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Early life colonization

» Pigs seperated from sow after birth and reared on milk
replacer

Non-siblings were co-housed in pairs

» The community of piglets older than 31 days was
inferred to show high stability relative to the first 28
days post birth

» Significant correlation of microbial communities
between cohabiting piglets, but not between siblings

Gut colonization in piglets is greatly influenced
by the immediate environment

Thompson et al., 2008
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Early life colonization

» Piglets born by caesarian section, kept in clean isolators
during 28 d

» Two treatments:
» Inoculum + saline inoculations (SA)
» Inoculum + complex sow’s faeces’ inoculations (CA)

» Inoculum: Lactobacillus amylovorus, Clostridium
glycolicum, and Parabacteroides spp.

» Faecal microbiota composition increased in diversity in
time

» Clustering of CA faeces with sow’s faeces

» SA treatments: a lower similarity in microbial composition
(diarrhea)

Microbiota from piglets is influenced by the
sow’s microbiota and by the environment

Jansman et al., 2012
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Study on the effect of breed
or nursing mother
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Effects of breed and nursing

mother
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Impact of milk composition
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Mother-fed vs formula milk
D21
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Poroyko et al., 2011



Effects of antibiotic or stress-
treatment on d4

Jejunal content
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Figure 2. Diversity in microbiota in the three treatment groups. The Shannon index (y-axis) was calculated for all three treatments (T1, T2,
and T3) (x-axis).
doi:10.1371/journal.pone.0100040.g002

Schokker et al., 2014



Impact on microbiota
composition
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Figure 1. Triplot for RDA analysis of jejunal microbiota composition. Nominal environmental variables T1, T2 and T3 are represented by red
triangles (A). Samples are grouped by treatment: T1 (red; O), T2 (blue; [J) and T3 (green; <), each symbol represents a pool of four pigs, and
numbers represent pool identity number. Microbial groups contributing at least 60% to the explanatory axes are represented as vectors. Both axes
together explain 18.5% of the total variance in the dataset.
doi:10.1371/iournal.oone.0100040.a001




Effects on transcriptome

» Differences in immune programming in early-life

» Antibiotic treatment versus control

Table 2. Functional analysis of genes differentially expressed between treatment 2 versus 1.

DOWN

JEJUNUM # Name

chemotaxis
cytokine activity
chemokine activity

regulation of secretion/immune effector process

0, T O TR NS -

cell migration/motion (leukocyte)

ILEUM Name

i

cytokine activity
chemotaxis
second-messenger-mediated signaling (cAMP)

chemokine activity

[0 B O TR N

response to bacterium/regulation of systemic process

doi:10.1371/journal. pone.0100040.t002



Long-lasting effects on

microbiota

Jejunal content

chokker et al., 2015
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Towards a differential gut
homeostasis
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Corn starch vs Raw potato
starch
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FIGURE 2 | Fold change of relative abundance (RPS vs. CS). Bacterial
genera were significantly affected by dietary BRPS in the cecum and colon of
pigs.

un et al., 2016



Clustering according to intestinal
segment and dietary treatment
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FIGURE 3 | Partial least squares discriminant analysis (PLS-DA).
PLS-DA of microbial metabolites in cecal and colonic contents from pigs fed
corn starch (CS) and raw potato starch (RPS).




Resulting in different
metabolites produced
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» Reduce the risk of infections at weaning

STRATEGY

» Through action on microbiota

» Indirectly: Via sow

» Directly: Interventions on piglets




Effects by the
maternal diet

Inulin
Wheat bran
Resistant starch
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Inulin in the diet of gestating
and lactating sows

» 3% inulin diet from 14d a.p.;

» change from gestation to lactation diet on 1d p.p.
Table 1 Microbial cell counts {log.o/g wet weight) in the faeces of sows fed a diet without (C) or with inulin (I)

Day 4 a.p. Day 1 pp. Day 5 pp. P-value

C(n'=10) | {(n=10) Cin=10) l{n=9) Cin=10) |l {n=10) Diet Time Diet*time
Fubacteria 106£051 108 +085 836 +£010 975+ 02 108+£015 108£018 0847 0.005 0718
Enterobacteria 72110 6661090 716098 777075 742 + 068 754+099 0802 0103 0.017
Erterococci 642+045 683 £055 586+031 700091 662 +£ 043 698 + 061 0.014 0109 0.028
Bifidobacteria 792+105 210191 7.24 +£051 760+108 BO5 087 792+ 1.51 0976 0052 0.357
Lactobacilli 039+062 932077 8.89 + 067 773+142 858 + 057 860+ 089 0109 <0.001 0.051

L, reuteri 837086 8252064 736+112 683 066 793 +073 57047 0,305 <0.001 0,244

L. amylovorus 939+040 932+035 B30 +086 B22+063 912+061 003+032 0502 <0.001 0.606

L. johnsoni 6.16+1.10 581+09%4 497 +079 520+052 546 +042 525+048 0872 0.002 041
L. mucosoe B22+083 783+041 708 089 672+047 7.56 + 061 17096 0038 <0.001 0.898
C leptum 105024 101+055 950 +087 084 +062 989 +073 981 +£1.11 0987 0.010 0.266
C coccoides 107+053 108+024 969 £ 105 079+077 106 041 105+093 0.891 0.002 0.762
BPP Uee+053 069 +0.54 8940 £ 025 931+037 083 +052 055+028 0.152 0052 0.557

. PapBlack et al., 2015



Effects on the microbial
metabolites of sows

» Change in microbial metabolites

Table 2 Microbial metabolites and pH in the faeces of sows fed a diet without (C) or with inulin (I)

= N

L-lactate (mmol/kg)

D-lactate (mmol/kg)

Ammonia (mmol/kg)
SCFA (mmaol/)

Acetic acid (mol. 96)
Propionic acid (mol. %)
i-butyric acid (mol. %)
n-butyric add (mol.%)
i=waleric acid (mol. 94)

r-valeric acid (mol, %)

Day 4 a.p. Day 1 p.p. Day 5 p.p. P-value

Cin=11) l1{n=10) Cin=11) 1 in=9) Cin=11) | {(n=10) Diet Time Diet*time
679+0.23 663 +0.34 6599+034 659+ 036 668012 663 +023 0.007 0323 0,167
073 +055 070+030 043+028 028+022 035+0.18 024+019 0.185 0.002 0.909
062+064 054+ 0.26 020+0.20 014+£0102 0.1e+012 011 x0m 0451 0.002 0.947
326195 470+ 291 1379564 202+104 217 £102 2731289 0.070 0.001 0.586
152+ 444 155+ 301 100+314 123+£315 138+383 158+ 175 0.164 =0.001 0602
5444361 537 +378 606411 S568+419 609 +435 591+3.16 0081 <0.001 0.388
230+1.08 26+133 193 +£203 209+1.1 1894+ 140 199 + 1.65 0.153 =0.001 0.053
287+056 279+033 287+040 261+055 252 +027 2512032 0337 0.037 064
130+ 285 139+ 267 104 +4234 128+336 11135 124 +1.71 0.152 0.025 071
405+091 382+051 406 +0.62 388086 362+043 356+053 0538 0.068 0.950
266+050 309+0.70 2774051 302+063 245 +051 2612045 0,147 0.012 0467

Abbreviations: a.p.: ante partum; p.p.: post parturn; SCFA short chain fatty acids.
Boldface P-values indicate significant effects (P < 0.05),



Altering the microbiota and

metabolites of the piglets

Table 3 Microbial cell counts (log,,/g wet weight) in the
digesta of the stomach and caecum of suckling piglets,
where the mother sows received either a diet without (C)
or with inulin (1)

On day 10

Stomach Caecum

Cin'=7) 1(n=8) Cin?=8) 1(n=8)
Eubacteria 1ﬂ3tﬂ2&7]!_ﬂi{]25h 11.7+037 117+033
456+ 087™\\345+050° 902+066 858+120
Enterococci 7244045 7214074 6.?6:!:0.497?.5?:!:&45"
Bifidobacteria  389+070 504+183 516+091 557+129
Lactobacili 931+088 0064097 100+£123 994+149
L. reuteti 823+063 781+084 BA0+050 813+062
L amylovorus 928+032° B817+066° 9264069 928+079
L johnsonii  705+069 645+093 676+079 622+109
L mucosge  761+082 678+142 7954089 7.97+131
C leptum 670+031 640+089 m_ﬂ:tﬂ_?aﬂﬂuaiﬂ.iﬁh
C coceoides 702+093 666+102 103+078 107+043
BPP 614+1.12 543+172 0987+074 103+032




Altering the microbiota and
metabolites of the piglets

Table 4 Microbial metabolites and pH in the digesta of suckling piglets, where the mother sows received a diet
without (C) or with inulin (1)

Stomach Small intestine Caecum Rectum
C(n'=8) | (n=8) C (n*=8) I {(n=8) Cin’=8) | {n=8) C(n'=8) 1{n=8)

Inulin seems to have the potential to influence the
gastrointestinal microbiota of suckling piglets through the
diet of their mother

352+193 440+ 208 328 +341 365+978 339+114 1389 +675 968 +4.01

) 012010 012+020 031035 0.19+030 108+259 853 +326 3835+233 280 +236
j-butyric acid (mol.96 001+ {].{]ﬂa\ﬂﬂl +0,02" 002 £002 " 1244049 0.90 + 040 069+048 047 +£036
rn-butyric add (mol. {]_IBiﬂiﬂda\ﬂﬂﬁiﬂﬂ?h 012+0Mm 0110 374+ 168 10+1.50 2071861 121 +£1.12
i-valeric acid (mol %) 027 +052° \{] 03+003" 004 +003 0.03+003 162+056 113 041 137+ 087 0.86 £067
n-valeric acid (mol%) D.02+001 0004000 001 £001 0.01+000 1.70+£0.72 1L.16+0.50 091 +057 047 £0.24

Acetic acid (mol2

333175




Two animal experiments

Wheat bran (insoluble Pea starch (
fibers)
Vs. control

Lactatio



Wheat
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Gestation Wheat bran

Genus CON WB  P-va
Bacteroidetes
Parabacteroides 0.36 0.14 <0.00
Unclassified_Bacteroidales 6.13 2.25 <0.00
Bacteroides 0.22 0.04
CF231 1.22 0.57 0.0
Unclassified_RF16 2.38 0.79 0.03
Prevotella 15.5 19.0 NS

13 genera differed in relative abundance between the
CON and WB groups

Unclassified_ Erysipelotrichaceae

OTU1 0.02 0.06
Anaerovibrio 0.20 0.53
Turicibacter 0.13 0.07
Oscillospira 2.69 1.76
Unclassified_Erysipelotrichaceae

OTL2 0.08 0.03
Unclassified_Mogibacteriaceae 0.75 0.44

Proteobacteria

Unclassified_Enterobacteriaceae 0.04 0.01
RPiiminnhartar n N? n N



Gestation Pea star
Genus

DS RS P
Actinobacteria
Bifidobacterium 0.92 1.36 0.02
Bacteroidetes
Unclassified_RF16 1.53 0.80 0.01

Firmicutes /’

Unclassified_Ruminococcaceae 17.75 20.68 0.02

Differences at the phylum level and the genus level
during gestation

Dietary interventions on sows affect their fecal
microbiota

= 0.
ae

Spirochaetes
Treponema 4.20 3.10 0.01
Sphaerochaeta 1.05 0.50 <0.005




WB exp, milk composition

Period Treatment Pr;;c)am Fat (%) La;:;)c;se (mlgg/AmI) (mlgg/Gml)
CON 19.1 6.33 2.60 13.9 63.5
Colostrum WB 19.0 6.45 2.62 ﬂ 13.4 68.5
SEM 0.30 0.14 0.03 0.81 3.46
CON 6.17 9.70 4.66 2.10 0.40
Milk W1' WB 5.96 9.48 4.74 ﬂ 2.53 0.41
SEM 0.09 0.51 0.05 0.16 0.05
CON 6.03 9.84 4.81 2.43 0.30
Milk W2 WB 5.62 9.62 4.89 ﬂ 2.66 0.25
SEM 0.10 0.28 0.02 0.17 0.02
CON 6.22 9.72 4.82 3.41 0.20
Milk W3 WB 5.86 8.85 493 71 357 0.16
SEM 0.08 0.38 0.03 0.23 0.02

treatment 0.14 0.46 0.03 0.88 0.47
P-values time <.0001 <.0001 <.0001 <.0001 <.000

treatment*time 0.75 0.62 0.88 0.81 0.7

"W1= first week after farrowing, W2= second week, W3= third week




RS exp, milk composition

» Resistant starch:
» Decreased protein concentration (all time points)
» Increased lactose concentration in colostrum

» Decreased lactose concentration on W3

Dietary interventions on sows affect milk
macronutrient composition




WB exp, microbiota of piglets

Aetlipkactoris 071 057 NS

029 N\ | 008 0.04
Bacteroidetes 323 284 N§
Butyricimonas (.15 0.02 0.07
Odoribacter 0.25 0.02 0.07
Bactervides 6.72 221 NS
Unclassified_Bacferoidales 327 5l NS
Prevotella 123 1.8 NS
Euryarchaeota 0.01 0.02 0.05
Methanobrevibacter w7 o 005
Firmicutes 56.0 632 N§
nclassified_Clostridiaceae 157 |28 <0.001
191 | 0.04
Ruminococcus 1.74 0.85 0.07
Phascolarctobacterium .35 3.68 0.07
Raoseburia 0.11 0.57 0.09
Lactobacillus 148 13.1 NS
Unclassified_Clostridiales 6.57 6.97 N§
Unclassified_Ruminococcaceae % ) 14.3 NS




RS exp, microbiota of piglets

» The maternal diet did not affect colonic microbiota
composition at weaning

Dietary interventions on sows has rather limited
effects on piglet’s microbiota



Treatment during
the lactation
period

Inulin




Inulin supplementation during

the lactation period

4 litters-Control
(water)

4 litters-20% inulin

B solution

12 litters with 4 litters-30% inulin

6 p1glets per solution
litter

After
weaning Same ¢
_ (noi
d-28 ~ for an

* |Inulin was ob
oral ingestion :
15t week: 2.5m
2" week: 5ml
3rd week: 7.5m
4th week: 10



Temporary effects on
microbiota

Effects on microbiota did not remain in the early
post-weaning period

Clostridium spp. 0.73 053 1.20 013 0088 019 015 0.13
Escherichia spp. 1.22°.0.40° 124" 017 0047 001 0.02 0.02
Enterobacteriaspp. 1.25%° “0.40° 148" 017 0.014 004 0.5 0.02

[




Take home message

» Piglet’s microbiota is affected by:
» Breed, origin

Environment

Sow’s microbiota

Sow’s milk composition

vV v v v

(Medical) treatments and stress

» Diet
» Effects on gut homeostasis are observed

» Dietary interventions with fermentable feed ingredients
affect microbiota, but sometimes to a limited extend




