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Simple summary: The central zone of Chile concentrates an important number of backyard produc-
tion systems, where poultry species are the most commonly present, followed by swine. There is
important evidence in the literature indicating that zoonotic pathogens are circulating in backyard
poultry and swine, consequently, backyards correspond to a relevant animal-human interface that
requires to be studied. Previous studies have characterized poultry backyards in Chile, however
swine backyards have not yet been characterized. Therefore, the objectives of this study were to
characterize swine backyard production systems in the central zone of Chile, and to describe the
value chain of the swine backyard production. We found that backyard production is carried out in
a context of low implementation of biosecurity measures and in the majority of backyards there is
no animal health management in place, thus, the sanitary status of pigs is usually unknown. Besides,
a significant flow of entry and exit of animals and animal products to other backyards was identi-
fied. These results suggest that swine backyards have characteristics that may play an important
role in the risk of introduction and dissemination of animal pathogens or the emergence of zoonotic
diseases and therefore require special attention.

Abstract: Backyard production systems (BPS) are highly distributed in central Chile. Poultry BPS
have been previously characterized; however, swine BPS have not yet been deeply characterized in
central Chile. In addition, there is evidence that zoonotic pathogens, such as influenza A virus and
Salmonella spp., are circulating in both poultry and pigs kept these production systems. A total of
358 BPS located in central Chile were evaluated between 2013 and 2015 by interviewing farm own-
ers. Severe deficiencies in biosecurity measures were observed. The value chain of swine backyard
production identified feeding, products and veterinary visits, and replacement or breeding animals
as the main inputs to the backyard. The most common origin of swine replacements was from out-
side the BPS (63%). Meat and live animals (piglets and breeding animals) were identified as the main
outputs of the system. In 16% of BPS, breeding animals were lent to other BPS, indicating the exist-
ence of animal and animal products movement in and out of backyard farms. Results from this
study suggest that swine BPS in central Chile represent an animal-human interphase that need spe-
cial attention to direct preventive measures aimed at avoiding the introduction and dissemination
of animal pathogens and the emergence of zoonotic pathogens.
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1. Introduction

Backyard production systems (BPS) represent the most common form of animal pro-
duction worldwide [1]. Approximately 13% of world population is linked to small-scale
family production systems, which contribute to household economy and the supply of
basic food in rural areas [2]. In Chile, 92% of agricultural farms correspond to small-scale
family settings [3]. However, the great volume of Chilean agricultural production is con-
centrated in the industrial sector. Industrial and backyard production coexist in the central
zone of Chile, which includes Metropolitan, Libertador General Bernardo O'Higgins (LGB
O'Higgins) and Valparaiso regions. This area concentrates more than 80% of the total pigs
in the country and 2,282 swine BPS are located in this same area [4]. The Chilean pork
production is concentrated at the industrial sector through highly integrated large-scale
commercial farms that implement high standards of biosecurity. On the contrary, BPS are
small-scale family farms where different animal species are bred, being poultry species
the most commonly present, followed by swine, and with practically absent implementa-
tion of biosecurity measures [5, 6]. Backyard production contributes to family economy
and food access. Regarding poultry, studies performed in central Chile described that 62%
of poultry backyard farmers obtain a positive balance from production and poultry prod-
ucts are mainly intended for household consumption and traded in some cases. Besides,
household poultry consumption increases as BPS distance to markets also increases and
is greater for low-income families compared to families of higher per capita income [7].

Although biosecurity measures implemented in swine BPS have not yet been deeply
characterized, deficiencies in these practices have been well documented in poultry BPS
in the literature. The most common deficiencies described are the incorrect handling of
mortalities, no veterinary treatment of sick animals, the absence of disinfection procedures
at the entrance of people, vehicles, or materials, among others. In addition, backyard ani-
mals may contact directly with wild birds and neighboring backyard animals [5-8]. There-
fore, people, domestic and wild animals come into contact in BPS, which could favor the
entry of animal pathogens into the backyard or the emergence of zoonotic diseases, with
a potential negative impact on both animal and public health [5, 9-11]. In this context,
swine constitute a key specie in the epidemiology of zoonotic infections of influenza A
virus (IAV) because they are susceptible to both IAV of avian and mammalian origin [12,
13]. Recent studies have shown that IAV is circulating in poultry and swine kept in BPS
from central Chile with reported prevalence at the farm level ranging among seasons from
27% to 45%, detecting both poultry and swine positives by RT-qPCR [6, 8, 14]. In addition,
an IAV (HIN2) was isolated from a pig kept in a BPS located in Valparaiso region that
was shown to be a reassortment of human (HA and NA glycoprotein genes) and swine
(internal genes) virus genes, representing a potential risk for people in contact with ani-
mals kept in these production systems and for public health in general [15]. Nevertheless,
despite the antecedents that highlight the potential role of swine BPS as point of emer-
gence of zoonotic diseases, these production systems have not yet been deeply character-
ized in Chile. Consequently, the objectives of this paper are: i) to characterize swine BPS
in the central zone of Chile in terms of structure, animal management and implemented
biosecurity measures, and ii) to describe the value chain of production.

2. Materials y Methods
2.1. Study area and study design

The target population included BPS breeding swine located in the central zone of
Chile, including Metropolitan, LGB O'Higgins and Valparaiso regions (Figure 1). This
area of Chile has the highest population of swine and poultry in both industrial and back-
yard farm settings [4]. A total of 358 BPS were included in the present study. Of these, 71
BPS were selected through a stratified and proportional sampling that covered all the
provinces of the three regions of central Chile, previously described by Bravo-Vasquez
and colaborators [8]. The remaining 287 BPS come from a study that aimed to evaluate the
risk of introduction of Porcine Reproductive and Respiratory Syndrome (PRRS) virus,
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which included all swine BPS in a highly concentrated industrial production area of 100
km? located in Metropolitan and LGB O'Higgins regions.
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Figure 1. Study area in the central zone of Chile including Metropolitana, Libertador General Ber-
nardo O'Higgins (LGB O'Higgins) and Valparaiso regions.

2.2. Farm data colection

Farm data was collected using a face-to-face semi-structured interview administered
to swine backyard farmers by Veterinarians from the Faculty of Veterinary and Livestock
Science of the University of Chile between 2013 and 2015. The duration of the question-
naire was approximately 20 minutes and consisted of open and close questions about BPS
structure, handling of the animals, animal movements in and out of the BPS, implemented
biosecurity measures, and type and destination of animal products, among others (Table
1). Questionnaire variables considered for the characterization of biosecurity measures
implemented in BPS were: 1) presence of functional fences, 2) presence of footbaths, 3)
farmers handwashing before and after handling animal, 4) presence of poultry or swine
in neighboring BPS, 5) proximity to commercial poultry or swine farms, and 6) presence
of a water body inside the BPS.

2.3. Data analysis

The variables collected through the interwiew were presented using descriptive sta-
tistics. The comparison of BPS size between different categories was evaluated using non-
parametric tests (Kruskal Wallis), according to the distribution of the response variable.
Comparison of proportions of categorical variables were made using Chi-square test. Sta-
tistical tests were performed using InfoStat statistical software and the statistical signifi-
cance was set at <0.05.

Questionnaire performed to a total of 71 BPS included variables related to type, origin
and destination of inputs and outputs of swine production and were used to build a con-
ceptual framework in order to describe the value chain of swine backyard production.
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3. Results
3.1. Characterization of swine BPS: structure, animal handling and biosecurity measures

A total of 358 swine backyard farmers from Metropolitan (n = 269), LGB O'Higgins
(n=75) and Valparaiso (n = 14) regions were interviewed. The median BPS size was 4 pigs
(minimum = 1; maximum = 80), being greater for Metropolitan (median = 4), compared to
LGB O'Higgins and Valparaiso regions, whose medians were 3 and 1.5 pigs per BPS, re-
spectively (P = 0.001; Figure 2). Most of the BPS farmers reported household consumption
of pig products as the main objective of breeding swine or a mixed objective of household
consumption and sale (45% and 46%, respectively), while only 9% of backyard farmers
reported that the objective of pig production was exclusively the sale of the products, be-
ing these proportions significatively different (P <0.001). Years of swine rearing was equal
or greater than two years for 61% of BPS, while 39% of BPS owners reported to have
started raising pigs in the last two years. Men were in charge of pigs in 57% of the BPS,
followed by the family (22%) and women (21%). The differences found in the proportions
of different confinement management were significant (P < 0.001), where the most preva-
lent type of confinement was permanent (76%), followed by mixed confinement keeping
pigs free for at least part of the day (20%) and free-range (4%). The entry and exit of pigs
to the farm was commonly reported, 16% of backyard farmers reported lending breeding
animals to other farms, being a very common practice to lent breeding animals to various
neighboring backyards. Besides this, the most common origin of swine replacements was
from outside the BPS (63%), among which the most common strategy was to acquire ani-
mals from neighbors (Table 1).

Regarding animal health management, almost 80% of BPS owners reported not re-
ceiving veterinary care. Farmers declared to perform veterinary treatments to pigs in 55%
of BPS, however, less than half of these BPS reported to call a veterinarian when pigs
showed clinical signs of disease. Incorrect handling of pig mortalities (any method other
than burial or burning, i.e., dispose off the farm or throw to garbage) was reported by 28%
of BPS (Table 1).

In general, the implementation of biosecurity measures was very limited. In almost
no BPS footbaths were present at the entrance to the pens and no hand washing was per-
formed prior to handling the animals. Functional fences were present in 79% of BPS. Hand
washing after handling the animals was reported in 70% of BPS (Figure 3).
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Figure 2. Box plot for swine backyard production system (BPS) size (total number of pigs per BPS)
for Libertador General Bernardo O'Higgins (LGB O’Higgins), Metropolitan and Valparaiso regions
in the central zone of Chile.
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Table 1. Questionnaire variables used for the characterization of swine backyard production sys-
tems in the central zone of Chile.

Variable Categories Number Percentage
Main objective of Household consumption 157 45%
swine breeding Sale 31 9%
Household consumption and sale 163 46%
Total 351
Years of swine Less than 2 years 133 39%
rearing Between 2 and 10 years 98 28%
More than 10 years 113 33%
Total 344
Confinement Free range 15 4%
Mixed 69 20%
Permanent 268 76%
Total 352
Swine management Woman in charge 74 21%
Man in charge 200 57%
Family in charge 75 22%
Total 349
Veterinary care No veterinary care 272 78%
Veterinary care at least once a year 76 22%
Total 348
Feeding Grains 58 17%
Swine feed 15 5%
Scavenging and household scrap 21 6%
Mixed 241 72%
Total 335
Water Potable sources 303 87%
Environmental sources 47 13%
Total 350
Mortalities handling Bury 208 63%
Burn 28 9%
Throw to the garbage 14 4%
Throw far away 17 5%
Household consumption or sale 4 1%
Nothing 8 3%
Mixed 24 7%
No mortalities reported 25 8%
Total 328
Movement of swine Yes 39 16%
in or out the BPS No 202 84%
Total 241
Replacement Own offspring 123 37%
Neighbors 146 43%
Own offspring and neighbors 32 10%
Markets or other 21 6%
Mixed 15 4%
Total 337
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Figure 3. Characterization of biosecurity measures implemented in swine backyard production sys-
tems in the central zone of Chile.

3.2. Description of swine BPS value chain in central Chile

Inputs of swine backyard production included feed, veterinary visits, veterinary
products (antibiotics, antiparasitic, vitamins, and others), animal replacements (own re-
placements, from other BPS, fairs, commercial farms, or intermediaries) and breeding an-
imals (own or from other BPS). Regarding outputs, the main products obtained from
swine production were live animals (piglets and breeding animals) and meat. Meat was
the most valuable product for 55% of swine backyard farmers. Besides, wastes (dead ani-
mals and others) were considered as a production output. The main buyers of meat and
piglets were relatives, neighbors, tourists, local markets, fairs, and intermediaries. Piglets
were also used as animal replacements in the same BPS and as gifts to family, neighbors,
and friends. Breeding animals were destined for the same BPS or lent to other BPS for
reproductive purposes. In the majority of BPS, dead animals were handled correctly (i.e.,
burning or burial). However, in some BPS, it was reported that dead animals were sold or
consumed by household members or thrown away from the BPS (Figure 4).
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Figure 4. Conceptual framework of type, origin and destination of inputs and outputs of swine
backyard production systems of the central zone of Chile.

4. Discussion

In the present study, swine BPS in the central zone of Chile were characterized based
on general structure, handling of animals and biosecurity measures implemented, to-
gether with the description of the value chain of swine backyard production. Results in-
dicate that the implementation of biosecurity measures such as the presence of footbaths
and hand washing before and after handling the animals are absent in many BPS, along
with possible contact of pigs with domestic animals from neighboring backyards and the
lack of animal health management. Lack of biosecurity measures have already been
reported in backyard poultry rearing in Chile [5-8, 14], however, swine BPS has not
yet been deeply characterized. The results reported in the present study are similar to
those reported by other studies carried out in countries where backyard pig production is
widely extended due to its significant contribution to rural poverty alleviation and where
backyard and small-scale swine farmers have experienced very important economic
losses due to the introduction of African swine fever [16-18]. Costard et al (2009) described
heterogeneity regarding biosecurity practices for small swine farming systems located in
different study areas, suggesting that the heterogeneity may be due to differences in cul-
ture, climate, and training of farmers [16]. Geographic differences could also be present in
different regions of Chile, which throughout its territory includes a wide range of climatic
conditions, as well as differences in husbandry practices, therefore further studies are
needed to assess these differences.

Regarding animal confinement, different management is present depending on the
specie bred. Studies carried out in poultry BPS in Chile have reported that only about 10%
of the BPS have permanent confinement of poultry [5, 7]. On the contrary, the present
study found that permanent confinement is the most used management in swine BPS.
However, due to the type of pens found in swine backyard production (most of them are
not roofed), contact with domestic and wild animal is still important.

The value chain of production presented in this study shows that there is usually
movement of animals in and out the backyard farm, as the most common origin of animal
replacements was from outside the farm and breeding animals were lend to other farms
in 16% of BPS. Sanitary status of backyard pigs is usually unknown due to the lack of
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veterinary care and animal health management, representing a risk for the dissemination
of animal diseases. Most of backyard farmers reported that the main objective of swine
backyard production is household consumption of products. Meat is the most important
output of swine production and slaughter is carried out in the backyard without the in-
spection of meat products by veterinary doctors, which represents a risk of people expo-
sure to food borne pathogens, such as Salmonella spp. [19].

The risk of introduction and dissemination of animal pathogens in swine BPS evi-
dences the challenges of disease control in backyards [9]. In the present study the third
part of backyard farmers reported not having functional fences, indicating that backyard
swine may have contact with domestic or wild animals from outside the BPS in a context
of lack of biosecurity. This is of particular importance considering the recent confirmation
in July 2021 of outbreaks of African Swine Fever in BPS located in two geographic regions
of Dominican Republic, constituting the first report of African Swine Fever in the Ameri-
cas since 1980 [20, 21]. Due to the high risk of animal diseases dissemination in swine BPS,
backyards constitute a particular challenge in disease eradication programs, such as the
epidemiological strategy that allowed a large part of Colombian territory to be declared
free of Classical Swine Fever, where an important backyard management component was
fundamental [22]. In addition, swine production farms have a potential role in the emer-
gence and spread of zoonotic diseases of very adverse impact on public health. This was
the case of the HIN1 (pdmH1N1) influenza pandemic that emerged in Mexico in 2009,
where a new viral variant was initially transmitted from pigs to people and later between
people through the respiratory route, giving rise to the first pandemic of the 21st century
[13, 23, 24]. In this regard, previous findings of IAV circulation in pigs kept in BPS in cen-
tral Chile further highlight the importance of our results [6, 14, 15]. The identification of a
human-swine reassort IAV HIN2 in a pig kept in a backyard in the central zone of Chile
with the ability to replicate in-vivo and in-vitro and to be transmitted by droplets in ferret
model evidences the risk of exposure to animal-origin IAV of backyard farmers and
household members [15]. The scarce implementation of biosecurity measures in the man-
agement of backyard swine and the important movement of animals between backyards
described in the present study, together with previous evidence of IAV circulation on
backyard pigs, indicate that swine backyards may play an important role in the emergence
of zoonotic diseases with potential negative impact on public health.

5. Conclusions

The movement of animals and animal products in and out the backyard, together
with the deficient implementation of biosecurity measures in swine BPS from Central
Chile indicate a high risk of introduction and dissemination of animal diseases, as well as
risk of emergence of zoonotic diseases. Therefore, swine BPS in the central zone of Chile
should be part of a target population where surveillance programs and preventive
measures are directed in order to avoid the emergence of zoonotic pathogens that may
have a potential very negative impact for public health.
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