&
EC(eoFCE

FAECAL MICROBIOTA TRANSPLANT ALTERS
GROWTH AND INTESTINAL BACTERIAL
PROFILE OF PIGS

U.M. McCormack, T. Curiao, S. Buzoianu, B.U. Metzler-Zebeli, H.
Reyer, P. Cormican, F. Crispie, P. Cotter, O. O’Sullivan, G.E. Gardiner
and P.G. Lawlor

EAAP — 29th August 2016

al/  vetmeduniz

o Nl LEIBNIZ INSTITUTE
Wlnsctfittne ledh V]enna :

U FOR FARM ANIMAL BIOLOGY

Ct‘:ogosc




Introduction

- Feed efficiency (FE) is critical in pig production

- Previous work: pigs divergent in FE = different intestinal microbiota profiles
(abstract no. 24330 & 24596)

- Manipulation of the microbiota: Faecal microbiota transplantation (FMT)

- Transfer of microbiota to establish a more desirable bacterial profile
- Humans (enema): GIT disease treatment (e.g. Clostridium difficile)
- Pigs (oral): human microbiota-associated pig model (Pang et al., 2007; Zhang et al., 2013)

First attempt of using FMT to improve FE

Hypothesis:
Inoculating sows & piglets with faecal extracts from highly feed efficient pigs
will result in a “desirable” microbiota for improved FE?




FMT of sows & offspring (2 x 3 factorial design)

Day 60: 1 wk of antibiotics

Day 68: purgative & 36h fasting
Day 70 & day 100: inoculum + anti-acid

I Control (11) Sows I FMT during gestation (11) I
I I I I
Control FMT 1 FMT 4 Control FMT 1 FMT 4
(no FMT) (at birth) (at birth, (no FMT) (at birth) (at birth,
day 3, 7, ] day 3, 7,
28) Offspring 28)
3/litter 3/litter 3/litter 3/litter 3/litter 3/litter

Faecal inoculum
Faeces from 4 finisher pigs screened on RFI (most feed efficient of 409 pigs; abstract no. 24596);

anaerobically processed. Samples pooled, diluted, centrifuged & pellets re-pooled, diluted with
20% glycerol, aliquoted & stored at -80°C until use.
Sows: 200ml (2 x 10! CFU; gastric intubation); piglets: 8ml (9 x 10° CFU; orally).
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Offspring study
- At weaning
- 81 piglets (1/gender/trt/litter)
¢ Individually housed to slaughter (150 days old)

- At slaughter
36 (1/trt/litter) sampled

d126 pw
Weaning d21 pw d35 pw d70 pw (slaughter)
< 4 *— Pperformance A <
Faeces Faeces Faeces Faeces Digesta:

lleum, caecum, colon

lleal tissue

I :
) [MHistology Blood serum

-Biochemistry
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Growth performance

Sow trt
Control FMT  S.E.

Weaning weight (kg) 7.4 7.2 1.38 0 = %X\‘

Parameter

Slaughter weight (kg) 121.7 1135 1.42
ADFI (g/day) 1835 1708 N
ADG (g/day)
FCE (g/g) 2.0/ ‘e(
- aO%mgtrt
Para !, -.oI FMT1 FMT4 S.E. P
7.5 7.8 1.71 0.98

N\; 120.82 114.5> 116.5> 1.67 0.03|
1 . .

, c,,day) 877 825 847  20.0 0.19
FLE (g/g) 2.05 198 207 0.041 0.27




B-diversity: Sow faecal microbiota during gestation

Post-antibiotic Control sows

¢

Day 60 (pre-antibiotic time-point)

Day 68 (post-antibiotic time-point)
® Day 110 (post-FMT 2 time-point)

.
<
; FMT sows
¢
@

Day 60 (pre-antibiotic)
Day 68 (post-antibiotic)
Day 100 (post-FMT 1)
Day 110 (post-FMT 2)

@

® ¢ 6 ¢

PC3 (5,00 %) PO (48.22 %)

* Antibiotic trt had the greatest influence on microbial diversity
* Microbial diversity recovered following FMT



B-diversity: Sow faecal microbiota during gestation

P2 011,32 %)

Control sows

Day 60 (pre-antibiotic time-point)
Day 110 (post-FMT 2 time-point)

FMT sows
@ Day 60 (pre-antibiotic)
@ Day 100 (post-FMT 1)
® Day 110 (post-FMT 2)

PCT (1855 %)

PC3 (736 %)

*  Pre-FMT samples cluster separately from post-FMT



a-diversity: offspring at day 21 pw (family level)

7,5

7,0

Shannon index
> u un o o
(O] o (Oa] o (@]

B
o

.

Control‘ FMT1 ‘ FMT4 Control‘ FMT1 ‘ FMT4

Control sow FMT sow P<0.05

* Piglets receiving FMT (1 or 4 times) from FMT-sows had higher bacterial diversity



B-diversity: Offspring faecal microbiota

PC2(9.33 %)

Control sows
® Control piglet
® FMT1 piglet

@ FMT4 piglet

Treated sows

® Control piglet
FMT1 piglet

Weaning

¢

PCA (32.88 %) ® rMT4 piglet

PC3 0446 %)

* Age of pig having greater effect on microbial diversity than trt



nositional differences in offspring bacterial phyla

Com

100 -

Mean relative abundance (%)

90

80

70

60

50

40

30

20

10

Control
FMT
Control
FMT

Faecal weaning Faecal day 21 pw

Fibrobacteres
WPS-2

W Tenericutes ™ d21 pw

W Candidate division TM7
Deferribacteres

W Elusimicrobia

W Planctomycetes

W Lentisphaerae 1> w & |, d21pw

W Actinobacteria
W Verrucomicrobia
W Chlamydiae

M Synergistetes

W Cyanobacteria D d21 pw

W Other(no blast hits)
Fusobacteria

™w

MW Proteobacteria

Spirochaetes

M Bacteroidetes J d21 pw

M Firmicutes P<0.05



FMT-associated differences in offspring genera at weaning

B control
B FvT
Increased Decreased

Firmicutes Proteobacteria
Coprococcus Succinivibrio
Blautia F Flexispira

Bacteroidetes

CF231 Bilophila

Phascolarctobacterium Butyricimonas Bacteroidetes
Prevotella Bacteroides

0 5 10 15 20 0,0 2.0 4,0 6,0
Median relative abundance (%) Median relative abundance (%)

* 10 /131 genera different
* ‘I potential pathogens (CF231); | metabolism & VFA producers P<0.05



FMT-associated differences in offspring genera at day 21pw

B control

Increased Decreased B FvT

Slackia | Actinobacteria Actinobacteria
! Bifidobacterium

Sphaerochaeta —r

— - Firmicutes

Flexispira Proteobacteria Dialister
Desulfovibrio 1

CF231 Bacteroidetes Mitsuokella

Firmicutes T

Megasphaera l

Dehalobacterium

Peptococcus

RFN20

Prevotella
Coprococcus

0 0,2 0,4 0,6 0,8 1 1,2 0 10 20 30 40 50
Median relative abundance (%) Median relative abundance (%)

* 14 /131 genera different
* | metabolism & VFA producers
* Prevotella & Mitsuokella associated with body weight (Mach et al., 2015) P<0.05




Volatile fatty acid concentrations in digesta  acds measurea:

Acetic
Butyric
Isobutyric
0,60 1 3 Propionic
- Valeric
0,50 - Isovaleric
S 0,40 - Control x Control
.9_'J° ® Control x FMT1
T 0,30 - aa a b
é" - b b H Control x FMT4
£ 0,20 - . FMT x Control
B FMT x FMT1
a
0,10 - a, b aabb . a B FMT x FMT4
0,00 -
Butyric Isobutyric Valeric
lleum Colon

- Sow trt: { isobutyric (ileum) & * valeric acid (colon) in pigs from FMT-sows
- Piglet trt: propionic acid {, in FMT 4 pigs P<0.05



”eal h |St0|0gy Measured:

Villus height, width, area
. . Crypt depth
Villus height Villus height: crypt depth

No. goblet cells (per villus & per um villus height)

700 -
600
500

£ 400

d d a
b b b
I I No. goblet cells
b b b
= 300 5 5 . ]
200
100 ) | l
0
Control‘ FMT1 ‘ FMT4 Control‘ FMT1 ‘ FMT4 :
Control sow FMT sow 0,02 -
0,00
MT4

1 1 1 1 1
o
[EEN
o
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o
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o
o
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o
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/um villus height

Control‘ FMT1 ‘ FMT4 Control‘ FMT1 ‘ F

Control sow FMT sow

* In pigs from FMT-sows:
- { villus height, width, area & crypt depth
- I no. of goblet cells/um villus height
- Piglet trt: no differences between control vs. FMT1 vs. FMT4 P<0.05



Serum biochemistry pr——

Total protein

- No significant differences observed for sow x piglet trt Blood urea nitrogen

Glucose
Triglycerides
Cholesterol Cholesterol
Creatinine
35 - Creatine kinase
3,0 -
—
>
(o) i
= 2,5
€ 2,0
’ Total protein
1,5 - . 75 - a b b
Control FMT
70 -
—
}065 =
60 -
55 4
Control FMT1 FMT4

- Sow trt: {, cholesterol in pigs from FMT-sows
- Piglet trt: { total protein in pigs from FMT1 & FMT4 trt
- Values within normal range P<0.05



Conclusions G
- Growth performance ECEoOFCE

- slaughter weight in pigs: 8kg (FMT in sows) & 6kg (FMT in piglets)
Found # Expected

- Intestinal microbiota in piglets from FMT-sows
- { beneficial microbes (e.g. butyrate producers, Bifidobacterium)
- { Prevotella & Mitsuokella: associated with body weight gain
Biomarkers for FE?
- VFA concentrations
- { beneficial VFAs (butyric & isobutyric acids) in the ileum
- /I valeric acid in the colon:{, colonic absorption?

- lleal histology
- { villus height 1~ goblet cells: {, nutrient absorption?
Early life intestinal microbiota impacts lifetime growth in pigs
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Thawed inoculum: phylum level

100 - O WPS-2
O Deferribacteres
30 1 @ Chlamydiae
[l Candidate division TM7
807 O Lentisphaerae
S 70 - [l Fusobacteria
o M Fibrobacteres
E 60 - @ Actinobacteria
5 M Elusimicrobia
§ 50 - W Synergistetes
'% @ Planctomycetes
@ 40 - B Verrucomicrobia
';3 30 | ] Cyano.bacteria
@ Tenericutes
20 MW Other(no blast hits)
M Spirochaetes
10 - M Proteobacteria
M Bacteroidetes
0 - M Firmicutes

Sow FMT 1 Sow FMT 2  Piglet FMT 1,2,3  Piglet FMT 4



Results: Phylum relative abundance

100 - O Chlamydiae
90 - O Fusobacteria
9 80 - @ Deferribacteres
Yy 70 [l Candidate division TM7
ol |
% O Synergistetes
2 60 - L
S W Elusimicrobia
-‘E 50 - @ Actinobacteria
2 :
s 20 - @ Lentisphaerae
© m WPS-2
§ 30 - M Planctomycetes
2 20 - [ Cyanobacteria
10 - Bl Tenericutes
0 B Fibrobacteres

@ Verrucomicrobia

M Other(no blast hits)
M Proteobacteria

[ Spirochaetes

Pre-antibiotic
Post-antibiotic
Pre-antibiotic
Post-antibiotic

B Bacteroidetes

day 110 gestation
day 100 gestation
day 110 gestation

day 100 gestation

B Firmicutes

Control Inoculated



All together EC%@FCE

- PCoA plots
Piglets- faecal day 21 post weaning

P2 (13.99 %)

Pt (25,24 %)

PC3 (1177 %)




Results: thawed inoculum PCoA plot _ &
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FC2{16.64 %)

@ Thaw 1l
@ Thaw?2

@ ® Thaw3
@ Thaw 4
@® Thaw5
]

® Thaw 7
@ Thaw 8

FC1(22.2 %) v

PC3{15.59 %)



