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ABSTRACT

Soil-transmitted helminths remain major neglected tropical infections affecting approximately 24% of the global
population, particularly in areas with poor sanitation and hygiene. Chronic infection may contribute to malnutrition
and stunting in children. This study aimed to analyze the spatial distribution of soil-transmitted helminth infections
and hygiene risk among stunted toddlers in Kaliwates District. A cross-sectional study was conducted from August
2023 to May 2024 involving 103 stunted toddlers. Stool samples were examined using sedimentation and flotation
methods, and hygiene data were collected through caregiver interviews. Fisher’s exact test and Moran’s Index
were applied. The infection prevalence was 8.7%, predominantly hookworm. No significant association was found
between hygiene factors and infection (p>0.05). Spatial analysis indicated a random distribution pattern. These
findings suggest that deworming programs and hygiene promotion should be maintained, and spatial mapping may
support targeted interventions.
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INTRODUCTION

Soil-transmitted helminth (STH) infections remain prevalent worldwide, particularly in tropical
regions, with the highest prevalence seen in children and young children. Research conducted in Uganda
showed that the prevalence of STH infection in children aged 5 years was significantly higher than in
children aged 1 year (p=0.009). Soil-transmitted helminth infections are caused by nematodes transmitted
through soil as a medium. Soil-transmitted helminth species include two hookworm species (Necator
americanus and Ancylostoma duodenale), Ascaris lumbricoides, and Trichuris trichiura'. Globally, it is
estimated that 1.5 billion people are infected, accounting for approximately 24% of the world
population?3. In Indonesia, the prevalence of STH infection ranges from 20% to 86%, with an average
of 30% 3. A survey conducted in East Java Province from 2008-2010 reported an STH infection
prevalence of 7.95%*. Previous studies in various areas of Jember on STH prevalence among children
found a prevalence of 5.79% in Jelbuk District®. According to Noviasari (2023) and Alfiani (2023), in
Jelbuk District, the prevalence of STH infection among children in Sukojember Village was 2.9%, while
in Sukowiryo Village, it was 5.4%°’. The high prevalence of STH in children can affect their health and
growth?®,

Several factors increase susceptibility to soil-transmitted helminth infection, including
malnutrition. Malnutrition weakens the immune system and reduces essential nutrient availability,
making young children more vulnerable to infections®. Conversely, soil-transmitted helminth infection
can worsen nutritional status by reducing food intake, impairing nutrient absorption, and causing nutrient
loss'?. This bidirectional relationship contributes to chronic malnutrition, which is strongly associated
with stunting'!. Stunting reflects long-term nutritional deficiency and is defined as a height-for-age z-
score (HAZ) below —2 standard deviations'?. It typically develops from the prenatal period through the
first 24 months of life and represents a form of chronic growth failure!*!*. According to the 2022
Indonesian Nutrition Status Survey (SSGI), 21.6% of children under five in Indonesia were stunted. The
prevalence was 19.2% in East Java Province, with Jember Regency reporting the highest rate (34.9%),
including Kaliwates District'>. In August 2023, 814 stunted toddlers were recorded in Kaliwates
District!®.

In addition to stunting, poor hygiene in young children is an important contributing factor to
soil-transmitted helminth infection. A study in Deli Serdang reported a strong association between poor
hygiene and infection among elementary school students'”. Young children are particularly vulnerable
because they are not yet able to maintain personal hygiene independently'®. Since hygiene behaviors
and environmental exposure vary across locations, the risk of soil-transmitted helminth transmission
may also differ geographically. Therefore, spatial distribution analysis is needed to identify geographic
patterns of infection and hygiene risk, allowing better understanding of local transmission dynamics.
Spatial mapping can reveal areas with higher vulnerability and support more targeted public health
interventions.

Spatial analysis is widely used in epidemiology to examine geographic patterns of disease and
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identify areas with higher transmission risk'®. Because infectious disease occurrence is often influenced
by environmental and location-related factors, spatial approaches can help reveal local variation in
disease distribution?’. In this study, spatial analysis was applied to explore the geographic distribution
of soil-transmitted helminth infections in Kaliwates District and to support locally targeted prevention
strategies.

Kaliwates District is one of the sub-districts in Jember Regency with a high prevalence of
stunting. As of August 2023, the number of stunted children in Kaliwates was relatively high compared
to other sub-districts'®. However, information on the geographic distribution of soil-transmitted
helminth infections among stunted toddlers in this area remains limited, and spatial-based evidence
linking hygiene risk and infection has not been well documented at the sub-district level. Therefore, this
study aims to explore the spatial distribution of soil-transmitted helminth infections and hygiene risk
among stunted toddlers in Kaliwates District to provide locally relevant evidence for targeted control
strategies..

METHOD

This study is a descriptive and analytical observational study with a cross-sectional design. The
research was conducted from August 2023 to May 2024 in Kaliwates District, Jember Regency. The
study population consisted of stunted young children registered at community health posts (posyandu)
in Kaliwates District in August 2023, totaling 814 children. The sample size was 103 children, selected
using cluster sampling and calculated with the Lemeshow formula. Primary data included hygiene risk
factors, home coordinates of the children (using the Avenza app), and laboratory results identifying STH
eggs via sedimentation and flotation methods. A structured questionnaire on hygiene was created based
on previous research about handwashing habits before eating, nail cleanliness, use of footwear, playing
in the dirt, and defecation sites'”!8. The data on the coordinate points of the research subjects' homes were
used to identify the distribution of subjects infected with STH using Moran's index in the ArcGIS
application. Microscopic identification of STH eggs was carried out by two researchers based on WHO
guidelines (Bench aids for the diagnosis of intestinal parasites) and consulted with parasitologists at the
Parasitology Laboratory, Faculty of Medicine, University of Jember. Secondary data, consisting of
biodata of stunted children, was obtained from local health centers. Data analysis utilized univariate,
bivariate, and spatial analysis (Moran's index). The study received ethical approval by the Ethics
Committee of the Faculty of Medicine, Jember University with Ethical Approval Number
2837/UN25.1.10.2/KE/204.

RESULTS
1. Sociodemographic Characteristics of Respondents
The study included 103 respondents. Results indicated that there were 51 male children and 52 female
children. The sample of stunted children was aged between 12-59 months, with 54.4% of the children
being under 36 months or three years old. Most mothers were in the age group of 20-35 years, totaling

68 individuals. The education level of parents in Kaliwates District was relatively high; the majority
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of mothers were high school graduates (42 individuals), and fathers also mostly had high school
education (43 individuals). Based on a questionnaire filled out by 103 parents/guardians, the majority

had an income below the Jember minimum wage (57.3%).

Table 1. Sociodemographic Characteristics of Respondents

Characteristics Total (n) Presentage (%)

Gender

Male 51 49.5

Female 52 50.5
Toddler Age

12-35 months 56 54.4

36-59 months 47 45.6
Mother's Age

20-35 years 68 66

35 years 35 34
Mother's Education

Did not complete ES 2 1.9

Elementary school 9 8.7

Junior high school 21 204

Senior high school 42 40.8

Higher education 29 282

Father's Education

Did not complete ES 2 1.9

Elementary school 15 14.6

Junior high school 17 16.5

Senior high school 43 41.7

Higher education 26 252
Economic Level

> UMK (Rp 2.355.662,91) 44 427

< UMK (Rp 2.355.662,91) 59 573

Total 103 100

2. Soil-Transmitted Helminth Infections in Stunted Children in Kaliwates District

Table 2. Incidence Rates of Soil-Transmitted Helminth Infections per Village

] STH infection
Village %) ) Total(%)
Kaliwates 1(3.4) 20(69) 21(20)
Mangli 5(17.2) 24(82.8) 29(28)
Sempusari 1(3.4) 28(96.6) 29(28)
Tegal Besar 2(6.9) 22(75.9) 24(23)
Total 9(8.7) 94(91,3) 103(100)

Fecal samples were examined using sedimentation and flotation methods, then analyzed under a
microscope. The examination of the research subjects for soil-transmitted helminths (STH) revealed 9

positive STH samples. In Kaliwates Village and Sempusari Village, one infected child was found in each,
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while Mangli Village had five cases, and Tegal Besar Village reported two cases, as shown in Table 2. The
STH types identified included Hookworm and Ascaris lumbricoides. The prevalence of STH infection in
Kaliwates District was 8.7%. A detailed breakdown of the findings is presented in Table 3.

Table 3. Types of STH Found.

STH infection Total
n %
Ascaris lumbricoides 2 222
Hookworm 6 66.7
Mixed (Ascaris Ilumbricoides & 1 11.1
Hooworm)
Total 9 100

3. Risk Factors Of Hygiene in Soil-Transmitted Helminth Infections in Stunted Children in
Kaliwates District.

Table 4. Analysis and Quality of Hygiene

Hygiene Risk Ipfected Not' Infected Total - Odd
Factors with STH with STH (n) % value Ratio
n % n % Value
Level of hygiene
Good 7 77.8% 70 74.5% 77 748 1,000 1,200
Poor 2 222% 26  25.5% 26 252

Based on the results of the questionnaire, the majority of children had good hygiene, totaling 77
(74.8%) children, while only 26 children (25.2%) had poor personal hygiene practices. The results of
the bivariate analysis showed no significant relationship with the cases of STH infection. The results of
hygiene quality and hygiene analysis can be seen in Table 4.

Table 5. Results of Bivariate Analysis

Hygiene Risk Factors Infected STH  Not infected STH = p-value  Odds
n % n % Ratio
Value
Washing hands
No 3 333 28 29.8 1.000 1.179
Yes 6 66.7 66 70.2
Cutting nails
No 0 0.0% 12 12.8 0.594  0.000
Yes 9 100.0% 82 87.2
Wearing footwear
No 1 11.1% 22 234 0.680  0.409
Yes 8 88.9% 72 76.6
Playing in the soil
Yes 5 55.6% 69 73.4 0.221 0.453
No 4 44.4% 25 26.2
Defecating in the toilet
No 4 44.4% 34 36.2 0.438 1.412
Yes 5 55.5% 60 63.8

Risk factors for hygiene in soil-transmitted helminth infections include handwashing before
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meals, nail cleanliness, wearing footwear outside the home, playing in the dirt, and the availability of

latrines for defecation. The results of the bivariate analysis showed that all hygiene risk factors had a p-

value > 0.05, indicating no significant relationship. The results of the bivariate analysis of STH infection

and its association with hygiene risk factors in stunted children can be seen in Table 5.

4. Spatial Map
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Figure 1. Map of STH Infection and Hygiene Levels.

The map of the distribution of STH infection cases and risk factors was combined using the

overlay method. This way, the distribution of stunted children infected with STH and their hygiene

conditions can be observed in each village in Kaliwates District. The map shows that stunted children

infected with STH are present in all villages, but only two children with poor hygiene were found in

Mangli Village. The results of the overlay map of STH infection case distribution and the hygiene

distribution map can be seen in Figure 1.
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Figure 2. Results of Spatial Autocorrelation Analysis.
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Spatial analysis was conducted on stunted children infected with STH using the ArcGIS
application to obtain spatial autocorrelation results (Moran's Index). The result obtained is a Moran's
Index of -0.228732, indicating negative autocorrelation (-1 <1< 0). The z-score value is -0.632539, and

the p-value is 0.527035, showing a random or stochastic distribution pattern, as shown in Figure 2.

DISCUSSION

In this study, the majority of stunted children had good hygiene, and no relationship was found
between hygiene risk factors and STH infection. Similar results were obtained in previous research,
which indicated no significant relationship between environmental sanitation and personal hygiene
(handwashing habits, nail cleanliness, and footwear use) with soil-transmitted helminth infections in
school-aged children in Padang City?!. This may be influenced by the education level of the parents.
The majority of the education levels of the mothers and fathers of stunted children fall into the category
of higher education. Higher educational attainment enhances cognitive skills, access to health
information, and decision-making capacity, all of which influence preventive health behaviors??. In the
context of child hygiene, educated parents are more likely to understand the transmission pathways of
infectious diseases and the importance of preventive practices such as handwashing, safe food handling,
and environmental sanitation?3. Households with higher educational attainment are more likely to adopt
and sustain hygiene-promoting behaviors, thereby reducing infection risk among children?*.

In the present study, no statistically significant association was observed between hygiene-
related risk factors and STH infection (p = 1.000; OR = 1.200). The odds ratio suggests only a minimal
difference in the likelihood of infection between children categorized as having poor versus good
hygiene, and this estimate should be interpreted cautiously. Given the non-significant p-value, the
observed association may be attributable to random variation rather than a true underlying relationship.
While some stunted children demonstrated generally good hygiene practices based on measured
indicators, this does not exclude the possibility of intermittent or unmeasured environmental exposures.
For example, frequent contact with soil during play activities may increase exposure to infective stages
of soil-transmitted helminths, particularly hookworm larvae capable of penetrating intact skin.
Furthermore, STH transmission is influenced by multifactorial determinants, including environmental
contamination, sanitation infrastructure, climatic conditions, and community-level transmission
dynamics. Individual hygiene behavior represents only one component within this broader ecological
framework. Therefore, despite the lack of statistically significant association in this study, primary
prevention strategies—such as regular handwashing with soap, consistent use of footwear when
outdoors, avoidance of potentially contaminated soil, and proper latrine use—remain aligned with
established public health recommendations for STH control. The current findings should thus be

interpreted as context-specific and not as evidence against the importance of hygiene in STH prevention.

The spatial distribution map illustrates the presence of stunted children and positive soil-
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transmitted helminth cases across four villages in Kaliwates District. The distribution of stunted children
appeared relatively uniform across villages, which is consistent with local government surveys reporting
a high and evenly distributed stunting prevalence in the district. Mangli Village recorded the highest
number of positive cases, while other villages reported fewer cases. These differences may reflect
unmeasured contextual factors, such as population density, environmental conditions, or access to
healthcare. However, these factors were not directly assessed in this study and should therefore be
considered as possible assumptions rather than confirmed explanations. Spatial analysis was conducted
to examine the geographic distribution of cases. The Moran’s Index indicated a negative autocorrelation
(I = —0.228732), with a z-score of —0.632539 and a p-value of 0.527035, suggesting a random
distribution pattern. Similar findings have been reported in Rambipuji District. A random spatial pattern
indicates that cases are not geographically clustered?. However, this finding should be interpreted
cautiously, as the relatively small number of positive cases may influence spatial pattern detection.

The hygiene distribution map provides information on hygiene levels among stunted children
across villages in Kaliwates District. Sempusari Village showed the fewest cases of poor hygiene, with
only one child identified. Although this finding is descriptive, it may be useful for local health authorities
in planning targeted hygiene promotion and monitoring programs. Villages with lower hygiene levels
may benefit from prioritized education and preventive interventions to reduce potential infection risk.

An overlay map combining the distribution of soil-transmitted helminth infection cases and
hygiene levels was developed to explore their spatial relationship. The map identified two cases of
infected stunted children with poor hygiene in Mangli Village, while several infected children were also
observed to have good hygiene practices. These findings indicate that infection can occur across
different hygiene categories. However, no clear spatial pattern linking hygiene levels and infection was
observed. This result should be interpreted cautiously, as the relatively small number of positive cases
may limit the ability to detect meaningful associations.

This study demonstrates the value of spatial analysis as an approach to understanding
community health problems. Spatial mapping allows clearer visualization of infection distribution and
hygiene risk at the local level, which can support evidence-based planning for prevention and control
programs. The use of spatial maps may assist health authorities in designing more targeted interventions

aimed at reducing transmission risk and improving child health outcomes.

CONCLUSIONS AND RECOMMENDATIONS
The prevalence of soil-transmitted helminth infection among stunted children in Kaliwates
District was relatively low (8.7%). The identified species included hookworm and Ascaris lumbricoides,
with hookworm being more prevalent. Most stunted children had good hygiene, and no significant
association was observed between hygiene and infection. Spatial analysis indicated a random
distribution of both infection cases and hygiene risk across Kaliwates District. This study has several

limitations. The relatively small number of positive cases and the cross-sectional design may limit the
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ability to detect associations and preclude causal inference. Despite these limitations, the findings

suggest that deworming programs for stunted toddlers through Posyandu should be maintained. Spatial

mapping may assist in planning targeted interventions. Further research with larger samples and

longitudinal designs is recommended to better identify risk factors for soil-transmitted helminth

transmission.

10.

11.

12.

13.

14.

15.

16.
17.

18.

REFERENCES

Ojja S, Kisaka S, Ediau M, et al. Prevalence, intensity and factors associated with soil-transmitted
helminths infections among preschool-age children in Hoima district, rural western Uganda. BMC
Infect Dis 2018;18(1); doi: 10.1186/s12879-018-3289-0.

WHO. Soil-Transmitted Helminth Infections. 2023. Available from: https://www.who.int/news-
room/fact-sheets/detail/soil-transmitted-helminth-infections [Last accessed: 11/27/2023].
Kementrian Kesehatan RI. Rencana Aksi Program Pengendalian Penyakit Dan Penyehatan
Lingkungan Tahun 2015-2019. 2015.

Sulistianah R, Handayani D, Farakhin N, et al. Gambaran Personal Hygiene dengan Gejala Cacingan
pada Anak di Kampung Pasar Keputran Kota Surabaya. Jurnal Kesehatan 2021;14(2):95-101; doi:
10.32763/ju.

Kautsar AA, Nurdian Y, Kusuma IF, et al. The Relationship Between Mothers’ Knowledge about
PHBS, Stunting, and Nutrition with Helminth Infection among Toddlers in Jember. Nursing and
Health Sciences Journal (NHSJ) 2023;3(3):327-335; doi: 10.53713/nhs;j.v3i3.252.

Alfiani L. Analisis Karakteristik Sosiodemografi Dan Stunting Sebagai Faktor Risiko Infeksi SOIL-
Transmitted Helminths Pada Anak Usia Prasekolah Dan Usia Sekolah Di Desa Sukowiryo.
Universitas Jember; 2023.

Noviasari S. Asosiasi Pola Asuh Ibu Dengan Infeksi Soil Transmitted Helminths Pada Anak Stunting
Usia 12-59 Bulan Di Desa Sukojember. Universitas Jember; 2023.

Montresor A, Mupfasoni D, Mikhailov A, et al. The global progress of soil-transmitted helminthiases
control in 2020 and world health organization targets for 2030. PLoS Negl Trop Dis 2020;14(8):1—
17; doi: 10.1371/journal.pntd.0008505.

Fauziah N, Ar-Rizqi MA, Hana S, et al. Stunting as a Risk Factor of Soil-Transmitted Helminthiasis
in Children: A Literature Review. Interdiscip Perspect Infect Dis 2022;2022:1-14; doi:
10.1155/2022/8929025.

Hafidz MI, Sari Y, Wijaya LA, et al. Analisis Infeksi Soil Transmitted Helminths dengan Anemia
dan Malnutrisi: Telaah Sistematis. Plexus Medical Journal 2023;2(4):149-158; doi:
10.20961/plexus.v2i4.864.

Sumartini E. Studi Literatur : Riwayat Penyakit Infeksi Dan Stunting Pada Balita. Jurnal Kesehatan
Mabhardika 2022;9(1):55-62; doi: 10.54867/jkm.v9il.101.

Beal T, Tumilowicz A, Sutrisna A, et al. A review of child stunting determinants in Indonesia.
Matern Child Nutr 2018;14(4):1-10; doi: 10.1111/mcn.12617.

Perumal N, Bassani DG, Roth DE. Use and misuse of stunting as a measure of child health. Journal
of Nutrition 2018;148(3):311-315; doi: 10.1093/jn/nxx064.

Suratri MAL, Putro G, Rachmat B, et al. Risk Factors for Stunting among Children under Five Years
in the Province of East Nusa Tenggara (NTT), Indonesia. Int J Environ Res Public Health
2023;20(2):1-13; doi: 10.3390/ijerph20021640.

Kementrian Kesehatan RI. Buku Saku Survei Status Gizi Indonesia (SSGI). 2022.

Puskesmas Kaliwates. Data Balita Stunting Kecamatan Kaliwates Agustus 2023. Jember; 2023.
Saskyarasmi S paramita, Permata Sari O, Munfiah S. Hubungan Personal Hygiene dan Sanitasi
dengan Infeksi Soil Transmitted Helminths pada Anak Usia Sekolah Dasar disekitar TPA. Jurnal
Pendidikan dan Teknologi Indonesia 2021;1(1):17-25; doi: 10.52436/1.jpti.8.

Agustaria G, Fazidah AS, Nurmaini N. The relationship of gender, school sanitation and personal
hygiene with helminthiasis at juhar karo regency in North Sumatera Province, Indonesia. Open
Access Maced J Med Sci 2019;7(20):3497-3500; doi: 10.3889/0amjms.2019.686.

Publisher: Faculty of Public Health, Universitas Muslim Indonesia 103



Window of Health : Jurnal Kesehatan, Vol. 9 No. 1 (January, 2026) : 96-104 E-ISSN 2614-5375

19.

20.

21.

22.

23.

24.

25.

Musfanto CP, Jufri Sumampouw O, Roni Pinontoan O. Sebaran Kejadian Demam Berdarah Dengue
di Kota Manado Tahun 2016-2018. Jurnal KESMAS 2019;8(6):263-269.

Riznawati A, Yudhistira D, Rahmaniati M, et al. Autokorelasi Spasial Prevalensi Stunting di Jawa
Barat Tahun 2021. Bikfokes 2021;3(1):14-21.

Nugraha TI, Semiarty R, Irawati N. Hubungan Sanitasi Lingkungan dan Personal Hygiene Dengan
Infeksi Soil Transmitted Helminths (STH) pada Anak Usia di Kecamatan Koto Tangah Kota Padang.
Jurnal Kesehatan Andalas 2019;8(3).

UNICEF, WHO. Who/Unicef Joint Monitoring Programme for Water Supply, Sanitation, and
Hygiene. 2023.

Azizah AM, Nurmala I, Devy SR. The Effect of Mother’s Educational Level and Stunting Incidence
on Toddler: A Meta-analysis Meta Analisis: Pengaruh Tingkat Pendidikan Ibu terhadap Kejadian
Stunting pada Anak Balita. Amerta Nutrition 2022;6(4):369-375; doi:
10.20473/amnt.v6i4.2022.369.

Freeman MC, Stocks ME, Cumming O, et al. Systematic review: Hygiene and health: Systematic
review of handwashing practices worldwide and update of health effects. Tropical Medicine and
International Health 2014;19(8):906-916; doi: 10.1111/tmi.12339.

Tirta SB. Analisis Spasial Balita Stunting Dan Infeksi Soil Transmitted Helminths Berdasarkan
Faktor Risiko Sanitasi Di Kecamatan Rambipuji. Universitas Jember: Jember; 2024.

Publisher: Faculty of Public Health, Universitas Muslim Indonesia 104



