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Abstract: Household hygiene is critical to prevent pathogen transmission at the household level.
Assessing household hygiene conditions and their determinants are needed to improve hygiene
conditions, especially in rural and less developed areas where the housing conditions are relatively
worse than they are in urban areas. This study used data from 278 household interviews and
observations in rural areas in the district of East Sumba, province East Nusa Tenggara, Indonesia.
The data were analyzed using statistical methods. In general, the household hygiene conditions in
the study need to be improved. The main potential sources of pathogen transmission were from
the surrounding environment, i.e., non-permanent floor and garbage, and personal hygiene, i.e.,
handwashing facilities with water and soap were only observed in the homes of four out of ten
respondents. The presence of livestock roaming freely in the house’s yard was another source of
contamination. Easy access to water and wealth significantly influenced the hygiene conditions.
Implementing low-cost interventions, i.e., cleaning the house of garbage and animal feces and
cleaning nails, should be the priority in immediate intervention, while providing easier access to
water supply, especially during the dry season, could be a long-term intervention. This paper
also argues that analyzing household hygiene conditions or practices should be complemented by
analyzing contextual determinants of the hygiene conditions or practices, so that we can develop
more precise intervention by considering the local or household context.

Keywords: hygiene; sanitary inspection; rural areas; Indonesia

1. Introduction

Appropriate water, sanitation, and hygiene (WASH) practices can prevent the trans-
mission of various infectious diseases. Empirical evidence indicates that household water
treatment and safe storage (HWTS) reduces the prevalence of diarrhea among children [1].
Handwashing can reduce cases of diarrhea [2]. Furthermore, despite variations in the
results of the effect of proper sanitation practices to reduce diarrhea [3], there is a consensus
among scholars that safe excreta disposal can provide a barrier to fecal contamination in
the household [4].

Since pathogens can reach humans by various routes, a holistic approach or multi-
barrier prevention to minimize the risk of pathogens reaching a human is suggested [5,6].
Multi-barrier prevention has been applied in the context of the drinking water supply,
i.e., the water safety plan [7]. This approach first starts by identifying potential sources
of contamination and then develops relevant interventions to minimize or eliminate the
contamination sources. In the context of pathogen transmission in a house, an article by
Ercumen et al. [8], in their introduction, elaborates nicely on how water, sanitation, and
hygiene practices complement each other to provide multi-barrier prevention for pathogen
transmission in a house. For example, they argue that coupling HWTS and handwashing
can prevent the recontamination of treated water by dirty hands.
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In identifying potential sources of contamination, one can use and adapt the sanitary
inspection (SI) form. The SI form consists of questions on potential sources of contamination
in specific settings, e.g., pipe distribution network, water sources, or household drinking
water [9]. The SI was first introduced by the World Health Organization in 1997 [10]. The
SI has been widely used, especially in drinking water safety programs [9]. Daniel et al. [11]
suggest adapting the SI forms to “the local context to maximize their applicability”. Since
there is no “standard” SI available for measuring general household hygiene conditions, the
variables that are measured can be inspired by previous studies or available and relevant
SI forms. There are some studies on household hygiene conditions that can inspire the
questions used to measure household hygiene conditions, e.g., by [12,13]. Questions or
variables from the SI form for household drinking water can also be used since they measure
hygiene practices related to drinking water; see, for example, the studies of [5,11,14]. One
can then use the adapted SI forms to inform which hygiene aspects should be tackled,
which can then improve the general household hygiene conditions.

Some hygiene-related studies have been conducted in Indonesia, for example, on
handwashing practices [15-17] and general household hygiene conditions [5,13]. There
are is also evidence that household hygiene is associated with children’s malnutrition in
Indonesia [18,19]. Furthermore, children living the in rural areas of Indonesia were more
likely to be stunted compared to children in urban areas [20,21]. Other studies found that
disparities in the WASH conditions or facilities between urban and rural areas exist in
Indonesia [22-24].

However, studies on the determinants of general household hygiene conditions in
rural Indonesia are lacking. This study then aims to fill that gap and aims to investigate
the hygiene conditions in households in rural Indonesia. Furthermore, we seek to find
contextual determinants, i.e., socio-economic or socio-environmental determinants, of
hygiene conditions. These are believed to influence health-related behavior [25,26], in-
cluding household hygiene practices or conditions. This study provides a snapshot of
the household hygiene conditions in less developed areas and indigenous communities
in developing countries that are vulnerable to WASH-related diseases and insecurities,
whereas reaching those left behind is the key to achieve Sustainable Development Goals
6.1 and 6.2 by 2030 [27]. Furthermore, this study may inspire potential interventions to
improve the hygiene conditions of rural households, especially in Indonesia, where there
are still many less developed, remote, and also indigenous communities. Finally, this study
also shows how more specific interventions can be provided by considering the data of
household hygiene conditions and contextual determinants, i.e., socio-economic conditions
of the households or community.

2. Materials and Methods
2.1. Data Collection

A cross-sectional study was conducted in the district of East Sumba, Province East
Nusa Tenggara, Indonesia, in July—August 2019 (Figure 1). According to the district data,
about 30% of the total population practiced open defecation in 2017 [28]. A total of 40%
of the total households in this district used wells as their main water source, and only
18% had access to tap water in 2017 [29]. The tap water is distributed without treatment.
Furthermore, severe drought usually occurs in April-October, resulting in many people,
especially those in the rural parts of the region, face serious water supply problems [30].

An indigenous belief, called “Marapu”, is commonly practiced by people in the study
area and has a large influence on the daily life of the people [31]. Moreover, poverty is a
serious problem in this area, and the prevalence of child malnutrition is also high [32,33].
About 30% of the total population in that district were categorized as “poor households”,
i.e., cannot afford basic food. The level of school drop-out is also high, i.e., more than
20% [34].
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Figure 1. Location of the study area in the district of East Sumba.

For this study, 328 households in 9 villages were visited. This visit in 2019 is the
continuation of a previous WASH study in 2018. In 2018, the households that were visited
were randomly selected during a transect walk within nine villages and enrollment was
asked of every, for example, five houses. Information on village selection has been discussed
in a previous study [35,36]. Data collection was conducted by six local enumerators who
were trained to conduct a household interview, sanitary inspection, and water sampling.

An article by Sonego and Mosler [12] indicated data collection approaches to study
hygiene practice: self-reports, structured observations, and spot-checks. Moreover, Kelly
et al. [9] also suggest complementing SI with water quality analysis, especially in the
context of water safety. Therefore, in this study, the water quality data were included in the
analysis. The drinking water samples were collected from all respondents, and we assessed
the presence or absence (P/A) of fecal contamination in the drinking water storage, i.e.,
presence of E. coli in a 1 mL water sample. More information about the sampling procedure
and analysis can be found in another study [5]. The observational data were collected
using the Open Data Kit (ODK) software on a smartphone and were then transferred to a
computer for analysis.

This study protocol was approved by the Human Research Ethics Committee of the
Delft University of Technology and the Agency for Promotion, Investment, and One-
Stop Licensing Service at the district level. Participation was voluntary, and we obtained
informed consent from all respondents.

2.2. Contextual Determinant Variables of Household Hygiene Conditions

We used 11 variables as determinants of household hygiene conditions. These vari-
ables were found significantly related or often measured to determine WASH-related behav-
iors or practices in developing countries, e.g., HWTS practices, sanitation, or handwashing
behaviors: (1) wealth [37,38], (2) access to water [36,39], (3) household time allocation
or spare time [39,40], (4) local beliefs [36,41,42], (5) access to market [43,44], (6) access
to mass media or information [45], (7) receiving WASH promotions [45,46], (8) mother’s
education [47,48], (9) father’s education [43,49], and (10) the presence of children under
five-years-old [47,48,50].

The variable “wealth” was measured by household assets and conditions, e.g., the
house’s floor, walls, the availability of electricity, a TV, and a car. “Access to water” was
measured in five scales: “below 5 min”, “5-15 min”, “16-30 min”, “31-45 min”, and
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“>45 min”. The “spare time” was measured in hours and was used to measure the mother’s
busyness during the day. The assumption is that a busy mother does not have time for
household hygiene-related practices. The local belief was coded as following Marapu or
not, i.e., beliefs other than Marapu, e.g., Christianity, Catholicism, and Islam, were coded as
“not” a local or indigenous belief. This categorization was made because a previous study
found that there is a significant relationship between indigenous beliefs and the HWT
practices [36]. “Access to market” was coded as either “difficult access” or “easy access”
based on the relative distance to the city center, i.e., Waingapu (Figure 1). The variable
“access to mass media” was measured by asking the frequency at which TV was watching
in a day using five frequency scales (“almost never”, i.e., score “1”, to “very often”, i.e.,
score “5”). For the variable “receiving WASH promotions”, the answers were “yes” or “no”,
and there was no specific time frame asked for this question, e.g., promotions could have
been received in the past month, past year, or even longer. The education of the mother
and father were measured by year. Finally, the variable “have children under 5 years old”
was coded as “yes” or “no”.

2.3. Hygiene-Related Variables

There are 16 hygiene-related variables used in this study (Table 1). As mentioned
in the introduction, these variables were selected based on previous household hygiene
studies [5,11-14]. This study categorized those variables into four main clusters of house-
hold hygiene: sanitation, surrounding environment, drinking water, and personal hygiene
(Figure 2).

Table 1. Household hygiene-related variables used in this study.

Variables Questions Scale *
Open Defecation What types of toilets do you have? 2 (Open defecation or not)
Livestock nearby Is there livestock around the house? 3 (Many—few)
Floor types What type of floor does the main house have? 2 (Permanent or not)
Floor cleanliness How is the cleanliness of the house floor? 3 (Dirty—clean)

Feces around

Is there human or animal feces in the yard (or

even inside the house)? 3 (Many-few)

Garbage around

Is there garbage around the house? 3 (Many—few)

Flies around

Can you see flies around the water storage 3 (Many—few)

container?
Food storage How do you store cooked food? 2 (with or without cover)
Storage covered Is the water storage being covered (at that time)? 2 (Yes or not)
Storage cracked Is the container cracked? 2 (Yes or not)

Place of water storage

When not in use, is the storage container kept in

i ; 2 (Ye
a place where it may become contaminated? (Yes or not)

Storage cleanliness

Is the inside of the container clean? 2 (Dirty or clean)

Practice household water treatment

(HWT)

Is the drinking water treated? 2 (Yes or not)

E. coli detected

Data were from quality testing the drinking

water 2 (Yes or not)

Handwashing facilities

What kind of handwashing facilities does the

household have? 2 (With water and soap or not)

Respondent’s nails

How clean are the respondent nails? 3 (Dirty—clean)

* 72" indicates binary variables, i.e., “0” and “1”, and “3” means that the variable is measured in three levels, i.e., 0, 1, and 2.
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Figure 2. The conceptual model of four clusters of the determinants of household hygiene.

A variable toilet facility is related to sanitation. There are six variables related to the
surrounding environment: “livestock nearby”, “floor types”, “floor cleanliness”, “feces
around”, “garbage around”, “flies around”, and “food storage”. The next cluster is drinking
water, which consists of variables measuring the water storage conditions (cover, crack,
placement, and cleanliness), whether they practice household water treatment or not, and
this was complemented with drinking water quality, i.e., whether E. coli was detected
or not. Finally, the last cluster concerns personal hygiene, i.e., related to fingers, which
comprises the presence of handwashing facilities and the condition of respondent’s nails.

This study assumes that those variables represent general household hygiene conditions.

2.4. Data Analysis

Due to missing data in some respondents, only data from 278 respondents with
complete questionnaires were analyzed in this study (85% of the total data). The wealth
index was created using the principal component analysis of the household assets and
conditions. The first principal component was assumed to represent the relative wealth
index of the households [51].

To allow comparison between variables, we standardized the scores from “0” (worst
condition) to “2” (best condition). For example, in the variable “floor cleanliness”, which
has three scales, the value “0” means “dirty”, “1” means “quite dirty”, and “2” means
“clean”. For the variables with two scales, i.e., binary variables (“0” or “1”), they were
recoded into “0” and “2”. For example, in the variable “practicce HWT”, the value “0”
means “do not treat drinking water” and “2” means “treat drinking water”.

In this study, all of these variables were assumed to have equal weight on general
household hygiene conditions. The scores were summed to achieve the composite value
of general household hygiene conditions, as implied by the sanitary inspection form [9].
This means that the worst possible household hygiene conditions have a score of “0” and
that the best conditions have a score of “32”. We then divided the scores into 3 levels to
categorize the hygiene level of households: scores 0-10 as “poor hygiene”, scores 11-21 as
“moderate hygiene”, and scores 22-32 as “good hygiene”.

Bivariate nonparametric Chi-squared (X?) tests to assess potential relationships be-
tween hygiene-related variables were also conducted. The Bonferroni adjustment of the
p-value was applied to reduce the false-positive result error in the Chi-squared tests. The
adjusted Bonferroni p-value was 0.0035 (0.05/14). Finally, the forced-entry linear regression
analysis, i.e., all independent variables were entered simultaneously into the model, using
10 potential contextual determinants as independent variables on the composite of the
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value of general household hygiene conditions was conducted. All statistical analyses were
conducted using IBM SPSS Statistics 25.

3. Results
3.1. Descriptive Statistics

Most of the respondents were a mother (84.5%), while others were the father or
household head. The proportion of households with and without children under the age
of 5 was almost equal, i.e., 47.8% and 52.2%, respectively. The mean schooling time of
the mother was 7.7 years (SD = 3.6), while that of the household head or father was 7.4
(SD = 3.6). About one-fourth of the respondents (26.3%) practiced the local belief “Marapu”.
The mean spare time of the respondents was 2.9 h in a day (SD = 2.1). In terms of the
accessibility of the location of the respondent’s house, about 54% of the respondents were
located in an area where it was relatively difficult to access the market. The majority of
the respondents had a non-permanent wall (87.8%), e.g., bamboo or wood, and a non-
permanent floor (72.3%), e.g., bamboo, earthen, or compacted soil, while only 7.9% had a
non-permanent roof, e.g., straw. Having livestock was common, i.e., 89.9% of respondents
had at least one pig, and 25.5% had a cow(s). A total of 78.8% of households were observed
to cover their food. Figure 3 shows examples of the house kitchen conditions in the
study area.

Figure 3. Examples of observable household hygiene conditions in the study area: (a) drinking water is stored in a jerry can
or a bucket; (b) earthen or not permanent kitchen floor and chicken inside the kitchen; (c¢) dirty bamboo kitchen floor with
chicken’s feces; (d) food is stored inside of the food cover.

Thirty-three percent of the respondents drew water from the tap, which was either a
private (16.2%) or a public tap (16.5%), while the majority (57.0%) relied on surface water,
e.g., a shallow dug well, river, or spring, and 10.1% bought commercial water, e.g., from a
refill water station or water truck. More than half of the respondents (51.8%) had a water
source that at a close enough distance that it could be reached within a five-minute walk
per trip, while 21.5% of the respondents needed to make a walking round trip that was
more than a half an hour to acquire water. Open defecation was still practiced by 31.3% of
the respondents. Handwashing facilities with water and soap were only available in 39.6%
of total households. Only 59.7% of respondents reported that they treat their water. About
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87.4% of the respondents mentioned that they have received or participated in promotional
WASH activities.

3.2. Hygiene Conditions and the Determinants

The mean of the composite score was 19.8 (SD = 4.8, range values = 4-31) out of the
highest possible value of 32. The households were then categorized into three categories
based on their scores, i.e., poor hygiene to good hygiene (see Section 2.4). The percentages
of households categorized as “poor hygiene”, “moderate hygiene”, and “good hygiene”
were 4.0%, 57.2%, and 38.8%, respectively.

The mean values of the 16 variables related to the hygiene conditions are shown in
Figure 4. The individual variable scores were the lowest on average for “floor types”,
followed by “handwashing facilities” (with water and soap), and “garbage around”, and
they were the highest for “storage cracked” followed by “water quality” and “food storage”.

2.50
1.64
oo 137 134 1.58 [1.55 1.53
- ’ 1.23 : 1.25 1.19
P 0.97 0.94 0.99 0.99
< 100 0.79
0.55
0.50
0.00
Q A 5 3 O O > () > > [ 5 & QA ) NS
%‘\o q,'?’io &*Qe ’\\‘\é) o"Q o§ & 0@% && & o@% '\\QQ:? ‘?‘$ \\%{\ '\'\"”\Q’ Q’b\\
&S S S %z‘ e@‘ 3 & S L & S & & & &
& \o(' NG . & e& 5 ((\\@ S %Qé?/ %ng ’5& & @g ,5& . \@o 2
S & L % RN 3 & & & ,ng’ Q N B &
R 3 QS S ) o C)\o& b\‘(b Q\Q’C’Q
NS &
] s

Hygiene condition variables

Figure 4. The numbers indicate mean values of hygiene variables (1 = 278, min = 0, max = 2), with the standard deviation bars.

The relationship tests between 15 hygiene variables are shown in Table 2. The rela-
tionships between the first six variables are related to the surrounding environment, i.e.,
from “livestock nearby” to “flies around”, were in a positive direction, i.e., the better the
condition in one variable, the better the condition in other variables were. For example, no
or few livestock nearby the house was associated with fewer flies around. These five vari-
ables were also significantly related to the house having no permanent floor. Furthermore,
the relationship tests indicate that the poor conditions of these first five variables were
associated with having no food cover, i.e., people did not cover their food even though the
surrounding environment was not hygienic or clean.
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Table 2. Relationship between 15 hygiene-related variables. Green cells indicate significant relationships (p < 0.0035 after the Bonferroni adjustment).

Place of

Open Livestock  Floor Floor Faeces Garbage Flies Food Storage Storage Water Storage Practice Water Handwashing  Respondent’s
Defecation Nearby Types Cleanliness Around  Around  Around Storage Covered Cracked Storage Cleanliness HWT Quality Facilities Nails
Open
Defecation
Livestock
nearby

Floor
types
Floor
cleanliness
Faeces
around
Garbage
around
Flies
around
Food
storage
Storage
covered
Storage
cracked
Place of
water
storage
Storage
cleanliness

Practice
HWT
Water
quality
Handwashing
facilities
Respondent’s
nails

=
-
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The relationships between “handwashing facilities” and “respondent’s nails” with
“livestock nearby”, “floor cleanliness”, “feces around”, and “garbage around” were in a
positive direction. Households who practiced HWT tended to cover their water storage.
Furthermore, there was no variable related to “water quality”, i.e., detected E. coli in the
drinking water, “storage cleanliness”, and “storage cracked”.

The regression analysis indicated that significant determinants were “wealth” and
“access to water” (p-value < 0.05; Table 3). The wealthier the households were, the better
the household hygiene conditions were, i.e., a positive regression coefficient. On the other
hand, difficult access to water was associated with lower hygiene conditions.

Table 3. Regression analysis of determinants of household hygiene conditions.

Determinant Variables B SE B p Value LB UB
Constant 20.22 1.31 0.00 17.65 22.80
Wealth 1.03 0.38 0.23 0.01 0.29 1.78
Access to water —0.43 0.20 —0.14 0.04 —-0.83 —0.03
Household time allocation 0.06 0.13 0.03 0.63 —0.19 0.31
Local beliefs —0.87 0.65 —0.09 0.19 —2.16 0.42
Access to market 0.93 0.53 0.10 0.08 —0.11 1.96
Access to mass media 0.15 0.24 0.05 0.52 -0.32 0.62
Receiving WASH promotions —0.11 0.78 —0.01 0.89 —1.64 1.42
Mother’s education —0.10 0.10 —0.08 0.32 —0.28 0.09
Father’s education 0.01 0.09 0.01 0.88 -0.17 0.20
Having children under 5-years-old 0.00 0.52 0.00 1.00 —1.02 1.02

n=278; Adj. R? = 0.111,

4. Discussion

The mean values of composite hygiene and household categorization indicate that
most households in the study area did not practice proper hygiene practices in their houses.
The majority of the respondents were categorized as having “moderate hygiene”, i.e., 57.2%.
There are many potential sources of contamination at the household level and these put
them at risk for the spread of pathogens in their houses. The results indicate that the main
contamination pathways were through the environment, i.e., non-permanent or earthen
floor and garbage, as well as personal hygiene, i.e., handwashing. These findings are in
line with other studies that found that indigenous communities often lag behind in terms
of WASH facilities or practices [52-54]

The risk of pathogen transmission through a non-permanent floor cannot be over-
looked, considering that 72.3% of the respondents had a non-permanent floor. Moreover,
the non-permanent household floor was associated with a dirty floor or the presence of
garbage and flies around. Previous studies indicated that an earthen floor possesses a
higher chance of pathogen transmission in Bangladesh, Kenya, and Mozambique [55,56].
This suggests the need to improve the condition of the floors in the houses in the study
area. However, low-income households may not be able to afford a permanent floor. In this
case, they need a subsidy from the village office. This kind of subsidy, i.e., one for repairing
or improving house conditions, is common in the study area but only reaches a few poor
houses per year.

One of the key barriers to prevent contamination and infection is handwashing [57].
However, it seems that people in the study area do not value handwashing as being impor-
tant. Moreover, the mean value of the variable “respondent’s nails” was also low, indicating
that people in the study area were less aware of the importance of personal hygiene. A
previous study stated that “general hygiene practice was correlated with commitment
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to hygiene, indicating a strong association to psychosocial determinants” [12]. Future
studies conducted in this area should then investigate the key psychosocial determinants
of handwashing that can be targeted in health promotion activities.

There were significant relationships between the six variables related to the surround-
ing environment, i.e., floor types, floor cleanliness, and presence of livestock, feces, garbage,
and flies around. The presence of livestock and allowing them roam freely could be the
reason why there are a lot of feces and flies around the house as well as dirty floors. A
previous study indicated that fecal contamination in a house is associated with the presence
of livestock [14,58,59]. Another study found that the presence of livestock is associated
with diarrhea and malnutrition in children [60]. Additionally, considering the fact that
East Sumba has one of the highest prevalences of stunting in Indonesia [32], corralling
livestock separately from the house’s main areas should be conducted to minimize direct
or indirect fecal contamination from livestock [14]. A previous study in Bangladesh found
that corralling livestock improves the drinking water quality and reduces cases of diarrhea
in children [61].

However, interventions related to livestock should also consider the cultural aspect
of livestock in the Sumbanese culture. That is because livestock is a symbol of social
status [62]. Moreover, some locals said that they prefer to keep their livestock as close as
possible to the house to avoid livestock theft. All of these aspects should be considered in
the intervention strategies. Furthermore, this study also emphasizes that culture should be
taken into account in WASH programs in indigenous communities, i.e., they should avoid
altering the local culture [53,63].

Furthermore, Figure 3 implies that there is not much difference regarding earthen
floors with or without animal feces. This may explain the relationships between not having
a permanent or earthen floor and those five variables. People, i.e., those who have an
earthen floor, may keep their current unhygienic practices because they have become used
to their homes looking dirty, as this may have been the case for a long period of time.

The results imply that access to water is critical to having proper hygiene practices
at home. A previous HWT study in this area stated that “households who need more
time to collect water perceived lower levels of ability and self-regulation to operate HWT
technologies” [36], which may apply to the context of hygiene practices. Some locals also
said that they stopped using a toilet, i.e., they went back to open defecation, because
sufficient water is unavailable. Moreover, the health effects of hygiene practices depend
on having access to a sufficient water supply [3]. The lack of water in East Sumba is a
result of complex environmental conditions. The mean annual rainfall in the study area
is about 830 mm/year [30], which is below the mean annual rainfall in the country, i.e.,
about 2700 mm/year [64]. Moreover, the soil structure complicates people having access to
groundwater [63]. The national and local authorities, i.e., village office and municipality,
should then focus on delivering water to areas in need. Special attention should be given to
the drought period in April-October to ensure that people still have an adequate amount of
water to perform proper hygiene behaviors, e.g., delivering water by water trucks during
the drought period. Building or subsidizing a rainwater harvesting tank in which to store
water during the rainy season could also be another solution.

The significant and positive influence of wealth on hygiene conditions is consistent
with the literature [37,38]. This could be because having more money allows people to
purchase items and practice proper hygiene practices. This finding also indicates that low-
income households are more vulnerable to contracting diseases due to improper hygiene
conditions and practices. Considering the economic conditions of households in the study
area, low-cost interventions should be the short-term priority, e.g., regularly cleaning the
house of garbage and animal feces as well as cleaning the nails. Furthermore, high-cost
interventions, e.g., water provision, a latrine, or a permanent-concrete house floor, can be
conducted using a turn-based system using a subsidy from the village office, i.e., these
high-cost interventions can be a long-term program.
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This study shows that by including the contextual determinants of hygiene conditions
in the analysis, we could design more specific types of intervention. For example, we could
urge the target group to engage in handwashing activities regularly, but without analyzing
the contextual determinants, we would not have been able to know that one of the possible
reasons for irregular handwashing is because there is not a sufficient amount of water, i.e.,
water needs to be provided first before the suggestion to increase handwashing is given.
Analyzing these contextual determinants may help us to understand the “root causes” of
health-related behaviors because without tackling the problem at the “root”, we may not
be able to transform people’s unhealthy behaviors.

This study also indicates that rural and less developed areas in Indonesia, i.e., where
the majority of households have low income and education levels, need a special focus on
hygiene interventions. Multiple stakeholders at the district level, e.g., district health agency,
social agency, NGOs, etc., should work together to tackle this issue. Health posts in the
sub-district level and in the pre- and postnatal healthcare information (called “Posyandu”
in Bahasa) in the village level can be the hygiene promotion center. Moreover, based
on our discussion with some of the stakeholders in that area, support from higher-level
institutions, e.g., agencies at the provincial or national level, is urgently needed, especially
regarding high-cost interventions, e.g., water supply [63].

This study has some limitations. First, even though enumerator training and the
pilot study were conducted before the real data collection period, there is the potential
for inconsistency regarding the assessment of the hygiene variables among the different
enumerators [65]. Second, we relied on self-reported answers o regarding water treatment
which may be a source of bias, as found in another HWT in Cambodia [66]. Third, the
water quality analyses were only conducted at a single time point and only presence-
absence (P/A) tests were conducted. Thus, temporal variation in the water quality was not
recorded, and P/A test may not fully capture the actual water quality. Fourth, seasonal
hygiene conditions, i.e., those in the rainy and dry seasons, should also be conducted since
access to water is abundant in the rainy season but limited in the dry season. Fifth, future
studies should also investigate the relationship between general household conditions
and water-related diseases in children, e.g., diarrhea and malnutrition. Sixth, the hygiene
variables used in this study may not contribute equally to the general household hygiene.
Future studies should investigate this so that we can have a better proximation of general
household hygiene conditions. Moreover, a behavioral study should be conducted to
understand the underlying perceptions or psychological factors behind current hygiene
conditions, including the investigation of other contextual factors that may influence
hygiene conditions, e.g., policy, regulations, WASH-related institutional performance, etc.
These findings could help to design the behavioral change interventions that are needed in
the study area.

5. Conclusions

This study examines the general household hygiene conditions in less developed rural
areas in Indonesia. In general, the hygiene conditions were at a “moderate” level, indicating
that people in the study area were at risk for poor hygiene-related diseases. Two important
contamination pathways were the surrounding environment, i.e., a non-permanent floor
and the presence of garbage, and personal hygiene., i.e., handwashing. There is a need to
improve non-permanent floors to permanent floors, but a subsidy is needed for low-income
households. The presence of livestock roaming freely in the yard is one of the reasons for
the dirty surrounding environment. However, the cultural aspect of livestock ownership
should be taken into account in intervention strategies. Intervention should also target
handwashing behaviors and nail cleaning to prevent the spread of contaminants through
the fingers. Having access to water positively influences hygiene conditions. This is a
serious challenge in this area because people regularly face water scarcity 7-8 months a year.
Wealth also significantly influences household hygiene conditions, indicating that poor
households should be the main target group WASH interventions. Low-cost interventions



Int. J. Environ. Res. Public Health 2021, 18, 11064 12 of 15

can be conducted in terms of immediate interventions, e.g., regularly cleaning the house
of garbage and cleaning one’s nails. Finally, this study can be seen as a snapshot of the
household hygiene conditions in less developed and rural areas in Indonesia and as a
trigger to improve household health in those areas.
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