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Abstract

Background: Household chicken production presents an opportunity to promote child nutrition, but the benefits
might be offset by increased environmental contamination. Using household surveys, direct observations, and in-
depth interviews with woman caregivers, we sought to describe the relationship between chicken management
practices and household exposure to environmental contamination, and assess barriers to adopting improved
husbandry practices.

Methods: First, we analyzed baseline data from 973 households raising chickens in the two interventions arms from
the Agriculture-to-Nutrition (ATONU) study in Ethiopia to assess the relationship between animal management
practices and environmental exposures. Second, we conducted six-hour direct observations of children’s environmental
exposures in 18 households. Among these households, we analyzed in-depth interviews with child caregivers.

Results: Quantitative analyses showed that households raised approximately 11 chickens, had animal feces visible on
the property 67% of the time, and children’s hands were visibly dirty 38% of the time. Households with more chickens
had lower exposure to animal feces. Having a chicken coop increased the risk of observing animal feces on the
property by 30%, but among those with a coop, having an enclosed coop reduced that risk by 83%. Coops that were
enclosed, had fencing, and were located further from homes were associated with a reduced risk of observing animal
feces and an increased likelihood of children having clean hands. Direct observations showed that chicken coops were
often poorly designed or not used. On average, 3 to 5 chickens were inside homes at a time, and livestock and
domestic animals were frequently inside of houses and interacting with young children. In-depth interviews revealed
that protection of animals, maintenance of household cleanliness and health, type of chicken (local versus improved)
and resource constraints influenced management decisions.

Conclusions: Improvements in chicken management practices could mitigate the exposure of household members to
environmental contamination. Our findings highlight the need for training and resources to promote safe animal
husbandry practices and optimal child health in nutrition-sensitive livestock projects.
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Background
In Ethiopia, approximately 40% of children under five
suffer from chronic undernutrition [1]. To address this
issue among rural populations that face poor physical
and financial access to healthy diets, agricultural ap-
proaches have been promoted as one potential way to
support nutrition [2, 3]. Specifically, the production of
animal source foods (ASF) has been recognized as a
promising enterprise that can potentially empower
women—who are often responsible for raising small ani-
mals—while also diversifying household diets and in-
comes, and increasing access to micronutrient-rich
foods [4–6].
However, there are concerns that small-scale animal

production may increase a household’s exposure to con-
tamination, especially in areas with suboptimal water,
sanitation, and hygiene conditions [7, 8]. Contamination
of houses and yards with animal feces can lead to the
spread of pathogens in water, food, and hands, resulting in
the ingestion of fecal matter that leads to infection and,
consequently, threats to the health and nutrition of infants
and young children [7, 9]. The main pathways through
which exposure to animal contamination can harm child
nutritional status are through the transmission of zoonotic
pathogens that cause diarrhea, through parasitic infections
such as worms, and through a subclinical condition
known as environmental enteric dysfunction (EED), which
triggers low-level inflammation and poor nutrient absorp-
tion [7, 9, 10]. Thus, increased ownership of animals may
be associated with increased exposure to fecal matter [11]
which has been associated with a higher prevalence of
child growth faltering [10–13].
Recent research has attempted to address these con-

cerns of animal ownership and contamination by conduct-
ing observational, experimental, and qualitative studies.
Some methods to explore these relationships have in-
cluded “spot checks” of cleanliness around a household
[11]; direct observations of infants and young children to
document instances of exposure to contamination [13,
14]; direct measurement of pathogens and their transmis-
sion to humans, animals, and objects [14–17]; measure-
ment of biomarkers of EED [18]; randomized trials to
limit exposure to contamination [19–21]; description of
the factors predicting chicken corralling practices by
households [22]; qualitative research to understand per-
ceptions surrounding the adoption of animal corrals [23,
24]; and a combination of these methods [14, 25]. How-
ever, we are not aware of any studies that quantitatively
describe the chicken management practices used by

households and then assess them qualitatively for ground-
truthing purposes, especially in the context of Ethiopia.
Moreover, our mixed methods include the use of in-depth
interviews, which provide a detailed perspective on
decision-making processes and justification for the use of
husbandry practices by households.
Due to the recent push towards nutrition-sensitive

livestock [3], it is important to evaluate whether rural,
resource-constrained households can safely integrate an-
imals into their environments. Thus, as part of the base-
line household survey of the Agriculture-to-Nutrition
(ATONU) trial, an intervention designed to increase the
production and consumption of chickens in rural
Ethiopia, we collected a number of indicators describing
chicken management practices and the households’
interaction with animals. Based on previous research
showing a high degree of exposure of young children to
environmental health risks [11, 14], additional data tri-
angulation through direct observations and in-depth in-
terviews was necessary in order provide a more validated
view of chicken management practices in this context.
The aims of this paper were to:

1) Show the relationship between chicken
management practices and distal measures of
sanitation, using quantitative baseline data from the
ATONU trial;

2) Describe the pathways of chicken-child interactions
using qualitative direct observation data collected
during the midline of the ATONU trial; and.

3) Investigate the beliefs and barriers underlying the
adoption of different chicken management practices
by households through qualitative in-depth inter-
views with woman caregivers of young children.

Methods
Theoretical approach
The theory used to inform our methodology was based
on the conceptual framework from Passarelli et al., 2020
[26]. This framework describes the hypothesized path-
ways between chicken production and child nutrition
and health based on evidence from two main areas: 1)
the agriculture-nutrition pathways identified by Harris
and Herforth [27], which include income, diet, and
women’s empowerment, and 2) the pathways through
which exposure to fecal contamination could adversely
affect nutrition and health [7, 11, 12, 15].
We undertook a mixed-methods approach for several

reasons. First, the indicators from the household survey
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used to describe chicken management are crude when
analyzed on their own, and thus provide an incomplete
picture of environmental contamination. Ground-
truthing through direct observations can help to better
describe the implications of management practices for
household members, especially young children who are
the most vulnerable to infection. Moreover, while previ-
ous work has described the dangers of exposure to en-
vironmental contamination from animals, qualitative
evidence is needed to contextualize these findings. In
order to provide culturally- appropriate, evidence-based
solutions for future programs, we must understand the
barriers farmers face that prevent them from adopting
safer practices. We hypothesized that practices limiting
the contact between animals and people would be asso-
ciated with reductions in markers of contamination, but
that resource, knowledge, and cultural barriers would
limit their adoption.
To address the three stated study objectives, we used

an explanatory sequential mixed-methods design with
three phases (see Fig. 1). Exploratory sequential mixed-
methods research involves first collecting quantitative
data and then using them to inform the collection of in-
depth qualitative data [28]. In the first phase, quantita-
tive data were collected using household surveys with
participants in the ATONU study to assess current
chicken management practices and the degree of expos-
ure to contamination among households. During the
second phase, semi-quantitative direct observation data
were collected through two-day direct observations of
households with young children (0–36months of age at

baseline). In the third phase, semi-structured in-depth
interviews were conducted with the primary woman
caregivers of those same children. The data from these
three phases were integrated at both the methods level,
by sampling households for the qualitative data collec-
tion that participated in the household survey, and at the
interpretation and reporting level, through a contiguous
discussion in the results section, followed by a weaving
approach in the discussion section, based on the integra-
tion principles suggested by Fetters et al. [29].

Quantitative methods: phase 1
Study design
This study was conducted as a substudy of Agriculture-
to-Nutrition (ATONU) (clinicaltrials.gov identifier #
NCT03152227), a cluster-randomized trial designed to
evaluate the impact of integrating nutrition-sensitive be-
havioral change communication, in the context of in-
creased household production of chickens and eggs, on
the diets of women and children.
In short, both intervention arms, ACGG and ACGG+

ATONU, participated in the African Chicken Genetic
Gains intervention, which included the receipt of 25
high-yielding chicks from five hybrid breeds and tech-
nical assistance on chicken production and management
[26]. Additionally, only the ACGG+ATONU arm re-
ceived a behavior change communication (BCC) inter-
vention on nutrition, child feeding practices, WASH
behaviors, women’s empowerment, budgeting and sav-
ings, home gardening practices, and vegetable seed. The
control arm received no intervention other than data

Fig. 1 Description of the mixed methods used in this study

Passarelli et al. BMC Public Health         (2021) 21:1097 Page 3 of 15



collection. As part of participation in the ACGG inter-
vention, households were advised to build a chicken
coop using their own materials; to use a semi-
scavenging system where chickens forage freely for sev-
eral hours, twice per day to graze on available food in
the environment; and to provide birds with supplemen-
tal feed. However, actual chicken husbandry practices
were implemented by farmers according to their individ-
ual preferences and means.

Setting
The larger ATONU trial was implemented in four regions
of Ethiopia; for the purposes of this sub-study, we limited
the quantitative analyses to the Amhara and Oromia re-
gions in order for the quantitative analyses to parallel the
regions studied under the qualitative phases. Within each
region, 20 districts were selected based on pre-determined
criteria for having a suitable agroecology for chicken pro-
duction. Villages were randomly selected from within dis-
tricts and randomly assigned to one of three treatment
arms: 1) African Chicken Genetic Gains (ACGG), 2)
ACGG+ATONU, or 3) control. This analysis includes 15
villages in Amhara and 18 in Oromia, allocated in equal
proportions to the three treatment arms.

Participants
The inclusion criteria for the ATONU study consisted of
having produced chickens for at least 2 years, having
fewer than 50 birds, having at least one woman of repro-
ductive age (18–49 years at enrollment), and providing
informed consent. From these eligible households in a
village, 35 were randomly selected to participate in the
intervention. One index child was enrolled in the study
if there was a child aged 0–36months living in the
household at baseline.

Variables
The primary exposures of interest were the chicken
management practices used by households. These were
measured using the following five variables: 1) household
had a chicken coop (binary; yes/no); 2) number of chick-
ens owned (categorical; 1–3 chickens, 4–9 chickens, or
10+ chickens); 3) whether chickens slept in the house
the previous night (binary; yes/no); and among the 814
households that reported having a chicken coop, the fol-
lowing questions were asked about the coop: 4) type of
chicken coop (categorical; open housing, enclosed hous-
ing, fencing, or other); and 5) distance of chicken coop
to house (categorical; 0 meters/attached to or inside of
house, 1–3 meters, or 4+ meters). The primary outcomes
of interest were potential sources of environmental con-
tamination to which young children might be exposed,
as measured by 1) whether there were feces visible on
the property, and 2) whether the children’s hands

appeared to be clean. We examined the relationship be-
tween the five measures of chicken husbandry practices
and two binary measures of exposure to contamination
based on associations shown between these factors and
health outcomes in the literature [7, 9, 11, 17, 30].

Data sources and measurement
The household survey collected data on crop and live-
stock production, household water, sanitation, and hy-
giene (WASH) characteristics, demographics, physical
household characteristics, income, expenditures, child
health, women’s empowerment, and nutrition. All quan-
titative analyses (excluding the semi-quantitative direct
observation data) presented in this paper are from the
baseline household survey; the questionnaire was devel-
oped for the ACGG+ATONU evaluation and has been
previously published in the baseline report [31]. Expos-
ure variables related to characteristics of the chicken
coop were asked of the primary woman decisionmaker
in the household, since women are generally responsible
for raising chickens in this context [32, 33]. The out-
come variables for the presence of animal feces and
whether the child’s hands were clean were based on enu-
merator observation. Standards were developed during
the survey training and piloting until these observations
were similar across enumerators.

Sample size
Of the 2117 households in the ATONU sample, 262
households without chickens at baseline were excluded
from the analysis. We further restricted the sample to
the 973 households in the Oromia (n = 500) and Amhara
(n = 473) regions in order for the quantitative results to
be representative of the qualitative sample. For analyses
that focused on the cleanliness of the index child’s
hands, the sample was limited to the households that en-
rolled an index child between the ages of 0–36months
at baseline (n = 431).

Statistical methods
Confounder variables were the same for all adjusted
models and included the following baseline demographic
characteristics: having improved water (yes/no, based on
WHO/UNICEF definition [34]), having improved sanita-
tion (yes/no, based on WHO/UNICEF definition [34]),
number of household members (1–4; 5–7; 8+), region
(Amhara or Oromia), agroecological zone (lowland, mid-
land, highland), wealth quintile (based on the quintiles
of the first principal component of asset ownership),
whether the household was woman-headed, education
level of the woman of reproductive age (none; primary 1;
primary 2; secondary 1 or higher; other such as adult lit-
eracy/religious school), and age of the woman respond-
ent (15–30; 31–38; 39+). We also calculated tertiles of a
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score of women’s decision making in chicken produc-
tion, based on the share of the following six activities for
which women reported participating in at least some de-
cisions, relative to few or no decisions: chicken produc-
tion, chicken inputs, use of eggs, marketing of eggs,
slaughter of chickens, and marketing of chickens. We
also controlled for the number of other (non-poultry)
livestock owned (0–3; 4–7; 8+) in order to adjust for dif-
ferences in environmental exposures that were due to
ownership of other animals. For all variables, missing
observations were entered as a separate category (not
shown in tables) for 39 values for women’s education, 13
for improved water, and 4 for improved sanitation.
For regressions analyzing the relationships of chicken

management practices with exposure to contamination,
we conducted both adjusted and unadjusted regressions
using log binomial models to estimate risk ratios and
95% confidence intervals. Poisson distributions were
used to overcome issues of non-convergence. For all re-
gressions presented in this paper, robust confidence in-
tervals were clustered at the level of the village, which
was the unit of enrollment of eligible households, and
bootstrapped with 500 iterations [35].

Bias
We controlled for all known confounders that we hypoth-
esized could bias the exposure-outcome relationship. One
potential source of bias is that households were told that
they would be participating in the ACGG program before
the baseline survey took place. Consequently, they may
have started implementing improved chicken manage-
ment practices that would be captured in our baseline
data. However, because the purpose of the quantitative
analysis was to describe how different management prac-
tices related to measures of exposure to environmental
contamination, we did not attempt to analyze differences
across treatments arms; rather, we adjusted for treatment
arm as a confounder in the models.

Phases 2 and 3: qualitative methods
Study design
To address our second research question, a complemen-
tary qualitative study was conducted in six villages dur-
ing the midline of the intervention’s implementation and
evaluation in July of 2017. This research included direct
household observations and in-depth interviews with
caregivers of children who were 0–36months of age at
baseline. These villages were selected from Amhara and
Oromia regions, which were chosen based on perceived
representativeness (being Ethiopia’s two largest regions
by population) while meeting resource constraints for
transportation. In order to observe differences by treat-
ment group, we randomly selected one ATONU village,
one ACGG+ATONU village, and one control village

from each of the two regions. Three households were
randomly chosen from each village, for a total of 18
households.

Direct observation data collection
For the direct observations, enumerators observed the
18 households for 3 h per day over 2 days (6 h per
household), totaling 108 h. The semi-quantitative data
collection instrument was modified from the tool used
in formative research for the SHINE trial [14] with per-
mission of the authors and is available in Supplement 2.
The instrument included a combination of pre-coded
and open-ended questions to allow enumerators flexibil-
ity in describing what they observed, while also ensuring
comparability of indicators across sites. The protocol in-
cluded data on the number of times livestock and chil-
dren occupied the same space; where the children were
sitting or playing; animal housing; cleanliness of the
child, mother and compound; the child’s tactile and oral
contact with objects; and domestic water, sanitation, and
hygiene practices and conditions. These data were col-
lected through both hourly spot checks (at 0, 1, 2, and 3
h during each of the 2 days), and tallies of all behaviors
observed over the 3 h on both days.

Direct observation data analysis
The direct observation data were analyzed to assess the
prevalence and frequency of environmental exposures
and protective behaviors observed across the 6 h of ob-
servations. We analyzed the observation data from eight
instances of observation—at the beginning and end of
each hour of observation (i.e. at hours zero, one, two
and three)—to assess the proximity of the index child to
animals at that given moment. For these observation
data, the mean for each household was taken across the
2 days, and then the mean across the 18 households was
calculated. We also assessed the average number of ani-
mals observed inside the house over the course of the 6
h of observation at the eight observation time points.
This average was calculated based on the number of
each animal type (including bovines, sheep, cats, dogs,
and chickens) seen across each household at each of the
time points, divided by the 18 households. These data
were presented in a heatmap created with the package
ggplot2 in R, version 4.0.2 [36].

In-depth interview data collection methods
At the end of the second day of the direct observations,
enumerators conducted a semi-structured interview with
the primary child caregivers in each of these same 18
households. We developed the interview guide for the
purposes of this study based on the guiding research
question: “what beliefs and factors underlie the adoption
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of different chicken management practices?” The inter-
view guide is available in Supplement 1.

In-depth interview data analysis
Transcripts from in-depth interviews were analyzed
using thematic analysis, with a hybrid approach of both
inductive and deductive coding [37] using the steps out-
lined by Braun and Clarke [38]. Text analysis was con-
ducted using NVivo version 12. After reading the 18
transcripts, reviewing interview summaries from the re-
search assistants, and taking memos concurrently to
identify emerging concepts, initial codes were developed,
and then the coded text was sorted into themes and sub-
themes. The codebook and coded transcripts were
audited and validated by a second co-author (RA), and
the full codebook has been included in Supplement 3.
The 18 observations were also compared using data
matrices, and the frequency of topics raised was ob-
served using the text analysis features of NVivo. These
themes and subthemes were linked back to the research
questions and exemplar quotes were identified for each
of these themes.

Results
Quantitative results
Table 1 presents demographic characteristics of the 973
households that raised at least one chicken. Notably,
more than half of women in the sample had no formal
education and most households had between five and
seven household members. Nearly 80% of households
had access to an improved water source but only 30%
had improved sanitation services. On average, house-
holds had approximately 11 chickens and two other
non-poultry livestock. Animal feces were visible on the
property in about two-thirds of households, and 62% of
index children observed had visibly clean hands.
Table 2 presents means of the exposure variables de-

scribing chicken management practices and both adjusted
and unadjusted regressions examining specifically which
practices were most strongly associated with measures of
exposure to contamination in this population. Three
households did not have observations for the outcome
measure of whether the child’s hands were clean, resulting
in a total sample of 428 children among households with
a chicken coop and 348 among households without a
chicken coop. While most households had some form of
chicken coop (84%), the majority of coops were not
enclosed, and there was substantial variation in the loca-
tion and type of housing. Forty-five percent of coops were
reported to be either inside or attached to the house (0m
from the household), and 50% of them were considered
“open housing”, where chickens can come and go freely.
Only 37% of households reported that no chickens slept
inside the house in the previous night.

Having any kind of chicken coop was associated with a
30% increased risk of animal feces being observed on the
compound in adjusted analyses. Having 10 or more
chickens also reduced the risk of observing animal feces
on the property, but neither the number of chickens nor
having a chicken coop was associated with child cleanli-
ness. Chickens sleeping inside of the house the previous
night was found to be negatively associated with proxy
measures of contamination.
Among households with a chicken coop, having

enclosed animal housing (relative to open housing) im-
proved the likelihood of no feces being observed by 1.83
times in adjusted models and increased the likelihood of
children’s hands being clean by 1.08 times. In fact, all

Table 1 Demographic characteristics of households raising
chickens in the Oromia and Amhara regions

Total

N = 973

Region Amhara 48.6% (473)

Oromia 51.4% (500)

Agroecology Lowland 37.1% (361)

Midland 44.4% (432)

Highland 18.5% (180)

Maternal age 15–30 40.4% (393)

31–38 30.5% (297)

39+ 29.1% (283)

Household is
woman-headed

11.1% (108)

Baseline education
of woman

No schooling 55.8% (543)

Primary 1 18.0% (175)

Primary 2 12.5% (122)

Secondary 1,2
or university

4.9% (48)

Other 4.7% (46)

Missing 4.0% (39)

Number of household members 1–4 19.9% (194)

5–7 50.6% (492)

8+ 29.5% (287)

Number of chickens
owned

1–3 chickens 41.4% (403)

4–9 chickens 25.1% (244)

10+ chickens 33.5% (326)

Number of other livestock 2.1 (0.8)

Has improved water 79.8% (776)

Has improved sanitation 29.9% (291)

No feces visible on property 32.6% (317)

Child’s hands are clean 62.4% (267)

Data are presented as mean (SD) for continuous measures, and % (n) for
categorical measures. The variable for whether the child’s hands were clean
was only calculated among the 428 households for with this was observed
among the 431 households with an index child
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types of chicken coops other than open housing were as-
sociated with an increased likelihood of the index child
having clean hands. Chicken housing located at least 1
m away from the household (relative to being attached
to or inside of the house) was also significantly positively
associated with the two outcome measures of
cleanliness.

Qualitative results
Direct observation results
Eighteen households were observed and interviewed.
None of these households had a finished floor—all floors
were made out of dung or dirt—and none had a hand-
washing station with soap. Only three households had a
female index child, despite relative balance in the overall
household sample. The mean age of the index children
among these households was 23 months (SD 11). Sixty-
one percent of households had their own latrine, and
72% had access to a standpipe or borehole for their
drinking water, but only two households had an ob-
served handwashing station (without soap). Only seven
of the 18 households had a designated chicken coop at
the time of observation. In 10 cases, the chickens usually
spent the night inside the main house, and for three
additional cases, they slept inside the house but in a sep-
arate room. As part of the direct observations, enumera-
tors also took photos of where chickens spent the night,
and observed substantial variation (Fig. 2). Chicken
housing was observed inside or connected to the main
house (along with other animals), in separate but open
structures, inside of grain stores, connected to or inside
of kitchens, and in only one case, in a confined and sep-
arated structure. These findings of substantial variation
in the formality, types, and location of chicken housing
mirror the results previously described in the quantita-
tive data.
During the eight instances of spot checks over the

course of two days, enumerators observed that on aver-
age, animal feces were on the kitchen floor 30% of the
time, there were an average of 2.8 chickens (SD 2.8)
within five steps of the index child, there were feces vis-
ible within five paces of the index child 43% of the time,
and animals were observed inside of the house 70% of
the time. On average, there were 3.1 (SD 3.7) animals in-
side of a house at any given time across the 18 house-
holds. Figure 3 illustrates the density of different types
of animals observed over the 12 h of observation, aver-
aged across the 18 households observed. These results
indicate two key findings. First, it is clear that other ani-
mals in addition to chickens were frequently kept inside
of houses, including livestock (cows/oxen and sheep),
but also domestic animals such as cats and dogs. Second,
chickens were by far the most commonly observed ani-
mal inside the house —at the average rate of 3 to 5

chickens at any given time—and they wandered in and
out throughout the period of direct observation.
Table 3 presents the results of behaviors observed dur-

ing the 6 h of observation for the 18 households. Enu-
merators observed potentially harmful behaviors—
including the child putting fingers in their mouth, dirt in
their mouth, a dirty object in their mouth, touching an
animal, or eating leftover uncovered food—in 100% of
households, at an average rate of 7 times per hour. Pro-
tective behaviors—including handwashing of the index
child’s or caregiver’s hands with and/or without soap—
were observed much less commonly, among 78% of
households at a rate of only 0.5 times per hour. Overall,
handwashing with soap was uncommon, and observed
in less than a quarter of households for caregivers and
only one-sixth of households for children.

Results from in-depth interviews with primary woman
caregiver
In the text analysis, 55 codes were developed and used
to identify three major themes: 1) protection of animals
from threats, 2) maintaining cleanliness and health of
the household, and 3) constraints to the adoption of
ideal management practices. These themes are described
in detail below, using exemplar quotes to highlight key
points. We also indicate the treatment arm associated
with each quote to highlight any differences that might
have occurred due to interventions, since the qualitative
study was conducted during the midline evaluation of
the trial.

Protection of animals Whether households kept their
chickens in a separated coop or inside of their home, most
respondents named protection from various threats as the
primary reason underlying the location. There were sev-
eral threats that were commonly noted across households,
especially predators (n = 14) and theft (n = 3). Several
households also mentioned risk of the chickens wandering
off, destroying crops or the neighbor’s land, being tram-
pled by larger livestock, or hurting and being hurt by
children:

“We fear to lose [them] if chickens go outside, be-
cause there are so many things that can hunt and
harm our chickens out there. We let them roam
around and take air for a short time...then we gather
and return them back into their corral” (Respondent
22, ACGG).

Respondents often recognized the benefits of allowing
chickens to roam freely to forage for food or get fresh
air, which were both seen as beneficial for the health
and egg productivity of the birds. However, this view
was often in conflict with the dangers of predators:
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“It would be better for the chickens to roam around
because this way they are able to find and pick their
own food. But if we leave them freely, they will be
eaten by wild beasts” (Respondent 19, ACGG).

Lastly, protection of the hybrid chickens specifically
was an important determinant of practices among inter-
vention households, since these birds were seen as being
both more valuable and more vulnerable compared to
local varieties. As one respondent described, “it is okay
for the local ones to roam freely in the winter but not
the hybrid ones … to protect them from beasts”

(Respondent 16, ACGG). This tendency to treat the hy-
brid chickens differently than local chickens was also
noted in where the chickens were kept. There were sev-
eral cases where hybrid chickens were kept inside the
main house while local chickens were allowed to roam
more freely, since hybrid chickens were seen as slower,
less resilient, more valuable, and more prone to loss.

Maintaining cleanliness and/or health Most respon-
dents associated cleanliness with household health, but
there were often misconceptions about the pathways
through which chickens could adversely affect health.

Table 2 Regression results describing the association between chicken management practices and measures of exposure to
environmental contamination

Outcome Variables

No feces visible Child’s hands are clean

Exposure Variables Unadjusted Adjusted Unadjusted Adjusted

% (n)

Among all households

Has a chicken coop 0.65*** 0.70*** 0.93 0.94

83.7 (814) (0.52–0.82) (0.55–0.91) (0.78–1.10) (0.80–1.09)

Number of chickens

Referent: Category = 1, 1–3 chickens 41.4 (403)

Category = 2, 4–9 chickens 25.1 (244) 0.96 1.01 0.92 0.93

(0.78–1.18) (0.83–1.23) (0.76–1.12) (0.75–1.15)

Category = 3, 10+ chickens 33.5 (326) 0.76** 0.79** 0.99 0.97

(0.60–0.98) (0.65–0.95) (0.85–1.17) (0.81–1.17)

Chickens did not sleep in house last night 37.6 (366) 1.82*** 1.66*** 1.12 1.03

(1.39–2.37) (1.22–2.25) (0.96–1.31) (0.89–1.19)

Among households with a chicken coop

Type of coop

Referent: open housing 49.8 (405)

Enclosed housing 38.3 (312) 1.80*** 1.83*** 1.06 1.08***

(1.41–2.30) (1.45–2.32) (0.84–1.34) (1.07–1.10)

Fencing 6.4 (52) 1.30 1.54 1.21 1.42***

(0.71–2.36) (0.90–2.63) (0.93–1.57) (1.32–1.52)

Other 5.5 (45) 1.40 1.65 1.13 1.27**

(0.68–2.89) (0.90–3.03) (0.86–1.49) (1.05–1.54)

Distance from house to coop

Referent: 0 meters 44.5 (362)

1–3 meters 29.1 (237) 1.83*** 1.56*** 1.26** 1.29**

(1.33–2.52) (1.19–2.05) (1.05–1.51) (1.04–1.61)

4+ meters 26.4 (215) 1.43* 1.37* 1.23* 1.24

(0.96–2.13) (0.98–1.88) (0.98–1.53) (0.95–1.63)

*** p < 0.01, ** p < 0.05, * p < 0.1. Risk ratios shown, with robust 95% confidence intervals clustered at the village level in parentheses. Control variables in
adjusted regressions included: region, agroecology, treatment group, wealth quintile, woman-headed household, tertiles of number of household members,
tertiles of the number of livestock owned (excluding chickens), education category of woman of reproductive age, tertiles of women’s empowerment in chicken
production score, education category of household head, improved water, improved sanitation. The outcome of whether the child’s hands are clean is among a
subsample of households that had an index child 0–36 months of age
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For example, households often listed the smell (n = 10),
dirtiness of the chickens (n = 13), feces (n = 17), and/or
the family’s health in relation to the environment (n =
16) as reasons to separate chickens from the household
or as consequences of chicken production. Smell was
often viewed as a source of illness; as one respondent
described, “cattle and humans don’t have to live to-
gether, because their feces’ smell cause disease” (Re-
spondent 41, ATONU). Two households mentioned
maintaining cleanliness aesthetically, for a more com-
fortable lifestyle:

“It is not matched with our living style. Having
them at home with the family is an odious thing. To
make the situation comfortable, it is better to have
them far from the cooking facility or kitchen and
clean the place frequently as to not affect them as
well as to make the place interesting” (Respondent
56, Control).

While about two-thirds of households mentioned try-
ing to keep children and chickens away from each other,
only about half of households stated a reason related to
sanitation and hygiene, while the other half were more
likely to list physical reasons for keeping them separated.
For example:

“Chickens may not affect child, rather child may
affect chickens. But larger chickens may bite the
[eyes of the] child, so that I may protect one from
each other but chicken and child can freely play to-
gether” (Respondent 55, Control);

Seven households mentioned reasons for separation
that were either related to dirtiness or contagious in-
sects, and five specifically mentioned issues related to ill-
ness from contact with chicken waste:

“The child can catch disease if it gets into the
chicken coop and touches the waste of chickens
with [their] hand. It may even go on to put the dirt
from the chicken coop into its mouth— this is dan-
gerous for the health of the child” (Respondent 22,
ACGG).

Constraints to adopting ideal practices Although 13
respondents recognized either cleanliness or health is-
sues related to where chickens were kept, they were not
always able to adopt more permanent solutions due to a
number of constraints. One constraint commonly listed
was feed. While 12 households mentioned the benefits
of cooping chickens, 10 mentioned that access to feed,

Fig. 2 Locations of animal housing documented by enumerators during direct observations of 18 households with young children. Legend: Photos were
taken by the following researchers and permission to use them has been obtained: top left: Mehfira Abdelmenan; bottom left: Ramya Ambikapathi; top right:
Birki Gurmessa; bottom right: Amen Tesema. Top row: chickens sleep in the main house with other young livestock (left); separate chicken coop with open
entry (right). Bottom row: chicken coop in a dugout earthen compartment of the interior house wall (left); chickens sleep in the grain store room (right)
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Fig. 3 Number and type of animals observed inside of households during 6 h of observation. Legend: This figure shows the average number of
different types of animals that were present inside of households during the 6 h of observation for the 18 houses observed. The observation period
took place for 3 h per day over the course of 2 days. The observation timepoints 1–4 depicted on the X-axis correspond to tallies conducted after 0, 1,
2, and 3 h of observation on the first day; timepoints 4–8 correspond to tallies conducted after 0, 1, 2, and 3 h of observation on the second day. At
each of these timepoints, enumerators tallied how many and what types of animals were observed inside of the household; the mean across all 18
households for each of the five animal types is depicted, corresponding to the darkness of the shading. The types of animals tallied are expressed on
the y-axis, and include (from top to bottom include): sheep, dogs, chickens, cats, and bovines (cows/bulls/oxen)

Table 3 Child exposures observed over 6 h of household observation with 18 households with young children

% of households in which behavior was observed Average # of times per hour

Harmful behaviors 100.0 7.0

Children’s fingers in mouth 100.0 3.0

Dirt in mouth 83.3 0.9

Dirty object in mouth 94.4 2.5

Touched animal 66.7 0.5

Ate leftover uncovered food 38.9 0.1

Protective behaviors 77.8 0.5

Child’s hands were washed with soap 16.7 0.0

Child’s hands were washed without soap 66.7 0.3

Woman caregiver washed hands with soap 22.2 0.1

Woman caregiver washed hands without soap 61.1 2.3
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especially for hybrid varieties of chickens that require
more food, is a challenge. Allowing chickens to roam at
several points in the day grants the opportunity for them
to forage for their own food, which reduces both the fi-
nancial and time cost of feeding them:

“They have great advantage, but many of them died,
plus the hybrid chickens need too much food. They
only give us eggs when they eat well” (Respondent
16, ACGG).

The type of management practices adopted was also
tied to the number of chickens being raised and the age
of the chickens. If a household had fewer chickens, they
were more likely to keep them inside and abandon the
use of a chicken coop because it did not seem worth-
while to build a separate structure when they do not
take up much space:

“Because [the chickens] are few, they stay with us
here … I can’t think of a better place other than
this!” (Respondent 17, Control).

The chicks were seen as more vulnerable to harm, and
thus might be kept inside while they grow. As one
responded recalled, “they told us they should get warm
so I let them stay in the house till they grow; now they
have feathers” (Respondent 16, ACGG). Lastly, not hav-
ing enough space (n = 2), time (n = 1), resources (n = 1),
or household bargaining power with a husband (n = 2)
to build a coop were seen as barriers to adopting coops
for some households.

Discussion
Both our quantitative and qualitative findings support
that children’s physical exposure to chickens is high
among households raising chickens in these two regions
of Ethiopia, and that specific chicken husbandry prac-
tices were linked to increased exposure to environmental
contamination. The frequency and proximity of expos-
ure pose substantial health risks for this population, and
especially for households with young children, who are
most vulnerable to adverse health and nutrition
consequences.
To synthesize our findings, first, our quantitative re-

sults demonstrated that as the number of chickens
raised increased, exposure to animal feces actually de-
creased. While having any chicken coop increased the
risk of observing animal feces—likely because this was a
proxy for raising enough chickens to warrant a coop—it
was clear that not all coops were equally protective.
Thus, while more animals can potentially equate to in-
creased levels of contamination, it also appears that this
may be somewhat compensated by increased measures

of protection. This trend was supported by both phases
of our qualitative research. Household observations and
interviews revealed that if there were fewer chickens, or
after high rates of chicken mortality, households often
abandoned the use or upkeep of a coop and instead kept
chickens inside the home. From this interpretation, hav-
ing fewer chickens could potentially be associated with
higher exposure to contamination, if it is accompanied
by more informal animal husbandry. However, it is
worth noting that this study selected for small-scale
chicken producers (the median number of chickens
owned was 6), so we have fewer observations to deter-
mine the full spectrum of this relationship, and whether
it is truly negative or possibly U-shaped.
Second, we found that the type and location of poultry

housing used were significantly associated with exposure
to environmental contamination in the household envir-
onment. Our results showed a strong relationship be-
tween the distance of chicken housing from the house
and risk of children’s hands being dirty and observing
animal feces on the property. While we only used proxy
measures of exposure to contamination, previous litera-
ture has shown that keeping chickens in the house was
negatively associated with environmental enteropathy
[39] and lower height-for-age z-scores in children [22].
Among households with coops, the strongest predictors
of reducing exposure to contamination were having a
coop that is separated from the household and having
enclosed chicken housing. It is notable that many of
these practices reduced the risk of observing animal
feces on the property, since the presence of visible ani-
mal feces has been associated with an increased risk of
diarrheal disease for young children [7]. These findings
suggest having coops that are enclosed and located a
safe distance away from the household could potentially
reduce the health risks of household members.
Third, a major contribution of this study was to iden-

tify the nuance that was not captured by proxy measures
of exposure—for example, the variation in what house-
holds considered to be a “coop.” These findings can help
to inform future data collection. Since simply asking
about whether or not a coop exists might not be an ad-
equate measure of animal husbandry or level of exposure
to environmental contamination, researchers should
consider asking about scavenging practices (is there an
enclosed grazing corral, or do chickens scavenge freely?),
where chickens sleep at night, location of a chicken coop
relative to the main house (is it inside of a kitchen or
grain store? Inside the main house or sleeping room?),
type of structure, and whether or not the coop is
enclosed. Our results clearly show that while having a
coop might act as a proxy for an adverse health expos-
ure, more detail regarding the type of coop can indicate
protective practices.
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Fourth, from the direct observation results, we showed
that young children were directly affected by animal mo-
bility and environmental conditions. Animals were fre-
quently found inside the house and/or next to children.
In two-thirds of households, index children directly
touched an animal, and in 83% of households children
put dirt in their mouths. As previous research has
shown, in settings where animals are allowed to roam
freely it is highly likely that the dirt to which children
are exposed contains harmful pathogens [14, 40]. Al-
though we observed some potential behavioral compen-
sation in the form of handwashing, most handwashing
occurred without soap and thus was unlikely to fully
eliminate any harmful pathogens. Overall, these behav-
iors demonstrated that children living in chicken-
producing households faced regular exposure to contam-
ination in this context, especially when animals and chil-
dren were not physically separated.
Lastly, our results highlighted the factors that drive the

adoption (or the lack of adoption) of specific chicken
husbandry practices. While households participating in
the ACGG intervention were more likely to have a
chicken coop due to the intervention encouraging this
practice, the qualitative data revealed a number of fac-
tors that influenced where the coop was located and
how it was used in practice. Perceived threats of preda-
tion, other animals, theft, loss, and destruction of crops
can drive households to keep their poultry either in a
coop or inside of the household. While the majority of
households recognized the potential health, cleanliness,
or physical harm of animals staying in the house or in
close proximity to children, there were a number of fac-
tors that prevented women from adopting different prac-
tices, especially access to feed and resource constraints.
Analysis of the interview data by treatment group
highlighted how the ATONU group appeared to be
more sensitized to the threats of exposure to contamin-
ation, although households were not necessarily
equipped with the resources to act on these perceptions.
While we recognize that decision making is only one di-
mension of women’s empowerment, previous research
from Indonesia, Bolivia, Peru, and Kenya has shown that
women’s control over livestock and the productive re-
sources needed to raise them has been associated with
increased bargaining power, access to animal source
foods that can benefit their children, and their empower-
ment [41]. Thus, poultry interventions should be de-
signed specially with women’s empowerment as a goal in
order to ensure their control over the benefits gained
from production.
Previous research has also found high levels of fecal

contamination from poultry in rural Ethiopia, and that
contamination has been negatively associated with
health and nutrition outcomes. Using spot checks and

household survey data, the study by Headey et al. (2017)
found that while poultry ownership was positively asso-
ciated with child height-for-age z-scores [β = 0.291], the
practice of corralling poultry inside the house overnight
was negatively associated with height-for-age z-scores
[β = − 0.250]. The authors also found no negative associ-
ations between HAZ and corralling other livestock spe-
cies indoors [22]. A follow-up paper also found that the
presence of animal feces on a household’s property was
negatively associated with diarrhea and fever in Vietnam
and Bangladesh, cough/cold in Vietnam, and child
height-for-age z-scores in Bangladesh and Ethiopia [11].
As part of formative research for a household nutrition
and WASH trial (the Sanitation, Hygiene, Infant Nutri-
tion Efficacy Project, or SHINE trial), Ngure et al. (2013)
observed the WASH behaviors and exploratory ingestion
of infants in 23-caregiver-child pairs. All chicken feces
sampled later tested positive for E. coli. E. coli were
found on 30% of the dominant hands of caregivers and
on infants’ left and right hands in 11 and 5% of cases, re-
spectively. The paper estimated that a one-year-old child
in rural Zimbabwe may typically consume up to one
gram of chicken feces, 20 g of soil, and 400 mL of con-
taminated water per day. As a result, infants would in-
gest anywhere from 4.7 million to 23.0 million E. coli
bacteria [14]. Together, these previous findings support
the fact that our proxy measurements related to expos-
ure to contamination are predictive of actual exposure
levels, and that these levels are associated with adverse
child nutrition and health outcomes.
Nonetheless, the ACGG+ATONU evaluation did not

observe acute health risks associated with an exogenous
increase in chicken production in this same population
[26]. Using household survey data from 9 and 18months
of follow-up, Passarelli et al. explored the effectiveness
of the African Chicken Genetic Gains (ACGG) chicken
production intervention both with and without the add-
itional ATONU nutrition promotion component. The
authors observed a benefit of the ACGG intervention for
children’s height-for-age and weight-for-age z-scores,
but found no evidence of an increase in child morbidity
[26]. Conversely, other research has shown that exposure
to animal feces does lead to acute disease outcomes, and
notably, that it can also lead to chronic conditions like
environmental enteric dysfunction that were not
assessed in the ACGG/ATONU trial.
Recent research from the Democratic Republic of the

Congo (DRC) provides a useful mixed-methods perspec-
tive that builds upon the framework of Passarelli et al. to
inform our findings. Kuhl et al. conducted formative re-
search to understand the primary sources of exposure to
fecal contamination in DRC and to develop theory-
driven and evidence-based interventions to reduce these
exposures. To design their research activities, the
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authors applied the IBM-WASH framework [42] to con-
sider how contextual, psychosocial, and technological
factors influence health behaviors across multiple levels
(structural, community, interpersonal, individual, and
habitual) [24]. They found that while caregivers were
often aware that children’s exposure to feces was an
issue, a lack of caregiver time, financial resources, and
enabling technologies (including safe child play spaces
and enclosures for small animals) served as barriers [24].
Our qualitative findings similarly support the fact that,
while the specific barriers to safe environmental condi-
tions may vary across contexts, access to improved hus-
bandry technologies can help to alleviate the resulting
health risks.
Our results have several implications for policy and

practice. First, there can be negative consequences re-
lated to projects that promote increases in animal
production, especially if appropriate animal husbandry
practices are not implemented. This is especially true
in the context of semi-scavenging systems, where an
increase in animals may result a higher concentration
of roaming animals depositing feces. One solution
might be to move away from semi-scavenging systems
towards systems with enclosures. However, as the
qualitative interviews suggested, one of the disadvan-
tages of corralling animals is the increased require-
ment for food, water, and veterinary care, which are
often not available or accessible in remote settings.
Thus, any efforts to move away from semi-scavenging
systems should ensure that these inputs are available
and affordable.
Previous trials have tested the effectiveness of enclosed

child play areas to reduce young children’s exposure to
threats such as feces from animals, but these were not
shown to be effective in reducing stunting, diarrhea [43],
or enteric infections [44]. Based on our results, perhaps
addressing animal husbandry practices such as the type
and location of livestock housing could provide a health
benefit. Several projects designed to test different
methods of limiting exposure to contamination from
poultry are currently already underway [20, 45]. In
addition, training should be provided on the safe man-
agement and disposal of manure, given some research
suggesting that chicken coops actually increase health
risks, due to the potential for exposure to a higher con-
centration of manure [46].
Overall, our findings suggest the need for greater

collaboration across the nutrition, health, livestock,
and agricultural sectors. Integration of social and be-
havioral change communication for nutrition and
health would benefit from including messaging on an-
imals in contexts where livestock rearing is common,
and that livestock interventions would benefit from a
greater focus on practices that minimize exposure to

humans. Moreover, animals should no longer be left
out of traditional water, sanitation, and hygiene inter-
ventions. As Prendergast et al. (2019) argue, practi-
tioners must put the “A”—for animals—into “WASH”
for integrated management of water, animals, sanita-
tion, and hygiene in public health interventions [47].
Movements such as “One Health” recognize the inter-
connectedness of human, animal, and environmental
health, and the benefits that can be gained for all by
working collaboratively across multiple disciplines
[48].
This study has several limitations. These results are

not generalizable to all rural populations, but specific to
the study population of chicken-rearing farmers included
in our analysis. In order to maximize the number of ob-
servations in our quantitative analyses, we did not re-
strict all analyses to households with young children. As
a result, the relationships observed in the quantitative
analyses may not be directly applicable to the house-
holds for which we have qualitative data, and vice versa
for the qualitative findings. Moreover, we recognize that
our regression results are based on cross-sectional data,
and thus could be subject to confounding; we attempted
to address this by controlling for a number of potential
confounders, but we do not assert that the relationships
we observe are causal, merely associative. In addition,
this study does not measure contamination directly (for
example, as E. coli counts), but rather uses proxy mea-
sures of contamination. While direct measurement was
beyond the scope of this study, we recognize the limita-
tion of these proxies for estimating specific types and
levels of pathogens. Lastly, this study only explores how
chicken management practices influence waste and does
not account for other animal-related health risks, like
other livestock, human excrement, physical harm, fungi,
and insects.
Our analysis also has several strengths; namely, the

mixed-methods approach supports the research ques-
tions from several different perspectives and data
sources. Our qualitative sampling by treatment group
also allowed us to observe differences in behaviors that
might be influenced by the intervention, while also iden-
tifying commonalities in constraints across all house-
holds. In addition, the qualitative interview data helped
shed light on practical considerations for implementers
of nutrition-sensitive agriculture interventions by show-
ing the constraints that households face when consider-
ing the adoption of alternative methods.
Based on our findings, practitioners promoting animal

agriculture must thoroughly provide all of the knowledge
and inputs required for a safe and sustainable animal
production system. Household environments with lim-
ited WASH conditions might not be able to adequately
absorb an intensification of animal agriculture. However,
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approximately 60% of rural households in low and
middle-income countries depend on livestock for their
livelihoods. Thus, the pertinent question is not whether
livestock should continue to be raised on a small scale,
but how to do so safely.
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