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Abstract
The increasing number of Indonesian population has caused serious issue of open defecation. Indonesia
ranks the second large of open defecation prevalence in the world, after India. Human’s excrement was
disposed in trench, drain, terrace, grassland, backwoods, forest, river, lake or other open spaces, thus,
contaminates the water system. Open defecation can lead to the increasing risk of transmission of water-
boene diseases of child morbidity in Indonesia. This study aimed at exploring different socio-economic
and demographic factors of Indonesians who practice open defecation. Data were obtained from 49,627
female respondents of the 2017 Indonesia Demographic and Health Survey. The data were examined
utilizing descriptive and logistic regression. The results reveal that the practice of open defecation is
signi�cantly in�uenced by place of residence, household’s wealth quintile, and household’s water supply.
The �ndings suggest the needs for toilet construction and water supply sustainability in public area as
well as in poor neighbourhood to eliminate open defecation in the country.

Introduction
The signi�cance of eliminate open defecation to safeguard human health is indisputable and has critical
public health concerns. Access to sanitation has been essential for the environment, human health,
dignity and welfare. Open defecation is unsafely managed human excreta or fecal contamination in the
environment (i.e. �elds, forests, bushes, trench, drain, terrace, grassland, backwoords or other space for
human disposal) rather than into a toilet, which leads to potential for exposure to enteric pathogens
(Bhatt et al., 2019; Abebe and Tucho, 2020; Rakotomanana et al., 2020).

Open defecation has led to numerous parasite vectors (Pray et al., 2019). In each gram of fresh human
feces contain 101 helminth eggs, 106 bacteria, 106 viruses, and 104 protozoan cysts (Hajj-Mohamad et
al., 2019). Human’s fecal released in the open-surface environment can contaminate open trenches
(Jaitawat et al., 2004), beach (Park et al., 2018), water supply (Schriewer et al., 2015), and open-air
(Casanovas-Massana and Blanch, 2013). Open defecation has been acknowledged as carrier of disease
of hepatitis (Junaid, Agina and Abubakar, 2014), diarrhea (Njuguna, 2016), intestinal worm infections
(Molla and Mamo, 2018), cholera (Goswami et al., 2019), typhoid (Mbae et al., 2020), polio (Martinez-
Bakker, King and Rohani, 2015), trachoma (Macleod et al., 2019), schistosomiasis (Cha et al., 2019), and
others. Diarrhoea has been known as the leading cause of mortality among Indonesian children (Hakim
et al., 2018). Bhatt et al. (2019) and Fewtrell et al. (2005) found that the diarrheal illness eradicates over
e.6 million children annually due to poor sanitation (Fewtrell et al., 2005; Bhatt et al., 2019).

Open defecation could cause a trachoma, an acute visual disorder, which spread over �ies that breed on
unprotected human feces (Macleod et al., 2019). Moreover, open defecation can cause snail fever, known
as schistosomiasis, an enduring parasitical illness spread through skin contact with an infection
freshwater snail or drinking of excreta contaminated water (Colley et al., 2014; Osakunor, Woolhouse and
Mutapi, 2018). Cholera is also linked to consuming contaminated water due to human excreta (Diaconu
et al., 2018; Goswami et al., 2019). Open human excreta contain ovas of herminths that live in land until
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the next two years and can caused infectious such as ascariasis, trichuriasis, and hookworm (Bethony et
al., 2006; McKay, Shute and Lopes, 2017). Hepatitis illness also occur within feces-contaminated drinking
water supply (Junaid, Agina and Abubakar, 2014; Himmelsbach, Bender and Hildt, 2018).

The Sustainable Development Goals (SDGs) 6.2 has targeted open defecation to be eliminated by 2030
(Mara and Evans, 2017; Odagiri et al., 2017). However, open human excrement disposal is still major
challenge for Indonesia since Indonesia has been identi�ed as the second largest number of open
defecation in the world, after India (Cameron, Olivia and Shah, 2019; Cameron et al., 2021). A study of
drinking water in Yogyakarta in 2017 has revealed that 67 per cent of household drinking water and 89
per cent of water supplies were infected by part of human excreta (Aidan A Cronin et al., 2017).

Many studies have studied various factors associated open defecation in Nepal (Budhathoki et al., 2017),
Kenya (Njuguna and Muruka, 2017), and Ethiopia (Tessema, 2017). Most of open human excrement
disposal practices occur in rural areas (Sara and Graham, 2014; Vyas et al., 2019) and in low-income
families (Njuguna, 2019; Chakrabarti, Singh and Bruckner, 2020). Place of residence (Vyas and Spears,
2018), region of residence (Aidan A Cronin et al., 2017); head of household (Odagiri et al., 2017), head of
household’s age (Njuguna and Muruka, 2017), head of household’s educational level (Sinharoy et al.,
2019), household’s water supply (Vyas et al., 2019; Deshpande et al., 2020) and household’s wealth
quintile (Biran et al., 2011) were also highly associated with open defecation. Understanding the
associated factors for open human excrement disposal could accompaniment the continuing struggle to
eliminate open defecation in Indonesia. The aim of this research is to identify risk factors of open human
excrement disposal in Indonesia. The objective of this study is to explore different aspects of people who
practice open defecation in Indonesia.

Methods

Study population
The latest national representative survey, 2017 Indonesia Demographic and Health Survey (IDHS), has
been utilized in this study (National Population and Family Planning Board (BKKBN), Statistics Indonesia
(BPS), Ministry of Health (Kemenkes), 2018). The open-accessed data were attained from the DHS
MEASURE Program’s website that contain information on an extensive variety of demographic, health
and environment indicators such as household ownership, sanitation, water-supply, maternal and child
health variables (USAID, 2020). This study employed weighted-household-dataset of the 2017 IDHS
because sanitary decisions (particularly constructing a toilet) is generated mostly at household level
(Rutstein and Rojas, 2006; Croft et all, 2018). A two-stage sample study-design has been conducted to
screen respondents of the study. Data on 49,627 respondents were generated from the interviewed
women of reproductive age (15–49 years) in the primary questionnaire. Entire information on household
ownership were collected including sanitary history. These sanitary data were used to identify the open
defecation practice in a household.



Page 4/14

The Study Variables
The dependent variable of this study is open defecation in which a household undertake open human
excrement disposal or not (binary), de�ned as respondents reporting not having any form of septic tank –
sanitary facility or disposing of human feces in open land, river, stream, creek, pit, yard, forest,
backwoods, farmland for open defecation. The variable was measured utilizing the IDHS questionnaire
on: “what kind of toilet facility do members of your household usually use?” (toilet with septic tank, toilet
with no septic tank, shared/public toilet, river/stream/creek, pit or yard/bush/forest). The open defecation
status categorised as 0 = septic tank-closed toilet for a house that that utilize all other types of septic
tank-closed system toilet facilities and 1 = open defecation for a house without septic tank toilet facility
or use open land/river/ stream/creek/ pit/bush/forest/ �eld for disposing human excreta. The
independent variables considered in this study include place of residence, region of residence, head of
household, head of household’s age, head of household’s educational level, household’s wealth quintile
and household’s water supply. Consideration of these variables were traced by the previous studies on
open human excrement disposal in developing countries.

Statistical analysis
This study conducted descriptive statistics to reveal the percentage distribution of selected background
characteristics of open defecation in Indonesia. Further logistic regression analyses were conducted to
measure household and head of household’s characteristics that might be correlated with open
defecation. Predictive models for open defecation were also developed.

Results
Out of the 49,627 female respondents retrieved from the data set, 35,490 (71.5%) of them were reported
utilizing septic tank-closed system toilet, and 14,138 (28.5%) were classi�ed as open defecation. Most of
the households were headed by males. However, the association between head of household and open
defecation revealed insigni�cant association. Nearly 64 percent of respondents who practice open
defecation lived in rural areas. About 52.4 percent of the respondents practicing open defecation lived in
Java-Bali islands.
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Table 1
The association between open defecation and social-demographic status

Socio-demographic factors Open defecation  

  Septic tank-closed toilet Open defecation p-value

Place of residence      

Rural

Urban (r)

14,962 (42.2%)

20,528 (57.8%)

9,123 (64.5%)

5,015 (35.5%)

0.000

Region of residence      

Java Bali

Outer Java Bali (r)

22,280 (62.8%)

13,210 (37.2%)

7,409 (52.4%)

6,729 (47.6%)

0.000

Head of household      

Female headed 496 (1.4%) 685 (4.9%) 0.106

Male headed (r) 34,994 (98.6%) 13,453 (95.15%)  

Head of household’s age      

15–35 years 14,524 (40.92%) 8,432 (59.64%) 0.273

36–54 years (r) 20,966 (44.82%) 5,706 (40.36%)  

Head of household’s
educational level

     

No schooling or primary 7,230 (20.4%) 5,267 (37.3%) 0.301

Secondary or higher (r) 28,260 (79.6%) 8,871 (62.8%)  

Household’s wealth quintile      

Poor-poorest 7,807 (22.0%) 10,165 (71.9%) 0.000

Upper-middle (r) 27,683 (78.0%) 3,973 (28.1%)  

Household’s water supply      

Unprotected water supply 21,601 (60.9%) 9,426 (66.7%) 0.000

Protected water supply (r) 13,889 (39.1%) 4,712 (33.3%)  

Nearly half of the respondents who practice open defecation were declared that their head of household’s
aged − 35 years old, yet insigni�cant association. Nearly 9,426 (66.7%) of households who practice open
defecation had unprotected water supply. The bivariate analysis, as shown in Table 1, reveals that the
primary modi�able risk factors signi�cantly associated with open defecation were place of residence,
region of residence, head of household education level, wealth status and source of drinking water.



Page 6/14

However, though head of household education level was signi�cant in the bivariate analysis model
(Table 1), its signi�cance disappeared after adjusting for all factors (i.e. place of residence, region of
residence, wealth status and source of drinking water) (Table 2).

Rural household has increased odds of open defecation compared to their counterparts from urban
households (aOR = 2.041 [95% CI: 0.801, 0.884]). Contrary to expectation, increase in number of open
defecation is associated with Java-Bali households rather than outer Java Bali households (aOR = 1.106
[95% CI: 0.816, 0.898]). Head of household education level (aOR = 0.778 [95% CI: 1.740, 0.818]) were not
associated with decreased odds of open defecation. Poor-poorest households have increased odds of
open defecation compared to upper-middle households (aOR = 2.116 95% CI: 1.111, 0.122]) (Table 2).
Unprotected source of drinking water increased the odds of open defecation compared to having
protected source of drinking water (aOR = 1.043 [95% CI: 0.614–0.675]).

Table 2
Logistic regression of open defecation with socio-demographic status

  aOR P value 95% CI

Place of Residence      

Rural 2.041 0.000 0.801–0.884

Urban (r) 1.000    

Region of Residence      

Java-Bali 1.106 0.000 0.816–0.898

Outer Java-Bali (r) 1.000    

Educational level of head of household      

No schooling or primary 0.778 0.731 1.740–0.818

Secondary or higher (r) 1.000    

Household wealth status      

Poor-poorest 2.116 0.000 0.111–0.122

Upper-middle (r) 1.000    

Source of water supply      

Unprotected water supply 1.043 0.000 0.614–0.675

Protected water supply (r) 1.000    

FP: family planning. Data presented as Odd Ratio (95% CI). Statistically signi�cant at p < 0.05.

Discussion
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The study sets out to develop predictive model and to investigate modi�able risk factors for open
defecation across households in Indonesia. The study observed that out of the 49,627 female
respondents in the data, 14,138 (28.5%) were reported practicing open defecation. Modi�able risk factors
associated with open human excrement disposal were place of residence, region of residence, household
wealth quintile, and household’s water supply. Of particular interest in this study is the unobserved
household level variations in open defecation outcome. It is no doubt that the health and general
wellbeing of household members depend heavily on the sanitary system in which they reside.

The present study supports previous studies that investigated open defecation in developing countries,
especially in Africa (Njuguna, 2016; Osumanu, Kosoe and Ategeeng, 2019) and Asia (Spears, Ghosh and
Cumming, 2013; McMichael, 2018) countries. The result of this study reveals that those household in
rural areas, Java Bali, poor-poorest and utilizing unprotected water supply are linked with increased
probabilities of open human excrement disposal. This study reveals evidence that open defecation is
relatively common in the rural area (Bhatt et al., 2019), despite SDG’s target that suggest universal access
to sanitation. A study conducted by Jain et al. (2020) rea�rmed that 69% of households in rural Bihar,
India did not own a latrine in 2011(Jain et al., 2020). Majority of poor households cannot build a septic
tank toilet and without �nancial and technical support (Abebe and Tucho, 2020). Open defecation
practice contributes to and increased jeopardy of infected, gastrointestinal, respiratory, neurocognitive,
and psychological diseases (Macleod et al., 2019).

All these variables are related to poverty and limited access of health. The practice of open defecation
may result in morbidity and mortality as well. Also, increase in open defecation could result in lack of
productivity of household members as morbidity level within household increased (Thakur et al., 2018).
Open defecation has caused Kenya loses $88 million per year for health care, medicines, and treatment
of their population (Abebe and Tucho, 2020). Furthermore, open defecation has caused in the loss of
several productive working days (Njuguna, 2016). Open human excrement disposal also increases school
absence, which lead to low academic achievement, failure to pass classes, increase drop-out rates, and
delays in social improvement (Muluneh, Hailu and Alemu, 2020). The abstinence of toilet causes many
women to walk long distances from their home to �nd isolated-unexposed places to dispose, cope their
menstrual issues which causes them exposed to encounter verbal, physical and sexual violence (Saleem,
Burdett and Heaslip, 2019). The discriminating anxiety, embarrassment and weakness are prevalent in
the girls and women of countries where open defecation still occurred (Saleem, Burdett and Heaslip,
2019).

A reduction in the likelihood of open defecation among wealthier families suggests that improving
economic condition of households through community empowerment will improve the likelihood of
household’s healthy life issues, which is related to earlier studies (Cassivi et al., 2020). This is predicted
since advancements in economic level of household will lead to better sanitary system and healthier life
of the parents, their children and the community (A A Cronin et al., 2017). For instance, upper-middle
households have higher privilages to evolve better sanitation and water supply facilities for their
households’ members needs, particularly employment of protected water supply practices which in turn
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will result in better health outcomes for both parents and their children (Aluko et al., 2018). Thus, the
wealth condition of households could modify the utilization of curative health services (McCullough and
Jonathon P Leider, 2017). The expected �nding that the risk of open defecation decreased with increase
in the wealth quintile in household, which is consistent with previous studies (Smith et al., 2015). Java-
Bali’s residences have increased risk of open defecation compared to outer Java-Bali residences.

This study is consistent with previous �ndings that high density of Java-Bali islands is correlate with
increasing numbers of home-less families and in�uences their health outcomes particularly in open
defecation issues (Cameron, Olivia and Shah, 2019). In fact, high-economic gap in Java-Bali areas largely
in�uence the socio-economic resources and health conditions of populations at the local, regional and
national levels (Suparmi et al., 2018).

This study is persistent with earlier �ndings that high density of Java-Bali islands is correlate with
increasing numbers of home-less families and in�uences their health outcomes particularly in open
human excrement disposal issues (Odagiri et al., 2017; Cameron, Olivia and Shah, 2019). In fact, high-
economic gap in Java Bali areas largely in�uence the socio-economic resources and living conditions of
populations (Suparmi et al., 2018) In country, there is a continual regional gaps in the distribution of
socio-economic resources, particularly health care delivery, health services and wealth among the
vulnerable and the poor households with inadequate health services and poor living conditions of
households (Hosseinpoor et al., 2018). The likelihood of open human excrement disposal decreased
among urban households compared to their rural counterparts (Boisson et al., 2014). A plausible
explanation could be that urban households are more likely to earn more economic resources, that is very
crucial to develop healthy sanitation unlike their rural counterparts (Boisson et al., 2014; Sara and
Graham, 2014; Bhatt et al., 2019).

This study used the 2017 IDHS that is a nationally representative population-based study on household
which contain an immense sample size in 34 provinces of Indonesia, which had been selected randomly.
Hence, the �ndings of this study can be generalise to the Indonesian households and to other similar
populations. The study’s limitation is its potentially recall bias and social desirability to declare the actual
practice of open defecation due to self-reporting measurement. Nevertheless, due to the cross-sectional
nature of the study, this �nding is incapability to measure fundamental consequences of open
defecation. Other socio-cultural nor economic habituate of households, such as cultural beliefs, could be
associated with open defecation. Furthermore, there are de�cient data on some crucial variables such as
working status, hence, were not included in the analysis.

Conclusion
The unseen of open defecation has been acknowledged as a decisive public health issue in Indonesia.
This study has emphasised crucial strategies for eliminating open defecation in the country through
providing healthy sanitary system and increasing access to clean water supply. Eliminating open
defecation has been an urge to decrease the spread of intestinal parasites and enteric pathogens to
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combat the child morbidity and mortality. Government and community should focus on increasing the
economic level of household to increase the health status of household members as well as to improve
the prevailing standard of living among Indonesians households.

Declarations
Author contribution. DKI contributed to the initial idea, conception, analysis, writing and approved the �nal
version of the manuscript and agreed to be responsible for the quality and accuracy of all parts of the
work. WU contributed to the cleaning data, statistical analysis, interpretation of data result and agreed to
be responsible for the quality and accuracy of all parts of the work.

Corresponding author

Correspondence to Dian Kristiani Irawaty

Author a�liation: DKI and WU work for Badan Kependudukan dan Keluarga Berencana Nasional
(BKKBN). 

Funding. This research was funded by Badan Kependudukan dan Keluarga Berencana Nasional
(BKKBN). 

Ethics approval and consent to participate. Not applicable

Consent for publication. Not applicable

Availability of supporting data. Data are available on measure DHS website.

Con�ict of interest. The authors declare no competing interests.

References
Abebe TA, Tucho GT (2020) Open defecation-free slippage and its associated factors in Ethiopia: a
systematic review.  Systematic Reviews 9. doi: https://doi.org/10.1186/s13643-020-01511-6.

Aluko OO, Oloruntoba EO, Chukwunenye UA, Henry EU, Ojogun E (2018) The dynamics and determinants
of household shared sanitation cleanliness in a heterogeneous urban settlement in Southwest Nigeria.
Public Health 165: 125-135. https://doi.org/10.1016/j.puhe.2018.09.013.

Bethony J, Brooker S, Albonico M, Geiger SM, Loukas A, Diemert D, Hotez PJ (2006) Soil-transmitted
helminth infections: ascariasis, trichuriasis, and hookworm. Lancet 367(9521): 1521–32.
https://doi.org/10.1016/S0140-6736(06)68653-4.

Bhatt N, Budhathoki SS, Lucero-Prisno D, Shrestha G, Bhattachan M, Thapa J, Sunny AK, Upadhyaya P,
Ghimire A, Pokharel PK (2019) What motivates open defecation? A qualitative study from a rural setting



Page 10/14

in Nepal. PloS one 14(7): e0219246. https://doi.org/10.1371/journal.pone.0219246.

Biran A, Jenkins MW, Dabrase P, Bhagwat I (2011) Patterns and determinants of communal latrine usage
in urban poverty pockets in Bhopal, India. Trop Med Int Health 16(7): 854–62.
https://doi.org/10.1111/j.1365-3156.2011.02764.x.

Boisson S, Sosai, P, Ray S, Routray P, Torondel B, Schmidt WP, Bhanja B, Clasen T (2014) Promoting
latrine construction and use in rural villages practicing open defecation: process evaluation in connection
with a randomised controlled trial in Orissa, India. BMC Research Notes 7(1).
https://doi.org/10.1186/1756-0500-7-486.

Budhathoki SS, Shrestha G, Bhattachan M, Singh SB, Jha N, Pokharel PK (2017) Latrine coverage and its
utilisation in a rural village of Eastern Nepal: a community-based cross-sectional study. BMC Res Notes
10(1). https://doi.org/10.1186/s13104-017-2539-3.

Cameron L, Chase C, Haque S, Joseph G, Pinto R, Wang Q (2021) Childhood stunting and cognitive
effects of water and sanitation in Indonesia. Econ Hum Biol. https://doi.org/10.1016/j.ehb.2020.100944.

Cameron L, Olivia S, Shah M (2019) Scaling up sanitation: evidence from an RCT in Indonesia. J Dev
Econ. https://doi.org/10.1016/j.jdeveco.2018.12.001.

Casanovas-Massana A, Blanch AR (2013) Determination of fecal contamination origin in reclaimed water
open-air ponds using biochemical �ngerprinting of enterococci and fecal coliforms. Environ Sci Pollut
Res Int 20(5): 3003–10. https://doi.org/10.1007/s11356-012-1197-1.

Cassivi A, Tilley E, Waygood EOD, Dorea C (2020) Trends in access to water and sanitation in Malawi:
progress and inequalities (1992-2017). J Water Health 18(5): 785–797.
https://doi.org/10.2166/wh.2020.069.

Cha S, Elhag, MS, Lee, YH, Cho, DS, Ismail, HA, Hong ST (2019) Epidemiological �ndings and policy
implications from the nationwide schistosomiasis and intestinal helminthiasis survey in Sudan. Parasites
and Vectors. 12(1). https://doi.org/10.1186/s13071-019-3689-z.

Chakrabarti S, Singh P, Bruckner T (2020) Association of poor sanitation with growth measurements
among children in India. JAMA Netw Open 3(4): e202791.
https://doi.org/10.1001/jamanetworkopen.2020.2791.

Colley DG, Bustinduy AL, Secor WEm King CH (2014) Human schistosomiasis. Lancet 383(9936): 2253–
2264. https://doi.org/10.1016/S0140-6736(13)61949-2.

Cronin AA, Gnilo ME, Odagiri, M, Wijesekera S (2017) Equity implications for sanitation from recent health
and nutrition evidence. Int J Equity Health. 16(1): 211. https://doi.org/10.1186/s12939-017-0709-5.



Page 11/14

Cronin AA, Odagiri M, Arsyad B, Nuryetty MT, Amannullah G, Santoso H, Darundi K (2017) Piloting water
quality testing coupled with a national socioeconomic survey in Yogyakarta province, Indonesia, towards
tracking of Sustainable Development Goal 6. Int J Hyg Environ Health 220(7). https://doi.org/1141–
1151. https://doi.org/10.1016/j.ijheh.2017.07.001.

Deshpande A, et al. (2020) Mapping geographical inequalities in access to drinking water and sanitation
facilities in low-income and middle-income countries, 2000–17. The Lancet Global Health 8(9).
https://doi.org/10.1016/S2214-109X(20)30278-3.

Diaconu K, Falconer J, O'May F, Jimenez M, Matragrano J, Lafourcade, BN, Ager A (2018) Cholera
diagnosis in human stool and detection in water: Protocol for a systematic review of available
technologies. Syst Rev 7(1): 29. https://doi.org/10.1186/s13643-018-0679-8.

Fewtrell L, Kaufmann RB, Kay D, Enanoria W, Haller L, Colford JM (2005) Water, sanitation, and hygiene
interventions to reduce diarrhoea in less developed countries: a systematic review and meta-analysis.
Lancet Infect Dis 5(1): 42–52. https://doi.org/10.1016/S1473-3099(04)01253-8.

Goswami S, Jha A, Sivan SP, Dambhare D, Gupta SS (2019) Outbreak investigation of cholera outbreak in
a slum area of urban Wardha, India: An interventional epidemiological study. Journal of Family Medicine
and Primary Care 8(3). https://doi.org/10.4103/jfmpc.jfmpc_308_18.

Hajj-Mohamad M, Hachad M, Deschamps G, Sauve S, Villemur R, Blais MA, Prevost M, Dorner S (2019)
Fecal contamination of storm sewers: Evaluating wastewater micropollutants, human-speci�c
Bacteroides 16S rRNA, and mitochondrial DNA genetic markers as alternative indicators of sewer cross
connections. Sci Total Environ 659: 548–560. https://doi.org/10.1016/j.scitotenv.2018.12.378.

Hakim MS, Nirwati H, Aman AB, Soenarto Y, Pan W (2018) Signi�cance of continuous rotavirus and
norovirus surveillance in Indonesia. World J Pediatr 14(1): 4–12. https://doi.org/10.1007/s12519-018-
0122-1.

Himmelsbach K, Bender D, Hildt E. (2018) Life cycle and morphogenesis of the hepatitis E virus. Emerg
Microbes Infect. 7(1): 196. https://doi.org/10.1038/s41426-018-0198-7.

Hosseinpoor AR, Nambiar D, Tawilah J, Schlotheuber A, Briot B, Bateman M, Davey T, Kusumawardani N,
Myint T, Nuryetty MT, Prasetyo S, Suparmi, Floranita R (2018) Capacity building for health inequality
monitoring in Indonesia: enhancing the equity orientation of country health information system. Glob
Health Action 11(supp1): 1419739. https://doi.org/10.1080/16549716.2017.1419739.

Jain A, Wagner A, Snell-Rood C, Ray I (2020) Understanding open defecation in the age of Swachh Bharat
Abhiyan: agency, accountability, and anger in Rural Bihar. Int J Environ Res Public Health 17(4): 1385.

Jaitawat SS, Khajuria RK, Adhau R, Brig AS (2004) Improved method of human excreta disposal in �eld
area. Med J Armed Forces India. 60(3): 273–275. https://doi.org/10.1016/S0377-1237(04)80061-3.



Page 12/14

Junaid SA, Agina SE, Abubakar KA (2014) Epidemiology and associated risk factors of hepatitis e virus
infection in plateau state, Nigeria. Virology (Auckl). 5: 15–26. https://doi.org/10.4137/VRT.S15422.

Macleod CK, Binnawi KH, Elsha�e BE, Sadig HE, Hassan A, Cocks N, Willis R, Chu B, Solomon AW (2019)
Unimproved water sources and open defecation are associated with active trachoma in children in
internally displaced persons camps in the Darfur States of Sudan. Trans R Soc Trop Med Hyg 113(10):
599–609. https://doi.org/10.1093/trstmh/trz042.

Mara D, Evans B (2017) The sanitation and hygiene targets of the sustainable development goals: Scope
and challenges. Journal of Water, Sanitation and Hygiene for Development 8(1): 1–29.
https://doi.org/10.2166/washdev.2017.048.

Martinez-Bakker M, King AA, Rohani P (2015) Unraveling the Transmission Ecology of Polio. PLoS Biol
13(6): e1002172. https://doi.org/10.1371/journal.pbio.1002172.

Mbae C, Mwangi M, Gitau N, Irungu T, Muendo F, Wakio Z, Wambui R, Kavai S, Onsare R, Wairimu C,
Ngetich R, Njeru F, Puyvelde S, Clemens J, Dougan G, Kariuki S. (2020) Factors associated with
occurrence of salmonellosis among children living in Mukuru slum, an urban informal settlement in
Kenya. BMC Infectious Diseases 20(1). https://doi.org/10.1186/s12879-020-05134-z.

McCullough J, Mac, Leider JP (2017) Associations between county wealth, health and social services
spending, and health outcomes. Am J Prev Med 53(5): 592–598.
https://doi.org/10.1016/j.amepre.2017.05.005.

McKay DM, Shute A, Lopes F (2017) Helminths and intestinal barrier function. Tissue Barriers. 5(1):
 e1283385. https://doi.org/10.1080/21688370.2017.1283385.

McMichael C (2018) Toilet Talk: Eliminating Open Defecation and Improved Sanitation in Nepal, Medical
Anthropology: Cross Cultural Studies in Health and Illness 37(4).
https://doi.org/10.1080/01459740.2017.1371150.

Mollas E, Mamo H (2018) Soil-transmitted helminth infections, anemia and undernutrition among
schoolchildren in Yirgacheffee, South Ethiopia. BMC Res Notes 11(1): 585.
https://doi.org/10.1186/s13104-018-3679-9.

Muluneh C, Hailu T, Alemu G (2020) Prevalence and associated factors of soil-transmitted helminth
infections among children living with and without open defecation practices in Northwest Ethiopia: a
comparative cross-sectional Study. Am J Trop Med Hyg 103(1): 266–272.
https://doi.org/10.4269/ajtmh.19-0704.

National Population and Family Planning Board (BKKBN), Statistics Indonesia (BPS), Ministry of Health
(Kemenkes), ICF (2018) Indonesia Demographic and Health Survey (Survei Demogra� dan Kesehatan



Page 13/14

Indonesia) 2017. National Population and Family Planning Board - BKKBN, Statistics Indonesia - BPS,
Ministry of Health - Kemenkes, and ICF. 

Njuguna J (2016) Effect of eliminating open defecation on diarrhoeal morbidity: an ecological study of
Nyando and Nambale sub-counties, Kenya. BMC Public Health 15: 712. https://doi.org/10.1186/s12889-
016-3421-2.

Njuguna J (2019) Progress in sanitation among poor households in Kenya: Evidence from demographic
and health surveys. BMC Public Health 19(1): 135. https://doi.org/10.1186/s12889-019-6459-0.

Njuguna J, Muruka C (2017) Open defecation in newly created Kenyan counties: a situational analysis. J
Health Care Poor Underserved 28(1): 71–78. https://doi.org/10.1353/hpu.2017.0009.

Odagiri M, Muhammad Z, Cronin AA, Gnilo ME, Mardikanto AK, Umam K, Asamou YT (2017) Enabling
factors for sustaining open defecation-free communities in rural Indonesia: A cross-sectional study. Int J
Environ Res Public Health 14(12): 1572. https://doi.org/10.3390/ijerph14121572.

Osakunor DNM, Woolhouse MEJ, Mutapi F (2018) Paediatric schistosomiasis: What we know and what
we need to know. PLoS Negl Trop Dis 12(2): e0006144. https://doi.org/10.1371/journal.pntd.0006144.

Osumanu IK, Kosoe EA, Ategeeng F (2019) Determinants of open defecation in the Wa municipality of
Ghana: empirical �ndings highlighting sociocultural and economic dynamics among households. J
Environ Public Health. https://doi.org/10.1155/2019/3075840.

Park Y, Kim M, Pachepsky Y, Choi SW, Cho JG, Jeon J, Cho K (2018) Development of a nowcasting
system using machine learning approaches to predict fecal contamination levels at recreational beaches
in Korea. Journal of Environmental Quality 47(5). https://doi.org/10.2134/jeq2017.11.0425.

Pray IW, Muro C, Gamboa R, Vilchez P, Wakeland W, Pan W, Lambert WE, Garcia HH, O-Neal SE (2019)
Seasonal patterns in risk factors for Taenia solium transmission: A GPS tracking study of pigs and open
human defecation in northern Peru. Parasites and Vectors 12(1). https://doi.org/10.1186/s13071-019-
3614-5.

Rakotomanana H, Komakech JJ, Walters CN, Stoecker BJ (2020) The WHO and UNICEF Joint Monitoring
Programme (JMP) indicators for water supply, sanitation and hygiene and their association with linear
growth in children 6 to 23 months in East Africa. Int J Environ Res Public Health. 17(17).
https://doi.org/10.3390/ijerph17176262.

Rutstein SO, Rojas G (2006) Guide to DHS Statistics: Demographic and Health Surveys Methodology.
Maryland. Available at:
https://dhsprogram.com/pubs/pdf/DHSG1/Guide_to_DHS_Statistics_29Oct2012_DHSG1.pdf.

Saleem M, Burdett T, Heaslip V (2019) Health and social impacts of open defecation on women: a
systematic review. BMC Public Health 19(1): 158. https://doi.org/10.1186/s12889-019-6423-z.



Page 14/14

Sara S, Graham J (2014) Ending open defecation in rural Tanzania: which factors facilitate latrine
adoption. Int J Environ Res Public Health 11(9): 9854–70. https://doi.org/10.3390/ijerph110909854.

Schriewer A, Odagiri M, Wuertz S, Misra PR, Panigrahi P, Clasen T, Jenkins MW (2015) Human and animal
fecal contamination of community water sources, stored drinking water and hands in rural India
measured with validated microbial source tracking assays. Am J Trop Med Hyg 93(3).
https://doi.org/509-516. https://doi.org/10.4269/ajtmh.14-0824.

Sinharoy SS, Waid JL, Freeman MC, Stein AD (2019) Open defecation explains differences in nutritional
status between Bengali and tribal children in the Chittagong Hill tracts of Bangladesh. Ethn Health 24(5):
575–587. https://doi.org/10.1080/13557858.2017.1346186.

Smith E, Musila R, Murunga V, Godbole R (2015) An assessment of family planning decision makers and
advocates needs and strategies in three East African Countries. International Perspectives on Sexual and
Reproductive Health 41(3): 136–144. https://doi.org/10.1363/4113615.

Spears D, Ghosh A, Cumming O (2013) Open defecation and childhood stunting in India: an ecological
analysis of new data from 112 districts. PLOS One 8(9): e73784.
https://doi.org/10.1371/journal.pone.0073784.

Suparmi, Kusumawardani N, Nambiar D, Trihono, Hosseinpoor AR (2018) Subnational regional inequality
in the public health development index in Indonesia. Glob Health Action 11(sup1): 1500133.
https://doi.org/10.1080/16549716.2018.1500133.

Tessema RA (2017) Assessment of the implementation of community-led total sanitation, hygiene, and
associated factors in Diretiyara district, Eastern Ethiopia. PLOS One 12(4): e0175233.
https://doi.org/10.1371/journal.pone.0175233.

Thakur R, Singh BB, Jindal P, Aulakh RS, Gill JPS (2018) The clean India mission: Public and animal
health bene�ts. Acta Trop 186: 5–15. https://doi.org/10.1016/j.actatropica.2018.06.024.

USAID (2020) Indonesia Demographic and Health Survey Dataset, The Demographic and Health Survey
Program. Available at: https://dhsprogram.com/data/ (Accessed: 9 July 2020).

Vyas S, Srivastav N, Mary D, Goel N, Srinivasan S, Tannirkulam A, Ban R, Spears D, Coffey D (2019)
Measuring open defecation in India using survey questions: evidence from a randomised survey
experiment. BMJ Open 9(9): e030152. https://doi.org/10.1136/bmjopen-2019-030152.

Vyas S, Spears D (2018) Sanitation and religion in South Asia: what accounts for differences across
countries? J Dev Stud 54(11): 2119–2135. https://doi.org/10.1080/00220388.2018.1469742.


