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What I am going to talk 
about

ÅAn introduction to the chicken intestinal 
microbiome

ÅThe microbiome in commercial 
production

ÅUnknowns and undcertainties

ÅInterventions to reduce infection and 
promote health and welfare



The chicken intestinal 
microbiome is 

important inΧΧ.

ÅNutrition & productivity

ÅImmune 
development/education

ÅDisease

ÅHealth

ÅCarriage of (zoonotic) 
pathogens

ÅΧand much more



What we know 
about the 

chicken 
intestinal 

microbiome

ÅMade up of around 500 bacterial taxa

ÅA big range of proteobacteriaand 
archaebacteriaspecies

ÅHugely variable

ÅDiffers between intestinal compartments

ÅCaeca have the greatest numbers (c1011 CFU/g) 
and diversity 

ÅSmall intestine c109 cfu/g

ÅExcess amounts of gamma-proteobacteria
(enterobacteriacae) can be associated with poor 
gut health

ÅCan be modulated to improve health and/or 
productivity



Some key 
pointsΧ

¢ƘŜ ƳƛŎǊƻōƛƻƳŜ ƛǎ ƴƻǘ ΨƻƴŜ ƛƴǘŜǎǘƛƴŀƭ ƳƛŎǊƻōƛƻƳŜΩ

There is substantial inter and intra-bird variation between 
intestinal niches

Embryonic microbiomes are , almost certainly, sample 
contamination

LǘΩǎ ƴƻǘ Ƨǳǎǘ ōŀŎǘŜǊƛŀ-the mycome and virome are poorly defined

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

Analysingthe faecalor caecalmicrobiome is not necessarily 
informative of the small intestine and digestion/feed utilisation

Defining 'good' or 'bad' bacteria or dysbacteriosisis 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 ileum?



In most species the 
pioneer microbiome is 
maternally-derived

ÅTransfer during birth and at feeding in 
mammals

ÅHorizontal transmission from faecal
material in all species

ÅTransfer viaplacenta or in ovo
(despite some reports) is unlikely

ÅNo detectable intestinal bacterial 
population in  chicken embryos 
sampled aseptically



And commercial production uses systems far 
removed from the jungle



But commercial birds 
ŘƻƴΩǘ ƳŜŜǘ ƳǳƳ

ÅModern hatcheries rear fertilisedeggs to 
hatch which are then placed on farms for 
rearing

ÅHigh levels of hygiene and biosecurity

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

ÅMuch vaccination take place in hatchery-
spray or gel drop delivery to chicks or in 
ovo in the US

ÅSo like human C-section babies , do 
ŎƻƳƳŜǊŎƛŀƭ ŎƘƛŎƪǎ ƎŜǘ ŀ ΨōŀŘΩ ƳƛŎǊƻōƛƻƳŜ



Heatmap 

Dendrogram of ASV 

abundance in the 

caecum between 0 

and 42 days post 

hatch

The developing broiler chicken microbiome



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.



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 pioneer 
microbiome lead to a delay or 
failure in proper development?



Potential 
consequences?

ÅtƻǘŜƴǘƛŀƭ ŀŎǉǳƛǎƛǘƛƻƴ ƻŦ ŀ ΨƘǳƳŀƴƛǎŜŘΩ 
microbiome from hatchery workers

ÅLack of diversity early in life-poor 
development of gut and mucosal 
immunity

ÅContribution to poor gut health and 
infection susceptibility?

ÅCommon members of early microbiome 
are often cause of early mortality in 
broilers (Escherichia coli & Enterococcus 
spp.)



Digging deeper



Host genetics have some effect on microbiome-but less 
than the external environment



Limitations of 16S-
shotgun metagenomics 

paint a fuller picture

ÅSamples of 24 broiler birds 

Å283 novel species

Å42 novel genera

ÅMuch greater richness of 
clostrdialesǘƘŀƴ ΨsnaphotΩ 
studies

Å16S does not show 
mycome/virome



Culture bias

ÅCulture in various conditions 
probably only reveals 10-20% of 
taxa in caeca

Åaƻǎǘ ǎǇŜŎƛŜǎ ƛǎƻƭŀǘŜŘ ŀǊŜ Ψǳǎǳŀƭ 
ǎǳǎǇŜŎǘǎΩ-well characterisedas 
easy to grow

ÅThe more challenging bugs may 
be those of interest

ÅNeed for improved/novel culture 
method to support genomics MALDI-TOF identification of species recovered from 

caecalcontent of ROSS 308 broiler



Probiotics and CE 
products are cultured

Χbut what if the 
important bugs are 
hard/impossible to 
grow?



Antimicrobial usage
ÅAntimicrobials are used across the world as 

therapeutics, prophylactic drugs and growth 
promoters (AGP)

ÅHigh use considered driver for resistance 
especially in foodborne pathogens

ÅAGP banned in EU 2006 and decreased use in 
North America

ÅAs therapeutics often given at flock level

ÅIncreased antibiotic stewardship in EU

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

ÅNeed for alternatives-including pathogen 
control (NE, colibaccilosis, foodborne 
pathogens)



Probiotics and competitive exclusion 
products are touted as controls for food 
borne pathogens and antimicrobial-free 
growth promotersΧΧ

ÅSafe
ÅEconomic
ÅEasy to administer via feed or water
ÅMay help establish a beneficial 

microbiome
ÅPositive effect on gut health 
ÅCan increase productivity



So can we make 
microbiome-based 
interventions to 
control pathogens 
effectively?


