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Abstract
Background: The global public health problem of diarrhea is most prevalent in developing countries including
Ethiopia, especially among children under two years of age. Limited information on the determinants of diarrhea
among children aged 0–23 months hinders the design and prioritization of intervention strategies to address
childhood diarrhea in Dessie City, northeastern Ethiopia. Therefore, this study was designed to assess the
determinants of diarrhea in order to identify priority interventions for its control.
Methods: A community-based matched case-control study was conducted among children aged 0–23 months
during January–February 2018. Cases defined as children with acute diarrhea, and controls defined as children
without acute diarrhea, were matched by child’s age (months) and place of residence (residing in the same kebele,
the lowest local administrative unit, each of which has a population of approximately 5000) during the two weeks
prior to data collection. Data were collected from mothers/caregivers of the 119 cases and 238 matched controls
using a pre-tested structured questionnaire and an observational checklist. Data were analyzed using conditional
logistic regression model with 95% confidence interval (CI); variables with p < 0.05 from multivariable analysis were
considered as significantly associated with acute diarrhea among children aged 0–23 months.
Results: Age of mothers/caregivers (> 35 years of age) (adjusted matched odds ratio [adjusted mOR] = 2.00; 95% CI:
1.37–5.8); divorced/widowed marital status (adjusted mOR = 1.40; 95% CI: 1.26–3.3); lack of exclusive breastfeeding
(adjusted mOR = 2.12; 95% CI: 1.15–3.70); presence of feces within/around latrines (adjusted mOR = 1.37; 95% CI:
1.21–3.50); lack of handwashing facility near latrine (adjusted mOR = 1.50; 95% CI: 1.30–5.30); presence of domestic
sewage discharge within and/or outside the compound (adjusted mOR = 3.29; 95% CI: 1.85–7.50) and practice of
handwashing at fewer than three of the five critical daily times (adjusted mOR = 4.50; 95% CI: 2.54–9.50) were
significantly associated with acute diarrhea among children aged under two years.
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Conclusion: To reduce acute diarrheal disease among children under two, priority should be given to interventions
that focus on improving exclusive breastfeeding practices, regular cleaning of latrines, advocating for availability of
handwashing facility within/around latrines, use of proper domestic sewage discharge methods and improving
handwashing practice at the five critical times each day. Strengthening communication that promotes hygiene and
behavioural change may also raise awareness among mothers/caregivers and empower them to enhance
handwashing practices at critical times.
Keywords: Diarrhea, Children aged 0–23 months, Matched case-control study, Northeastern Ethiopia

Introduction
Children under five in urban areas are highly vulnerable
to communicable diseases [1]; and for those in low- and
middle-income countries, one of the leading public
health problems is diarrhea [2], defined as the presence
of an abrupt onset of three or more loose or liquid stools
within a 24-h period with abdominal symptoms such as
cramping, bloating, gas and dehydration [3–5].
Globally, diarrhea is the second leading killer of children under five after pneumonia [6], although its occurrence was reduced from 1.2 million cases in 2000 to 526,
000 in 2015 [7]. In developing countries, children under
three years of age experience on average three episodes
of diarrhea every year; moreover, sub-Saharan Africa
continues to have the highest rates of child mortality.
Africa and South Asia are where more than 80% of child
deaths due to diarrhea occur [7]. Various studies in developing countries have found several factors significantly associated with diarrhea among under-five
children, such as unsafe water storage practices [8], lack
of household-level water treatment [9], improper disposal of child feces [10], poor nutritional status [11],
type of toilet, and place of residence [12].
Furthermore, in Ethiopia, diarrhea is one of the leading causes of mortality and morbidity among children
under five. According to the 2016 Ethiopia Demographic
and Health Survey (EDHS), the prevalence of diarrhea
among children under five was estimated to be 12.0%
[13]. A systematic review and meta-analysis study in
2018 revealed that a pooled prevalence of diarrhea
among Ethiopian children under five was 22.0% [14]. A
study in urban areas of Ethiopia revealed that inadequate
sanitation facilities and poor hygiene practices [15],
interrupted water supply [16] and poor hand washing
practice [17] were determinants of acute diarrhea among
under-five children.
As Ethiopia is one of the countries where diarrheal
morbidity is a significant public health problem [18], further evidence is needed about related factors in regions
of the country where up-to-date information has not
been available. As part of the efforts to monitor the
progress toward achievement of the UN Sustainable
Development Goals (SDG) of 2030, specifically to end

preventable deaths of newborns and children under
five years of age [19], the determinants of diarrhea
should be identified so that effective priority intervention areas can be identified to control diarrhea
disease.
The incidence of diarrheal diseases varies greatly with
a child’s age. The youngest children are most vulnerable
to diarrhea because of their immature immune systems
[20, 21]. However, lack of evidence for factors significantly associated with acute diarrhea among children
aged 0–23 months in Dessie City hinders proper planning for well targeted interventions. Hence, this study
was undertaken with the aim of identifying the determinant factors of diarrhea among children under two
years of age in Dessie City, northeastern Ethiopia to help
to guide the design of appropriate intervention strategies
to control the problem diarrhea that area. Furthermore,
the study will also show the priority areas among existing intervention areas for resource-wise prevention of
childhood diarrhea.

Methods
Study setting

The study was conducted in Dessie City, which is located in South Wollo Zone of Amhara Region in northeastern Ethiopia, 401 km north from Addis Ababa. The
average monthly minimum and maximum temperatures
are 12.4 °C and 26.3 °C, respectively. Dessie City consists
of 5 sub-cities comprising 10 urban and 6 rural kebeles
(A kebele is the lowest administrative unit in Ethiopia,
with a population of approximately 5000). Based on
Ethiopian population projections, Dessie City had a total
population of 212,436 in 2014 [22].
Study design and outcome measurement

A community-based matched case-control study was
conducted from January to February, 2018 among cases
and matched controls of children aged under two years.
Cases were defined as under-two children (0–23 months)
with diarrhea during the two weeks before the survey,
whereas controls were defined as under-two children
without acute diarrhea matched with cases by age and
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residence (residing in the same kebele) during the two
weeks before the survey.
Cases were identified based on reporting by a mother/
caregiver of a child having had acute diarrhea during the
two weeks preceding the survey. World Health
Organization (WHO) defined diarrhea as the passage of
three or more abnormally loose, watery or liquid stools
per day [23]. However, the WHO definition did not specify the recall period and the types of diarrhea as acute,
bloody or persistent, and since our study focused on
acute diarrhea, we adopted a two-week recall period
based on the World Gastroenterology Organization global guidelines for acute diarrhea measurement [24].
Thus, in our study, cases means children with acute
diarrhea during the two weeks prior to the survey. The
presence or absence of acute diarrhea was assessed by
trained data collector based on report by a mother/caregiver using the existing signs and symptoms per the
World Gastroenterology Organization global guidelines
for acute diarrhea definition “as the passage of three or
more abnormally loose, watery or liquid stools per day
during the two weeks prior to the survey [24].
Sample size determination

A matched case-control study sample size determination
method using Schlesselman and Stolley sample size estimating equations was used [25], considering 95% confidence level, 80% power. A 15.3% expected proportion of
the estimate of the exposure variable “retrieving water
from water storage containers with/without handle” for
controls was taken from a previous study conducted in
Addis Ababa [15]. Expected effects, such as least extreme odds ratio to be detected 2.25, a case-control ratio
of 2 and a 10% non-response rate was selected to compensate for sample size reduced by refusal to participate,
lack of matched controls for cases and lack of cases that
could be paired with controls. Thus, the final sample size
was 357 (119 cases and 238 controls).
Case and matched control selection techniques

First, two of the six rural and five of the ten urban
kebeles in Dessie City were selected through simple random sampling technique. Then we determined the number of households that had children under two years old
from the updated records kept by health extension
workers (HEWs) and proportionally allocated them to
each kebele. Then, during the survey, data collectors
identified cases and matched controls using house-tohouse transect walks in each kebele until the proportionally allocated sample size achieved. These case and control selection procedures were also briefly explained in
another study [16]. During data collection, two matched
controls were identified for each case.
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During selection, controls were children aged under
two years without diarrhea during the two weeks before
the survey, matched with cases by age and residence.
Matching with residence meant that case and controls
should reside within the same kebele. Controls were selected after identifying cases. During matching of controls with cases, individual matching by age was used
categorized into three age groups: control age = case
age ± 2 months for infants (6–11 months), and ± 3
months for toddlers (12–23 months) as explained elsewhere [21, 26]. Age was measured by complete months.
Using a range of ±2 or ± 3 months age for individual
matching of control selection meant that a child’s age
might intersect another age category, which seemed
problematic; we resolved this by considering only these
children within the specified age category. However, although the matched age group was wide enough to include overlap when children transition from exclusive to
non-exclusive breastfeeding and introduction of complementary foods, this did not compromise our study findings due to the fact that during this case-control study,
the associated factors rather than outcome were our
interest.
Furthermore, controls were enrolled on the same day
as cases identified to increase the effectiveness of the
matching since differences in timing of when cases and
controls were interviewed might have affected the study,
since time-varying environmental factors could have varied and affected cases and controls.
Household survey data collection and quality control

Data were collected using a pre-tested structured questionnaire and an observational checklist. The questionnaire was first developed in English, and then translated
to Amharic (local language) for household survey use.
The re-translation of the questionnaire was done from
Amharic to English to ensure consistency. The components of the questionnaire were prepared from previously published papers [15, 16, 27], by adapting
questions from the 2016 Ethiopia Demographic and
Health Survey [EDHS] [13] and the 2006 WHO and
UNICEF core questions on drinking water and sanitation for household surveys [28].
The respondents were mothers/caregivers of case and
control children. The information of interest (case and
control) was obtained about the two weeks prior to the
survey. However, some independent variables had a
much longer recall period. For instance, asking about exclusive breastfeeding and complementary feeding did
not refer only to the prior two weeks. Seven diploma
nurses and two environmental health professionals with
BSc were recruited as data collectors and supervisors, respectively. Data collectors and supervisors were trained
by the principal investigator for three days on the aim of
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the study, the content of the survey tool, ethical considerations during and after data collection, and approaches
to be used during the survey.
The questionnaire was pre-tested on 10% of the sample size in one randomly selected kebele (Arera) in Dessie City that was not selected for this study. The
questionnaires were checked for completeness daily by
the principal investigator and supervisors; and households that provided incomplete data were revisited once
the same day or the next day to gather the missing data.
Data management and analysis

Data was entered using EpiData Version 3.1 and
exported to STATA Version 14.0 for data cleaning and
analysis. Data cleaning was performed using frequency
distributions and cross tabulations. Descriptive statistics
were used for categorical variables and mean ± SD
(standard deviations) for continuous variables.
Conditional logistic regression model was used for
data analysis. Bivariate (matched crude odds ratio,
[mCOR]) and multivariable analysis (matched adjusted
odds ratio, [mAOR]) with 95% confidence interval (CI)
was used. From the bivariate conditional logistic regression analysis, variables that had a significance level of
p < 0.2 was retained for inclusion in the multivariable
analysis, then from multivariate conditional logistic regression analysis variables that had p < 0.05 were considered as statistically significant and independently
associated with acute diarrhea.

Results
Socio-demographic characteristics of mothers/caregivers
of cases and controls

A total of 119 cases and 238 matched controls of children under the age of two years were included in the
study. One hundred thirteen (47.5%) of the mothers/
caregivers of the controls and 58 of those of the cases
(48.7%) were in the 25–34 age group. The majority of
mothers/caregivers of both cases and controls were married, 93 (78.2%) and 214 (89.9%), respectively, while
mothers/caregivers of 15 (6.3%) of the controls and 13
(10.9%) of cases were illiterate (Table 1).
Most of the mothers/caregivers of controls 216
(90.8%) and cases 106 (89.1%) were from the Amhara
ethnic group. The religion of 53 (44.5%) cases and 111
(46.6%) controls were Muslim, whereas it was Christians
for 66 (55.5%) cases and 127 (53.4%) controls. Mothers/
caregivers of more than half 66 (55.5%) of the case and
139 (58.4%) of the control children were housewives
(Table 1).
Case and control child characteristics

Among enrolled children younger than six months, 11
(9.2%) were cases and 24 (10.1%) were controls; and
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among those 6-11 months 36 (30.3%) were cases and 70
(29.4%) controls; and among those 12-23 months 72
(60.5%) were cases and 144 (60.5%) controls (Table 2).
Just over half 60 (50.4%) of cases were male and while
females made up a similar proportion of controls half
122 (51.3%). A majority 112 (94.1%) of cases and controls 229 (96.2%) had been born at health facilities. Most
of case 96 (80.7%) and control 154 (64.7%) children
had been exclusively breastfed for six months after birth.
A majority of cases 110 (92.4%) and controls 214
(89.9%) had completed vaccinations scheduled for the
child’s age (Table 2).

Sanitation and hygiene characteristics

All the respondents had access to a latrine and 53
(44.5%) of cases and half 125 (52.5%) of controls had a
private household latrine. Feces were observed around
the latrine in 44.5% of the case and 57 (23.9%) of control
households’ facilities. The proximity of the latrine from
home for a majority 98 (82.4%) of case and 184 (77.3%)
control households was less than 15 m. More than half
68 (57.1%) the case and control 167 (70.2%) households’
latrines did not have a handwashing facility around the
latrine. Mothers/caregivers of fewer than half 51 (42.9%)
of cases and fewer than one-tenth 21 (8.8) of controls
practiced handwashing at fewer than 3 critical times
(Table 3).
Solid waste disposal for about 96 (80.7%) case and 199
(83.6%) control households was performed by municipal
house-to-house garbage collection, whereas 42 (35.3%)
of case and 88 (37.0%) of control households discharged
their liquid waste into open fields (Table 3).

Water supply and water handling characteristics

The water source for a majority 147 (95.8%) of case
and 225 (94.5%) of control households was a private
tap while 5 (4.2%) of case and control 13 (5.5%)
households obtained water at a public tap. The
water consumption of about two-thirds 82 (68.9%)
of cases and 138 (58.0%) controls were less than 30
l per day (Table 3).
More than one-third 44 (37.0%) of cases and 137
(57.6%) of control households used both pouring and
dipping methods to get water from a water storage container. However, 19 (16.0%) case and 37 (15.5%) control
households used the pouring method only. Water storage containers with a narrow mouth were used by 44
(37.0%) of case and 62 (26.1%) of control households
and about one-third 39 (32.8%) of case and half 126
(52.9%) control households used both wide- and narrowmouthed water storage containers interchangeably
(Table 3).
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Table 1 Socio-demographic characteristics of mothers/caregivers of children under two in Dessie City, northeastern Ethiopia,
January–February 2018
Variable

Age of mother/caregiver (years)

Respondent relationship to child

Marital status of mother/caregiver

Religion

Ethnicity

Mother/caregiver educational attainment

Mother/caregiver occupation

Educational status of child’s father

Category

Unadjusted
mOR (95%
CI)

pvalue

Case
(N = 119)

Control
(N = 238)

n(%)

n(%)

< 25

28(23.6)

85(35.7)

Ref

25–34

58(48.7)

113(47.5)

1.65(0.95–2.91)

0.078

> 34

33(27.7)

40(16.8)

2.76(1.54–7.40)

< 0.001

Mother

106(89.1)

212(89.1)

Ref

Caregiver

13(10.9)

26(10.9)

1.3(0.50–2.00)

0.999

Single

9(7.6)

12(5.0)

0.57(0.47–2.03)

0.277

Divorced/widowed

17(14.2)

12(5.1)

2.21(1.46–6.08)

< 0.001

Married

93(78.2)

214(89.9)

Ref

Muslim

53(44.5)

111(46.6)

0.95(0.37–2.49)

Christian

66(55.5)

127(53.4)

Ref

Amhara

106(89.1)

216(90.8)

0.60(0.18–1.97)

0.397
0.512

0.932

Tigre

7(5.9)

15(6.3)

0.62(0.15–2.58)

Otherb

6(5.0)

7(2.9)

Ref

Illiterate

13(10.9)

15(6.3)

2.58(1.10–6.04)

0.029

Primary

25(21.0)

50(21.0)

1.50(0.78–2.84)

0.223

Secondary

51(42.9)

85(35.7)

1.78(1.03–3.07)

0.037

College or above

30(25.2)

88(37.0)

Ref

Government employee

25(21.0)

48(20.2)

1.06(0.61–1.83)

0.836

Private employee

18(15.1)

21(8.8)

1.79(0.89–3.59)

0.101

Hair dresser or barber

10(8.4)

30(12.6)

0.64(0.29–1.39)

0.256

Housewife

66(55.5)

139(58.4)

Ref

Illiterate

10(8.4)

7(2.9)

3.31(1.16–9.43)

0.025

Primary

19(16.0)

23(9.7)

1.81(0.91–3.63)

0.093

Secondary

28(23.5)

73(30.7)

0.84(0.49–1.47)

0.548

College or above

62(52.1)

135(56.7)

Ref

Government employee

46(38.6)

107(44.9)

Ref

Private employee

24(20.2)

39(16.4)

1.50(0.79–2.76)

0.225

Merchant

32(26.9)

70(29.4)

1.02(0.60–1.76)

0.929

Otherc

17(14.2)

22(9.2)

1.40(0.62–3.15)

0.413

< $91.33

85(71.4)

191(80.3)

0.59(0.35–1.01)

0.055

> $91.33

34(28.6)

47(19.7)

Ref

Number of children under five years old in house

1

107(89.9)

227(95.4)

Ref

>2

12(10.1)

11(4.6)

2.39(0.99–5.75)

0.051

Household size (persons)

< 5

91(76.5)

194(81.5)

0.72(0.41–1.26)

0.245

> 5

28(23.5)

44(18.5)

Ref

Rented

74(62.2)

152(63.9)

0.93(0.58–1.48)

Owned

45(37.8)

86(36.1)

Ref

1

26(21.8)

47(19.7)

1.36(0.75–2.48)

0.316

2

41(34.5)

67(28.2)

1.47(0.88–2.43)

0.138

>3

52(43.7)

124(52.1)

Ref

Occupation of child’s father

Household monthly income ($ USD)

Occupancy status of the house

Number of rooms in the house

aThe average exchange rate of 1$ USD (United States Dollars) was 27.372 ETB (Ethiopian birr) in January and February 2018
b
Oromo and Gurage
c
drivers, mechanics, daily laborers
Ref, reference category; Unadjusted mOR, unadjusted matched crude odds ratio; CI, confidence interval

0.749
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Table 2 Child characteristics among cases and controls in Dessie City, northeastern Ethiopia, January–February 2018
Variable

Category

Child’s age (months)

< 6

Child’s sex

Place of child’s birth

Exclusive breastfeeding of the child

Current child feeding status

Complementary feeding method of child

Vaccination completed based on the child’s age

Case
(N = 119)

Control
(N = 238)

n(%)

n(%)

11(9.2)

24(10.1)

6–11

36(30.3)

70(29.4)

12–23

72(60.5)

144(60.5)

Unadjusted
mCOR (95%
CI)

pvalue

N/A

Male

60(50.4)

116(48.7)

Ref

Female

59(49.6)

122(51.3)

0.93(0.59–1.47)

At health facility

112(94.1)

229(96.2)

Ref

At home

7(5.9)

9(3.8)

0.93(0.59–1.47)

0.365
0.002

No

23(19.3)

84(35.3)

2.28(1.42–4.56)

Yes

96(80.7)

154(64.7)

Ref

0.756

Breast milk with complementary food

78(65.5)

169(71.0)

1.68(0.42–6.68)

0.462

Complementary food only

44(18.5)

44(18.5)

2.77(0.69–11.2)

0.152

Breast milk only

10(8.4)

25(10.5)

Ref

With hand

28(23.5)

49(21.9)

2.38(1.16–4.87)

0.018

Bottle

9(7.6)

7(3.1)

1.46(0.23–9.04)

0.682

Spoon/cup

17(14.3)

73(32.6)

Ref

With all of the above

65(54.6)

95(42.4)

2.73(1.50–4.99)

Yes

110(92.4)

214(89.9)

Ref

No

9(7.6)

24(10.1)

0.70(0.30–1.64)

0.001

0.416

N/A, not applicable to analysis since child age was a matching variable
Ref, reference category; Unadjusted mOR, unadjusted matched crude odds ratio; CI, confidence interval

Multivariable conditional logistic regression analysis

All variables associated with the outcome variable at
p < 0.2 in the bivariate analysis were entered into multivariable conditional logistic regression. Of the 18 variables that were entered into the multivariable
conditional logistic regression, seven variables were
found to be independently associated with diarrhea.
From the adjusted analysis, diarrhea was independently
associated with mothers’/caregivers’ age, marital status,
lack of exclusive breastfeeding, presence of feces on the
floor and/or around the latrine, no availability of a handwashing facility within/around the latrine, domestic sewage discharge everywhere within and/or outside of
compound and handwashing practiced by mothers/caregivers at fewer than three of the critical times.
The odds of developing diarrhea among children
under two with mothers/caregivers aged 35 years or
older were 2 times greater than those with mothers/
caregivers aged 25 years or younger (adjusted mOR =
2.00; 95% CI: 1.37–5.8). Children who had a divorced
or widowed mother/caregiver were 1.4 times more
likely to develop diarrhea than children of mothers/
caregivers who were married (adjusted mOR = 1.40;
95% CI: 1.26–3.30) (Table 4).
The odds of developing diarrhea among the children
whose mothers/caregivers washed their hands at fewer

than three critical times were 4.5 higher than those whose
mothers/caregivers washed their hands at three or more
critical times (adjusted mOR = 4.50; 95% CI: 2.54–9.50).
The odds of developing diarrhea among under-two children in households that discharged domestic sewage
everywhere were 3.29 times greater than those that discharged domestic sewage by the soak-away pit method
(adjusted mOR = 3.29; 95%CI: 1.85–7.50) (Table 4).
Under-two children in the households lacking a handwashing facility around the latrine were 1.5 times more
likely to have diarrhea than those in households with a
handwashing facility around the latrine (adjusted mOR =
1.50; 95% CI: 1.30–5.30). Children in households with
visible feces present within/around the latrine were 1.4
times more likely to develop diarrhea than those in
households with a clean latrine (adjusted mOR = 1.37;
95% CI: 1.21–3.50) (Table 4). The odds of diarrhea
among children under two who were not exclusively
breastfed during the first six months of life were 2 times
greater than among children who had been exclusively
breastfed during the first six months of life (adjusted
mOR = 2.12; 95% CI: 1.15–3.70) (Table 4).

Discussion
This community-based matched case-control study used
a matching variable of child’s age and neighbourhood to
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Table 3 Characteristics of case and control households by sanitation- and water-related factors in Dessie City, northeastern Ethiopia,
January–February 2018
Variable

Category

Type of latrine

Private

Feces observed on the floor and/or around
the latrine

Handwashing facility within/around the
latrine
Proximity of the latrine from home (meters)

Garbage/refuse disposal method

Domestic sewage discharge method

Piped water source type

Mouth size of drinking water storage
container(s)

Method of obtaining water from drinking
water storage container

Daily per capita water consumption (liters)

Mothers/caregivers handwashing practice at
critical times

pvalue

Case
(N =
119)

Control
(N =
238)

n(%)

n(%)

53(44.5)

125(52.5) Ref

Public

18(15.1)

40(16.8)

1.08(0.56–
2.09)

0.782

Shared

48(40.3)

73(30.7)

1.54(0.95–
2.50)

0.451

Yes

53(44.5)

57(23.9)

2.46(1.84–
3.93)

<
0.001

No

66(55.5)

181(76.1) Ref

Unadjusted
mOR (95%
CI)

No

79(66.4)

199(83.6) 2.58(1.8–7.89) 0.015

Yes

40(33.6)

39(16.4)

< 15

98(82.4)

184(77.3) 1.37(0.78–
2.40)

15 or more

21(17.6)

54(22.7)

Ref

Burning

13(13.4)

15(6.3)

1.89(0.82–
4.38)

0.134

Disposed of into open field

10(8.4)

24(10.1)

0.91(0.42–
1.96)

0.810

Taken by house-to-house garbage collectors or put into
municipal garbage container

96(80.7)

199(83.6) Ref

Open ditch outside the compound

42(35.3)

88(37.0)

2.39(1.52–
4.35)

0.004

Discharged into latrine

25(21.0)

11(4.6)

8.59(3.78–
13.5)

0.001

Discharge everywhere

27(22.7)

23(9.7)

5.74(2.68–
12.3)

0.001

Soak-away pit

25(21.0)

116(48.7) Ref

Public water tap

5(4.2)

13(5.5)

Private water tap

114(95.8) 225(94.5) Ref

Narrow-mouthed

44(37.0)

62(26.1)

Ref

Wide-mouthed

36(30.3)

50(21.0)

0.99(0.56–
1.76)

0.989

Both narrow-mouthed and wide-mouthed

39(32.8)

126(52.9) 0.44(0.26–
0.75)

0.002

Pouring

19(16.0)

37(15.5)

Ref

Dipping

56(47.1)

64(26.9)

1.75(0.90–
3.39)

0.099

Both pouring and dipping

44(37.0)

137(57.6) 0.61(0.32–
1.17)

0.138

30 l or more

37(31.1)

100(42.0) Ref

< 30 l

82(68.9)

138(58.0) 1.51(0.98–
2.33)

0.065

< 3 critical times

51(42.9)

21(8.8)

<
0.001

> 3 critical times

68(57.1)

217(91.2) Ref

Ref, reference category; Unadjusted mOR, unadjusted matched crude odds ratio; CI, confidence interval

Ref

0.75(0.25–
2.21)

7.75(4.36–
13.10)

0.271

0.597
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Table 4 Factors significantly associated with diarrhea among children aged 0–23 months from multivariable conditional logistic
regression analysis
Variables
Age of mother/caregiver (years)

Marital status of mother/caregiver

Exclusive breastfeeding of the child

Feces observed on the floor and/or around the latrine

Availability of handwashing facility within/around the latrine

Domestic sewage discharge method

Mother/caregiver handwashing practice at critical times

Category

Adjusted mOR (95% CI)

p-value

< 25

Ref

25–34

1.47(0.96–9.24)

0.650

> 35

2.00(1.37–5.80)

< 0.001

Single

1.42(0.54–4.40)

0.84

Divorced/widowed

1.40(1.26–3.30)

0.001

Married

Ref

No

2.12(1.15–3.70)

Yes

Ref

Yes

1.37(1.21–3.50)

No

Ref

No

1.50(1.30–5.30)

Yes

Ref

0.002

< 0.001

0.030

Open ditch outside the compound

2.13(1.48–3.70)

0.032

Discharged into latrine

1.10(0.76–3.80)

0.481

Discharge everywhere

3.29(1.85–7.50)

< 0.001

Soak-away pit

Ref

< 3 critical times

4.50(2.54–9.50)

> 3 critical times

Ref

< 0.001

Ref, reference category; adjusted mOR, adjusted matched odds ratio; CI, confidence interval

investigate the main determinants of diarrhea among
children aged 0–23 months in Dessie City, northeastern
Ethiopia. From the adjusted analysis using conditional
logistic regression model, we found that mothers’/caregivers’ age of 35 years or older, widowed/divorced marital status, lack of exclusive breastfeeding of the child,
presence of feces on the floor and/or around the latrine,
absence of handwashing facility within/around the latrine, discharged liquid waste everywhere within/outside
compound mothers'/caregivers' practise of handwashing
at fewer than three of the critical times were independently associated with diarrhea among children under two
years of age.
Age and marital status of the mothers influenced
diarrheal disease [20]. Our findings show that the
odds of developing diarrhea were greater among children whose mothers/caregivers were aged 35 years or
above. This corroborates a study in Serbo Town in
south-western Ethiopia [29] and a study in Burundi
[30]. However, this is contrary to studies in
Bangladesh [20] and Indonesia [31], which reported
that children of mothers/caregivers aged less than 20
years suffered from diarrhea more than those of older
mothers. The reason might be that mothers/caregivers
35 years and older spent most of their time on social,
cultural and economic activities, events and needs
and those younger than 20 years spent more time
with their children.

In this study, under-two children living with mothers/
caregivers who were divorced/widowed were more likely
to get diarrhea than those whose mothers/caregivers
were married. These results are similar to those obtained
in studies in Jigjiga District, Somali Region, in eastern
Ethiopia [32] and in Tehran, Iran [33]. This might be
due to the children whose mothers/caregivers were
widowed/divorced being more likely to face obstacles
and exposure to diarrhea because of the psychological
stress and poverty. Female headed households are more
likely to experience poverty, impeding their ability to
properly care for children.
In our study, lack of exclusive breastfeeding was one
of the main factors for diarrhea among children under
two years of age. These results were similar to those
from other studies in Ethiopia [34–36]. Early initiation
of breastfeeding and exclusive breastfeeding were protective against diarrhea in sub-Saharan African countries
that had high child mortality due to diarrhea [37]. Exclusive breastfeeding is crucial for children to survive the
first months of life because breast milk provides all the
nutrients, vitamins and minerals an infant needs for
growth and also carries antibodies that help combat disease [7].
Our study shows that children in households that
lacked a handwashing facility around the latrine were
more likely to have diarrheal disease than those that had
a handwashing facility near their latrines. Similar results
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were reported by studies in Jigjiga Town in Somali Regional State, eastern Ethiopia [38]. According to a WHO
report, 88% of diarrhea cases in children under five in
developing countries were due to problems with WASH
[39]. In our study, we found that 83.6% of the controls
and 66.4% of the cases had no handwashing facility
around the latrine.
The odds of developing diarrhea were significantly
higher among children whose mothers reported washing
their hands at fewer than three of the five critical times
(before eating, after eating, after cleaning the child, before feeding the child, before preparing food) as compared to children whose mothers reported washing at all
five times. These results corroborate those of other studies [36, 40, 41]. The strong link between handwashing at
critical times and diarrhea transmission appears to be
due to the high risk of hands being exposed to pathogens during the many types of tasks mothers perform
every day. The risk of diarrhea transmission is further
increased by many mothers/caregivers feeding their children by using their hands. This facilitates pathogen
transmission since the infectious agent associated with
diarrheal disease is transmitted chiefly under unhygienic
conditions. Thus, complementary foods need to be prepared and given to the child in a hygienic manner.
In this study, we found that the presence of feces
within/around the latrine increased the odds of diarrhea
compared to the presence of hygienic conditions around
latrines, similar to studies in Addis Ababa [15] and
Bahirdar-Zuria District in northern Ethiopia [40]. Feces
around latrine pits may serve as breeding sites of flies
that thereby increase the risk of diarrhea [32]. We found
households that were not using a proper liquid waste
discharge method but defecated in nearby fields to have
higher odds of contracting diarrhea. Similar findings
were reported by a study in Jigjiga District, Somali Region, eastern Ethiopia [32]. Open-field defecation continues to be widespread in Ethiopia, creating conditions
suitable for diarrhea transmission.

Limitations of the study

Although matching is effective to control confounders at
the design stage, there may be a danger in using neighbourhood controls, as similarities of socio-economic status, cultural and behavioral practices and environmental
factors might be masking the role of some other potential exposures and relevance as determinants of diarrhea.
The other limitation was the use of a two-week recall
period, as respondents may be less likely to remember
certain practices or exposures, or more likely to report
more favorable practices, which create a form of reporting bias during case identification. Therefore, cases may
have been affected by recall bias.
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We also did not triangulate the acute diarrhea (cases)
with the outcome of the health centre records (clinically
identified of acute diarrhea), which may affect the correct ascertainment of the presence of diarrhea. However,
since we did not study the prevalence of diarrhea, identification of acute diarrhea using a self-report in our study
was reasonable due to the fact that we did not generalize
the magnitude of acute diarrhea in the study setting.
The presence of chronic health conditions, malnutrition
status of the child, history of previous episodes, and
the duration of exposure to the different risk factors
were not considered as potential confounders due to
the fact that measuring these variables using selfreport might have compromised the generalizability of
the study; however researchers are highly encouraged
to address this limitation for more inclusive intervention purposes.
The limitations of the study also included lack of objective exposure measurements for fecal indicators, an
inability to investigate the magnitude of diarrhea due to
the case-control study design nature, and the fact that
the study was done only during a dry season (dry season
in the study setting was December, January and February), whereas environmental factors might change during
the rainy seasons (rainy season period in the study setting was June, July and August). Furthermore, interviewer’s bias may be also considered as a limitation
especially during observational data collection for environmental factors, although we handled this by providing
training about how to perform data measurement by onthe-spot observation.
Another limitation could be that identification of
cause-effect relationship was not addressed in our study
due to the study not considering impact measures.
Hence, using a cohort study design and/or randomized
control trial studies is highly recommended.

Conclusion
We conclude that the findings of the study have important implications for prioritizing of health interventions and significant benefits for child health and
survival. To prevent diarrheal disease, interventions
should prioritize improving practices of exclusive
breastfeeding, regular cleaning of latrines, advocating
availability of handwashing facilities within/around latrines, using proper domestic sewage discharge
methods and improving handwashing practice at the
five critical times.
Strengthening awareness and empowerment among
mothers/caregivers on environmental hygiene and sanitation practices, especially handwashing habits and domestic sewage discharging methods are essential to
preventing diarrhea. Advocating communication to promote hygiene and behavioural change may also raise
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awareness and empower mothers/caregivers to enhance
handwashing practice at critical times. Furthermore, research on determinants of diarrhea among children
under two in combination with nutritional status and
seasonal variation in the study area is recommended to
obtain more concrete evidence.
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