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Abstract
Background: Enterobius vermicularis (pinworm) is a common parasitic intestinal infection in children. A gradual decrease
in prevalence of pinworm infection has been noted in resource-rich settings, such as Taiwan. However, the influence of
socio-demographic factors on the temporal trend in pinworm infection rates in children under the current pinworm
infection prevention policy in Taiwan is not well characterized. This study aimed to evaluate the trend of pinworm
infection prevalence and the associated socio-demographic risk factors among children in Hualien County, Taiwan.

Methodology: This retrospective longitudinal study included school-aged children in Hualien during 2009–2018. Children
were screened for pinworm infection using adhesive cellophane perianal swabs while they were in grades 1 and 4 in
school. The factors associated with pinworm infection were analyzed. Trend analysis of pinworm infection rate strati�ed
by sex and residential setting (urban, suburban, and rural) were also performed.

Results: A total of 90,730 school-aged children from grades 1 and 4 during 2009–2018 were included. Young age and
male sex were risk factors for pinworm infection (P < 0.001). Negative correlation between body mass index (BMI) and
enterobiasis was observed and decreased pinworm infection was noted during the study reference period. Children in
suburban and rural areas had higher odds ratio for pinworm infection than those in urban areas (suburban: 1.45; rural:
5.27; P < 0.001 for both). Trend analysis revealed a signi�cant decrease in the overall pinworm prevalence rate during
2009–2018 (P for trend: <0.001). However, there was no obvious change of pinworm infection rate in rural areas during
this period (P = 0.953), and it was higher than that in urban and suburban areas.

Conclusions: Risk factors for pinworm infection included young age, male, and BMI. High pinworm infection among
school-age children in rural areas of Hualien is still an important issue.

Background
Enterobius vermicularis, also known as pinworm, is a common intestinal parasitic infection worldwide despite advances
in medicine. Pinworm infection is transmitted by the fecal-oral route. When an infected person scratches the perianal area,
it leads to contamination of the hand and clothing with pinworm eggs. Contact with materials or food contaminated with
pinworm eggs is one of the main modes of infection. Therefore, pinworm infection easily spreads in crowded settings
such as home and school. Pinworm infection is particularly common in children, especially preschool and school-age
children [1]. Previous studies have identi�ed poor hand hygiene, lower socioeconomic status, and crowded environment
as risk factors for pinworm infection [2–4]. Almost half of all individuals with pinworm infection are asymptomatic or
show minimal symptoms. Perianal itching, especially at night, is a common symptom, which not only impairs the sleep
quality, but also increases the risk of skin infection due to frequent scratching. Patients with pinworm infection may also
have gastrointestinal symptoms such as chronic abdominal pain, poor appetite, or even malnutrition [5].

The reported prevalence of pinworm infection across the world ranges between 0.21% and 54.86% [3, 4, 6–9]. Taiwan is
located in tropical and subtropical areas. Pinworm infection was an important public health issue in Taiwan. The
Taiwanese government made concerted preventive efforts to control pinworm infection by screening of school-aged
children with adhesive cellophane perianal swabs. Infected children and their family members were treated with
mebendazole [10]. The prevalence of pinworm in Taiwan showed a signi�cant decline from 19.9% in 1986 to 2.5% in
2001 [10]. After 2001, the responsibility for pinworm prevention was assigned to the individual county/city governments
[10]. According to a population-based study conducted between 2006 and 2007, Taipei (0.9%) and Kaohsiung City (1.8%),
the two largest cities in Taiwan, had a considerably lower prevalence of pinworm infection among school children than
the average prevalence in the Taiwan Province (2.4%) [10]. In 2008, a low prevalence of pinworm infection, approximately
0.62%, was still noted in Taipei, the capital of Taiwan [11]. However, at that time, the prevalence of pinworm infection was
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approximately 4.2% in Hualien, which has the largest aboriginal population (25% of all residents) and the second least
urbanized county with 13 districts in the east of Taiwan [10].

A gradual decrease in the prevalence of pinworm infection has been noted in many resource-rich regions, and this
phenomenon was also noted in previous time-trend analysis studies conducted in Taiwan [1]. However, the pinworm
infection was still found to be an important public health issue in some areas of resource-rich regions, regardless of the
decreasing prevalence rates. In our previous study in Hualien, pinworm infection was still an important issue among
school-aged children in 2010 [2]. A growing body of evidence has demonstrated a signi�cant correlation between socio-
demographic factors and enterobiasis [12–15]. However, the in�uence of socio-demographic factors on pinworm
infection in children residing in the same area on long-term follow-up under the current policy of pinworm prevention in
Taiwan is not well characterized. To the best of our knowledge, this is the �rst study based on the annual health
examination database of school-aged children in Hualien to evaluate the trend of pinworm infection prevalence and to
identify the different socio-demographic risk factors for pinworm infection among children in Hualien, Taiwan.

Methods

Subjects
Data for this retrospective study were collected from the health examination of school-aged children from 2009 to 2018 in
Hualien, Taiwan. The health examination was conducted annually for students in grades 1 and 4, and the pinworm survey
was included in the health examination. Written informed consent for participation in health examinations was obtained
from the parents and guardians of all students. This study was reviewed and approved by the Hualien County
Government Education Bureau and the Protection of Human Subjects Institutional Review Board of Tzu Chi University
and Hospital (REC No.: IRB110-025-B) [16].

Measurements and parasitological survey
Pinworm eggs are easier to be detected in the affected patients than pinworms. In Taiwan, adhesive cellophane perianal
swabs have been used to detect pinworm eggs on the anal folds [3, 10]. The perianal swabs were used on two
consecutive mornings, and the students were asked to bring the perianal swabs immediately after completing the
examination. Microscopic examination was performed by experienced medical technologists, and pinworm infection was
de�ned as the detection of pinworm eggs on microscopy [2].

Anthropometric measurements including weight and height were measured by school nurses prior to the dates of the
physical examination. Body mass index (BMI) was calculated and students were classi�ed into underweight, normal
weight, overweight, and obese groups according to the age-sex-speci�c BMI cutoff levels in the new growth charts for
Taiwanese children and adolescents, based on the standards of the World Health Organization, and health-related
physical �tness related to health, developed by the Department of Health of Taiwan in 2010 [2, 16]. Demographic data in
the health examination records included age, sex, and residential setting. Residential setting was categorized into three
groups: urban, suburban, and rural, according to the population density, educational level, percentage of elderly
population, percentage of the agricultural population, and the medical resources [17]. Among the 13 districts of Hualien,
the urban areas included Hualien City, Xincheng, Jian, and the suburban areas included Shoufeng, Fenglin, Yuli, Guangfu,
Fengbin, Ruisui, and Fuli. Rural areas included Xiulin, Wanrong, and Zhuoxi.

Statistical analysis
Descriptive statistics for sex, different BMI groups, urbanization, time periods, and pinworm infection rate are presented
as frequencies or proportions. The age of students included in this study is presented as mean ± standard deviation. The
Chi-squared test was used to evaluate the association of categorical variables with sex. A logistic regression model was
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used to evaluate the risk factors association with pinworm infection, including age, sex, BMI group, years of data
collected, and urbanization status. The results are reported as odds ratio (OR) and 95% con�dence interval (95% CI).
Subjects were strati�ed by sex and urbanization to assess the trend of pinworm rate among the speci�c groups. P for
trend was evaluated via the Cochran–Armitage test. Figures showing the prevalence rates of pinworm infection in
different districts of Hualien were generated using R (version 3.6.3). P values < 0.05 were considered indicative of
statistical signi�cance. All statistical analyses were performed using Social Science statistical package version 17.0
(SPSS Inc., Chicago, IL, USA).

Results
This study was based on the annual health examination records of school-aged children between 2009 and 2018. We
analyzed the prevalence, trend, and associated risk factors of E. vermicularis infection.

Demographic information pertaining to the 56197 school-aged children (grades 1 and 4) who underwent examinations
during 2009–2018 is presented in Table 1, disaggregated by sex. Males accounted for 52.3% of all subjects. The average
age of boys and girls was 8.23 ± 1.53 years and 8.27 ± 1.53 years, respectively. Most of the enrolled subjects resided in
urban areas (males: 68.2%, females: 68.1%). There was no signi�cant difference between urbanization status, age, and
subjects in different time periods during the study period. However, there were differences between BMI groups and
pinworm infection rates between males and females. Overweight and obese subjects were signi�cantly more
predominant among males than females (P < 0.001). The overall prevalence of pinworm infection was 4.4%
(2497/56197), and male subjects had higher pinworm infection rate than female subjects (4.9% vs. 3.9%, P < 0.001).
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Table 1
Demographics (n = 56197)

Characteristics Boys (n = 29388) Girls(n = 26809) P-value

Age (yrs) 8.23 ± 1.53 8.27 ± 1.53 0.011*

Grade, n (%)     0.010*

1 13919(47.4%) 12405(46.3%)  

4 15469(52.6%) 14404(53.7%)  

BMI group, n (%)     < 0.001*

Underweight 6191(21.1%) 6210(23.2%)  

Normal 16617(56.5%) 15474(57.7%)  

Overweight 3342(11.4%) 2748(10.3%)  

Obese 3238(11.0%) 2377(8.9%)  

Urbanization, n (%)     0.372

Urban 20035(68.2%) 18261(68.1%)  

Suburban 6706(22.8%) 6209(23.2%)  

Rural 2647(9.0%) 2339(8.7%)  

Period, n (%)     0.436

2009 3673(12.5%) 3373(12.6%)  

2010 3535(12.0%) 3206(12.0%)  

2011 3077(10.5%) 2955(11.0%)  

2012 3133(10.7%) 2708(10.1%)  

2013 2827(9.6%) 2592(9.7%)  

2014 2793(9.5%) 2592(9.7%)  

2015 2487(8.5%) 2250(8.4%)  

2016 2580(8.8%) 2339(8.7%)  

2017 2562(8.7%) 2334(8.7%)  

2018 2721(9.3%) 2460(9.2%)  

Pinworm, n (%) 1450(4.9%) 1047(3.9%) < 0.001*

Data are presented as n or mean ± standard deviation.

*P-value < 0.05 was considered statistically signi�cant after test

The results of multiple logistic regression analysis to identify the socio-demographic factors associated with pinworm
infection are presented in Table 2. Young age and male sex were associated with signi�cantly higher pinworm infection
rates (P < 0.001 for both). Interestingly, a negative correlation between BMI and enterobiasis was observed in the study.
Students in obese (0.36) and overweight (0.52) groups had signi�cantly lower OR for enterobiasis as compared to
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subjects with normal BMI (P < 0.001 for both). Students in the underweight group showed a trend of higher OR (1.07) for
pinworm infection compared with children in the normal BMI group; however, the between-group difference was not
statistically signi�cant (P = 0.179). During the study reference period (2009–2018), decreased pinworm infection rate was
noted especially after 2013 (P < 0.05 from 2012 to 2018). According to residential setting, suburban and rural areas had
higher OR for pinworm infection than urban areas (suburban: 1.45, rural: 5.27; P < 0.001 for both), and rural areas had a
higher pinworm infection rate by a factor of approximately six compared to urban areas.
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Table 2
Factors associated with pinworm. (n = 56197)

  Crude Adjusted

Odds Ratio (95% CI) P-value Odds Ratio (95% CI) P-value

Age 0.85 (0.83,0.88) < 0.001* 0.86 (0.84, 0.88) < 0.001*

Gender - - - -

Male 1.28 (1.18,1.39) < 0.001* 1.29 (1.19, 1.40) < 0.001*

Female References NA References NA

BMI Group - - - -

Normal References NA References NA

Underweight 0.91 (0.82,0.99) 0.043* 1.07 (0.97, 1.18) 0.179

Overweight 0.50 (0.43,0.59) < 0.001* 0.52 (0.44, 0.61) < 0.001*

Obese 0.35 (0.28,0.43) < 0.001* 0.36 (0.29, 0.44) < 0.001*

Year - - - -

2009 References NA References NA

2010 0.96 (0.83,1.12) 0.634 0.96 (0.82, 1.12) 0.608

2011 0.92 (0.79,1.08) 0.320 0.91 (0.78, 1.07) 0.258

2012 0.90 (0.77,1.06) 0.197 0.87 (0.74, 1.02) 0.091

2013 0.85 (0.72,1.00) 0.052 0.82 (0.70, 0.98) 0.024*

2014 0.60 (0.50,0.72) < 0.001* 0.59 (0.49, 0.71) < 0.001*

2015 0.68 (0.56,0.82) < 0.001* 0.66 (0.55, 0.80) < 0.001*

2016 0.77 (0.64,0.92) 0.003* 0.76 (0.63, 0.90) 0.002*

2017 0.84 (0.71,0.99) 0.049* 0.83 (0.70, 0.99) 0.036*

2018 0.80 (0.67,0.95) 0.010* 0.77 (0.65, 0.92) 0.004*

Urbanization - - - -

Urban References NA References NA

Suburban 1.42 (1.29,1.58) < 0.001* 1.45 (1.31, 1.61) < 0.001*

Rural 4.99 (4.52,5.50) < 0.001* 5.27 (4.77, 5.83) < 0.001*

Data are presented as Odds ratio (95% CI)

*P-value < 0.05 was considered statistically signi�cant after test

Table 3 shows the trend analysis of prevalence of pinworm infection from 2009 to 2018. Overall pinworm rate showed a
signi�cant decrease (P < 0.001 for trend). To further clarify the in�uence of socio-demographic characteristics on the
pinworm infection, trend analysis was strati�ed by sex and urbanization. After adjusting for sex, both male and female
students showed a decreased trend of pinworm rate (P < 0.05 for both). Urban and suburban areas reported signi�cant
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decrease from 2009 to 2018 (P < 0.05 for both). However, there was no obvious change of pinworm infection rate in rural
areas over 10 years (P = 0.953), and the rate was higher than that in urban and suburban areas.

 
Table 3

Trend analysis of pinworm rate strati�ed by gender and urbanization.
Group Total Pinworm rate (%)

    2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 P-
value
for
trend

Overall 56197 5.2 5.0 4.8 4.7 4.5 3.2 3.6 4.1 4.4 4.2 < 
0.001*

Gender                        

Male 29388 5.7 5.7 4.9 5.2 5.2 3.6 3.9 4.8 4.8 4.9 0.004*

Female 26809 4.7 4.4 4.7 4.2 3.6 2.8 3.2 3.2 4.0 3.5 < 
0.001*

Urbanization                        

Urban 38296 4.2 3.4 3.6 3.6 2.7 2.3 2.1 2.8 3.4 3.4 0.001*

Suburban 12915 5.5 6.3 4.6 4.0 5.2 3.2 3.8 3.5 3.7 3.2 < 
0.001*

Rural 4986 12.7 14.6 15.2 14.3 15.8 10.7 14.6 15.5 14.7 12.8 0.953

Figure 1 shows the prevalence of pinworm infection in different districts of Hualien. Hualien is located between tropical
and subtropical zones. Pinworm infection rates were low in urban and suburban areas of Hualien including Hualien City,
Fenglin, Guangfu, and Yuli. Rural areas of Hualien included Xiulin, Wanrong, and Zhuoxi are near the mountains and at
the junction of tropical and subtropical zones. Both sexes and students of grades 1 and 4 had a high pinworm infection
rate in rural areas.

Discussion
The main �ndings of our longitudinal localization-based school children’s pinworm cohort with prevalence and time-trend
analysis are summarized as follows. The prevalence of pinworm infection showed a signi�cant declining trend during the
study reference period, both in males and females. Students residing in urban areas showed a signi�cantly lower risk of
enterobiasis. Interestingly, the trend of enterobiasis in urban and suburban areas decreased signi�cantly from 2009 to
2018. However, there was no obvious trend of change in the rate of pinworm infection in rural areas. The occurrence of
pinworm infection was higher in the younger age group in both males and females, but boys had a higher enterobiasis
rate compared to girls. There was a negative correlation between BMI and pinworm infection throughout the study.

This study revealed that the overall pinworm infection among school-age children gradually decreased in Hualien from
2009 to 2018. Although the preventive strategy for pinworm infection had some variations between each local
government in Taiwan after 2001, similar reducing trends of pinworm infection were observed in other areas of Taiwan
[10]. However, a high prevalence of enterobiasis was still observed without a decreasing trend in the rural area of Hualien.
In line with previous study in Germany, locally clustered enterobiasis is still a vital issue in some resource-rich countries
[5].
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The non-obvious decline in the trend of pinworm infection rate in the suburban and rural areas of Hualien was an
important �nding of this study. There is no clear consensus on the association between urbanization and the prevalence
of pinworm infection. In a study conducted in the Republic of Marshall Island, the prevalence of pinworm infection in
urban areas was found to be higher than that in rural areas [8]. Another study in Taiwan found that schoolchildren in rural
areas are less likely to have pinworm infection than those residing in urban areas [1]. On the other hand, studies
conducted in China found that children in rural areas were at a higher risk of pinworm infection than those residing in
urban areas [12, 18, 19]. The reasons for the non-signi�cant decrease in the trend of pinworm infection in remote areas of
Hualien are likely to be multifactorial. Many studies have highlighted the association between socioeconomic status and
pinworm infection [1, 3]. In the present study, the urbanization category was based on population density, educational
level, percentage of the elderly population, industrialization, percentage of the agricultural population, and medical
resources. Hualien, the largest county in Taiwan by area, includes 13 districts with considerable differences in
urbanization levels. The rural areas in our study, including Xiulin, Wanrong, and Zhuoxi, have a relatively low
socioeconomic status, such as low educational level, low industrialization, and low family income. Furthermore, in
Taiwan, there are signi�cant urban-rural disparities with respect to availability of health care and medical resources are
located mainly in the urban areas of Hualien. The above socioeconomic factors may be responsible for the persistently
high prevalence of pinworm infection among school-age children in the remote areas of Hualien.

Another reason for the persistent high prevalence of enterobiasis in the rural areas of Hualien was the proportion of young
children in the population of the districts. Pinworm infection has been shown to be more common in young children aged
4 to 11 years [5, 20, 21]. Children under the age of two or those over the age of 14 and adults are less affected by pinworm
infection [5, 22]. Young children tend to play on the �oor, and show frequent nail biting or �nger sucking behaviors and
poor hand-washing compliance before meals; the above factors are known risk factors for pinworm infection [1, 4, 5, 8,
20]. According to the demographic data from the Hualien Civil Affairs Department, the three districts with the lowest
population density were compatible with the rural areas in our study [23]. Despite the low population density, a higher
percentage of children aged < 14 years in rural areas than in urban/suburban areas was a characteristic of Hualien
according to the demographic data from the Hualien Civil Affairs Department [24], which may explain the high rate of
enterobiasis in remote areas of Hualien.

Additionally, a previous study also revealed that small-size schools in remote areas is a potential risk factor for a higher
rate of enterobiasis [10]. In a large-scale survey of schoolchildren in Taiwan, smaller schools (< 100 children) showed
higher positivity rates of pinworm infection than larger schools (> 100 children). The authors concluded that children of
different ages frequently use the same classroom due to the limited educational resources in these regions, which
facilitates the transmission of pinworm due to the crowded environment [10]. According to the data of the Taiwan
Ministry of Education, most schools in the rural areas of Hualien areas are small schools, which corresponded to the
areas with the highest prevalence of pinworm infection. This �nding was consistent with the �ndings of previous large-
scale surveys [10]. In brief, the multiple reasons may explain the persistently high prevalence of pinworm infection in rural
areas, including high percentage of young children and small schools.

Appropriate policy intervention for prevention of pinworm infection is important. Screening and eradication with
mebendazole are the main policy interventions for pinworm infection in Taiwan, which led to a prominent declining trend
of pinworm infection in recent decades. After 2001, the work of pinworm prevention was carried out by the individual
county/city governments. The policy for pinworm infection was individualized by the local government according to the
local prevalence rates. The main difference in the policy for pinworm infection in Taiwan is with respect to the groups
targeted for screening. According to the 2007 report of the Taiwan Centers for Disease Control, some counties, such as
Kaohsiung City, screened all elementary school students, and some counties, such as Taipei, screened students in grades
1 and 4 [25]. Due to the relatively low prevalence of pinworm infections in Taiwan, the screening groups among
Taiwanese schoolchildren in recent years were mainly those in grades 1 and 4. However, this policy does not seem to be
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adequate to decrease the prevalence of pinworm infection in remote areas of Hualien. Therefore, it might be necessary to
adjust the screening group policy in the hot pinworm zone.

In this study, we identi�ed other risk factors for enterobiasis in children, including sex, age, and BMI. Sex-based
differences in pinworm infection have been widely reported, and in our study, boys showed a signi�cantly higher infection
rate than girls. However, a previous study in Taiwan found no signi�cant sex-based difference in pinworm infection [3].
Most other studies have revealed higher infection rates in males [2, 4, 7, 14, 26]. The exception was a study conducted in
Thailand, which found a higher risk of pinworm infection in girls compared to boys [20]. This phenomenon may be
attributable to the fact that the boys have comparatively poor personal hygiene and indulge in more intimate contact
activities with other children [4, 10, 26].

Our study also found a higher prevalence of enterobiasis in the younger age group in both males and females. This
�nding was consistent with previous studies that showed a higher risk of pinworm infection in preschool children
compared to that in school-age children, toddlers, and infants [3, 4, 8]. Although our study dataset did not include data on
pinworm infection in toddlers and preschool children, older school-age children in our study had a lower pinworm
infection rate than younger subjects. This phenomenon may be associated with improved personal hygiene in older
children [3]. Besides, the children in grade 4 with no pinworm infection may have a history of previous eradication of
pinworm when they were in grade 1. However, there was no related data in this study to prove this hypothesis. Another
potential reason may be related to the current screening method for pinworm infection in Taiwan, which entails the use of
adhesive cellophane perianal swab for two consecutive days. Usually, this procedure is assisted by parents. Older children
may be embarrassed to ask their parents for help and are likely to complete the procedure themselves. Therefore, the poor
quality of perianal swabs may have introduced an element of bias in the detection of pinworm infection.

The negative correlation between BMI and pinworm infection was another interesting �nding of this study. Underweight
subjects in this study showed a trend for higher OR for enterobiasis infection compared to children in the normal BMI
group, but without statistical signi�cance. Malnutrition is associated with intestinal parasitic infection. Furthermore,
childhood developmental disorder and growth showed an association with pinworm infection [5, 27, 28]. The above-
mentioned reasons may explain the higher risk of enterobiasis among underweight students in our study. Instead,
students in the overweight/obese BMI group had a signi�cantly lower OR for enterobiasis compared to subjects with
normal BMI. Similar �ndings have been reported in another study [29]. The potential reasons for the causality or
association between high BMI and low pinworm infection rate are still uncertain. A previous study revealed that children
with high BMI are more likely to spend more time on watching television and show decreased physical activity [30], and
the lifestyle of children with high BMI may decrease the risk of contact with people or the environment contaminated by
pinworms. However, further study is required to clarify this hypothesis about the association between high BMI and low
pinworm infection rate.

Some limitations of our study should be acknowledged. First, enterobiasis is well-known to be a multifactorial disease.
Data pertaining to many other socio-demographic risk factors, such as the parental education levels, family income and
living conditions, number of siblings, personal hygiene, long �ngernails, and habitual frequent sucking of �ngers, were not
collected, leading to potential confounding in the �nal analysis [4, 8, 31]. Second, the data in this study were collected
from the annual health examination of students in grades 1 and 4. Therefore, there were no data of other students except
grades 1 and 4, and this may have introduced an element of selection bias. However, the large dataset used for this
analysis is a study strength. Further studies are required for in-depth characterization of the trend of prevalence of
pinworm infection in children in Hualien.

Conclusion
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Routine health examinations, including the pinworm survey, can detect enterobiasis in schoolchildren. Our study found
that pinworm infection among school-age children gradually decreased in Hualien from 2009 to 2018. Related risk factors
for pinworm infection included sex, BMI, age, and residential setting. High prevalence of pinworm infection was still
observed in the rural areas of Hualien. Our study may help inform policy-level and public health interventions for
prevention of enterobiasis in Taiwanese children.

Abbreviations
BMI
Body mass index

Declarations
Ethics approval and consent to participate

All experiments were performed in accordance with relevant guidelines and regulations. This study was reviewed and
approved by the Hualien County Government Education Bureau and the Protection of Human Subjects Institutional
Review Board of Tzu Chi University and Hospital (REC No.: IRB110-025-B). 

Consent for publication

Not applicable

Availability of data and materials

All data generated or analyzed during this study are included in this published article

Competing Interests

The authors declare that they have no competing interests

Funding

There was no funding in this study.

Author contributions

C-HC, Y-CC, R-HJ, S-YC, S-HS, J-SC, and M-CC contributed to data collection. Y-CH, J-HW and M-CC analyzed and
interpreted the patient data. Y-CH and M-CC were major contributors in writing the manuscript. All authors read and
approved the �nal manuscript.

Acknowledgments

We wish to thank the staff of the Department of Medical Affairs for organizing the school children’s health examinations
and all members of the Department of Pediatrics and Family Medicine in Hualien Tzu Chi Hospital, Buddhist Tzu Chi
Medical Foundation for their devotion and work. We also want to thank the staff of the Ministry of Education for their
assistance.

Authors information (optional)

References



Page 12/13

1. Sung JF, Lin RS, Huang KC, Wang SY, Lu YJ. Pinworm control and risk factors of pinworm infection among primary-
school children in Taiwan. Am J Trop Med Hyg. 2001;65:558–562.

2. Chu CH, Wang JH, Jan RH, Huang CH, Cheng CF. Association between health examination items and body mass
index among school children in Hualien, Taiwan. BMC Public Health. 2013;13:975.

3. Chen KY, Yen CM, Hwang KP, Wang LC. Enterobius vermicularis infection and its risk factors among pre-school
children in Taipei, Taiwan. J Microbiol Immunol Infect. 2018;51:559–564.

4. Laoraksawong P, Pansuwan P, Krongchon S, Pongpanitanont P, Janwan P. Prevalence of Enterobius vermicularis
infections and associated risk factors among schoolchildren in Nakhon Si Thammarat, Thailand. Trop Med Health.
2020;48:83.

5. Wendt S, Trawinski H, Schubert S, Rodloff AC, Mössner J, Lübbert C. The diagnosis and treatment of pinworm
infection. Dtsch Arztebl Int. 2019;116:213–219.

�. Chang TK, Liao CW, Huang YC, Chang CC, Chou CM, Tsay HC, et al. Prevalence of Enterobius vermicularis infection
among preschool children in kindergartens of Taipei City, Taiwan in 2008. Korean J Parasitol. 2009;47:185–187.

7. Dudlová A, Juriš P, Jarčuška P, Vasilková Z, Vargová V, Sumková M, et al. The incidence of pinworm (Enterobius
vermicularis) in pre-school and school aged children in the Eastern Slovakia. Helminthologia. 2018;55:275–280.

�. Fan CK, Chuang TW, Huang YC, Yin AW, Chou CM, Hsu YT, et al. Enterobius vermicularis infection: prevalence and risk
factors among preschool children in kindergarten in the capital area, Republic of the Marshall Islands. BMC Infect
Dis. 2019;19:536.

9. Karimazar M, Rezaeian S, Ebrahimipour M, Ranjbarpour A, Madanipour H, Javan S, et al. Prevalence and time-trend
analysis of intestinal parasitic infections in north-central Iran, 2012–2016. Trop Biomed. 2019;36:103–113.

10. Wang LC, Hwang KP, Chen ER. Enterobius vermicularis infection in schoolchildren: a large-scale survey 6 years after a
population-based control. Epidemiol Infect. 2010;138:28–36.

11. Jang M, Hsu H, Lo H, Hsu C, Chen R, Chiu A. Prevalence of Enterobius vermicularis infection among children
attending preschools in Taipei City. Taipei City Med J. 2007;4:565–572.

12. Chen YD, Wang JJ, Zhu HH, Zhu TJ, Zang W, Qian MB, et al. Enterobius vermicularis infection status among children
in 9 provinces/autonomous regions/municipalities of China. Zhongguo ji sheng chong xue yu ji sheng chong bing za
zhi = Chinese J Parasitol Parasitic Dis. 2013;31:251–255.

13. Jiang CG, Li SM. Investigation of pinworm infection among kindergarten children in Jurong City, Jiangsu Province.
Zhongguo Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za Zhi. 2013;31:355–356.

14. Kim DH, Cho MK, Park MK, Kang SA, Kim BY, Park SK, et al. Environmental factors related to enterobiasis in a
southeast region of Korea. Korean J Parasitol. 2013;51:139–142.

15. Neghina R, Dumitrascu V, Neghina AM, Vlad DC, Petrica L, Vermesan D, et al. Epidemiology of ascariasis, enterobiasis
and giardiasis in a Romanian western county (Timis), 1993–2006. Acta Trop. 2013;125:98–101.

1�. Chen MC, Wang JH, Chen JS, Chang YC, Jan RH, Yang SH, et al. Socio-demographic factors affect the prevalence of
hematuria and proteinuria among school children in Hualien, Taiwan: a longitudinal localization-based cohort study.
Front Pediat. 2020;8:824.

17. Liu CY, Hung YT, Chuang YL, Chen YJ, Weng WS, Liu JS, et al. Incorporating development strati�cation of Taiwan
townships into sampling design of large scale health interview survey. J Health Manag. 2006;4:1–22.

1�. Zhao LP, An R, Shi XL, Wang L, Li YK. Investigation on pinworm infection and relative factors on prevalence among
urban and rural preschool children in Xianyang City. Zhongguo Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za Zhi.
2013;31:262–263.

19. Cui JH, Wang C, Xu Y, Man N, Cui Y, Yang X, et al. Survey on pinworm infection and egg contamination among urban,
suburban and rural pupils in Shangqiu City. Zhongguo Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za Zhi.



Page 13/13

2012;30:491–492.

20. Taylor A, Saichua P, Rhongbutsri P, Tiengtip R, Kitvatanachai S, Taylor WRJ. A preliminary epidemiological study of
pinworm infection in Thaklong Municipal Early Childhood Development Center and Rangsit Babiesʼ Home, Pathum
Thani, Thailand. BMC Res Notes. 2018;11:603.

21. Chao PC, Chien WC, Chung CH, Chu CW, Yeh CB, Chang HA, et al. Pinworm infections associated with risk of
psychiatric disorders–a nationwide cohort study in Taiwan: pinworm infections and psychiatric disorders. Compr
Psychiatry. 2019;93:14–19.

22. Friesen J, Bergmann C, Neuber R, Fuhrmann J, Wenzel T, Durst A, et al. Detection of Enterobius vermicularis in greater
Berlin, 2007–2017: seasonality and increased frequency of detection. Eur J Clin Microbiol Infect Dis. 2019;38:719–
723.

23. Hualien Civil Affairs Department. Density of population in Hualien [Internet]. Hualien2022. Available from:
https://ca.hl.gov.tw/Upload/202204061104116083161.pdf.

24. Hualien Civil Affairs Department. Demographic data of Hualien [Internet]. 2022 [cited 2022 May 3]. Available from:
https://ca.hl.gov.tw/Upload/202204011810374116771.XLSX.

25. Liu JL, Chen YX, Huang ZM, Chen CX. Current status of national enteric parasite control especially for Enterobius
vermicularis in Taiwan (in Chinese). Taiwan Epidemiol Bulletin. 2007;23:645–661.

2�. Park JH, Han ET, Kim WH, Shin EH, Guk SM, Kim JL, et al. A survey of Enterobius vermicularis infection among
children on western and southern coastal islands of the Republic of Korea. Korean J Parasitol. 2005;43:129–134.

27. Zhao Y, Zhang H, Chang Y, Xun M, Wu X. The relationship between the infection of pinworn and personal-social
factors and its in�uence on the childrenʼs growth. Chin J Parasit Dis Con. 2001;14:268–271.

2�. Guan M, Han B. Association between intestinal worm infection and malnutrition among rural children aged 9–11
years old in Guizhou Province, China. BMC Public Health. 2019;19:1–11.

29. Shakoor MA, Khan IA, Ahmed H, Safdar M, Ahmed Z, Afreen A. Prevalence of worm infection in relation to body mass
index in children of 5–10 yrs of age in Tehsil Narowal, Pakistan. 2018;6:7–13.

30. Chou YC, Pei JS. Risk Factors of adolescent obesity in Taiwan and its association with physical activity, blood
pressure and waist circumference. Asian J Sports Med. 2010;1:214–222.

31. Reinhard KJ, Camacho M. Pinworm Infection at Salmon ruins and Aztec ruins: relation to Pueblo III regional violence.
Korean J Parasitol. 2019;57:627–633.

Figures

Figure 1

Prevalence of pinworm infection of different districts in Hualien
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