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Enterococcus faescium filtrate suppresses Salmonella Heidelberg in broilers
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ABSTRACT: The objective was to investigate the ability of a filtrate produced by the lactic acid bacterium Enterococcus sp. to control
Salmonella Heidelberg in vivo. We determined that Enterococcus sp. had an antagonistic effect on Sa/monella Heidelberg, based on in vitro
testing (spot-on-the-lawn method). For in vivo studies, broiler chickens (n = 32), 15 d old, were allocated into 4 groups. Filtrate was given
prophylactically once daily orally at 15-19 d of age to 8 birds, followed by an S. Heidelberg challenge to 16 birds at 20 d; 5 of 8 and 3 of 8 birds
in treated and control groups, respectively (P = 0.32), had < 10 CFU/g of S. Heidelberg in their cecum at 21 d. In a therapeutic study with 16
birds challenged with S. Heidelberg at 15 d, we gave to 8 birds oral therapeutic filtrate once a day at 16 to 20 d had 5250 cfu/g of the pathogen
in the cecum versus 912,950 cfu/g in the control, a 174-fold reduction. We concluded that filtrate has potential as a non-antibiotic approach to
control S. Heidelberg in vivo.
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O filtrado de Enterococcus sp. suprime a Salmonella Heidelberg em frangos de corte

RESUMO: O objetivo foi investigar a produgao de filtrado pela bactéria de acido lactico Enterococcus sp. e sua capacidade de controlar a
Salmonella Heidelberg in vivo. As bactérias foram submetidas a colora¢do de Gram e a reagdo em cadeia da polimerase (PCR) para confirmar
a identificacdo do género. O Enterococcus sp. teve um efeito antagdnico sobre a Salmonella Heidelberg com base em testes in vitro (método
antagonismo de placas). Frangos de corte jovens (n = 32), com 15 dias de idade, foram alocados em quatro grupos para testar os efeitos do
filtrado in vivo. Quando o filtrado foi administrado profilaticamente uma vez ao dia por via oral aos 15-19 dias de idade a oito aves, seguido por
um desafio de Salmonella Heidelberg administrado a 16 aves aos 20 dias, cinco de oito e trés de oito aves nos grupos tratados e de controle,
respectivamente, tinham < 10 UFC/g de S. Heidelberg no ceco aos 21 dias de idade. Além disso, em um estudo terapéutico com 16 aves
desafiadas com S. Heidelberg aos 15 dias, oito aves que receberam terapeuticamente o filtrado uma vez ao dia por via oral dos 16 aos 20 dias
de idade apresentaram 5250 ufc/g do patdgeno no ceco contra 912.950 ufc/g no controle, uma redugdo de 174 vezes. Este estudo demonstrou
os efeitos protetores do filtrado no controle da Salmonella Heidelberg in vivo, com potencial como abordagem nao antibidtica para o manejo
dessa importante doenga.

Palavras-chave: doenga aviaria, microbiologia, produgdo animal.

Brazil is the world’s second largest producer
and largest exporter of broiler meat (ABPA, 2022).
Poultry are the basis of various products and poultry
production and processing provide substantial jobs and
revenue to the Brazilian economy, with broiler meat
being a key component (VOGADO et al., 2016).

Controlling diseases and infectious agents
is an ongoing challenge in poultry production. For
example, Salmonella Heidelberg is frequently present
in digestive and reproductive tracts of broilers,
leading to egg contamination (BABU et al., 2016;
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SIVARAMALINGAM et al., 2013). Controlling
Salmonella spp. has become more complicated due to
the European Union (EU) prohibiting antibiotic use.
Antibiotics were historically used to treat pathogens
and increase poultry productivity and this ban has
adversely affected poultry health and performance
(KURITZA et al., 2014).

Various  plant extracts, probiotics,
prebiotics, and combinations have been used to
control Salmonella spp. in poultry. Lactic acid bacteria
are common probiotics; they are gram-positive, non-
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sporulating, anaerobic cocci that produce lactic acid.
These bacteria have been increasingly studied in
various contexts, including controlling Salmonella
spp. in poultry (KURITZA et al., 2014).

Probiotic bacteria can establish bacterial
communication, also known as quorum sensing,
influence  bacterial  behavior, alter bacterial
environments (MORNINGSTAR-SHAW et al., 2016),
and produce virulence factors, biofilm, siderophores,
and postbiotics (LOURENCO & BERCHIERI, 2015).
Filtrate production by Enterococcus has been reported
(MORNINGSTAR-SHAW et al., 2016; LOURENCO
& BERCHIERI, 2015). The objective was to
investigate the ability of filtrate produced by the lactic
acid bacterium Enterococcus sp. to control Salmonella
Heidelberg in vivo. We predicted that the filtrate will
modulate the bird’s microbiota and through bacterial
communication, control Salmonella Heidelberg.

The S. Heidelberg used had resistance to Rif
and nalidixic acid (Nal) and was obtained from livers of
broiler breeders. The isolate was conditioned in Brain
Heart Infusion media supplemented with 30% glycerol
and stored at -80 °C. This strain, and the probiotic
Enterococcus sp., were part of the Avian Pathology
Service’s Bacteria Collection at Universidade Estadual de
Sao Paulo (UNESP), Botucatu, Sao Paulo (SP), Brazil.

The sample was collected from cloacal
swabs of healthy broiler chickens and the gender was
identified prior to being added to the laboratory sample
bank. Ten cloacal swabs were collected from each bird
and conditioned in Stuart’s medium (Merck, Darmstadt,
Germany) until sample processing. Swabs were spread
on De Man, Rogosa, and Sharpe agar (MRS) (Kasvi,
Campinas, Brazil), incubated at 38 °C for 24 h, and single
colonies were Gram stained, with genus confirmation
using PCR. The DNA was extracted with a commercial
kit (QIAamp® DNA Stool, Qiagen, Hilden, Germany)
and amplified using the following primers: forward,
5'-AAG CAA CGC GAA GAA CCTTA- 3' and reverse,
5'-GTC TCG CTA GAG TGC CCA AC- 3, resulting
in a 194 bp product (ALLEGRETTI et al., 2014). The
final products of the PCR were stained, observed in
an ultraviolet light transilluminator, and subjected to
1.4% agarose gel electrophoresis (LGC Biotecnologia,
Sao Paulo, SP, Brazil). The Enterecoccus species was
identified through sequencing as Enterococcus faecium.

Enterococcus sp. were subjected to a
plate inhibition test, Spot on the Lawn, enabling
measurement of inhibition towards S. Heidelberg.
Inhibition halos formed before and after filtrates
were measured and a Wilcoxon test was used to
compare medians (1° and 3° quartiles), indicating
Enterococcus sp. inhibited S. Heidelberg.

To produce sensitized filtrate, 5 colony-
forming units (CFU) of Enterecoccus sp. and 5 CFU
of Salmonella Heidelberg were inoculated in 10 mL
of sterile media with > De Man, Rogosa, and Sharpe
(MRS; Acumedia, Neogen, Lansing, MI) broth and
Y, brain heart infusion (BHI; Acumedia, Neogen,
Lansing, MI), followed by incubation in a Shaker
incubator (SP-LABOR 222%, Sao Paulo, SP, Brazil)
for 24 h at 38 °C

A second inoculum was seeded with 1
mL of this mixture in 5 mL of MRS to eliminate S.
Heidelberg. Flasks were incubated under the same
conditions to eliminate Salmonella sp. metabolites
and isolate lactic acid bacteria sensitized to
pathogenic bacteria. Lastly, sensitized Enterococcus
sp. was centrifuged (10,000 x g, 10 min 4 °C) and the
supernatant passed through a 0.22 um nitrocellulose
membrane filter to produce sterile bacteria-free
filtrate. Bacteria were quantified using a McFarland
nephelometric scale (RIBEIRO et al., 2023), using
serial counting plates up to a 10® dilution for all
inocula prior to use in dishes containing nutrient agar,
to verify no contaminants.

To determine the ability of the filtrate
to inhibit S. Heidelberg growth in vivo, 15 day-old
chickens were randomly allocated into 4 groups of
8 birds in wire cages. They were housed in climate-
controlled rooms with ad libitum access to water and
feed (Figure 1).

The prophylactic group received 1 ml of
bacteria-free filtrate treatment intraesophageal once
daily at 15 to 19 d of age. At 20 d of age, these birds
were challenged with resistant S. Heidelberg, namely
2 CFU seeded in BHI media with nalidixic acid and
rifampicin (Nal/RIF) incubated at 38 °C for 24 h, with
1 mL (6.0 X 10° CFU/mL) given intraesophageally.
For the therapeutic group, the same challenge was
done at 15 d of age in 8 birds, followed by 1 mL of
filtrate daily from 16 to 20 d of age. Prophylactic and
therapeutic controls received no treatment and were
challenged with resistant S. Heidelberg at 20 and 15 d
of age, respectively. The S. Heidelberg inoculum used
in the challenge was quantified using the McFarland
nephelometric scale. Confirmation was made through
serial decimal counting plates up to a 10* dilution
for all inoculums, and they were administered
intraesophageally to birds in a single, 1 mL dose (6.0
X 10° CFU/mL).

At 21 d of age, all birds were euthanized by
cervical dislocation. Ceca were harvested aseptically
and stored at 4 °C pending processing. Each cecum
was weighed, macerated and diluted (1:10) with sterile
PBS to obtain the first dilution (10!). Thereafter, 7
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Figure 1 - Study Design Scheme.
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serial decimal dilutions were performed (up to 10¥. All
dilutions were seeded on duplicate Petri dishes with
brilliant green agar containing Nal/RIF and incubated
at 38 °C for 24 h, colonies counted, and cfu/g of cecum
was calculated. Proportions were compared by Chi
square. Furthermore, descriptive analysis was used to
make informal comparisons between groups.

The prophylactic group had a higher (P =
0.32) percentage (62.5%) of negative (< 10 CFU/g in
the cecum), birds than the controls (37.5%) and these
2 groups had ~ 633 and 1040 cfu/g, respectively of
the pathogen in the cecum. In the therapeutic study,
treated and control birds had 5250 versus 912,950
cfu/g of the pathogen in the cecum, a 174-fold
reduction. This decrease was considered relevant, as
it reduces the potential for carcass contamination in
broiler meat intended for human consumption.

Inapreviousstudy, Lactobacillus helveticus
ATCC 15009-derived postbiotic was just as effective
as probiotic administration in reducing Salmonella
Gallinarum in the cecum and liver of chicks (RIBEIRO
et al, 2023). Additionally, Lactiplantibacillus
plantarum postbiotics inhibited Sal/monella infection

no residue and does not induce bacterial resistance, as
is common with antibiotics. It is noteworthy that the
filtrate does not act on a single bacterium, but rather
on the bird’s entire microbiota, modulating it against
pathogens (HU et al., 2023).

This was apparently the first trial to use
filtrate in broilers. Prophylactic treatment with filtrate
had some preventive action against S. Heidelberg,
profoundly reducing the presence of this pathogen in
the cecum and decreasing the proportion of positive
birds. The current study provided preliminary
evidence for filtrate as a non-antibiotic approach to
control S. Heidelberg in vivo. This has potential as
a highly innovative biotechnology, but substantial
further studies are necessary to standardize filtrate
extraction, production, conservation, and dose for use
in avian species in a variety of production systems
and conditions.
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in mice via bacterial pathogenicity modulation,
autophagy, and inflammation (HU et al., 2023). The
use of a variety of products to reduce Salmonella
contamination is increasing with the growth of the
poultry industry, plus a desire to identify alternatives
to antimicrobials. The filtrate studied has potential as
an innovative biotechnology for reducing Salmonella
in avian products, as it is a natural product that leaves
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