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Background: Developmental disorders and high Helicobacter pylori (H. pylori) infection rates have been reported. This study aimed to examine the prevalence of H. pylori in a special needs school where all students had developmental disorders in Japan.

Methods: In 2017, third-grade junior high school and second- and third-grade high school students attending a special needs school with developmental disorders were enrolled. Participants of Saga Prefecture's H. pylori test and treat project, which comprised third-grade junior high school students not from special needs school, were assigned to the control group.

Results: In the control group, H. pylori positive results were 3.18% (228/7,164) students. Similarly, in developmental disorder group, H. pylori positive results were 6.80% (13/191) students. For the developmental disorder and control groups, this present examination sensitivity was 7.03% (13/185), specificity was 96.76% (6,815/7,043), positive predictive value was 5.39% (13/241), negative predictive value was 97.54% (6,815/6,987), Likelihood ratio of a positive result 2.17 and Odds ratio was 2.26 (95% confidence interval: 1.27–4.03, p = 0.005).

Conclusion: The prevalence of H. pylori infection was significantly higher in adolescents with developmental disorders than in typically developing adolescents.
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INTRODUCTION

Helicobacter pylori (H. pylori) infects the human gastric mucosa and causes gastritis and gastric cancer (1, 2). H. pylori infection also affects aspects of stomach function, such as gastric acid secretion, which causes changes in the stomach environment and intestinal microbiome (3, 4).

The global H. pylori incidence in children varies significantly, from 2.5% in Japan to 34.6% in Ethiopia (5), and it is greatly affected by economic power and living environment of the country (6). The primary modes of transmission are thought to be fecal-oral and oral-oral, but some indirect evidence has also been published for transmission via drinking water and other environmental sources (7). The patterns of spreading of H. pylori under conditions of high prevalence differ from those in developed countries (8).

Due to the suspicion of an association between H. pylori infection in early life and neurodevelopmental problems (9, 10), studies have been conducted overseas to determine the association between them, but there are no data for Japan (11). Therefore, the current study

aimed to examine the incidence of H. pylori infection in Japan in patients with developmental disorders in comparison with the control group and to discuss the association between H. pylori and developmental disorders.



METHODS AND MATERIALS


Study Design and Subjects

Saga Prefecture is one of the local governments in Japan, and its population is about 830,000. There are 108 junior high schools (including eight special needs schools), with a total of ~8,500 students in the third grade. In the spring of 2016, we initiated a program for screening and treatment of H. pylori infection in all third-grade junior high school students, including special needs schools, in Saga Prefecture (approved by the institutional review board of Saga University Hospital [approval number: 2015-12-19]) (12). In 2017, third-grade junior high school students of special needs school with a developmental disorder, including intellectual disabilities, autism spectrum disorder, attention-deficit hyperactivity disorder, and learning disabilities, were eligible for participation. Similarly, in addition to the Saga Prefecture project, second- and third-grade high school students of special needs school with a developmental disorder were also enrolled (developmental disorder group). The control group comprised third-grade junior high school students not from a special needs school in the Saga Prefecture project.



Testing for H. pylori

After obtaining written informed consent from each student and his or her guardian, urine samples were screened for the presence of anti–H. pylori immunoglobulin G antibody by immunochromatography (RAPIRAN® Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan). The diagnostic sensitivity and specificity of the urinary test have been reported to be 89 and 93%, respectively (13, 14). Students who screened positive on the urine antibody test also received an H. pylori stool antigen detection kit (Testmate Rapid Pylori Antigen® Wakamoto Pharmaceutical Co., Ltd., Tokyo, Japan) to check for the presence or absence of H. pylori infection (15). In the present study, students positive for both H. pylori urinary antibody and fecal H. pylori antigen tests were defined as H. pylori infection. Students negative for H. pylori urinary antibody test were defined as H. pylori non-infection.



Statistical Analysis

For the developmental disorder group and the control group, the comparative statistical analyses were conducted with contingency tables that summarized the results of the test classifiers examined. After the H. Pylori tests were examined, the patients were classified as follows: the positive was defined urine (+) and stool (+) test patients (=H. pylori infection patients), and the negative was defined urine (-) test patients (=H. pylori non-infection patients) (See Figure 1).
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FIGURE 1. Participant's flowchart and Helicobacter pylori test results. H. pylori, Helicobacter pylori; NA, not available.


The parameters were estimated and shown as sensitivity, specificity, positive predictive value, negative predictive value, the likelihood ratio of a positive result, and the odds ratio. And chi-square tests were applied. Statistical software JMP version 15.2.0 (SAS Institute Inc., Cary, NC, USA) was used. All p < 0.05 indicated statistical significance.




RESULTS


Student Characteristics

Figure 1 summarizes the flowchart for the participants in both the control group and the developmental disorders group. There was no sex bias between the two groups. Among the 8,434 students in the control group, 7,206 agreed to participate in the Saga Prefecture project, and 7,164 received urine H. pylori antibody tests. Among the 236 students in the developmental disorders group, 194 agreed to participate in both the Saga Prefecture project and our study, and 191 received urine H. pylori antibody tests.



Test for H. pylori Infection Rate

Figure 1 shows the results of the urine H. pylori antibody and fecal H. pylori antigen tests in both groups. In the control group, positive results were 3.18% (228/7,164) students, 121 students with fecal H. pylori antigen tests negative or not implemented were excluded from the positive results. Negative results were 95.13% (6,815/7,164) students. Similarly, in developmental disorder group, positive results were 6.80% (13/191) students, 6 students with fecal H. pylori antigen tests negative or not implemented were excluded from the positive results. Negative results accounted for 90.05% (172/191) of the students.

Table 1 shows test results for the H. pylori infection rate between both groups. For the developmental disorder and control groups, this present examination sensitivity was 7.03% (13/185), specificity was 96.76% (6,815/7,043), positive predictive value was 5.39% (13/241), negative predictive value was 97.54% (6,815/6,987), the likelihood ratio of a positive result 2.17 and Odds ratio was 2.26 (95% confidence interval: 1.27–4.03, p = 0.005). The developmental disorder group was approximately twice as likely to show positive results for H. pylori infection as the control group.


Table 1. Test for Helicobacter pylori infection rate between the control group and developmental disorders group.
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DISCUSSION

This study showed that the prevalence of H. pylori infection was significantly higher in adolescents with developmental disorders than in typically developing adolescents in Japan.

Kitchens et al. reviewed the association between H. pylori and intellectual and developmental disabilities overseas (11). However, the papers they cited did not include Japanese data, and there was a possibility that various biases existed due to the large age range of the subjects. Our study is the first report that includes Japanese data. Because the age range was limited to adolescence, the number of subjects was large, and the subjects in both groups were living in the same area; thus, confounding factors seemed to be small in our study.

The reasons for the high incidence of H. pylori infection in adolescents with developmental disorders are unknown. Kitchens et al. reported that maladaptive behaviors exhibited by individuals who have intellectual disabilities and developmental disabilities can be considered as risk factors for H. pylori infection (11). Maladaptive behaviors exhibited by individuals who have developmental disorders can be considered as risk factors for H. pylori infection because H. pylori has been cultivated from vomitus, saliva, and feces (16).

Morad et al. concluded that residential living with shared living quarters and eating in the same utensils contributed to the risk factors for H. pylori infection in people with intellectual disabilities and developmental disabilities (17). Lambert et al. determined that the most important factor for H. pylori infection was the duration of institutionalization (18). In Japan, schools for children with disabilities often have dormitories that house students with developmental disorders. Group life may have an effect on increasing the infection rate of H. pylori, regardless of the presence of developmental disorders. Unfortunately, this study could not investigate whether they had lived in groups.

Karachallou et al. reported that H. pylori infection in early life may be an important risk factor for poor neurodevelopment (18). Several epidemiological studies reported that H. pylori-infected family members are the risk factor for pediatric infection with H. pylori (19, 20). Osaki et al. reported that mother-to-child transmission of H. pylori was demonstrated in 80% of patients while assessing the genomic profiles of H. pylori isolates from family members by multi-locus sequence typing (21).

Our study demonstrates higher rates of H. pylori infection among adolescents with developmental disorders. However, we should be cautious in discussing causative associations between developmental disorders and H. pylori infection. In Japan, the incidence of H. pylori infection declines with each generation (22), and this is true even among the young generation (12). On the other hand, developmental disorders have been increasing annually in Japan (23). These two facts are contradictory and may be grounds for denying the association between H. pylori infection and developmental disorders.

There are several limitations to the present study. First, the control group could have included students with developmental disorders, as we did not have any ways to check their medical or medication history in the control group. Second, background factors, such as life history, that could be risk factors for H. pylori infection could not be compared between the two groups. Similarly, we were not able to compare the number of family members the number of people living together in the institutions, and economic status between the two groups. Third, the criterion chosen for screening of H. pylori infection was a urinary antibody test (which is not a gold standard test). There is an established screening program for kidney diseases in Japan (including Saga Prefecture) targeting third-grade students in junior high schools. Given the full inclusivity of students during this test through simple urine examination, we used the established system to obtain urine samples to screen for H. pylori infection. Only students positive for H. pylori urinary antibody test underwent a secondary test, fecal H. pylori antigen test. There was a possibility that false negatives were included as some students defined as negative for H. pylori infection.

In conclusion, H. pylori infection rates were found to be significantly higher in adolescents with developmental disorders than in typically developing adolescents in Japanese. Future Basic and clinical studies are needed to elucidate the direct relationship between H. pylori infection and developmental disorders.
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H.pyloritest  Developmental  Control group Total
disorder group

Positive 13 228 241
(7.03%) (8:24%)

Negative 172 6815 6,987
(92.97%) (96.76%)

total 185 7,043 7,228

Parameter

Sensitivity P(Positive|D) 7.08%

Specificity P(Negative|Control) 96.76%

PPV P(D|Positive) 5.39%

NPV P(Control[Negative) 97.54%

LR+ Sensitiity/(1-Specificity) 247

Odds ratio 226

95%C (1.27-4.08)
Chi-squared test P =0005

Positive included urine (+) and stool (+) test patients. Negative included urine (- test
patients (See Figure ).

PPV, Positive predictive value.

NPV, Negative predictive value.

LR+, Likelihood ratio of a positive result.
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