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Few studies have analyzed the immune response to Helicobacter pylori CagA and urease antigens across age
groups in the same population. The aim of this study was to analyze the serologic immunoglobulin G (IgG)
response to CagA and urease proteins in children and adults with gastrointestinal symptoms and belonging to
the same population and similar socioeconomic levels. The serologic response was studied in 352 children and
293 adults with gastrointestinal symptoms. IgG antibodies against CagA and urease were tested by enzyme-
linked immunosorbent assay methods using highly purified recombinant antigens. H. pylori infection was
defined as a positive result in a serologic assay using whole-cell H. pylori extracts as the antigen. We found, in
H. pylori-positive children, a seroprevalence of 46.9% to CagA and 16.2% to urease, whereas in H. pylori-positive
adults, a seroprevalence of 78.9% to CagA and 59% to urease was found. In children, the magnitude of the
response to CagA was significantly higher and the response to urease was significantly lower than those in
adults. The kinetics of serologic response to CagA and to urease across age groups was contrastably different.
Whereas CagA is a strong immunogen, urease is a poor immunogen during natural infection. These differences
in the humoral response may be important for the short-term or long-term outcome of the infection. These
results add to our knowledge of the epidemiology of H. pylori infection.

At present, it is well accepted that infection with Helicobac-
ter pylori may lead to duodenal and gastric ulcers, mucosa-
associated gastric lymphoma, and distal gastric cancer in hu-
mans (5). The infection is usually acquired during childhood,
although expression of disease does not occur in most cases
until adulthood. The presence of the organism causes gastric
inflammation in all individuals; with time, this chronic inflam-
mation may lead to injury of the gastric mucosa (23). Inflam-
matory mediators, such as interleukin-8 and interleukin-1, al-
ter physiologic functions, such as gastric acid secretion. The
infection during childhood is often transitory, and spontaneous
eradication can be seen (27). In contrast, this phenomenon is
rarely observed in adults. The reasons for this difference are
unclear, but the nature of the inflammatory and immune re-
sponses may partially explain the phenomenon. In particular,
the immune response to some antigens in H. pylori infection in
children may differ from the response observed in adults. It has
been reported that after infection, children mount an immune
serologic response primarily to low-molecular-weight antigens
(24); this contrasts with the serologic response observed in
adults, in whom antibodies against both low- and high-molec-
ular-weight proteins are observed. These results suggest that
during the acute phase of the infection, the host responds
mainly to low-molecular-weight antigens, and that it may take
months or even years to mount a detectable serologic response

to other antigens (19). These differences in the humoral re-
sponse to H. pylori infection may be important for the short-
term outcome of infection in children, such as spontaneous
eradication, or the long-term outcome in adults, such as de-
velopment of gastrointestinal diseases.

There are a rather large number of reports studying the
humoral immune response to H. pylori whole-cell extract or to
a pool of semipurified antigen preparations in individuals of
different ages in the same populations (3, 12, 15, 20, 21, 24, 25,
26, 28, 29). These studies have been useful for learning the
prevalence of the infection across age groups; however, few
studies have analyzed the humoral response to purified anti-
gens in individuals of all ages in the same population. In par-
ticular, there are few studies (2, 4, 6) that have determined the
natural immune response to urease, a prominent vaccine can-
didate that has been studied in the animal model (7). The aim
of this study was to analyze the serologic immunoglobulin G
(IgG) response to two of the most important antigens of H.
pylori, CagA and urease proteins, in symptomatic children and
adults of the same population and similar socioeconomic lev-
els. These antigens were chosen because CagA is a marker for
the presence of the cag pathogenicity island and urease is an
enzyme responsible for counteracting gastric acidity, allowing
H. pylori colonization of the gastric mucosa.

MATERIALS AND METHODS

Patients. The pediatric population studied included 352 children who were
seen at the Gastroenterology Unit of the Pediatric Hospital (Centro Medico
Nacional SXXI-IMSS) because of gastric symptoms; of this group, 242 had
recurrent abdominal pain (based on Appley’s criteria), 89 presented with non-
ulcer dyspepsia (NUD) (abdominal discomfort), and in 21 children the clinical
diagnosis was unknown. The adult population consisted of 293 persons seen at
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the Gastroenterology Unit at the General Hospital of the Centro Medico Na-
cional Siglo XXI-IMSS; of this group, 143 had peptic ulcer disease (PUD) and
150 presented with NUD. A blood sample was obtained from each patient, and
the serum was separated from the cells by centrifugation and stored at �20°C
until it was used. All of the patients lived in Mexico City and belonged to a
low-to-middle socioeconomic group. The Ethics Committee at the Centro
Médico Nacional Siglo XXI-IMSS approved this study.

Definition of H. pylori infection. H. pylori infection was determined by detec-
tion of IgG-specific antibodies to H. pylori antigens by enzyme-linked immu-
nosorbent assay (ELISA), previously validated for use in children and adults in
Mexico (2). In brief, a pool of whole-cell antigen preparation was obtained from
sonicated preparations of three strains of H. pylori. Serum samples were diluted
1:1,000, and 100-�l aliquots were plated. Next, a 1:1,000 dilution of anti-human
IgG monoclonal antibodies conjugated to alkaline phosphatase (Southern Bio-
tech, Birmingham, Ala.) was applied. A 1-mg/ml solution of p-nitrophenylphos-
phate was used as a substrate, and absorbance was read at 405 nm.

ELISA for IgG anti-urease. IgG anti-urease was determined by ELISA, pre-
viously validated in our laboratory as described elsewhere (2). The urease anti-
gen preparation (kindly supplied by Acambis, Inc., Cambridge, Mass.) was a
recombinant urease apoenzyme antigenically similar to native urease with an
identical large molecular size and particulate structure (16). Briefly, plates were
coated with 0.5 �g of urease/well, and serum samples were added at 1:400
dilution. Next, monoclonal antibodies for anti-human IgG conjugated to alkaline
phosphatase, diluted 1:1,000, were added; p-nitrophenylphosphate was used as a
substrate, and absorbance was read at 405 nm.

ELISA for IgG anti-CagA. We used ELISA, previously validated in our labo-
ratory, to determine IgG anti-CagA (2). In brief, 0.1 �g of a recombinant CagA
peptide antigen (molecular mass, 60 KDa) (Acambis, Inc.)/well was used to coat
microtiter plates, and serum at 1:200 dilution was added. Alkaline phosphatase-
conjugated anti-human IgG monoclonal antibodies diluted 1:1,000 were used,
and a 1-mg/ml solution of p-nitrophenylphosphate was used as a substrate.
Absorbance was read at 405 nm.

Interpretation of ELISAs. The result for each serum sample was expressed as
the ratio of the optical density value of the sample to the threshold value and was
expressed in ELISA units, as previously reported (2). Accordingly, serum sam-
ples with ELISA units of �1.0 were considered seropositive. Each serum sample
was tested in duplicate.

Culture from biopsies. Antral and corpus biopsy specimens were taken from
both children and adults. The biopsy specimens were homogenized and inocu-
lated onto selective Columbia agar plates supplemented with 7% sheep blood
(10). The plates were incubated at 37°C in an atmosphere of 9% CO2 for 10 days;
colonies with a morphology suggestive of H. pylori were confirmed with Gram
stain, urease, catalase, and oxidase tests.

UBT. The urea breath test (UBT) was used as an internal control for the
serological assay and was applied to some of the children and adults studied. The
patients fasted for at least 6 h before the study. For children, we used a test kit
from Isomed (Madrid, Spain) with [13C]urea as a substrate and followed the
manufacturer’s instructions (31). Samples were analyzed in a mass spectrometer
(ABCA; Europe Scientific), and the cutoff value was established at 3.5� accord-
ing to the method of Logan et al. (17). In adults, the UBT was performed using
[14C]urea capsules (Tri-Med, Charlottesville, Va.).

Statistical analyses. Differences in the frequency of immune response between
children and adults according to clinical diagnosis and between anti-CagA-
positive and -negative patients were studied using the chi square test with Yates’
correction. Differences in the magnitude of the immune response between the
different groups were studied using the Student t test.

RESULTS

There were 645 subjects studied, including 352 children with
a mean age of 9.5 � 3.9 years and 293 adults with a mean age
of 48.1 � 15.9 years. H. pylori infection was detected by serol-
ogy in 130 (36.9%) children, while among those infected, 61
(46.9%) had antibodies against CagA and 21 (16.2%) had
antibodies against urease. In contrast, 261 (89.1%) of 293
adults were infected based on serology; among these, 206
(78.9%) had antibodies against CagA and 154 (59%) had an-
tibodies against urease.

Clinical diagnoses were available for 331 children and for all
293 adults; response to whole-cell antigen, CagA, and urease in
these patients is described in Table 1. In children, H. pylori
infection was similar in both patients with recurrent abdominal
pain (RAP) and patients with NUD; however, response to
CagA was significantly higher in children with NUD. In adults,
H. pylori infections determined by serology were similar in
patients with PUD and with NUD; responses to CagA and
urease were not significantly different in these two groups.

The magnitudes of the IgG responses to these antigens in
infected children and adults are described in Table 2. IgG
anti-CagA was significantly higher and IgG anti-urease was
significantly lower in children than in adults. To further char-
acterize this contrasting response, its magnitude was analyzed
in different age groups (Fig. 1). It is important to mention that
the highest response to CagA was observed in children (�7
ELISA units); response decreased steadily associated with age
(to �5 ELISA units). In contrast, the magnitude of the re-
sponse to urease was low in children (�3 ELISA units), sub-
sequently increasing in young adults (�5 ELISA units) and
decreasing in older individuals (�4 ELISA units).

Because of the difference in results observed between the

FIG. 1. Magnitudes (in ELISA units) of the serologic IgG re-
sponses to CagA and urease in H. pylori-infected patients according to
age.

TABLE 1. Serum IgG responses to whole-cell extract, CagA, and
urease in children and adults according to clinical diagnosis

Age group and
diagnosis

No. of patients
studied

No. (%) positive for IgG
antibodies againsta:

Whole cell CagA Urease

Children
RAP 242 86 (35.5) 40 (46.5)* 9 (10.5)**
NUD 89 31 (34.8) 21 (67.7) 8 (25.8)

Adults
PUD 143 129 (89.6) 108 (83.7)*** 72 (55.8)
NUD 150 133 (86.7) 99 (74.4) 83 (62.4)

a *, P � 0.04, RAP versus NUD; **, P � 0.07, RAP versus NUD; ***, P �
0.07, PUD versus NUD.

TABLE 2. Magnitudes of IgG responses to CagA and
urease in children and adultsa

Age
group

Magnitude of IgG response (ELISA units)

No. of patients CagA No. of patients Urease

Children 53 10.39 � 6.94** 12 2.44 � 1.42**
Adults 208 6.94 � 5.4 155 6.10 � 3.28

a All patients were seropositive for H. pylori infection by serology; **, P �
0.001, children versus adults.
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responses to CagA and urease, we compared the responses to
urease in patients positive or negative for CagA antibodies
(Table 3). Seropositivity to urease was higher in patients neg-
ative for CagA in both children and adults, but the difference
was significant only in adult patients, although the magnitude
of the anti-urease response in CagA-positive children and
adults was not significantly different from that in individuals
negative for anti-CagA antibodies.

DISCUSSION
As expected, using the serologic IgG response to whole-cell

antigens as the criterion to define infection, H. pylori infection
was more frequent in adults than in children. Also, the fre-
quency of the response to both CagA and urease antigens was
significantly lower in children than in adults. When the clinical
diagnosis was considered, children with NUD had a higher
response to CagA and urease than children with RAP. It is
probable that children with RAP represent patients with an
acute infection, whereas children with NUD represent patients
with a more prolonged infection, which explains the higher IgG
response to H. pylori antigen preparations. In a previous re-
port, we found similar results (2). An alternative hypothesis is
that the poor immune response to H. pylori antigens in children
with RAP may suggest that H. pylori has no association with
RAP, as suggested by others (27).

In a study of schoolchildren in Estonia (29), a population
with a high prevalence of H. pylori infection similar to that
reported in our country (26), 46% of the infected children were
seropositive to CagA. It should be noted that the criterion used
for H. pylori infection in that study was exclusively serologic.
When we used the same serologic criterion, a similar seropos-
itivity to CagA (45%) was found. Interestingly, in a previous
study of the same Estonian population (28), a higher seropos-
itivity to CagA was found in adults (63%), also in accordance
with our results, suggesting that H. pylori cagA-positive strains
are more prevalent in adults than in children in both countries.
In contrast, a study of symptomatic Japanese children (12)
reported a seropositivity of �80% to CagA. However, �60%
of these children had PUD, indicating that the criterion used in
the selection of patients was different from that used in our
study. It should also be noted that in Japan, the prevalence of
cagA-positive H. pylori strains is very high, nearly 100%; in
contrast to the results in our population, there was no differ-
ence between children and adults (12).

Other studies have also reported the seroprevalence to

CagA in children when invasive tests are used to diagnose H.
pylori infection. In France (24), in children positive by culture
and histology, antibodies against CagA were detected in 43%
of the infected children; in Israel (30), among children with H.
pylori-positive culture and histology test results, 43% were se-
ropositive for CagA. However, in Finnish children (14), sero-
positivity to CagA was 69% in patients positive by culture. In
Italy (18), in a study using a rapid urease test and histology for
H. pylori diagnosis, seropositivity to CagA in children was 43%.
These values probably represent the actual prevalence of cagA-
positive strains colonizing children in those populations, al-
though the age of the patient may also influence the rate of
seropositivity. In fact, in children H. pylori-positive by culture
and histology in Brazil (25), response to CagA was 66% in
those without ulcers; however, this seropositivity increased
with age, from 12% in 2- to 6-year-old patients to 88% in those
�12 years of age. These results agree with our findings and
further suggest that the prevalence of cagA-positive strains has
decreased in younger generations. In a recent report (9), we
compared the presence of the cagA gene in strains isolated
from children and adults and found that 47% of H. pylori
isolates from children had the cagA gene, in contrast to 90% in
H. pylori isolates from adults; thus, cagA genotyping agrees
with serologic detection of CagA protein expression (46.9%).
There is, however, a proportion of children with serology pos-
itive for H. pylori as the only evidence for infection; these are
probably children colonized with cagA-negative H. pylori
strains, which further suggests the disappearance of cagA-pos-
itive strains in the younger generations.

An alternative explanation is that immune response to CagA
requires more time than response to other antigens, such as in
those studies that demonstrated that in children the initial
response is mounted mainly against low-molecular-weight pro-
teins and that it may take months to see a response to high-
molecular-weight proteins, including CagA (24, 25). Another
possibility is the spontaneous eradication of H. pylori in chil-
dren (1, 13, 22); these children would be seropositive for H.
pylori infection but negative for immune response to CagA.

An intriguing finding was that the magnitude of the IgG
response to CagA was higher in children and that it decreased
with age; this result contrasted with the magnitude of the
response to urease, which increased steadily with age and
reached a maximum in patients �60 years of age. These results
suggest that the kinetics of the immune responses to CagA and
urease are contrastably different. The contrasting responses to
CagA and to urease are further documented with our finding
that the serologic response to urease is significantly higher in
both children and adults seronegative for CagA. These obser-
vations are difficult to interpret; one possibility would be that
cagA-negative strains express more urease, offering a higher
antigenic challenge to the gastric mucosa.

In the present study, we found that serologic IgG response
to urease is low in children (16%) and that this response
increases with age, although only 60% of adults developed IgG
anti-urease antibodies. The magnitude of the serologic re-
sponse also increased with age. These results suggest either
that during a natural infection urease is a weak immunogen or
that expression of this antigen is gradually increased during the
infection and that years of colonization are required to induce
an immune response. In previous studies, we have reported

TABLE 3. Frequency and magnitude of IgG anti-urease response
in patients infected with H. pylori with or without

antibodies against CagAa

Age group and
anti-CagA status n

Response to urease

No. (%)
seropositive

Magnitude
(ELISA units)

Children
Anti-CagA positive 62 8 (12.9) 3.3 � 1.6
Anti-CagA negative 68 13 (19.1) 2.3 � 1.1

Adults
Anti-CagA positive 208 114 (54.8)** 5.9 � 3.3
Anti-CagA negative 52 38 (73.1) 6.3 � 3.3

a Infection was defined serologically, with a whole-cell antigen ELISA; **, P �
0.01, anti-CagA positive versus anti-CagA negative.
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similar results in both symptomatic patients and a community-
based population (2, 15). The results of the present study
further document our previous findings. In a recent study of
young adults (average age, 26 years) (8), no serologic IgG
response to urease was detected in patients with gastritis.
These results are in accordance with our findings of a low
response to urease in young adults.

Several authors have suggested that urease is highly immu-
nogenic and have even proposed its use for diagnosis of the
infection (4, 11). However, the majority of these studies have
used partially purified urease, which probably contains other
more potent antigens, such as heat shock proteins (6). A pos-
sible explanation for these results may be related to the type of
antigen used in the serologic assays. In all our studies (2), we
have used a highly purified recombinant antigen that is devoid
of other H. pylori antigens. In addition, we have previously
shown that there is a good correlation between the recognition
of recombinant urease in ELISA and the recognition of native
urease in Western blot analysis (2); this suggests that recom-
binant urease is a good antigen for the study of the IgG re-
sponse to urease.

In conclusion, our results demonstrate that there are differ-
ences between the serologic responses to CagA and urease in
children and adults. The low response observed in children
may confirm the gradual decline in colonization with the most
virulent H. pylori strains in the community, particularly in
younger generations. The observation that children with RAP
had a lower IgG response to CagA and urease than children
with NUD suggests that RAP may not be associated with H.
pylori infection. The kinetics of response to CagA and urease
are contrastably different: in the natural infection, apparently
CagA is a strong immunogen and urease is a poor immunogen.
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munity-based seroepidemiological study of Helicobacter pylori infection in
Mexico. J. Infect. Dis. 178:1089–1094.
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