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Definitions € X
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L Microbiota: the collection of microbial rosmion [
communities (including bacteria, GalEELE
archaea, fungi and viruses) colonizing a Functions o Lrtest
particular habitat il
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1 Microbiome: microbes and their
collective genome all the microbiota
living in a particular habitat
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“Part of the human genome"
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Past, Present and Future The term "microbiomeiiwassgoined

by Joshua Lederberg, who argues
that microorganisms inhabiting the
human body should be included as
part of the human genome, because
of their influence on human
physiology”
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Metagenomics [PJ
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Metagenomics involves analyzing the
structure and function of entire
nucleotide sequences isolated from
all organisms, typically microbes,
within a bulk sample. It is frequently
applied to investigate specific
microbial communities, such as those
found on gut, in soil, or in water
samples.
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Pig Gut Microbiome [P
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100,000,000,000/ b Microbes and their genetic
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The number of microbes in one gram of pig
feces is 100 times greater than the

population of China. 1 b0 & #5 8 A 1 AE
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Diversity of the gut microbiome
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The gut mlcroblota is more diverse than the genetic makeup of
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Swine Gut Microbiome
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Important roles of the gut

microbiomefFiEMAEY I EEIEH

Immunityﬁ.&
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Production
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Disease Cellulase
prevention digestion
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Microbes contribute to the health and well-
being of their host through a variety of metabolic
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Volatile fatty acids promote water uptake
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Cellulose degradation £f4E 2% [%fi#
De-conjugation of bile salts iH £k ¥ % 45 5 1F H
Production of vitamin K4EA4= 2K ) 2E 2
Stimulation of the innate immune response
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Stimulation of lamina propria: protective
barrier
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Exclusion of pathogens
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SWINE GUT MICROBIOTA 2
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The factors influencing the swine gut microbiome @ ==
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Prebiotics

Synbiotics Antibiotics
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Factors influencing the pig gut microbiota
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1.Diet: The composition of the pig's diet can significantly impact the

diversity and abundance of gut microbes IR &: F& K& 25 M
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2.Genetics: The genetic makeup of the pig also influences its gut microbiome.
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3.Environment: Environmental factors such as housing conditions,
temperature, humidity, and exposure to pathogens or antibiotics can influence
the swine gut microbiome ¥} 5%:  TAIFRA&AF . TAE . ML LA S 4 i J5i A
BT RSP R R AR e S g B B R A

4.Age: The gut microbiome of pigs undergoes significant changes throughout
their lifespan. Early microbial colonization during birth and the transition
from milk to solid food can have long-lasting effects on the composition and
stability of the gut microbiota. fF-i#%: J# [ izt o A W 4H 7 LA A i o A
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S.Health Status: The health status of pigs, including their susceptibility to
infections, presence of gastrointestinal disorders, and use of antibiotics or
probiotics, can impact the gut microbiome composition. Disease conditions
can alter the balance of microbial populations in the gut, leading to dysbiosis.
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6.Stress: Stressors such as transportation, handling, weaning, or
overcrowding can affect the gut microbiome of pigs. Stress- induced changes
in gut motility, secretion of digestive enzymes, and immune function can alter
the microbial community structure and function.Jk 77: &%y, iz, Wi
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INTESTINAL LUMEN 7
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we Normal gut microbe { Lymphocyte Absorptive enterocytes
w® Lawsonia intracellularis ’\‘ — Goblet cells  (Karuppanan et al. 2018)
il D Immature transit amplifying cells
i Protozoa ‘ Phagocytic cells ____
| Jﬂ Enteroendocrine cells
Y Antibody & Viruses
R Paneth cells
J chain linked -—
I dimeric antibody w Mucous layer E Crypt base columnar cells 3

Normal gut microbe 1 # B i A4 , A des ctal 2017
Lawsonia intracellularisffi P 57 £ & Lymphocytet B 217 Absorptive enterocytes i 1 £ g

“Beneficial” microbe “Hii” M4V  Plasma cell2Z 4 Goblet cells 5 4 ) - -
Protozoal&i 2k Zh Phagocytic cells 7 HE4ffs  Immature transit amplifying cells R A I 24 3 46
Antibody ik Viruseslii 55 Enteroendocrine cells P ) b4 fifl
J chain linked dimeric antibody Mucous layerZi i /= Paneth cells[4-IR4H 2
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Changes 1n the Porcine Intestinal Microbiome in Response to
Infection with Salmonella enterica and Lawsonia intracellularis
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Materials and Methods #4185 572 1
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(1 per pen) (2 per pen) (2 per pen) (2 per pen)
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Distribution of bacterial phyla in pig tissues [PJ
AL 1SR 0 A amsme

Jejunum Ileum Firmicutes #8211 Cecum Colon
Z= 7 Elli7i Bacteroidetes{U T B[] E i é,ﬂ:,: i
a2 8 ﬂ.!;g!_ = = (.. - -i-T‘z.-T-_i?- !Il.i-..ar---

P K 3 r . H E F » " T T S T T S TR S S
¥ 5 3 Y & 3 3 & & H ¥ F & 4 3 4 & s
. : ¥ £ F F- F F F, - F F A F r r 4 d F 7 f T F »

7 9 11 5 7 9 11 5 7 9 11
5 7 9 11
Weelis f/:f age Weelis f,f age Wee}l%s f/\f age Weeks of age
JH i Jalie Con, Sal, Law, Sal+Law I JE e

X, BAOTTEIDITIRE, MRk, AT TR+ A 57 AR 1A

Fig.1. Distribution of bacterial phyla in pig tissues 1 J&ZH R H & T340

Graph of the distribution of different phyla in four pig tissues (jejunum, ileum, cecum, and colon)
at different times AN [A]FE DU FPZHEN C=fig Bl BaMEE) B AT SR04 &
The two most common phyla in all samples at all times were Firmicutes followed by Bacteroidetes.7E
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Distribution of bacterial phyla in pig tissues [PJ
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Con, Sal, Law, Sal+Law
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Flg 2. Distribution of bacterial classes in pig tissues.}& 20 23 H 41 & X 1K) 73 A6
At the class level, Bacilli and Clostridia were dominant in the jejunum and ileum7EZN/K~F- L,  ZEAIFF B AR 2F
WA T AE 2 AR ] g b o 3

* In the cecum and colon, Bacteroidia, Clostridia, and Bacilli dominated representing greater than 90% of all

bacteria 5 145 1 AFOAT 8« BROIRZF OAT TR AN ZE AT B oo 32, A S 20190% L
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Principal Coordinate Analysis [PJ
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Fig.3. Principal coordinate analysis graphs comparing the total compositions of the microbiomes in four pig tissues (jejunum,
ileum, cecum, and colon) at various times. &3 HLE AR AE R UMALR (Zh. BE. EBANER) MEDHE
JR43 B 3 AL HF 43 A
*  While the compositions of the microbiomes in the jejunum and ileum did not segregate into distinct sector of the plot based on
treatment, segregation was observed in comparing microbiome compositions in the cecum and colon. B #R 7% iz A1 [5] iz H )
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Microbiome composition differences in the four GI tissues [PJ
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Fig.4. To compare the tissue-specific microbiomes of pigs in the four experimental groups&4 L IS S2I0 40 58 i AH S0Re R IR AR VI B

+  Compared to control samples, there was an increase in the percentage of Prevotella present in the jejunal and ileal tissue samples at

7 weeks of age (1 week after challenge with S. enterica) 5XTHEFEAM L, 127 &R (W mHEER B Bt 5 1A), S mfinlfind
ZUREA - E VR EQ B R A 23 EeAA g

By 9 weeks of age the levels of Prevotella decreased but there was an increase in the level of Strepfococci in the jejunal

and ileal tissues. FI9 A WM, I FH IR KWK R, AHAS A a2 R EERR AT BT
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Vaccination against Lawsonia intracellularis changes the
1ntest1nal microbiome in weaned piglets
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- Control (No vaccination)

- MR CREEFEED
- Law1 (0.5 dose)

%
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Taxonomic

Polymerase lllumina ahid

Chain MiSeq i
Reaction Sequencing FAUL‘;:;/%?: I

FEREA DNA#ZH PCRJX ¥ e B SHMIRE ]

sampling extraction

Workflow diagram of fecal sampling and on-bench library preparation
for 16S rRNA fecal samples from the piglets.

A8 25 BURE A 16S rRNAZS(EAEAS & 28 ZE il 25 TAEIMAR &




T4

Alpha diversityfT] /R VE 2 14 o

EHEtERBERTS

(a) (b)

B CONT_W6

; : v g
- '}n i b - ;.I: | B3 LAW1_WO
% i i 4 ? 4 (= ¥ J i : } B LAW1_We
=O0 - o 1 (=~
o d * . p g i S 900 3 [ '*‘ t. & 2 LAW2_W0
o p | f * 5] | 3 B LAW2_W6
o) o g | % - ‘ . &1 LAW3I_W0
3 ‘ . :§ —1—a o & LAW3_WS
- 1 L. | - 4 G |
2 ) e 5 £y = e
< 6004 [* b H Iel 2 * b iy . .
= - kY o ® 6001 & [ - -
7] b Ld e o g - . Y
@ r | > Ll - !
2 . ) ‘B 1 [*
o by . fud | -
(1] - | = ’ '3
Sa00f | L & |
- 300 |
o < S,
e i o e o
& 7 & N R & & K,

(d)

(© A
5 T 1 é 3_ i i ; & I [ ] %
- I L |
E b o L4 [ ] . i * ¥ "o S - " .
c 5 et 0 o | le @ | | s
c 0 | 4 o =3 * lal d
2 a L M t - E @ | .
U< b L < ¥
% | f? i [ M L 5 I - "
@ - » - ) L »
o . iI4 L ‘g :
£ 4 il . e
= | L N -
o ¢ L, @
(] - 1 o
= )
i e
£ ‘ £ y 4
= » e 1
- J ‘=
0.7
4 & oA A L B @ 28
P &S F & ,.3‘;\ Pl & F & ?
L% A=) W R S ' Y Y A L% S S S

Species richness was not altered as much as their quantities by
Lawsonia intracellularis vaccination in weaned piglets
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sl [45.9%] Aos1 [36 2%

LAWS3 (2 dose) clustered separately from LAW1, LAW2 and CON at week 6.

#6/E, LAW3IQRH)SLAWL. LAW2FICONZRIREE.

No significant differences in microbial community structure among all 4 groups at week 0.
FHOJ, AU YIRR A R E 2R

The weighted (a,c¢) and unweighted (b,d) UniFrac distances
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Taxonomic compositionZ;-2R2H i, o

CONT-

0.00 0.25 .50 0.75 1.00
Relative Ahundance

Firmicutes Tenericutes TH? Flanctornycetes
Phylum Bacteroidetes Proteohacteria Spirachastes Fibrobacteres
Unclassified Actinobacteria Cyanobacteria

Microbiome composition of pigs at the phylum level associated with vaccination against
Lawsonia intracellularis in piglets at 11 weeks of age.
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Phylum Firmicutes and Bacteroidetes are the major phyla, regardless of
L.intracellularis vaccine treatment.
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Lactobacillus Cthers Coprococcus Parabacteroides

Genus Frewvotella Oscillaspira Raoseburia Blautia
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SMBE3 Shuttlewaorthia WMegasphagra

Microbiome composition of pigs at the genus level associated with vaccination
against Lawsonia intracellularis in weaned piglets at 11 weeks of age.
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Prevotella were the most predominant bacterial generai [X B J& 7& B -+ 2 ) 41 1+ &
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Box plots showing significantly different taxa at the genus level in pigs experimentally
challenged with Lawsonia intracellularis vaccine.
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LAW3 group were significantly enriched in the genera Streptococcus and reduced the genera Clostridium
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Vaccination Against Lawsonia intracellularis Decreases Shedding of
Salmonella enterica serovar Typhimurium in Co-Infected Pigs and
‘ Alters the Gut Microbiome
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Days Post S. Typhimuriumsisniteetiensii=
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Ak e A
f \ (21 days Old) Treatments: Experimental Timeline:
A 1. Control Days Post S. Typhimurium infection
21 El[él% * %‘ n 28 7 0 2 7 14 21 28 49
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non-infected control (Control), challenged with S. Typhimurium alone (Sal), challenged with both S. o”oo %/{v
Typhimurium and L. intracellularis (Sal Law), challenged with S. Typhimurium and vaccinated against L. S %&

intracellularis (Sal Vac), challenged with both S. Typhimurium and L. intracellularis and vaccinated against L.
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L. intracellularis vaccination reduces S. Typhimurium shedding in co-infected animals
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Fig.1. Fecal shedding of Salmonella enterica serovar Typhimurium over time, measured by the MPN method.E1 FIMPN
58 g AT SRV 1] B R LT 24 B I [ ) 26058 R 7%

The greatest difference in shedding level between groups was found at 7 days post challenge with S. Typhimurium. At this time point, the Sal Law group

shed 2.94 log;, S. Typhimurium organisms per gram of feces, while the Sal Law Vac group shed 0.82 log;, S. Typhimurium organisms per gram of feces

(p=0.003) R FFEV I TRE BTG HTR, SARBIE KT 255K, IR 55, Sal Law#1 4 5o 26 HEH2.94 log10 S.FRAGFEF B, Sal Law

Vac1 4 77 ZE/H HEH 0.82 1og10 S. AL FEFF i (p = 0.003).

L. intracellularis vaccination in co-infected animals potentially could reduce the shedding of different serovars, another desired quality of a S. enferica vaccine.
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Simpson index among different treatment groups/S [5G YT 4L K AR I
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post-infection with S. Typhimurium, suggesting that exposure to L. intracellularis
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Fig.2. The Simpson index, which takes into account evenness and richness within a sample.

The results showed that all treatment groups that received L. intracellularis had higher microbial diversity at 7 days

helps maintain microbial diversity in response to S. Typhimurium infection. &5 R W7, 7ERAGIEVTTRE GG TR, B
A2 M0 N 57 AR A I ACFRZE I AE ) 2 AP ARy, R ER T N 55 AR A B T4 R VD T T IR B R G Ja 1Y
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L. intracellularis infection or vaccination shifted the microbial community
structure of the pig microbiota in weaned piglets.
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 Significant elevation of Streptococcus and significant depletion of
Clostridium due to L. intracellularis vaccination (possibly good effect).
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* L. intracellularis vaccination in co-infected animals potentially could
reduce the shedding of Salmonella enterica serovar Typhimurium,
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* The findings of these studies should be confirmed with evidence-based
experiments.
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