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Abstract. Small-scale livestock production plays an essential role as a source of income and nutrition for households
in low- and middle-income countries, yet these practices can also increase risk of zoonotic infectious diseases, especially
among young children. To mitigate this risk, there is a need to better understand how livestock producers perceive and
manage risks of disease transmission. Twenty semistructured, in-depth interviews were conducted with small-scale live-
stock producers in a semirural parish of Quito, Ecuador. Interviews explored livestock-raising practices, including animal
health-care practices and use of antimicrobials, family members’ interactions with livestock and other animals, and per-
ceptions of health risk associated with these practices and activities. Interviews were analyzed for common themes.
Awareness of zoonotic disease transmission was widespread, yet few study participants considered raising livestock a sig-
nificant health risk for themselves or their families. Several study households reported handling and consuming meat or
poultry from sick or dead animals and using animal waste as a fertilizer on their crops. Households typically diagnosed
and treated their sick animals, occasionally seeking treatment advice from employees of local animal feed stores where
medications, including antimicrobials, are available over the counter. Despite a basic understanding of zoonotic disease
risk, this study identified several factors, such as the handling and consumption of sick and dead animals and purchasing
medications for sick animals over the counter, that potentially increase the risk of zoonotic disease transmission as well as
the development and spread of antimicrobial resistance.

INTRODUCTION

Despite considerable progress in reducing infection-related
early childhood death worldwide, infectious diseases in chil-
dren remain a significant public health concern, particularly in
low- and middle-income countries (LMICs). In 2013, for exam-
ple, 9.2% of the 6.2 million deaths in children under 5 years of
age were the result of diarrhea-related illness, making it the
second leading cause of early childhood death due to infec-
tion.1 Mortality from diarrhea in Ecuador has decreased signif-
icantly over the past decade, yet in 2010, it still accounted for
an estimated 8.7% of noninjury deaths in Ecuador among chil-
dren between 1 and 59 months.2

There is increasing evidence that fecal contamination asso-
ciated with animals in the household environment may be an
important risk factor for diarrhea and environmental enteric
dysfunction in children.3 Geophagy is a common behavior in
young children in resource-poor settings, and the soil con-
sumed is often found to be contaminated with animal feces.4,5

In addition to fecal contamination, the presence of livestock
in the household environment can increase zoonotic infectious
disease risk by leading to more frequent human–animal inter-
actions and possible contamination of food for human con-
sumption (see Figure 1 for a conceptual diagram of common
zoonotic pathogens and transmission pathways).6–8

In South America, small-scale livestock production is a
common practice among households. Pica-Ciamarra and others
estimated that 84.5% of rural households and 28.4% of urban
households in Ecuador raise livestock.9 In neighboring Peru,
the 2007–2008 Demographic and Health Survey found that

86% of rural and 34% of urban households reported owning
livestock.10 The number of urban and peri-urban (suburban)
livestock producers will probably increase due to the growing
demand for animal products as well as the need to generate
income in urban settings.11 Furthermore, research suggests
that animal agriculture in suburban or peri-urban communities
may result in the highest risk for zoonotic disease transmission
due to generally poor living conditions, shared living spaces,
and competition for resources.6,12

Existing studies show that contact with food-producing
animals such as livestock and poultry increase the risk of
diarrhea in children.13 Studies have revealed several common
enteric pathogen–animal combinations and identified positive
associations between chicken ownership and transmission of
Campylobacter spp.14,15 and Salmonella spp.16; positive associ-
ations have also been found between farm animal exposure
and pathogenic strains of Escherichia coli.17–19 Despite risks
of zoonotic infectious diseases, livestock play an essential role
as sources of income and nutrition for households, and con-
sumption of animal products have been shown to be protec-
tive against stunting in children.20

Inappropriate or unregulated use of antimicrobials in both
humans and livestock can contribute to the development and
spread of antimicrobial-resistant bacteria, particularly in
LMICs.21,22 Research suggests that the use of antimicrobials
with food animals, which is often used to speed animal
growth and decrease the incidence of disease, also contrib-
utes to this risk.6,23–26 The use of antimicrobials for growth
promotion is of particular concern for resistance selection
because of the animals’ constant exposure to subtherapeutic
levels of antimicrobial concentrations.27,28 In the United States,
an estimated 70% of all antimicrobials consumed are by live-
stock, and globally, it is estimated that antimicrobial use with
animals is at least equivalent in scale to use in humans.29

Many primary risk factors contributing to resistance have
been identified including those related to consumer behavior

*Address correspondence to Jay P. Graham, Public Health Institute,
555 12th Street, 10th Floor, Oakland, CA 94607. E-mail: jay.graham@
phi.org

1450



(e.g., noncompliance, misinformation, self-administration) as
well as the behavior of providers and suppliers (e.g., over-
prescription, lack of training, poor drug quality, patient pres-
sures). In developing countries, these risk factors may be
magnified due to poverty, ineffective health-care systems,
weak public health infrastructure, and a lack of monitoring
and surveillance of antimicrobial use.30–32

To our knowledge, limited studies have examined beliefs
and perceptions regarding zoonotic infectious diseases, agri-
cultural antimicrobial use, and the risk associated with the
development of drug-resistant bacteria in South America.
Given the importance and scale of small-scale livestock pro-
duction in LMICs, developing a better understanding of
household beliefs regarding zoonotic disease transmission
and perceptions of risk associated with these practices may
contribute to the design and implementation of more effec-
tive zoonotic disease-prevention strategies.

MATERIALS AND METHODS

Semistructured interviews were conducted between May
and June 2015 in Otón de Velez, Yaruquí, a rural parish
approximately 40 km west of Quito, Ecuador. Yaruquí has an
estimated population of 18,000 and consists of 22 neighbor-
hoods.33 This community was selected for the study because it
is characterized by high levels of small-scale livestock produc-
tion, and research has documented a high prevalence of zoo-
notic enteric infections in children.34 The sampling frame for
this study consisted of all households in Otón de Velez with a
child under 5 years of age in which the household reported
raising livestock. Research conducted by a member of the
research team during the previous year identified approxi-
mately 60 households to be within this sampling frame. The
data collection team, which included a community liaison,
approached each household and conducted a series of screen-
ing questions to determine eligibility based on the presence of
children and livestock. If determined to be eligible, households
were asked to participate in the study and given additional

information about the study protocol, interview process, and
human subject protections. This recruitment strategy was
repeated over the course of 3 weeks until the target number
of interviews (20) was reached. Only one eligible household
declined to participate in the study. All interviews were
conducted in Spanish by teams of two or three researchers
and the community liaison with the household’s self-reported
primary animal caretaker; all respondents were female. Inter-
viewees were offered a food basket (valued at US$10) as a
token of appreciation for their participation in the study.
Interviews took place in the respondents’ homes or yard and
were audio recorded using a handheld recording device. The
duration of interviews ranged from 15 to 40 minutes. Within
30 days of the interview, bilingual research team members
transcribed the interview recordings in Spanish and subse-
quently translated the transcripts into English.
Materials. We used a semistructured interview guide modi-

fied from an existing instrument applied in a previous study
of animal husbandry practices in rural Bangladesh.35 The
interview instrument was designed to elicit an open-ended
conversation with individuals regarding their livestock-raising
practices, including animal health-care practices and use of
antimicrobials, their family members’ interactions with live-
stock and other animals, and perceptions of health risk asso-
ciated with these practices and activities. Specific constructs
for the interview instrument were based on evidence from
previous studies in LMICs highlighting common livestock-
raising behaviors and practices associated with zoonotic dis-
ease transmission. These included the presence of shared
living spaces with animals, including shared sources of drink-
ing water, improper disposal or reuse of animal waste, lack
of handwashing after interacting with animals, and the use of
antimicrobials with food producing animals.35–39

Additional open-ended questions were included to address
economic, cultural, and psychological factors of the risk envi-
ronment for zoonotic disease transmission as defined by
Goodwin and others. Macrolevel factors of the risk environment
included human migration, changes in land use (specifically the

FIGURE 1. Common zoonotic enteric pathogens and transmission pathways.
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transition from rural to urban or peri-urban agriculture), and
factors related to the built environment, such as the lack of
public health infrastructure (e.g., sanitation) and urban plan-
ning/occupant density.7,40 Microlevel factors included local
environmental conditions as well as the psychological or
cultural motivations for animal–human interaction, animal
management decision-making, and perceptions of risk for
disease transmission.
Finally, questions regarding large-scale livestock operations

present in the study community were also included in the dis-
cussion guide. This construct was added to address existing
research suggesting that areas “where large-scale production
units are in proximity to traditional, small-scale production”
are at especially high risk for zoonotic disease transmission, as
well as findings that industrial agriculture is a significant
reservoir for antimicrobial drug–resistant Salmonella and
Campylobacter in LMICs.6,41,42 The interview guide was pre-
tested with two community members in Yaruquí and modi-
fied based on feedback to improve clarity, flow, and face
validity of the questions.
Analysis. Interview transcriptions were analyzed by one

researcher using a three-stage coding process consistent with
a grounded theory approach to qualitative data analysis.43,44

First, interview transcripts were coded against a coding scheme
that closely aligned with principal constructs in the open-ended
interview guide. Examples of codes include “use of antibiotics
with livestock” and “precautions to mitigate the risk of illness.”
To reduce errors in omission or judgment, we modified this
open coding scheme throughout the data collection and analy-
sis period based on discussions with the field research team
and the subsequent axial and selective coding processes. In
these latter stages of analysis, we identified underlying proper-
ties and categories in the data to develop key themes and
interrelations among reported behavior and perceptions.
All analyses were conducted using NVivo qualitative software
(Melbourne, Australia).45 The Institutional Review Board of
the Universidad San Francisco de Quito approved all study
procedures and materials in advance.

RESULTS

Characteristics of the sample of 20 households in Yaruquí
are presented in Table 1. Consistent with our sampling
criteria, all households had at least one child under 5 years
of age, and eight of the households reported having two or
more children under this age. The total household size
ranged from 3 to 10 individuals, with the majority having
three to five persons. Eight of the 20 interviewees reported
having completed education beyond primary school. Sixteen
of the 20 individuals interviewed reported owning their
own property, and 70% reported owning their own home.
Chickens (85%), guinea pigs (85%), pigs (60%), and rabbits
(20%) were the most commonly raised animals across the
20 households we visited. Other animals included ducks,
quail, and livestock such as cows, horses, and sheep.
Purpose of raising livestock. Nearly all respondents who

raised chickens and guinea pigs reported using animals for
their own consumption or to sell to neighbors, family members,
or local stores as a source of additional income. When asked
about the primary purposes of raising chickens, one respondent
explained: “to eat . . . or occasionally I cannot afford the bus
fare for my kids, so I take [the chickens] and sell them. . . to

help with [costs of] the house” (INT 14). No respondents
pointed to the sale of livestock or animal products as their
family’s primary source of income, suggesting this practice
serves a more supplementary role in situations when addi-
tional income is needed. Among households that raised more
than one type of animal, there was significant variation in
the primary purpose of raising certain animal species. For
example, smaller animals such as poultry and guinea pigs
appeared more likely to be used for in-home consumption
than pigs and cows, which were often raised exclusively for
the purpose of being sold. When asked about raising live-
stock for personal consumption, respondents most often
noted that they preferred the taste and smell of animals they
had raised themselves to those produced in larger industrial
farms. Several respondents commented on the difference
between the chickens produced at the household level and
those from the nearby large-scale farm, exemplified by this
respondent’s comment:

I prefer to raise my own [chickens] so I can eat my
own [chickens]. . . they are better-tasting. That is what I
do. I don’t buy them [from other places], I am afraid
because they smell bad. (INT 9)

Other respondents suggested that animals raised in back-
yard settings are healthier to eat than animals raised in com-
mercial environments because of additives generally believed
to be used in larger operations: “it is not healthy, not healthy
to eat [animals from industrial farms]. It’s because there are
lots of antibiotics that normally cause harm. . .it is like food
dyes” (INT 11).
In households where crops were the primary source of

income (most commonly, strawberries or alfalfa), respondents
noted the usefulness of raising animals for the production of
fertilizer for their agricultural products. Other respondents

TABLE 1
Characteristics of households included in the study

Households interviewed
(N = 20)

No. of people in household Mean = 5.5
3–5 12 (60%)
6–8 5 (25%)
≥ 9 3 (15%)

No. of children under 5 years of age in household Mean = 1.5
1 12 (60%)
2 6 (30%)
≥ 3 2 (10%)

Respondent self-reported educational attainment
Primary 12 (60%)
Secondary 7 (35%)
Some university or above 1 (5%)

Self-reported household assets
Working television 20 (100%)
DirecTVor satellite television 3 (15%)
Functioning car or truck 4 (20%)
Computer 6 (30%)
Internet 4 (20%)
Own home 14 (70%)
Own property 16 (80%)

Food animals raised on property
Chickens 17 (85%)
Guinea pigs 17 (85%)
Pigs 12 (60%)
Rabbits 8 (20%)
Other food animals 8 (20%)
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commented that they derived personal enjoyment from raising
animals, and some noted the cultural significance of having
and caring for animals—especially chickens, pigs, and guinea
pigs—as a family practice that had been passed down for gen-
erations. When asked about the primary reason for raising
chickens, one respondent commented:

It’s because it was the custom of our ancestors, of our
parents, of our mothers. They had always been accus-
tomed to having [animals] too. They told us, “you have
to have a chicken or a small animal. . .” (INT 18)

Changes in animal stock over time. Although many
respondents noted that raising animals is something their
families have always done, several reported that they had
downsized the scale of their livestock-raising operations from
previous generations, primarily due to a lack of physical
space and availability of food for the animals. The primary
catalyst for these changes, according to most respondents,
was the recent construction of Quito’s international airport
in a parish adjacent to the study community. Most individ-
uals we interviewed reported having migrated sometime in
the last 30 years, a move that resulted in significant changes
in their livestock-raising practices. When asked about the
primary differences between her family’s life in Otón de
Vélez and the area where they lived before the construction
of the airport, one respondent explained:

Over there, it was more spacious; there was more
space. There were farms over there where you could
have lots of animals far from the house. In contrast, as
you see here, everything is roofed-in, hard to grow
enough to feed [the animals]. And before, over there,
on the land that wasn’t used by [owners of the farms],
they let us have [our own] animals. We are quite
uncomfortable [here], over there we had more freedom
to do whatever, to play or for whatever job. (INT 15)

Upon reflecting on how their livestock-raising practices
have changed since migrating, several respondents described
how they brought animals from the other side of the river
when they moved, only to find that there was not enough to
feed the animals:

We brought cattle, a lot of pigs, but now we can’t
have [the large animals]. . . . it is because when they are
small they eat very little, but when they grow we can’t
grow enough food on the land. And to buy it is very
expensive. (INT 10)

In addition to the scarcity of food resources, others noted
that there is simply not enough room in the parish to support
raising large animals. As a result, many had more recently
transitioned to raising smaller animals that require less
space, such as chickens, guinea pigs, and pigs. However,
when asked about plans for raising livestock in the coming
years, most households had plans to either maintain or expand
the number and types of animals they currently have. Few
respondents cited resources or space constraints as reasons for
decreasing the size of their production in the coming years.
One respondent described her plans to increase her family’s
livestock operations the following year by building “something

to put pigs in, and a shed for the chickens . . . so I can [sell
them] to earn money and help out my husband” (INT 16).
Use of balanceado (commercial animal feed). The use of

balanceado (the local term for commercial animal feed) was
prevalent across respondents with different animals. In total,
all but three respondents reported using balanceado with at
least one of their animals at some point in the past year.
Respondents reported using balanceado primarily to speed
animal growth and to increase the size of their animals. As
one respondent explained: “I use it to help [my animals] get
fat and to grow faster. It is to make them fatter. . .without it
they will end up being skinny” (INT 16). Some interviewees
also mentioned using balanceado (either by itself or mixed
with other animal feeds) to prevent animals from getting sick
because of the vitamins included in the feed.
Respondents who reported using balanceado did not

always use it with all of their animals, and several reported
only using balanceado when the animals were newborn or
still very young. The use of balanceado was most common
with pigs; more than three-quarters of households reported
feeding pigs balanceado. Its use was less common with
chickens and guinea pigs, possibly because these animals are
less likely to be sold for income. Only a quarter of families
raising rabbits reported using balanceado. The use of
balanceado was also common among the few households that
raised calves, sheep, and other large animals. Several respon-
dents also reported feeding balanceado to companion ani-
mals (i.e., dogs).
Knowledge of antibiotics in balanceado. Respondents var-

ied in their knowledge of whether the balanceado they use
with their animals contained antimicrobials (referred to as
“antibiotics” in the discussion guide for ease of interpreta-
tion). Among the respondents who reported using balanceado
at some point with any of their animals, half believed anti-
biotics were present in the balanceado they used and a slightly
smaller portion of the respondents did not know; only one
respondent did not believe there were antibiotics in the
balanceado they used, noting that “there are vitamins, but not
antibiotics” (INT 4). Among those who did believe anti-
microbials were included in the balanceado they use with
their animals, most reacted positively and primarily pointed to
the presence of antibiotics as an important strategy for helping
animals grow faster and preventing parasites, especially when
the animals are young. One respondent commented that the
presence of antimicrobials in the animal feed she uses is espe-
cially important because she raises her animals indoors:

The [feed we use] has antibiotics, vitamins. Because of
that the animals grow faster. We use medicines more
because we raise them inside, because otherwise they die.
The animals that are in the fields don’t get sick. (INT 13).

A review of the listed ingredients in commonly used
balanceado brands obtained from local agricultural stores
revealed that none of the store-bought animal feeds did in
fact contain antimicrobials.
Animal health-care practices.Nearly all respondents reported

having experience managing sick animals in the previous year,
yet strategies for treating or curing them varied among house-
holds. The diversity in animal health-care practices is evident
in the sample of participant responses presented in Table 2.
One common strategy for managing sick animals included
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using medications the respondents already had for treating
family members (especially children) with similar symptoms.
For example, when asked to describe the last time one of her
animals was sick, one respondent recalled: “About three weeks
ago there was a chicken that was sick; it had a fever. So I gave
it Paracetamol for children because I had it, and it cured it”
(INT 3). The use of traditional remedies, such as feeding ani-
mals mixtures of water with lemon or chili, was also common.
Most respondents reported home remedies to be effective,
especially with smaller animals.
Almost all respondents pointed to lack of appetite as the

primary symptom of illness in animals. Other common symp-
toms included diarrhea, self-isolation, and lethargy. Several
guinea pig caretakers noted that guinea pigs do not show
symptoms and are often simply found dead for unknown rea-
sons. When asked about the primary causes for animals getting
sick, respondents mentioned a range of potential causes, rang-
ing from climate, strong odors from nearby industrial farm-
ing operations, noise from the airport, and insufficient or
poor-quality food. Reflecting on why her calf was recently
sick, one respondent commented:

It almost died, and the vet told me it had been because
I began giving it powdered milk. I could not find any
fresh milk. And I [had been] giving it too much. The vet
told me I can only give it fresh milk and also give it an
injection for the fever. (INT 15)

In the case of larger animals or animals that did not respond
to home remedies, some respondents reported that they
consulted individuals at local agricultural supply stores where
they purchased animal-specific medications (often the same
locations where they purchase balanceado). Less often, veteri-
narians were consulted for advice and prescriptions for medi-

cations. Regardless of the type of animal, some households
reported that they do not attempt any in-home treatment and
choose to consult these experts immediately:

My chickens are sick, so I am giving them medication
from the veterinarian in Yaruquí, the same place where
my husband bought the chickens. [Normally] I tell him
what is going on and they give me medication to give
them and explain how [to give the medicine]. (INT 17)

Some respondents also alluded to occasional, government-
sponsored vaccination campaigns through which residents
were encouraged to vaccinate their animals, including pets.
Whether medications were obtained from local agricultural
supply stores, veterinary clinics, or other sources, most ani-
mal caretakers were unaware whether the medications they
were using were antibiotics. During the interviews, respon-
dents often used the terms “vaccines” and “vitamins” inter-
changeably with “antibiotics” or expressed unfamiliarity with
the term “antibiotics.”
Finally, some respondents reported killing sick animals

and selling or consuming the animals themselves, depending
on the size of the animal (once sick, larger animals were more
likely to be killed and eaten than small animals) or how sick
the animal had been. Similarly, upon finding an animal that
had already died, many respondents also sold or consumed
the animal, provided it had only recently died: “when [the ani-
mal] is warm or recently dead, [we eat it]. But if it has already
been two or three days, no: we throw it out” (INT 17).
A few respondents claimed that their animals never get sick.

When asked about why their animals were so healthy, they
credited the use of balanceado, antimicrobials, and routine
vaccinations, particularly when animals are young. Only one
respondent expressed concern regarding the overmedication

TABLE 2
Study participant perspectives on zoonotic disease risks associated with small-scale livestock production in a semirural parish of Quito, Ecuador

Selected themes

Animal health-care practices

Normally I will medicate them myself. Only if it is very necessary I will go see a veterinarian. (INT 1)
When the animal is sick, we give them whatever pill we have. Sometimes they get better and sometimes they die. It doesn’t cure them all. (INT 13)
I know my animals are sick when they get weak. For example, the chickens will walk around with their wings drooping and they will be sneezing. So I give

them water with lemon, and it cures them. (INT 14)
I give antibiotics when the animals have diarrhea. And when they are born, we inject them with vaccines and antibiotics. I know they are antibiotics.

The [local department of agriculture] comes by and vaccinates all of the pigs. (INT 1)
When the chickens are small I give them vaccines every two months. Every four months when they are big. They don’t get sick. (INT 14)
A chicken was sick, I isolated it from the others so it wouldn’t get the others sick. [What did you do with it?] I killed it, and we ate it. If it dies on

its own, I get rid of it. (INT 16)

Knowledge and perception of zoonotic disease transmission

The dog can carry bad diseases, and it lives with us. It worries me. Nobody can really help us. Two years ago we started vaccinating the pigs.
[But] the pigs too, in this climate, living out on the land with the sun and the wind, they can transmit diseases. (INT 13)

I would worry about [my children getting sick] if my animals were sick. But my animals are healthy and therefore I don’t worry. (INT 2)
I don’t know the diseases, but I do worry about [my children getting sick from animals]. The dogs, especially, they carry diseases in their fur.

(INT 18)
Diseases, I don’t think so because the main feed that we give the dog is balanceado. Also we try to take care of [the other animals]. And also

because we don’t have a cat anymore, and they say the cat can make the baby sick. (INT 4)

Hygiene practices

I don’t let [my children] touch the animals, and they always wash their hands. When their clothes get dirty I make them change. (INT 11)
I make sure they wash their hands before eating and after using the bathroom and all of that. And that they don’t have any contact with the

animals’ mouths. (INT 2)
Only hand washing and healthy eating. My son never ever has been sick with diarrhea. (INT 7)
[I wash] their hands. The youngest has been sick with diarrhea. It was because she put her dirty hands in her mouth. (INT 16)
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of animals, noting that “too much medicine, if the animals are
well medicated, [can] pass on to the people and make them
sick” (INT 14).
Knowledge and perceptions of large-scale commercial

farms. All respondents were aware of large-scale farming
operations in the community (defined in the interview guide
as farms raising more than 1,000 animals), some of which
belonged to or employed close friends or family members.
The commercial farms mentioned included one pig farm, one
turkey farm, and several large chicken-producing operations.
The perceptions of these farms varied; many respondents
cited both positive and negative impacts on their community:

On one hand they are good because they provide
jobs. But for the health, no, because if you live near the
sheds the smell is very strong, you can’t have a house in
front [of one of those farms]. (INT 13)

Respondents were most likely to recognize the employ-
ment opportunities provided by these farms, and they also
pointed to the importance of these farms as a source of food
security because they provide ready access to meat if they
are unable to raise animals for their own consumption. The
most common perceived health risk associated with nearby
commercial farms was the impact of their strong odors (asso-
ciated with the use of animal waste as a fertilizer) on animal
and child health. Many respondents considered the odor to
be both a nuisance and a health risk:

Sometimes the smell bothers us, the smell from the
fertilizer is very strong, very strong. . . .and it makes my
kids sick. They are almost always sick with a cold. The
colds are because of the strong smell. (INT 15)

There was a widespread perception of antibiotic use in
large-scale farms for the purpose of raising animals to gain
weight quickly. When asked about the use of antibiotics in
these settings and whether it had an impact on the health of
the community, few respondents felt strongly one way or
another and generally alluded to the unfavorable taste or smell
of the meat produced by large-scale producers as the only neg-
ative effect of antibiotic use in these settings. No respondents
mentioned specific health risks for themselves or their children
related to the use of antibiotics in the large-scale farms in the
context of antimicrobial drug resistance, although many shared
the perception that eating animals that had been raised with
too many antibiotics could be harmful to health.
Knowledge and perception of zoonotic disease transmission.

Virtually all respondents were aware that animals could
transmit diseases to themselves or members of their families.
They differed, however, in the extent to which they consid-
ered this to be a risk in their own households (see Table 2
for a sample of participant responses related to this theme).
Many stated that they had little or no concern in this regard
because it had never happened. Some such respondents
suggested this is because children under 5 years of age do
not interact with livestock, and therefore, disease transmis-
sion is unlikely. In contrast, some participants reported sig-
nificant concern and provided examples of instances in
which their children had been sick, possibly from a zoonotic
source. As presented in Table 2, many who expressed con-
cern felt that dogs and cats were the most likely sources of

disease because they more frequently interact with children
during play. No respondents considered the use of antibiotics
for their personal livestock to be a potential risk factor for
the health of their families or neighbors.
Hygiene practices. Whether perceived as a significant risk

or not, most respondents appeared to be aware of the risks
associated with contact with animals and took measures to
mitigate these risks. Respondents rarely allowed any animals,
including dogs and cats, inside their homes during mealtimes
and very few reported allowing any animals (normally dogs
and cats) in bedrooms while family members were sleeping.
As a precaution, some also did not allow their children near
their livestock, and very few reported that children routinely
assist with tasks that involve interaction with livestock or their
living spaces. All respondents pointed to hygiene, particularly
handwashing before eating, as the primary strategy for pre-
venting their children from getting sick. Other prevention
measures included boiling water and routine house cleaning.

DISCUSSION

Small-scale livestock production is an important source of
income and nutrients for many households in LMICs, includ-
ing Ecuador. For this reason, promoting small-scale livestock
and poultry production has been the focus of many development
and antipoverty programs and will probably remain important.46

This study examined common livestock-raising practices, includ-
ing animal health care and use of antibiotics, in a rural parish
near Quito, Ecuador, where more than three-quarters of house-
holds raise livestock, fowl, and domestic animals.
Like other research conducted in LMICs, this study found

small-scale livestock production to be an important source of
income and food security for the families in the commu-
nity.47–49 This finding poses interesting comparisons with
recent studies of backyard poultry ownership in high-income
countries (HIC), where urban backyard chicken ownership is
a growing practice.50,51 In HICs, backyard egg production
does not play a significant role in family income or nutrition
as poultry owners more often view their chickens as pets or
a hobby activity.52

Migration related to the construction of the new Quito air-
port caused many households to downsize their backyard
farming operations due to limited space, scarce resources,
and the high cost of animal feed. Rural–urban migration in
other countries could have similar effects on livestock keepers,
especially with regard to raising fewer animals and smaller
animal species because of limited space and resources.
Although the direct human health impact of these changes in
Yaruquí is beyond the scope of this study, extant literature
highlights the potential role of rural–urban migration and
land-use changes in the transmission of disease-causing patho-
gens.7 In light of this recent migration and resulting change in
livestock-raising practices, it is possible that our findings may
not be generalizable to other similarly sized, rural communi-
ties near Quito or in neighboring countries in South America.
For example, given our finding that veterinarian-prescribed
medical treatment was a more common treatment approach
for large animals, the reported decrease in the number of
large livestock raised in this community may result in fewer
veterinarian consultations and more homeopathic treatments
than would be expected elsewhere.
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Among the households included in this study, the use of
store-bought animal feed was widespread for the purpose of
speeding growth and preventing disease. Animal caretakers
were often unaware of whether the commercially manufactured
feed they used contained antibiotics. These findings are simi-
lar to those found in animal caretakers in rural Bangladesh,
where medicated feeds were used, but where users lacked
knowledge about their ingredients.35 Given the widespread
use of commercial feed in this community, the introduction of
nonantimicrobial growth-promoting feed mixtures at a reason-
able price, such as those containing enzymes, probiotics, and
other nutrients, may be a promising strategy to limit the over-
all use of antimicrobials in animal husbandry. These alterna-
tive feeds, which may offer comparable growth-promoting
benefits to antimicrobials and improve overall animal health,
could allow households to substitute away from antimicrobials
for growth promotion as well as contribute to a reduction in
the use of antimicrobials for treatment purposes.6,53

Consistent with household livestock production practices
found in other studies, animal caretakers in Yaruquí used
home remedies to treat sick animals, but also consulted
with veterinarians or government officials in some cases.35,54

Some home remedies included administering human medi-
cations to treat animals suffering from common human ill-
nesses such as diarrhea and congestion, a finding that is
consistent with animal health-care practices in Bangladesh.35

Importantly, this study found that some remedies consisted
of purchasing antimicrobials at nearby agriculture supply
stores for at-home administration. Ecuador’s lax restrictions
regarding the purchase of antimicrobials over the counter in
local animal feed shops, as well as the presence of these
stores in the periphery of Otón de Velez, may have implica-
tions for higher rates of unregulated use of antimicrobials in
this community and in similar communities in Ecuador. On
the other hand, the use of vaccinations, vitamins, and other
preventive measures was rare. Additionally, no respondent
emphasized the importance of keeping animal-living environ-
ments sanitary as a strategy for keeping animals healthy.
Both preventive treatment (such as vaccines) and efforts to
improve animal sanitation have been proposed as promising
interventions to curb the overuse of antimicrobial drugs in
developing countries.7,29

Participants in this study were familiar with large-scale
poultry or pig farms in their community and expressed both
positive and negative perceptions toward these commercial
operations. The vast majority of respondents commented on
the strong odor from the use of fertilizer as the principal
negative aspect of these farms. Positive aspects included
employment opportunities and easy access to poultry. Most
respondents believed these farms use medicated feeds with
their animals to produce animals at this scale. In particular,
respondents believed that the large-scale farms used antimi-
crobials and suggested that consumption of meat from these
farms could be less healthy or even dangerous for health.
Importantly, no respondents expressed concerns about human
health beyond the consumption of meat of animals treated
with antimicrobials. Existing research has documented that
farming operations are often associated with the dispersion of
antimicrobial-resistant pathogens into the environment and
watershed via animal waste, houseflies, and farm runoff.42

Given these additional routes of potential dissemination, more
efforts to raise the public’s awareness of the environmental

risk factors associated with the use of antimicrobials in large-
scale animal husbandry may be needed.
The present study found widespread awareness of the pos-

sibility of disease transmission between animals and humans,
albeit this knowledge appeared to be limited with regard to
potential risk factors for transmission. Moreover, there was
substantial variation in the extent to which households consid-
ered transmission to be a risk in their own home, with many
respondents reporting little or no concern. Although compari-
sons across studies should be cautioned due to methodological
differences, findings from a household survey of livestock-
raising practices in rural Cambodia suggest a similar incon-
gruity between knowledge and perceived risk: while two-thirds
of households in the study were aware of zoonoses, only 6%
of respondents considered disease transmission between live-
stock and humans to be likely.55 Interestingly, despite evidence
indicating increased risk of Salmonella infection from contact
with backyard poultry, a study of backyard poultry owners in
Los Angeles, CA, indicated that only one half of owners
believed that poultry in urban areas could lead to more illness
in humans.56,57 Past zoonotic disease outbreaks in Yaruquí or
educational campaigns in the area may have contributed to
the relatively high level of awareness of zoonotic disease
transmission observed in our study.
Good hygiene (specifically, handwashing before eating or

preparing food) was the most common practice study partici-
pants used to mitigate the risk of their children getting sick
through contact with animals. In contrast, under half of
urban poultry holders in the United States, reported hand-
washing after handling birds. Furthermore, in the United
States, nearly all urban poultry holders did not report utiliz-
ing any biosecurity measures on the farm to prevent patho-
gen transmission.52

Our study has several limitations. Despite our efforts to
maximize consistency and quality in our analysis by way of
three stages of coding and recurring discussions with the data
collection team, our analysis process is limited and potentially
biased by having only one researcher perform the initial cod-
ing process. Additionally, many respondents were unfamiliar
with the term “antibiotics” (referred to as antibióticos in the
interview guide) or confused antibiotic drugs with vitamins,
vaccines, and other medications. Consequently, it is difficult to
draw strong conclusions regarding the prevalence of antimi-
crobial use to treat sick animals in the community. The lack of
familiarity with the term and the risks associated with antibi-
otic misuse, however, is revealing and points to a potential
need for improved access to training and information for ani-
mal caretakers. This finding corroborates existing literature
highlighting antimicrobial-user factors (e.g., noncompliance,
misinformation, overmedication) and antimicrobial-provider
factors (e.g., extensive advertising, financial interests) as pri-
mary risk factors responsible for antimicrobial resistance in
developing countries.30

This exploratory study examined animal husbandry prac-
tices among small-scale livestock and poultry producers in a
rural community where, due to recent migration and land-use
changes, the animal agriculture community has experienced
significant changes in size and scope of livestock-raising oper-
ations. These recent changes, along with the presence of sev-
eral large-scale commercial farms and lax restrictions regarding
the purchase of antimicrobials for animal treatment, makes
this community a unique location for studying the confluence
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of risk factors that may contribute to the spread of zoonotic
pathogens. Our semistructured interviews with animal owners
in this community revealed widespread awareness of zoonotic
disease risk due to contaminated food or direct contact with
animals. The qualitative data suggest that a wide variety of
approaches are being used to treat sick animals, some of
which include the use of over-the-counter antimicrobial drugs.
Future research aimed at gaining a better understanding of
the specific medications used and from where treatment
advice is obtained would contribute significantly to our under-
standing of how antimicrobial usage in animal husbandry may
lead to antimicrobial drug-resistant pathogens.

Received June 15, 2016. Accepted for publication September 1, 2016.

Published online October 10, 2016.

Acknowledgments: We would like to thank the Yaruquí community
and Valeria Garzón for her valuable contributions throughout the
entirety of this project. We also wish to thank Andrés Alvear of
Universidad San Francisco de Quito for his research assistance and
contributions to this study.

Financial support: Christopher Lowenstein, William F. Waters, Amira
Roess and Jessica H. Leibler received no outside financial support for
their work on this study. The efforts of Jay P. Graham were funded by
HHS National Institutes of Health (NIH) (K01 TW 009484).

Authors’ addresses: Christopher Lowenstein, University of California,
Berkeley School of Public Health, Berkeley, CA, E-mail: chris
.lowenstein@berkeley.edu. William F. Waters, Institute for Research
in Health and Nutrition, Universidad San Francisco de Quito, Quito,
Ecuador, E-mail: wwaters@usfq.edu.ec. Amira Roess, Department of
Global Health, School of Public Health and Health Services, The
George Washington University, Washington, DC, E-mail: aroess@
gwu.edu. Jessica H. Leibler, Department of Environmental Health,
Boston University School of Public Health, Boston, MA, E-mail:
jleibler@bu.edu. Jay P. Graham, Public Health Institute, Oakland,
CA, E-mail: jay.graham@phi.org.

REFERENCES

1. Liu L, Oza S, Hogan D, Perin J, Rudan I, Lawn JE, Cousens S,
Mathers C, Black RE, 2015. Global, regional, and national
causes of child mortality in 2000–13, with projections to inform
post-2015 priorities: an updated systematic analysis. Lancet 385:
430–440.

2. Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE,
Rudan I, Campbell H, Cibulskis R, Li M, Mathers C, 2012.
Global, regional, and national causes of child mortality: an
updated systematic analysis for 2010 with time trends since
2000. Lancet 379: 2151–2161.

3. Lee G, Pan W, Yori PP, Olortegui MP, Tilley D, Gregory M,
Oberhelman R, Burga R, Chavez CB, Kosek M, 2013. Symp-
tomatic and asymptomatic Campylobacter infections associated
with reduced growth in Peruvian children. PLoS Negl Trop Dis
7: e2036.

4. Ngure FM, Humphrey JH, Mbuya MN, Majo F, Mutasa K,
Govha M, Mazarura E, Chasekwa B, Prendergast AJ, Curtis
V, Boor KJ, 2013. Formative research on hygiene behaviors
and geophagy among infants and young children and implica-
tions of exposure to fecal bacteria. Am J Trop Med Hyg 89:
709–716.

5. Shivoga WA, Moturi WN, 2009. Geophagia as a risk factor for
diarrhoea. J Infect Dev Ctries 3: 94–98.

6. Grace D, Mutua F, Ochungo P, Kruska R, Jones K, Brierley
L, Lapar L, Said M, Herrero M, Phuc PM, Thao NB, 2012.
Mapping of Poverty and Likely Zoonoses Hotspots. Zoonoses
Project 4. Report to Department for International Development,
UK. Nairobi, Kenya: International Livestock Research Institute.

7. Goodwin R, Schley D, Lai KM, Ceddia GM, Barnett J, Cook N,
2012. Interdisciplinary approaches to zoonotic disease. Infect
Dis Rep 4: e37.

8. Montovani A, 2000. Veterinary urban hygiene in developing
countries. Urban Agriculture Magazine 1: 32–33.

9. Pica-Ciamarra U, Tasciotti L, Otte J, Zezza A, 2011. Livestock
Assets, Livestock Income and Rural Households: Cross-Country
Evidence from Household Surveys. Food and Agriculture
Organization of the United Nations. ESA Working Paper
No. 11–17. Available at: http://www.fao.org/docrep/014/am724e/
am724e00.pdf. Accessed August 11, 2015.

10. National Statistical Service (Peru), Ministry of Health (Peru),
ICF International, 2016. Peru Demographic and Health Survey
2008 (Dataset). Calverton, MD: National Statistical Service,
Ministry of Health, ICF International.

11. Food and Agriculture Organization (FAO), 2011. The Place of
Urban and Peri-Urban Agriculture (UPA) in National Food
Security Programs. Available at: http://www.fao.org/docrep/014/
i2177e/i2177e00.pdf. Accessed August 11, 2015.

12. Slingenbergh J, Gilbert M, Balogh KD, Wint W, 2014. Ecological
sources of zoonotic diseases. Rev Sci Tech 23: 467–484.

13. Zambrano LD, Levy K, Menezes NP, Freeman MC, 2014.
Human diarrhea infections associated with domestic animal
husbandry: a systematic review and meta-analysis. Trans R
Soc Trop Med Hyg 108: 313–325.

14. Hermans D, Pasmans F, Messens W, Martel A, Van Immerseel
F, Rasschaert G, Heyndrickx M, Van Deun K, Haesebrouck
F, 2012. Poultry as a host for the zoonotic pathogen Campylo-
bacter jejuni. Vector Borne Zoonotic Dis 12: 89–98.

15. Oberhelman RA, Gilman RH, Sheen P, Cordova J, Taylor DN,
Zimic M, Meza R, Perez J, LeBron C, Cabrera L, Rodgers FG,
2003. Campylobacter transmission in a Peruvian shantytown: a
longitudinal study using strain typing of Campylobacter isolates
from chickens and humans in household clusters. J Infect Dis
187: 260–269.

16. Singh R, Yadav AS, Tripathi V, Singh RP, 2013. Antimicrobial
resistance profile of Salmonella present in poultry and poultry
environment in north India. Food Contr 33: 545–548.

17. Al-Ghamdi MS, El-Morsy F, Al-Mustafa ZH, Al-Ramadhan M,
Hanif M, 1999. Antibiotic resistance of Escherichia coli isolated
from poultry workers, patients and chicken in the eastern prov-
ince of Saudi Arabia. Trop Med Int Health 4: 278–283.

18. Belongia EA, Chyou PH, Greenlee RT, Perez-Perez G, Bibb WF,
DeVries EO, 2003. Diarrhea incidence and farm-related risk
factors for Escherichia coli O157: H7 and Campylobacter jejuni
antibodies among rural children. J Infect Dis 187: 1460–1468.

19. Locking ME, O’Brien SJ, Reilly WJ, Wright EM, Campbell DM,
Coia JE, Browning LM, Ramsay CN, 2001. Risk factors for
sporadic cases of Escherichia coli O157 infection: the impor-
tance of contact with animal excreta. Epidemiol Infect 127:
215–220.

20. Mosites EM, Rabinowitz PM, Thumbi SM, Montgomery JM,
Palmer GH, May S, Rowhani-Rahbar A, Neuhouser ML,
Walson JL, 2015. The relationship between livestock ownership
and child stunting in three countries in eastern Africa using
national survey data. PLoS One 10: e0136686.

21. Okeke IN, Laxminarayan R, Bhutta ZA, Duse AG, Jenkins P,
O’Brien TF, Pablos-Mendez A, Klugman KP, 2005. Anti-
microbial resistance in developing countries. Part I: recent
trends and current status. Lancet Infect Dis 5: 481–493.

22. Nugent R, Back E, Beith A, 2010. The Race Against Drug Resis-
tance: A Report of the Center for Global Development’s Drug
Resistance Working Group. Center for Global Development.
Available at: http://www.cgdev.org/publication/race-against-drug-
resistance. Accessed May 6, 2016.

23. Landers TF, Cohen B, Wittum TE, Larson EL, 2012. A review of
antibiotic use in food animals: perspective, policy and potential.
Public Health Rep 127: 4–22.

24. World Health Organization, 2012. The Evolving Threat of Anti-
microbial Resistance: Options for Action. Geneva, Switzerland:
World Health Organization. Available at: http://www.who
.int/patientsafety/implementation/amr/publication/en/. Accessed
May 6, 2016.

25. Gilchrist MJ, Greko C, Wallinga DB, Beran GW, Riley DG,
Thorne PS, 2007. The potential role of concentrated animal
feeding operations in infectious disease epidemics and antibiotic
resistance. Environ Health Perspect 115: 313–316.

26. Marshall BM, Levy SB, 2011. Food animals and antimicrobials:
impacts on human health. Clin Microbiol Rev 24: 718–733.

1457ANIMAL HUSBANDRYAND ZOONOTIC DISEASE RISK IN ECUADOR



27. Wegener HC, 2003. Antibiotics in animal feed and their role in
resistance development. Curr Opin Microbiol 6: 439–445.

28. Allen HK, 2014. Antibiotic resistance gene discovery in food-
producing animals. Curr Opin Microbiol 19: 25–29.

29. O’Neill J, 2014. Antimicrobial Resistance: Tackling a Crisis for
the Health and Wealth of Nations. The Review on Antimicro-
bial Resistance. London, United Kingdom.

30. Byarugaba DK, 2014. Antimicrobial resistance in developing
countries and responsible risk factors. Int J Antimicrob Agents
24: 105–110.

31. Okeke IN, Klugman KP, Bhutta ZA, Duse AG, Jenkins P,
O’Brien TF, Pablos-Mendez A, Laxminarayan R, 2005. Anti-
microbial resistance in developing countries. Part II: strategies
for containment. Lancet Infect Dis 5: 568–580.

32. Planta MB, 2007. The role of poverty in antimicrobial resistance.
J Am Board Fam Med 20: 533–539.

33. Instituto Nacional de Estadistica y Censos, 2010. Results from
the 2010 Census. Available at: http://www.ecuadorencifras.gob
.ec/resultados/. Accessed August 25, 2015.

34. Vasco K, Graham J, Trueba G, 2016. Detection of zoonotic
enteropathogens in children and domestic animals in a semi-rural
community in Ecuador. Appl Environ Microbiol 82: 4218–4224.

35. Roess AA, Winch PJ, Ali NA, Akhter A, Afroz D, El Arifeen
S, Darmstadt GL, Baqui AH, Bangladesh PROJAHNMO
Study Group, 2013. Animal husbandry practices in rural
Bangladesh: potential risk factors for antimicrobial drug resis-
tance and emerging diseases. Am J Trop Med Hyg 89: 965–970.

36. Somphou P, Takano T, Nakamura K, 2008. Cohabitation with farm
animals in urban households with and without occupational
farm work: associations between participation in educational
activities and good hygiene practices in at-risk households
cohabitating with farm animals. Environ Health Prev Med 13:
322–331.

37. Harvey SA, Winch PJ, Leontsini E, Gayoso CT, Romero SL,
Gilman RH, Oberhelman RA, 2003. Domestic poultry-
raising practices in a Peruvian shantytown: implications for
control of Campylobacter jejuni-associated diarrhea. Acta Trop
86: 41–54.

38. Pell AN, 1997. Manure and microbes: public and animal health
problem? J Dairy Sci 80: 2673–2681.

39. Curtis V, Schmidt W, Luby S, Florez R, Touré O, Biran A, 2011.
Hygiene: new hopes, new horizons.Lancet Infect Dis 11: 312–321.

40. Weiss RA, McMichael AJ, 2004. Social and environmental risk fac-
tors in the emergence of infectious diseases.Nat Med 20: s70–s76.

41. Liverani M, Waage J, Barnett T, Pfeiffer DU, Rushton J, Rudge
JW, Loevinsohn ME, Scoones I, Smith RD, Cooper BS, White
LJ, Goh S, Horby P, Wren B, Gundogdu O, Woods A, Coker
RJ, 2013. Understanding and managing zoonotic risk in the
new livestock industries. Environ Health Perspect 121: 873–877.

42. Graham JP, Price LB, Evans SL, Graczyk TK, Silbergeld EK,
2009. Antibiotic resistant enterococci and staphylococci isolated
from flies collected near confined poultry feeding operations.
Sci Total Environ 407: 2701–2710.

43. Charmaz K, 2006. Constructing Grounded Theory: A Practical
Guide through Qualitative Analysis. London, United Kingdom:
SAGE Publications, Inc.

44. Isaacs AN, 2014. An overview of qualitative research methodol-
ogy for public health researchers. Int J Med Public Health
4: 318–323.

45. NVivo qualitative data analysis Software; QSR International Pty
Ltd. Version 10, 2014. Melbourne, Australia.

46. Bhandari DP, Wollen TS, 2008. Community-based animal health
care. Ann N Y Acad Sci 1149: 9–11.

47. Zezza A, Tasciotti L, 2010. Urban agriculture, poverty, and food
security: empirical evidence from a sample of developing coun-
tries. Food Policy 35: 265–273.

48. Randolph TF, Schelling E, Grace D, Nicholson CF, Leroy JL,
Cole DC, Demment MW, Omore A, Zinsstag J, Ruel M,
2007. Role of livestock in human nutrition and health for poverty
reduction in developing countries. J Anim Sci 85: 2788–2800.

49. Herrero M, Grace D, Njuki J, Johnson N, Enahoro D, Silvestri
S, Rufino MC, 2013. The roles of livestock in developing
countries. Animal 7: 3–18.

50. LaBadie K, 2008. Residential Urban Chicken Keeping: An Exam-
ination of 25 Cities. University of New Mexico. Available at:
http://laurens-ia.com.207-32-48-158.beta.ncn.net/sites/default/files/
Residential%20Urban%20Chicken%20Keeping.pdf. Accessed
September 20, 2015.

51. U.S. Department of Agriculture (USDA), 2013. Urban Chicken
Ownership in Four U.S. Cities. United States Department of
Agriculture, Animal and Plant Health Inspection Services,
Veterinary Services, National Animal Health Monitoring Sys-
tem. Available at: http://laurens-ia.com.207-32-48-158.beta.ncn
.net/sites/default/files/Residential%20Urban%20Chicken%
20Keeping.pdf. Accessed September 20, 2015.

52. U.S. Department of Agriculture (USDA), 2005. Poultry ’04. Part 1:
Reference of Health and Management of Backyard/Small Produc-
tion Flocks in the United States, 2004. United States Department
of Agriculture, Animal and Plant Health Inspection Services.
August Report No: N432.0805. Available at: https://www.aphis
.usda.gov/animal_health/nahms/poultry/downloads/poultry04/
Poultry04_dr_PartI.pdf. Accessed September 20, 2015.

53. McEwen SA, Fedorka-Cray PJ, 2002. Antimicrobial use and
resistance in animals. Clin Infect Dis 34 (Suppl 3): 93–106.

54. Kagira JM, Kanyari PW, 2010. Questionnaire survey on urban
and peri-urban livestock farming practices and disease con-
trol in Kisumu municipality, Kenya. J S Afr Vet Assoc 81:
82–86.

55. Osbjer K, Boqvist S, Sokerya S, Kannarath C, San S, Davun H,
Magnusson U, 2015. Household practices related to disease
transmission between animals and humans in rural Cambodia.
BMC Public Health 15: 1.

56. Behravesh CB, Brinson D, Hopkins BA, Gomez TM, 2014.
Backyard poultry flocks and salmonellosis: a recurring, yet
preventable public health challenge. Clin Infect Dis Off Publ
Infect Dis Soc Am 58: 1432–1438.

57. U.S. Department of Agriculture (USDA), 2011. Poultry 2010.
United States Department of Agriculture, Animal and Plant
Health Inspection Services, Veterinary Services, National Animal
Health Monitoring System. Available at: https://www.aphis.usda
.gov/animal_health/nahms/poultry/downloads/poultry10/Poultry10_
dr_Urban_Chicken_LA.pdf. Accessed September 20, 2015.

1458 LOWENSTEIN AND OTHERS




