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ABSTRACT

Background: Chickens are an important source of animal protein, nutrition, and income in
many low- and middle-income countries (LMICs). They are also a major reservoir of
enteropathogens that contribute to the burden of illnesses among children. Food systems
present a risk for transmission of enteropathogens from poultry to humans, but there is a lack of
population-level data on the pattern of purchase, ownership, and consumption of live chickens
and their products in LMICs to better characterize that risk.

Methods: To assess chicken purchase, ownership, and consumption practices, we conducted a
population-based survey using a structured guestionnaire in Maputo, Mozambique in 2021.
Multi-stage cluster sampling was used to obtain a representative sample of households in our
study area. To minimize sampling bias and ensure a representative sample, we applied survey
weighting using district-level population data and estimated weighted population-level values.

Results: Heads of 570 households in Maputo completed our survey. Approximately half of
these households purchased broiler chicken meat (weighted percentage of households: 44.8%)
and eggs (46.5%) in the previous week of the survey date, while indigenous chicken meat was
less popular (1,950, 1.1%). The most common source of chicken products was corner stores
(i.e., small convenience shops on streets), followed by wet markets. Live chickens were raised
by 15.6% of households, and chicken feces were observed on the floor or ground at the majority
of these households during house visits.

Discussion: Our findings suggest that poultry provides a major source of animal protein in this

setting. With the predicted growth of poultry farming in LMICs in the coming decades, ensuring

food safety at the primary sources of chicken products (corner stores and wet markets) in urban
areas will be critical to mitigate health risks.
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chickens; foodborne disease; food safety; Maputo, Mozambique; population-based survey;
poultry production.


https://doi.org/10.1101/2024.05.14.24307337
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2024.05.14.24307337; this version posted May 14, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

INTRODUCTION

Chickens are a primary reservoir for high-burden zoonotic enteropathogens, in particular
Campylobacter jejuni/coli, Salmonella spp., and Cryptosporidium.>? The 2010 Global Burden of
Disease Study estimated that these three pathogens together were associated with more than
20 million disability-adjusted life years (DALYs) across all ages globally.® Early colonization with
these pathogens, specifically Cryptosporidium, are associated with growth shortfalls.*®

Zoonotic enteropathogens can be transmitted to humans via multiple routes. Children
and infants may get infected by ingesting chicken feces directly or via contaminated soils and
surfaces.”™® Evidence suggests that children who had household exposure to poultry are at an
increased risk of diarrheal®!' and anemia.'? Food systems, which are often largely unregulated
in low- and middle-income countries (LMICs),*® also pose a major risk of transmission of
zoonotic enteropathogens from poultry to humans. In high-mortality countries in the African
region, 57% of Campylobacter spp. infections are attributed to foodborne transmission.* In our
previous work, Campylobacter jejuni/coli and Salmonella spp. were detected in chicken
carcasses and chicken fecal samples collected along the poultry production system, such as
small-scale farms and wet markets in Maputo, Mozambique.*® Indigenous chickens raised in
backyards in Maputo also carried C. jejuni/coli and Salmonella spp.*®

Chickens are promoted as a development strategy in LMICs and serve as a primary
source of animal protein and income in many areas.*® Poultry is the fastest growing livestock
subsector, and poultry meat and egg production have grown by 250% over the past 30 years in
LMICs.! Small-scale poultry production is increasing in resource-limited areas as a means of
providing nutrition, income, and food security for households,!’ contributing to multiple
Sustainable Development Goals (SDGSs), such as no poverty, zero hunger, and decent work
and economic growth.*® Poultry farming also contributes to the empowerment of the youth and
women.!® In Mozambique, the agricultural sector contributes 24% to its gross domestic
product,? and chickens make up nearly half of small and medium farms for livestock
production.?* The consumption of poultry meat is expected to increase from 34.2 thousand
metric tons in 2000 to 127.8 in 2030 in Mozambique,* highlighting the importance of addressing
food safety issue of poultry products.

Improved characterization of the pattern of purchase, ownership, and consumption of
live poultry and their products would help quantify the magnitude of potential poultry-associated
health risks to support efforts to promote food safety in LMICs. While benefits and risks of
animal-sourced proteins have been assessed,??? to our knowledge, there have been few
population-based studies on poultry use and consumption in LMICs®® and none in
Mozambique.?*-2 Such type of population-level data could help to further evaluate the
competing risks and benefits of poultry production and identify effective control measures to
reduce enteropathogen infection in LMICs. Such data would support better quantitative models
to understand risks of various foodborne pathways of infection. To address this gap, we
conducted a population-based survey in Maputo, Mozambique in 2021.
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MATERIALS AND METHODS
Study background

We conducted a cross-sectional, population-based survey to estimate chicken and egg
purchase and consumption within Maputo, the capital city of Mozambique, as well as to
describe practices related to chicken rearing (e.g., litter disposal) and food handling. In
Mozambique, chicken consumption and production have grown from approximately 56,000 tons
of production and 61,000 tons of consumption in 2013 to 89,000 tons of production and 91,000
tons of consumption in 2017.2” Nine in-country hatcheries provide 46.5 million day-old chicks
annually.?® Maputo, with a population of approximately 1.1 million,?° has a growing poultry
sector. %%

Study objectives and survey design

We recruited households across five districts of Maputo and employed a structured
guestionnaire among heads of household between May and June 2021. A household was
defined as a person or group of related or unrelated persons who usually live together in the
same dwelling unit(s), who have common cooking and eating arrangements, and who
acknowledge one adult member as head of household.

The key indicators of interest were the ownership of live chickens in the household, the
frequency and source of purchase of live chickens and their products, and the frequency of
consumption of poultry products. Information was collected for each type of poultry products
(meat and egg) as well as the following type of chickens: broiler chickens (i.e., chickens
specifically bred to provide meat), layer chickens (i.e., hens specifically bred to provide eggs),
and indigenous chickens (i.e., local free-ranging chickens). We asked about locations where
households purchased chicken products, such as wet markets,3! corner stores (i.e., small
convenience shops on streets), supermarkets, directly from farmers, or from families, friends,
and neighbors. For households with children under five years of age, we asked about the
corresponding information for children. We asked about households’ activities that may affect
the risk of exposure to chicken feces, such as applying chicken litter to vegetable gardens,
keeping chickens inside of the home, and whether their young household members help with
these activities. We also conducted structured spot check observations of household
characteristics (e.g., feces on the floor). More details of the questionnaire and observational
component of the survey can be found in the Supplementary Methods.

Districts and neighborhoods

Data were collected in five of seven Maputo City districts (NIhamankulu, KaMaxakeni,
KaMavota, KaMubukwana, KaMpfumu, and KaTembe). We did not collect data in the remaining
two districts (KaNyaka or KaMpfumo) because KaNyaka is an island representing 0.5% of the
population, having no broiler farms and very low production of indigenous chickens. KaMpfumu
is the city-center, having multi-story residential buildings, and does not allow the production or
raising of chickens.
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Sampling households

We used multi-stage cluster sampling to obtain a representative sample of our study
area to estimate the proportion of households that consumed poultry in the previous week.
Assuming a conservative estimate of 50%, a confidence level of 95%, an alpha of .05, a
relatively low intra-class correlation coefficient of .02 (no data on this parameter are available),
and a logistically relevant number of households per cluster that our team could reach in one
day (20), we estimate a minimal sample size of 531 in 27 clusters. As such, we ended up with a
sample size of 540 households (=27 clusters x 20 households) (Supplementary Table 1). Using
a random number generator, we selected neighborhoods from a list of all neighborhoods within
each district (Supplementary Table 1). We then sampled two clusters within each of the
sampled neighborhoods. Geographic boundaries for neighborhoods were delineated in Google
Earth Pro. Two, randomly selected 300m x 300m grids were overlaid within the boundaries of
each neighborhood using R (R Center for Statistical Computing; Vienna, Austria). Each of the
four enumerators was randomly assigned to a corner of the grid and walked toward a direction
(North, South, East, West) selected by a random number generator app, and recruited
households in the selected direction. Starting at the designated point, enumerators selected
every tenth household for participation. If compounds, having multiple homes within one lot,
were selected, each individual household was counted. Prior to the start of data collection,
enumerators piloted the survey in two neighborhoods that were not included in the survey
sample.

Sample weights

Survey weighting was conducted using district-level population data to minimize
sampling bias and to provide a representative sample. The probability of selection in each
district was calculated by dividing the number of households that completed the survey in each
district by the estimated number of total households in the corresponding district. As data on the
number of households in each district was not available, we calculated the estimated number of
total households in each district by dividing the population size of each district by the average
household size. The design weight for each participating household was the inverse of their
probability of selection. These survey weights were then used to calculate the weighted total
population counts, average, and standard error with the ‘survey’ package in R.*?

Ethics

The Institutional Review Board at Emory University (IRB00108546) and the Research
Council to the Veterinary Faculty at Eduardo Mondlane University determined that this research
was exempt from human subjects review, and the Municipality of Maputo (Reference number
754/SG/426/GP/2019) authorized this research. Prior to data collection, the study’s purpose and
participant rights were explained in Portuguese, and participants provided verbal informed
consent.
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RESULTS
Characteristics of surveyed households

A total of 570 households completed the survey. The probability of selection was 0.31%
in KaMavota, 0.31% in KaMaxaquene, 0.32% in KaMubukwana, 1.11% in KaTembe, and 0.29%
Nlhamakulu. Approximately half of the households that completed the survey had at least one
child under five years of age (weighted percentage: 44.2%) (Table 1). The weighted average
household size was 5.7 (standard error [SE] 0.1), and the weighted average number of children
under five was 1.4 per household (SE 1.0).

Purchase and consumption of chicken products (weighted analysis)

Approximately half of the households purchased broiler chicken meat (44.8%) and eggs
(46.5%) in the previous week of the survey date, while indigenous chicken meat was less
commonly purchased (1.1%) (Table 2). Similar numbers were reported among households with
children under five. Households reported relatively high consumption of broiler meat (62.4%)
and eggs (59.0%) in the previous week of the survey date. Similar to the purchase pattern,
consumption of indigenous chicken meat was not common (3.1%). The same pattern was
observed among households with children under five. Among children under five in households
that consumed chicken products, the weighted average weekly frequency of consumption was
2.4 days for broiler chicken meat, 1.8 days for indigenous chicken meat, and 2.7 days for eggs.

Source of chicken products and live chickens (weighted analysis)

The most common location where households purchased broiler chicken meat in the
previous week of the survey date was corner stores (56.7% of households that purchased
broiler chicken meat), followed by wet markets (17.5%), and directly from farmers (16.8%)
(Table 3. Supplementary Table 2-4). Similarly, the primary source of eggs was corner stores
(61.5% of households that purchased eggs), followed by markets (16.0%), and directly from
farmers (8.4%). Live broiler chickens were most often purchased directly from farmers (63.4% of
households that purchased live broiler chickens), from markets (19.4%), or from family, friends,
or neighbors (10.8%). Live indigenous chickens were most commonly purchased from family,
friends, or neighbors (51.2% of households that purchased live indigenous chickens).

Ownership and household management of live chickens (weighted analysis)

Live chickens were raised by 15.6% of households at the time of survey (Table 4). The
ownership of live chickens was less common among households with children under five
(13.8%). The weighted average (range) number of chickens owned by a household at the time
of survey was 7 (1-260) for broiler chickens, 5 (1-35) for indigenous chickens, and 10 (2-146) for
layers (Table 4). It was more common for households to raise live chickens solely for personal
consumption (13.7%) than for sale (1.3%).

Enumerators observed chicken feces on the floor or ground at the household or
compound at 52.6% of the households that raised live chickens and 75.2% households with
children under five that raised live chickens (Table 5). A small proportion of households (1.3%)
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reported that they kept chickens inside of their home. Storing uncooked poultry meat without
refrigeration was very uncommon. Of households with children under five that raised chickens at
the time of survey, 33.1% reported that their children take care of live chickens and 14.9%
reported that their children collect eggs. About 20% of the households with children under five
that raised live chickens provided measures to separate children from chickens.

Chicken litter compost (weighted analysis)

Applying chicken litter compost to gardens occurred but was not common (10.2%). The
most common source of chicken litter compost was farmers (38.6%), followed by broiler
chickens owned by households (23.7%) and family, friends, or neighbors (23.6%) (Table 3,
Supplementary Table 2-4).

DISCUSSION

Estimates of domestic purchase, ownership, and consumption of live chickens and
poultry meat and eggs are sparse; here we provide such data among households in Maputo,
Mozambique. Our key findings were: 1) the majority of households consumed either poultry
meat or eggs or both in the previous week of the survey; and 2) the most common source of
poultry was corner stores, followed by wet markets, both of which often do not have access to
adequate hygiene facilities.® These findings show the importance and potentially large impact
of implementing food safety measures throughout the food system to control foodborne illness
from chickens, which we have previously shown to be a primary driver of transmission of
Campylobacter jejuni/coli and Salmonella spp..1*>3%34 Our data on the consumption and
purchasing patterns of poultry products suggest that poultry farming provides an important
source of animal protein in this setting, and offer important information for identifying points of
control in both Mozambique and LMICs at large. Our previous study identified a high prevalence
of Campylobacter and Salmonella contamination in chicken feces and carcasses at corner
stores and wet markets in Maputo.*® Data from this study have also been used to interpret
results of a simulation model of pathogens of animal origin.?* The added information in this
study can be used to more accurately quantify the impact of chicken-sourced pathogens on
health risks and to inform the development of effective control mechanisms throughout the
poultry value chain, contributing to improvements in food safety in the broader food system. The
median rate of foodborne DALYs was estimated to be 1,179 per 100,000 population in 2010
among high-mortality countries in the African region, which includes Mozambique, indicating the
need for better control of foodborne illness.? As chickens provide a critical source of nutrition
and income, and with the anticipated growth of poultry farming in LMICs in the coming decades,
it is important to ensure food safety, especially among the vulnerable population.7:25:35

Our survey identified corner stores as the primary source of chicken products in Maputo,
illustrating the potential for exposure to enteropathogens by consumers. Our previous study
found that 25% of broiler chicken meat at these stores was contaminated with Campylobacter
jejuni/coli, and 15% were contaminated with Salmonella spp.t® At wet markets, which was
identified as the second most popular source of chicken products among households in Maputo,
the prevalence of contamination was even higher. C. jejuni/coli was found in 100% of broiler
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chicken meat samples, and Salmonella spp. was identified in 17% at wet markets. These
findings across our field studies underscore the urgent need for improved food safety measures
at these locations to mitigate the risk of foodborne transmission of zoonotic enteropathogens.
Using transmission dynamic modeling, we previously estimated that controlling foodborne
transmission would significantly reduce the infection risk of these pathogens in this setting.*3
Wet markets are also linked to the emergence of zoonotic pathogens with high potential for
causing epidemics and pandemics,®* making it more important to discuss regulations at these
locations to mitigate health risks among local communities and beyond.

The ownership of live chickens represents another critical source of exposure to
enteropathogens of poultry origin. Our observations suggest that children in homes that raise
chickens are commonly exposed to chicken feces, which could transmit enteropathogens in the
household setting. One-fifth of the households reported having measures to separate children
from chickens at home, while other households reported that children participate in taking care
of chickens and collecting eggs. These observations highlight the need for household-level
control measures to mitigate health risks to children while enabling them to benefit from owning
live chickens at home.*’

This study has limitations. Our survey was conducted from May to June 2021, while
COVID-19 case counts were low, following a large peak from January to March 2021 in
Mozambique. The global shipping crisis during the pandemic affected supplies of poultry feed,
influencing poultry production in Mozambique and everywhere.*® Market hours were also
shortened in response to the pandemic. Although we observed a decrease in chicken sales at
markets, the production reached the pre-pandemic level by the time when the survey was
conducted. Most questions asked about behaviors in the previous week of the survey, while a
few questions asked about the past year (i.e., chicken ownership and sales), which are subject
to recall bias.

Our population-based survey yielded important data on the ownership of live chickens
and the purchase and consumption of poultry products among households in Maputo,
Mozambique. These findings can serve as a foundation for identifying control measures at both
the household and community levels. To ensure safe access to poultry products, which are the
primary source of animal protein, nutrition, and income for individuals and children, enhancing
food hygiene and biosafety resources at corner stores and wet markets is essential.
Interventions should be designed based on insights from various disciplines (food safety,
consumer science, sociology, policy, and education)® with extensive input from local
stakeholders. Improved regulations and infrastructure in these settings can contribute to the
WHO Global Strategy for Food Safety 2022-2030%° and play a key role in mitigating the risk of
the emergence of new pathogens with a high potential for causing epidemics and pandemics.
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TABLES

Table 1. Characteristics of households that completed the survey in May-June 2021, Maputo,
Mozambique.

Unweighted Weighted
mean (SD) mean (SD)*
Households Households

Characteristic* All households with Children? All households with Children

(N =570) (N =252) (N=175143) (N =77372)
Size of household, mean
(SD) 5.7 (2.8) 6.8 (2.9) 5.7 (2.9) 6.8 (3.0)
Number of children in
households, mean (SD) - 1.4 (0.9) — 1.4 (1.0)

1Survey weighting was conducted using district level population data. The design weight for
each participating household was the inverse of their probability of selection in the
corresponding district.

2Children under 5 years of age.

Abbreviations: SD, standard deviation.
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Table 2. Purchase and consumption of poultry products in the past week of the survey date in
May-June 2021 in Maputo, Mozambique.

Unweighted Weighted?

Characteristics

All households

(N =570)

Households
with children?

(N =252)

All households

(N =175,143)

Households with
children?

(N=77,372)

Purchase

Households that purchased
broiler chicken meat in the
past week, n (%)
Households that purchased
indigenous chicken meat in
the past week, n (%)
Households that purchased
eggs in the past week, n (%)

Consumption
Broiler chicken meat?

Households that consumed it
in the past week, n (%)
Households where children
consumed it in the past week,
n (%)

Days children under five
consumed it in the past week,
mean (SD)

Indigenous chicken meat*
Households that consumed it
in the past week, n (%)
Households where children
consumed it in the past week,
n (%)

Days children under five
consumed it in the past week,
mean (SD)

Eggs

Households that consumed it
in the past week, n (%)
Households where children
consumed it in the past week,
n (%)

Days children under five

consumed it in the past week,
mean (SD)

250 (43.9%)

6 (1.1%)

263 (46.1%)

353 (61.9%)

335 (58.8%)

123 (48.8%)

5(2.0%)

122 (48.4%)

161 (63.9%)

136 (54%)

1.3(1.6)

8 (3.2%)

7 (2.8%)

0.05 (0.3)

148 (58.7%)

118 (46.8%)

1.3 (1.9)

78,436 (44.8%)

1,950 (1.1%)

81,432 (46.5%)

109,308 (62.4%)

5,505 (3.1%)

103,320 (59%)

39,072 (50.5%)

1609 (2.1%)

37,430 (48.4%)

49,915 (64.5%)

42,494 (54.9%)

1.3(1.7)

2,602 (3.4%)

2,282 (2.9%)

0.05 (0.3)

45,596 (58.9%)

36,611 (47.3%)

1.3 (1.9)

1Survey weighting was conducted using district level population data. The design weight for
each participating household was the inverse of their probability of selection in the
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corresponding district.
2Children under 5 years of age.
3Chickens specifically bred to provide meat.

4Local chickens, native to Mozambique.
Abbreviations: SD, standard deviation.

Table 3. Source of live chickens, chicken meat, eggs, and chicken litter compost among
households that purchased these products in the past week of the survey date in Maputo,
Mozambique in May-June 2021 (weighted statistics?).

Sources Broiler chicken meat? Live broiler Live indigenous Eggs Chicken litter
chickens? chicken?® compost

(N=78,436) (N=14,986) (N=1,950) (N=81,432) (N=17,891)
wet markets 13,820 (17.6%) 2,903 (19.4%) 316 (16.2%) 13,054 (16.0%) 327 (1.8%)
Supermarkets 2,289_(3.0%) 0 (0%) 0 (0%) 3,221 (4.0%) 0 (0%)
Corner stores* 44,734 (57.0%) 0 (0%) 636 (32.6%) 50,119 (61.5%) 0 (0%)
Family/friends/neighbors 1,301 (1.7%) 1,613 (10.8%) 998 (51.2%) 4,010 (5.0%) 4,223 (23.6%)
Directly from farmers 13,267 (16.9%) 9,506 (63.4%) 0 (0%) 6,869 (8.4%) 6,903 (38.6%)
:l:iCtlv from layers that | 316 (0.4%) 316 (2.1%) 0 (0%) 1,941 (2.4%) 640 (3.6%)
Directly from broiler

2,619 (3.3%) 648 (4.3%) 0 (0%) 316 (0.4%) 4,232 (23.7%)

chickens that | own

1Survey weighting was conducted using district level population data. The design weight for

each participating household was the inverse of their probability of selection in the
corresponding district.
2Chickens specifically bred to provide meat.

3Local chickens, native to Mozambique.
4Small convenience shops on streets
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Table 4. Ownership of live chickens in Maputo, Mozambique in May-June 2021.

Unweighted Weighted®
Households Households
Characteristics All households with children? All households with children?
(N =570) (N=252) (N=175,143) (N=77,372)
Households that tl [
ousenolds that currently own five 93 (16.3%) 36(14.3%) 27,388 (15.6%) 10678 (13.8%)
chickens, n (%)
Number of live chick tl ed
UmDer or live cnic FET'ISCLI."ET'I Y OwWn 5[1_25{“ 6{1-15[:': 5{1_250} 5{2_150:.
per household, median (min-max)
Number of broiler chickens?,
vrriber of ArOret chickens 13.5 (1 -260) 35(2-160) 7 (1-260) 4 (3- 160)
median (min-max)
Number of indi hickens®,
IJII"I' ETD-II'I IEENOUS CNICKENS 55{1‘35} 5{1‘35] 5[1_35: 5(1-35:
median (min-max)
Number of layers, median (min-
10 (2 - 146) 3(2-10) 10 (3 - 146) 3(3-10)
max)
H holds that raised chickens fi lei
ousenolas that raised chickens 1or sale in 7 [12%] 2{{}3%} 2254{13%: 661 [DQ%}
the past year, n (%)
Households that raised chickens f
OUSENOICS That raisec chickens for 80 (14.3%) 35(13.9%)  23,689(13.7%) 10,373 (13.4%)
consumption in the past year, n (%)
Households that raised chickens for both
OUSENOIS TNAT ralsed cickens for 10 (1.8%) 3(0.8%) 2,754 (1.6%) 632 (0.8%)

sale and consumption in the past year, n (3)

1Survey weighting was conducted using district level population data. The design weight for
each participating household was the inverse of their probability of selection in the

corresponding district.
2Children under 5 years of age.
3Chickens specifically bred to provide meat.

4Local chickens, native to Mozambique.
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Table 5. Behaviors and environment of households raising live chickens that may increase
exposure to chicken feces and enteropathogens in Maputo, Mozambique in May-June 2021.

Unweighted Weighted!
Household activities and Households All Households
characteristics All Households with children? Households with children?
(N = 570) (N=252) (N=175,143) (N=77,372)

Chicken feces observed on

the floor or ground at the 49 (8.7%) 27(10.7%) 14,416 (8.4%) 8,028 (10.4%)
household or compound

Apply chicken litter

58 (10.2%) 29(11.5%) 17,891 (10.2%) 9,091 (11.7%)
compost
Keep chickens inside of the
7 (1.2%) 2 (0.8%) 2,262 (1.3%) 636 (0.8%)
home
Store uncooked chicken
) ) , 1(0.2%) 1(0.4%) 90 (0.1%) 90 (0.1%)

meat without refrigeration
Children take care of

. - 11 (4.4%) - 3,537 (4.6%)
chickens
Children collect eggs - 5 (2.0%) - 1,593 (2.1%)
Provided measures to
separate children from - 5{2.0%) -- 1,593 (2.1%)
chickens

1Survey weighting was conducted using district level population data. The design weight for
each participating household was the inverse of their probability of selection in the
corresponding district.

2Children under 5 years of age.


https://doi.org/10.1101/2024.05.14.24307337
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2024.05.14.24307337; this version posted May 14, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

SUPPLEMENTARY METHODS
Modules and questions in the survey

We first gave a consent to at least one adult household member to participate in the
survey. Next, we conducted the COVID-19 screening and postponed a household visit if a
household failed to pass the screening questions.

There were seven modules in the survey, followed by an observational component.
Information was collected for each type of poultry products (meat and egg) as well as the
following type of chickens: broiler chickens (i.e., chickens specifically bred to provide meat),
layer chickens, and indigenous chickens (i.e., local chickens, native to Mozambiquie). For
households with children under five years of age, we specifically asked about the corresponding
information for children.

In the first module (Module A), we asked about household demographics, such as the
number of household members and the number of children under five.

The second module (Module B) was about the purchase and consumption of chicken
meat and eggs. We asked whether households purchased chicken meat and eggs in the
previous week of the survey date, and if yes, asked about the location/source where they
purchased them. We asked whether households consumed chicken meat (broiler, indigenous)
and/or eggs at any setting, including but not limited to the home and restaurants, and if yes, how
many days in the past week they ate them. For households with children under five, we asked
these questions for children as well. We also asked where households store uncooked chicken
meat.

The third module (Module C) was about the history of raising chickens for sale. We
asked whether households previously raised chickens for sale at their house or compound, and
if yes, whether they had a chicken coop and how many flocks or groups of birds they produced
last year. If household reported that they used chicken litter as bedding, we asked what they
usually do with the used chicken litter (e.g., throw it away, reuse it for another flock, repackage it
to sell, apply it to garden).

The fourth module (Module D) was about the current ownership of live chickens (layers,
broilers, and indigenous chickens). We asked whether households currently raise live chickens
for sale or consumption, and if yes, how many live chickens they currently own and where they
most often keep them during the day and at night. We then asked whether households
purchased live chickens for their own consumption or use in the previous week from the survey
date, and if yes, we asked about the location/source of these live chickens. For households with
children under five, we asked whether children help take care of live chickens. We also asked
what measures, if any, households take to separate chickens from children (e.qg., corralling
chickens).

The fifth module (Module E) was about chicken litter compost. We asked if households
had a garden, and if yes, whether they apply chicken litter compost to the garden. We also
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asked where they purchase or get chicken litter compost and if children help apply chicken litter
compost to their garden.

The sixth module (Module F) was about water, sanitation and hygiene (WASH), and the
last module (Module G) was about COVID-19. We asked whether households had any negative
effect from the pandemic in their households, what kind of aid they had received if any, what
kind of changes they experienced during the pandemic (e.g., frequency of market visits),
hygiene practice and other personal prevention measures during the pandemic, and their
perspectives on COVID-19.

In the end of the household visit, enumerators conducted an observation related to
hygiene. They observed handwashing facilities, products for general cleaning, and where
households keep chickens.
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SUPPLEMENTARY TABLES

Supplementary Table 1. Multi-stage cluster sampling strategy in Maputo, Mozambique.

District Population Percentage of the Numboer of Number of Name of
total population of clusters of 20 neighborhoods sampled
Maputo households neighborhoods
KaMavota 293,766 29% 8 4 3 de Fevereiro
Costa do Sol
Mahotas
Hulene B
KaMaxakeni 223,936 22% 6 3 Urbanizacdo

Maxaquene A
Maxaquene C

KaMubukwana 304,524 31% 8 4 Malhazine
Zimpeto
Bagamoyo
Inhagoia B

KaTembe 20,629 2% 1 1 Chali

Nlhamankulu 155,462 16% 4 2 Chamanculo D
Aeroporto A

Total (City of 998,317 100% 27 14

Maputo)

Supplementary Table 2. Source of live chickens, chicken meat, eggs, and chicken litter
compost among households that purchased these products in the past week of the survey date
in Maputo, Mozambiqgue in May-June 2021 (unweighted statistics).

Source Broiler chicken meat Live broiler chickens Live indigenous Eggs Chicken litter
chicken compost
(N=250) (N=49) (N=6) (N=263) (N=58)
Markets 43 (17.2%) 9 (18.4%) 1 (16.7%) 43 (16.3%) 1(1.7%)
Supermarkets 7 (2.8%) 0 (0%) 0 (0%) 10 (3.8%) 0(%)
Corner stores 141 (56.4%) 0 (0%) 2 (33.3%) 162 (61.6%) 0 (%)
Family/friends/neighbors 4(1.6%) 5(10.2%) 3 (50%) 13 (5.0%) 13 (22.4%)
Directly from farmers 45 (18.0%) 32 (65.3%) 0 (0%) 22 (8.4%) 23 (39.7%)
::Ar;ctlv from layers that | 1(0.4%) 1(2.0%) 0 (0%) 6(2.3%) 2 (3.4%)

Directly from broiler

O 8(3.2%) 2 (4.1%) 0 (0%) 1(0.4%) 14 (24.1%)
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Supplementary Table 3. Source of live chickens, chicken meat, eggs, and chicken litter
compost among households that purchased these products in the past week of the survey date
in Maputo, Mozambique in May-June 2021 (weighted statistics® with percentages for total
households (N=175,143)).

Source Broiler chicken meat Live broiler chickens Live indigenous Eggs Chicken litter
chicken compost
(N=78,436) (N=14,986) (N=1,950) (N=81,432) (N=17,891)
Markets 13,820 (7.9%) 2,903 (1.7%) 316 (0.2%) 13,054 (7.5%) 327 (0.2%)
Supermarkets 2,289 (1.3%) 0 (0%) 0 (0%) 3,221 (1.8%) 0 (0%)
Corner stores 44,734 (25.5%) 0 (0%) 636 (0.4%) 50,119 (28.6%) 0 (0%)
Family/friends/neighbors 1,301 (0.7%) 1,613 (0.9%) 998 (0.6%) 4,010 (2.3%) 4,223 (2.4%)
Directly from farmers 13,267 (7.6%) 9,506 (5.4%) 0 (0%) 6,869 (3.9%) 6,903 (3.9%)
Directly from layers that |
own 316 (0.2%) 316 (0.2%) 0 (0%) 1,941 (1.1%) 640 (0.4%)
Directly from broiler
2,619 (1.5%) 648 (0.4%) 0 (0%) 316 (0.2%) 4,232 (2.4%)

chickens that | own

Supplementary Table 4. Source of live chickens, chicken meat, eggs, and chicken litter
compost among households that purchased these products in the past week of the survey date
in Maputo, Mozambique in May-June 2021 (unweighted statistics with percentages for total
households (N=570)).

Source Broiler chicken meat Live broiler chickens Live indigenous Eggs Chicken litter
chicken compost
(N=250) (N=49) (N=6) (N=263) {N=58)
Markets 43 (7.5%) 9 (1.6%) 1(0.2%) 43 (7.5%) 1(0.2%)
Supermarkets 7 (1.2%) 0 (0%) 0 (0%) 10 (1.8%) 0 (%)
Corner stores 141 (24.7%) 0 (0%) 2 (0.4%) 162 (28.4%) 0 (%)
Family/friends/neighbors 4 (0.7%) 5 (0.9%) 3 (0.5%) 13 (2.3%) 13 (2.3%)
Directly from farmers 45 (7.9%) 32 (5.6%) 0 (0%) 22 (3.9%) 23 (4.0%)
:\'::1“"’ from layers that | 1(0.2%) 1(0.2%) 0 (0%) 6 (1.1%) 2 (0.4%)
Directly from broiler 8 (1.4%) 2 (0.4%) 0 (0%) 1(0.2%) 14 (2.5%)

chickens that | own
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