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Abstract

Background To make basic primary health care services accessible, especially to the rural community, the
government of Ethiopia launched the Health Extension Program (HEP) in 2004. Most of components of HEP

are dedicated to hygiene and sanitation. Few studies have assessed the role of the Health Extension Program

in improving water, hygiene, and sanitation (WASH) practices in Ethiopia. This study explored the role of health
extension workers (HEWSs) in influencing household water treatment practices, latrine ownership, latrine use and
ownership, and the use of hand-washing facilities on the incidence of diarrheal diseases among the children under
five years of age in rural Ethiopia.

Methods Using a cross sectional design, we conducted a national assessment that covered all nine regions of
Ethiopia. We conducted face-to-face interviews among a sample of 6430 rural households using a structured
questionnaire and an observation checklist to collect data from March 2018 to May 2019. Multilevel logistic
regressions models were used to determine the relationships between the exposure of households to HEWs and
WASH practice outcomes such as the use of water from an improved water source, household water treatment
practices, availability of hand-washing and hand-washing with soap and water, availability of latrines, and use of
latrines as well as the incidence of diarrheal diseases among children age 5 and younger. Our models were adjusted
for covariates and confounders and P-values less than 5% were set to determine statistical significance.

Results We found that 72.7% of rural households had some type of latrine and 27.3% reported practicing open
defecation. A total of 71.5% of rural households had access to drinking water from improved water sources, but only
9.4% reported practicing household water treatment. Exposure to HEWs was positively associated with household
water treatment practices (AOR: 1.46; 95% Cl=1.01-2.10) and latrine availability (AOR: 1.44; 95% Cl=1.15-1.80).
Among the households who were either visited by HEWs at their home or the that visited health posts to meet with
the HEWs, being exposed to WASH health education by HEWSs was significantly associated with the availability of a
hand-washing facility (AOR: 5.14; 95% Cl=4.11-6.42) and latrine availability (AOR: 1.48; 95% Cl=1.10-2.01). However,
we did not find a relationship between the incidence of diarrhea among children age 5 and under and exposure to
HEWSs (AOR: 2.09; 95% Cl=0.73- 6.62).
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diarrhea

Conclusion Our results show a significant association between exposure to the Health Extension Program/ HEWs
and improved household water treatment practices, latrine construction, and the availability of hand-washing
facilities in rural Ethiopia, suggesting the need to strengthen efforts to change WASH behavior through the Heath
Extension Program. On the other hand, further investigation is needed regarding the spillover effect of latrine use
practices and the reduction of the incidence of diarrheal diseases.
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Background

Diarrheal disease is a serious public health threat that
is closely associated with water, sanitation and hygiene
(WASH) infrastructure and practices. Nearly 1.7 bil-
lion cases of childhood diarrheal disease occur world-
wide, resulting in the death of 525, 000 children under
the age of five each year [1], and repeated episodes are
associated with growth impairment [2]. Unsafe water,
inadequate sanitation, and poor hygiene were linked to
5—-8% of diarrhea cases worldwide in 2012 [3]. Evidence
shows that the provision of WASH services is associated
with reduced diarrheal incidence. For instance, point-
of-use water treatment with chlorine reduces the risk of
diarrhea by 25-58% [4], improved sanitation can reduce
diarrheal diseases by 32-37% [5], and hand-washing
promotion reduces incidence of diarrhea by 42-47% [6],
while combined water, sanitation, and hygiene interven-
tions resulted in up to a 57% reduction in diarrheal inci-
dence [7]. However, over 2 billion people worldwide lack
access to water, more than one-third of the world’s popu-
lation lacks basic sanitation, and only 19% of the world-
wide population washes their hands with soap after using
a sanitation facility or coming into contact with children’s
excreta [8].

In Ethiopia, diarrhea is the cause of death for more
than 73,341 children under the age of 5 annually [9].
Ethiopia has adopted the United Nation’s Sustainable
Development Goal (SDG) 6, which is aimed at univer-
sal and equitable access to safe and affordable drinking
water, sanitation, and hygiene for all by 2030 [10, 11].
Thus, the expansion of the WASH infrastructure, among
other factors, has resulted in a remarkable decrease in
diarrhea prevalence in Ethiopia. Diarrhea has decreased
from 26% to 2000 to 18% in 2005, to 14% in 2011, and
to 12% in 2016 [12]. However, diarrhea remains the sec-
ond cause of morbidity and mortality among children
under 5 in Ethiopia, after pneumonia. This is partly
because Ethiopia has the poorest WASH infrastructure
in the world. According to the World Health Organiza-
tion (WHO) and the United Nations Children’s Fund
(UNICEF) Joint Monitoring Program report, in 2017
only 14% of the Ethiopian population was using improved
sanitation and 22% were practicing open defecation [13].
Less than 10% of the population reportedly had access
to hand-washing facilities or practices that involved

appropriate water treatment methods, with particularly
low use in rural areas [13]. Studies in Ethiopia have found
that latrine ownership and utilization and hand-washing
practices are positively associated with positive attitudes
and knowledge [14]. The study on hand-washing behav-
ior from 51 Low and Middle Income Countries (LMICs)
also reaffirmed that Ethiopia has the lowest proportion of
households that have soap available in the hand-washing
area [15]. Some studies in Ethiopia have also reported
that interventions to change WASH behavior resulted in
a decrease in childhood deaths [16, 17]. Several studies
reported that socio demographic status such as increased
education status [18], higher wealth index [19], and
urban residency [20] were also associated with improved
WASH practices.

Various strategies have been implemented to improve
WASH practices. One study documented that commu-
nity provision of improved sanitation facilities is required
for effective WASH implementation [21]. Other effective
strategies for WASH interventions include the complete
separation of animal feces from the human environ-
ment [22] and the reduction of fecal contamination in
spaces where young children crawl and play [23]. Other
strategies include continuous and convenient access to
uncontaminated water [24], various behavioral change
modalities [25], and new technologies for delivering
WASH services [26].

Ethiopia is a country characterized by pastoral and
agrarian societies. Pastoral societies can be found in
Afar, Ethiopian Somali, some parts of Oromia, and some
parts of the Southern Nations, Nationalities and Peoples’
Region (SNNPR). These pastoral settlements contain
small, scattered, and often nomadic populations, which
makes it more challenging to provide basic public ser-
vices such as clean water delivery. HEWs were introduced
into the health system in agrarian areas in 2004 and were
scaled up to serve pastoral areas in 2006 [27]. To improve
disparities in access to health services, including WASH,
between regions and different settings, the government
established context-specific implementation models
for rural (agrarian), urban, and pastoral societies. So far
38,000 HEWs have been trained and deployed, 87% of
whom were deployed to rural (agrarian), 10% to urban,
and 3% to pastoral societies [28].
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Ethiopia has put a great deal of effort into meet-
ing SDGs, and this includes the launching of theHealth
Extension Program (HEP) [29]. As part of implementing
HEP, the government of Ethiopia deployed trained com-
munity-based health workers, namely, Health Extension
Workers (HEWSs). HEWs provide health in-home educa-
tion (12.8% time), basic curative, promotive, and preven-
tive services at their health posts (25% time), including
the promotion of household toilets, hand-washing with
soap (or ash) at critical times, and safe drinking water
handling and treatment home, and building relationships
with the community and mobilizing the community (14%
time) [30]. A network of women’s groups that comprises
25 to 30 households was organized, with one woman out
of every five households becoming a Women’s Develop-
ment Army leader who is responsible for promoting the
health of five neighboring households under the supervi-
sion of HEWs [31].

However, evidence is scare regarding the contribution
of Ethiopia’s HEP in improving access to and the use of
WASH services as well as the reduction of diarrhea inci-
dence. Nor has the effectiveness of the HEP in reducing
childhood diarrheal disease been well studied. Thus, the
aim of this study is to evaluate the access to improved
drinking water, proper hygiene, and proper sanitation
and to explore the association between improved WASH
practices and exposure to information/communication
by Health Extension Workers.

Methods

Study context

Ethiopia is the second most populated country in Africa,
with an estimated population of 105 million in 2017 of
which 84% reside in rural settings [32]. Administratively,
Ethiopia is divided hierarchically into regions, zones,
woredas (districts) and kebeles (wards), with the kebele
being the smallest administrative unit of the govern-
ment. During data collection there were 11 administra-
tive structures: 9 regional states (Tigray, Afar, Amhara,
Oromiya, Somali, Benishangul-Gumuz, Southern
Nations Nationalities and Peoples (SNNP), Gambela,
and Harari), and 2 city administrations (Addis Ababa and
Dire Dawa). The administrative structure for decision-
making for HEP implementation is shared between the
Federal Ministry of Health, the Regional Health Bureaus,
the Woreda Health Office, and the kebele. HEW's are situ-
ated at the kebele level in Health Posts (HPs) and serve
3000-5000 people per kebele [33].

Study design

The analysis for this mixed method study was based on
data that were collected for a national health extension
program assessment from March 2018 to May 2019.
This national HEP assessment was broad and included
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selected kebeles (the lower administration unit) of all the
regions in the country.

Sample size and sampling procedures

Details on sample size estimation and the sampling pro-
cedure for the national survey are reported elsewhere
[34]. Considering the woredas as the primary sampling
unit, we randomly selected 62 woredas from the 9 Ethi-
opian regions. A random number generator was used
to randomly select woredas. Three kebeles from each
woreda were randomly selected (n=186). At each kebele,
we randomly selected 34 households and eligible women
to take part in an interview and we interviewed one
woman in the household. Among the 7122 rural house-
holds that participated in the study, we excluded 692
Women Development Army (WDA) participants from
our analysis because the data collected from the WDA to
address a different objective which is beyond the scope of
this paper. Thus, a total of 6430 sampled households were
included in our analysis. Moreover, urban areas (Addis
Ababa city Administration and Dire Dawa City adminis-
tration) were surveyed in a parallel survey but excluded
from our analysis.

Data collection method and procedure

We collected data using face-to-face interviews with
women of the households and conducted observations.
We used two standardized questionnaires (the House-
hold Questionnaire and the Woman’s questionnaire)
adapted from the standard DHS program for Ethiopia
[35]. The Household Questionnaire was used to collect
information about the household members’ demograph-
ics, source of water, type of toilet facilities, materials used
for the floor of the dwelling unit, and ownership of vari-
ous durable goods. The Woman’s Questionnaire was used
to collect information on the availability of toilet and
hand-washing facilities, and the household members’
WASH practices, which included hand-washing, point
of use (POU), water treatment, face and body washing,
clothes washing, shoe wearing, house cleanliness, dis-
posal of solid and liquid waste, and the keeping of live-
stock separate from the living room. Participants were
also asked if they had received health education and then
engaged in discussions with the HEW on various topics
such as personal hygiene, latrine construction and use,
household water treatment, and food hygiene during
HEW's visit to their house during the year prior to the
time of data collection. In addition to the interview, we
observed the households using a checklist. The check-
list contained the same components as the Household
Questionnaire and the Women’s Questionnaire, includ-
ing the availability and type of toilet facilities, availability
of hand-washing facilities and their functionality, and the
presence of soap and water. During the preparation for
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the original assessment for which this data was extracted,
we translated the questionnaires and checklist from Eng-
lish into six local languages, namely, Ambharic, Tigrigna,
Somale, Afar, Afaan Oromoo, and Agnuak, and back-
translated them to English to ensure consistency and
the accuracy of each item. The translators had experi-
ence translating similar questions and were trained in the
use of appropriate terminology. We conducted a pretest
with 5% of the sample in Addis Ababa to test the survey
instrument and data collectors’ proficiency and made any
necessary modifications.

The field data were collected using computer assisted
software ODK (open data code). We recruited data col-
lectors who had at least a BSC degree and supervisors
who had a master’s degree. The data collectors provided
with ten days of training on interviews, survey questions,
and sampling procedure. Supervisors were responsible
for monitoring the data collection procedures and cross-
checking the quality of the collected questionnaires on
a daily basis. We then exported the data to Software for
Statistics and Data Science (STATA) software version 16
for cleaning and further analysis.

Measurements

Outcomes of interest

We used six outcome variables: status of drinking water
use from improved water sources (i.e., sources that are
likely to be protected from outside contamination, par-
ticularly from fecal matter) (binary variable coded 1 for
yes and O for no); household water treatment practice
(binary variable coded 1 if household practiced water
treatment and 0 if it did not ); availability of hand-wash-
ing facility (coded 1 for yes O for no); availability of latrine
(coded 1 when latrine was available and 0 if unavailable);
and use of latrine (coded 1 when they said they used it
and 0 if not). Data related to diarrhea were collected from
the mothers/primary care takers using an interviewer-
administered questionnaire. A 2-week recall method
was used to assess the prevalence of diarrhea. Diarrheal
incidence (the passage of three or more loose or lig-
uid stools within a 24-hour period) in the last 2 weeks
in one youngest under five year old childin a family was
recorded (which was coded 1 for yes and 0 for no).

Exposure variables

We used two main exposure variables, namely, (a) having
an exposure to HEWs while the household visiting health
post or the HEW visited the HH for any reason within a
one-month period prior to data collection period (coded
1=vyes if the household (HH) was exposed to HEWs and
0=no if otherwise), and (b) having exposure to a discus-
sion with the HEWs about WASH-related topics such as
excreta disposal, solid and liquid waste disposal, water
supply and safety measures, food hygiene and safety
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measures, healthy home environment, control of insects
and rodents, and personal hygiene (yes coded 1 and no
coded 0).

Confounding and other covariates

Many studies have identified associations between poor
WASH practices and sociodemographic and economic
factors [36, 37]. Thus, our analysis on the association
between exposure to HEP with WASH practices was
adjusted for the sociodemographic and economic sta-
tus of the study participants, namely, age, sex, education
level, family size, residential area (agrarian or pastoral
areas), and the wealth index of the household.

Operational definitions

Improved drinking water sources: water sources that are
designed to protect against contamination, which include
piped water, boreholes or tube wells, protected dug wells,
protected springs, and packaged or delivered water [38].

Unimproved sources: water sources from unprotected
wells, unprotected springs, or surface water.

Improved sanitation: sanitation facilities that are
designed to hygienically separate excreta from human
contact such as flush/pour-flush toilets, ventilated
improved pit latrines, composting toilets, and pit latrines
that have a slab or platform.

Unimproved sanitation: sanitation facilities that include
pit latrines without a slab or platform, hanging latrines,
and bucket latrines.

Family size: number of adults and children.

Data analysis

We reported weighted results to take into account the
disproportionate allocation of the study participants
to different regions and the use of different probability
sampling in the selection of study participants as well
as to enable the findings to be generalized for the whole
country. We first computed descriptive statistics and pre-
sented them in tables. We then used a weighted multi-
level logistic regression model to address the stratified
three-stage sampling design to identify study partici-
pants. To take into account the dependency/correlation
that might arise within each cluster/level, we introduced
two random effects in the model. As a first step, a pair-
wise multilevel logistic regression using each of the out-
come variables was applied to determine unadjusted
effects for each of the exposure variables including the
socio demographic variables. We subsequently included
the variables with a P-value<0.05 in the final multilevel
regression model to assess the independent effect after
controlling for other variables. We evaluated the impor-
tance of each level/grouping by measuring the degree
of clustering within each level using the intra-class cor-
relation coefficient (ICC). Both crude and adjusted odd
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Table 1 Sociodemographic characteristics of the study
participants

Characteristics Category Number Percent-
of women age
(unweighted) (weighted)
Residence Pastoralist 2009 438
Agrarian 4421 95.62
Wealth Low 2634 36.44
Middle 1278 2042
High 2518 43.14
Marital status Currently Married 5162 849
Single/Divorced/ 1268 15.1
widowed/separated
Education status No education 4819 70.75
Primary education 1329 2522

Secondary educa- 282 4.04
tion and above

Age category <30 2755 31.02
30-50 2551 4442
50+ 1124 24.56
Family size <=3 1739 2544
4-5 2206 3569
6+ 2485 38.87

ratios with corresponding 95% confidence intervals
were reported as measures of associations. A P-value of
less than 0.05 was considered a statistically significant
association.

Results

We analyzed data collected from 6430 women of which
95.6% were agrarian. Most participants (85%) were mar-
ried and 75% had a family size of 4 or more, 38% were
under 30 years of age, with the mean age being 38.8
(SD=13.7). The majority (71%) of participants were illit-
erate or had only primary education (25%), and 34.5%
were in the lower wealth group (Table 1).

Access to WASH

We found that 72.7% of the households had at least one
latrine type, whereas 27.3% reported practicing open
defecation by both adults and children at the time of
data collection. Out of the latrine owners, 29.2% had
improved facilities (23.3% had pit latrines with slabs and
5.5% had ventilated improved latrines), while 70.8% had
unimproved latrines. Among those who had any type of
latrine, 98.5% reported latrine usage by most of the fam-
ily members.

In addition, 71.5% of the women reported that they
were drinking water from improved water sources.
Only 9.4% of the households reported practicing water
treatment and of these, 15% practiced boiling water,
73% added chlorine to the water, 8% used a water filter
(ceramic/sand/comp), and 4% used other water treatment
methods. This study also revealed that only 8.3% of the
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Table 2 Results from multilevel logistics regression analysis
showing the association of WASH practices with exposure to
HEWs

Outcomes Household AOR
had exposure  (95%Cl)*
to HEWs
Yes, % No, %
Water treatment practice 9.40 6.02 146 (1.01,
2.10)
Availability of hand-washing facility near 3.02 156 1.48(0.52,
latrine 4.23)
Latrine use practice 98.74 9823 1.29 (0.31,
549)
Latrine availability 7432 6274 1440115,
1.80)

*Adjusted for residence, age, wealth, education, marital status, and family size

HHs had a hand-washing facility near the latrine, 6% had
a latrine with water, and 4% had a latrine with soap and
water available near the hand-washing facility that was
confirmed through observation of the HHs. On the other
hand, during interview with women on self-reported
hand-washing practices at critical times, 93.4% reported
washing their hands before feeding, 80.6% reported
washing their hands after feeding, 70.7% reported wash-
ing their hands before food preparation, 16% reported
washing their hands before breast-feeding, and 61.2%
reported washing their hands after using the toilet.

Associations of WASH practice and exposure to health
education through HEWs

Table 2 summarizes the results from multilevel logis-
tics regression, which shows the associations between
exposure of households to health education delivered
by HEWs and four WASH practices. Accordingly, expo-
sure to the health education delivered by HEWS is posi-
tively and significantly associated with household water
treatment practices (AOR: 1.46; 95% CI=1.01-2.10) and
latrine availability (AOR: 1.44; 95% CI=1.15-1.80).

Table 3 summarizes the results from multilevel logis-
tic regression analysis, where the outcomes are status of
WASH practices and exposures to HEWSs and having dis-
cussions about relevant WASH topics during most recent
exposure to HEWs. Among those who were either visited
by HEWs at their home or the households who visited
health posts to meet with the HEWSs, having exposure to
health education on relevant WASH topics by HEWs had
a positive significant association with the availability of
a hand-washing facility (AOR: 5.14; 95% CI=4.11-6.42)
and latrine availability (AOR: 1.48; 95% CI=1.10- 2.01).
However, latrine use practice had a negative association
with having exposure to health education (AOR: 0.62;
95% CI=0.44-0.89). There was no significant association
between exposure to HEWs and household water treat-
ment practice (AOR 1.24; 95% CI=0.77-2.02).
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Table 3 Results from the multilevel logistics regression analysis
showing the association of exposure to a discussion on related
WASH topic with the four outcomes

Outcomes Exposure to Category AOR (95%
HEW Cl) *
Water treatment Water supply Not Ref
practice and food discussed
hygiene Discussed  1.24(0.77,2.02)
Latrine use practice  Latrine construc- Not Ref.
tion & Utilization  discussed
Discussed 0.62(0.44,0.89)
Availability of hand-  Personal hygiene Not Ref.
washing facility discussed
Discussed 5.14(4.11,6.42)
Latrine availability Latrine construc- Not Ref.
tion & Utilization  discussed
Discussed 1.48(1.10,2.01)

*Adjusted for residence, age, wealth, education, marital status, and family size

Table 4 Results of the multivariate logistics regression analysis
showing the association between exposure to HEP with past two
weeks'incidence of diarrhea among under-five children

Factors Categories AOR (95% ClI)

Visit either Yes (ref: No) 2.09(0.73,6.62)

Water treatment practice Yes (ref: No) 2.87(1.38,5.95)

improved water source Yes (ref: No) 0.72(0.31,1.67)

Latrine use practice Yes (ref: No) 3.04(0.26,

34.95)

Availability of hand-washing facility ~ Yes (ref: No) 0.69(0.15,3.28)

near latrine

Agrarian/pastoralist Pastoralists (Ref: 0.79(0.31, 2.03)
agrarian)

Wealth Middle (Ref: 1.02(0.58,1.81)
Low)
High (Ref: Low) 1.06(0.54,2.07)

Age 30-50(Ref: <30) 0.58(0.34,1.01)

Formal Education (Ref: No education) Primary 0.79(0.35, 1.75)
Secondary and  043(0.12, 1.50)
above

Marital Status Currently 0.35(0.09, 1.39)
Married

Family Size (Ref: <3) 3-5 0.94(0.35, 2.54)
6+ 1.09(0.42,2.81)

Relationships of incidence of diarrhea with WASH

practices, exposure to HEWs and Socio demographic
variables

Table 4 summarizes multivariable logistics regression
analysis of the relationship between the incidence of
diarrhea in the past 2 weeks among the under-5 children
and exposure to HEW, adjusted for WASH practices and
sociodemographic characteristics. We found no signifi-
cant association between incidence of diarrhea among
the under-5 children and exposure to HEW (AOR: 2.09;
95% CI=0.73-6.62). The incidence of diarrhea among
the children under 5 is more likely to be lower among
households who were practicing household water
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treatment (AOR: 2.87; 95% CI=1.38-5.95), whereas
there was no significant association between incidence
of diarrhea among under-5 children and use of latrine
(AOR: 3.04; 95% CI=0.26— 34.95), having a hand-wash-
ing facility (AOR: 0.69; 95% CI=0.15-3.28) or sociode-
mographic variables that include age, education status,
wealth, marital status, and family size.

Discussion

This study investigated the association between safe
water use, sanitation, and hygiene practice, and the inci-
dence of childhood diarrhea and the exposure to infor-
mation and communication to the health extension
program in rural Ethiopia. Our findings demonstrate that
most of the households had some type of latrine and had
access to drinking water from an improved water source.
Moreover, exposure to the Health Extension Workers
was associated with a household’s increased water treat-
ment practice and latrine availability as well as the avail-
ability of a hand-washing facility. This finding is in line
with the results of previous studies that reported the
positive effects of WASH education on household latrine
availability and water treatment [39—41]. Similarly, stud-
ies conducted in different parts of Ethiopia showed that
WASH education was significantly associated with
latrine ownership in households [18, 42]. Other studies
in different parts of the world have also reported a posi-
tive impact of WASH promotion on improved WASH
practices [39—41, 43—45]. This indicates that hygiene pro-
motion and health education in rural settings such as in
Ethiopia might contribute to the improvement of WASH
practices such as household latrine ownership as well as
water treatment and safe storage practices [46]. Thus, the
health extension program in Ethiopia needs to be revised
so that a comprehensive package of WASH interventions
can be implemented with the support of HEWs.

On the other hand, latrine use was negatively associ-
ated with exposure to health education by health exten-
sion workers. Previous studies reported a mix of positive
and negative associations. Evidence has also shown that
an increase in knowledge may not necessarily result in
improved practice [47] and that people may have suffi-
cient knowledge about the risk of open defecation caus-
ing diarrhea but providing them health awareness may
not improve latrine use practice. Previous studies have
documented that people may prefer to defecate openly
due to sociodemographic, behavioral, and environmen-
tal factors [48, 49]. Moreover, latrine cleanliness, water
availability, latrine maintenance conditions, the presence
of an under-5 child and personal beliefs were associated
with lower latrine use [49-51]. In addition, the HEWs
visit to homes might not target WASH activities as they
have a number of health extension packages to be cov-
ered. Thus, to increase the use of latrines and reduce the
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prevalence of diarrhea, manuals need to be prepared that
cover WASH activities during home visits. Similarly, sev-
eral hygiene and sanitation behavior change interventions
that were focused on educating people about the risks of
disease failed to bring sustainable behavior change, which
suggests that interventions on sanitation must take into
account different approaches to address other behavioral
attributes, including social norms, beliefs, and attitudes
[52]. The Health Extension Program in Ethiopia needs to
identify and address the behavioral barriers of latrine use
to improve the effectiveness of WASH interventions.

In this study, the majority of the households (73%)
owned some type of latrine, while 27.3% reported prac-
ticing open defecation, which is in line with a previous
Ethiopian study that documented the same level of latrine
ownership [53]. However, the latrine ownership reported
in our study is lower than the one reported in North West
Ethiopia, where the majority (89.7% and 92.8%) of both
open defecation-free and open defecation kebeles had
a private latrine, respectively [54] and in eastern Ethio-
pia, where 89% have latrines [55]. On the other hand,
the latrine coverage in this study is higher than the one
reported in rural villages of the country [56, 57]. In this
study, the majority (70.8%) of latrine owners had unim-
proved latrines, which is in line with a previous study in
Ethiopia [18]. Thus, the Health Extension Program needs
to increase efforts to promote latrine ownership and uti-
lization in order to prevent diarrhea in Ethiopia.

This study found no significant association between
the incidence of diarrheal disease and exposure to health
workers or discussion about specific WASH topics. Con-
versely, previous studies documented that WASH educa-
tional intervention significantly reduced the incidence of
childhood diarrhea [58, 59]. This discrepancy might be
due to WASH topics not being covered during exposure
to HEWs or that the specific WASH topics covered did
not target diarrhea prevention. In addition, there might
have been behavioral resistance from the community and
this warrants further investigation.

The incidence of diarrheal disease among under-5 chil-
dren in the household was more likely to be lower among
households who were practicing household water treat-
ment. The water treatment practice shown in this study
is lower than that of a study conducted in southern Ethio-
pia, which reported 44.1% household water treatment
practices [60] Another study demonstrated that house-
hold water treatment was key to meaningful reductions
in diarrhea [61]. The results of our study showed that
there was no significant association between incidence
of diarrhea among under-5 children and the availability
of hand-washing facilities. This finding differs from other
studies, which documented a strong association between
an improved hand-washing practice and reduced inci-
dence of diarrhea [62—67]. The reason could be that our
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analysis was based on the availability of hand-washing
facilities rather than the practice and that the availabil-
ity of hand-washing facilities does not guarantee that
people will improve their hand-washing practices. This
study has also shown that there was no positive associa-
tion between diarrheal incidence and latrine availability
or latrine use. Similar to this finding, the results of some
studies on the determinants of childhood diarrhea in
Ethiopia reported no significant association between the
availability of any type of latrine with childhood diarrhea
[68-71]. On the other hand, other studies have indicated
that the absence of any type of latrine was positively asso-
ciated with childhood diarrhea [72, 73]. Several studies
have reported that despite the availability of latrine, lack
of cleanliness of a latrine might contaminate the sur-
rounding area and thus cause infection for diarrhea [74,
75]. Hence, we recommend further investigation on how
the quality of latrines affect their usage and its impact on
decreasing childhood diarrhea.

Strengths and limitations The key strength of this study
is that it was conducted on a large national scale that is
representative of all regions of Ethiopia. Although this
study has generated programmatically useful informa-
tion, it is not without limitations. Because of the cross-
sectional study design used to collect the data, having
only one-time post-intervention data made it difficult to
establish a causal relationship between the exposure and
the observed outcomes. The analysis on household water
treatment, hand-washing at critical times, and latrine use
were based on the participants’ self-reported responses,
which might reduce the level of confidence concerning
the strength of our conclusion.

Conclusion

Our findings show a significant positive association
between exposure to Health Extension Program/HEWs
and improved household water treatment practices,
latrine construction, and the availability of hand-washing
facilities in rural Ethiopia. This finding suggests the need
to strengthen efforts to change WASH behavior as part
of the Health Extension Program. On the other hand,
latrine use practice was negatively associated with expo-
sure to health education, indicating that there might be
behavioral barriers to latrine use. The lack of association
between exposure to HEW and childhood diarrheal dis-
ease suggests that HEW interventions alone may not be
sufficient to decrease childhood diarrhea and that more
measures are called for.

Abbreviations

AOR Adjusted Odds Ration
COR Crude Odds Ration

HEW Health Extension Workers
HEP Health Extension Program



Alemu et al. BMC Health Services Research (2023) 23:836

HH Households

LMICs Low- and Middle-Income Countries
POU Point of Use

SD Standard Deviation

SNNP Southern Nations and Nationalities
UNICEF  United Nations Children’s Fund
WASH Water, Sanitation and Hygiene

Acknowledgements

The authors would like to acknowledge for MERQ Consultancy for granting
us access to the data, for organizing the capacity-building training and
Pre-Publication Support Service (PREPSS) support. PREPSS supported the
development of this manuscript by providing pre-publication peer-review
and copy editing.

Author contributions

AT, GM and MG led the study design, and data collection. FA led the analysis
and write- up of the manuscript. ZTB has participated in guiding the analysis
and manuscript drafting. KE and AY have participated in the write-up and
review. AT, GM and MG have been guiding the analysis and manuscript
drafting. All authors read and approved the final manuscript.

Funding

Full financial support for this study was provided by the Bill and Melinda
Gates Foundation through the National Health Extension Program (HEP)
assessment and Scientific paper writing using data from HEP assessment. The
Bill and Melinda Gates Foundation had no role in study design, data collection
and analysis, decision to publish, or the preparation of the manuscript for
publication.

Data availability

All the necessary data were analyzed and included in this manuscript. For
further need, data can be obtained from the corresponding author upon
request.

Declarations

Ethics approval and consent to participate

The study was ethically reviewed and approved by the Institutional Review
Board (IRB) of the Ethiopian Public Health Institute (EPHI). All methods were
carried out in accordance with the Ethiopia national Ethics guidelines and
regulations. Since this study is a cross-sectional questionnaire-based survey
that did not involve any human experiments, the ethical review board
committee waived monitoring regulation during data collection. We obtained
verbal informed consent from all participants to take part in the study due to
the poor literacy level and difficulty in obtaining a written consent. This was
made explicit in the proposal and was approved by the IRB. Interviews were
conducted in private places in the compounds of the participants’houses.

Consent for publication
The oral informed consent obtained includes consent to publish the findings.

Competing interest
The authors declare that they have no competing interests.

Author details

'MERQ Consultancy PLC, Addis Ababa, Ethiopia

’Department of Environmental Health Sciences and Technology, Jimma
University, Jimma, Ethiopia

30hio State Global One Health, LLC, Addis Ababa, Ethiopia

“Ministry of Health, Addis Ababa, Ethiopia

5Depar‘[memt of Epidemiology, Jimma University, Jimma, Ethiopia
SAklilu Lemma Institute of Pathobiology, Addis Ababa University, Addis
Ababa, Ethiopia

Received: 11 March 2022 / Accepted: 19 July 2023
Published online: 07 August 2023

Page 8 of 10

References

1.

20.

21.

22.

WHO. : Diarrhoeal disease 2021. World Health Organization. Avaliable at:
https.//www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease
(Accessed: 5 January 2023).

Lin A, Arnold BF, Afreen S, Goto R, Huda TMN, Haque R, Raqib R, Unicomb L,
Ahmed T, Colford JM Jr. Household environmental conditions are associated
with enteropathy and impaired growth in rural Bangladesh. Am J Trop Med.
2013;89:130-7.

Priiss-Ustin A, Bartram J, Clasen T, Colford JM Jr, Cumming O, Curtis V,
Bonjour S, Dangour AD, De France J, Fewtrell L. Burden of disease from inad-
equate water, sanitation and hygiene in low-and middle-income settings: a
retrospective analysis of data from 145 countries. TM & IH. 2014;19:894-905.
Mills JE, Cumming O. The impact of water, sanitation and hygiene on key
health and social outcomes. Sanitation and Hygiene Applied Research for
Equity (SHARE) and UNICEF. 2016, 112.

Fewtrell L, Kaufmann RB, Kay D, Enanoria W, Haller L, Colford JM Jr. Water,
sanitation, and hygiene interventions to reduce diarrhoea in less devel-
oped countries: a systematic review and meta-analysis. Lancet Infect Dis.
2005;5:42-52.

Curtis V, Cairncross S. Effect of washing hands with soap on diarrhoea risk in
the community: a systematic review. Lancet Infect Dis. 2003;3:275-81.
Darvesh N, Das JK, Vaivada T, Gaffey MF, Rasanathan K, Bhutta ZA. Water,
sanitation and hygiene interventions for acute childhood diarrhea: a system-
atic review to provide estimates for the lives Saved Tool. BMC Public Health.
2017,17:101-11.

Freeman MC, Stocks ME, Cumming O, Jeandron A, Higgins JP, Wolf J, Priiss-
Ustiin A, Bonjour S, Hunter PR, Fewtrell L. Systematic review: hygiene and
health: systematic review of handwashing practices worldwide and update
of health effects. Tropical Med Int Health. 2014;19:906-16.

UNICEF. : Drinking water, sanitation and hygiene in schools: global baseline
report 2018.2018.

Ethiopia National Planning Commission. Growth and Transformation Plan I
(GTP 11)(2015/16-2019/20): Volume |: Main Text. National Planning Commis-
sion.; 2016.WHO. water, sanitation and hygiene strategy 2018-2025. World
Health Organization; 2018.

WHO. Water, sanitation and hygiene strategy 2018-2025. World Health Orga-
nization; 2018.

Negesse Y, Taddese AA, Negesse A, Ayele TA. Trends and determinants of
diarrhea among under-five children in Ethiopia: cross-sectional study: multi-
variate decomposition and multilevel analysis based on bayesian approach
evidenced by EDHS 2000-2016 data. BMC Public Health. 2021;21:1-16.
UNICEF. : Progress on drinking water, sanitation and hygiene. 2017.

Dagne H, Bogale L, Borcha M, Tesfaye A, Dagnew B. Hand washing practice at
critical times and its associated factors among mothers of under five children
in Debark town, northwest Ethiopia, 2018. Ital J Pediatr. 2019;45:1-7.

Smith L, Butler L, Tully MA, Jacob L, Barnett Y, Lopez-Sanchez GF, Lopez-Bueno
R, Shin JI, McDermott D, Pfeifer BA. Hand-washing practices among adoles-
cents aged 12-15 years from 80 countries. Int J Environ Res Public Health.
2021;18:138.

Doherty T, Rohde S, Besada D, Kerber K, Manda S, Loveday M, Nsibande D,
Daviaud E, Kinney M, Zembe W. Reduction in child mortality in Ethiopia:
analysis of data from demographic and health surveys. J Glob Health 2016;6.
Hashi A, Kumie A, Gasana J. Handwashing with soap and WASH educational
intervention reduces under-five childhood diarrhoea incidence in Jigjiga
District, Eastern Ethiopia: a community-based cluster randomized controlled
trial. Prev Med Rep. 2017,6:361-8.

Leshargie CT, Alebel A, Negesse A, Mengistu G, Wondemagegn AT, Mulugeta
H, Tesfaye B, Alamirew NM, Wagnew F, Belay YA. Household latrine utilization
and its association with educational status of household heads in Ethiopia: a
systematic review and meta-analysis. BMC Public Health. 2018;18:1-12.

Giné Garriga R, Pérez Foguet A. Unravelling the linkages between water, sani-
tation, hygiene and rural poverty: the WASH poverty index. Water Resource
Manage. 2013;27:1501-15.

Azage M, Haile D. Factors associated with safe child feces disposal practices
in Ethiopia: evidence from demographic and health survey. Arch Public
Health. 2015;73:1-9.

Fuller JA, Eisenberg JN. Herd protection from drinking water, sanitation, and
hygiene interventions. Am J Trop Med Hyg. 2016;95:1201.

Boehm AB, Wang D, Ercumen A, Shea M, Harris AR, Shanks OC, Kelty C,
Ahmed A, Mahmud ZH, Arnold BF. Occurrence of host-associated fecal mark-
ers on child hands, household soil, and drinking water in rural bangladeshi
households. Environ Sci Technol Lett. 2016;3:393-8.


https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease

Alemu et al. BMC Health Services Research

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

(2023) 23:836

Ercumen A, Pickering AJ, Kwong LH, Mertens A, Arnold BF, Benjamin-Chung
J, Hubbard AE, Alam M, Sen D, Islam S. Do sanitation improvements reduce
fecal contamination of water, hands, food, soil, and flies? Evidence from a
cluster-randomized controlled trial in rural Bangladesh. Volume 52. Environ-
mental science & technology; 2018. pp. 12089-97.

Pickering AJ, Davis J. Freshwater availability and water fetching distance
affect child health in sub-saharan Africa. Environ Sci Technol. 2012,46:2391-7.
Klasnja P, Pratt W. Healthcare in the pocket: mapping the space of mobile-
phone health interventions. J Biomed Inform. 2012;45:184-98.

Tu'Y,Wang R, Zhang Y, Wang J. Progress and expectation of atmospheric
water harvesting. Joule. 2018;2:1452-75.

Workie NW, Ramana GN. The health extension program in Ethiopia. 2013.
Goyol KB, Girma AA, One. WASH National Program (OWNP) Ethiopia: A SWAp
with a comprehensive management structure, 2015.

Baschieri A, Hobson J. Support for the Ethiopian Health Sector Development
Programme. Federal Ministry of Health MDG Performance Fund; 2013.
Tilahun H, Fekadu B, Abdisa H, Canavan M, Linnander E, Bradley EH, Berman
P. Ethiopia’s health extension workers use of work time on duty: time and
motion study. Health Policy Plan. 2017;32:320-8.

Damtew ZA, Karim AM, Chekagn CT, Fesseha Zemichael N, Yihun B, Willey
BA, Betemariam W. Correlates of the women’s Development Army strategy
implementation strength with household reproductive, maternal, newborn
and child healthcare practices: a cross-sectional study in four regions of
Ethiopia. BMC Pregnancy Childbirth. 2018;18:5-17.

Kruger W, Fezeka S, Olakunle A. Ethiopia country report. Report 5: Energy
and Economic Growth Research Programme (W01 and W05) PO Number:
P0O00022908 2019.

WHO. Ethiopian Health Sector Transformation Plan. World Health Organiza-
tion; 2015.

MERQ PLC. : National Assessment of the Ethiopian Health Extension Program
Abridged Report. 2019.

CSA. Central Statistical Agency (CSA)[Ethiopia] and ICF. Ethiopia Demo-
graphic and Health Survey, Addis Ababa. Central Statistical Agency; 2016.
Daniel D, Pande S, Rietveld L. The effect of socio-economic characteristics on
the use of household water treatment via psychosocial factors: a mediation
analysis. Hydrol Sci J. 2020,65:2350-8.

Raihan MJ, Farzana FD, Sultana S, Hague MA, Rahman AS, Waid JL, McCormick
B, Choudhury N, Ahmed T. Examining the relationship between socio-eco-
nomic status, WASH practices and wasting. PLoS ONE. 2017;12:¢0172134.
WHO. WASH in the 2030 agenda new global indicators for drinking water,
sanitation and hygiene. World Health Organization; 2017.

Bajracharya D. Myanmar experiences in sanitation and hygiene promo-

tion: lessons learned and future directions. Int J Environ Health Res.
2003;13:141-5152.

Naidoo N, Chidley C, McNamara A. The implementation of hygiene education
programmes in informal settlements. Water Res Comm. 2008.

Sriram A, Maheswari U. Integrated communication strategy for creating
awareness on sanitation and hygiene behavior change. Int J Commun
Health. 2013;14:1.

Zeleke DA, Gelaye KA, Mekonnen FA. Community-Led Total Sanitation and
the rate of latrine ownership. BMC Res Notes. 2019;12:1-5.

Christensen G, Dentz HN, Pickering AJ, Bourdier T, Arnold BF, Colford JM Jr,
Null C. Pilot cluster randomized controlled trials to evaluate adoption of
water, sanitation, and hygiene interventions and their combination in rural
western Kenya. Am J Trop Med. 2015;92:437.

Curtis V, Kanki B, Cousens S, Diallo I, Kpozehouen A, Sangare M, Nikiema M.
Evidence of behaviour change following a hygiene promotion programme in
Burkina Faso. Bull World Health Organ. 2001;79:518-27.

Pickering AJ, Djebbari H, Lopez C, Coulibaly M, Alzua ML. Effect of a
community-led sanitation intervention on child diarrhoea and child growth
in rural Mali: a cluster-randomised controlled trial. Lancet Public Health.
2015;3:701-11.

Mangham-Jefferies L, Mathewos B, Russell J, Bekele A. How do health
extension workers in Ethiopia allocate their time? Hum. Resour Health.
2014;12:1-12.

Curtis VA, Danquah LO, Aunger RV. Planned, motivated and habitual hygiene
behaviour: an eleven country review. Health Educat res. 2009,24:655-73.
Bhatt N, Budhathoki SS, Lucero-Prisno DEI, Shrestha G, Bhattachan M, Thapa
J, Sunny AK, Upadhyaya P, Ghimire A, Pokharel PK. What motivates open
defecation? A qualitative study from a rural setting in Nepal. PLoS ONE.
2019;14:20219246.

49.

50.

5T

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Page 9 of 10

Gebremariam B, Hagos G, Abay M. Assessment of community led total sanita-
tion and hygiene approach on improvement of latrine utilization in Laelay
Maichew District, North Ethiopia. A comparative cross-sectional study. PLoS
ONE. 2018;13:e0203458.

Coffey D, Gupta A, Hathi P Khurana N, Srivastav N, Vyas S, Spears D. Open
defecation: evidence from a new survey in rural north India. Economic and
Political Weekly. 2014;43-55.

Garn JV, Sclar GD, Freeman MC, Penakalapati G, Alexander KT, Brooks P,
Rehfuess EA, Boisson S, Medlicott KO, Clasen TF. The impact of sanitation
interventions on latrine coverage and latrine use: a systematic review and
meta-analysis. Int J Hyg Environ Health. 2017,220:329-40.

Mosler H-J. A systematic approach to behavior change interventions for the
water and sanitation sector in developing countries: a conceptual model, a
review, and a guideline. Int J Environ Health Res. 2012;22:431-49.

Alemu F, Kumie A, Medhin G, Gasana J. The role of psychological factors in
predicting latrine ownership and consistent latrine use in rural Ethiopia: a
cross-sectional study. BMC Public Health. 2018;18:1-12.

Ayalew AM, Mekonnen WT, Abaya SW, Mekonnen ZA. Assessment of diarrhea
and its associated factors in under-five children among open defecation and
open defecation-free rural settings of Dangla District, Northwest Ethiopia. J
Environ Public Health. 2018.

Tessema RA. Assessment of the implementation of community-led total sani-
tation, hygiene, and associated factors in Diretiyara district, Eastern Ethiopia.
PLoS ONE. 2017;12:e0175233.

Ajemu KF, Desta AA, Berhe AA, Woldegebriel AG, Bezabih NM. Latrine
ownership and its determinants in rural villages of Tigray, northern Ethiopia:
community-based cross-sectional study. J Environ Public Health. 2020.
Ngondi J, Teferi T, Gebre T, Shargie EB, Zerihun M, Ayele B, Adamu L, King

JD, Cromwell EA, Emerson PM. Effect of a community intervention with

pit latrines in five districts of Amhara, Ethiopia. Trop Med Int Health.
2010;15:592-9.

Begum MR, Al Banna M, Akter S, Kundu S, Sayeed A, Hassan M, Chowdhury
S, Khan MSI. Effectiveness of wash education to prevent diarrhea among
children under five in a community of Patuakhali, Bangladesh. SN Compr.
Clin. Med. 2020;2:1158-62.

Lakshminarayanan S, Jayalakshmy R. Diarrheal diseases among children in
India: current scenario and future perspectives. J Nat Sci Biol Med. 2015;6:24.
Admasie A, Abera K, Feleke FW. Household Water Treatment Practice and
Associated factors in rural households of Sodo Zuria District, Southern
Ethiopia: community-based cross-sectional study. Environ Health Insights.
2022;16:11786302221095036.

Moropeng RC, Budeli P, Mpenyana-Monyatsi L, Momba MNB. Dramatic
reduction in diarrhoeal diseases through implementation of cost-effective
household drinking water treatment systems in Makwane Village, Limpopo
Province, South Africa. Int J Environ Res Public Health. 2018;15:410.

Anteneh A, Kumie A. Assessment of the impact of latrine utilization on diar-
rhoeal diseases in the rural community of Hulet Ejju Enessie Woreda, East
Gojjam Zone, Amhara Region. Ethiop J Health Dev. 2010; 24.

Dagnew AB, Tewabe T, Miskir Y, Eshetu T, Kefelegn W, Zerihun K, Urgessa

M, Teka T. Prevalence of diarrhea and associated factors among under-five
children in Bahir Dar city, Northwest Ethiopia, 2016: a cross-sectional study.
BMC Infect Dis. 2019;19:1-7.

Degebasa MZ, Weldemichael DZ, Marama MT. Diarrheal status and associ-
ated factors in under five years old children in relation to implemented and
unimplemented community-led total sanitation and hygiene in Yaya Gulele
in 2017. Pediatr Health Med Ther. 2018;9:109.

Getachew A, Tadie A, Hiwot G, Guadu M, Haile T, Cherkos DG, Gizaw T,
Alemayehu Z. Environmental factors of diarrhea prevalence among under
five children in rural area of North Gondar zone, Ethiopia. Ital J Pediatr.
2018;44:1-7.

Mohammed Al, Zungu L. Environmental health factors associated with diar-
rhoeal diseases mong underfive children in the Sebeta town of Ethiopia. S Afr
JInfect Dis. 2016;31:122-9.

Sinmegn Mihrete T, Asres Alemie G, Shimeka Teferra A. Determinants of child-
hood diarrhea among underfive children in Benishangul Gumuz regional
state, north West Ethiopia. BMC Pediatr. 2014;14:1-9.

Angesom T. Prevalence and associated factors of diarrhea among under-five
children in Laelay-Maychew District, Tigray Region. Ethiopia. Addis Ababa
University; 2015.

Gedamu G, Kumie A, Haftu D. Magnitude and associated factors of diarrhea
among under five children in Farta wereda, North West Ethiopia. Qual Prim
Care. 2017,25:199-207.



Alemu et al. BMC Health Services Research

70.

71.

72.

73.

(2023) 23:836

Mohammed S, Tilahun M, Tamiru D. Morbidity and associated factors of diar-
rheal diseases among under five children in Arba-Minch district, Southern
Ethiopia, 2012. Sci J Public Health. 2013;1:102-6.

Regassa W, Lemma S. Assessment of diarrheal disease prevalence and
associated risk factors in children of 6-59 months old at Adama District rural
Kebeles, eastern Ethiopia, January/2015. Ethiop J Health Sci. 2016;26:581-8.
Hashi A, Kumie A, Gasana J. Prevalence of diarrhoea and associated factors

among under-five children in Jigjiga District, Somali Region, Eastern Ethiopia.

Open J Prev Med. 2016;6:233-46.

Mengistie B, Berhane Y, Worku A. Prevalence of diarrhea and associated risk
factors among children under-five years of age in Eastern Ethiopia: a cross-
sectional study. Open J Prev Med. 2013;3:446.

Page 10 of 10

74.  Lundblad B, Hellstrdm AL. Perceptions of school toilets as a cause for
irregular toilet habits among schoolchildren aged 6 to 16 years. J Sch Health.
2005;75:125-8.

75.  RheinldnderT, Keraita B, Konradsen F, Samuelsen H, Dalsgaard A. Smell: an
overlooked factor in sanitation promotion. Waterlines. 2013;106-12.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The effect of a health extension program on improving water, sanitation, and hygiene practices in rural Ethiopia
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study context
	﻿Study design


	﻿Sample size and sampling procedures
	﻿Data collection method and procedure
	﻿Measurements
	﻿Outcomes of interest

	﻿Exposure variables
	﻿Confounding and other covariates
	﻿Operational definitions
	﻿Data analysis
	﻿Results
	﻿Access to WASH
	﻿Associations of WASH practice and exposure to health education through HEWs
	﻿Relationships of incidence of diarrhea with WASH practices, exposure to HEWs and Socio demographic variables

	﻿Discussion
	﻿Conclusion
	﻿References


