobacter species may
also have contributed to positive [13C]UBT and negative stool test
results. However, the prevalence of other gastric Helicobacter spe-
cies is less than 1.0% (27).

A large time interval between stool and breath sample collec-
tion was also independently associated with a negative [13C]UBT
and a positive stool test. In young children, the infection may be
transient (3, 6) and H. pylori may be cleared from the gastric mu-
cosa in the interval between the collection of stool and breath
samples.

Discrepant results were also more frequently observed for girls.
In accordance with the results of another study in Peru (28), we
also observed that the prevalence of H. pylori in Peru was higher in
females and decreased from the first to the second year of age more
frequently in females. A more frequent loss of infection might also
explain a greater rate of disagreement between the two tests for

girls, because the elimination of H. pylori antigens in the stool may
take longer.

Importantly, having a diarrheic stool sample was not associ-
ated with test result disagreement. High concordance between the
two tests was observed for children both with and without diar-
rhea. One might speculate that the concentration of H. pylori an-
tigens would be lower in watery stools than in normal stools. To
avoid this possibility, we adopted the manufacturer’s recommen-
dations using a high volume of stool. A false-positive stool test
result, due to cross-reactivity between antigens of H. pylori-related
bacteria, has also been suggested (12). Against this possibility, we
used a highly specific monoclonal HpSA Plus enzyme immunoas-
say (EIA) for detection of H. pylori antigens in stool samples. Re-
inforcing the reliability of our results, we observed positive results
of the stool antigen test for 98.3% of the diarrheic children with
positive-[13C]UBT. Furthermore, we are unaware of causes of
false-positive [13C]UBT results for diarrheic children.

In conclusion, this study showed excellent agreement between
the results of the [13C]UBT and the stool antigen test for infants
and toddlers in both high- and moderate-H. pylori prevalence
developing countries in South America. This indicates that both
noninvasive tests are reliable methods for the diagnosis of H. py-
lori infection in very young children, which will facilitate robust
epidemiological studies in infants and toddlers in developing
countries.
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