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Abstract

BACKGROUND: Diarrhea stands as a result of the inter-variable relationships, including behavior, environmental
aspect, and household states.

AIM: The study aimed to conduct an epidemiologic survey of diarrhea prevalence and several existing risk factors
of diarrhea.

METHODS: A community-based surveillance and in-depth interview were conducted following the JMP ladder
service for Water, Sanitation, and Hygiene (WASH) and government regulation and it enrolled 135 children of a
public primary school, SDN 040494, and households in the Valley of Sinabung Volcano, North Sumatera, Indonesia,
between June and October 2019. There were only two lowest categories of each WASH indicator.

RESULTS: Multivariate analysis has also demonstrated a high likelihood of diarrhea among the population in limited
settings for hygiene (p = 0.012, AOR 7.892, and 95% CI 2.485, 25.064) and low daily income (p = 0.015, AOR 3.079,
and 95% CI 1.148, 8.260).

CONCLUSION: Hygiene and daily income have significant association with diarrhea prevalence. Improvement of
hygienic practices is mandatory as well as preventing volcanic eruption implications to the economy of the local
community.
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Introduction

Diarrhea is one of the most devastating
symptoms associated with gastrointestinal or systemic
illnesses. It usually manifests as a result of excessive
water secretion in gut lumen caused by both infectious
or noninfectious agents and it could be transmitted
through oral ingestion in contaminated food, drinking
water, or directly from person-to-person [1], [2].
Diarrhea poses a threat to high-risk populations
resulting in higher mortality, such as infants, elderly, and
immunocompromised individuals, since it can cause
dehydration, water, and electrolyte imbalance as well
as bloody discharge, excessive sweating, high-grade
fever, and vomiting [3].

Morbidity and mortality associated with
diarrhea also considered high in several countries.
Based on the global data registry, diarrhea accounts

for 525,000 deaths, with approximately 1.7 billion new
cases of diarrheal episodes each year, and it also
ranks as the leading killer in children under 4 years
old [4]. In addition, children also reportedly suffer
from three-episode diarrhea each year in low-income
countries [5]. In Indonesia, it is estimated that diarrhea
produced 10-24 deaths per 100,000 people in 2016,
while the peak mortality occurred among adults older
than 70 years old, 200-299 deaths per 100,000
people. In total, disability-adjusted life-years (DALYs)
of diarrhea per 1000 children younger than 5 years
old are 86.7, with a considerable increase in long-term
sequelae during these decades [6].

There are several factors relating to the
occurrence of diarrhea ranging from personal behavioral
factors, environmental variables, infrastructure, and
natural disasters, but one is sure that diarrhea is still
a preventable and treatable clinical entity. In other
regions, significant incidence or outbreaks occur mainly
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as aresult of poor hygiene and sanitation [7]. Therefore,
the World Health Organization (WHO) focuses on the
intervention for safe drinking water, improved sanitation,
and hygiene, termed as Water-Sanitation-Hygiene
(WASH) [8]; the program targeted to 780 million people
with lack access of improved drinking water as well
as 2.5 billion with unimproved sanitation. In addition,
young age [9], washing hands before feeding, and after
visiting latrine, unsafe sources of drinking water while
living in a rural area and malnourished are the other
risk factors related to diarrhea [10], [11]. In Ethiopia,
infrastructure problems and discrepancies between
urban areas promoted diarrhea among children,
followed by poor sanitation and hygiene behavior.
Open waste disposal and lack of latrine also expose
the children to environmental contamination [12].

Delayed development of infrastructure in
rural areas, particularly in former or ongoing natural
disaster prone-area, is another factor associated
with a higher incidence of infectious diseases among
children [13]. Furthermore, natural disaster affects
physical integrity of the population and environment
merely because of rapid displacement, overcrowding
in refugee centers, lack of infrastructure for safe
drinking water and sanitation, and limited healthcare
services [14]. Sinabung Volcano, one of the most active
volcanoes in Indonesia, starts erupting from 2010, and
it is relentlessly doing so until today, before that it was
dormant for about 400 years. There are several natural
disasters in the location, such as volcanic eruption, cold
lava flooding, ash and gas emissions, and landslide
occurred as a result of insistent volcano activities
between 2010 and 2020 [15], [16]; however, no data
relating to health impacts of this natural disaster on the
local prevalence of infectious diseases.

Thus, the study objective aimed to conduct an
epidemiologic survey of diarrhea prevalence and its
associated risk factors among primary school students
in the base of Sinabung Volcano, North Sumatera,
Indonesia.

Methods

Study location and design

The study location was in Susuk Village,
Sub-district Tiganderket, Karo, North Sumatera,
Indonesia. Based on the data registry of Central Bureau
of Statistics of Karo District, Susuk also covers an
area of 8.50 km’ northwest base of Mount Sinabung
and contained 1,583 people with a population density
of 186.24 per km® within the close perimeter to the
volcano which erupted in the previous 10 years.

This is a community-based observational and
cross-sectional study conducted in a three-stage
process, pre-implementation, implementation, and

final evaluation between June and October 2019. The
study was initiated from a public primary school of
Tiganderket, SDN 040494 Susuk, Karo District. There
were 137 primary school students in the school; each
student was a representative for his/her respective
household and consented for investigation.

Data collection

A research team observed the school and
households and conducted in-depth interviews with
students, school stake-holder, and officialsingovernment
and primary care centers. General characteristics of
respondents included sociodemographic aspects,
both mother/caretaker and children. Meanwhile,
mother/caretakers were interviewed for child behavior
and preliminary household condition in addition to
direct observation for child misbehavior. History or
recent diarrhea in the previous 14 days was noted
as dependent variables (the criteria were based on
the World Health Organization definition for diarrhea;
the presence of loose or watery diarrhea for minimum
3 times a day) [17]. All mothers/caretakers must require
to participate in a brief introduction of the study to
conceive a similar understanding about independent
variables, and all indicators were also structured based
on official guidelines released from the WHO in 2016;
core question and indicators for monitoring WASH in
schools in the Sustainable Development Goals [17].

Independent variables

Independent variables such as general
characteristics (child gender, age, nutritional status
based on body mass index per age, and parasitic
fecal examination), and behavioral aspects were also
evaluated through the study. Sociodemographic data
in parental aspects were included mother/caretaker’s
age, education level, family size, daily income (based
on provincial minimum labor salary rate), and caretaker
occupation. In addition, children behavior relating
to hand-washing, defecation, nail hygiene (CDC
recommendation), soil contact, daily consumption of
food (Ministry of Agriculture recommended food with
adequate nutritional value, that was varied, balanced,
safe, and healthy) [18], bathing, and teeth brushing
frequency included as the other independent variables.
All selected independent variables have been notably
related to diarrhea occurrence in the previous study
based on multivariate logistic regression and structural
equation modeling (SEM) or descriptively discovered
higher in diarrheal population.

Assessment of the WASH indicator was
directed against each household and interpreted in
accordance with the WHO indicators for the fulfillment
of the emerging Joint Monitoring Program (JMP)
service ladder in the Sustainable Development Goals
(SDGs) [17]. This consisted of safely managed, basic,
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limited, and improved service and limited service
for drinking water and sanitation indicators, such as
basic, limited and no facility for hygiene indicators.
Nevertheless, there were only two lowest categories
in each indicator obtained during the preliminary
study. By definition, drinking water is categorized as
“basic service” when drinking water sources of an
improved container are available; an improved source
(piped, water, protected well, and rainwater) but no
water during the survey listed as “limited service.” In
sanitation, the presence of improved facilities (flush/
pour flush and pit latrine with slab) is defined as “limited
service” and no toilet or other facilities for “no service.”
Meanwhile, hygiene quality is scrutinized based on the
availability of hand-washing facilities and grouped into
“basic service” (water and soap were available) and no
soap as “limited service.” Meanwhile, garbage disposal,
source of drinking water, and ownership of latrine were
also disclosed for the position as independent variables
of the other household states, in addition to the WASH
indicators.

Data analysis

Independent and dependent variables were
collected in one period time of the survey in the study
locations. One investigator entered the raw data
into Microsoft Excel before the statistical analysis
using SPSS (Statistical Package for Social Science)
version 24. General characteristics of children and
parents/caretakers were analyzed descriptively before
undergoing bivariate analyzes using the Chi-square
test; the output was determined whether p < 0.25 was
achieved, thus all included variables were adjusted
into multivariable logistic regression. This study
was approved by the Ethical Committee for Medical
Research, Faculty of Medicine, Universitas Sumatera
Utara, Medan, Indonesia (Reference No. 391/TGL/
KEPK FK USU-RSUP HAM/2019 on May 16, 2019).

Results

General characteristics

This study was conducted in the base of
Sinabung Volcano, North Sumatera province, which
had been actively erupting in recent years. The survey
was carried out in one of the public primary schools in
the valley and each student will be selected to represent
their household. Consequently, it was obtained that
there was a total of 137 primary school students (all
students in the primary school). They automatically
enrolled into the study after their caretakers signed
informed consent, but there were four siblings
admittedly live in one household, later two students

were excluded from the study. There was no parasitic
infection after the duplex routine parasitic examinations
in the parasitology laboratory; therefore, this variable
has failed to join the analysis. Child age was then
divided into two categories based on the median of
the numerical data and young age students, which
grouped in 7-10 years old was higher (63.7%) with
no gender predominance (Table 1). Grade proportion
was different in three groups: The smallest number of
respondents in the first and second grades (25.9%). In
addition, there were more than 90% of students with
normal nutritional status, but inadequate daily income
was found among 76.3% of the families in the study.
Farming also becomes one of the primary caretaker
occupations, with a percentage of 72.6%. Smaller family
size (3-5 people) was predominant and more than 50%
caretaker’s age was in the group of 25-39 years old.

Table 1: General characteristics of respondents

Variables Indicators Frequency Percent

Children age 7-10 86 63.7

11-14 49 36.3
Gender Male 69 51.1
Female 66 48.9
Grade -1l 35 25.9
-1v 52 38.5
V-VI 48 35.6
Nutritional status Underweight " 8.1
Normal 124 91.9
Caretaker education level Primary school 53 39.3
Secondary school or higher 82 60.7
Daily income Inadequate 103 76.3
Adequate 32 237
Caretaker age 25-39 years 70 51.9
40-54 years 61 45.2
over 55 years 4 3.0
Caretaker occupation Farming 98 72.6
Housewife 22 16.3
Others 15 1.1
Family size 3-5 90 66.7
over 5 people 45 33.3

Children’s behavior

These categories span from personal hygiene
and daily food consumption. Adequacy of food
consumption followed the criteria from government
regulations and found that 64.4% of children
inadequately provided for food consumption (Table 2).
Poor nail hygiene has been discovered in 57% of
children with infrequent nail-biting behavior. Living
in the rural region also forced children to help their
parents farming; consequently, almost 50% of children
were categorized with frequent soil contact.

Table 2: Children behavioral aspects

Variables Indicators Frequency Percent
Nail hygiene Poor 77 57.0
Good 58 43.0
Nail-biting Infrequent 123 91.1
Frequent 12 8.9
Soil contact Infrequent 71 52.6
Frequent 64 474
Hand-washing Water+Soap 63 56.7
Water only 72 53.3
Bathing frequency per day Once 17 12.6
Twice 118 87.4
Teeth brushing per day Once 41 30.4
Twice 94 69.6
Food consumption Inadequate 87 64.4
Adequate 48 35.6
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Household states and WASH evaluation

A direct evaluation of the household was
conducted for 1 week in the village. However, there
was a significant finding of the WASH indicators; in
each indicator; there were only two categories for
water, sanitation, and hygiene. Nevertheless, almost
all households were in the minimum criteria for WASH
with water and hygiene was mostly in basic service,
and sanitation has the two lowest categories based on
the JMP service ladder. Other household states, such
as garbage disposal, ownership of latrine, and source
of drinking water, were also depicted in Table 3.

Table 3: WASH indicators and other household states

Variables Indicators Frequency Percent
Water Limited service 4 3.0
Basic service 131 97.0
Sanitation No service 34 252
Limited service 101 74.8
Hygiene Limited service 21 15.6
Basic service 114 84.4
Garbage disposal Yes 64 47.4
No 71 52.6
Ownership of latrine Private 49 36.3
Shared 86 63.7
Source of drinking water Wells 47 34.8
Filtered water 42 31.1
Spring 46 34.1

Diarrheal-associated risk factors

Data analysis was performed in a two-stage
process, firstly a Chi-square test (p < 0.25 indicated
variables for subsequent analysis using logistic
regression). Child’s gender, daily income, food
consumption, and other variables with suitable p-value
were included in second stage analysis and multivariate
logistic regression (Table 4). Furthermore, it was
evident through the final analysis that daily income and
hygiene were significantly associated with diarrhea
occurrence in the study population (p =0.015and 0.012,

Table 4: Multivariate logistic regression results

General Diarrhea
characteristics occurrence

p-value 95% ClI Adjusted 95% CI

Yes No
Child gender
Male 24 (34.8) 45(65.2) 0.099 1
Female 30 (45.5) 36 (54.4) 0.469 (0.191,1.154)
Caretaker age
25-39 22 (31.4) 48(68.6) 0.103 1
40-54 30 (49.2) 31 (50.8) 0.506 (0.223,1.149)
over 55 2(50.0) 2(50.0) 0.198 (0.021,1.891)
years old
Daily income
Adequate 9(28.1) 23(71.9) 0.015* 1
Inadequate 45 (43.7) 58 (56.3) 3.941(1.306,11.895) 3.079 (1.148,8.260)

Food
consumption

Inadequate 38 (43.7) 49 (56.3) 0.133 1

Adequate 16 (33.3) 32(66.7) 0.478 (0.182,1.253) 0.449 (0.197,1.021)
Teeth brushing

Twice 34 (36.2) 60(63.8) 0.153 1

Once 20 (48.8) 21(51.2) 0.502 (0.195,1.293)
Sanitation

No service 19 (55.9) 15 (44.1) 0.211 1

Limited 35 (34.7) 66 (65.3) 1.902 (0.695,5.209)

service
Hygiene

Basic 39 (34.2) 75(65.8) 0.012* 1

service

Limited 15(71.4) 6(28.6) 5.465 7.892 (2.485,25.064)

service
*Significantly different.

(1.444,20.679)

respectively). Therefore, the inadequate daily income
also contributed to the 4 times increase of diarrhea
occurrence (AOR 3.079 and 95% Cl 1.148, 8.260) in the
study population as well as 5.5 times for limited service
in hygiene (AOR 7.892 and 95% CI 2.485, 25.064).

Discussion

There were three major groups of independent
variablesinthe study, sociodemographic characteristics,
children’s behavior, and household states, as well as
WASH fulfillment observation among primary school
students, households, and caretakers in the Valley
of Sinabung Volcano, Susuk Village, Tiganderket
subdistrict, North Sumatera. The overall diarrhea
prevalence of 2 weeks was 40% (n = 54 students) of
study populations with insignificant gender differences.
Several studies also reported a high prevalence of
diarrhea in certain regions worldwide. A study performed
in rural Burundi found 32.6% of diarrheal prevalence
whereas in other parts, Ethiopia, ranging from 9 to 36%
both in rural and urban areas but there was a slight
increase of diarrheal prevalence in Ghana rural areas
(rural vs. urban; 17.19 vs 14.74%) [9], [11], [19], [20]. In
Indonesia, Basic Research Study 2018 (Riset Kesehatan
Dasar) has registered the lower average diarrheal
prevalence (6.8%) [21]. Nevertheless, there was only
a few local studies relating to diarrheal prevalence
in the country; Komarulzaman et al, in 2017
discovered 14.4% prevalence while in another region
showed 20.5% [22], [23].

The volcanic eruption of Sinabung appears to
be one of the latent independent variables for diarrhea
occurrence indirectly. It primarily affected several public
facilities, such as water pipeline, electricity cut, health
care service, human displacement, and economic
burden (more than 70% of households were categorized
as a low-income family in the study) [24], [25]. Although
a direct association between diarrheal prevalence and
volcanic eruption has not yet been elucidated in the
study location but based on recent literature, it was
notable that natural disasters are producing vulnerability
for communicable disease transmission as well as
diarrhea [26], [27]. Moreover, there are several primary
and secondary risk factors emerged during natural
disasters mainly caused by human displacement, safe
water availability and sanitation facilities, underlying
diseases of the affected population, and basic health
service [28]. Therefore, mitigation and prevention
measures must be taken place to prevent a series of
public health impacts [13], [29].

In the study location, only two-lowest
categories of WASH indicators had been discovered
during the observation. Based on JMP ladder service
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for WASH, it was found that water and hygiene have
obtained the highest implementation rate for basic
service (97% and 84.4%, respectively) compared to
sanitation. The roles of maintenance water, hygiene,
and sanitation have also been emphasized in
alleviating diarrhea burden. In fact, WASH negligence
could be associated with the emerging of many types
of communicable diseases [30], [31]. Limited service
of hygiene is one of the two significant independent
variables demonstrated in the final analysis; it
demonstrated 5 times the likelihood of children suffered
from diarrhea in the limited-service group since there
was more than 70% of the population suffered from
diarrhea in this group.

Poor hygiene behavior has a positive impact
on diarrhea prevalence. In the Gaza strip, the
amalgamation of poor water quality, improper hygiene
practices, and impaired sanitary facilities occurred
along with acute diarrhea [32]. Whereas, poor hygiene
plus uneducated caretakers poses a diarrheal threat
to children in a comparative study [33]. Meanwhile, it
was notable that washing hands with soap reducing
diarrhea prevalence and stated as a significant risk
factor for acute diarrhea prevalence in a case-control
study [7]. In another hygienic perspective, children
live in a house with less dirty sewage concurrent
with a lower incidence of diarrhea [22], yet no
significant association was found for caretakers
hygienic practices and this illness. In other developing
countries, there was a series of independent variables
for the occurrence of acute diarrhea relating to food
processing and storing, uneducated caretakers,
sanitation, and improved water supply [34], [35], [36].
In Kenya, diarrhea burden was also correlated with
unsafe disposal of children’s feces and lower wealth
index but no mention of other hygienic indicators;
nevertheless, it also demonstrated the highest
disability-adjusted life years (DALYs) caused by
diarrhea among Sub-Saharan country [37].

In the study, it is evident that daily income
has a significant association with diarrhea prevalence,
accordinglymultivariatelogisticregressiondemonstrated
that the children originate from poor daily income family
is 4 times more likely to suffer from diarrhea. A study
conducted in Manado, Indonesia concluded that
socio-economic factors, such as caretaker educational
level, family income, and savings level, play roles
in affecting diarrhea incidence alongside with other
caretaker characteristics [38]. Similarly, first poorest
quartile of wealth index almost increases 2 times of
diarrhea incidence in a rural region of Tanzania [39].
Following similar trends, the wealthiest households and
rural areas linearly reduced diarrhea incidence [20].
Nevertheless, a health survey on mass media exposure
and childhood diarrhea in Bangladesh failed to show
any significant association between wealth index and
diarrhea [40].

Conclusion

Hygiene and daily income have significant
association with diarrhea prevalence. This finding
indicates that there must be an improvement in hygienic
practices and facilities in the Village located in the base
of Sinabung Volcano to reduce the high diarrhea burden.
Daily income also plays a pivotal risk factor in the study
population; therefore, it should alarm the government to
provide incentives to the most vulnerable people in the
regions. In addition, the study also did not escape some
limitations, independent variable selection could be
challenging since diarrhea prevalence is not uncommon
to be confounded by other risk factors.
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