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Several studies have demonstrated that enzyme-linked immunosorbent assay is not a sensitive and specific
method to diagnose Helicobacter pylori infection in children, especially in the younger ones. Since serum
immune response can also be determined by immunoblotting and it permits the detection of antibodies to
virulence factors such as CagA and VacA, we evaluated the accuracy of a commercial immunoblotting test to
diagnose H. pylori infection and to assess the humoral immune response to different H. pylori antigens in 122
children who underwent upper gastrointestinal endoscopy. The presence of H. pylori was determined in antral
biopsy specimens by culture, preformed urease test, and histological analysis. H. pylori was identified by
microbiological and histopathological methods in 66 children (including all of the 21 who had duodenal ulcer).
Antibodies to H. pylori were detected in 63 infected children and in 8 noninfected ones. The sensitivity, spec-
ificity, and positive and negative predictive values of the immunoblotting test were 95.5, 85.7, 88.7, and 94.1%,
respectively. The number of immunoreactive bands increased with age (P = 0.003), and the bands of 35 kDa
(P = 0.013); 89 kDa, the VacA antigen (P = 0.001); and 116 kDa, the CagA antigen (P = 0.00004) were more
frequently observed in older children. The frequency of the bands of 89 kDa (P = 0.001) and 116 kDa (P = 0.03)
was higher in children with duodenal ulcer than in H. pylori-positive children without the disease. In conclu-
sion, the immunoblotting test appears to be useful for the diagnosis of H. pylori infection in children, even in

the younger ones.

Helicobacter pylori infection is probably one of the most
common chronic bacterial infections worldwide. The infection
is predominantly acquired in childhood and in most subjects its
course is without complications. Nevertheless, a small percent-
age of infected individuals develop peptic ulcer disease (17),
gastric cancer (26), or mucosa-associated lymphoid tissue lym-
phoma (2). Once acquired, the infection persists for years and
elicits mucosal and serum immune responses in most infected
persons (16, 19). Therefore, noninvasive serological tests have
been widely used for the diagnosis of H. pylori infection.
Among them, enzyme-linked immunosorbent assay (ELISA) is
one of the most extensively employed tests because it is rela-
tively inexpensive, quick, easy to perform, and suitable for
screening large populations (12). In adults, this method has
proved to be highly accurate to diagnose the infection, but in
children, especially younger ones, ELISA appears not to be a
good screening test. In fact, we observed that a commercial
ELISA showed low sensitivity for the diagnosis of H. pylori
infection in children aged 2 to 12 years, especially in those
without duodenal ulcer. When used in children of different
ages, the test presented differences in sensitivity: 44.4% in
children 2 to 6 years old; 76.7% in children 7 to 11 years old,
and 93.1% in children 12 to 16 years old. We also observed that
immunoglobulin G (IgG) antibody levels were higher in older
children (25). Similar results were also observed by other in-
vestigators (14, 31).
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The serum immune response to H. pylori antigens can be
also evaluated by immunoblotting (11, 13, 22). Although this
test is expensive and time-consuming it appears to be more
sensitive, especially with sera with low levels of antibodies that
are not detected by ELISA (22). This is probably due to the
fact that in immunoblotting, the individual bacterial proteins
are better exposed, allowing antibodies to bind more easily
(23). Furthermore, it permits detection of antibodies to viru-
lence factors such as CagA and VacA proteins. Therefore, we
evaluated the accuracy of a commercial immunoblotting test to
diagnose H. pylori infection in children and to assess their
humoral immune response to different H. pylori antigens.

MATERIALS AND METHODS

This project was approved by the Ethics Committee of Hos-
pital das Clinicas, Universidade Federal de Minas Gerais, Mi-
nas Gerais, Brazil, and informed consent was obtained from
children (whenever possible) and their parents.

Part of the sera tested in the present study were from chil-
dren included in a previous study for validation of a commer-
cial ELISA (25). We studied sera from 122 children (51 boys
and 71 girls; mean age, 9.2 * 3.4 years; range, 2 to 16 years)
who underwent upper gastrointestinal endoscopy for evalua-
tion of symptoms related to the upper gastrointestinal tract,
such as recurrent abdominal pain, vomiting, or hematemesis.
Among them, 21 presented with a diagnosis of duodenal ulcer
(15 boys; mean age, 11.5 = 1.8 years; range, 8 to 16 years). The
children were referred to the Pediatric Digestive Endoscopy
Unit of the UFMG University Hospital. Patients less than 2
years of age and those who had received antibiotic therapy for
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the eradication of H. pylori or antimicrobial drugs during the 6
months before endoscopy, who were taking H, receptor antag-
onists, or nonsteroidal anti-inflammatory drugs or who had
portal hypertension, coagulation disorders, or anatomical ob-
stacles preventing endoscopy were not included in the study.

At endoscopy, biopsy specimens were obtained from the
antral and oxyntic gastric mucosa for microbiological and his-
tological study. One antral fragment was placed in a tube
containing Christensen’s 2% urea agar and examined within
24 h of incubation at 37°C for urea hydrolysis. For culture,
fragments from the antrum and body were kept in thioglyco-
late broth (Difco Laboratories, Detroit, Mich.) at 4°C for no
longer than 5 h before processing. The tissue specimens were
ground in a tissue homogenizer and plated onto petri dishes
containing Belo Horizonte medium (30), and the plates were
incubated at 37°C in a microaerobic environment for up to 7
days. Colonies of H. pylori were identified by spiral gram-
negative appearance, positive oxidase and catalase tests, and a
rapidly positive urease test. One fragment of the antral mucosa
and one fragment of the oxyntic mucosa were fixed in formalin,
dehydrated in alcohol and xylene, and embedded in paraffin.
Five-micrometer-thick sections were obtained for the prepara-
tion of slides which were stained with hematoxylin-eosin for
histological examination and with carbolfuchsin for H. pylori
identification.

Children were considered to be H. pylori positive if at least
two of the three test results were positive or if the culture alone
was positive and were considered to be H. pylori negative if the
three test results were negative.

Venous blood samples (2 ml) were drawn from each child at
the time of endoscopy. The serum was separated, divided into
aliquots and stored at —20°C before testing.

Sera were assayed for H. pylori antibodies using a commer-
cial immunoblotting kit (Helicoblot 2.0; Genelabs Diagnostics,
Singapore, Singapore). Helicoblot 2.0 is a qualitative assay
used for the detection of IgG antibodies specific for different
antigens of H. pylori in human serum or plasma. The antigen is
prepared from a lysate of a strain of H. pylori isolated from a
patient with peptic ulcer. The proteins from the lysate are
electrophoretically separated and transferred to nitrocellulose.
The strips contain different H. pylori antigens including those
at 116 (CagA), 89 (VacA), 35, 30 (urease H), 26.5 (urease A),
and 19.5 (urease E) kDa (8). The assay was performed accord-
ing to the recommendations of the manufacturer of the Kkit.
Briefly, the strips were washed with wash buffer and each strip
was incubated for 1 h with the sample diluted 1:100 in blocking
buffer. A serum-positive control and a serum-negative control
were used. Following the incubation period, the sera were
aspirated and the strips were washed three times. Then, the
strips were incubated with an anti-human IgG antibody conju-
gated with alkaline phosphatase for 1 h. After this step, the
conjugate solution was aspirated from each well and the strips
were washed three times and incubated with a solution of
5-bromo-4-chloro-3-indolyl-phosphate and nitroblue tetrazo-
lium for 15 min. The reaction was stopped by rinsing the strips
several times with distilled water. Finally, the strips were re-
moved from the wells and dried before mounting. Western
blotting was considered to be positive for H. pylori if any one
band at 116, 89, or 35 kDa, or if any two bands from among
bands at 30, 26.5, or 19.5 kDa were present (Fig. 1). The
analysis of the test was done by two investigators who were
unaware of the H. pylori status of the children.

The performance of the test was evaluated by determining
the sensitivity, specificity, and positive and negative predictive
values with the 95% confidence interval (CI).

In order to compare the number of immunoreactive bands
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FIG. 1. Examples of the immunoblot pattern obtained with sera from chil-
dren by employing Helicoblot 2.0. Lane 1, positive control; lane 2, negative
control; lane 3, serum from child with duodenal ulcer; lanes 4 to 7, sera from H.
pylori-positive children without duodenal ulcer; lanes 8 and 9, sera from H.
pylori-negative children.

between groups, the children with duodenal ulcer were age
matched with 21 H. pylori-positive children without duodenal
ulcer.

The x? test and Fisher’s exact test were used to compare
proportions between the groups. Analysis of variance for nor-
mal distribution and the Kruskal-Wallis test for variables of
asymmetrical distribution were employed to evaluate differ-
ences in the number of immunoreactive bands and differences
in age among the groups. The Wilcoxon test was used to
analyze the age-matched groups, and Spearman’s correlation
was used to analyze the association between age and number of
bands. The level of significance was set at P < 0.05.

RESULTS

H. pylori was identified by microbiological and histopatho-
logical methods in 66 (54.1%) of 122 children. All duodenal
ulcer patients were H. pylori positive. The characteristics of the
children studied are listed in Table 1. The H. pylori-positive
and -negative groups were similar in gender (P = 0.97), but the
number of boys was proportionally higher in the group of
children with duodenal ulcer than in the group of H. pylori-
positive children without duodenal ulcer (P = 0.002). The
mean age of H. pylori-negative children was significantly lower
(P = 0.0008) than that of H. pylori-positive ones, and the age
of children with duodenal ulcer was significantly higher than
that of H. pylori-positive children without duodenal ulcer (P =
0.03).

Western blotting was positive in 63 of the 66 infected chil-
dren and in 8 of the 56 noninfected ones. The sensitivity,
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TABLE 1. Characteristics of the children studied

Mean age Age

. No. of  No. of boys/
H. pylori status children no. of girls + SD range
(o) (yr)
Positive 66 28/38 10228 3-16
With duodenal ulcer 21 15/6 11518 8-16
Without duodenal ulcer 45 13/32 9.6 229 3-13
Negative 56 23/33 80*x36 2-14
Total 122 51/71 92+33 2-16

specificity, and positive and negative predictive values of the
test were 95.5% (95% CI, 86.4 to 98.8%), 85.7% (95% CI, 73.2
to 93.2%), 88.7% (95% CI, 78.5 to 94.7%), and 94.1% (95%
CIL 82.8 to 98.5%), respectively. In H. pylori-positive patients
the sensitivities of the test were similar in those with (95.2%)
and without (95.5%) duodenal ulcer (P = 1.0). When children
were stratified by age (2 to 6, 7 to 11, and 12 to 16 years old),
no difference was observed in test sensitivity (87.5, 96.6, and
96.4%, respectively; P = 0.51). The number of immunoreactive
bands increased with age (P = 0.003), and the bands of 35 (P =
0.01), 89 (P = 0.001), and 116 (P = 0.00004) kDa were more
frequently observed in older children. The increase in the
frequency of the bands of 89 and 116 kDa was observed even
when children with duodenal ulcer were excluded from the
analysis (P = 0.004 and P = 0.0005, respectively) (Table 2).
Children with duodenal ulcer presented more bands than age-
matched H. pylori-positive children without duodenal ulcer,
although it had not reached statistical significance (P = 0.08).
The frequency of the bands of 89 and 116 kDa was higher in
children with duodenal ulcer than in children without the dis-
ease (P = 0.001 and P = 0.03, respectively) (Table 3).

Sera from eight H. pylori-negative children aged 2 to 14 years
showed positive immunoblotting results, with the following
immunoreactive bands being detected: 19.5 kDa (n = 2), 26.5
kDa (n = 5),30 kDa (n = 3),35 kDa (n = 2), 89 kDa (n = 1),
and 116 kDa (n = 5) (Table 3). Bands of 26.5 kDa (n = 3) and
30 kDa (n = 1) were observed in the sera of H. pylori-negative
children that did not fulfill the immunoblotting positivity cri-
terion.

DISCUSSION

Although ELISA is accurate for the diagnosis of H. pylori
infection in adults, in children this fact does not appear to
be confirmed (14, 25, 31). This may be due to differences in
quantitative and qualitative immune response between adults
and children. Younger children may be expected to have in-
fections of short duration and to have more frequently acute

TABLE 2. Frequency of immunoreactive bands as detected
by immunoblotting in sera of 45 H. pylori-positive
children without duodenal ulcer

Age % of sera immunoreactive bands at:
range n
(yr) 19.5kDa 26.5kDa 30kDa 35kDa* 89 kDa” 116 kDa®
02-06 8 87.5 62.5 75.0 12.5 0 12.5
07-11 20 90.0 80.0 90.0 45.0 45.0 75.0
12-16 17 82.3 94.1 94.1 58.8 70.5 88.2
P = 0.09.
b P = 0.004.
<P = 0.0005.
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TABLE 3. Frequency of immunoreactive bands as detected by
immunoblotting in sera of 56 H. pylori-negative and 66
H. pylori-positive children with (n = 21) and
without (n = 45) duodenal ulcer

% of sera with immunoreactive bands at:
H. pylori status

19.5 kDa 26.5 kDa 30 kDa 35 kDa 89 kDa 116 kDa

Positive 81.8 84.8 86.7 50.0 59.1 75.8
With duodenal 71.7 90.5 857 571 905 95.2°
ulcer
Without duodenal  86.7 82.2 86.7 46.7  44.4°  66.7°
ulcer
Negative 3.6 143 7.1 3.6 1.8 8.9
“pP = 0.001.
b p = 0.03.

primary infections (32, 34), showing lower H. pylori serum
antibody titers than adults (7). These differences may also be
caused by differences in antigen recognition that may occur in
different age groups (21, 36).

Immunoblotting is an alternative serologic assay available to
diagnose H. pylori infection (22, 37). It appears to be more
sensitive for the detection of acute H. pylori infection than
ELISA, but, as also required for other serologic tests, the
antigen preparation must be standardized (22) and the test
must be validated for the population being studied (37).

Although several authors have employed immunoblotting to
detect the antibodies anti-CagA and anti-VacA (3, 9, 24) and
to determine the antibody profile in pediatric patients (8, 20),
none of them have determined the specificity and the positive
and negative predictive values of the test used to diagnose H.
pylori infection. In a study conducted with 49 H. pylori-positive
Belgian and Moroccan children, the blot was 89.9% sensitive
compared with histology and culture. However, the authors did
not evaluate H. pylori-negative children (35). In another study
evaluating 68 Bangladeshi children between 4 and 24 months
of age, it was observed that blotting was positive in 6 of 53
H. pylori-positive children by urea breath test or PCR of stool
samples (4).

In the present study, we validated the Helicoblot kit to
diagnose H. pylori infection in children. In contrast to what we
have previously observed for ELISA, the assay showed high
sensitivity (95.4%) for the diagnosis of H. pylori infection in
this age group, even among the younger children and those
without duodenal ulcer. The sensitivity observed was similar to
that reported by Vandenborre et al. (35), who employed the
same test using Belgian and Moroccan children. This may be
due to the fact that immunoblotting allows the detection of low
concentrations of antibodies or that different antigen prepara-
tions are used in ELISA (21, 22). The results of the present
study are also similar to those reported by others in adults.
Faulde et al. (11) observed a sensitivity of 100% for an in-
house Western blotting test. Nilsson et al. (22) also used an
in-house blotting test and found a sensitivity of 97.5%. More
recently, Yamaoka et al. (37) validated two commercial immu-
noblotting tests for the Japanese adult population and ob-
served a sensitivity of 100% for both Helicoblot 2.0 and RIDA
Blot Helicobacter.

Regarding the specificity of the test, false-positive results
were observed for 8 of 56 noninfected children. This finding
is in agreement with data previously reported by others for
adults. Nilsson et al. (22) observed a specificity of 92.5% for an
in-house blot and Yamaoka et al. (37) found specificities of 90
and 80% for the Helicoblot 2.0 and RIDA Blot Helicobacter,
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respectively. The relatively low specificity observed by us and
others may be due to the fact that the patients may have taken
antimicrobial drugs for other purposes, with a resulting de-
crease in the bacterial load, or the bacterium may be elimi-
nated spontaneously, a fact more frequently observed in young
children (15, 28), and the antibody titers can take a long time
to decrease. Sorberg et al. (33) observed that IgG antibodies to
19.5- and 120-kDa antigens were detected up to 32 months
after the eradication of the microorganism with antimicrobial
drugs. In the present study immunoreactive bands to 26.5- and
30-kDa H. pylori antigens were observed in 14.3 and 7.1% of
H. pylori-negative children, respectively. Although most of the
studies have demonstrated that cross-reacting antibodies de-
tected by blotting were to medium-sized antigens of H. pylori
(11, 21, 37), Nilsson et al. (22) observed that 3 (7.5%) of 40
H. pylori-negative adults had antibodies to small size antigens.

In the present study we observed that older children showed
a higher number of immunoreactive bands. It is known that H.
pylori infection is acquired predominantly in childhood, and
consequently at this age the chance of having acute infection
with low levels of antibodies is greater. We also observed that
the bands of 35, 89, and 116 kDa were more frequently de-
tected in sera of older children than of younger ones. Differ-
ences in antigen recognition were also reported by Mitchell et
al. (21). These authors evaluated by immunoblotting the pro-
gression of the acute infection in two adults and two children
from the same family and in an adult of another family and
observed that the initial antibody responses in the children
were to small-molecular-size antigens and in the adults the
initial responses were to larger-molecular-size antigens. It is
also possible that children of different ages are colonized by
different H. pylori strains. In fact, we observed that older chil-
dren without duodenal ulcer are infected more frequently by
H. pylori strains that present the cagA gene detected by PCR
than young children (29).

As described for adults, a variety of immunoblot patterns
were observed in H. pylori-positive children. It has been sug-
gested that this polymorphism in serum immune response to
H. pylori reflects either an evolution of immune response (21)
or the diversity of H. pylori infecting strains (1), which has been
suspected to be correlated to a predisposition for severe dis-
eases (1). In the present study we observed that antibodies to
CagA and VacA proteins were significantly more frequent in
H. pylori-positive children with duodenal ulcer (95.2 and
90.5%, respectively) than in H. pylori-positive children without
duodenal ulcer (66.7 and 44.4%, respectively). The high fre-
quency of antibodies to CagA which we observed in children
with duodenal ulcer in contrast with the children without du-
odenal ulcer is similar to that reported by several authors for
adults from Western countries (5, 6, 10). In children there are
few studies on this subject (20, 24). Although in all of them
almost all children with duodenal ulcer presented antibodies
against CagA; only one study detected differences in CagA
positivity between children with and without duodenal ulcer
(24). These differences may be explained by the fact that in
most studies few children with duodenal ulcer were evaluat-
ed (20), or geographic differences may occur as reported for
adults (18).

In regard to anti-VacA antibodies, the data in the literature
are more inconsistent. Although adult patients with duodenal
ulcer are more frequently colonized by an H. pylori strain that
presents slm1 or slm2 vacA genotypes (10) that are consid-
ered cytotoxigenic, the presence of anti-VacA antibodies is not
consistently observed more frequently in these patients than in
those without duodenal ulcer. Only 47.8% of our adult patients
with duodenal ulcer evaluated by the same blotting test pre-
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sented antibodies to VacA protein (G. A. Rocha, A. M. R.
Oliveira, and D. M. M. Queiroz, unpublished data). These data
suggest that different responses to VacA protein may occur
between adults and children with duodenal ulcer. Another
explanation is that children with duodenal ulcer carry only
the slm1 vacA strain that produces more cytotoxin, differing
from adults with duodenal ulcer, who may carry slm1 or slm2
vacA strains (10). Recently, Perez-Perez et al. (27) demon-
strated that serum IgG anti-VacA antibodies were present
more frequently in patients carrying slml strains than in
other H. pylori-positive patients.

In summary, Western blotting appears to be useful for the
diagnosis of H. pylori infection in children. Furthermore, we
demonstrated that most children with duodenal ulcer present
antibodies to CagA and VacA proteins, a fact suggesting that
children infected with strains possessing these virulent markers
are more prone to developing duodenal ulcer.
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