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Original Article 

Risk Factors for Helicobacter pylori Infection among a Rural Population in Japan: 
Relation to Living Environment and Medical History. 

Yuko Nishise,1 Akira Fukao,1 and Tatsuya Takahashi.1

 BACKGROUND: Helicobacter pylori infection is related to several gastroduodenal diseases, though 
the route of transmission remains unclear. 

 METHODS: A cross-sectional study that included 695 healthy people (males 308, females 387; medi-
an age 60 years) participating in a health checkup program in Yamagata Prefecture was conducted. H. 
pylori status was determined in all subjects by evaluation of serum anti-H. pylori immunoglobulin G anti-
body. Antibody against hepatitis A virus was used as a marker of fecal-oral exposure to assess the 
agreement between H. pylori infection and hepatitis A virus infection. Data on other factors known or 
suspected to be related to infection status were also collected using a questionnaire. 

 RESULTS: Seroprevalence of H. pylori and hepatitis A virus was 60% and 70%, respectively. Kappa 
values for subjects aged 20-49 and aged 50 or older were 0.07 and 0.02, respectively, and agreement 
between the presences of both infections was assessed as slight. In the multivariate logistic regression 
analysis, H. pylori infection was significantly associated with availability of a sewage system in child-
hood (presence [reference], absence [odds ratio (OR)=4.06, 95% confidence interval (CI): 1.36-13.94]) 
and the number of gastrointestinal endoscopies undergone (none [reference], once [OR=1.64, 95% Cl: 
0.83-3.27], 2-3 times [OR=3.11, 95% Cl: 1.65-5.99], or 4 or more times [OR=3.18, 95% CI: 1.71-6.03]), 
(p<0.01 for trend). 

 CONCLUSIONS: Our results suggest that poor hygiene in childhood is related to H. pylori infection. 
The fecal-oral route does not seem to be an important mode of transmission, but the possibility of trans-
mission by gastrointestinal endoscopic examination exists. 
J Epidemiol 2003;13:266-273. 
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 Helicobacter pylori infection is causally related to chronic gas-

tritis, 1.2 peptic ulcer,3.4 and gastric carcinoma.5-7 Although the route 

of transmission remains unclear, evidence suggests that it is main-

ly person-to-person2.8.9 by either oral-oral (through vomitus or pos-

sibly saliva) or fecal-oral routes. 

 The prevalence of H. pylori varies both between and within 

populations, with a generally higher proportion of acquisition in 
developing countries than in industrialized countries. In Japan, the 

prevalence of H. pylori infection is 10 to 20% in those aged less 
than 20 years, but up to 70% or greater in those 50 years of age or

older.10.11 This prevalence in the older portion of the population is 

higher than that observed in other developed countries. The age 

distribution of H. pylori infection in Japan, where higher rates of 

infection occur in earlier birth cohorts, might be due to poor 

childhood living conditions. The birth-cohort effect would be rel-

evant to childhood acquisition of H. pylori.12.13 Although both 

acquisition and elimination can occur throughout life, the infec-

tion rates in adulthood appear to be low in developed countries." 

Relatively little is known about factors that might affect acquisi-

tion of the infection among adults as compared to children.
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Although some procedures associated with adulthood, such as 

gastrointestinal endoscopic examination and dental treatment, are 
suspected to be risk factors for H. pylori infection, few studies 
have evaluated their impact in population samples. 

 The aim of the present study is to identify the risk factors and 
transmission modes for H. pylori infections of healthy adults by 
assessing various factors associated with both childhood and 
adulthood. 

            METHODS 

Study design and population 
  This cross-sectional study was conducted between October 

2000 and July 2001 in a population who participated in a general 
health checkup program at a single health screening center in 
Yamagata Prefecture, Japan. During the study period, most partic-
ipants were inhabitants of N city and T town, which adjoin each 
other and are located in southern Yamagata. The year 2000 popu-
lations of N city and T town were 36,749 and 27,248 inhabitants, 
respectively. The proportion of participation in the annual check-
ups was 51.1% in N city and 40.4% in T town. Both areas have 
similar industrial structures and topographical characteristics. A 
total of 812 people participated in the health checkup program 
during the study period. We explained the purpose and procedures 
of the study to all subjects individually, and 699 (86%) gave their 
informed consent to participate. After excluding four subjects 
who had a history of H. pylori eradication, the final sample com-

prised of 695 healthy subjects (308 men and 387 women). 
  We undertook a serosurvey to determine H. pylori and hepatitis 

A virus status, as well as the risk factors for H. pylori infection 
using a structured questionnaire. Hepatitis A virus status was 
compared with the seropositivity for H. pylori, because hepatitis 
A virus is well known to be a sensitive marker of fecal-oral expo-
sure.15 Serum samples were obtained from all the participants. 
About half of the questionnaires were completed on the spot, and 
the rest were returned by mail. Some additional information on 
sex, age, date of birth and residential region was obtained from 
medical records taken by nurses at the health- screening center. 

Definition of H. pylori infection and hepatitis A virus infection 
  H. pylori status was evaluated by enzyme-linked immunosor-

bent assay (ELISA) using a high-molecular-weight, cell-associat-
ed protein immunoassay kit (Kyowa Medex Co., Ltd., Tokyo, 
Japan) for anti-H. pylori immunoglobulin G (IgG) antibody. The 
high-molecular-weight, cell-associated protein immunoassay, 
which in Japan is called Determiner H. pylori antibody, provided 

91.1% sensitivity and 82.5% specificity, when subjects with inter-
mediate values were excluded. 16 In our study, intermediate results 
were included in the positive category because Miwa et al. report-
ed that 83.3% of their patients with intermediate values were pos-
itive using the breath test as the gold standard.16 Therefore, sub-

jects with an antibody titer higher than the cut-off value of 2.2 
were considered to be positive. Anti-hepatitis A virus antibody

was assayed by ELISA using an IMxHAVAB kit (Abbott 
Laboratories, North Chicago, Illinois, USA). Anti-hepatitis A 
virus antibody levels giving more than 50% inhibition were con-
sidered to be positive. 

 All serum samples were placed in a freezer within 24 h and 
assayed at a commercial laboratory center. 

Questionnaire 
  The questionnaire consisted of 36 items related to both the sub-

ject's childhood and present living environments; 10 items related 
to medical histories, and 22 items to lifestyle. Items related to the 
living environment during childhood included birth place, the 
number of siblings, birth order, attendance at kindergarten or 
nursery school, the number of family members living in the same 
house, the number of rooms in the house, sharing of living space 
with others outside the home, type of housing (single-family 
dwelling, multifamily dwelling, or apartment), use of well water 
and, if so, its use for drinking, availability of a sewage system, 
use of a refrigerator, ownership of domestic animals including 

pets, such as cats or dogs, and farm animals, such as cattle, 
father's occupation, and age at graduation from the highest level 
of school attended. Items related to the present living environment 
included the number of family members living in the same house, 
type of housing, the number of rooms in the house, duration of 
habitation in the present house, marital status (married, divorced, 
widowed or single), long-term occupation, use of well water and, 
if so, its use for drinking, availability of a sewage system, and 
ownership of domestic animals including pets and farm animals. 
In defining an overcrowded living space, the average number of 
family members per room both in childhood and at present was 
calculated by dividing the number of household members by the 
number of rooms in the house. 

  Information on medical histories consisted of ABO blood 

group; frequency of gastric pain (none, infrequent, occasional or 
frequent); a history of gastric ulcer or duodenal ulcer; previous 

gastrointestinal endoscopic examinations and, if relevant, their 
number and the calendar year of the first endoscopic examination; 
a history of dental treatment and, if relevant, the number of treat-

ments; and the number of health screenings in the past five years. 
  Selected items related to food intake included rice, miso soup, 

green tea, coffee, pickles, green vegetables, and fruit. The partici-
pants were asked to record the average frequencies with which 
they consumed these food items using five ordered categories. For 
rice, miso soup, green tea and coffee, designations for daily con-
sumption were infrequent, occasional, 1-2 cups per day, 3-4 cups 

per day, and 5 or more cups per day. For the other food items, cat-
egories of intake frequency ranged from infrequent to 1-2 times 

per month, 1-2 times per week, 3-4 times per week, and every 
day. Drinking and smoking habits were classified into three cate-

gories: never, former and current. 
  The questionnaires were completed within 30 min on average. 

To assess the validity of the questionnaire, answers to selected 
items on the questionnaire were compared with information on
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1.1 or more per room (reference 1.0 or less) was negatively asso-
ciated with H. pylori infection with no statistical significance. The 
number of siblings and birth order were not associated with H. 

pylori infection. As to other factors related to living conditions in 
childhood, availability of a sewage system in childhood was sig-
nificantly associated with H. pylori infection. Sharing of living 
space with others outside the home in childhood (OR=0.96, 95% 
CI: 0.64-1.47), attendance of kindergarten or nursery school 

(OR=0.88, 95% CI: 0.50-1.55), type of housing in childhood (sin-

gle dwelling [reference], multifamily dwelling or apartment 
[OR=0.79, 95% CI: 0.28-2.31]), use of well water for drinking in 
childhood (OR=1.17, 95% CI: 0.80-1.7 1), and use of a refrigera-
tor in childhood (OR=1.03, 95% CI: 0.68-1.55) were not signifi-
cantly associated with H. pylori seroprevalence. Among factors 
related to zoonotic exposure in childhood, pet ownership, espe-
cially cat ownership, was significantly associated with H. pylori 
infection. Ownership of pets other than cats (23% of subjects 
were dog owners, and less than 10% owned other animals) in 
childhood was not associated with H. pylori seroprevalence (data 
not shown) and ownership of farm animals in childhood 

(OR=1.14, 95% CI: 0.79-1.63) also was not associated with H. 
pylori seroprevalence. With regard to factors related to the present 
living environment and lifestyle, no significant relationships were 
found (data not shown). In relation to the medical history, the his-
tory of duodenal ulcer and the number of gastrointestinal endo-
scopic examinations were significantly associated with H. pylori 
seroprevalence. A positive dose-response relationship was seen 
between the number of gastrointestinal endoscopies undergone 
and H. pylori infection (p<0.01 for trend). Frequency of gastric 

pain (none [reference], infrequent or occasional [OR=1.30, 95% 
CI: 0.91-1.86], frequent [OR=1.18, 95% CI: 0.59-2.38]), history 
of gastric ulcer (OR=1.19, 95% CI: 0.70-2.09), and calendar year 
of the first gastrointestinal endoscopic examination were not sig-
nificantly associated with H. pylori infection. Also, ABO blood 

group (0 [reference], A [OR=1.03, 95% CI: 0.68-1.55], B 
[OR=1.00, 95% CI: 0.62-1.63], AB [OR=0.87, 95% CI: 0.49-
1.55]), the number of dental treatments (none [reference], 1-9 

[OR=1.32, 95% CI: 0.37-4.59], ten or more [OR=1.64, 95% CI: 
0.45-5.78], [p=0.21 for trend]), and the number of health screen-
ings (3 or less [reference], four or more [OR=1.07, 95% CI: 0.88-
1.29]) were not significantly associated with H. pylori seropreva-
lence. Factors related to socioeconomic status also were not sig-
nificantly associated with H. pylori seroprevalence. 

 Multivariate analysis was conducted with the following vari-
ables: age, sex, variables with a p value <0.1 in age- and sex-
adjusted analyses, and variables representing socioeconomic sta-
tus in childhood and at present, i.e., father's occupation, subject's 
educational level, and subject's long-term occupation. Due to the 
high correlation between pet ownership and cat ownership among 
the total of 12 variables, the latter, which is one potential vector 
for H. pylori transmission, 21 was included in the final multivariate 
model. Significant risk factors taking into account other factors 
were availability of a sewage system in childhood as indicated by

presence (reference) and absence in childhood (OR=4.06, 95% 
CI: 1.36-13.94) and the number of gastrointestinal endoscopies 
undergone as indicated by none (reference), once (OR=1.64, 95% 
CI: 0.83-3.27), 2-3 times (OR=3.11, 95% CI: 1.65-5.99), or four 
or more times (OR=3.18, 95% CI: 1.71-6.03). A positive dose-
response relationship was seen between the number of gastroin-
testinal endoscopies undergone and H. pylori infection (p<0.01 
for trend), and the same trend (p<0.01 for trend) was seen both in 
subjects aged 40-59 years, as expressed by none (reference), once 

(OR=1.74, 95% CI: 0.85-3.66), 2-3 times (OR=2.76, 95% CI: 
1.33-5.97), or four or more times (OR=2.87, 95% CI: 1.36-6.37); 
and those aged 60 years or older expressed as none (reference), 
once (OR=1.29, 95% CI: 0.51-3.26), 2-3 times (OR=1.66, 95% 

CI: 0.80-3.45), or four or more times (OR=2.55, 95% CI: 1.24-
5.28). In subjects aged 20-49 years, the trend was not estimated 

due to the insufficient number of exposed subjects. 

           DISCUSSION 

  The age-specific seropositivity percentage in this study was 
almost the same as that of an earlier study of healthy subjects in 
Japan,22 but lower than that of some studies conducted in the early 
1990s.10,11 This difference can be partly explained by a cohort 
effect or by a difference in study sites. In developed countries, the 
reported annual H. pylori seroconversion rate was found to be less 
than the seroreversion rate in healthy adults. The seroconversion 
and seroreversion rates, respectively, were 0.33% and 1.04% per 

person-year in Australia during 21 years of follow-up,23 0.49% 
and 1.12% per person-year in the United States during 8.5 years 
of follow-up,24 1.0% and 1.6% per person-year in Canada in a 
three-year prospective study,25 and 1.0% and 1.5% per year in 
Japan in an eight-year follow-up study.26 (The expression "% per 

person-year" is directly quoted from the references.) 
  Hepatitis A virus is known to be spread by fecal-oral contact 

and has a high incidence in populations with poor hygienic prac-
tices and a low socioeconomic level. A positive association 
between seroprevalence of H. pylori and that of hepatitis A virus 
has been shown, 27-30 but this finding has not been consistent.31.32 
Luzza et al., in a study of population samples, reported that these 
two infections did not share any independent risk factors, 
although there was a statistically significant relationship between 

seropositivity for both.33 In Japan, Furuta et al. reported no statis-
tically significant relationship between H. pylori and hepatitis A 
virus seropositivity rates among subjects who participated in med-
ical checkups.22 In contrast, Fujisawa et al. demonstrated a statisti-
cally significant association between H. pylori and hepatitis A 
virus seropositivity rates among participants in a health screening 

program. 14 However, the latter study did not address some poten-
tially related factors such as childhood conditions or socioeco-
nomic status. In the present study, the concordance between H. 

pylori seropositivity and hepatitis A virus seropositivity was not 
high, implying that in a high-risk environment for hepatitis A 
virus infection, the incidence of H. pylori infection did not
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increase accordingly. There is a basic difference in the immune 
response between these two infections; H. pylori seropositivity 
represents current or recently cleared infection, whereas hepatitis 
A virus seropositivity represents current or past infection. 
Although we cannot completely ignore the possibility of fecal-
oral transmission of H. pylori in a manner that is different from 
such transmission of hepatitis A virus, we conclude that the fecal-
oral route does not play an important role in H. pylori transmis-
sion. 
  Some reports have suggested the possibility of water-borne 
transmission of H. pylori. Epidemiologic studies conducted in 
rural China, Colombia, and Peru showed that water sources are 
related to the risk of H. pylori infection.35-37 H. pylori positivity in 
drinking water and sewage water samples determined by poly-
merase chain reaction assays in Peru, Canada, and Japan38-41 pro-
vides additional evidence that water-borne transmission might be 
important, especially in areas with a high prevalence of H. pylori 
infection. H. pylori changes to a coccoid form in water,42 but it is 
still unclear whether the coccoid form, which cannot be cultured 
using ordinary techniques,43 can cause infection in humans. In 
both rural and semi-urban areas in Japan, H. pylori has been 
detected in well water,40.41 If H. pylori is common in well water in 
Japan and has the ability to cause infection, the risk of infection 
might be higher with increased water intake. The present study 
found that the use of well water for drinking in childhood did not 
increase the risk of infection, perhaps indicating that the risk of 
water-borne transmission via well water is not high in this popula-
tion. Only exposure to well water used presently for drinking was 
linked to a weakly increased prevalence (OR= 1.56, 95% CI: 0.93-
2.69) without statistical significance. We could not determine 
whether this relationship was an effect of well water-borne trans-
mission in adulthood. Further efforts to detect H. pylori in well 
water samples in this area would clarify the effect of such trans-
mission. 
  On the other hand, our finding of an increased OR for availabil-
ity of a sewage system in childhood suggests the possibility of 
water-borne and/or fecal-oral transmission. Because of the slight 
agreement between H. pylori infection and hepatitis A virus infec-
tion, however, we consider that this finding rather reflects an 
association of H. pylori infection with poor hygienic standards. It 
is difficult to confirm the exact mode of transmission associated 
with this finding because people living under such conditions 
carry a higher risk of exposure and have frequent opportunities to 
acquire the infection due to poor hygienic practices and exposure 
to contaminated soil, water in the natural environment,40 or food 
that comes into contact with a potential vector such as the house-
fly.40.44 The law mandating sewage systems was issued in 1900 in 
Japan, but sewage systems spread gradually. Since the number of 
regions with modern sewage treatment increased during the child-
hood of many of the subjects, it is possible that classification of 

their exposure to adequate sewage systems is imprecise. The sub-

jects who selected the answer affirming the presence of an avail-
able sewage system in childhood are those who were relatively

young among the subject population (21 to 58 years of age). 
However, because we could not obtain detailed information on 
residential regions of the subjects during childhood, it was impos-
sible to confirm whether the answers as to the availability of a 
sewage system in childhood were correct. 

  Many epidemiologic studies have assessed a number of poten-
tial risk factors for H. pylori infection in relation to density of liv-
ing space or socioeconomic status, especially during childhood. 

Some indicators of crowded living space have been consistently 
related to H. pylori positivity, including high birth order,45 the 

presence of many siblings,46 and domestic overcrowding.19,47 These 
factors have been considered to represent evidence for person-to-

person transmission of H. pylori infection. However, adjustment 
for only age and sex in the present study revealed a negative asso-
ciation between H. pylori seropositivity and domestic overcrowd-
ing in childhood, and no association was found between H. pylori 
seropositivity and birth order or having many siblings. Such a 
contradictory result may be due to the difference in housing styles 
between Japan and the United States,19.47 or due to the fact that our 
crowding index does not reveal true density because the size of 
the rooms was not taken into account. In accounting for inconsis-
tent results regarding birth order or the number of siblings, the 
number of subjects in our study may be insufficient to detect con-
sistent significant relationships. Further studies with a larger sam-

ple size are needed. 
  The present findings demonstrated a strong association 

between the history of gastrointestinal endoscopic examination 
and H. pylori infection status. There are two possible explanations 
for this. First, H. pylori infection may be transmitted from patient 
to patient via the endoscope. Second, those who have acquired H. 

pylori infection tend to undergo gastrointestinal endoscopy more 
often. The latter seems plausible because H. pylori infection tends 
to produce gastroduodenal symptoms or disease. However, we 
suggest that both possibilities act to increase the prevalence odds. 
The former possibility can be supported by the following 3 rea-
sons: (1) there are some documented cases of acute H. pylori 
infection occurring via gastrointestinal endoscopes;48-51 (2) a retro-
spective study has demonstrated acquisition of H. pylori via 
endoscopy;49 and (3) a review in Japan has described a syndrome 
of so-called post-endoscopic acute gastric mucosal lesions.52 Naka 
et al. suggested that the post-endoscopic acute gastric mucosal 
lesions were caused by infectious agents, especially H. pylori 
cross-infection, transmitted via inadequately disinfected endo-
scopes.52 Investigation of the possible relationship between the 

post-endoscopic acute gastric mucosal lesions and H. pylori 
began only in the late 1980s, together with studies on effective 
disinfection methods to eliminate the risk of endoscopic transmis-
sion. More than half of our study subjects had undergone their 
first endoscopic examination before 1990. Consequently, our 
study subjects might be exposed to insufficiently disinfected 
instruments. Because of the nature of the cross-sectional design of 
this study, the positive association between H. pylori status and a 
history of gastrointestinal endoscopy does not necessarily imply a
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cause-and-effect relationship. However, the significant dose-
response relationship between H. pylori seropositivity and the 
number of gastrointestinal endoscopies undergone would suggest 
a substantial causal relationship between the two. Although the 
factors leading to persistent H. pylori infection are still unclear, 
even if there are differences either in host susceptibility or strains 
of H. pylori, gastrointestinal endoscopy may serve as a partial 
mode of H. pylori transmission, especially where equipment or 
techniques for its disinfection are inadequate. 

  Although information on risk factors was collected retrospec-
tively for this study, the participants had completed their ques-
tionnaire before they were informed of their own H. pylori status; 
therefore, recall bias should have been minimal. Also, it is possi-
ble factors related to childhood conditions may be underestimated 
owing to infection in adulthood or elimination of infection, partic-
ularly in older people.14 This underestimation might contribute to 
the failure to clarify the most likely means of H. pylori transmis-
sion, including intra-familial transmission in childhood. Because 
our study subjects were recruited from participants in a health 
screening program, any generalization of these results to the nor-
mal population should be made with caution. 

        ACKNOWLEDGMENTS 

 We are grateful to the Tuberculosis and Life-style Related 
Disease Prevention Center in Yamagata for their assistance with 
collection of blood samples. 

           REFERENCES 

 1. Blaser MJ. Hypotheses on the pathogenesis and natural histo-

   ry of Helicobacter pylori-induced inflammation. 
   Gastroenterology 1992;102:720-7. 

 2. Taylor DN, Blaser MJ. The epidemiology of Helicobacter 

  pylori infection. Epidemiol Rev 1991;13:42-59. 
 3. Graham DY. Campylobacter pylori and peptic ulcer disease. 

  Gastroenterology 1989;96:615-25. 
4. Moss S, Calam J. Helicobacter pylori and peptic ulcers: the 

  present position. Gut 1992;33:289-92. 
 5. An international association between Helicobacter pylori 

  infection and gastric cancer. The EUROGAST Study Group. 
  Lancet 1993;341:1359-62. 

6. Asaka M, Kimura T, Kato M, Kudo M, Miki K, Ogoshi K, et 
  al. Possible role of Helicobacter pylori infection in early gas-

   tric cancer development. Cancer 1994;73:2691-4. 
7. Fujioka T, Honda S, Tokieda M. Helicobacter pylori infec-

   tion and gastric carcinoma in animal models. J Gastroenterol 
  Hepatol 2000;15 Suppl:D55-9. 

8. Neale KR, Logan RP. The epidemiology and transmission of 
  Helicobacter pylori infection in children. Aliment Pharmacol 

  Ther 1995;9 Suppl 2:77-84. 
9. Megraud F. Transmission of Helicobacter pylori: faecal-oral 

   versus oral-oral route. Aliment Pharmacol Ther 1995;9 Suppl

  2:85-91. 
10. Asaka M, Kimura T, Kudo M, Takeda H, Mitani S, Miyazaki 

  T, et al. Relationship of Helicobacter pylori to serum 

  pepsinogens in an asymptomatic Japanese population. 
  Gastroenterology 1992;102:760-6. 

11. Epidemiology of, and risk factors for, Helicobacter pylori 
  infection among 3194 asymptomatic subjects in 17 popula-

  tions. The EUROGAST Study Group. Gut 1993;34:1672-6. 
12. Banatvala N, Mayo K, Megraud F, Jennings R, Deeks JJ, 

  Feldman RA. The cohort effect and Helicobacter pylori. J 
  Infect Dis 1993;168:219-21. 

13. Roosendaal R, Kuipers EJ, Buitenwerf J, van Uffelen C, 

   Meuwissen SG, van Kamp GJ, et al. Helicobacter pylori and 
   the birth cohort effect: evidence of a continuous decrease of 

   infection rates in childhood. Am J Gastroenterol 
  1997;92:1480-2. 

14. Xia HH, Talley NJ. Natural acquisition and spontaneous 
  elimination of Helicobacter pylori infection: clinical implica-

  tions. Am J Gastroenterol 1997;92:1780-7. 
15. Dienstag JL, Szmuness W, Stevens CE, Purcell RH. Hepatitis 

  A virus infection: new insights from seroepidemiologic stud-
  ies. J Infect Dis 1978;137:328-40. 

16. Miwa H, Kikuchi S, Ohtaka K, Kobayashi O, Ogihara A, 
  Hojo M, et al. Insufficient diagnostic accuracy of imported 

  serological kits for Helicobacter pylori infection in Japanese 

  population. Diagn Microbiol Infect Dis 2000;36:95-9. 
17. Graham DY, Malaty HM, Evans DG, Evans DJ, Jr., Klein 

  PD, Adam E. Epidemiology of Helicobacter pylori in an 
  asymptomatic population in the United States. Effect of age, 

   race, and socioeconomic status. Gastroenterology 
  1991;100:1495-501. 

18. Sitas F, Forman D, Yarnell JW, Burr ML, Elwood PC, Pedley 
  S, et al. Helicobacter pylori infection rates in relation to age 

  and social class in a population of Welsh men. Gut 
  1991;32:25-8. 

19. Malaty HM, Graham DY. Importance of childhood socioeco-
   nomic status on the current prevalence of Helicobacter pylori 

  infection. Gut 1994;35:742-5. 
20. Landis JR, Koch GG. The measurement of observer agree-

  ment for categorical data. Biometrics 1977;33:159-74. 
21. Handt LK, Fox JG, Dewhirst FE, Fraser GJ, Paster BJ, Yan 

  LL, et al. Helicobacter pylori isolated from the domestic cat: 

  public health implications. Infect Immun 1994;62:2367-74. 
22. Furuta T, Kamata T, Takashima M, Futami H, Arai H, Hanai 

  H, et al. Study of transmission routes of Helicobacter pylori 
  in relation to seroprevalence of hepatitis A virus. J Clin 

  Microbiol 1997;35:1891-3. 
23. Cullen DJ, Collins BJ, Christiansen KJ, Epis J, Warren JR, 

  Surveyor I, et al. When is Helicobacter pylori infection 
  acquired? Gut 1993;34:1681-2. 

24. Parsonnet J, Blaser MJ, Perez-Perez GI, Hargrett-Bean N, 
  Tauxe RV. Symptoms and risk factors of Helicobacter pylori 

  infection in a cohort of epidemiologists. Gastroenterology



Nishise Y, et al. 273

   1992;102:41-6. 
25. Veldhuyzen van Zanten SJ, Pollak PT, Best LM, Bezanson 

   GS, Marrie T. Increasing prevalence of Helicobacter pylori 
   infection with age: continuous risk of infection in adults 
   rather than cohort effect. J Infect Dis 1994; 169:434-7. 

26. Kumagai T, Malaty HM, Graham DY, Hosogaya S, Misawa 
   K, Furihata K, et al. Acquisition versus loss of Helicobacter 

   pylori infection in Japan: results from an 8-year birth cohort 
   study. J Infect Dis 1998;178:717-21. 

27. Hazell SL, Mitchell HM, Hedges M, Shi X, Hu PJ, Li YY, et 
   al. Hepatitis A and evidence against the community dissemi-

   nation of Helicobacter pylori via feces. J Infect Dis 
   1994;170:686-9. 

28. Rudi J, Toppe H, Marx N, Zuna I, Theilmann L, Stremmel 
   W, et al. Risk of infection with Helicobacter pylori and 

   hepatitis A virus in different groups of hospital workers. Am 

   J Gastroenterol 1997;92:258-62. 
29. Pretolani S, Stroffolini T, Rapicetta M, Bonvicini F, Baldini 

   L, Megraud F, et al. Seroprevalence of hepatitis A virus and 
   Helicobacter pylori infections in the general population of a 

   developed European country (the San Marino study): evi-
   dence for similar pattern of spread. Eur J Gastroenterol 

   Hepatol 1997;9:1081-4. 
30. Stroffolini T, Rosmini F, Ferrigno L, Fortini M, D'Amelio R, 

   Matricardi PM. Prevalence of Helicobacter pylori infection in 
   a cohort of Italian military students. Epidemiol Infect 

   1998;120:151-5. 
31. Webb PM, Knight T, Newell DG, Elder JB, Forman D. 

   Helicobacter pylori transmission: evidence from a compari-
   son with hepatitis A virus. Eur J Gastroenterol Hepatol 
   1996;8:439-41. 

32. Sathar MA, Gouws E, Simjee AE, Mayat AM. Seroepidemio-
   logical study of Helicobacter pylori infection in South 

   African children. Trans R Soc Trop Med Hyg 1997;91:393-5. 
33. Luzza F, Imeneo M, Maletta M, Paluccio G, Giancotti A, 

   Perticone F, et al. Seroepidemiology of Helicobacter pylori 
   infection and hepatitis A in a rural area: evidence against a 

   common mode of transmission. Gut 1997;41:164-8. 
34. Fujisawa T, Kumagai T, Akamatsu T, Kiyosawa K, 

   Matsunaga Y. Changes in seroepidemiological pattern of 
   Helicobacter pylori and hepatitis A virus over the last 20 

   years in Japan. Am J Gastroenterol 1999;94:2094-9. 
35. Shi Y, Li J, Li M, Wang L, Guo W, Qin D, et al. Association 

   of Helicobacter pylori infection with precancerous lesions 
   and stomach cancer: a case-control study in Yangzhong 

  County. Chin Med Sci J 1997;12:175-80. 
36. Goodman KJ, Correa P, Tengana Aux HJ, Ramirez H, 

   DeLany JP, Guerrero Pepinosa O, et al. Helicobacter pylori 
  infection in the Colombian Andes: a population- based study 
  of transmission pathways. Am J Epidemiol 1996;144:290-9. 

37. Klein PD, Graham DY, Gaillour A, Opekun AR, Smith EO. 
  Water source as risk factor for Helicobacter pylori infection

   in Peruvian children. Gastrointestinal Physiology Working 

   Group. Lancet 1991;337:1503-6. 
38. Hulten K, Han SW, Enroth H, Klein PD, Opekun AR, 

   Gilman RH, et al. Helicobacter pylori in the drinking water in 
   Peru. Gastroenterology 1996;110:1031-5. 

39. McKeown I, Orr P, Macdonald S, Kabani A, Brown R, 

   Coghlan G, et al. Helicobacter pylori in the Canadian arctic: 
   seroprevalence and detection in community water samples. 

   Am J Gastroenterol 1999;94:1823-9. 
40. Sasaki K, Tajiri Y, Sata M, Fujii Y, Matsubara F, Zhao M, et 

   al. Helicobacter pylori in the natural environment. Scand J 
   Infect Dis 1999;31:275-9. 

41. Horiuchi T, Ohkusa T, Watanabe M, Kobayashi D, Miwa H, 
   Eishi Y. Helicobacter pylori DNA in drinking water in Japan. 

   Microbiol Immunol 2001;45:515-9. 
42. Cellini L, Allocati N, Angelucci D, Iezzi T, Di Campli E, 

   Marzio L, et al. Coccoid Helicobacter pylori not culturable in 
   vitro reverts in mice. Microbiol Immunol 1994;38:843-50. 

43. West AP, Millar MR, Tompkins DS. Effect of physical envi-
   ronment on survival of Helicobacter pylori. J Clin Pathol 

   1992;45:228-31. 
44. Grubel P, Hoffman JS, Chong FK, Burstein NA, Mepani C, 

   Cave DR. Vector potential of houseflies (Musca domestica) 
   for Helicobacter pylori. J Clin Microbiol 1997;35:1300-3. 

45. Goodman KJ, Correa P. Transmission of Helicobacter pylori 
   among siblings. Lancet 2000;355:358-62. 

46. Kikuchi S, Kurosawa M, Sakiyama T. Helicobacter pylori 
   risk associated with sibship size and family history of gastric 
   diseases in Japanese adults. Jpn J Cancer Res 1998;89:1109-

  12. 
47. Staat MA, Kruszon-Moran D, McQuillan GM, Kaslow RA. 

   A population-based serologic survey of Helicobacter pylori 
   infection in children and adolescents in the United States. J 

   Infect Dis 1996;174:1120-3. 
48. Graham DY, Alpert LC, Smith JL, Yoshimura HH. 

   latrogenic Campylobacter pylori infection is a cause of epi-
   demic achlorhydria. Am J Gastroenterol 1988;83:974-80. 

49. Langenberg W, Rauws EA, Oudbier JH, Tytgat GN. Patient-
   to-patient transmission of Campylobacter pylori infection by 

   fiberoptic gastroduodenoscopy and biopsy. J Infect Dis 
  1990;161:507-11. 

50. Miyaji H, Kohli Y, Azuma T, Ito S, Hirai M, Ito Y, et al. 
   Endoscopic cross-infection with Helicobacter pylori. Lancet 

  1995;345:464. 
51. Sugiyama T, Naka H, Yachi A, Asaka M. Direct evidence by 

   DNA fingerprinting that endoscopic cross-infection of 
   Helicobacter pylori is a cause of postendoscopic acute gastri-

  tis. J Clin Microbiol 2000;38:2381-2. 
52. Naka H, Sugiyama T, Kato M, Asaka M. Acute gastric 

  mucosal lesions caused by upper gastrointestinal endoscopy: 
  a review of the pathophysiology and unsolved issues. 

  Gastroenterol Endosc 1999;41:2035-43. (In Japanese)


