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Methods

The subjects were workers belonging to small-
or middle-scale companies who underwent
phlebotomy as part of a health check in 1989 and
again in 1998. About 9500 workers in 1989 and
8700 workers in 1998 underwent the health
checks, of whom 3014 workers underwent health
checks in both 1989 and 1998. As H. pylori
eradication therapy was not paid for by health
insurance in Japan before 1999, the subjects did
not undergo H. pylori eradication during the 9-
year period. H. pylori-specific immunoglobulin
G (IgG) antbodies were measured in residual
sera from the health checks in 1989 and 1998
using IgG-GAPT™™ (Biomerica Co., Newport
Beach, CA) according to the manufacturer’s
instructions. Results were determined as posi-
tive, negative or intermediate according to the
recommended cut-off values of the test. Sera
collected in 1989 had been stored for 8§ years at
less than =30°C, and sera from 1998 for 1 year at
less than —80°C in frozen storage. Seroconversion
and seroreversion rates were calculated after
excluding subjects with intermediate results in
either 1989 or 1998. '

Information on the smoking and drinking
habits of the subjects was collected in 1989 and
in 1998 by questionnaire. The questionnaire in
1998 also asked about abdominal symproms
(epigastric pain, heartburn, fullness of stomach,
appetite loss, constipation or other abdominal
symptoms) and past history of gastric disease
(gastric cancer, gastric ulcer, duodenal ulcer,
chronic gastritis or gastric polyps). Relation-
ships between these factors and seroconversion
or seroreversion were evaluated. For analysis,
subjects were classified into two groups accord-
ing to smoking habit; that is, those who had con-
tinued to smoke and those who did not smoke
during the 9-year period. Subjects were also
classif%ed into three groups by alcohol consump-
tion; namely, those who continued to drink, those
who drank occasionally, and those who did not
drink atcohol at all during the 9-year period. For
analysis of smoking or drinking habits, those
who had changed smoking or drinking habits
during the 9-year period were excluded.

Crude relative risks and relative risks adjusted
for age and gender were caleulated using the x2
test and proportional hazard models. Mutually
adjusted hazard ratios were then calculated as
follows: age, gender and factors giving signifi-
cant results for seroconversion or seroreversion
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were put into a proportional hazard model, and
a final model was obtained by backward elimi-
nation so that all p-values for factors except age
and gender were less than 1.0.

Results

Of the 3014 subjects examined, 816 subjects gave
intermediate results in either 1989 or 1998 and
were excluded from the study. Analyses were
carried out using 2198 subjects, whose age and
gender distribution is shown in Table 1.

Of the 912 seronegative subjects in 1989, 855
were seronegative and 57 seropositive in 1998, The
scroconversion rate during the 9-year period was
6.3%, giving a seroconversion rate per 1000
person-years [with 95% confidence interval (CI)]
ot 7.0 (5.2-8.7). Of the 1286 seropositive subjects

- in 1989, 1195 were seropositive and 91 seronega-

tive in 1998. The seroreversion rate during the
9-year span was 7.1%, giving a seroreversion
rate of 7.9 (6.3-9.4) per 1000 person-years.

When calculated according to gender, the sero-
conversion rate was not found to be significantly
higher in male subjects, while the seroreversion
rate was significantly higher in female subjects.
While age was not related to seroconversion
rate, seroreversion rates tended to increase with
increasing age, with a p-value of 0.08 (Table 1).-

Subjects reporting abdominal symptoms or
gastric fiberscope use showed a significantly
higher seroconversion rate (8.7 vs. 4.5 and 9.2 vs.
1.6, respectively) than controls (Table 2). This
result remained statistically significant after
adjustment for age and gender (Table 3). Neither
dyspepsia nor Instory of gastric fiberscope use
was assoclated with seroreversion,

Table t  Seroconversion and seroreversion rates for
H. pylori antibody during a 9-year period with reference to age
and gender

Seroconversion rate? Seroreversion rate?

Class {negative in 1989) (positive in |989)
Total 70(%i2) 7.9 (1286)
Gender
Male 7.5(724) 6.6 (1058)
Female 4.7 (188) 13.6 (228)
p-value p=.272 p =001
Age (years)
39-44 6.5 {461:395 + 66)» 6.5 {465:396 + £9)

45-54 6.9 (384:277 + 107) 8.6 (636:516 + §20)
55-64 10.7 (52:40 + 12) T&(156:125+ 31)
65+ 741512+ 3) 153 (29:21 + 8)
prvalue for trend p =.385 p =075

“Race per 1000 person-years.
®(total: male + female}).
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Table 2 Factors related to the seroconversion and seroreversion of H. pylori antibody during a 9-year period
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Seroconversion Rate2 {negative in 1989) RRI® (35%CN)< RR2d (95%Cl)

Dyspepsia No 4.5 (373} 1.0 1.0

Yes 8.7 (539) 1.59 (1.03-2.56) 201 (1.12-3.63)
History of duodenal ulcer No 68(818) 10 1.0

Yes 83 (94) I 02 (0.92-1.13) 119 (0.54-2.64)
History of gastric fiberscope No 1.6 (273) 1.0

Yes 9.2 (628) 445 (1.81-13.93) 5.35 (1.92-14.90)
Smoking No 48 (390) 1.0

Yes 7.5 (386) I 29 (0.88~1.92) 1.43 (0.74-2.77)
Drinking No 5.9 (132) 1.0 (p = 465¢) 1.0 {p =.815¢)

Occasionally 5.5 {142) 0.93 (0.37-2.65) 0.93 (0.33-2.65)

Yes 74 (572) 1.23 (0.56-2.81) 1.07 (0.46-2.49)

Seroreversion Rates (positive in 1989) RR It (35%Cle RR24 (95%Cl)e

Dyspepsia No 7.2 (761) 1.0 10

Yes 8.9 (524) 0 88 (0.65-1.11) 0.78 {0.52-1.18)
History of duodenal ulcer No 8.9 (1032) 1.0

Yes 3.5 (254) 0 87 (0.81-0.94) 0.43 (0.21-0.89)
History of gastric No 8.3 (202) 1.0 £.0
fiberscope Yes 7.7 (1067) 0.94 (0.58-1.58) 1.08 {0.61-1.92)
Smoking No 9.2 (640} 1.0 1.0

Yes 5.4 (454) 0.82 (0.70-0.9¢) 0.68 (0.40-1.16)
Drinking No 13.3 (200) 1.0 (b = 001¢) 1.0 {p = .022¢)

Occasionally 9.0 (223) 0.67 (0.37-1.24) 0.70 (0.38-1.30)

Yes 5.9 (758) 0.44 (0.27-0.73) 0.52 (0.29-0.91)

aRate per 1000 person-years.
bCrude relative risk.
¢95% confidence interval of refative risk.

dRelative risk adjusted for age and gender using proportional hazard model.

ePovalue for trend.

Table 3  Final model using proportional hazard model with
backward elimination to assess factors associated with
seroconversion of H. pylori antibody during a 9-year period

Table 4 Final model using proportional hazard model with
backward elimination to assess factors associated with
seroreversion of H. pylori antibody during a 9-year period

Factors Hazard ratios (35%Cl) p-value Factors Hazard ratios (35%Cl2)  p-value
Age (+] year} 1.02 (0.98-1.06) 435 Age (+1 year) 1.02 (0.99-1.05) 229
Gender Gender
Male 1.0 399 Male 1.0 442
Female 0.72 (0.34-1.54) Female 1.24 (0.72-2.14)
Dyspepsia History of duodenal ulcer
Ne 1.0 047 No 1.0 020
Yes 1.82 (1.01-3.30) Yes 0.40 (0.18-0.87)
History of gastric fiberscope Drinking (no/occasionallyfyes)b 0.73 (0.55-0.96) 026
No 1.0 002 -
Yes 5.08 ( 1.82~14.1 6) For more dertails, see text.

For more details, see text
n=901.
295% confidence interval.

Seroconversion was not associated with his-
tory of duodenal ulcer, smoking habit or alcohol
consumption ( Table 2). However, subjects with
a history of duodenal ulcer, smoking or alcohol
intake showed significantly lower seroreversion
rates (3.5 vs. 8.9, 5.4 vs. 9.2 and 5.9 vs. 13.3,
respectively) compared to controls. After adjust-
ment for age and gender (Table 2), the significant
association with smoking habit disappeared
while the associations with history of duodenal

© 2004 Blackwell Publishing Ltd, Helicobacter, 9, 335-341

n=1181.

195% confidence interval.

bNo, occasionally and yes were defined as 1,2 and 3, respectively.

ulcer and drinking habit remained. They remained
significantly associated with seroreversion even
after mutual adjustment ( Table 4). All other fac-
tors examined showed no significant associations
with seroconversion or seroreversion.

Discussion

To avoid overestimation of serochange, subjects
with intermediate H. pylori antibody titer levels
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in either 1989 or 1998 were excluded from the
study. If such subjects had been included, spon-
taneous intrapersonal changes in antibody titers
would have been counted as serochange. There-

fore, seroconversion and seroreversion rates in
this study can be regarded as reliable estimations
of real rates of change in H. pylori infection status.

Seroconversion

While the overall seroconversion rate was 7.0 per
1000 person-years, the rate was higher in sub-
jects with dyspepsia or a history of gastric fiber-
scope use. Age and gender were not associated
with seroconversion. A Japanese study using the
same commercial assay kit and cut-off values for
H. pylori anubody dters as the present study
reported a seroconversion rate of 10.0 per 1000
person-years between 1986 and 1994 (3], similar
to our findings in the present study. Similar
results have also been obtained in Denmark [9]
and in Brazil [10], with seroconversion rates of
9.0 and 11.0 per 1000 person-years, respectively.
However, reported seroconversion rates for
New Zealand [11], the Netherlands [12] and
Italy [13] were lower than in the present study,
with values of 1.0, 3.0 and 3.0 per 1000 person-
years, respectively, and North American mis-
sionaries showed a higher seroconversion rate of
19.0 per 1000 person-years [14]. As developing
countries show higher seroconversion rates than
developed countries, seroconversion rates in the
adult population may depend on the seropreva-
lence within the population as well as general
sanitary conditions. The present swudy, and
another Japanese study, showed similar serocon-
version rates to those in developing countries.
"This may be attributable to the fact that, although
sanitary conditions in Japan are similar to those
indeveloped countries, there ts a higher prevalence
of H. pylori in Japan.

The significant assoctation between non-
specific abdominal symptoms and seroconversion
was observed even after mutual adjustment. A
possible explanation for the significant associa-
tion 1s that the abdominal symptoms accompanied
the new H. pylori infection that caused the sero-
conversion in some cases. However, it may not
be appropriate to connect the abdominal symp-
toms with seroconversion, because the precise
time when the subjects first experienced abdom-
inal symptoms was not obtained in this study.

Although some studies have shown negative
results [15], many studics have tound . pylor
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infections to be associated with the use of gastric
fiberscopes [16,17]. Guidelines and recommen-
dations for cleaning and disinfecting gastric
fiberscopes have been published [18), and were
released in Japan in 1995 (19,20]. The observa-
tion period of this study (1989-98) encompassed
several years prior to the publication of the
guidelines, and even after the guidelines were
published there has been some debate over
whether the gastric fiberscope cleaning and
disinfection methods are completely effective
[21-23]). Given these considerauons, H. pylori
infection via the gastric fiberscope durlng the
observation period of our study can explain the
positive association between seroconversion and
gastric iberscope use. Nevertheless, it is not pos-
sible to draw firm conclusions, because the time
at which the subjects underwent examinations
with a gastric fiberscope was not clear in this
study.

Seroreversion

The seroreversion rate in our study was 7.9 per
1000 person-years. This is similar to the rate of
7.0 observed in Denmark [9], higher than the rate
of 2.0 reported for Brazil [10], and lower than
the rate of 18.0 per 1000 person-years found in
another Japanese study [3]. The small number of
reported studies makes 1t difficult to determine
the relationship between geographical location
and seroconversion rate. In the present study, the
seroreversion rate was associated with age, gen-
der, drinking habit and history of duodenal ulcer.
It 1s possible that the seroreversion rate is more
dependent on these individual factors than on
country or ethnic group, and that it is the distri-
bution of these factors among a population that
affects the overall seroreversion rate.

Age showed a weak association with sero-
reversion. Atrophic gastric mucosa is thought not
to be ideal for H. pylori{24], and auto-eradication
can occur. Atrophy of the gastric mucosa is
more frequent and more severe in older subjects
[25,26], and may explain the weak association
between age and seroreversion. However, this
association disappeared after adjusument for
gender, drinking habit and history of duodenal
ulcer, and the relationship between age and
seroconversion, based on the results of our
study, remains unclear.

While gender showed an association with
seroreversion, this association also disappeared
after adjustment for age, drinking habit and

© 2004 Blackwell Publishing Ltd, Helicobacter, 9, 335-341
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history of duodenal ulcer. Male/female ratios
differed depending on age and, as there was a weak
positive association between age and serorever-
sion, 1t is possible that age was a confounding
factor in the relationship between gender and
seroreversion. Drinking habit was strongly
associated with gender, and drinking habit also
showed an association with seroreversion, so
that drinking habit may be another confound-
ing factor. Therefore, the apparent association
between gender and scroreversion may be an
artifact attributable to the presence of confound-
ing factors.

Smoking habit showed an association with
seroreversion, which disappeared after age and
gender adjustment. However, those with drink-
ing habits or a history of duodenal ulcers showed
less frequent scroreversion and both associations
remained in the final model. Although few
studies have analyzed the relationship between

alcohol consumption and seroreversion, a pro-
spective study has shown that seroreversion is
rare amongst those with duodenal ulcers [27],
which is consistent with the results of our study.
A common feature of drinking habit [28,29] and
history of duodenal ulcers [30] is that both fac-
tors are characterized by increased gastric acid
secretion.

Fermented alcoholic beverages containing low
or moderate concentrations of alcohol stimulate
gastric acid sccretion, whereas high alcohol con-
centrations do not stimulate acid secretion [31].
As consumption of distilled alcohol without
dilution is rare in Japan, most subjects with a
drinking habit in the present study are expected
to have consumed low to moderate concentra-
tions of alcohol, with consequent upregulation
of acid secretion. Duodenal ulcer patients show
a high prevalence of H. pylori infection [32]. The
inflammation caused by H. pylori infection pro-
vokes hyperacidity, which is a cause of duodenal
ulcers [33,34]. A recent study revealed that
polymorphism of the interleukin-1 beta gene is
related to duodenal ulcer risk [35]. As the poly-
morphism is a genetic factor, those with a history
of duodenal ulcers tend be genetically predis-
posed to upregulated gastric juice secretion.

Increased acid secretion has the effect of dilut-
ing and washing off substances contained in food
and drink, including substances with bactericidal
or bacteriostatic effects. In addition, hyperacidity
can inhibit the effect of antibiotics, which 1s
why proton pump inhibitors or H2-blockers are
prescribed with antibiotics for the eradication of

© 2004 Blackwell Publishing Ltd, Helicobocter, 9, 335-341
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H. pylori [36,37]. Although we do not have any
information regarding the antibiotic use of the
subjects during the 9-year period, antibiotics are
often prescribed for the common cold in Japan.
Thus, it is possible that antibiotic use may have
exaggerated the inhibitory effect of increased
acid secretion on seroreversion.

An inverse relationship between alcohol con-
sumption and H. pylor: prevalence has been
reported in a number of studies [38], including
our previous study [39]. The results of the
present study suggest that the eradicating effect
of alcohol on H. pylori infection does not appear
to underlie the inverse association observed in
cross-sectional studies. Eradication therapies
against H. pylori in those with drinking habits
tend to show higher success rates [40], which at
first sight is not consistent with the results of
our study. However, as eradication therapies also
contain proton pump inhibitors [36] or H2-
blockers [37], the presence of these compounds
may alter the effect of alcohol intake. Thus, while
alcohol consumption may prevent mfecuon with
H. pylori, it may also inhibit its spontaneous
eradication.

This study is supported by a Grant-in-Aid for the
Second Term Comprehensive Ten-Year Strategy for
Cancer Control from the Ministry of Health and
Welfare, Japan; by the Mitsui Life Social Welfare
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Research on Priority Areas from the Ministry of
Education, Science and Culture, Japan.
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Abstract

Background. Although apge-adjusted martality from gastric
cancer has been decreasing in Japan, the crude incidence of
gastric cancer shows a slight increase.

Methods, We have observed frends in the incidence of
gastric cancer by sex and 20-year age groups over the past
two decades (1976-1996). Source data were obtained from
the cancer statistics materials provided by the Research
Group for Population-Based Cancer Registration in Japan.
Simultaneously, we observed changes in the prevalence of
Helicobacter pylori infection and in serological atrophy of the
gastric mucosa, and compared the results with those involving
changes in the incidence of gastric cancer,

Resulis. A slight decline was observed in all age groups over
40 years old, in both men and womnten, between 1986 and 1996.
However, a marked decline in incidence was observed for
those aged 20-39 years. The prevalence of H. pylori infection
declined in both sexes between 1989 and 1998. The frequency
of serological atrophy of the gastric mucosa significantly de-
clined in all age groups between 1989 and 1996, with young
age groups experiencing a more marked decrease.
Conclusion. The marked decline in gastric cancer incidence
observed in the young population will also begin to occur in
the elderly population in the future.
Key words Gastric cancer incidence - Helicobacter pylori -
Pepsinogen - Gastric mucosal atrophy
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Introduction

Despite a marked decline in the incidence of gastric
cancer in many industrialized countries, gastric cancer is
still the second most common cause of cancer-related
deaths in Japan [1-4]. Based on regional cancer regis-
trations, the incidence of gastric cancer in Japan in 1997
was 99318 (male, 66307 and female, 33011), accounting
for 20.7% of the total cancer incidence in the same year
[5]. The number of gastric cancer deaths in 1997 was
49739 (male, 32218 and female, 17521) based on vital
statistics [6]. Age-adjusted mortality has been decreas-
ing in both men and women, although crude mortality
has not changed. Gastric cancer mortality is about half
of the incidence, due to improved diagnostic and thera-
peutic techniques,

It is well known that Helicobacter pylori infection is
one of the major risk factors for gastric cancer, and that
low values of the pepsinogen (PG) I-to-11 ratio can be a
marker for atrophy of the gastric mucosa, as well as a
marker for gastric cancer risk [7-10]. Therefore, the
prevalence of 1. pylori infection and the frequency of
gastric mucosal atrophy may influence the incidence of
gastric cancer.

In this study, we analyzed trends in the incidence
of gastric cancer over the past two decades, by sex and
20-year age groups. At the same time, we observed
changes in the prevalence of H. pylori infection and
in serological atrophy of the gastric mucosa, and com-
pared them with changes in the incidence of gastric
cancer.
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Methods

Cancer incidence figures in Japan are available from the
Research Group for Population-Based Cancer Regis-
tration of the Ministry of Health, Labour, and Wellare,
Japan, which issues annual cancer statistical data. We
analyzed trends in the incidence of gasiric cancer from
1976 to 1996. The figures from 1985 10 198Y were ac-
quired from the published data [11] that this research
group had reported, and the pre-1984 data were tfrom
the group’s websile. The gastric cancer incidence in four
20-year age groups (20-39, 40-39, 60-79, and 80 and
over) from 1975 to 1996 was calculated using these data.
Mortalitics from gastric cancer in 1986 and 1996 were
acquired from published data [6] from the Statistics and
Information Department, Minister’s Secretariat, Minis-
try of Health, Labour, and Welfare, Japan. To observe
trends in gastric cancer incidence and its mortality, the
1996/1986 ratios of incidence and mortality were calcu-
lated by dividing the value in 1996 by the onc in 1986. In
order to compare findings with the resulis for frequency
of serological atrophy of the gastric mucosa, the 1996/
1989 ratios of the incidence were also caleulated.

For our analysis of the frequency of serological atro-
phy of the gastric mucosa, subjects were recruited from
a workplace in the Kanto-shin-ctsu arca of Japan; 486
of the subjects had participated in a health checkup
program in 1989, and 4506 had participated in 1996,
Serum PG I and serum PG 11 values were measured
using residual sera from the health checkup programs
in those 2 years. Measurements were carried out by
immunoradiometric assay, with Pepsinogen VIl Ria-
bead kits (Dainabot, Tokyo, Japan). When the serum
PG Tlevel was 70ng/ml or less and the PG UVl ratio was
3.0 or less, it was defined as “serological atrophy™ of the
gastric mucasa |12).

To determine the prevalence of £, pylori, the subjects
were selected from workers who belonged 1o a group of
companies in the Tokyo area who were aged 30-39.
Six hundred and seventy-six (male, 332; female, 144) of
them toek part in a general healih checkup program in
1989, and 1916 (male, 15580, female, 336) took part in
1998. The sera in 1989 had been frozen for 10 years at
—=30°C, and those in 1998 had been frozen for | year at
=30°C belore the measurements. Serum FL pylori anti-
badies were measured using both the 1U8Y and 1998
sera. The measurements were carried out by enzyme-
linked immunosorbent assay (ELISA} with Pilika-Plate
G Helicobacter 1, produced by Biomerica (Newport
Beach, CA, USA). '

All statistical analyses were conducted using a com-
mercial program for statistical analysis obtained from
Halwin Gendai-Sugakusha (Kyoto, Japan). Our studics
were approved by the Ethies Committee. Aichi Medical
University School of Medicine.
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Results

Figure 1 shows changes in gastric cancer incidence by
sex in the 20-year age groups. A gradual decline in
incidence was observed in all age groups, in both men
and women, and the steepest decline was in the 20-39
ape group. No clear change was observed belore 1986,
and a clear decline was observed only between 1986 and
1996, the trend of which was linear and statistically
significant in each age group.

The 1996/1986 ratios of gastric cancer incidence for
the age groups (Fig. 2) showed that the decline in
younger age groups was maore conspicuous than that in
older age groups. The 1996/198Y ratios gave sinmilar
results, but the effect of age was not so clear in the age
groups over 40 years.

On the other hand, the 1996/1986 ratios of gastric
cancer mortality were in men, .516 for those aged
20-39; 0.667 tor those aged 40-59; 0.759 for those aged
60-79; and 0.923 for those aged 80 or more. Similarly, in
women, the ratios were (.445, (L689, (1.632, and 00.849,
respectively. The 1996/1986 ratios of gastric cancer mor-
tality showed a trend of decline that was more conspicu-
ous in younger age groups than in older ones.

Figure 3 shows the frequency of serological atrophy
of 1he gastric mucosa in 1989 and 1996, During the 7-
year period. the frequency of serological atrophy of the
gastric mucosa significantly declined in all age groups,
with young age groups experiencing a more notable
decrease,

Figure 4 shows the seroprevalence of £, pyleri among
those aged 50-59, in 1989 and 1998, The prevalence of
i pylori infection declined significantly in both sexes
over the 9-year periad of this study.

Discussion

Because the incidence of gastric cancer is low in people
under 4 years of age, and because analysis by 20-year
groups can maintain the stability of data, we examined
the trends in mortality and incidence by 20-year age
groups. A decrease in gastric cancer incidence was re-
vealed, with those aged 20 10 40} showing the most rapid
decrease. in both men and women. The decrease was
observed only after 1986, Highly salted food intake,
smoking. and drinking are enumerated as three major
risk factors for gastric cancer. other than Helicobacier
pyiori infection and gastric mucosal atrophy. However,
these three risk factors do not seem to explain the de-
crease sufficiently, for the following reasons. Firstly, al-
though a change in the whaole amount of salt intake does
nol necessarily correlate with a change in the dictary
intake of highly salted foods, it is unlikely that the di-
ctary intake of highly salted foods fell rapidly, because it
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has been shown that the amount of salt intake has al-
most leveled off, according 1o the National Nutrition
Survey in fapan [13]. Secondly, the smoking rate has
been decreasing in men and has leveled off in women,
but is increasing in young women. The drinking trends
have been similar to the smaoking trends [14]. Therefore,
these three factors do not seem to be major causes of
the observed decline in gastric cancer incidence. Thus.
among the possible factors contributing to the decrease,
two in particular appear to be involved, i.c.. changes
in the prevalence of f1 pyloriinfection, and the dimin-
ishing frequency ol serological atrophy of the gastric
mucosa.

1986 and 1996, and the decline in those
aged 20-39 years was the stecpest. F-
value for trends, <0.001

Changes in the prevalence of H. pylori infection

Numerous epidemiological and experimental studies
using animals have shown that H. pylori infection is a
causal risk factor for gastric cancer [15,16]. H. pylori
infection oceurs mostly in childhood [17-23} and contin-
ues for almost the entire life of the patient. Its overall
prevalence is strongly correlated with sociocconomic
tactors, such as living conditions [24-26], water supply,
and sewerage {27,28], which may be especially impor-
tant in developing countries. In many cross-sectional
studies, an increase in the prevalence of . pyior
with age has been observed, for which there are two
hypotheses: one is that new infections in the aging popu-
lation increase the gradient of the prevalence: the other
is that the gradient is influenced by a cohort effect,
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The 1996/1986 ratio of gastric cancer incidence
according to age
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Fig. 2. The 1996/1986 ratios of gastric cancer incidence (over
a 10-year period}) for each age group showed that the decline
was more conspicuous in young age groups than in old age
groups, Similar results were observed in the 1996/1989 ratios
(over a 7-year period}, but the effect of age was not so clear
among the age proups aged over 40 years

reflecting more widespread transmission contempora-
necus with the childhood years of earlier birth cohorts
[19,29,30].

In order to clarify which hypothesis is correct, we
compared the prevalence of I1. pylori between the sub-
jects aged 50-59 years in 1989 and those aged 50-59
years in 1998 in a workers’ group and found a decline
in seroprevalence over the 9-year period. Although
the subjects were only from the Tokyo region, another
study with subjects from other areas throughout Japan
(Nagano, Niigata, Gunma, Toyama, Shizuoka, Mie, and
Miyagi prefectures) has reported the same results [31].
Although these results may not be sufficiently represen-
tative of conditions in Japan as a whole, no contradic-
tory results have been found, as far as we can discover,
suggesting that the cohort effect of improved hygiene
exerts a greater influence on the overall rate of preva-
lence than new infections with aging [32-34].

Although hygiene conditions in Japan were poor just
after World War 11, they have gradually improved since
about 1950, which seems to support the conclusion
mentioned above. If the prevalence of H. pylori mainly
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depends on hygiene conditions in childhood, a decline
in ff. pylori prevalence owing to improved hygiene
conditions must occur first in the younger population.
These explanations seem to be consistent with the
observed decrease in gastric cancer incidence in that
yvoung population.

Frequency of serological atrophy of the gastric mucosa

It has been established that people with atrophic gastri-
tis have a high risk for gastric cancer [26,35]. Previous
studies have shown that serum PG values were strongly
associated with gastric cancer [36]. In people under
40 years of age, the PG II level, as well as the PG VI
ratio, showed a strong association with the risk for gas-
tric cancer [37]. Among those over 40, a strong associa-
tion was also observed between the gastric cancer risk
and serological atrophy of the gastric mucosa [10]. In
addition, the relation between atrophic gastritis and
gastric cancer has been confirmed by endoscopic studies
[38].

Serum PGs are markers for atrophic gastritis and
gastric mucosal atrophy. A low serum PG [ level and a
low PG I/11 ratio are related to atrophy of the gastric
mucosa, as well as being related to inflammation of
the gastric mucosa [39,40]. Therefore, we defined low
values for serum PGs (serum PG I level of 70ng/ml or
less and PG I/11 ratio of 3.0 or less) as serological atro-
phy. These low levels are also related to the risk for
gastric cancer and are sometimes used in screening pro-
grams for gastric cancer [12]. I gastric mucosal atrophy
is related to the risk for gastric cancer, a consistent
change in the prevalence of gastric mucosal atrophy
might be expected in conjunction with the observed
decline in the gastric cancer incidence. We observed a
change in the frequency of serological atrophy of the
gastric mucosa over a 7-year period, and compared it
with the change in gastric cancer incidence over the
same period.

The frequency of serological atrophy of the gastric
mucosa decreased over that 7-year period. The marked
decline in frequency of the atrophy cannot be explained
without considering the possibility of reversible change
in serological atrophy. Indeed, 63% of the subjects ex-
pericnced an increase or no change in the PG I/11 ratio
over the 7-year period [39,40], indicating that serologi-
cal atrophy of the gastric mucosa is reversible,

The decline in young age groups was more conspicu-
ous than that in older groups. Although the subjects did
not necessarily represent the Japanese population as a
whole, they were, in fact, from relatively wide spread
areas: Niigata, Nagano, Gunma, Tochigi, Ibaraki,
Saitama, and Tokyo.

So far, many studies have noted the prevalence of
gastric mucosal atrophy, but few have examined the
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chronological changes in PG I and I values over a
period of several years as our study has, We could find
only one study [41] that showed the same trends in
serological atrophy as our study did. A large-scale study
of Japanese subjects reported that very few cases of
atrophy of the gastric mucosa were observed among
those without £ pylori infection {42}, further confirm-
ing that a decrease in #. pylori prevalence may resultin
a decrease in gastric mucosal atrophy. Studies reporting
a decrease in FI. pylori prevalence over the years may
be considered as indicating a concomitant decrease in
gastric mucosal atrophy.

The prevalence of gastric mucosal atrophy seems to
have clearly decreased in Japan, along with the preva-
lence of H. pylori infection, with the decrease in the
younger population being more conspicuous. Although
there may be some limitations 1o the conclusions dis-
cussed above, these findings would seem to explain
the decline we observed in gastric cancer incidence. The
change in frequency of serological atrophy of the gastric
mucosa was more rapid compared with the change in
gastric cancer incidence, and this may have occurred
because there was a time lag between the beginning of
gastric cancer in the atrophic mucosa and the clinical
diagnosis of the cancer when it has developed.

Future incidence of gastric cancer

In Japan, there seems to be a decreasing birth cohort
effect for H. pylori infection, as well as for serological
atrophy of the gastric mucosa. The decreasing birth co-
hort effect is expected to continue in the future. In the
observation period of this study, a decline in the inci-
dence of gastric cancer was observed, and it was most
marked in those aged 20-39 years. It is expecled that the
marked decline in the incidence of gastric cancer in the
younger population may extend to the older population
in the future, as the young population with a low preva-
lence of #. pylori infection gets older.
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Comparison of Serum IgA and IgG Antibodies
for Detecting Helicobacter pylori Infection
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Abstract

Objective  Although the diagnostic utility of serum
IgG antibodies to Helicobacter pylori (H. pylori) is well es-
tablished, the usefulness of IgA-based tests is less well
documented. The aim of this study was to evaluate two
commercially available ELISAs, both for IgG and IgA.

Patients and Methods Rapid urease test and histology
analysis were performed in 183 patients. A patient was
considered to be H. pylori-positive when either biopsy test
was positive, and considered to be noninfected when both
tests were negative. Intestinal metaplasia was determined
by dye endoscopy with methylene blue. ELISA testing
was performed using the EPI HM-CAP IgG and PP-CAP
IgA assays and EIAgen IgG and IgA assays.

Results  Sensitivity was 94.7, 93.9, 94.8, and 97.0% for
HM-CAP IgG, PP-CAP IgA, ElAgen IgG, and EIAgen
IgA, respectively, Although sensitivity was excellent for
both IgG and IgA antibodies, specificity of both IgA EIAs
was low (PP-CAP 72.6%, EIAgen H. pylori IgA 59.2%).
Three of 101 H. pylori-infected patients were PP-CAP
positive and HM-CAP negative and four were EIAgen H.
pylori IgA positive and ElAgen IgG negative. Of eight
noninfected patients in whom intestinal metaplasia was
found, PP-CAP IgA results were positive in three of five
patients with a HM-CAP IgG negative result and EIAgen
IgA was detected in one of four patients with an EIAgen
IgG negative result.

Conclusions  Since some patients have IgA positive
but IgG negative results, great care should be taken not
to underestimate the prevalence of H. pylori infection
from the results of IgG serology.

(Internal Medicine 43; 548-552, 2004)

Key words: Helicobacter pylori, 1gG antibody, IgA anti-
body, atrophic gastritis, intestinal metaplasia

Introduction

Serological tests are commercially available, easy to per-
form, and inexpensive and therefore have been recom-
mended for the diagnosis of Helicobacter pylori (H. pylori)
infection (1). Many serological tests, mainly immuno-
globulin G (IgG) based, have been validated against invasive
methods (2). The IgG antibody level to H. pylori is usually
increased and may, in assays using specific antigens, be a
marker for H. pylori infection (3). Because the serum IgG
test has shown high sensitivity and specificity, the serology
test has been used widely in epidemiologic studies (4, 5).
Unlike tests that rely on bacterial urease activity, antibody
tests can be performed in patients taking proton pump inhibi-
tors or antibiotics but are not generally useful in the immedi-
ate follow-up after eradication therapy (3, 6, 7). Most of
these studies have reported a drop in titer at six months of
approximately 40-50% from pretreatment levels in patients
in whom the bacteria was eradicated (3, 6-9).

Serum antibodies to H. pylori, 1gG, IgA, and less fre-
quently, to IgM classes, are detected in infected individuals
(10). IgM antibodies can be detected shortly after the infec-
tion is acquired, but IgA and IgG titers indicate chronic in-
fection (11). Although the diagnostic utility of serologic
detection of IgG antibodies to H. pylori is well established,
the usefulness of IgA-based tests is less well documented.
Kosunen et al (10) have described a subset of H. pylori in-
fected patients who are positive for IgA but negative for IgG
antibodies to H. pylori, making the evaluation of IgA titers
the only method of serologic confirmation of treatment. The
aim of this study was to evaluate two commercially available
ELISAs, both for IgG and IgA, for the diagnosis of H. pylori
infection.

Materials and Methods

Patients
Between October 2000 and March 2001, a total of 183 pa-
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Table 1. Summary of Individual Test Results in I pylori-infected Patients

HM-CAP 1gG PP-CAP IgA ElAgen IgG ElAgen IgA No. of case
+ + + + 81
+ - + + 2
- + + + 1
+ + - + l
+ - + - |
- + - + |
+ - - - i
- - - + 2
+ + Indeterminate + 2
Indeterminate + [ndeterminate + |
+ + Indeterminate Indeterminate 1
- + Indeterminate + 1
Indeterminite + + + 4
Indeterminate {ndeterminate + - |
+ Indeterminate + + i

tients who underwent upper endoscopy for the evaluation of
symptoms suggestive of upper gastrointestinal tract disease
were evaluated. The patients were 19 to 85 years okl (121]
women and 62 men), with a median age of 57.7 years.
Patients were excluded if they had previously been treated
for H. pylori, had undergone previous gastroduodenal sur-
gery, or had used a proton pump inhibitor, antibiotics, or bis-
muth compounds within the previous month.

Endoscopy

After  obtaining informed  consent,  routine
endoscopy was performed in the usual manner under local
pharyngeal anesthesia with the patient lying in a left lateral
position. Two antral biopsies were taken from within 3 cm of
the pylorus. One antral biopsy was placed in a rapid urease
test (RUT, PyloriTek test, Serim Research Corp., Elkhart,
IN), the remaining biopsy specimen was fixed with 10%
formalin for histologic examination with Giemsa stain. The
extension of intestinal metaplasia was judged by dye
endoscopy with methylene blue solution. After conventional
observation, 20 ml of a (0.5% soluion of methylene blue was
sprayed on the entire gastric mucosa. Two minutes after the
application of methylene blue, approximately 50 10 100 m]
of tap water was vigorously sprayed on the gastric mucosa 1o
wash off excess dye. Positive staining which reflected the
presence of the columnar mucosa with intestinal metaplasia
was defined as blue staining of noneroded mucosa that per-
sisted despile vigorous water irrigation.

A palient was considered to be infected with £ pyfori
when either of two biopsy tests (RUT and histology) was
positive, and considered to be noninfected when both tests
gave concordant negative results.

upper

Serology
All patients had blood drawn for serological testing at the
tlime of endoscopy. The serum was separated, divided into
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aliquots, and stored at —20°C before testing. ELISA testing
was performed using the EPI HM-CAP [gG and PP-CAP
IgA (Enteric Products, Inc., N.Y.) assays and ElAgen H. py-
fori [5G and IgA (BioChem ImmunoSystems, Inc.. P.A.) as-
says. All assays were performed in accordance with manu-
facturer’s instructions. The assays were performed and quan-
titative Elisa Values (E.V.) extrapolated for each sample ac-
cording to manufacturer’s instructions. Assay values thus
calculared for each kit were interpreted as positive, negative,
or indeterminate aceording to the manufacturer’s instruc-
tions. The calculated ELISA is read as negative if the ELISA
value of HM-CAP [gG and PP-CAP IgA is below L8, posi-
tve if above 2.2, and indeterminate if' it is between 1.8 and
2.2, The indeterminate range ol ElAgen H. pylori 1gG and
IgA antibody was between 13.5 and 16.5.

Results

Of 183 patients, 101 were H. pylori positive and 82 were
H. pylori negative by using the results of the biopsy tests as
the “gold standard™. The average age of those infected by the
organism was 59.0 years, whereus that for the noninfected
individuals was 56.2 years. Among 10} H. pylori-infected
patients, both RUT and histology were positive in 90 pa-
tients. The remaining 11 patients were found to have F
pvlori infection by RUT alone (n=6) or by histology alone
(n=5). Peplic ulcer diseases were detected in 20 patients (14
gastric ulcers, six duodenal ulcers); all of them were H. py-
lori infected. Two of the infected patients had gastric can-
cers.

Summary of individual results is shown in Tables 1 and 2.
In 81 ol 101 £, pylori-infected patients, alb the tests provided
the positive results (Table 1), whereus in only 33 of 82
nonintected patients all four tests were negative (Table 20,
Discrepancy between PP-CAP TgA and HM-CAP gl was
found in 27 of 160 patients (16.9%) when patients with a1
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Table 2. Summary of Individual Test Results in Noninfected Patients

URITA et al

HM-CAP I2G PP-CAP IgA ElAgen I2G ElAgen IgA No. of case
- - - - 33
- - - + 7
+ - - - 1
+ - - + 2
- + - + g
- + + + 2
+ - + + 1
+ + + + 4
Indeterminate - - - 3
Indeterminate + + + |
Indeterminate + - + 1
+ Indeterminate + Indeterminate 1
- Indeterminate - + 3
- Indeterminate - - 3
- Indeterminate - Indeterminate 2
Indeterminate + - + |
- + - Indeterminate 4
- - - Indeterminate 4

Table 3. Summary of HM-CAP/PP-CAP and ElAgen H. pylori

IgG/IgA Results Compared with Results of RUT and Histology

Indeterminate  True Fale True False  Sensitivity Specificity PPV NPV Accuracy
Results Positive  Positive Negative Negative (%) (%) (%) (%) (%)
ElAgen IgG 5 91 9 73 5 94.8 89.0 91.0 936 92.1
ElAgen IgA 12 97 29 42 3 97.0 59.2 770 933 81.3
HM-CAP IgG 13 90 9 66 5 94.7 83.0 90.9 930 91.8
PP-CAP IgA 11 93 20 53 6 93.9 72.6 823 898 84.9

least one indeterminate result were excluded.

The overall sensitivity, specificity, and positive and nega-
tive predictive values are given in Table 3. The HM-CAP
IeG titers were above the cut-off value in 90 of 101 H.
pylori-infected patients and in 9 of 82 noninfected patients.
PP-CAP IgA results were positive in 93 of 101 H. pylori-
infected patients and in 20 of 82 noninfected patients.
ElAgen IgG and IgA antibodies were detected in 91 and 97
of the 101 H. pvlori-infected patients and in 9 and 29 of the
82 noninfected patients, respectively. Sensitivity was 94.7,
939, 94.8, and 97.0% for HM-CAP 1gG, PP-CAP IgA,
ElAgen IgG. and ElAgen IgA, respectively. Although sensi-
tivity was excellent for both IgG and IgA antibodies, speci-
ficity of both IgA ELISAs was low (PP-CAP 72.6 %,
ElAgen H. pylori 1gA 59.2 %). Three of 101 H. pylori-
infected patients were PP-CAP positive and HM-CAP nega-
tive and four were ElAgen H. pylori IgA positive and
ElAgen [¢G negative. In such cases, determination of spe-
cific IgA was informative, giving positive results, while the
T2G titers were less than the cutoff value. Accuracy was
higher for IgG ELISAs than for IgA ELISAs because of
lower specificity of IgA.

Of eight noninfected patients in whom intestinal meta-
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plasia was found by dye endoscopy, PP-CAP lgA results
were positive in three of five patients with a HM-CAP IgG
negative result and EIAgen IgA was detected in one of four
patients with an EIAgen I2G negative result (Table 4).

Discussion

Serology is the noninvasive technique of choice to detect
H. pylori infection because it is simple, widely available, and
inexpensive. The reported sensitivity and specificity of 1gG
serology is highly variable, ranging from 30% to 100% (12~
14). The HM-CAP IgG, evaluated in our study, had a sensi-
tivity, specificity, positive predictive value, and negative pre-
dictive value of 94.7, 88.0, 90.9, and 93.0%, respectively.
These values were very similar to those of ElAgen 1gG.
False-positive results of HM-CAP 1gG and ElAgen [2G were
obtained in 9 patients. When we compared the sensitivity
and specificity of serology against biopsy-based methods
such as histology and rapid urcase test, defined as the gold
standard. failure of the biopsy methods to detect the organ-
ism may decrease the scrological true-positives and increase
the false-positives. False-negative biopsies could occur when
the active site of infection was missed because of the patchy
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Table 4. Results of Serological Tests in Eight Patients with Extensive Intestinal Metaplasia in Whom H. pylori
Infection was Determined to be Negative by RUT and Histolegy -

No Age Gender ElAgen IgG ElAgen IgA HM-CAP IgG PP-CAP IgA
1 73 F - Indeterminate - +

2 67 M + + - +

3 76 F - - - -

4 73 F + + + +

5 78 M - + - +

6 79 F + + + +

7 70 F + + + +

g 76 F - - - -

distribution of H. pylori in the stomach. Multiple biopsy
specimens from different areas of the stomach may reduce
sampling errors.

In contrast, patients who have had a previous infection
with H. pylori and whose antibody levels were still elevated
may have a negative histology and a positive result of serol-
ogy. Despite the presence of serum antibodies, failure to de-
tect H. pylori in biopsy specimens could have been due to
atrophy or intestinal metaplasia of gastric mucosa(14, 15). It
has already been reported that this may be a major problem
in the elderly (16). Some elderly patients with a negative IgG
result may have been infected previously and seroreversion
may occur, reflecting that the organism have been eradicated
spontaneously by the progression of atrophic gastritis and in-
testinal metaplasia. Based on these viewpoints, dye endo-
scopy was performed to evaluate the presence of intestinal
metaplasia which was considered to relate to H. pylori infec-
tion.

Intestinal metaplasia was found significantly more often
in the H. pylori-positive group than in the H. pylori-negative
group. Japanese previous reports {17, 18) indicated that the
prevalence of IgG antibodies to H. pyleri was lower in the
elderly people compared with those less than 40 years of age.
It has been unclear whether the low prevalence of IgG anti-
bodies to H. pylori in the elderly reflects spontaneous eradi-
cation of the organism. Miwa H et al (19) demonstrated
insufficient diagnostic accuracy of imported serological kits
for H. pylori infection in the Japanese population. However,
several studies even in Western countries reported that the
accuracy of serological tests in the elderly is unsatisfactory
(16).

On the other hand, several studies supporting the clinical
utility of IgA serology have appeared. Two studies have
noted few patients with confirmed H. pylori infection and
with only IgA antibodies (20, 21). Aromaa A et al (22) re-
ported that IgA antibodies and low levels of pepsinogen I in-
crease the risk of gastric carcinoma. In addition, IgA
antibodies may appear earlier than IgG antibodies in patients
who become reinfected (8, 22).

While the sensitivity of all four tests was good the present
study, with values above 92%, specificity was very low for
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the two IgA-based tests. In general, one can expect an IgA
ELISA to have lower sensitivity values than an IgG ELISA
because most individuals exhibit a predominantly IgG im-
mune response to infection with H. pylori (23). However,
some investigators have found that about 2% of patients pro-
duce an IgA response in the absence of an IgG response (10,
20). Furthermore, Jaskowski et al (24) showed a higher fre-
quency of IgA-positive IgG-negative patients (38/824 cases;
7.2%) with gastrointestinal disorders suggestive of H. pylori
infection. It is suggested that H. pylori infection is excluded
by the clinician in the majority of these infected patients
solely on the basis of a negative IgG serology result. In our
population, three (3.0%) of 101 infected patients was IgA
positive and IgG negative. Of eight noninfected patients in
whom intestinal metaplasia was found by dye endoscopy,
PP-CAP IgA and EIAgen IgA results were positive in three
of five patients with a HM-CAP IgG negative result and in
one of four patients with an EIAgen 1gG negative result, re-
spectively, Since positive serology results are evidence of
contact with H. pylori but do not necessarily indicate current
infection, determination of IgA is informative for such cases.
Furthermore the prevalence of atrophic gastritis and intesti-
nal metaplasia is very high in H. pylori positive Japanese
{17). In conclusion, great care should be taken not to under-
estimate the prevalence of H. pylori infection from the
sesults of IgG serology in clinical practice.
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Breath sample collection through the nostril reduces
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Abstract

Background. One of the disadvantages of '*C-urea breath test is possible interference by urease activity not related to Helicobacter pylori.

Aims. We design the simple and non-invasive modification to avoid the contamination of '*CO, produced in the mouth.

Patients and methods. One hundred and twenty-nine patients who underwent diagnostic upper endoscopy were enrolled. Within 1 week
of the endoscopic procedure. each patient received the modified '*C-urea breath test. Breath samples were collected at baseline and at 1, 3. 5.
10. 15. 20 and 30min after ingestion of 100 mg C-urea solution through the mouth and the nostril at each time point.

Results, The breath A" CO- value through the nostril at 1 min was already higher in M. pylori-positive patients than in H. pvlori-negative
patients, Using 2,5%c as the cut-off value. the sensitivity and specificity of the modified ' C-urea breath test at 20 min were both 100%. whereas
the sensitivity and specificity of the standard '*C-urea breath test were 97.7 and 94%. respectively, using 3%e as the cut-off value.

Conclusions. The modified '*C-urea breath test in which breath samples are collected through the nostril provides an easy way of avoiding
false-positive results for the detection of H. pylori infection.
® 2004 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved..

Kevwords: '¥C-urea hreath test: H. pyiori: Sample collection through the nostril

1. Introduction

13C_urea breath test (UBT) has become the most conve-
nient non-invasive method for the diagnosis of the presence
of H. pviori infection [1-4]. One of the main disadvantages
of UBT is possible interference by urease activity not related
to H. pviori, as there is bacterial flora in the mouth and the
intestine. In order to eliminate the problem of false-positive
results in early breath samples, due to urease-producing bac-
teria other than H. pylori, some modifications of UBT have
been suggested. such as mouth washing [5.6], or supplying
BC_urea as a rapid-release tablet {7,8}. A shorter time of
breath sample collection may also be important for diag-
nostic value, especially for persons with rapid gastric emp-

* Present address; 129-2 Oimasu, Tsuruta, Aomori 038-3503, Japan,
Tel.: +81 173 22 3036; fax: +8§ 173 22 4747,
E-mail address: foo@eb.mbn.orjp (Y. Urita),

tying, and for avoiding false-positive results from the rapid
transit of *C-urea 1o the colon. An endoscopic UBT, in
which ¥C-urea solution is sprayed directly into the stomach
through a biopsy channel, is one of the useful modifications
to avoid the contamination of *CQa produced in the mouth
and the intestine [9-11]. Despite an endoscopic UBT has
high diagnostic reliability for the dingnosis of H. pylori in-
fection, they are invasive and stressing for the patient. In the
present study, we design the more simple and non-invasive
modification of UBT.

2. Patients and methods

One hundred and twenty-nine patients who underwent
diagnostic upper endoscopy for gastrointestinal symptoms
were enrolled in the present study. including 75 females and
54 males, with a mean age of 60.3 (14-79) years. None of

1590-8658/$30 © 2004 Editrice Gastroenterologica Nladisna S.r.l. Published by Elsevier Lid. All rights reserved.
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129 paticnts enrolled Tad symptoms such as nose obstrue-
tion or nose discharge. To avoid impediments in UBT re-
sults. patients were excluded initially due to the presence
of any of the following conditions: the ingestion of proton
pump inhibitors. Hy-receptor antagonists. antibiotics. or his-
muth salts in the previous 2 months: previous gastrointestinal
surgery: and having a past history of H. pylori eradication
therapy. The study was approved by our tocal ethics com-
mittee, and prior written consent was given by all patients
included in this study,

Atendoscopy. after noting the presence and location of ab-
normal findings. two biopsy speciimens were taken from two
sites on the greater curvature of the antrum and the midbody
of the stomach. The biopsy specimens were placed in 10%
buffered formalin fixative for routine processing, sectioning
and staining with haematoxylin and eosin and Giemsa stains.
At least one experienced histopathologist, who was blinded
1o endoscopic findings, evaluated the specimens. H. pylorf
was determined by Giemsa-staining sections. In addition, H.
pylori 1gG antibody concentrations were measured with an
ELISA method (HM-CAP). A value of >2.2 was considered
positive and a value of <1.9 was considered negative. Pa-
tients with a value of not less than 1.9 nor more than 2.2
were excluded in this study. Patients with positive H. pylori
histology were considered H. pylori-positive. Both histol-
ogy and serology were required 1o be negative to establish
a patient as being without H. pyvlorf infection. Patients with
positive antibody and negative histology were excluded from
analysis,

Within 1 week of the endoscopic procedure, each patient
received the modified UBT. After overnight fasting, 100 ml
tap water and 100 mg '*C-urea solution were used. Breath
samples were taken at baseline and at 1, 3, 5, 10. 15, 20
and 30min after administration. At each time point breath
samples were collected in duplicate through the mouth and
the nostril. After an approximately normal inspiration and a
15-5 breath-hold, the patient squeezed one nostril with their
second finger and placed a sampling port of collection bag
into another nostril, forming a tight seal around it with the
nostril (Fig. 1). They blew into a collection bag through the
nostrit like blowing their nose. Although the collection bag
used had a one-way breathing valve, using the cap plug as-
sured that sample volume would not be lost due to a leak
through the flap-valve. As soon as the collection bag was re-
moved from the nostril. a new one was placed in the mouth
and a breath sample was collected through the mouth. These
breath samples were analysed on isotope ratio mass spec-
trometer {ABCAG: Europa Scientific, Crewe, UK), which
measures the ratio of the heavy and light isotopes in a sam-
ple and compares this to a standard gas, The 13C/2C ratio
was calculated and expressed as delta over baseline (A%).

The cut-off values of the UBT at each time point were
calculated separately according to the sensitivity, specificity
and accuracy. The optimal cut-off value of excess ACO»
for each protocol was determined by the accuracy. The
McNemar's test was used to assess statistical differences

Fig. I Schemagic drawing st ing the breath sample collection echnique
throwgh the nostril. Atter an approximately normal inspiration and a 15-s
hreath-hold. the patient squeezed ene nostril with their second finger and

placed a sampling pont of cotlection hag into another nostril. forming
a tight sead around it with the nostril. They blew into a collection bag
through the nostril like blowing their nose,

among sensitivity and specificity of different UBTs. In a
time course study. the differences of mean A’CO» values
at each time peint between modified UBT and standard
UBT were nssessed with Student’s paired r-test. A P value
of =0.05 was considered significant,

3. Results

Two patients were excluded {rom analysis because they
had positive serology and negative histology. Of the remain-
ing 127 patients. 42 had H. prlori infection. When using
the standard UBT, in which breath samples were collected
through the mouth. the breath A'*CO- values at 1 min af-
ter ingestion of '*C-urea selution did not differ between
H. pyleri-positive patients and H. pv/ori-negative patients
tFig. 2). At 3min and all subsequent time points, how-
ever, the breath A'*CQ: values were significantly higher
in I, pvilori-positive patients. compared with those in H.



