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ABSTRACT

Background: Chicken production in the context of nutrition-sensitive agriculture may benefit child nutrition in low-
income settings.

Objectives: This study evaluated effects of 7) a chicken production intervention [African Chicken Genetic Gains (ACGG)],
and 2) the ACGG intervention with nutrition-sensitive behavior change communication (BCC) [ACGG + Agriculture to
Nutrition (ATONU)], on child nutrition and health outcomes and hypothesized intermediaries.

Methods: Forty ACGG villages received 25 genetically improved chickens and basic husbandry guidance; of these,
20 ACGG + ATONU villages in addition received a nutrition-sensitive behavior change and homegardening intervention;
20 control clusters received no intervention. We assessed effects of the interventions on height-for-age z scores
(HAZ), weight-for-age z scores (WAZ), and weight-for-height z scores (WHZ) at 9 (midline) and 18 mo (endline)
through unadjusted and adjusted ordinary least squares (OLS) regressions. We examined the interventions’ effects
on hypothesized intermediaries including egg production and consumption, dietary diversity, women's empowerment,
income, child morbidities, anemia, and chicken management practices through OLS and log binomial models.
Results: Data included 829 children aged 0-36 mo at baseline. ACGG + ATONU children had higher midline HAZ [mean
difference (MD): 0.28; 95% Cl: 0.02, 0.54] than controls. The ACGG group had higher HAZ (MD: 0.28; 95% Cl: 0.05,
0.50) and higher WAZ (MD: 0.18; 95% ClI: 0.01, 0.36) at endline than controls; after adjusting for potential baseline
imbalance, effects were similar but not statistically significant. At endline, differences in ACGG + ATONU children’s HAZ
and WAZ compared with controls were similar in magnitude to those of ACGG, but not statistically significant. There
were no differences in anthropometry between the intervention groups. ACGG + ATONU children had higher dietary
diversity and egg consumption than ACGG children at endline. Both interventions showed improvements in chicken
management practices. The interventions did not increase anemia, diarrhea, fever, or vomiting, and the ACGG + ATONU
group at midline showed reduced risk of fever.

Conclusions: A chicken production intervention with or without nutrition-sensitive BCC may have benefited child
nutrition and did not increase morbidity. This trial was registered at clinicaltrials.gov as NCT03152227. J Nutr2020;00:1-
12.
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Introduction

Globally, stunting affects 159 million children <5 y old,
nearly one-quarter of all children. In Ethiopia, ~38% of
children <5 y are stunted and many more experience growth
faltering (1). Stunting is a marker of sustained nutritional
deficiency and is associated with a number of adverse health
outcomes, including compromised cognitive, immune, and
metabolic function (2, 3). To address the persistent problem
of child undernutrition, nutrition-specific interventions are
critical, but are estimated to collectively alleviate the global
burden of stunting by only one-fifth (4). Thus, evidence of
effective nutrition-sensitive interventions—including improve-
ments in water, sanitation, and hygiene (WASH); agriculture;
and women’s empowerment—is urgently needed to fill the
remaining gap (3, 6).

There has been growing recognition of agriculture’s potential
to improve undernutrition, because small farms support the
livelihoods of 2.5 billion people worldwide and provide 80%
of the food supply in Asia and sub-Saharan Africa (7). Still,
evidence of the effects of nutrition-sensitive agriculture on
child nutrition outcomes remains limited (8). The promotion of
animal agriculture has been recognized as a promising strategy
for improving nutrition in low-income settings, especially given
its potential to address several agriculture-nutrition pathways
simultaneously (9-11). These pathways include empowering
women (12); providing access to high-quality foods on farms
and in markets, especially in rural areas where these foods
are scarce and/or expensive (13); and increasing the income
available for nutrition and health purchases (9, 14-17). Animal
source foods—including meat, eggs, and dairy—have been
associated with improved child growth in low-income countries
(8, 18-21), likely due to their high micronutrient content and
function as a complete source of amino acids. In recent years,
chicken production has been highlighted as a scalable nutrition-
sensitive intervention, based on its potential to provide a rich
and renewable source of micronutrients and income from
eggs, and the trend for women to be the primary decision-
makers over chicken production (21, 22). However, research
has consistently shown that the inclusion of a strong behavior
change component is needed in order for agriculture to achieve
impacts on nutrition (8). Thus, agricultural interventions might
only be expected to improve child nutrition if they incorporate
behavior change communication (BCC) that specifically encour-
ages activation of these pathways.

Although animal production could benefit nutrition, simul-
taneous increases in exposure to fecal contamination by animals
may adversely affect child nutrition and health (20,23, 24). This
could be especially true in Ethiopia, where ~48% of poultry
producers keep their chickens indoors overnight (25). Exposure
to animal feces may negatively affect child nutritional status
through the fecal-oral transmission of harmful zoonotic enteric
pathogens, including Campylobacter, Salmonella (most com-
mon in poultry), Cryptosporidium, Listeria, and Escherichia
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coli (most common in ruminants) (26). Chronic exposure to
pathogens can lead to a subclinical intestinal condition known
as environmental enteric dysfunction, characterized by blunting
of gut villi, increased gut permeability, chronic inflammation,
impaired nutrient absorption, and growth faltering (27-29).

The conceptual framework in Figure 1 shows the hy-
pothesized pathways between chicken production and child
nutrition and health based on evidence from 2 main areas: 1)
the agriculture—nutrition pathways identified by Herforth and
Harris (16), and 2) the pathways through which exposure to
fecal contamination could adversely affect nutrition and health
(29-32).

The balance of potential benefits and harms caused by
domestic animals has raised questions about whether chicken
production should be promoted as a nutrition strategy. Whereas
previous research on this topic has largely come from observa-
tional data, we assessed the effects of chicken production, with
or without a nutrition-sensitive behavior change intervention,
on child nutrition and health outcomes through a cluster-
randomized trial in rural Ethiopia. We also evaluated the impact
of the intervention on intermediaries, including diet, income,
women’s decision making, and environmental conditions.

Methods

Trial design

The African Chicken Genetic Gains (ACGG) project was a cluster-
randomized trial (NCT03152227) implemented by the International
Livestock Research Institute to evaluate high-yielding, tropically
adapted chicken genotypes to increase smallholder productivity,
improve incomes, empower women farmers, and identify the genotypes
preferred by farmers. Villages (clusters) were allocated in equal propor-
tions to receive no intervention, the chicken intervention only (ACGG),
or the chicken intervention combined with the nutrition-sensitive
[Agriculture to Nutrition (ATONU)] intervention (ACGG + ATONU).
The sample size was determined based on detecting an effect on women’s
dietary diversity scores (Minimum Dietary Diversity for Women, or
MDD-W), the primary outcome of the study, which will be assessed
in a forthcoming article.

Participants

Inclusion criteria for participating households were having produced
chickens for >2 y, having <50 birds, having >1 woman of reproductive
age (18-49 y at enrollment), and providing informed consent. One
index child was enrolled in the study if there was a child aged
0-35 mo living in the household at baseline, midline, or endline.
The trial was implemented in rural agricultural villages in 4 regions
of Ethiopia: Amhara; Oromia; Southern Nations, Nationalities, and
Peoples’ Region; and Tigray.

Interventions
As part of the ACGG intervention, 5 chicken breeds were tested and
delivered to farmers, including Sasso-RIR, Kuroiler, Sasso, Horro, and
Koekoek. These improved varieties produce >200% more eggs than
local breeds (33). Each household received 25 vaccinated chicks that
were ~6 wk old. To participate, households had to agree to incur
the costs of providing chickens with night shelter, daytime enclosures
or partitions, feed supplementation, and additional vaccinations.
Households were advised to use a semi-scavenging system, in which
chickens are let out for several hours twice per day to forage
for freely available food in the environment, and to provide birds
with supplemental feed. Actual chicken husbandry practices were
implemented by farmers according to their individual preferences.

The ACGG + ATONU arm included an additional nutrition-
sensitive component targeting the woman of reproductive age enrolled.
This component included the promotion of homegardening, the
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FIGURE 1 Hypothesized pathways between chicken production and child nutrition and health outcomes.

provision of fruit and vegetable seeds for the gardens, and BCC. The
BCC topics included the importance of WASH for health and nutrition,
emphasizing handwashing, sanitation, and hygiene concerns related
to chicken production; women’s empowerment in household decision
making and budgeting, and the importance of male engagement; and
child feeding practices that promoted chicken products as part of a
diverse diet containing fruits and vegetables. The nutrition-sensitive
interventions were delivered by a behavior change specialist with visual
aids through group and individual meetings with women over a 14-mo
period both with and without male household heads, from February
2017 to April 2018. On average, participants in the ACGG + ATONU
arm reported attending 4.3 sessions, although with a high SD of
6.8 sessions. Seeds for the homegardening activities were distributed in
May 2017 and included carrot, tomato, onion, lettuce, cabbage, swiss
chard, beetroot, hot pepper, and watermelon.

Randomization sequence and allocation

Four rural regions were purposively selected by the ACGG program
based on their suitable agroecologies for chicken production. Twenty
districts were selected from these regions using the same agroecological
criteria. All districts deemed suitable were listed and stratified
into 3 agroecologies (highland, mid-altitude, and lowland), allowing
investigators to evaluate the effectiveness of the intervention and breeds’
viability in different contexts. To select program villages, ACGG created
a sampling frame of villages within these districts that met their
criteria of geographic diversity, poultry producing capacity, and number
of smallholder households producing chickens. Forty villages were
randomly selected to participate in the ACGG program and all villages
agreed to participate. The 20 ACGG + ATONU villages were randomly
selected from the ACGG villages. The 20 non-ACGG villages forming
the control group were randomly drawn from the same sampling frame
used by ACGG.

During the baseline survey, 40 households were screened in each
of the 40 ACGG villages, and ~35 households/village meeting the
inclusion criteria were enrolled. From the 20 selected control villages,
~50 households/village were screened and ~35 were enrolled. If
>40 households/village met the criteria, a simple random lottery system
was applied in both the intervention and control villages. There were
>35 households that met the inclusion criteria in all cases. After
screening and selection, 6 households did not consent to participate.

In total, 2658 households were screened and 2117 households were
ultimately enrolled.

The nature of the intervention made it impossible to blind the
study participants and investigators to their treatment status. However,
participants were not explicitly told which study arm they were in and
control groups were not informed of the intervention arms.

Data collection and outcome assessment

Data were collected using Open Data Kit on tablets during 3 household
visits at baseline (November 2016), midline (July 2017), and endline
(April 2018). The questionnaire concerning chicken production and
household nutrition and health was administered to the woman of re-
productive age enrolled in the study, whereas a household questionnaire
on assets, agricultural production, and household demographics was
administered to the (male or female) household head. All participants
were followed up at midline (9 mo) and endline (18 mo). Field
teams conducted interviews and assessed child height and weight.
Anthropometry measures were taken twice for each individual by
trained enumerators. The weight of the children was measured to the
nearest 0.1 kg using the UNICEF electronic scale. Recumbent length
and height were measured to the nearest 0.1 cm using UNICEF’s
recommended model wooden board, as per the WHO/UNICEF protocol
(34).

The outcomes hypothesized to be intermediaries on the child
nutrition pathway included number of days the child consumed eggs
in the previous week, number of local chickens owned, number of
improved chickens owned, relative income from chickens in the previous
week (as a proportion of median annual household expenditures in
the village), child’s dietary diversity score in the previous 7 d [using
the categories for the minimum dietary diversity for children (35)],
a score of women’s input into decision making related to chickens
[adapted from the Women’s Empowerment in Agriculture Index (36)],
and the number of eggs produced in the household the previous
week. We measured frequency of egg consumption and child dietary
diversity over 7 d instead of over 1 d because our baseline data showed
that eggs were not consumed daily in most households. The score
of women’s decision making regarding chickens was derived using
household survey questions about the extent of a woman’s input into
chicken production, chicken use, use of eggs for home consumption,
marketing of eggs, slaughter of chickens for home consumption, and
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FIGURE 2 Participant flow diagram. ACGG, African Chicken Genetic Gains; ATONU, Agriculture to Nutrition.

marketing of chickens. The score was then constructed based on the
proportion of these 6 activities for which women responded that they
had input into some, most, or all decisions.

Contamination from animals was measured using the following
6 variables, as well as a summary score that is a count of these practices
(from O to 6): household had a chicken coop; household has a chicken
coop separate from the household; household has a chicken coop where
animals are enclosed; chickens do not roam freely at night; chickens
did not sleep in the house last night; and no visible feces are present
in/around the household. The binary variables related to features of
the chicken coop and presence of feces were based on enumerator
observations, whereas whether chickens slept in the house the previous
night or roamed freely at night were based on survey questions asked
of the woman respondent.

Statistical methods
The interventions were coded using 2 binary variables indicating
whether they were in the ACGG or ACGG + ATONU clusters. The
child nutrition and health outcomes analyzed included height-for-age z
scores (HAZ), weight-for-age z scores (WAZ), and weight-for-height z
scores (WHZ) [as measured by WHO 2006 growth charts (37)]; child
anemia (defined as altitude-adjusted hemoglobin <11 g/dL); and fever,
vomiting, and diarrhea in the past 2 wk reported by caregivers. Child
anthropometric z scores were treated as missing if they were outside of
the feasible range of <—6 or >6. Across all 3 time points and study
arms, this amounted to 98 records for HAZ, 47 for WAZ, and 23 for
WAZ. We used ordinary least squares (OLS) to assess the effect of the
interventions on the outcomes of HAZ, WAZ, and WHZ at midline
and endline. We also used OLS for the exploratory outcomes of the
number of local chickens owned, the number of improved chickens
owned, the score of women’s decision making in chicken production,
7-d frequency of egg consumption (number of days), 7-d child dietary
diversity, number of eggs produced in the previous week, and the
overall chicken management score. For the binary outcomes of diarrhea,
vomiting, fever, and anemia, and the 6 binary measures of chicken
management practices, we used log binomial models to estimate risk
ratios. Poisson distributions were used in place of binomial distributions
in cases of nonconvergence.

In supplemental analyses, we tested for modification of the
interventions’ effects on child nutrition and health outcomes by child
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age and sex, and by baseline chicken management score (binary high
or low, defined as above or below the median score), using a Wald chi-
square test (see Supplemental Tables 1 and 2) in unadjusted regressions.
All models were adjusted for clustering at the village level and
for the baseline value of the outcome variable. Because there were
only 20 clusters in each study arm, all CIs were bootstrapped with
1000 iterations. Adjusted models controlled for baseline household
characteristics of region, wealth quintile (using the first component
of a principal component analysis of assets owned), number of other
livestock owned, number of household members, the woman’s years of
education, the woman’s age, having improved water [yes/no, based on
the WHO/UNICEEF definition (38)], having improved sanitation [yes/no,
based on the WHO/UNICEEF definition (38)], child age group (0-11, 12—
23, and 24-35 mo), and sex of the index child (equal to 1 if the child was
female). All analyses were conducted using Stata 16 (StataCorp LLC).

Ethics statement

This research obtained ethical approval from the Harvard Office of
Human Research Administration (United States) and the institutional
review board of the Addis Continental Institute of Public Health
(Ethiopia) in adherence to the principles of the Declaration of Helsinki
as revised in 1983.

Results

Figure 2 describes the flow of study participants. The final
analytic sample contained 829 children who had baseline and
endline data. Eleven households with index children were lost to
follow-up at midline (attrition rate = 1.3%) and all but 2 were
recovered at endline. On average, households with an index
child had younger woman respondents (by ~35 y), were slightly
larger (by 0.6 members), and had 0.5 more local chickens at
baseline than households without an index child (data not
shown).

Table 1 shows baseline characteristics, stratified by the
3 study arms. There is some indication that the ACGG and
ACGG + ATONU groups had slightly greater wealth, a greater
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TABLE 1 Baseline characteristics of randomly assigned children and their households by randomly

assigned group’

Control ACGG intervention ACGG + ATONU
(n=311) (n=265) intervention (n = 255)

Child age at enrollment, mo

0-12 103(33.1) 81(30.8) 77(30.2)

>12-24 119(38.3) 88 (33.5) 101 (39.6)

>24-36 89(28.6) 94(35.7) 77(30.2)
Female child 163 (52.4) 140 (53.2) 131(51.4)
Lowest wealth quintile 78(25.1) 41(15.6) 42 (16.5)
Highest wealth quintile 47 (15.1) 64 (24.3) 62 (24.3)
Woman age, y 29.7+56 31.7+6.3 315+64
Household members, n 6.2+20 69+19 68+19
Woman schooling, y 31+£33 34+39 35+38
Livestock at baseline, n 47 +47 72+6.0 6.7+57
Improved water 252 (81.6) 224(87.2) 223(87.8)
Improved sanitation 76 (24.5) 72 (27.4) 90(35.3)

"Values are n (%) for binary/categorical variables and means 4 SDs for continuous variables. ACGG, African Chicken Genetic Gains;

ATONU, Agriculture to Nutrition.

number of other livestock owned, more years of education
among women of reproductive age, and a higher proportion of
households with improved water and sanitation.

Table 2 shows the effect of the interventions on HAZ,
WHZ, and WAZ at midline and endline. At midline, the
ACGG + ATONU group had significantly higher HAZ than
the control group in unadjusted analyses. No other statistically
significant differences in anthropometry (P < 0.05) were
observed at midline. At endline, children’s HAZ in the ACGG
group were 0.28 higher, and WAZ were 0.18 higher, than
those of the control group in unadjusted analyses. We did not
observe any differences in z scores between the ACGG and
ACGG + ATONU groups.

In supplemental analyses, we found evidence of effect
modification of the ACGG + ATONU intervention by age
group at midline for WHZ and WAZ, and at endline for WAZ,
such that effects increased with age. We observed no effect
modification by high or low baseline chicken management score
or sex on HAZ, WHZ, and WAZ (Supplemental Table 1).

Tables 3 and 4 present the effect of the interventions on
hypothesized intermediaries of nutrition, including chicken
management practices. At midline, there were improvements
in intermediaries within both interventions. The ACGG and
ACGG + ATONU intervention groups had higher levels of
improved chickens, women’s decision making over chicken
production, frequency of children’s egg consumption in the
previous week, and egg production in the previous week than
the control group at midline (P values < 0.05). At endline effects
were similar to midline, and both intervention groups had a
higher number of improved chickens, increases in income from
chicken production, and increases in egg production compared
with control households. At endline, the ACGG + ATONU
group had higher levels of women’s empowerment in chicken
production and frequency of children’s egg consumption than
the control group, and children in the ACGG + ATONU group
ate eggs ~0.4 more times and ate 0.5 more food groups in the
last week than children in the ACGG group.

Tables 3 and 4 demonstrate an increased use of chicken
management practices hypothesized to limit exposure to
contamination in the intervention groups. At midline and
endline, both intervention groups were more likely to have a
chicken coop, have a coop where chickens were confined, and

have a coop separated from the household. At midline, ACGG
group households were less likely to let their chickens roam
freely at night than control households. Overall, there was an
increase in the chicken management score by ~0.6 practices in
both intervention arms relative to the control group at endline.
There were no significant differences in management practices
between the ACGG and ACGG + ATONU arms.

As Table 5 shows, the ACGG + ATONU group exhibited a
reduced risk of fever in the previous 2 wk compared with both
the control group and the ACGG group at midline. Otherwise,
there were no significant differences in morbidity outcomes—
including fever, vomiting, and diarrhea in the past 2 wk—by
treatment group, and no differences in anemia. We saw no
differences in hospital or clinic visits across arms (data not
shown). Supplemental analyses showed a lower risk of vomiting
in children aged 0-12 or 12-24 mo than in those aged 24-36 mo
in the ACGG + ATONU intervention group. We observed no
effect modification of the interventions by chicken management
score or sex for other morbidity outcomes (Supplemental
Table 2).

Discussion

We found that a chicken production intervention in rural
Ethiopia with or without a nutrition BCC and homegardening
component showed benefits for participants, as measured by
several nutrition, health, and intermediary indicators. Relative
to the control group, children in the ACGG + ATONU
group had higher HAZ at midline, and children in the ACGG
group had higher HAZ and WAZ at endline. We did not
observe statistically significant differences in anthropometry
between the ACGG + ATONU group and either the ACGG
or control group at endline. Both interventions showed similar
improvements in chicken management practices at midline and
endline, and in hypothesized pathways through which chicken
production could improve nutrition, including the number
of improved chickens owned, egg production, income from
chickens, women’s empowerment in chicken production, and
the index child’s frequency of egg consumption. We did not
observe harmful effects of the intervention on child morbidity
and health, including fever, vomiting, and diarrhea in the past
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ACGG/ATONU vs.
ACGG
Adjusted mean
difference (95% ClI)

Control
Adjusted mean
difference (95% CI)

ACGG/ATONU vs. ACGG/ATONU vs.
Control ACGG ACGG vs. Control

Unadjusted mean
difference (95% CI)

ACGG/ATONU vs.

ACGG vs. Control

TABLE 2 Effect of the ATONU intervention on child HAZ, WHZ, and WAZ at midline (9 mo) and endline (18 mo)"
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Adjusted mean
difference (95% CI)

Unadjusted mean

Unadjusted mean

difference (95% CI)

ACGG/ATONU difference (95% Cl)

ACGG
n=242

—156 + 1.73

Control

n=242
—134 +1.80
—0.02 +1.28
—078 £ 1.31

=307
—163 + 1.80

n

Midline

0.20 (—0.04, 0.45)
—0.09(—0.29,0.10)
—0.08(—0.27,0.10)

0.22 (—0.00, 0.45)*
—0.21(—0.44, 0.05)
—0.04(—0.26,0.17)

0.02 (—0.25, 0.29)

—0.11(—0.36,0.14)

0.20(—0.06, 0.46)
—0.10(—0.29, 0.09)

—0.07 (—0.25,0.11)

0.28(0.02, 0.54)*
—0.19(—0.44, 0.06)

0.08(—0.19,0.33)
—0.09(—0.32,0.14)

HAZ

0.06 + 1.18
—075 + 1.32

011 £ 1.31
—087 + 1.34

WHZ
WAZ

Endline

0.04(—0.17,0.25)

0.03(—0.17,0.23)

0.10(—0.10, 0.29)

n=255
—1.55 + 1.70
—0.01 + 1.40
—092 +1.23

n=263
—151 £ 1.73
—0.16 + 1.19
—098 + 1.28

=311
—183 £ 1.47
—0.15 + 1.18
—117 £ 1.5

n

—0.01(—0.22,0.19)

0.20 (—0.06, 0.46)
0.12(—0.18,0.42)

—0.03(—0.25, 0.20) 0.21(—0.02, 0.44)*
—0.03(—0.28,0.23)
0.15(—0.08, 0.38)

0.25(—0.02, 0.46)*
0.15(—0.15, 0.46)

0.23(—0.03, 0.49)

0.28(0.05, 0.50)**
—0.00(—0.26, 0.26)

HAZ

0.15(—0.15, 0.45)
0.01(-0.22,0.23)

0.15(—0.14, 0.45)
0.01(-0.20,0.22)

WHZ
WAZ

0.14(—0.04,0.32)

0.18(0.01, 0.36)**

"Values are means + SDs or mean differences (95% Cls) unless otherwise indicated. Robust bootstrapped Cls are clustered at the village level. ***Significant difference: * P < 0.10, **P < 0.05. Unadjusted and adjusted analyses controlled for the

baseline child z score. Adjusted regressions included the following baseline variables: age category of child, sex of child, wealth quintiles, number of other livestock, number of household members, years of education of mother, maternal age,

having improved water, and having improved sanitation. ACGG, African Chicken Genetic Gains; ATONU, Agriculture to Nutrition; HAZ, height-for-age z score; WAZ, weight-for-age z score; WHZ, weight-for-height z score.

2 wk, or anemia; although the ACGG + ATONU group showed
protective effects against fever at midline.

One explanation for the higher HAZ in both intervention
groups and higher WAZ in the ACGG group is that increased
egg production could benefit both diets and income—especially
the income of women, who tend to control cash from egg
sales in Ethiopia (39). Eggs are a rich source of both macro-
and micronutrients that are important for early childhood
growth and development. They contain a complete source of
amino acids, essential fatty acids such as DHA (22:6n-3) that
are important for early brain and visual development, and
choline, which is an important precursor for the development
of phospholipids needed for cellular growth, division, and
membrane signaling (40-42). A recent randomized controlled
trial in Ecuador found that the consumption of 1 egg/d by
children aged 6-9 mo was associated with a reduction in the
prevalence of stunting by 47% [prevalence ratio (PR): 0.53;
95% CI: 0.37, 0.77)] and underweight by 74% (PR: 0.26;
95% CI: 0.10, 0.70) (21), potentially due to improvements in
DHA and choline (42). Replication of this study in Malawi
did not demonstrate improvements for linear growth—which
might be due to the fact that fish consumption was already high
among the study population—although there were benefits for
head circumference (43). These results support the biological
plausibility of our findings, especially among a population
with a low baseline consumption of animal source foods.
The magnitude of the effect on HAZ associated with the
intervention arms—of ~0.2-0.3 SDs—is comparable with effect
sizes ranging from ~0.22 to 0.39 observed with complementary
feeding promotion (4).

As for the income pathway, both intervention groups earned
~$11 more from chickens per week at endline than the
control group—a notable amount when mean monthly food
expenditures were ~$23. In the ACGG group, egg production
and income from chickens increased at endline relative to
midline, although children’s diets did not improve. This could
mean that households chose to sell their eggs instead of feeding
them to children, possibly because eggs can command a high
market price due to the high social value of chicken products in
Ethiopia (39, 44). Research from Zambia has similarly shown
that improving agricultural productivity and access to diverse
foods might not always be sufficient to affect children’s diets
(45, 46); unlike that study, however, we observe an impact on
chronic but not acute malnutrition, which suggests that the
income pathway had a particularly strong effect in our study.
There is substantial literature showing that increasing women’s
control over resources is associated with higher expenditures on
food, health care, and education for children—a result that may
have been a factor in this case (47).

Our results showed an additional benefit of the nutrition
BCC for children’s egg consumption and dietary diversity in
the ACGG + ATONU group relative to the ACGG intervention
alone. This is consistent with research finding benefits of
nutrition behavior change for diets, although not always for
child linear growth (8, 46). It is also supported by a number of
studies showing the benefits of homestead food production for
improving dietary diversity and egg consumption (48), although
the magnitude of the dietary effects was smaller in our study
by comparison. Evidence of a stronger dietary pathway in the
ACGG + ATONU group is further supported by our qualitative
endline data (not yet published), which showed a preference for
selling eggs in the ACGG group, but feeding eggs to children
and family members in the ACGG + ATONU group. The fact
that the ACGG + ATONU intervention showed improvements
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TABLE 5 Effect of the ACGG intervention on maternal-reported morbidity and child anemia at midline (9 mo) and endline (18 mo)’

ACGG/ATONU vs.

ACGG/ATONU vs.

ACGG/ATONU vs.

ACGG/ATONU vs.

ACGG
Adjusted RR (95%

Control ACGG ACGG vs. Control Control
Unadjusted RR Adjusted RR (95% Adjusted RR (95%

Unadjusted RR

ACGG vs. Control

Unadjusted RR

(95% Cl) (95% CI) Cl) Cl) Cl)

ACGG/ATONU (95% CI)

ACGG

Control

n=242
11.9(27)
10.6 (24)
16.4(37)
n=255
57.7 (64)

n=242
21.5(52)
13.2(32)
15.3(37)
n=263

58.3(70)

n=2307
19.8(60)

9.9(30)
18.2 (55)
n=31
54.5(84)

Midline

0.59(0.35, 0.96)**
0.84(0.51,1.37)

0.62(0.38, 1.00)**

1.06 (0.76, 1.46)

0.56 (0.35, 0.92)**
0.80(0.50, 1.28)

0.59(0.38, 0.92)**
1.06 (0.61, 1.86)
0.90(0.59, 1.36)

1.05(0.69, 1.60)
1.32(0.73,2.39)
0.85(0.57, 1.27)

Fever

1.18(0.70, 1.98)
0.84(0.49, 1.42)

1.41(0.78, 2.53)

0.80(0.51, 1.25)

Vomiting

1.05(0.66, 1.68)

1.05(0.70, 1.58)

Diarrhea

Endline

0.92(0.69, 1.22)

1.08(0.86, 1.37)
0.90(0.59, 1.36)
0.61(0.17,2.16)

1.18(0.89, 1.57)
0.87(0.53, 1.42)

0.95(0.72, 1.26)

1.06(0.84, 1.32)
0.96 (0.64, 1.44)
0.53(0.24, 1.16)

1.11(0.85, 1.45)
0.92(0.59, 1.41)
0.91(0.50, 1.68)

Anemia (Hb <11 g/dL)

Fever

1.03(0.68, 1.58)
0.57(0.16, 2.07)

1.05(0.71, 1.55)

14.5(37)
3.9(10)
10.6 (27)

15.1(47) 14.1(37)

7.4(23)
10.0(31)

1.06 (0.55, 2.02)
1.27(0.70,2.32)

0.58(0.27, 1.25)

6.8(18)
12.2(32)

Vomiting

0.87(0.47, 1.61)

1.11(0.57,2.14)

1.05(0.54, 2.05) 0.86 (0.49, 1.52)

1.22(0.68,2.21)

Diarrhea

"Values are the group prevalence based on the % (n) in columns 2-4. Values are RRs (95% Cls) in columns 5-10. Outcomes are maternal-reported illnesses for index children in the previous 2 wk. Regressions are log binomial regressions, or

Poisson in the case of nonconvergence. Robust bootstrapped Cls are clustered at the village level. Adjusted regressions include the following baseline variables: age category of child, sex of child, wealth quintiles, number of other livestock,

number of household members, years of education of mother, maternal age, having improved water, and having improved sanitation. Child anemia data were not collected at midline. Hemoglobin values were adjusted for altitude. **Significant

difference: P < 0.05. ACGG, African Chicken Genetic Gains; ATONU, Agriculture to Nutrition; RR, risk ratio.

in diets, but only midline and not endline anthropometry, could
be due to a lack of effect, seasonality, a lack of power, and/or
insufficient follow-up. Because the behavior change group
sessions were implemented from February 2017 to April 2018,
and endline data were collected beginning in April 2018, the
follow-up time could have been inadequate to fully observe the
effects of the BCC on child anthropometry, whereas the income
effects could have been realized more immediately. Recent
evidence from Ethiopia showed that an intensive behavior
change intervention incorporating women’s empowerment
and agricultural activities improved child minimum dietary
diversity, and increased HAZ by 0.24 after 2 y (49). As
their study and others have described, it often takes 2 y to
observe impacts of nutrition-sensitive interventions on child
anthropometry and, thus, impacts on dietary indicators should
be prioritized (8).

In contrast with previous evidence showing harmful effects
of homestead chicken production on WASH conditions, we
found no evidence that the intervention worsened the WASH
environment, nor that it adversely affected child health or
nutrition outcomes. In fact, we found that children in the
ACGG + ATONU group had a lower risk of fever at midline,
suggesting either improved immunity or protection from the
BCC intervention. The household survey data showed no
differences between study arms in hospital or clinic visits,
which further supports our morbidity results. There are several
possible explanations for these findings. First, the use of a
chicken coop, which was promoted among the intervention
group but not universally adopted, could have been effective
in limiting the exposure of young children to contamination.
Another explanation is that the amount of contamination in
these household environments is ubiquitous and high, making
a small increase or decrease insufficient to result in measurable
health impacts. The latter explanation is consistent with findings
from 3 recent trials, which found no impacts of WASH
interventions on child nutritional status and hypothesized that
the lack of effects may have been due to the persistently
high degree of environmental exposures even after successful
behavior change occurred (50, 51). Although we did not
measure pathogens directly, our data showed that more than
half of households had animal feces visible on the property
in all groups at all time points, and that the intervention
had no measurable effect on this variable despite changes
in the chicken management practices we measured. Although
the ACGG intervention promoted certain husbandry practices
like use of a separated chicken coop, it did not enforce
them or promote them as a human health intervention. The
ACGG + ATONU intervention’s curriculum emphasized the
importance of environmental contamination and overall WASH
for child nutrition and health, but households were not provided
with materials to support these behaviors (e.g., soap, clean
water, fencing). As Pickering et al. (51) stated in a follow-up
to the SHINE (Sanitation Hygiene Infant Nutrition Efficacy)
and WASH Benefits trials, future research should focus on
identifying interventions that can minimize a child’s exposure
to contamination more effectively, and measure contamination
directly rather than through proxies.

Although we found no negative impacts of chicken pro-
duction on child nutrition, health, or the WASH environment,
this finding should be interpreted with caution. First, this
study was not specifically designed to test the effectiveness of
the intervention’s ability to limit exposure to contamination.
Furthermore, chickens are only 1 factor in a household’s overall
nutrition and WASH environment, and must be considered
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in the context of other crops and animals, access to safe
and adequate WASH services, intrahousehold dynamics, and
the broader food environment. A more holistic approach to
improving environmental health in agricultural environments
may help to optimize child nutrition and health outcomes.
Future research, some of which is already underway, should
focus on the effectiveness of BCC for improving WASH in
the context of animal agriculture (23), the effectiveness of
different animal husbandry systems for limiting exposure to
infectious agents (52), and the barriers and facilitators to
adopting safe animal husbandry practices in resource-limited
settings.

This study has several limitations. First, the child health
variables rely on the caregiver’s recall of the previous 2 wk.
This recall could be inaccurate, or the timing of the recall period
might not align with the intervention’s greatest impact on these
outcomes. In addition, these findings may not be generalizable
to other populations. The participants came from households in
agroecological zones of Ethiopia that were suitable for chicken
production, that were already involved in small-scale chicken
production, and that may be wealthier on average than non-
livestock-owning households in rural areas. Our analyses also
included numerous statistical tests, so it is possible that some
of our associations were an artifact of multiple testing. Lastly,
because the surveys were conducted 9 mo apart, it is possible
that our results were driven by seasonal food insecurity. Food
security would have been highest at baseline, lowest at midline,
and moderate at endline; thus, the intervention might have had
the greatest benefit at midline. Owing to the limited follow-
up, we might not have been able to adequately capture these
effects in our estimates. However, all 3 arms should be equally
affected by seasonal variation, and so comparisons between
the intervention and control arms should account for these
differences.

Several project implementation challenges should be noted
in the interpretation of these findings. Owing to supply chain
issues, the distribution of chickens took place over ~1 y, from
August 2016 to August 2017, with a median arrival time in
March 2017. This means that some households received their
chickens before the baseline survey, and some shortly after
the midline survey. As a result, we may have underestimated
the effects of the intervention (especially at midline) for
individuals who received their chickens later. There was also
high fatality among the chicken varieties, with ~4 improved
chickens of 25 given remaining at endline. Half of the chicks
distributed were males, which were often sold or slaughtered for
consumption, and ~7/household were lost owing to predation
or disease. The birds were vaccinated against Newcastle
disease, coccidiosis, parasitic worms, and Gumboro disease,
but vaccination is not 100% effective, and other common
diseases like salmonellosis, fowl cholera, and fowl pox could
be at fault (53, 54). These challenges highlight the necessity
of providing households involved in animal production with
all required inputs, including access to improved animal feeds,
housing supplies, markets, and veterinary care—in addition to
thorough training and continued support—for poultry rearing
to be sustainable and successful.

In conclusion, we found that an animal production inter-
vention and an additional nutrition-sensitive behavior change
intervention may have been associated with increased child
growth compared with control households. Our results also
showed that adding a nutrition-sensitive behavior change
component (the ACGG + ATONU intervention) was associated
with improved child feeding behaviors as compared with the
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ACGG intervention alone, and that the BCC improved women’s
empowerment in chicken production compared with control
households. We found no evidence of harmful effects on child
morbidity or anemia. Given the multiple pathways through
which chicken production could affect nutrition—including
women’s empowerment, income, diet quality, and WASH—it is
possible that small-scale production of chicken and eggs can
help supplement household diets and income. However, these
systems must be adequately supported with access to inputs,
biosafety measures, veterinary services, and markets in order to
be sustainable and effective, and should be coupled with BCC
activities in order to achieve maximal impacts on children’s diets

and health.

Acknowledgments

We thank all of the hardworking enumerators from Addis
Continental Institute of Public Health who made this analysis
possible. We are grateful to Derek Headey and Aulo Gelli
for their helpful feedback on this manuscript. The authors’
responsibilities were as follows—SP: drafted the manuscript
and conducted the analyses; WF: was Principal Investigator
on the project and advised on all aspects of the study
design and analysis; RA, NSG, IM, CRC, and ARN: advised
on the evaluation implementation and research design; YB
and AW: directed the implementation of the evaluation; S
Abdelmenan: developed and implemented the digital survey
and managed and cleaned the data; SS and KG: coordinated
the intervention implementation and evaluation; TD, SS, BM,
TM, LMS, S Abegaz, and GA: directed and implemented the
ACGG intervention; CS, MM, and KD: advised and assisted
with the analysis and presentation of the data; RA: reviewed
all Stata code; and all authors: read and approved the final
manuscript.

References

1. Central Statistical Agency (CSA) [Ethiopia], ICF. Ethiopia Demographic
and Health Survey 2016. Addis Ababa (Ethiopia) and Rockville (MD):
CSA and ICF; 2016.

2. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, De
Onis M, Ezzati M, Grantham-McGregor S, Katz J, Martorell
R, et al. Maternal and child undernutrition and overweight
in low-income and middle-income countries. Lancet 2013;382:
427-51.

3. Leroy JL, Frongillo EA. Perspective: what does stunting really mean? A
critical review of the evidence. Adv Nutr 2019;10:196-204.

4. Bhutta ZA, Das JK, Rizvi A, Gaffey MF, Walker N, Horton S, Webb
P, Lartey A, Black RE. Evidence-based interventions for improvement
of maternal and child nutrition: what can be done and at what cost?
Lancet 2013;382:452-77.

5. Ruel MT, Alderman H. Nutrition-sensitive interventions and
programmes: how can they help to accelerate progress in improving
maternal and child nutrition? Lancet 2013;382:536-51.

6. Carletto G, Ruel M, Winters P, Zezza A. Farm-level pathways to
improved nutritional status: introduction to the Special Issue. ] Dev Stud
2015;51:945-57.

7. International Fund for Agricultural Development (IFAD). Rural
Development Report 2016: fostering inclusive rural transformation.
Rome (Italy): IFAD; 2016.

8. Ruel MT, Quisumbing AR, Balagamwala M. Nutrition-sensitive
agriculture: what have we learned so far? Glob Food Sec 2018;14:128-
53.

9. Masset E, Haddad L, Cornelius A, Isaza-Castro J. Effectiveness of
agricultural interventions that aim to improve nutritional status of
children: systematic review. BMJ 2012;344:d8222.

10. Neumann C, Harris DM, Rogers LM. Contribution of animal source

foods in improving diet quality and function in children in the
developing world. Nutr Res 2002;22:193-220.

0202 AInr 8z uo 1senb Aq £2£0/85/18LEEXUUEE0L 0 /10P/A0BSAE-0[ILE/Ul/WOD dNO"0IWaPEo.//:SARY WO} POPEOIUMOQ



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Murphy SP, Allen LH. Nutritional importance of animal source foods.
J Nutr 2003;133(11 Suppl 2):39325-5S.

Dumas SE, Maranga A, Mbullo P, Collins S, Wekesa P, Onono
M, Young SL. “Men are in front at eating time, but not when it
comes to rearing the chicken”: unpacking the gendered benefits and
costs of livestock ownership in Kenya. Food Nutr Bull 2018;39(1):
3-27.

Morris SS, Beesabathuni K, Headey D. An egg for everyone: pathways to
universal access to one of nature’s most nutritious foods. Matern Child
Nutr 2018;14(Suppl 3):e12679.

Leroy JL, Frongillo EA. Can interventions to promote animal
production ameliorate undernutrition? ] Nutr 2007;137:2311-6.

Randolph TF, Schelling E, Grace D, Nicholson CF, Leroy JL, Cole DC,
Demment MW, Omore A, Zinsstag J, Ruel M. Invited review: role
of livestock in human nutrition and health for poverty reduction in
developing countries. ] Anim Sci 2007;85:2788-800.

Herforth A, Harris J. Understanding and applying primary pathways
and principles. Brief #1. Improving Nutrition through Agriculture
Technical Brief Series. Arlington (VA): USAID/Strengthening
Partnerships, Results, and Innovations in Nutrition Globally (SPRING)
Project; 2014.

Kadiyala S, Harris J, Headey D, Yosef S, Gillespie S. Agriculture and
nutrition in India: mapping evidence to pathways. Ann N 'Y Acad Sci
2014;1331:43-56.

De Beer H. Dairy products and physical stature: a systematic review
and meta-analysis of controlled trials. Econ Hum Biol 2012;10(3):
299-309.

Olney DK, Bliznashka L, Pedehombga A, Dillon A, Ruel MT, Heckert
J. A 2-year integrated agriculture and nutrition program targeted
to mothers of young children in Burkina Faso reduces underweight
among mothers and increases their empowerment: a cluster-randomized

controlled trial. ] Nutr 2016;146(5):1109-17.

Headey D, Hirvonen K, Hoddinott J. Animal sourced foods and child
stunting. Am J Agric Econ 2018;100:1302-19.

lannotti LL, Lutter CK, Stewart CP, Gallegos Riofrio CA, Malo C,
Reinhart G, Palacios A, Karp C, Chapnick M, Cox K, et al. Eggs in early
complementary feeding and child growth: a randomized controlled trial.
Pediatrics 2017;140(1):¢20163459.

Alders RG, Dumas SE, Rukambile E, Magoke G, Maulaga W, Jong
J, Costa R. Family poultry: multiple roles, systems, challenges, and
options for sustainable contributions to household nutrition security
through a planetary health lens. Matern Child Nutr 2018;14(Suppl 3):
e12668.

Gelli A, Headey D, Becquey E, Ganaba R, Huybregts L, Pedehombga
A, Santacroce M, Verhoef H. Poultry husbandry, water, sanitation,
and hygiene practices, and child anthropometry in rural Burkina Faso.
Matern Child Nutr 2019;15(4):e12818.

Sanitation Hygiene Infant Nutrition Efficacy (SHINE) Trial Team;
Humphrey JH, Jones AD, Manges A, Mangwadu G, Maluccio JA,
Mbuya MNN, Moulton LH, Ntozini R, Prendergast AJ, et al.
The Sanitation Hygiene Infant Nutrition Efficacy (SHINE) trial:
rationale, design, and methods. Clin Infect Dis 2015;61(Suppl 7):
$685-702.

Headey D, Hirvonen K. Is exposure to poultry harmful to child
nutrition? An observational analysis for rural Ethiopia. PLoS One
2016;11(8):e0160590.

Jay JM, Loessner MJ, Golden DA. Modern food microbiology. 7th ed.
Gaithersburg (MD): Aspen Publishers; 2005. pp. 61-91.

Denno DM, Tarr PI, Nataro JP. Perspective piece: environmental enteric
dysfunction: a case definition for intervention trials. Am J Trop Med
Hyg 2017;97(6):1643-6.

Crane RJ, Jones KDJ, Berkley JA. Environmental enteric dysfunction:
an overview. Food Nutr Bull 2015;36(10):576-87.

Ngure FM, Reid BM, Humphrey JH, Mbuya MN, Pelto G, Stoltzfus
RJ. Water, sanitation, and hygiene (WASH), environmental enteropathy,
nutrition, and early child development: making the links. Ann N'Y Acad
Sci 2014;1308:118-28.

Penakalapati G, Swarthout J, Delahoy MJ, McAliley L, Wodnik B,
Levy K, Freeman MC. Exposure to animal feces and human health: a
systematic review and proposed research priorities. Environ Sci Technol
2017;51(20):11537-52.

Headey D, Nguyen P, Kim S, Rawat R, Ruel M, Menon P. Is
exposure to animal feces harmful to child nutrition and health

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

outcomes? A multicountry observational analysis. Am ] Trop Med Hyg
2017;96(4):961-9.

Ercumen A, Pickering AJ, Kwong LH, Arnold BF, Parvez SM, Alam M,
Sen D, Islam S, Kullmann C, Chase C, et al. Animal feces contribute
to domestic fecal contamination: evidence from E . coli measured in
water, hands, food, flies, and soil in Bangladesh. Environ Sci Technol
2017;51(15):8725-34.

Tadesse A. Production and reproduction performance of rural poultry in
lowland and midland agro-ecological zones of central Tigray, Northern
Ethiopia. Br J Poult Sci 2014;3:6-14.

World Health Organization, UNICEF. Recommendations for data
collection and analysis and reporting on anthropometric indicators in
children under 5 years old. Geneva: WHO; 2019.

World Health Organization. Indicators for assessing infant and young
child feeding practices: conclusions of a consensus meeting held 6-8
November 2007 in Washington DC, USA. Geneva: WHO; 2008.
Alkire S, Meinzen-Dick R, Peterman A, Quisumbing A, Seymour G,
Vaz A. The Women’s Empowerment in Agriculture Index. World Dev
2013;52:71-91.

WHO Multicentre Growth Reference Study Group. WHO child
growth standards: length/height-for-age, weight-for-age, weight-for-
length, weight-for-height and body mass index-for-age: methods and
development. Geneva: WHO; 2006.

WHO/UNICEF. WASH post-2015: proposed indicators for drinking
water, sanitation and hygiene. Geneva: WHO; 2015.

Dessie T, Ogle B. Village poultry production systems in the central
highlands of Ethiopia. Trop Anim Health Prod 2001;33(6):521-37.
Caudill MA. Pre- and postnatal health: evidence of increased choline
needs. ] Am Diet Assoc 2010;110(8):1198-206.

Zeisel SH. The fetal origins of memory: the role of dietary choline in
optimal brain development. ] Pediatr 20065149(5 Suppl):S131-6.
Lutter CK, lannotti LL, Stewart CP. The potential of a simple
egg to improve maternal and child nutrition. Matern Child Nutr
2018;14(Suppl 3):e12678.

Stewart CP, Caswell B, Iannotti L, Lutter C, Arnold CD, Chipatala R,
Prado EL, Maleta K. The effect of eggs on early child growth in rural
Malawi: the Mazira Project randomized controlled trial. Am ] Clin Nutr
2019;110:1026-33.

Seleshe S, Jo C, Lee M. Meat consumption culture in Ethiopia. Korean
J Food Sci Anim Resour 2014;34(1):7-13.

Rosenberg AM, Maluccio JA, Harris J, Mwanamwenge M, Nguyen
PH, Tembo G, Rawat R. Nutrition-sensitive agricultural interventions,
agricultural diversity, food access and child dietary diversity: evidence
from rural Zambia. Food Policy 2018;80:10-23.

Kumar N, Nguyen PH, Harris J, Harvey D, Rawat R, Ruel MT.
What it takes: evidence from a nutrition- and gender-sensitive
agriculture intervention in rural Zambia. ] Dev Eff 2018;10(3):
341-72.

Meinzen-Dick R, Behrman J, Menon P, Quisumbing AR. Gender: a
key dimension linking agricultural programs to improved nutrition
and health. In: Fan S, Pandya-Lorch R , editors. Reshaping agriculture
for nutrition and health. Washington (DC): International Food Policy
Research Institute; 2012. pp. 135-44.

Talukder A, Haselow NJ, Osei AK, Villate E, Reario D, Kroeun
H, SokHoing L, Uddin A, Dhunge S, Quinn V. Homestead food
production model contributes to improved household food security and
nutrition status of young children and women in poor populations:
lessons learned from scaling-up programs in Asia (Bangladesh,
Cambodia, Nepal and Philippines). F Actions Sci Rep 2010(S1):
404.

Kim SS, Nguyen PH, Yohannes Y, Abebe Y, Tharaney M, Drummond
E, Frongillo EA, Ruel MT, Menon P. Behavior change interventions
delivered through interpersonal communication, agricultural activities,
community mobilization, and mass media increase complementary
feeding practices and reduce child stunting in Ethiopia. ] Nutr
2019;149(8):1470-81.

Cumming O, Arnold BF, Ban R, Clasen T, Esteves Mills J, Freeman MC,
Gordon B, Guiteras R, Howard G, Hunter PR, et al. The implications
of three major new trials for the effect of water, sanitation and hygiene
on childhood diarrhea and stunting: a consensus statement. BMC Med
2019;17:173.

Pickering AJ, Null C, Winch PJ, Mangwadu G, Arnold BF, Prendergast
AJ, Njenga SM, Rahman M, Ntozini R, Benjamin-Chung ], et al.

Chicken production in Ethiopia and child growth 11

020z AInr gz uo 1senb Aq £2£0/85/18LBEXUUNEE0L 0L/10pAvBASE-0[0IE/UlW0D dNO dlWspEeoE)/:SA]Y WOl) POPEOjUMOQ



52.

12

The WASH Benefits and SHINE trials: interpretation of WASH
intervention effects on linear growth and diarrhoea. Lancet Glob Health
2019;7:e1139-46.

Bardosh KL, Hussein JW, Sadik EA, Hassen JY, Ketema M, Ibrahim
AM, McKune SL, Havelaar AH. Chicken eggs, childhood stunting and
environmental hygiene: an ethnographic study from the Campylobacter
genomics and environmental enteric dysfunction (CAGED) project in
Ethiopia. One Health Outlook. 2020 Dec;2(1):1-5.

Passarelli et al.

53.

54.

Habte T, Amare A, Bettridge J, Collins M, Christley R, Wigley P.
Guide to chicken health and management in Ethiopia. Nairobi (Kenya):
International Livestock Research Institute; 2017.

Modjo DJ. Epidemiology of village chicken diseases: a longitudinal
study on the magnitude and determinants of morbidity and mortality—
the case of Newcastle and infectious bursal disease. Addis Ababa: Addis
Ababa University College of Veterinary Medicine and Agriculture;
2015.

020z AInr gz uo 1senb Aq £2£0/85/18LBEXUUNEE0L 0L/10pAvBASE-0[0IE/UlW0D dNO dlWspEeoE)/:SA]Y WOl) POPEOjUMOQ



