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SUMMARY

Little is known about Salmonella serovars circulating in backyard poultry and swine populations
worldwide. Backyard production systems (BPS) that raise swine and/or poultry are distributed
across Chile, but are more heavily concentrated in central Chile, where industrialized systems are in
close contact with BPS. This study aims to detect and identify circulating Salmonella serovars in
poultry and swine raised in BPS. Bacteriological Salmonella isolation was carried out for 1744
samples collected from 329 BPS in central Chile. Faecal samples were taken from swine, poultry,
geese, ducks, turkeys and peacocks, as well as environmental faecal samples. Confirmation of
Salmonella spp. was performed using invA-polymerase chain reaction (PCR). Identification of
serovars was carried out using a molecular serotyping approach, where serogroups were confirmed
by a multiplex PCR of Salmonella serogroup genes for five Salmonella O antigens (i.e., D, B, C1,
C2-C3, and El), along with two PCR amplifications, followed by sequencing of fliC and fIjB genes.
A total of 25 samples (1-4% of total samples) from 15 BPS (4-6 % of total sampled BPS) were
found positive for Salmonella. Positive samples were found in poultry (chickens and ducks), swine
and environmental sources. Molecular prediction of serovars on Salmonella isolated showed 52-0%
of S. Typhimurium, 16:0% of S. Infantis, 16-0% S. Enteritidis, 8-0% S. Hadar, 4-:0% S. Tennessee
and 4-0% S. Kentucky. Poor biosecurity measures were found on sampled BPS, where a high
percentage of mixed confinement systems (72-8%); and almost half of the sampled BPS with
improper management of infected mortalities (e.g. selling the carcasses of infected animals for
consumption). Number of birds other than chickens (P =0-014; OR = 1-04; IC (95%) = 1-01-1-07),
mixed productive objective (P = 0-030; OR = 5-35; IC (95%) = 1-24-27-59) and mixed animal
replacement origin (P =0017; OR = 5-19; IC (95%) = 1-35-20-47) were detected as risk factors for
BPS positivity to Salmonella spp. This is the first evidence of serovars of Salmonella spp. circulating
in BPS from central Chile. Detected serovars have been linked to human and animal clinical
outbreaks worldwide and in Chile, highlighting the importance of BPS on the control and
dissemination of Salmonella serovars potentially hazardous to public health.
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Detection of Salmonella spp. in BPS from central Chile

INTRODUCTION

The breeding of poultry and pigs in backyard produc-
tion systems (BPS) represents a special concern in ani-
mal production due to its biosecurity and public
health implications, especially in developing countries,
due to its contribution to a household’s livelihood [1].
This type of production is considered the most com-
mon form of animal production worldwide, where
domestic poultry is the most commonly raised species;
food products obtained from these BPS are usually
consumed in homes, sold in informal local markets
or exchanged as gifts [2].

In general, BPS are characterized by poor biosecur-
ity measures and lower technological development,
both in animal handling, and in the confined space
used for animal production [3]. This leads to a high
contact between humans and the species maintained
in BPS, which are mainly birds (hens, chickens,
ducks, geese, among others) and pigs [1]. BPS have
the potential risk of entry of pathogens that can infect
animal populations and be transmitted to humans.
Usually, sick animals from BPS are sold, slaughtered
and consumed, without considering the risk of
zoonotic infection [4]. Additionally, these production
systems are normally associated with low-income
populations, where BPS is the primary source of
income [5]. These communities may have limited
transport and/or limited access to healthcare [6].

Salmonella spp. represent a diverse group of Gram
negative Enterobacteria [7]. Currently, there are
only two known species: Salmonella enterica and
Salmonella bongori [8]. To date, up to six subspecies
of Salmonella enterica and over 2600 different sero-
vars have been identified. Importantly, certain isolates
of important serovars, such as Typhimurium and
Enteritidis, have shown demonstrated high virulence
and resistance to multiple antibiotics [9, 10]. Factors
such as wide distribution of Salmonella enterica in
the environment, its prevalence in the global food
chain production and pathogen virulence and adapt-
ability; mean that Salmonella have had major eco-
nomic impact on public health, estimated at $11-6
billion [11]. Over the last decade, disease outbreaks
have increased in Chile, and the rest of the world, [12,
13] along with increased detection of antibiotic-resistant
serovars [10, 14, 15], highlighting the impact of
Salmonella infections on global public health.

According to the last laboratory surveillance bul-
letin of Salmonella spp. (2017) from the Chilean
Public Health Institute (ISP, by its Spanish acronym),
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a total of 11181 isolates of Salmonella spp. were
confirmed from human clinical samples (e.g., stools)
between the years 2012 and 2016, with an increase
in the number of cases being reported during the
hottest-season (November—March). These clinical iso-
lates were mainly from patients in the Metropolitana
and Valparaiso regions (45-5% and 11-0%, respect-
ively). Annual incidence of Salmonella spp. in human
clinical cases, ranged from 12-0% to 17-6% for this per-
iod. The main four serovars detected in human clinical
cases were S. Enteritidis, S. Typhimurium, S. Typhi,
and S. Paratyphi B (60:6%, 13-7%, 1:9% and 1-4%,
respectively) [16].

There is limited available information on the preva-
lence of Salmonella spp. in backyard chickens. Some
studies have reported Salmonella presence ranging
from 3-5% to 10-4% of isolation rate at individual
level and prevalence between 0-02% and 66-7% at a
farm level [3, 17, 18]. The situation of Chilean BPS is
similar to the rest of the world, with only local surveys
being conducted. These surveys have identified
Salmonella spp. in BPS located in the vicinity of
national parks, where 1-:3% of samples taken were posi-
tive for Salmonella spp. in BPS near ‘Reserva Nacional
El Yali’ (Salas, R., unpublished observations); 4:2% at
the coast of Libertador General Bernardo O’Higgins
region (Dépraz, S., unpublished observations) and
36-7% of samples at the valley of Libertador General
Bernardo O’Higgins region (Gomez, E., unpublished
observations). Positive samples were always found in
fowls. The current study aimed to detect and character-
ize serovars of Salmonella spp. circulating in poultry
and/or pigs raised in BPS in central Chile.

MATERIALS AND METHODS
Study design and sample size

The present study was carried out in three regions of cen-
tral Chile: Valparaiso, Metropolitana de Santiago, and
Libertador Bernardo O’Higgins (O’Higgins LBG)
(Fig. 1). Commercial production of poultry and swine
is heavily concentrated in this area. Similarly, this arca
has the most significant number of poultry and/or pigs
bred in BPS in Chile [19]. Each study unit was defined
as a BPS rearing poultry and/or pigs. Only BPS with
up to 100 poultry and/or 50 pigs were included.

A proportional stratified random sampling approach
was used, based on the 15 provinces included in the
study area, using a random allocation of sampling
points, as previously described [20]. Equation (1) was
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Fig. 1. Spatial distribution of Salmonella spp. identified at BPS level in central Chile. Location of study area in the
context of Chile («). Location of sampled BPS in the study area (b). Results of identified serovars in study area (c).

used adjusted by equation (2) to estimate the sample
size [21]:

n=Z.pq/L* (1)

where n = sample size, Z,, = the value of Z, required for
confidence level =1 — a, where a corresponds to the
level of confidence; Z, is the percentile of a standard
normal distribution (1 — a/2); p = the expected preva-
lence of the pathogen, q = (1 — p) and L = the precision
of the estimation, also known as ‘allowable error’ or
‘margin of error’.

n' = 1/((1/m+ (1/N)) 2

where n' = the adjusted sample size, n=the previous
calculated sample size (eq. 1), N = the number of BPS
in central Chile (population size). Assuming lack of
knowledge about the prevalence of Salmonella spp. in
BPS located in central Chile, sample size was calculated
based on a prevalence of 50%, ensuring maximum sam-
ple size possible when using an estimating a proportion
approach [21], a confidence level of 95% and a preci-
sion of 5%. Pigs reared on BPS were used for sample
size calculation, assuming that they would also breed
poultry, the number of BPS, by province, were
obtained from the last available agricultural census
from 2007 [19, 20]. A final sample size of 329 BPS
was used (Table 1). For the intra-BPS sample size,
we considered an approach for detecting Salmonella
spp. using equation (3), which was not affected by
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population size [21]:
n=1Ina/In(l — p) 3)

where 7 = sample size, a = type I error or 1 — confidence
level and p = the expected prevalence of the pathogen.
Due to lack of information, a prevalence of 30% was
assumed to identify at least one positive animal in
each BPS in accordance with the last Chilean finding
(Gomez, E., unpublished observations) and 95% confi-
dence level. A maximum intra-BPS sample size of nine
birds and eight pigs was assumed to represent sanitary
status of the sampled BPS. Nevertheless, a minimum of
five samples were collected, and, in cases where there
were less than five animals in the farm, all were
sampled. Sampling included all poultry species and
pigs present in the BPS.

A random process was performed to allocate BPS
in the study area, once a BPS was located, to verify
that poultry were kept and/or swine were produced,
each BPS was invited to participate voluntarily in
the study by signing an informed consent specifying
the aim of the study, the responsible researcher and
contact details (email and telephone number) in case
of requiring further information of the project.

In the case of birds, cloacal samples were collected,
using sterile swabs and then placed in Cary-Blair
transport medium (Copan®, Italy). In the case of
pigs, rectal samples were collected using sterile
swabs and kept in Cary-Blair transport medium.
Samples were labelled with the identification of the
BPS and species. Where possible, environmental
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Table 1. Salmonella spp. isolation and PCR to invA gene confirmation results, sampled from backyard production

systems in provinces of three regions in central Chile

BPS
Salmonella
Sample isolation PCR
Region Province size %) (%)
Valparaiso Petorca 15 2 (13-3) 0(0-0)
Valparaiso 5 1 (20-0) 0 (0-0)
Quillota 9 2 (222) 0 (0-0)
San Felipe 20 2 (10-0) 2 (10-0)
Los Andes 2 0 (0-0) 0 (0-0)
San Antonio 10 2 (20-0) 2 (20-0)
Metropolitana Melipilla 30 5167) 5(167)
Chacabuco 11 1091) 1091
Santiago 9 1(11-1) 0 (0-0)
Cordillera 4 1 (25:0) 0 (0-0)
Talagante 5 0 (0-0) 0 (0-0)
Maipo 13 0 (0-0) 0 (0-0)
LGB O’Higgins Cardenal Caro 90 8 (89) 2(2:2)
Cachapoal 47 5(10-6) 121
Colchagua 59 3(51) 2 (3:4)
Total 329 33 (10-0) 15 (4-6)

samples were also collected from fresh faeces from fee-
ders, nesting material, floors of the poultry or pig
pens, using sterile swabs with Cary—Blair transport
medium. These samples were labelled with the identifi-
cation of the BPS plus a code to identify that samples
were collected from the environment. All samples
were transported and stored at 4 °C until processed.
Samples were collected during the period from July
2013 to April 2015 and each BPS was sampled once.

Salmonella isolation

Samples were processed at the Centralized Veterinary
Research Laboratory (Universidad de Chile), within
5 days of collection. The method of bacterial culture
was performed in three stages [22]; (i) Selective
pre-enrichment: faecal content of the swab was inocu-
lated with 5ml of Phosphate Peptone Water Broth
(APT, Difco®™) supplemented with 20 mg/ml novobiocin
(Sigma®) [23] and mixture was incubated at 37 °C for 18
to 24 h; (i1) Enrichment: 200 pl of the pre-enrichment
suspensions were inoculated into three equidistant
drops on Modified Semi-solid Rappaport Vassiliadis
(MSRV, Oxoid®) supplemented with 20 mg/ml
novobiocin (Sigma®), and then incubated at 42 °C for
24-48 h, to detect motile Salmonella serovars [24].
Samples displaying a halo of growth white/gray, opaque
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or diffuse around the inoculation site, with well-defined
edges, were considered suspicious and moved to
the third culture phase; and (iii) Selective isolation:
samples compatible with growth and/or diffusion were
sub-cultured by exhaustion on Xylose Lysine
Deoxychocolate (XLD, Difco™) agar and incubated at
37 °C for 24 h. Samples with development of red col-
onies with black centre or translucent colonies were sus-
pected to be Salmonella spp.

Confirmation and identification of Salmonella serovars

Confirmation was made by polymerase chain reaction
(PCR). Amplification was performed using primers
for detection of 284 bp amplicon of invA gene. A posi-
tive control (S. enterica, donated by the Infectious
Diseases Laboratory, FAVET-Universidad de Chile)
and a negative control (no addition of DNA) were
also included. The detailed conditions of PCR are
described by Malorny, Hoorfar [25].

Samples confirmed as positives with PCR were ser-
otyped using a molecular serotyping approach at
Universidad Andrés Bello (UNAB), as previously
described [26]. Briefly, Salmonella DNA was extracted
following the protocol of QIAamp DNA mini kit
(Qiagen, Valencia, CA, USA). DNA concentrations
and quality were quantified using 260/280 ratios
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using a Synergy 2 Multi-Mode Reader (Biotek,
Vermont, USA). PCR was performed using two sepa-
rated PCRs for amplification of fliC (encodes H1 anti-
gen) and fljB (encodes H2 antigen) genes using
previously published primers and PCR conditions
[26, 27]. PCR products were purified and both strands
were sequenced at Macrogen, Inc (Seoul, Korea). Raw
sequences were manually edited to build a consensus.
The BLAST algorithm was used to identify the best
matched sequence at NCBI nucleotide database.
Serovar was confirmed by a multiplex PCR detection
of the Salmonella serogroup genes for five Salmonella
O antigens: D, B, Cl1, C2-C3, E1 [26].

Data analysis

A survey was conducted on each BPS by a semi-
structured interview with BPS owners, where data
was collected in relation to infrastructure, biosecurity
and trade elements. Salmonella spp. prevalence at
individual and BPS level were then estimated.
Descriptive statistics analysis was conducted in rela-
tion to infrastructure, biosecurity and trade practice
with the aim of describe BPS activities. BPSs were
then classified as positive (at least one PCR positive
sample to Salmonella spp.) or negative. Given the
nature of the collected information (BPS positive or
negative to Salmonella spp., binary or dichotomous
response) a logistic regression model analysis was per-
formed, where Y (response) can have only two values,
Oor1(Y=0o0rY =1), representing the absence (0) or
presence (1) of the studied agent [21]. The aim of the
regression analysis is to identify potential risk factors
for BPS positivity to Salmonella spp. A univariate
analysis was performed for the selection of the vari-
ables to be included in the final model. Variables
with a P-value < 0-25 were selected to the multivari-
able logistic regression model, where the outcome
variable was the presence/absence of Salmonella spp.
in the BPS. The model with the lowest log
Likelihood Ratio Test (LRT) was selected as the
final model [28], using a stepwise backward elimin-
ation procedure removing those variables whose
regression coefficients were not significant (P > 0-05).
Non-significant variables, which produced a change
of >20% in the regression coefficients of the signifi-
cant variables when removed, were retained in the
model to adjust for confounding factors [21].
Goodness-of-fit was assessed using the Hosmer and
Lemeshow Test [29].
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Ethics statement

All sampling activities, informed consent and survey
protocols were approved by the ethics and biosecurity
committee of Faculty of Veterinary Science (FAVET),
University of Chile, and all field activities were per-
formed by trained veterinarians or veterinary students.

RESULTS

Salmonella spp. detection and characterization at BPS
level

A total number of 1744 samples were collected from
329 BPS, consisting of 95 environmental samples
(5-4%), 81 swine samples (4:6%), 1461 poultry samples
(83:9%), 10 goose samples (0:6%), 63 duck sam-
ples (3:6%), 33 turkey samples (1-8%) and 1 peacock
sample (0-1%). In the bacteriological culture, a total
of 47 samples (2:7% of the total) were considered to
be Salmonella spp. colonies, corresponding to 33
(10-0%) positive BPSs (Table 1). Conventional PCR
to detect invA gen, confirmed 25 samples as
Salmonella spp. positive (48-:9% from the suspected
samples, 1:4% of the total analysed samples), where
these samples were collected from 15 BPS (4:6% from
total sampled BPS). A total of 72-:0% of the positive
samples were collected from chickens, with positive
samples being collected also from ducks (12-:0%), pigs
(8-:0%), and in samples obtained from the environment
in which the animals were kept (8:0%). Positive samples
were also found in the Provinces of San Antonio
(20:0%), Melipilla (16:7%), San Felipe (10-0%),
Chacabuco (9:-1%), Colchagua (3:4%), Cachapoal
(2:1%) and Cardenal Caro (2:2%). At a regional level,
Metropolitana de Santiago had higher prevalence
(8-3%) followed by Valparaiso region (6:6%) and
finally O’Higgins LBG region (2:6%). Interestingly,
positive samples from San Felipe and Colchagua pro-
vinces were found for both multiple species (poultry,
swine and ducks) and environmental samples.
Molecular prediction of serovars on Salmonella iso-
lated showed 52:0% of Salmonella Typhimurium,
16:0% of Salmonella Infantis, 16:0% Salmonella
Enteritidis, 8:0% Salmonella Hadar, 4-0% Salmonella
Tenessee and 4-0% Salmonella Kentucky (Table 2)

(Fig. 1).

Differences in biosecurity across BPS

A total of 329 BPS were identified in the study area. The
total number of animals in these farms was 13513
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chickens; 1005 ducks; 506 turkeys; 419 geese and 376
pigs. In terms of the BPS main productive objective,
most of them declared an objective different to agricul-
tural activities (52-6%) (e.g. mechanical workshop,
security post, hostel), followed by livestock breeding
(23-6%) (e.g. organic meat production, free range egg
production, sale or lease of animals for reproduction),
mixed objective (16:3%) (e.g. BPSs that declared to func-
tion as hostel and sells animals and animal products)
and agriculture (7-9%) (e.g. crops).

In terms of the consumption of animals or animal
products originated in the BPS, only 27 BPS (8:2%)
declared not consuming eggs produced by their hens.
Of those BPS that declared to consume eggs, pre-
sented a monthly average consumption of 49-1 eggs.
All BPS declared to eat chicken reared on site, declar-
ing a monthly average of chicken consumption of
almost three birds (27 birds). No records were
detected regarding pig meat consumption, because it
is mainly used for sale, trade for other products, or
as gifts for family holidays or traditional celebrations.

In terms of biosecurity practices, 85-4% of the BPS
owners did not perform any disinfection (e.g. hand-
washing) prior to contact with animals; while only
29-5% of the BPS owners did not perform any disin-
fection after animal contact. A total of 72-8% of the
BPS owners ran a mixed confinement system, i.e.,
free ranging during the day and confined during
night, 15-8% were free-range systems and 11-4%
were permanent confinement systems (e.g. stabling
animals). Furthermore, 62-9% reported no contact
between their animals and neighbours’ animals.
Only 29-6% of BPS owners declared to have func-
tional fences (confirmed with visual inspection of the
BPS), and 70-4% had no fencing on the BPS. In rela-
tion to Veterinary assistance on the BPS, only 19-3%
reported any sort of assistance, private Vets or govern-
ment agency Vets. When asked on how mortalities
were handled, 46-7% reported inadequate disposal of
dead animals, where deceased animals were sold or
eaten, disposed in the household garbage, dumped in
the nearest watercourse, fed to dogs or cats, or left
on site (where decease animals remained untouched).
53-3% reported to apply proper actions, like burning
or burying the deceased animals.

Variables related to biosecurity were incorporated to
the multivariable logistic analysis. Final model with the
lowest LRT included four of these factors (P <0-05),
Number of birds other than chickens, BPS produc-
tive objective, Animal replacement and Presence of
Functional fences. Increasing the number of birds
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other than chickens had a significantly higher risk of
becoming positive to Salmonella spp. [odds ratio
(OR) 1-04, 95% CI 1-01-1-07], BPSs with a productive
objective with mixed activities (agricultural and other
non-agricultural) had a significantly higher risk (OR
5-35, 95% CI 1-:24-27-59) compared with those with
agricultural productive objective, BPSs using a mixed
origin for animal replacement had a significantly higher
risk (OR 5-19, 95% CI 1-:35-20-47) compared with
those using own animal replacement (Table 3). The
model presented a good fit to the data evidenced by
the Hosmer—Lemeshow test (P =0-16).

DISCUSSION

Salmonella spp. is a well-known circulating pathogen
in the poultry and swine industries in Latin America
and beyond [30]; however, there are gaps in knowl-
edge regarding its presence in human and animal
cases of salmonellosis in Latin America. In addition,
salmonellosis is extremely underreported, as clinical
signs are self-limited in humans and normally not for-
mally diagnosed, and may be absent in animals. This
knowledge gap about Salmonella spp. becomes more
clear and relevant at the BPS level where limited or
no information is available about the circulation of
this pathogen and other pathogens which have an
impact on public health [4]. This is the first study
that identified the presence of Salmonella serovars in
BPS from central Chile.

The characteristics of BPS in terms of infrastructure
and biosecurity measures allow ideal conditions for
spread of pathogens like Salmonella spp. The pro-
longed and direct contact within different species
maintained on each BPS and with the neighbour
BPS, allows transmission of different serovars, and
increases the chance of human infection, considering
that these particular populations normally are asso-
ciated with low-income population and with geo-
graphical and logistic restrictions to health care
access [5, 31]. This is strongly related to poor biosecur-
ity measures present on BPS, for example, the mixed
confinement allows the spread of the pathogen to sus-
ceptible animals [4]. The absence of functional fences
and contact with wild animals and animals of neigh-
bours increases the risk of transmission in a BPS
[32]. Evidence has shown similarities between
Salmonella Typhimurium multi-locus variable num-
ber tandem repeat analysis (MLVA) (isolated from
foxes and wild birds) with MLVA types (isolated
from chickens) and human food borne cases in
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Table 2. Predicted serovars and serogroup
determination by multiplex PCR, and HI and H2
antigen presence of positive samples from backyard
production systems in provinces of three regions from
central Chile

Sample ID Serogroup H1 H2 Predicted serovars
CACHO032-3 D + — S Enteritidis
CACHO032-4 D + — S. Enteritidis
CC045-swine + — S Tennessee
CC089-2 D + — S Enteritidis
CHA004-3 Cl + + S Infantis
CHA004-4 Cl + + S Infantis
COLO001-5 D + —  S. Enteritidis
COLO033-env B + + S Typhimurium
COL033-duck_3 B + + S Typhimurium
MEO006-4 B + — S Typhimurium
MEO010-3 B + — S Typhimurium
MEO014-3 B + + S Kentucky
MEO015-2 B + — S Typhimurium
MEO018-5 + + S Typhimurium
SF017-5 C2-C3 + — S Hadar
SF017-env C2-C3 + + S Hadar
SF020-1 B + + S Typhimurium
SF020-2 B + + S Typhimurium
SF020-3 D + — S Typhimurium
SF020-duck D + — S Typhimurium
SF020-duck_ 2 B + + S Typhimurium
SF020-swine B + — S Typhimurium
SA007-2 B + + S Typhimurium
SA007-3 C2-C3 + + S Infantis
SA008-2 C2-C3 + + S Infantis

Australia [33]. As BPS are not usually assisted by
veterinarians, they do not have adequate or
control strategies should a sanitary event occur [4].
Similarly, in relation to handling of mortalities within
the BPS, almost half of the surveyed BPS declared
improper handling of dead animals, potentially affect-
ing their own BPS or neighbours’. Evidence to suggest
this was found with detection of Salmonella spp. in
watercourses, which is linked to human cases of sal-
monellosis [15]. Space sharing with other species of
domestic birds (e.g. turkey, goose, ducks, etc.) increase
the risk of Salmonella spp. positivity, probably due to
the close contact of these animals in BPSs, allowing
these species to act as maintainer of pathogens at
the potential infection of new susceptible animals
[18, 34].

Gaps in knowledge can be identified in terms of
Salmonella spp. status of BPS worldwide, where
small-scale surveys show positive samples were found
in backyard poultry or swine samples of 12% of
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the total sample on BPS from ‘Reserva Nacional El
Yali’ (Salas, R., unpublished observations) and 4:2%
Libertador General Bernardo O’Higgins region
(Dépraz, S., unpublished observations). Similar results
have been described in poultry backyard production in
Paraguay, where 3-5% of positivity was observed at dis-
trict level [17]. Manning, Gole [3], detected a 13-3%
positivity to Salmonella spp. in chickens at BPS level
in South Australia, reporting Salmonella Agona,
Salmonella subsp 2 ser 21:z10:z6 (Wandsbek) and
Salmonella Bovismorbificans. Jafari, Ghorbanpour
[35], reported a 5-8% of positivity from pooled samples
from 35 BPS from Iran, 15% of positivity in birds keep
under BPS from the West Bengal region, India [36],
suggesting similar positivity levels to Salmonella spp.
on BPS at a province, regional or national level.
Differences could be attributed to different dominant
serovars in each country, the infection incidence on
BPS and the sampling times and strategies. This
small variation could be also attributable to differences
in the health status of the backyard chickens in each
country and the biosecurity measures and practices of
each BPS [3].

Only two samples from pigs were positive for
Salmonella serovars. This can be partially explained
by the low sensitivity detection of faecal sampling,
indicating that relative sensitivity will increase if the
amount of faecal content increased [37], the occur-
rence of intermittent shedding of the agent following
the exposure [38]; and the presence of Salmonella
spp. epidemics without clinical manifestation [39].
This is important considering the nature of our
study, which consists of cross-sectional sampling.
Multiple repeated samples should be taken to reduce
the effect of intermittent shedding [33]. However, the
lifespan of animals in a BPS is very quick, considering
that these animals are used as gift to family and
friends, used as protein source and for trade for
other products or animals.

The microbiological culture method used in this
study is considered the ‘gold standard’ for Salmonella
spp. detection [40] and PCR for inv4 gen detection
have been reported to have a 98% of analytical accur-
acy [25]. The typing method used in this study has an
accuracy of 85-7% for less common Salmonella sero-
vars and 91-3% for most common Salmonella serovars
compared with the conventional methods [26]. The
analytical tools used in this study are sensitive and
specific enough to detect Salmonella spp. and to predict
serovars from the sampled matrices. These results
could be affected by the intermittent shedding
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Table 3. Results of the multivariable model for Salmonella spp. positivity at BPS level
Variable Classification  f SE.5 OR Lower CI  Upper CI  P-value
Intercept -3-310 0-775 0-037 0-008 0-167 0-000
Number of birds other than chickens 0-037 0-015 1-038 1-008 1-069 0-014
BPS productive objective Agricultural

Mixed 1-676 0-773 5-345  1-240 27-591 0-030

Other 0-207 0-776 1-230  0-268 5-632 0-790
Animal replacement Own

Others —0-940  1-109 0-391  0-044 3432 0-397

Mixed 1-646 0-688 5-188  1-347 20-468 0-017
Functional fences No

Yes —1-261  0-812 0-283  0-058 1-392 0-120

described for the species involved in this study [31, 35],
underestimating the prevalence. As the aim of this
study was to detect and describe BPS circulating
Salmonella serovars, the impact of this is not signifi-
cant, but could lead to missing some circulating sero-
vars. Estimation of prevalence could be improved by
the use of PCR and microbiological culture to gain
more information about Salmonella spp. present in
the population and to determine all potential serovars
[41, 42]. Is important to acknowledge that not all the
PCR positive samples were confirmed by the trad-
itional Salmonella isolation as this technique requires
viability of the agent, where PCR will only detect
DNA presence [40, 43].

This study found that S. Typhimurium was present
in over 50% of positive samples. S. Typhimurium is a
motile, highly invasive serovar, which has adapted to
survive outside of a host, and is one of the most
common pathogens in human foodborne infections
worldwide [44]. It is associated with poultry
products, considering that laying hens are the most
important reservoir [45], but is also linked to swine
production and carcass contamination [46]. In Chile,
S. Typhimurium was identified as the second most
important serovar isolated from human clinical
cases, between the year 2012 and 2016, with the
13-7% of the total isolated for the period [16].

The second most common serovar detected in this
study was S. Infantis, also zoonotic [47], being
detected not only in human gastrointestinal contents,
but also in spleen, liver and lymphoid tissues, resulting
in an infection behaviour similar to pigs and chickens,
with temporal shedding of the agent, making detec-
tion more difficult [48]. This serovar has been linked
historically to human outbreaks in the USA, related
to live poultry from mail-order hatcheries [49].
Almost 220 cases affecting 39 states in the USA
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were related to contact with live poultry at BPS were
detected in 2016 [50].

The third most common serovar identified in this
study was S. Enteritidis, a zoonotic, highly invasive
serovar, which is mainly associated with commercial
layer flocks and causes egg-related food-borne ill-
nesses in humans worldwide, particularly in the
USA [51]. S. Enteritidis has also been isolated from
free-range chickens in China [52], backyard poultry
in the USA [53] and from feral pigeons in Brussels
[54], constituting a significant reservoir for salmonel-
losis in urban and rural Environment. These three ser-
ovars have been isolated from Chilean watercourse
from Metropolitana region, and have been linked to
human outbreak-associated clinical isolates, mainly
detected from rural areas. This indicates that animal
husbandry and particularly BPS might contribute to
the dissemination and distribution of this pathogen
[15], and has been identified as the most historically
important serovars, causing over the 60% of the
human clinical cases of foodborne-illnesses in Chile
[16]. Less common serovars, S. Hadar, S. Tenessee
and S. Kentucky, are similar to the major serovars
and have been linked to animals or animal products
and associated with human clinical outbreaks
[55-57]. Backyard raised animals may play an import-
ant role in the distribution and dissemination of
Salmonella spp., considering the shedding of the
pathogen to the environment, animal movement,
poor biosecurity measures, and the mixing of animals
of different species, ages and origins in production sys-
tems, disseminating the agent to new susceptible
populations [58, 59]. Most BPS included in the study
are in close proximity to free range or intensive com-
mercial poultry and swine farms, with implications for
horizontal transmission of Salmonella spp. and risk of
human outbreaks.
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CONCLUSIONS

This is the first evidence of serovars of Salmonella spp.
circulating at a regional and province level in BPS
from central Chile. The three most important serovars
detected on BPS were S. Typhimurium, S. Infantis
and S. Enteritidis. All detected serovars have been
linked to human and animal clinical outbreaks world-
wide, indicating the importance of BPS in public
health, due to close contact between holders and
their animals.

Surveillance activities must be increased to identify
if Salmonella serovars circulating in BPS are related to
wild birds, poultry and swine commercial production
systems, and human Salmonella serovars isolated dur-
ing outbreaks. Furthermore, adequate pathogen con-
trol strategies must be adopted in BPS (such as
improvements in biosecurity) to reduce risk of infec-
tion high-risk areas for Salmonella spp. infection.
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