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What | am going to talk °
about

A An introduction to the chicken intestinal
microbiome '

AThe microbiome in commercial
production

AUnknowns andindcertainties

A Interventions to reduce infection and
promote health and welfare



The chicken intestin
microbiome is
important inX X

A Nutrition & productivity

A Immune
development/education

A Disease
A Health

A Carriage of (zoonotic)
pathogens

A Xand much more

The Gastrointestinal Tract - Interface Between

Host

« Intestinal mucus layer
» Gut epithelium
« Immune system

Health

-
.,

Diet

« Nutrients
« Additives
« Nutritional factors

M =y,

Microbiota

« Commensal bacteria
« Transient bacteria

==mer’ ' (including pathogens)

ImportantRolein



What we know
about the
chicken
Intestinal
microbiome

AMade up of around 500 bacterial taxa

AA big range oproteobacteriaand
archaebacteriapecies

AHugely variable
A Differs between intestinal compartments

ACaeca have the greatest numbers (E1DFU/Q)
and diversity

ASmall intestine c10cfu/g

AExcess amounts of gammpaoteobacteria
(enterobacteriacagcan be associated with poor
gut health

ACan be modulated to improve health and/or
productivity
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There is substantial inter and intkard variation between

intestinal niches

Embryonic microbiomes are , almost certainly, sample
contamination

Some key

LdQa vy 20 -t daicome and dronseNde poorly define

pointsX

The microbiome is very dynamic in structure especially in fir
3 weeks of life

Analysinghe faecalor caecaimicrobiome is not necessarily
informative of the small intestine and digestion/feeatllisation

Defining 'good' or 'bad’ bacteria atysbacteriosiss not simple




Beta Diversity in the Chicken Gut

The caecum and ileum have very different microbiomes

PCoA plot of weighted
Unifrac distance of
samples taken from the
caecum and ileum
between 0 and 42
days post hatch.




What Taxa Are Different Between caeca and illeum?

lleum vs Caecum

a: Bifidobacteriaceae
b: Bifidobacteriales
¢: Actinobacteria

d: Coriobacteriaceae
e: Coriobacteriales

f: Coriobacteriia

g: Bacteroidaceae

h: Bacteroidales

i: Bacteroidia

J: Other

k: Bacillales

I: Enterococcaceae
m: Lactobacillaceae
n: Lactobacillales

o: Turicibacteraceae
Il p: Turicibacterales
I q: Bacilli

I r: Clostridiaceae
Il s: Lachnospiraceae
Il t: Other

I u: Peptostreptococcaceae
I v: Ruminococcaceae
Il w: Clostridiales

B x: Clostridia

I y: Alcaligenaceae
B :: Burkholderiales
Il a0: Betaproteobacteria

B Caecum
Bl lleum

3 'ﬂm\&ﬂgﬁ



In most species the
pioneer microbiome Is
maternallyderived

ATransfer during birth and at feeding in
mammals

AHorizontal transmission frorfaecal
material in all species

ATransfewiaplacenta ofin ovo
(despite some reports) is unlikely

ANo detectable intestinal bacterial
population in chicken embryos
sampled aseptically



And commercial production uses systems far
removed from the jungle




But commercial birds
RZYQU YSSi

A Modern hatcheries reatfertilised eggs to
hatch which are then placed on farms for
rearing

A High levels of hygiene and biosecurity

A Chicks have no contact with hens and
unlike other species do not get their
pioneer microbiome from mother

A Much vaccination take place in hatchery
spray or gel drop delivery to chicksior
ovoin the US

A So like human-Gection babies , do X
O2ZYYSNODAIIt OKAOla 3ISU [



The developing broiler chicken microbiome
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Heatmap
Dendrogram of ASV
abundance in the
caecum between O
and 42 days post
hatch
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Taxa Plot showing relative

abundance at the genus level in
the caecal lumen (L) and mucus
(M) of 3 broiler breeds (A, B and
C) between 0 and 42 days post

hatch.

Bifidobacteriaceae - Bifidobacterium
Coriobacteriaceae - Other
Coriobacteriaceae - Colinsella
Bacteroidaceae - Bacteroides
Bacillales - Other

Enterococcaceae - Other
Enterococcaceae - Enterococcus
Lactobacillaceae - Lactobacillus
Clostridales - Other

Clostridiaceae - Clostridium
Lachnospiraceae - Other
Lachnospiraceae - Other
Lachnospiraceae - Coprococcus
Lachnospiraceae - Ruminococcus
Ruminococcaceae - Other
Ruminococcaceae - Faecalibacterium
Ruminococcaceae - Oscillospira
Ruminococcaceae - Ruminococcus
Alcaligenaceae - Sutterella
Enterobacteriaceae - Escherichia



The
microbiome &

immune
system

Clear role for microbiome In
development of repertoire of the
adaptive Immune system

Role in development of regulatory
and sentinel (Th17) immunity in
the gut Is less clear

Could the late/humansised pionee
microbiome lead to a delay or
fallure in proper development?



At 20 SYUOALE | Oljdzh aA (A
microbiome from hatchery workers

ALack of diversity early in ligoor
development of gut and mucosal

Immunity
Potential A Contribution to poor gut health and
consequences? Infection susceptibility?

ACommon members of early microbiome
are often cause of early mortality in
broilers Escherichia cok Enterococcus

Spp)




Digging deeper




Host genetics have some effect on microbidme less
than the external environment
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Development of the Caecal
Microbiota in Three Broiler Breeds

Peter Richards "™, Jo Fothergill’, Marion Bernardeau?® and Paul Wigley'

) Glotal Healh, Urivir sty of Liveripodd, Liverpool, Urnseds Kingaoen, ? DufPont industrisl Biostiences

intornadiona BY, Ladlan, Nothodanas

The development of the caecal microbiota plays a role In the metaboksm and immune




Limitations of 16S
shotgun metagenomics
paint a fuller picture

HOME

THE PREPRINT SERVER FOR BIOLOGY

A Samples of 24 broiler birds
A 283 novel species

New Results Comment on this p

A 42 novel genera Assembly of hundreds of novel bacterial genomes from the chicken

caecum
A M UCh great,er ”Chness Of Laura Glendinning, Robert D. Stewart, Mark ). Pallen, Kellie A. Watson, Mick Watson
clostrdialesi K Isiyaphd doi: htps://doi.org/10.1101/699843

StUdIeS This article is a preprint and has not been peer-reviewed [w?'AL does this mean?]

A 16S does not show
mycomeé virome




Culture bhias

A Culture in various conditions
robably only reveals 120% of
axa in caeca
Ag%éu ,alJSOASa Aazt
a dza LIwal chardaxteriseds
easy to grow

A The more challenging bugs may
be those of interest

A Need for improved/novel culture
method to support genomics

l.’j

Culture Media

Culture
Conditions

Unique species
identified

Identified Organism

CAB

Aerobic

10

Bacillus altitudinis

Bacillus cereus

Bacillus pumilus

Bacillus subtilis

Enterococcus faecium

Enterococcus faecalis

Escherichia coli

Lactobacillus paracesei

Solibacillus silvestris

Staphylococcus cohnii

Microaerobic

Anaerobic

10

Bacillus amyloliquefaciens

Bacillus
amyloliquefaciens_ssp_plantarum
Bacillus cereus

Bacillus megaterium

Bacillus mojavensis

Bacillus pumilus

Bacillus subtilis

Clostridium perfringens

Enterococcus faecium

Escherichia coli
Clostridium perfringens

Enterococcus faecium

MALDITOF identification of species recovered from
caecalcontent of ROSS 308 broiler



.. b hat If th
Probiotics and CEmportant bugs are

prOdUCtS are cultureghard/impossible to

grow?




Antimicrobial usage

A Antimicrobials are used across the world as
therapeutics, prophylactic drugs and growth
promoters (AGP)

AHigh use considered driver for resistance
especially in foodborne pathogens

AAGP banned in EU 2006 and decreased use in
North America

A As therapeutics often given at flock level
Alncreased antibiotic stewardship in EU

AlIn UK the British Poultry Council guidelines
have decreased use by over 70% &

ANeed for alternativesncluding pathogen
control (NEcolibaccilosisfoodborne
pathogens)

ANTIBIOTIC

POULTRY SECTOR
DECREASED
by 71% between
2012 and 2016




Probiotics and competitive exclusion
products are touted as controls for food
borne pathogens and antimicrobfa¢e
growth promoterX X

oor D @bacs
SPECHLS PROOUCTS ABOUT KNOWLLDGE CENTLY CONTACT
&
3 (

x . Healthy gut - strong chick!

A Safe

A Economic

A Easy to administer via feed or water

A May help establish a beneficial
microbiome

A Positive effect on gut health

A Can increase productivity




So can we make
. microbiomebased
-@- interventions to

= control pathogens
effectively?



