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BACKGROUND: Studies in adult populations in selected countries with widely varying rates of gastric
cancer have shown a weak correlation between gastric cancer mortality rates and the prevalence of
CagA+ strains of H. pylori. However, only limited data are available in ethnically homogenous popula-
tions with varying rates in the same region.

METHODS; We compared the prevalence of H. pylori in general and of CagA+ strains in particular
among children in Shandong Province, China in areas at high (Linqu County) and low risk (Cangshan
County) of gastric cancer. H. pylori status among children aged 3 to 12 years was determined by PC-UBT,
and CagA status was determined by enzyme-linked immunosorbent assay (ELISA). Because of the diffi-
culty in obtaining blood from young children aged 3 to 4 years and from some children aged 5 years, CagA
status was determined among part of children 5 years old and children 6 to 12 years old.

RESULTS; Among 98 children aged 3 to 12 years in Linqu, 68 (69.4%) was H. pylori-positive, as com-
pared with 29 (28.7%) among 101 children in Cangshan. Among children positive for *C-UBT, the pro-
portion of the CagA+ strains were identified was 46 (88.5%) of 52 in Linqu and 13 (81.3%) of 16 in
Cangshan, respectively.

CONCLUSIONS: The prevalence of H. pylori was nearly three times higher among children in Linqu
than in Cangshan, which may contribute to the large differential in gastric cancer rates for two neighbor-
ing populations in Shandong Province.
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INTRODUCTION

The presence of CagA+ strains of Helicobacter pylori (H.
pylori) in the human stomach may be associated with an in-
creased risk for chronic atrophic gastritis and, possibly, gas-
tric cancer (1-4). However, cross-sectional studies in adult
populations in five countries with varying mortality rates
for gastric cancer yielded only a weak association of gastric
cancer and mortality rates with the prevalence of CagA+
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strains of H. pylori (5). Only limited data are available on
ethnically homogeneous populations in a particular region
with varying rates, particularly with respect to early-life in-
fection, which is suspected of playing an important initiat-
ing role in populations at high risk for gastric cancer
(1,2,6). Linqu County in Shandong Province, China has
one of the highest gastric cancer mortality rates in the
world (70/10° males and 25/10° females per year), along
with a high prevalence of precancerous lesions, including
intestinal metaplasia (7). In contrast, Cangshan County,
less than 200 miles away, has gastric cancer mortality rates
that are much lower (5/10° males and 3/10° females per
year), and the prevalence of intestinal metaplasia also is
low (7). Linqu and Cangshan counties are both rural areas
with a population of approximately 1 million in Shandong
Province. The two counties have similarly ethnic, cultural,
and socioeconomic characteristics except that Cangshan
County is one of the world’s leading agricultural producers
of garlic (garlic production: 900,000 tons per year or 806 kg
per person per year in 1996). Previously, we found that the
prevalence of H. pylori infection was 73.7% among adults
aged 35 to 64 in Linqu County, significantly higher than
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that in Cangshan County (59.9%) (8). One limitation of
the previous study was that we had no information on the
prevalence of H. pylori among children in the two areas, be-
cause H. pylori infection in the childhood might have an
important role in the risk of gastric cancer and its precursor.
In this study, we compared the prevalence of H. pylori in
general and of CagA+ strains in particular, among children
aged 3 to 12 in these two counties.

MATERIALS AND METHODS

One village was selected at random from Linqu County and
one from Cangshan County. The names of all children 3 to
12 years old were transcribed from the village resident ros-
ter, and 10 randomly selected children in each of the 10
single year categories aged 3 to 12 from 291 children in the
village in Linqu County and 350 children in the village in
Cangshan County were invited to participate in tests to de-
tect the prevalence of H. pylori and of CagA+ strains.
Eighty percent of the children came from one child family
(three persons per family) in two counties. The study was
approved by the Institutional Review Board of both the
National Cancer Institute and the Beijing Institute for
Cancer Research (BICR). All children had an informed
consent form signed by their parents. H. pylori status was
determined by the *C-urea breath test ('*C-UBT) and the
CagA+ strains by the enzyme-linked immunosorbent assay
(ELISA).

All children fasted overnight, and baseline samples of
exhaled CO, were collected. Each child consumed 120 ml
of a sweet starch paste to delay gastric emptying and then
drank 10 ml of cold water containing 60 mg PC-urea (>
99%) (Baylor Medical College, USA). Exhaled CO, was
collected with the sampling tube 30 minutes later. The gas
then was purified via a system for *C analysis on an auto-
mated breath C analyzer (ABCA) (Europa Scientific).
Any BCO, concentration that exceeded the baseline pre-
BC-urea breath concentration by more than six parts per
1000 was regarded as positive for H. pylori (9).

Details of the serologic assay for identifying CagA strains
of H. pylori are described elsewhere (1). Briefly, approxi-
mately 5 ml of blood was collected from part of children
aged 5 and children aged 6 to 12 years. Serum was separated
and aliquoted, stored immediately at —20°C, and then
stored at —70°C. Serum IgG antibody concentrations
against CagA were measured using an ELISA test with a
CagA recombinant antigen, as described in (1). A subject
was determined to be positive for CagA if the ELISA absor-
bance reading for IgG was above 0.3, a cutoff based on ex-
amination of the distribution of values in a group of
uninfected people and reference sera. All assays were done
on coded samples in duplicate and repeated at least twice.
The intra-assay and interassay variations were less than
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10%, as estimated from positive and negative control sera.
The chi-square test was used to evaluate the statistical sig-
nificance of differences in the prevalence of H. pylori and
CagA positivity among several subgroups.

RESULTS

H. pylori status was determined by PC-UBT on 98 children
(54 boys and 44 girls) in Linqu County and 101 children
(53 boys and 48 girls) 3 to 12 years old in Cangshan
County, respectively. Among children in Linqu, 68
(69.4%) were BC-UBT-positive compared with 29 (28.7%)
in Cangshan (p < 0.01). Figure 1 shows the number of chil-
dren at age groups of 3to4,5t0 6,7 t0 8,9 to 10, and 11 to
12, and age-specific prevalence of H. pylori with the range
of one standard deviation in Linqu and Cangshan counties.
In Linqu, the prevalence of H. pylori rose from 52.6% at 3
to 4 years of age to 85.0% at 9 to 10 years of age before
dropping to 66.7% at age 11 to 12 years. In contrast, the
prevalence of H. pylori in Cangshan was persistently low
(less than 30%) from 3 to 4 to 11 to 12 years of age (one-
tailed trend test p = 0.53).

A total of 52 among 68 children in Linqu and 16 among
29 children in Cangshan with positive *C-UBT tests were
available for CagA tests. The seroprevalences of CagA+
strains among children with positive *C-UBT tests were
46/52 = 88.5% in Linqu and 13/16 = 81.3% in Cangshan,
indicating that a high proportion of H. pylori strains were
CagA+ in both areas. However, the over-all both seroprev-
alences of CagA+ strains and positive BPC-UBT tests was
46/70 = 65.7% in Linqu and 13/59 = 22.0% in Cangshan,
respectively (Table 1).

DISCUSSION

This survey in Shandong Province, China, revealed that
the prevalence of H. pylori in children in Linqu, a county
with an exceptionally high risk of gastric cancer, was more
than twice as high as the prevalence in Cangshan, a nearby
county with a comparatively low risk. The H. pylori preva-
lence rate rose from ages 3 to 10 among children in Linqu
but remained low in Cangshan. In Linqu, more than half of
the children had acquired H. pylori by 3 to 4 years of age, a
prevalence similar to that reported in Peru and Colombia
(10,11), where the rates of gastric cancer are elevated also,
suggesting that early childhood acquisition of H. pylori may
increase the risk of developing gastric cancer (12).

Our previous studies of adults participating in a gastric
screening program in these areas revealed that the preva-
lence and severity of precancerous lesions were much greater
in Linqu than in Cangshan (7). In Linqu, H. pylori has been
identified as a risk factor for chronic atrophic gastritis and
intestinal metaplasia (13). In addition, a recent follow-up
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study in Linqu indicated that H. pylori positivity at baseline
increases the risk of progression to dysplasia and subsequent
gastric cancer (14). The significantly higher prevalence of
H. pylori among children in Linqu than in Cangshan may
explain why the gastric atrophy arises earlier and is more ex-
tensive and severe in Linqu than in Cangshan.

H. pylori strains differ in their virulence, with CagA+
strains inducing a more intense gastritis and a greater risk of
atrophic gastritis (1-4). Although the prevalences of H. py-
lori and precancerous gastric lesions among adults were
higher in Linqu than in Cangshan (7,8), our present study
showed that the great majority of *C-UBT-positive chil-
dren in both areas were CagA positive as well. The similar
proportions of CagA positivity among those children in
both counties with H. pylori suggest that it is difficult to dis-
tinguish a special role in advanced gastric lesions between
the over-all prevalence of H. pylori and the prevalence of
CagA+ H. pylori because both were higher in Linqu than
that in Cangshan. In a recent study in Europe, subjects with
CagA+ H. pylori infection had a lower pepsinogen [:II ra-
tio, a potential marker for precancerous gastric lesions, than

TABLE 1. H. pylori CagA status among children aged 5 to 12
years in Linqu and Cangshan

ELISA assays
CagA+ CagA— Total

Linqu

BC.UBT + 46 6 52

H. pylori - 4 14 18
Total 50 20 70
Cangshan

BC.UBT + 13 3 16

H. pylori - 1 42 43
Total 14 45 59

subjects with CagA- infection (15). In addition, other cyto-
toxin strains, such as VacA sl or ml, often co-expressed
with CagA+, should be studied (3). Because it was difficult
to draw the blood from young children, we missed the infor-
mation on CagA status among 16 out of 68 children in
Linqu and 13 out of 29 children in Cangshan. Because the
prevalence of CagA+ H. pylori infection in children of BC-
UBT-positive are high (81 to 89%), the missing informa-
tion in part of children with BC-UBT-positive might not
substantially influence our findings.

It is not clear why the H. pylori prevalence curve has an
unusual pattern among children in this garlic farming vil-
lage in Cangshan, which is consistently lower than in
Linqu. It is noteworthy that adult residents of this village
consume an average of 27 grams (~ 10 to 13 cloves) of
fresh garlic per day as compared with 2.7 grams (~ 1 clove)
in Linqu (7,16). Because garlic is the major vegetable con-
sumed in this area, the high intake fresh garlic by children
may contribute to the lower H. pylori prevalence in this vil-
lage in Cangshan. Garlic can inhibit the growth of H. pylori
in vitro (17), and an inverse association has been found in
Cangshan between garlic intake and H. pylori positivity (14).

We used only the PC-UBT assay to determine H. pylori
status among very young children. Concerns may be raised
about the comparability of PC-UBT status, which measures
the current infection, with the ELISA assay used in classify-
ing CagA status in children, which measures the past or
current infection. However, the concordance between the
BC-UBT and ELISA results was 115/129 = 89.1%, and the
sensitivity and specificity of the ELISA assay compared to
the BC-UBT “gold standard” were 56/65 = 86.2% and 59/
64 = 92.2%, respectively (see Table 1). Another limitation
was the relatively small sample size. Large confidence inter-
vals for age-specific prevalence were observed in both re-
gions, and in Cangshan the proportion of CagA positive
children was based on only 16 H. pylori positive children.
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Because the prevalence of H. pylori infection in children
was nearly three times higher in Linqu than in Cangshan,
those limitations are unlikely to have substantially influ-
enced our results.

In conclusion, the prevalence of H. pylori among chil-
dren was nearly three times as high in Linqu as in Cangs-
han, two neighboring counties in Shandong Province,
which may contribute to the substantial difference in the
risk of developing gastric cancer in these populations.
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