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Abstract

The number of human cases of salmonellosis in the EU was 94,625 in 2015. Considering the
source of these infections, Salmonella spp. was most frequently detected in broiler chicken meat
and Salmonella Enteritidis (SE) was the most commonly reported serovar.

The efficacy of probiotics in limiting Salmonella spp. infection in poultry has been demon-
strated in numerous papers. The administration of probiotics at the level of primary production
reduces the risk of contamination of poultry food products with Salmonella spp.

A study was carried out in order to determine the potential for reducing the Salmonella spp.
population in broiler chickens with the use of the Lavipan (JHJ, Poland) probiotic that comprised
selected stains of lactic acid bacteria and Saccharomyces cervisae.

Salmonella spp.-free broiler chickens were divided into two groups and received the same feed
with (group L) or without (group C) the probiotic throughout the experiment. All day-old chickens
were infected per os with SE. Samples of cecum content were collected 2, 4, and 6 weeks after SE
infection and pectoral muscles were collected 6 weeks following SE infection for the evaluation of the
SE population number. Serum samples for serological examinations were collected 6 weeks after
infection.

Six weeks after infection, the number of SE-positive cecal samples was lower in the L group
(12.5% positive) in comparison to the C group (87.5%). Similar results were demonstrated for the
muscle samples (25% in contrast to 87.5%). At the same time, in both cases, the SE CFU/g was
significantly lower in the L group. The results of our study indicate that Lavipan was capable of
reducing the population of SE in the gastrointestinal tract, which eventually improved the hygien-
ic parameters of the pectoral muscles.

Four weeks after infection, SE was not detected in any of the experimental groups. In both
groups, no specific anti-SE antibodies were detected.
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Introduction

Non-typhoidal Salmonella is one of the major caus-
es of foodborne gastrointestinal infections in humans
worldwide. As demonstrated by the European Food
Safety Authority (EFSA), the number of human cases
of salmonellosis was 94,625 in 2015, as reported by 28
EU Member States (EFSA 2016). Contaminated eggs
and poultry meat are considered the major sources of
Salmonella spp. for humans (Osimani et al. 2016). In
2015, Salmonella spp. was most frequently detected in
broiler chicken meat (EFSA 2016). The two most com-
monly reported serovars were Salmonella Enteritidis
(SE) and S. Typhimurium (ST), representing 45.7%
and 15.8% respectively, of all reported serovars in hu-
man salmonellosis (EFSA 2016).

Strategies aimed at minimizing the risk of infection
in commercial poultry with Salmonella spp. can be
roughly divided into two action pathways. The first
pathway involves obtaining biological material free of
infection with these bacteria (including the official
monitoring of reproductive poultry flocks during the
rearing and laying period and/or immunoprophylaxis),
while the second pathway consists of biosecurity (Cox
and Pavic 2010). Despite this and monitoring surveys
carried out for many years, and the elimination of Sal-
monella spp. infections in the poultry population, infec-
tions with these bacteria still pose a significant problem
in commercial poultry production (EFSA 2016, Ze-
browska et al. 2017). The issue of Salmonella spp. infec-
tions results not only from the epidemiology of such
infections in humans, but also from the consequences
of their presence in poultry, which include the need for
the sanitary slaughter of a flock or the withdrawal of
products derived from such birds from the market and
their utilization. Detection of flagellated Salmonella
spp. bacteria in food has a very negative impact on the
potential export of such foodstuffs.

For many years, probiotic products have been con-
sidered one of the alternative methods for limiting in-
fections and contamination with Salmonella spp. in
poultry. The phenomenon of competitive exclusion
(CE), understood as the ability of probiotic microor-
ganisms to prevent the pathogenic organism from colo-
nizing the gastrointestinal tract, is one of the crucial
elements underlying the beneficial effects of probiotics
(Smith 2014, Forkrus et al. 2017). The efficacy of probi-
otics in limiting the capability of Salmonella spp. for
invasiveness in poultry has been demonstrated in nu-
merous papers and for different multi-species or single
strain probiotics (Pascual et al. 1999, Avila et al. 2006,
Higgins et al. 2008, Carter et al. 2017, Oh et al. 2017).
Probiotics, therefore, can be considered as a third ac-
tion in the network for minimizing the risk of develop-

ing active Salmonella spp. infections in commercial
poultry.

Considering the above, a study was carried out to
determine the potential for reducing the Salmonella
spp. population in the cecal content and in the pectoral
muscles of broiler chickens, inoculated per os with Sal-
monella Enteritidis, by supplementing the feed with the
Lavipan (JHJ, Poland) probiotic.

Materials and Methods

The experimental and animal handling procedures
were conducted with the approval of the Local Ethics
Committee for Animal Experiments in Olsztyn, Poland
(approval number: 49/2017).

Experiment design

The experiment was carried out with 48 Ross-308
broiler chickens hatched at a commercial hatchery. The
chicks were not vaccinated against any disease. At the
start of the experiment, cloaca swabs from 10 chicks
were collected to identify the presence of Salmonella
spp. Afterwards, the birds were randomly divided into 2
groups of 24 animals each: control (C) and experimen-
tal (L). Throughout the trial, the L birds were adminis-
tered Lavipan at a dose of 0.5 kg (producer recommen-
dation) per 999.5 kg of feed, whereas the C birds were
fed the same feed without the probiotic. Water and feed
were provided ad libitum throughout the experimental
period. The feed type (from a “starter”, then “grower”
and finally “finisher”) was changed the day before
the samples for microbiological assays were collected.
The complete feed was provided by Tasomix (Poland).

Twelve hours after the first feed was administered,
the birds were inoculated per os with the S16/1321
S. Enteritidis (SE) strain at a dose of 7.5 X 10°CFU in
0.25 mL (PBS)/bird. The SE strain was kindly provided
by Prof. Dariusz Wasyl of the National Veterinary
Research Institute, Putawy, Poland.

On 14, 28 and 42 days of life, eight birds from each
group were euthanized and the cecum content was then
sampled for microbiological evaluation in order to
count the SE population. In addition, on day 42, sam-
ples of deep pectoral muscles were collected. The type
of samples collected and the time of sampling are sum-
marized in Table 1.

The samples of cecum content (and from the pecto-
ral muscles) were collected with sterile surgical instru-
ments, using one set of tools per sample. The skin at the
sampling site was disinfected with 40% alcohol.
The cecum was exposed and cut at the ileal-cecal junc-
tion, incised along the wall, and its content was collected
from the mucosa into sterile 50-mL Falcon-type tubes.
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Table 1. Experimental layout summarized with the character and number of samples collected for microbiological exam-

ination.

Samples collected (from number (n) of birds in each group)

Sampling number - bird age

Caecum content

Deep pectoral muscles

I-14 dol +2(n=8) 2
II - 28 dol + (n=8) -
11T - 42dol + (n=8) + (n=8)

' dol - day of life

2“+” indicates that these samples were collected from birds during sampling

3 »

The pectoral muscle samples were taken from the
left deep pectoral muscle, having cut the disinfected
skin and underlying superficial pectoral muscles.
Before the muscles were subjected to microbiological
evaluation each muscle sample was individually homo-
genized.

On day 42, blood samples for serological evaluation
were collected from eight birds from each group to
determine the titre of specific anti-SE antibodies using
the ELISA.

The trial was conducted in isolated pens of the
Laboratory of Experimental Poultry Infections, at the
Department of Avian Diseases, University of Warmia
and Mazury in Olsztyn.

SE preparation for experimental infection

In order to prepare the suspension for the experi-
mental infection, the S16/1321 SE strain was trans-
ferred to a Columbia agar (Oxoid, UK) and incubated
at 40.5°C for 24 hours. After incubation, the SE
was suspended in 0.85% sterile PBS (Sigma-Aldrich,
Germany). With the use of a spectrophotometer
(DENSI-LA-METER 1II, Erba Lachema, Czech Re-
public). the final concentration of the SE suspension
(7.5 x 10° CFU/0.25 ml) was prepared and used for the
infection of broiler chickens within one hour.

In order to evaluate the actual CFU in the infection
dose, tenfold dilutions of the SE suspension were
prepared and placed (1 mL, in duplicate) on plates with
a chromogenic medium (Brilliance Salmonella, Oxoid,
UK). The plates were incubated at 40.5°C for 24 h.
Once incubated, the colonies were counted and CFU
was determined.

Probiotic

Group L received in feed the Lavipan probiotic
product (JHJ, Poland), which comprises selected stains
of lactic acid bacteria: Lactococcus lactis 1BB 500
(origin — chicken feces), Carnobacterium divergens S-1
(origin — carp gut), Lactobacillus casei LOCK 0915

indicates that these samples were not collected from birds during sampling

(origin — chicken feces) and Lactobacillus plantarum
LOCK 0862 (origin — turkey feces) at 1x10° CFU/g
each, and Saccharomyces cervisae LOCK 0141 (origin
—plant silage) at 1x 107 CFU/g.

Microbiological examination

The samples’ initial suspension and tenfold dilu-
tions were prepared according to the PN-EN ISO 6887-
1 and PN-EN ISO 6887-2 standards.

From each dilution, 1 mL was taken with a sterile
pipette and placed onto plates with a chromogenic
medium (Brilliance Salmonella, Oxoid, UK), and then
evenly distributed with a sterile spreader. The plates
were incubated at 40.5°C for 24 h.

Once incubated, the colonies were counted and
CFU/g was determined for the investigated samples.

Typical colonies were selected from each chromo-
genic medium plate and then transferred to the Colum-
bia agar (Oxoid, UK) in order to identify the taxonomy
of Salmonella colonies and classify them as the SE sero-
var. The plates were incubated at 40.5°C for 24 h.
The identification of Salmonella spp. was performed
in accordance with the PN-EN ISO 6579 standard. SE
serotyping was carried out with a Salmonella Big Five
Serotyping Kit (SSI Diagnostica, Denmark).

Serological examination

Serological evaluation was performed with a com-
mercial ELISA SE antibody test kit (IDEXX, USA)
according to the manufacturer’s recommendations.
The ELISA test was carried out with the use of an
Eppendorf epMotion 5075 LH automated pipetting
station (Eppendorf, Germany), a BioTek EL X 405
automatic plate washer (BioTek, USA) and a BioTek
EL x 800 plate reader. The sample-to-positive (S/P)
ratio was calculated based on the ODs and used to
express the mean (S/P)-ratio +/- SD per group.
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Table 2. Microbiological results summarized. Results are presented as the number of samples positive/tested (P/T)
and mean Salmonella Enteritidis (SE) CFU/g +/- SD. Statistical analysis was performed with the differences in mean

SE CFU/g between C and L groups in each sampling.

Sampling I Sampling II Sampling ITT
Group Cecum content Cecum content Cecum content Pectoral muscles
P/T CFU/g +/-SD P/T CFU/g +/- SD P/T CFU/g +/- SD P/T CFU/g +/- SD
101.9 42.5 5
C 8/8 0/8 0.0 7/8 7/8
+/-98.9 x 103 +/-42.1 x 10* +/-3.2 x 10!
64.8 0.75 1.5%
L 8/8 0/8 0.0 1/8 2/8
+/-30.4 x 103 +/-2.1 x 10%* +/- 2.8 x 10**

* Significant differences (Student t-test, * as p<0.05) compared to the control group (C).

Table 3. Serological results summarized. Results are presented as the number of samples positive/tested (P/T) with mean

sample/positive (S/P) ratio +/- SD.

Group P/T Mean S/P +/- SD
C 0/8 0.017 +/- 0.022
L 0/8 0.022 +/-0.022

Statistical analysis

The results were processed statistically with the
Student t-test and with Graph-Pad Prism 6.0 software.
The differences were considered statistically significant
at p<0.05.

Results

Microbiology

At the beginning of the experiment, the chicks were
free from Salmonella spp. (data not shown). The actual
concentration of SE suspension used for infection was
at exactly 7.5 x 10° CFU/0.25 mL.

The results of the microbiological analysis are sum-
marized in Table 2. Two weeks after the infection all of
the cecal samples in both L and C groups were positive
for SE. Mean SE CFU/g accounted for 64.8 x 10° and
101.9 x 10° in L and C groups, respectively.

None of the cecal samples were positive for SE
growth in either L or C group during the second sam-
pling.

During the third microbiological investigation, sig-
nificant differences were found in the mean SE CFU/g
between the C (42.5 x 10* CFU/g) and L (1.5 x 10!
CFU/g) groups (p = 0.013). The growth of SE in the
L group was detected in 1 out of the 8 examined cecal
samples, while in the C group 7 out of the 8 investigated
samples were positive. For each positive sample in the
C group, the SE CFU/g was one logarithmic level
higher than that of the single positive sample from the
L group.

Six weeks after infection SE was detected in 2 of the
8 examined pectoral muscle samples collected from
the L group, whereas it was detected in 7 of the 8 sam-
ples from the C group. At the same time, mean SE
CFU/g in pectoral muscles of the L group (1.5 x 10!
CFU/g) was significantly lower (p = 0.035) than in the
C group (5 x 10! CFU/g).

Serology

The results of serological evaluation of anti-SE
antibodies 6 weeks after experimental infection are
summarized in Table 3. No anti-SE specific antibodies
were detected in any of the groups.

Discussion

The phenomenon by which the normal intestinal
microflora protects the host against invading pathogens
is called competitive exclusion (Schneitz 2005). CE,
provided by the gut natural microflora or probiotics is
considered to result from a range of direct (i.a. produc-
tion of volatile fatty acids and competition for coloniza-
tion site) and indirect (i.a. immune system stimulation)
effects (Doyle and Erickson 2006). Therefore, probiotic
application in poultry is increasingly considered as
an alternative solution, allowing a significant degree of
reduction of infections with microorganisms potentially
pathogenic to humans. For the two types of pathogens
that are the most common cause of foodborne diseases
in humans, i.e. Campylobacter spp. and Salmonella spp.,
numerous studies have been conducted with the results
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indicating the beneficial effects of probiotics associated
with limiting the population of these pathogens in poul-
try (Pascual et al. 1999, Avila et al. 2006, Higgins et al.
2008, Baffoni et al. 2017, Carter et al. 2017, Marjes-
-Léazaro et al. 2017, Oh et al. 2017, Saint-Cyr et al.
2017). Probiotics are thus commonly believed to be
a very beneficial tool for improving the sanitary para-
meters of poultry food products through their imple-
mentation at the primary stage of poultry production.

Additionally, numerous studies with the use of com-
mercially available (at the time of the experiment) pro-
biotics indicate that these products can successfully
protect chickens against Salmonella spp. infection
under both laboratory and field conditions (Bolder
et al. 1992, Cameron and Carter 1992, Nuotio et al.
1992, Wierup et al. 1992, Methner et al. 1997, Palmu
and Camelin 1997, Stern et al. 2001, Schneitz 2005).

The inhibitory effects of Lactic acid bacteria and
yeasts that comprise the probiotic used in this study
(Lavipan) on §. Enteritidis and S. Typhimurium growth
in vitro has been evaluated previously and those probio-
tic strains revealed a very promising potential to reduce
the growth of pathogenic bacteria (Burchardt, personal
communication, 2015). Additionally Lavipan probiotic
has been shown to be effective in reducing Campylo-
bacter spp. population in broiler chickens in a study
performed under field conditions and it has been shown
to possess immunomodulatory properties (Smialek
et al. 2018). In the current experiment, we investigated
the effects of this multi-species probiotic on the popu-
lation of S. Enteritidis in the cecum and pectoral mus-
cles of broiler chickens after SE experimental infection
of day-old birds.

In the present study the Lavipan probiotic signifi-
cantly reduced the growth of the SE population in the
cecal content of broiler chickens 6 weeks after the
experimental infection on the first day of the birds’ life.
Additionally, the data indicate that two weeks after
infection, the SE CFU/g in the cecal content of the
birds that received the probiotic was lower than in
the control group, which suggests a different dynamic
of growth for the pathogenic microorganisms in the di-
gestive tract of the birds fed a diet supplemented with
Lavipan. The results of our study are consistent
with previous findings that Lactobacillus spp. based
probiotics are capable of reducing SE infection in broil-
er chickens (Higgins et al. 2008, Viscente et al. 2008).
Additionally, Shibat El-hamd and Mohamed (2016)
demonstrated that L. acidophilus, L. plantarum and
S. cerevisiae based probiotic was capable of successively
reducing the number of SE population in the cecal con-
tent of experimentally infected broiler chickens.

Based on the results of the present study, it can
be concluded that the investigated Lavipan probiotic,

administered at 0.5 kg per 999.5 kg of feed, reduces the
risk of active Salmonella Enteritidis infection in broiler
chickens. The study demonstrated its efficacy in crea-
ting the conditions allowing for the competitive exclu-
sion of SE in the gastrointestinal tract, contributing
to the reduction of the risk of pectoral muscle infection
with these bacteria.

It is difficult to determine why, during the second
sampling (day 28 of life), SE was not detected in any of
the groups. We assume that at this time after infection,
a certain form of “homoeostasis” developed between
the SE and the host which made detection of SE in the
cecal content impossible.

The absence of anti-SE specific antibodies 6 weeks
after the infection probably resulted from the low infec-
tious dose of SE used for the experimental infection;
this has already been demonstrated for experimental
infection with low SE doses (Velhner et al. 2005).
The SE dose used in our study ensured a subclinical
course of infection (with cecum and pectoral muscle
colonization) without the involvement of the systemic
immune mechanisms. Conversely, the possibility that
the lack of humoral immunity stimulation resulted
from the low immunogenicity of the SE strain used in
the study cannot be excluded.

Conclusions

It has been demonstrated previously that probiotics
inhibit the growth of pathogenic microflora in the gas-
trointestinal tract through competitive exclusion.
The results of our study allow for the conclusion that
the Lavipan probiotic (JHJ, Poland), comprising select-
ed stains of lactic acid bacteria and Saccharomyces
cervisae yeasts, added to the feed mixture for broiler
chickens, was capable of reducing the population of SE
in their cecum, which eventually contributed to the
improved hygienic parameters of their pectoral mus-
cles. Considering the alarming yearly EFSA reports
concerning the number of human cases of Salmonello-
sis in the EU, it is worth emphasizing that besides
vaccination and biosecurity measures, implementation
of probiotics at different stages of poultry production
could reduce the risk of contamination of poultry prod-
ucts with Salmonella spp.
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