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PAPER

The effect of a single, early-life administration of a probiotic on piglet
growth performance and faecal microbiota until weaning

Diana Luisea , Elisa Spinellia, Federico Correaa , Alberto Nicodemob, Paolo Bosia and
Paolo Trevisia

aDepartment of Agricultural and Food Science (DISTAL), University of Bologna, Bologna, Italy; bSociet�a Agricola La Pellegrina S.P.A,
Verona, Italy

ABSTRACT
The establishment and maintenance of a balanced gut microbiota in early life play a pivotal role
in pigs. This study aims to evaluate the effect of the administration of a single early-life pro-
biotic on piglet faecal microbiota and growth performance until weaning. Forty-eight hours after
birth (d0), 820 piglets were allocated into 4 groups (205 piglets/16 litters/group) and orally ino-
culated as follows: 1) Control (CO: 4mL of pure water); 2) Saccharomyces (SA: 4mL containing a
total of 1� 1010 CFU of Saccharomyces cerevisiae var. boulardii CNCM-1079; 3) Enterococcus (EF:
4mL containing a total of 1� 1010 CFU of Enterococcus faecium lactiferm WS200); 4) a mix of
the two probiotics at the same doses (SAEF). At d7 and d18, the piglets were weighed, and fae-
ces from the piglets (18 piglets/group from 6 sows/group) and their mothers were analysed for
a microbial profile by sequencing the v3-v4 regions of the 16S rRNA gene. Data were arranged
in a 2x2 factorial design. The probiotic supplement improved piglet ADG in the periods d7-d18
(p< .0001) and d0-d18 (p < .05). From d7 to d18, the SA group tended to have lower mortality
than the CO group (p ¼ .08). The probiotic supplement significantly affected the microbial beta
diversity at d7 (p < .05). The SA probiotic favoured the colonisation of Erysipelatoclostridium and
Christensenella, and the EF probiotic the colonisation of Lachnospiraceae. These results high-
lighted that the administration of a single early-life probiotic supplement could improve piglet
performance and shape the faecal microbial profile.

HIGHLIGHTS

� A single dose of E. faecium or S. cerevisiae improved piglet performance in the pre-wean-
ing period.

� The early administration of probiotics shaped the faecal microbial profile of the piglets and
contributed to improved growth performance.

ARTICLE HISTORY
Received 20 December 2020
Revised 22 May 2021
Accepted 5 July 2021

KEYWORDS
Early-life; probiotic; gut
eubiosis; gut maturation

Introduction

Pre-weaning mortality is currently considered one of
the most important causes of reduced production effi-
ciency and is a welfare issue in swine herds (Heuß
et al. 2019). According to the literature, there are sev-
eral factors associated with piglet perinatal death,
such as low body weight at birth, litter size and
homogeneity, colostrum intake in the first hours of life
and the appropriate development of the piglet
immune system which plays a fundamental role in
their robustness and survivability (Heuß et al. 2019;
Revilla et al. 2019). In fact, it is generally recognised
that young piglets have an immature mucosal

immune system; it develops in a programmed process
(Stokes et al. 2004) in which the intestinal microbiota
is strongly involved (Stokes 2017) ).

Knowledge regarding the succession of microbial
colonisation in the pig gut has intensively increased in
recent years (Bian et al. 2016; Han et al. 2018). As for
other mammals, gut colonisation in pigs begins at
birth at the moment of initial contact with the bac-
teria present in the sow vaginal tract and, subse-
quently, with sow faeces (Tannock et al. 1990). More
recently, the maternal transfer of bacteria via the
umbilical cord blood already during gestation has
been recognised (Leblois et al. 2017).
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A number of studies have reported that the early
commensal colonisation of the piglet intestinal micro-
biota can influence piglet robustness under experi-
mental conditions. An appropriate early commensal
colonisation can have beneficial effects on the devel-
opment of the intestinal and systemic immune system
and nutrient absorption, resulting in better growth
performance and in a reduction of the negative effects
related to the post-weaning diarrhoeal syndrome
(Hooper et al. 2001; Taras et al. 2006; Kenny et al.
2011; Stokes 2017; Trevisi et al. 2018; Luise et al.
2019). In fact, it has been shown that management
and dietary interventions in the post-natal period
affect the establishment of intestinal microbiota and
the normal architecture of the mucosal immune sys-
tem by promoting interaction between lymphoid cells
which favours the maturation of the intestinal and sys-
temic immune systems (Everaert et al. 2017). In this
context, early colonisation with beneficial microbes,
such as probiotics, in the first days of life has provided
interesting evidence in promoting the intestinal eubio-
sis of piglets (Wang et al. 2016; Kiros et al. 2019;
Wang et al. 2019). However, the solution tested in pre-
vious studies suffered from a lack of practicality as the
probiotics in those studies were administered (manu-
ally) for several days while there were no data regard-
ing the effect of a single probiotic intervention in
early life which could result in a more applicable solu-
tion in husbandry. Furthermore, relatively little is
known regarding the short- and mid-term effects of
an early single oral administration of probiotics on the
gut microbial profile of nursery piglets under field
conditions. Therefore, in the present study, the
hypothesis that the administration of a single early-life
probiotic supplement to suckling piglets would affect
their gut microbiota, driving it to a more mature
microbiota represented by one of the sows was devel-
oped. The aim of the present study was to evaluate
the effect of the administration of a single early-life
probiotic supplement on pre-weaning piglet growth,
health and the faecal microbial profile.

Materials and methods

Animals and experimental design

A total of 820 piglets from 64 litters (average 13 pig-
lets per litter) were included in the study. At 48 h after
birth (d0), the piglets were allocated into 4 groups
(205 piglets/16 litters/group) and orally supplied as
follows: 1) Control group, CO: 4mL of pure water; 2)
Saccharomyces group, SA: solution containing a total
of 1� 1010 CFU of Saccharomyces cerevisiae var.

boulardii CNCM-1079 (Lallemand Animal Nutrition
Italia, Castel d’Azzano, Italy); 3) Enterococcus group,
EF: solution containing a total of 1� 1010 colony-form-
ing unit (CFU) of Enterococcus faecium lactiferm WS200
(Chr Hansen Italia, Ciano d’Enza, Italy) and 4) a mix of
the two probiotics at the same doses;,SAEF: solution
containing a total of 1� 1010 CFU of Saccharomyces
cerevisiae var. boulardii CNCM-1079 and 1� 1010 CFU
di Enterococcus faecium lactiferm WS200)
(Supplementary Table 1). The solutions were prepared
by mixing probiotic powder in pure water (4mL) and
were administered orally to the piglets using a
10mL syringe.

During the lactation period, the sows had free
access to feed and water. The piglets were raised with
their mothers in farrowing crates of 4.5m2 with a slat-
ted floor and had free access to water. The farrowing
room temperature was maintained at 23˚C, and heat
lamps were used in the first week after birth. After the
first week, the heat lamps were used only at night.

The mortality of the piglets was recorded during
the entire study. The piglets were individually weighed
at 7 (d7) and 18 (d18) days after the start of the trial.
The piglets were then weaned at 21 days of age.

At d7 and d18, a faecal swab from 18 piglets/group
(from 6 litters balanced for mother parity and repre-
sentative of their litter body weight) and their respect-
ive mothers (6 sows/group) were collected in sterile
tubes, snap-frozen in liquid nitrogen and then pre-
served at �80 �C until analysis.

Microbiota analysis

Total bacterial DNA was extracted from the faecal
samples using a FastDNATM Spin Kit for Soil (MP
Biomedicals, Europe, LLC) following the manufacturer’s
instructions. The quantity and purity of the DNA iso-
lated were checked using a NanoDrop spectrophotom-
eter (Fisher Scientific, 13 Schwerte, Germany) and
agarose gel electrophoresis. Thus, the analysis of the
microbial profile was carried out using sequencing of
the v3-v4 regions of the 16S rRNA gene. Briefly, ampli-
cons were produced using the primers: Pro341F:50-
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACG-
GGNBGCASCAG-30 and Pro805R: 50GTCTCGTGGG
CTCGGAGATGTGTATAAGAGACAGGACT ACNVGGGTAT
CTAATCC-30 and PlatinumTM Taq DNA Polymerase
High Fidelity (Termo Fisher Scientific, Italy). The libra-
ries were prepared using the standard protocol for
MiSeq Reagent Kit v3 and were sequenced on the
MiSeq platform (Illumina Inc., San Diego, Ca, USA). The
raw data (fastq format) obtained are publicly available
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at the European Nucleotide Archive (ENA) under
accession number PRJEB40203.

Statistical analysis

The probiotic effect on faecal microbiota and perform-
ance was analysed using a 2� 2 factorial model (two
levels of probiotic Saccharomyces cerevisiae var. boular-
dii and two levels of Enterococcus faecium lactiferm
WS200). In detail, to study the effect of the probiotic
Saccharomyces cerevisiae var. boulardii CNCM-1079
(Prob SA), the SA and SAEF groups were considered
while, to study the effect of Enterococcus faecium lac-
tiferm WS200 (Prob EF), the EF and SAEF groups were
considered; the CO group was considered to be a
negative control for both probiotics.

Data regarding performance were analysed using
an analysis of variance (ANOVA) model including Prob
SA, Prob EF and their interaction, the litter of origin,
the parity of the sow (1-2; 3-4-5; �6) as fixed factors,
and the initial body weight of the piglets as a covari-
ate. Piglet mortality and exclusion from the trial due
to severe health impairment were analysed using a
GENMOD procedure (SAS software version 9.3) with a
binomial distribution and the litter of origin as the
experimental unit. The model included Prob SA, Prob
EF and their interaction and the parity of the sows
(1-2; 3-4-5; �6), as fixed factors and the initial body
weight (BW) of the litter and the litter size as covari-
ates. In the case of a statistically significant effect of
Prob SA and Prob EF interaction, the effect of the pro-
biotic supplementation as compared to the CO group
was tested with the following contrasts: SA vs. CO; EF
vs. CO and SAEF vs. CO. The effects were considered
to be significant when p was <.05 whereas when p
was >.05 but <.10, the differences were considered to
indicate a trend towards a significant effect.

Bioinformatic and statistical analysis
of microbiota

The sequences generated (approximately �460 bp)
were analysed using the DADA2 package (version
1.5.0) and workflow (Callahan et al. 2016) in R version
3.6 (http://www.R-project.org). Taxonomy was assigned
using the Silva Database (release 132) (Quast
et al. 2013).

Alpha (Chao, Shannon and InvSimpson indices) and
beta (the Bray–Curtis dissimilarity) diversity, and the
abundance of taxa at the different taxonomy levels
were calculated and analysed with R software (version
3.6) using PhyloSeq (McMurdie and Holmes 2013),

Vegan (Dixon 2003), lme4 (Bates et al. 2015), DESeq2
(Love et al. 2014) and MixOmics (Lê Cao et al.
2011) packages.

The statistical analysis was initially carried out using
the ANOVA (alpha indices) and PERMANOVA (beta
diversity) models which included the effect of time
(d7 and d18) and of the sample (piglet vs. sow). Data
regarding the piglets and the sows were subsequently
analysed individually. For alpha diversity, a mixed
model including Prob SA, Prob EF and their inter-
action, the effect of time (d7 and d18), the litter, and
the repetition in each piglet per time as factors was
carried out; for beta diversity, a PERMANOVA model
(Adonis test) including Prob SA, Prob EF and their
interaction, the litter and the effect of time (d7 and
d18) was carried out.

The data at each time point (d7 and d18) were
then analysed separately in order to point out possible
substructures in the data. The ANOVA and PERMNOVA
models, including Prob SA, Prob EF, their interaction
and the litter as factors were carried out for the alpha
and beta diversity indices, respectively. Before per-
forming the Adonis test, the homogeneity of disper-
sion was tested (betadisper function) and was not
significant for any factor.

The difference in the taxonomic composition of
Prob SA and Prob EF as compared with the CO group
at each time point was analysed using the DESeq2
package, based on negative binomial generalised lin-
ear models and applying the Benjamini-Hochberg
method for multiple testing correction (Love et al.
2014). Furthermore, in order to identify the discrimin-
ant taxa of each group, the multivariate sparse Partial
Least Squares Discriminant Analysis (sPLS-DA) super-
vised approach was carried out on the microbial data
at d7 and d18 separately (Lê Cao et al. 2011). The
microbial data had previously been normalised using
total sum scaling normalisation coupled with the cen-
tred log-ratio (CLR) transformation. The optimal num-
ber of components and the optimal number of
variables selected for each component included in the
sPLS-DA model were selected based on the average
balanced classification error rate with centroid dis-
tance over 100 repeats of the 5-fold cross-validation of
a sPLS-DA model. To validate the results, the stability
of frequency scores of the selected amplicon sequence
variants (ASVs) was calculated (“perf” function) with
5-fold cross-validation and 100 repetitions; the ASVs
showing a correlation with the treatment of >0.5 and
a stability of �65% were considered discriminative.
The effects were considered significant when p was
<.05 whereas when p was >.05 but <0.10, the
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differences were considered to indicate a trend
towards a significant effect.

Results

A total of 88 piglets (10.7%) were excluded from the
trial due to severe impairment of health conditions
(piglet behaviour was characterised by limited move-
ment and attention, no milk intake and visible growth
stoppage or loss of body weight) or death. During the
periods between d0-d7 and d0-d18, no significant
effect of the administration of the probiotics on mor-
tality and exclusion percentage rate was observed
while, in the period between d7-d18, a trend towards
interaction between the two probiotics was observed
(p¼ .059) (Table 1). The comparisons carried out
showed that the SA group tended to have a reduced
percentage of mortality and exclusion percentage as
compared with the CO group (p¼ .08).

The average initial piglet body weight per litter had
a negative effect on the mortality and the exclusion
percentages at d0-d7 (p< .001), at d7-d18 (p¼ .008)
and at d0-d18 (p< .001) (Table 1).

Piglet performance

Table 2 reports the effect of the oral administration of
probiotics on piglet BW and average daily gain (ADG).
The probiotic administrations did not affect BW at d7.
At d18, a significant effect of the interaction of the
two probiotics (p< .0001) was found. The contrast
with the CO group showed an increase in BW at d18
in both the SA (p <.005) and the EF (p< .0001) groups
while no difference was observed between the CO
and SAEF groups.

The probiotic supplementation did not affect the
piglet ADG in the period between d0-d7. The inter-
action between Prob EF and Prob SA regarding piglet
ADG at d7-d18 and at d0-d18 was statistically signifi-
cant (p< .0001 and p< .001, respectively). Comparison
with the CO group showed an increase in ADG for the
period d7-d18 and d0-d18 in both the SA (p< .0001
and p< .005 for d7-d18 and d0-d18, respectively) and
EF (p< .0001 and p< .05 for d7-d18 and d0-d18,
respectively) groups while no difference was observed
when compared to the SAEF group.

In addition to the effect of the probiotic administra-
tion, the BWs and the ADGs at all the time points

Table 2. The effect of the oral early-life administration of probiotics on the body weight and growth performance of piglets in
the pre-weaning phase.

Groupa

Se

p Value

CO SA EF SAEF
Prob
SA

Prob
EF

Prob SA �
Prob EF

Mother’s
parity

Piglet body
weight d0b

Litter
size Litter

Weight, g
d7 2619 2596 2646 2643 33.5 .64 .57 .77 .001 <.0001 .76 .20
d18 4970 5350�� 5417��� 5106 71.1 <.001 <.0001 <.0001 <.0001 <.0001 .88 .99

Average Daily Gain, g/day
d0-d7 186 183 184 193 4.3 .59 .76 .17 <.0001 <.0001 <.001 <.001
d7-d18 212 246��� 251��� 221 4.6 <.0001 <.0001 <.0001 .086 <.0001 .46 .04
d0-d18 204 225�� 218� 211 4.2 <.0002 .030 .001 <.0001 <.0001 .06 .73

aGroup: CO ¼ 4ml of pure water; SA¼ 4mL of solution containing 1� 1010 CFU of Saccharomyces cerevisiae var. boulardii CNCM-1079 (Lallemand
Animal Nutrition); EF ¼ 4mL of solution containing 1� 1010 UFC di Enterococcus faecium lactiferm WS200 (Chr Hansen); SAEF 4mL of solution containing
the mix of two probiotics (1� 1010 CFU of Saccharomyces cerevisiae var. boulardii CNCM-1079 and 1� 1010 CFU of Enterococcus faecium lacti-
ferm WS200).
Piglet body weight d0b: average initial piglets body weight per litter.�p < .05; ��p < .005; ���p < .0001. Contrasts were made comparing each experimental treatment with the control.

Table 1. The effect of the early-life oral administration of probiotics on the mortality and exclusion rate of piglets in
the experiment.

Groupa

SE

p Value

Mortality and
exclusion % CO SA EF SAEF

Prob
SA Prob EF

Prob SA �
Prob EF

Mother’s
parity

Piglet body
weight d0b

Litter
size

d0-d7 4.61 4.10 3.57 3.66 0.34 .95 .77 .80 .45 <.001 .70
d7-d18 3.93 1.44þ 2.28 3.48 0.43 .48 .67 .06 .13 .008 .75
d0-d18 7.52 4.60 5.62 7.29 0.29 .43 .16 .13 .36 <.001 .73
aGroup: CO ¼ 4ml of pure water; SA¼ 4mL of solution containing 1� 1010 CFU of Saccharomyces cerevisiae var. boulardii CNCM-1079 (Lallemand
Animal Nutrition); EF ¼ 4mL of solution containing 1� 1010 UFC di Enterococcus faecium lactiferm WS200 (Chr Hansen); SAEF 4mL of solution containing
the mix of two probiotics (1� 1010 CFU of Saccharomyces cerevisiae var. boulardii CNCM -1079 and 1� 1010 CFU of Enterococcus faecium lacti-
ferm WS200).
Piglet body weight d0b: average initial piglets body weight per litter.
þSA vs CO, p ¼ .08.
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were influenced by the initial body weight of the pig-
lets and the mothers’ parity (p< .05; except for the
ADG at d7-d18 for which the mother’s parity had a
p¼ .086). Litter and litter size did not influence BW,
but significantly influenced the ADG at d0-d7
(p< .001), the ADG at d7-d18 (only the litter, p¼ .036)
and the ADG at d0-d18 (only a trend for litter
size, p¼ 0.057)

Faecal microbiota profile

Three samples were excluded from the analysis due to
the poor quality of the DNA extracted. After sequenc-
ing, a total of 49,936.28 reads distributed among the
samples were obtained (Supplementary Table 2). The
relative rarefaction curves showed a tendency to a
plateau for all the samples, suggesting that the
sequencing depth was sufficient to describe the vari-
ability within the microbial communities analysed
(Supplementary Figure 1). Taxonomic assignment
allowed obtaining 18 phyla, 23 classes, 51 families and
150 genera. At the phylum level, Firmicutes (53%),
Bacteroidetes (32%) and Proteobacteria (8%) were the
most abundant phyla; at the family level,
Ruminococcaceae (16%), Lactobacillaceae (15%) and
Prevotellaceae (9%) were the most abundant families.
Figure 1 shows the Venn plot reporting the number of
common and unique ASVs of the piglets at the two
time points and of the sows. Sows showed the largest
number of ASVs. The sows had 3040 unique ASVs and
434 ASVs in common with the piglets at both time
points; 17 ASVs were in common with the piglets at
d7 and 574 ASVs were in common with the piglets at
d18. The piglets had 570 common ASVs in their faecal

microbiome between d7 and d18 while 385 were
unique at d7 and 845 were unique at d18.

Supplementary Figure 2 shows the alpha diversity
indices Chao1, Shannon and InvSimpson for piglets
and sows at d7 and d18 which increased as a function
of time (age) and sample (piglets vs. sows) (p< .001).
No effect of Prob SA and Prob EF and no statistical
difference between the four groups (CO, SA, EF, SAEF)
on the alpha diversity was observed at either time
point (Figure 2).

The Adonis test showed a significant effect of time
(R¼ 0.03; p¼ .001) and of sample (piglets vs. sows)
(R¼ 0.18; p¼ .001) on the Bray-Curtis distance matrix.
The effect of time and sample type was visualised by
the non-metric multidimensional scaling (NMDS) plot
(Supplementary Figure 3) in which two clusters
belonging to the sows and the piglets, respectively,
were clearly separated. The dispersion of the samples
taken from sows was less than the dispersion of the
samples taken from the piglets.

Considering only the data of the piglet microbiota,
a significant effect of time (R¼ 0.072; p¼ .001) and lit-
ter (R¼ 0.007; p¼ .001) was observed on the faecal
microbial composition (beta-diversity); furthermore, a
tendency towards the interaction between time and
Prob SA (R¼ 0.009; p¼ .07) was observed (Table 3).
The NMDS plot with Bray-Curtis distance matrix for
piglet microbiota is reported in Supplementary Figure
3, and a clear separation of the samples by time can
be observed.

Considering the two time points independently, at d7
both the probiotic supplementations significantly
affected the beta diversity (Prob SA: R¼ 0.02; p¼ .04;
Prob EF: R¼ 0.02; p¼ .04) while, at d18, a tendency for
Prob SA (R¼ 0.18; p¼ .07) was observed. Supplementary
Figures 4 and 5 show the NMDS plots with the Bray-
Curtis distance matrix for the piglet microbiota at d7
and d18, respectively, and an overlap of the samples
among the groups can be observed. Litter significantly
affected the faecal microbial structure at both time
points (d7: R¼ 0.45; p¼ .001; d18: R¼ 0.35; p¼ .001).

The results for the taxonomic differences between
the probiotic groups and the CO group are reported
in Tables 4 and 5 for d7 and d18, respectively. At d7, the
groups supplied with the Prob SA (SA and SAEF groups)
had a higher abundance of bacteria belonging to the
genus Erysipelatoclostridium (adj p¼ .009) while the
groups supplied with the Prob EF (EF and SAEF groups)
showed a higher abundance of Lachnospiraceae_
UCG_004, Sanguibacteroides, Alistipes genera (adj p< .05)
and a lower abundance of the genus
Erysipelatoclostridium (adj p¼ .002) (Table 4). At d18, the

Figure 1. Venn diagram: number of unique and common
amplicon sequence variants (ASVs) of sows and piglets at d7
and d18.
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groups supplied with the Prob SA had a higher abun-
dance of bacteria belonging to the family
Enterobacteriaceae (adj p< .0001) and genus
Escherichia_Shigella (adj p< .0001), a lower abundance of
the family Saccharimonadaceae (adj p¼ .007) and the
genus Hydrogenoanaerobacterium (adj p¼ .050). The
groups supplied with the Prob EF showed a lower abun-
dance of bacteria belonging to the families
Clostridiales_vadinBB60_group and Lachnospiraceae (adj
p¼ .026) (Table 5).

The PLS-DA was carried out on the data aggregated at
the genus level for the two time points to identify the
discriminant taxa for each specific group (Figure 3 and 4).

At d7, the CO group was discriminated by bacteria
belonging to the genera Prevotellaceae_UCG-004 and
Veillonella; the SA group was discriminated by bacteria
belonging to the genera Christensenella,
Erysipelatoclostridium and Methanobrevibacter; the EF
group was discriminated by bacteria belonging to the
genera Lachnospiraceae_UCG-010, Lachnospiraceae_UCG-
004 and Negativicoccus and finally, the SAEF group was
discriminated by bacteria belonging to the genera
Ruminococcaceae_UCG-010, Romboutsia and
Erysipelotrichaceae_UCG-004 (Figure 3B,C and D).

At d18, the CO group was discriminated by bacteria
belonging to the genera Prevotellaceae_UCG-001,
Candidatus_Saccharimonas and Tyzzerella; the SA group
was discriminated by bacteria belonging to the genera
Methanomethylophilus and Lachnospiraceae_ UCG-002;
the EF group was discriminated by bacteria belonging to
the genera Christensenellaceae_R-7 and Ruminococcacea_

Figure 2. Chao1, Shannon and InvSimpson alpha indices of piglets divided into the four experimental groups and the two time
points. Groups: CO ¼ 4ml of pure water; SA¼ 4mL of solution containing a total of 1� 1010 CFU of Saccharomyces cerevisiae var.
boulardii CNCM-1079 (Lallemand Animal Nutrition); EF ¼ 4mL of solution containing a total of 1� 1010 UFC di Enterococcus fae-
cium lactiferm WS200 (Chr Hansen) and SAEF 4mL of solution containing the mix of two probiotics (1� 1010 CFU of
Saccharomyces cerevisiae var. boulardii CNCM-1079 and 1� 1010 CFU of Enterococcus faecium lactiferm WS200).

Table 3. The results of the Adonis test for time and oral
early-life administration of probiotics in the faecal microbiota
of suckling piglets.
Factor Df F of the model R2 Pr (>F)

Time 1 10.73 .07 .001
Prob_SA 1 1.13 .008 .24
Prob_EF 1 1.14 .008 .22
Litter 20 1.47 .19 .001
Time x Prob_SA 1 1.40 .009 .07
Time x Prob_EF 1 1.03 .008 .38
Time x Prob_SA x Prob_EF 1 1.27 .009 .14
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UBA1819 and the SAEF group was discriminated by bac-
teria belonging to the genera Acidaminococcus,
Escherichia/Shigella and Enterococcus (Figure 4B,C and D).

Discussion

In this study, the oral administration of S. cerevisiae
var. boulardii CNCM-1079 or E. faecium lactiferm

WS200 within forty-eight hours after birth led to an
improvement in piglet growth performance during the
suckling period, with a greater effect after the first
week post supplementation, and influenced the piglet
faecal microbiota.

These probiotics differ with respect to their natural
habitat; S. cerevisiae var. boulardii is not naturally har-
boured in the pig gut while E. faecium naturally

Table 4. The effect of the oral early-life administration of probiotics on the faecal microbial taxa of suckling
piglets at day 7.

Taxa log2FCa lfcSEb p Valuec adj p Valued

Prob SA
Genus Erysipelatoclostridium 3.77 0.96 <.0001 .009
ASV ASV83, Genus Rikenellaceae_RC9_gut_group 23.15 1.90 <.0001 <.0001

ASV344, Genus Parabacteroides 24.50 2.18 <.0001 <.0001
ASV596, Genus Bacteroides 22.94 2.65 <.0001 <.0001
ASV583, Genus Parabacteroides 22.59 2.90 <.0001 <.0001
ASV228, Genus Erysipelatoclostridium 4.23 1.00 <.0001 .002
ASV56, Family Prevotellaceae 6.66 1.78 <.0001 .012

Prob EF
Genus Lachnospiraceae_UCG_004 22.89 2.29 <.0001 <.0001

Erysipelatoclostridium �4.03 0.97 <.0001 .002
Sanguibacteroides 4.94 1.32 <.0001 .007
Alistipes 1.83 0.55 .001 .023

ASV ASV239, Genus Fusobacterium �25.47 2.44 <.0001 <.0001
ASV902, Genus Bacteroides 22.15 2.23 <.0001 <.0001
ASV658, Genus Parabacteroides �24.98 2.68 <.0001 <.0001
ASV1077, Genus Clostridium_sensu_stricto_1 22.90 2.60 <.0001 <.0001
ASV228, Genus Erysipelatoclostridium �4.34 1.00 <.0001 .001
ASV56, Family Prevotellaceae 6.74 1.72 <.0001 .006
ASV86, Genus Rikenellaceae_RC9_gut_group 4.60 1.19 <.0001 .006
ASV631, Genus Sanguibacteroides 5.05 1.35 <.0001 .009
ASV21, Genus Alistipes 4.40 1.21 <.0001 .012
ASV87, Genus Rikenellaceae_RC9_gut_group 4.53 1.28 <.0001 .017
ASV285, Genus Anaerotruncus 3.12 0.92 .001 .026
ASV126, Family Ruminococcaceae 5.50 1.72 .001 .046
ASV321, Genus Alistipes 6.25 1.97 .002 .048

alog2FC: log2 fold change is the effect size estimate. blfcSE, standard error estimate for the log2 fold change estimate. cWald statistic
value. dBenjamini-Hochberg adjusted p-value.

Table 5. The effect of the oral early-life administration of probiotics on the faecal microbial taxa of suckling
piglet at day 18.

Taxa log2FCa lfcSEb p Valuec adj p Valued

Prob SA
Family Enterobacteriaceae 2.32 0.48 <.0001 <.0001

Saccharimonadaceae �4.30 1.20 <.0001 .007
Genus Escherichia_Shigella 2.30 0.46 <.0001 <.0001

Hydrogenoanaerobacterium �1.32 0.40 .001 .052
ASV ASV740, Genus Helicobacter 23.49 1.91 <.0001 <.0001

ASV459, Genus Desulfovibrio 23.41 2.58 <.0001 <.0001
ASV14, Genus Bacteroides 4.80 1.00 <.0001 <.0001
ASV190, Genus Fusobacterium 6.66 1.56 <.0001 .003
ASV1, Genus Escherichia/Shigella 1.82 0.48 <.0001 .014
ASV153, Genus Candidatus_Saccharimonas �4.75 1.25 <.0001 .014
ASV154, Genus Hydrogenoanaerobacterium �1.54 0.43 <.0001 .030

Prob EF
Family Clostridiales_vadinBB60_group �2.28 0.69 .001 .026

Lachnospiraceae �0.98 0.30 .001 .026
ASV ASV481, Genus Megasphaera 22.75 1.83 <.0001 <.0001

ASV634, Genus Bacteroides �24.58 2.13 <.0001 <.0001
ASV459, Genus Desulfovibrio �25.11 2.63 <.0001 <.0001
ASV868, Genus Phascolarctobacterium 22.68 2.63 <.0001 <.0001
ASV346, Genus Anaerobiospirillum 21.76 2.69 <.0001 <.0001

alog2FC: log2 fold change is the effect size estimate. blfcSE, standard error estimate for the log2 fold change estimate. cWald statis-
tic value. dBenjamini-Hochberg adjusted p-value.
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colonises the gastrointestinal tract of mammals (Banla
et al. 2019). Although both probiotics have already
been authorised for use as a feed additive in piglets in
the EU, there are no studies in which they have been
used as a single oral supplement or as a probiotic
mixture in suckling pigs. Some attempts at using the
combination of the latter two have been observed in
other species, with controversial effects (Maia et al.
2001; Beauchemin et al. 2003; Emmanuel et al. 2007;
Chiquette et al. 2015).

In the present study, S. cerevisiae var. boulardii
showed a positive effect on productive performance
in the second part of the suckling period and a ten-
dency to decrease piglet mortality between the first
and the third weeks of life. In agreement with Hancox

et al. (2015), no significant effect of a single oral
administration of S. cerevisiae on piglet ADG in the
first week of life (d0-d7) was observed; on the other
hand, improvement of the ADG for the period
between d7-d18 and for the overall suckling period
observed in the present study was in line with the
results of Kiros et al. (2019). In fact, in the study of
Kiros et al. (2019) the piglets supplied with another
strain of S. cerevisiae by oral gavage every two days
starting from birth to weaning (28 of age) began to
improve BW 10 days post-administration and showed
a significant increase in the ADG when considering
the total sucking period.

As far as the administration of the probiotic E. fae-
cium was concerned, the present results added to and

Figure 3. The results of the PLS-DA analysis on the faecal microbiota of piglets at d7. (A) Individual score plot of the samples
along the first two components. (B) Table reporting the most discriminant genera per group; Value.var expresses the variance
explained by the single genera; Freq, expresses the frequencies by which the genera were chosen among the 100 repetitions of
the cross validation; PC stands for the principal component which discriminates the genera; Direction expresses the group for
which the genera were discriminated. (C and D) Contribution plot represented the contribution of each genus on the first and
second component, respectively. Genus contribution ranked from bottom (most important) to top. Groups: CO ¼ 4ml of pure
water; SA¼ 4mL of solution containing a total of 1� 1010 CFU of Saccharomyces cerevisiae var. boulardii CNCM-1079 (Lallemand
Animal Nutrition); EF ¼ 4mL of solution containing a total of 1� 1010 UFC di Enterococcus faecium lactiferm WS200 (Chr Hansen)
and SAEF 4mL of solution containing the mix of two probiotics (1� 1010 CFU of Saccharomyces cerevisiae var. boulardii CNCM
-1079 and 1� 1010 CFU of Enterococcus faecium lactiferm WS200).
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agreed with the literature (Zeyner and Boldt 2006;
Wang et al. 2016), demonstrating improved growth
performance in piglets supplemented with this pro-
biotic. Although the experimental designs are not
strictly comparable since both Wang et al. (2016) and
Zeyner and Boldt (2006) used different strains of
E. faecium at different doses and for longer periods
than in the present study, their results support the
present results, emphasising that a single administra-
tion of this bacterial species was able to promote pig-
let growth until weaning.

Although no data regarding post-weaning perform-
ance were available in the present experiment, a
higher BW at weaning is generally associated with
higher robustness of the piglets, and with higher

lifetime growth performance and long-term weight
(Dunshea et al. 2003; Collins et al. 2017; Revilla et al.
2019); thus, the positive effect of a single E. faecium
and S. cerevisiae early administration in piglets in the
post-weaning phase should not be excluded.

The combined administration of both the probiotics
tested had a negative effect on piglet growth per-
formance. The negative effect of the probiotic mixture
on piglet performance in the present study may have
been due to a competition of the probiotics for bind-
ing sites and nutrients in the gut (Chapman et al.
2011). The mucus-binding ability of several strains of
E. faecium has already been shown in pigs (Jin et al.
2000; Laukova et al. 2004). This specific capacity is
apparently not documented for S. cerevisiae in swine;

Figure 4. The results of the PLS-DA analysis on the faecal microbiota of the piglets at d18. (A) Individual score plot of the sam-
ples along the first two components. (B) Table reporting the most discriminant genera per group; Value.var expresses the variance
explained by the single genera; Freq, expresses the frequencies by which the genera were chosen among the 100 repetitions of
the cross validation; PC stands for the principal component which discriminates the genera; Direction expresses the group for
which the genera were discriminated. (C and D) Contribution plot represented the contribution of each genus on the first and
second component, respectively. Genus contribution ranked from bottom (most important) to top. Groups: CO ¼ 4ml of pure
water; SA¼ 4mL of solution containing a total of 1� 1010 CFU of Saccharomyces cerevisiae var. boulardii CNCM-1079 (Lallemand
Animal Nutrition); EF ¼ 4mL of solution containing a total of 1� 1010 UFC di Enterococcus faecium lactiferm WS200 (Chr Hansen)
and SAEF 4mL of solution containing the mix of two probiotics (1� 1010 CFU of Saccharomyces cerevisiae var. boulardii CNCM
-1079 and 1� 1010 CFU of Enterococcus faecium lactiferm WS200).
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however, it possesses a set of cell wall-associated pro-
teins which confer adhesion to diverse biotic and abi-
otic surfaces (Br€uckner and M€osch 2012). Thus, the
interference of S. cerevisiae on E. faecium develop-
ment, by its aggregative properties, not necessarily
associated with mucus adhesion cannot be excluded.
Otherwise, it may be possible that the administration
of the probiotic mixture increased the energy expend-
iture more by stimulating local immune activity at the
expense of growth performance (Martin et al. 2003;
Trevisi et al. 2010). Supplementation with the same
S. cerevisiae in milk given to calves stimulated the
innate immune response and raised markers of acute-
phase reaction in blood serum (Fomenky et al. 2018).
A strain of E. faecium (NCIMB 11181) showed the
stimulatory effects of both cell-mediated and humoral
immunity in broilers when supplemented at doses of
1 or 2� 108 CFU E. faecium/kg in the diet (Wu et al.
2019). However, no information is available regarding
the effect of the combination of both probiotics in
piglets regarding the activation of innate or
acquired immunity.

Given the pivotal role of beneficial microbes in
modulating the gut microbial ecosystem, and the
robust interplay between microbiota and the host, the
microbial profiles of sows and piglets at different time
points were evaluated. In young animals, time (age) is
one of the main factors affecting the gut microbiota
as a result of the progressive settlement of a stable
and diverse microbiota. This is linked either to inter-
action with the environment, including exposure to
maternal microbiota and to dietary change, and
physiological changes, such as the development of
the immune system and of gut maturation (Thompson
et al. 2008; Starke et al. 2013; Chen et al. 2017S). In
line with the literature, the results obtained in the pre-
sent study clearly confirmed the dynamics of the
modification in the faecal microbiota during the suck-
ling period. This was characterised by an increase in
alpha diversity values and a tendency to resemble the
microbial structure of the adult pig microbiota repre-
sented by the sows with which the piglets shared
increasing numbers of ASVs with ageing (Chen et al.
2017; Grze�skowiak et al. 2019; Motta et al. 2019).

In addition to age, the microbial profile, in terms of
beta diversity and taxa abundance, was modulated by
the probiotic supplementation. Considering the alpha
indices, the effect of probiotics is controversial
(Guevarra et al. 2019). The present results showed that
alpha diversity was affected by time but not by the
administration of the probiotics. The present results
are in contrast with a previous study of Kiros et al.

(2018) in which the oral administration of S. cerevisiae
showed a reduction in piglet alpha diversity, support-
ing the hypothesis that early supplementation of suck-
ling piglets with a yeast probiotic may anticipate the
stability of the gut microbiota before weaning (Chen
et al. 2017; Kiros et al. 2018). On the other hand, as
far as what concerns the probiotic E. faecium, the pre-
sent results are consistent with those reported by
Wang et al. (2016) in whose study no significant differ-
ence in intestinal microbial diversity of new-born pig-
lets was found.

Regarding beta diversity, the effect of the probiotics
supplementation was significant at d7 while it dis-
played a trend at d18 (only for the S. cerevisiae supple-
mentation). These results suggested that a single oral
administration of probiotics within the first forty-eight
hours of life may have a time-limited effect on the
piglet intestinal microbiota. However, soon after
the first sampling time, creep feed was introduced to
the piglets, and that might have affected the intestinal
microbiota and lessened the effect of the probiotic
administration.

The different response to the probiotic supplemen-
tation is noteworthy in terms of alpha and beta diver-
sity. The absence of the effect of the probiotics
regarding alpha diversity indicated that, inside each
individual pig, the variability, in terms of quantity of
different taxa, was not changed by the supplementa-
tion. Conversely, the significant effect obtained by the
Adonis test suggested that the supplementation with
probiotics was able to increase the microbial similarity
among the samples in the same group since the dif-
ferences in the microbial structures among the groups
were higher than the differences within each group.
This could be important for the microbiota exchanges
among piglets over a long-term perspective and, for
instance, when the piglets are mixed at weaning.
Moreover, increased microbial similarity among the
pigs, thanks to the probiotic supplementation, may
increase the stability of the intestinal microbial profile
and, thus, reduce the introduction of potentially
pathogenic bacteria.

The supplementation of S. cerevisiae particularly fav-
oured the colonisation of Erysipelatoclostridium and
Christensenella genera which was significantly different
in comparing taxa abundance and also as discriminant
features of the SA group using PLS-DA analysis. This
could be an effect of the anaerobic environment pro-
moted by the live yeast which increased the concen-
tration of the strictly anaerobic bacteria ( El Hassan
et al. 1996; Marden et al. 2008; Chaucheyras-Durand
and Durand, 2010) ), such as Erysipelatoclostridium and
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Christensenella, which are generally considered com-
mon taxa of the suckling piglet intestinal microbiota
(Chen et al. 2017; Hasan et al. 2018). In this context,
previous studies have reported that, in ruminants and
horses, S. cerevisiae supplementation significantly
improved the digestibility of dietary cellulose as a
result of an increase in specific activities of the fibro-
lytic enzymes (Jouany et al. 1998; Chaucheyras-Durand
and Fonty 2001, Jouany et al. 2009). Accordingly,
Stanley et al. (2016) showed a significant favourable
correlation between the relative abundance of
Erysipelotrichaceae and the feed conversion rate (FCR)
performance in broilers.

The supplementation of E. faecium influenced the
abundance of genera belonging to the
Lachnospiraceae family, which is one of the dominant
genera of the intestinal microbiota of neonatal pigs
(Sagheddu et al. 2016; Chen et al. 2017). This family is
composed of more than 24 genera, including
Ruminococcus, Blautia and Dorea, known for their pro-
duction of volatile fatty acids (VFAs: butyrate, propion-
ate and acetate) considered positive for intestinal
health and for providing energy to the host (Biddle
et al. 2013). These assumptions could partially explain
the increased growth performance of piglets in the EF
group as compared with the control group, as has
already been suggested by Yang et al. (2017) in whose
study the Lachnospiraceae family was associated with
improved feed efficiency in pigs. However, in the pre-
sent study, the VFAs were not analysed; thus, add-
itional studies are needed to verify this hypothesis.

The SAEF group was discriminated by some families
in common with the SA (for instance,
Erysipelatoclostridiaceae at d7) and the EF groups (for
instance the Ruminococcaceae which were discrimin-
ant for EF and SAEF at d7 at d18, respectively); how-
ever, it was also discriminated at d18 by genera
belonging to the groups of Escherichia/Shigella. The
discrimination of SAEF by Escherichia/Shigella can, in
some way, explain the poorer growth performance
observed in these groups; in fact, bacteria belonging
to the groups of Escherichia/Shigella which are known
to be present in the intestinal tract of young pigs
(Konstantinov et al. 2006), if present in high concen-
trations, they can disturb the gut microbial ecosystem
and increase the risk of diarrhoea; thus, they are not
considered beneficial to the health of piglets (Gresse
et al. 2017). Considering other species, such as rumi-
nants, the effect of an E. faecium and S. cerevisiae mix-
ture is controversial; a mixture of E. faecium EF212 and
S. cerevisiae was associated with increased concentra-
tions of acute phase proteins in the plasma of feedlot

steers and, to explain the results, the authors hypoth-
esised an increase in bacterial translocation
(Emmanuel et al. 2007) while, in the studies of
Chiquette et al. (2015), a decrease in acute phase pro-
teins in the plasma of dairy cows both during adapta-
tion and subacute ruminal acidosis challenge was
found. In the present study, the negative effect of the
interaction between the probiotics was seen with
respect to piglet growth, but was not seen on the
microbial profile at the two time points. This could
indicate that the negative effect of the probiotic mix-
ture on the gut microbiota was active before the sam-
pling times. In addition, as previously mentioned, the
hypothesis that the piglets in the SAEF group had
more energy for local immune activity, thus having
the poorer performance, should not be excluded.

Conclusion

In conclusion, the present results showed that the
administration of a single, early-life probiotic could
improve piglet performance and shape the piglet fae-
cal microbial profile during the suckling period, sup-
porting the key importance of early microbial
colonisation in the mid-term period. Erysipelotrichaceae
and Lachnospiraceae families were favoured by the
S. cerevisiae and E. feaecium supplementation, respect-
ively, and could be candidate bacterial families for the
promotion of piglet growth performance. This sug-
gested that there was not a univocal stimulation of
the microbiota for growth promotion. Additional stud-
ies are needed to clarify and more fully explain the
biological mechanisms (e.g., the effect on the intestinal
mucosa) of early-life probiotics on the growth and sur-
vival performance of piglets. Furthermore, future stud-
ies aimed at evaluating the effect of early-life
probiotic supplementation in the post-weaning phase
would be desirable to support probiosis as a robust
strategy for improving piglet robustness and reducing
antibiotic use.
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