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Rabbit digestive ecosystem :

vast and rich community 

of microorganisms

107 - 108 Archaea

1010 - 1012 Bacteria

Fungi Protozoan

(Gouet and Fonty, 1973 ; Bennegadi et al 2003 ; Kimse et al 2008; Combes et al 2011 )



Dominant microbiota  

20 to 40%

(Suau et al., 1999) 
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(Suau et al., 1999) 



20 to 40%
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Dominant microbiota  

16S RNA

New evaluation using molecular 

microbiology techniques 

16S RNA

Heavy 

subunit

Light

subunit



qPCR

Bacteria, Archaea,

Firmicutes, 

Bacteroides-Prevotella

16S RNA 

DNA 

Digestive 

content

Molecular tools used to investigate rabbit digestive 

microbiota
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Pyrosequencing

Bacteroides-Prevotella

Fingerprint

Sanger clone-based 

sequencing

DNA 

extraction

(Combes et al 2011, Rodriguez-

Romero et al 2013)

•CE-SSCP

•DGGE

•RFLP

(Abecia et al., 2007a; 2007b; 2007c; Chamorro 

Pyrosequencing
sequencing

454 GS FLX

(Abecia et al., 2005; Monteils et al., 2008; Kušar and Avguštin, 2010)

(Abecia et al., 2007a; 2007b; 2007c; Chamorro 

et al., 2007; Gomez-Conde et al., 2007, 2009; 

Michelland et al., 2010, 2011)

(Massip et al., 2012) 



Meta-

genomic

Meta-

genomic
Meta-

proteomic

Meta-

proteomic

‘omic’ molecular tools 

Fonctionnal Metagenomic
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Digestive 

content

DNADNA

RNARNA

ProteinProtein

MetaboliteMetabolite

Quantitative Metagenomic

RNARNAMetaboliteMetabolite

Meta-

transcriptomic

Meta-

transcriptomic

Meta-

metabolomic

Meta-

metabolomic



Who is there?

Phylogenetic tree

Adult rabbit
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80-90 % of the identified sequences 80-90 % of the identified sequences 

���� new uncultivated bacterial species

half of the sequences described in each study 

are phylogenetically close to each other 

���� uniqueness of the rabbit caecal microbiota

(Abecia et al., 2005 ; Monteils et al, 2007 )

� 4 %

90 %



Qui est là?

Taxa at the family level (n=71)
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Caecal 

samples

(Massip et al. 2012 ; Combes et al. Submitted data)

Ruminococcaceae (45%)

Lachnospiraceae (35%)
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Why?
Roles of the microbiota and the benefits 
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Microbiota implantation and ecological 

succession of speciesWhen?

Why?
Roles of the microbiota and the benefits 

for the host

How?
Potential ways to engineer the rabbit 

digestive ecosystem



Hydrolysis and fermentation of nutriments 

� Digestion of 30 to 50 % of 

digestible organic matter
(Gidenne, 1992)

Polyosaccharides

Hydrolytic

species

Saccharides- Oligosaccharides 
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(Gidenne, 1992)

� Production of VFA, 

proteins and 

vitamins

� Nutriments : 
• Fibres 

• Proteins

• Mucus

Saccharides- Oligosaccharides 

Acetate

Intermediary metabolites 

CO2 H2Propionate Butyrate SO4
-

Hydrolytic

species

Glycolytic

species

� Cover 30 to 50 % of 

maintenance energy

requirements (Gidenne, 

1994)

vitamins

Methanogens Acetogens

Hydrogenotrophic species

Sulfate-reducing

Acetate H2SCH4



Implication in feed efficiency (evidence 1/3)

Inoculation of germ-free mice
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After 2 weeks

+ 60 % body fat+ 60 % body fat

-30% in feed intake 

(Backhed et al., 2004) 



ob/ob

Obese mice

Implication in feed efficiency (evidence 2/3)
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Lean mice

+/+ ou  ob/+

in the energy extraction from diet
Feces

(Turnbaugh et al., 2006)

greater weight gain



microbiota Particularity ?

Implication in feed efficiency (evidence 3/3)
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(Ley et al. 2006)

(Ley  et al. 2005)



Role in defence against infectious agents and in the intestinal 

immune system (1/4)

Barrier role  : 

Microbiota hinders the implantation of exogenous bacteria 
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Commensal 

bacteria 

� prevent attachment and 

entry of exogenous 

bacteria

� compete for nutrients

� inhibit the growth of 

exogenous bacteria by 

(Guarner et Malagelada, 2003) 

exogenous bacteria by 

producing antimicrobial 

substances



Vermiform appendix

Role in defence against infectious agents and in the intestinal 

immune system (2/4)

GALT (Gut Associated Lymphoid Tissue) development and angiogenesis
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Isolated lymphoid cells

Vermiform appendix

Caecum

Colon

Ileum

Sacculus rotondus

Peyer’s patches

(Fortun-Lamothe et Boullier, 2007)

after 10dafter 10d

Peyer’s patches

Lymphoid cell densityGerm-free mice 

(Stappenbeck et al., 2002)



Stimulation by exogenous Ag

Role in defence against infectious agents and in the intestinal 

immune system (3/4)

Diversification of the primary repertoire of antibodies
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Birth

2 4 6 8 10-2 weeks120

Microbiota

Weaning

Primary Repertoire
GALT

Stimulation by exogenous Ag

Specific immune response

2nd lymphoïdes organs
Secondary Repertoire

Fetal liver, bone marrow

Neonatal repertoire

No exogenous stimulation

Very low diversification Diverse repertoire

(Mage et al., 2006; Hanson and Lanning, 2008 ; Lanning et al., 2000 ;  Fortun-Lamothe et Boullier, 2007)

Highly diverse repertoire



• the lack of stimulation or exposure to pathogens and symbiotic microorganisms 

Role in defence against infectious agents and in the intestinal 

immune system (4/4)

Hygiene hypothesis:
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• the lack of stimulation or exposure to pathogens and symbiotic microorganisms 

(microbiota) or frequent use of antibiotics in young children increases the 

susceptibility of patients to develop allergic disorders and autoimmune diseases

”dirty pig” experiment

• Microbiota alteration

• Higher expression of genes involved 

in inflammatory immune response

(Mulder et al, 2009)



Feed efficiency 
improvementDigestion, 

Roles Host benefit
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Why ?
Barrier effect, 

GALT development

• Limitation of fecal and urinary 
excretion ���� limitation of 
environmental impact

• new rabbit feeds 
non-competitive to humans

Digestion, 

Fermentation, and 

Production of nutrients

GALT development

Diversification of the antibody 
repertoire

Oral tolerance development

Health preservation
•Limiting drug use

Interests 

for Human:

Fat storage, 

psoriasis, asthma, 

possibly even autism
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Microbiota implantation and ecological 

succession of speciesWhen?

Why?
Roles of the microbiota and the benefits 

for the host

How?
Potential ways to engineer the rabbit 

digestive ecosystem



Microbiota implantation and 

ecological succession of species?

• Microbial colonization really begins at birth in contact 

with the mother and the immediate environment 

20



• techniques de fingerprint (CE-SSCP)

sevrage

21Microbiota implantation and 

ecological succession of species

7 282114 35 49 70

Age (jours)

(Combes et al. 2011)
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21Microbiota implantation and 

ecological succession of species

• techniques de fingerprint (CE-SSCP)

sevrage

7 282114 35 49 70

Age (days)

(Combes et al. 2011)



49d

Graphical representation of distances between  bacterial communities

Microbiota implantation and 

ecological succession of species
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35d

21d

28d

70d

7d

14d

28d

stress = 15.09

nMDS
(Combes et al. 2011)



Stability ���� climax

Microbiota implantation and 

ecological succession of species
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Important but gradual shift 

Random aquisition

Homogeneisation

21d

49d

70d
Important but gradual shift 

in the composition
35d

21d

7d

14d

28d

70d
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Finally when ?

During the 

« nest period »

Around weaning and 

1. Modify the initial 
composition

2. Modify the ecological 
Around weaning and 

before 49 d

� during the permissiveness 
time window

2. Modify the ecological 
succession of species

3. Maturation acceleration
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Microbiota implantation and ecological 

succession of speciesWhen?

Why?
Roles of the microbiota and the benefits 

for the host

How?
Potential ways to engineer the rabbit 

digestive ecosystem



Potential ways to engineer the rabbit digestive 

ecosystem

Immediate environment

26

Nutrition

Quantity et quality of fibres, proteins …

PrebioticsPrebiotics

Probiotics



Potential ways to engineer the rabbit digestive 

ecosystem

Immediate environment

27

Initial colonisation is a subset of a wider meta-community including 

all species capable of living in the digestive tract (Curtis et Sloan, 2004)

�Does: genital and  digestive tract, fur, maternal feces

�Breeding condition: nest box, beding, hygiene, farmer



�nursing mother vs the biological mother

Potential ways to engineer the rabbit digestive 

ecosystem

Immediate environment

28

�nursing mother vs the biological mother

Doe 1 Doe 2

3 

pups

3 

pups

3 

pups

3 

pups

Doe 1 

Doe 2

(Abecia et al. 2007)

microbiota of the fostered pups was closer to the cohabiting 

pups than that of their own non fostered brother



� during nursing, the doe leaves some faecal pellets in the 

Immediate environment

Potential ways to engineer the rabbit digestive 

ecosystem

29

� during nursing, the doe leaves some faecal pellets in the 

nest that are eaten by the pups (Moncomble et al., 2004; Kovacs et al .2006) 

4

5

6

7

N
o 

of
 d

oe
s

7 does> 40 

fecal pellets

5 does had no 

fecal excretion

in the nest

Mean = 16 

fecal pellet in 

the nest

0

1

2

3

0 10 20 30 40 50 60
No of excreted faeces between 2 and 20 days

N
o 

of
 d

oe
s

fecal pellets

(Combes et al., Submitted JAS).



Immediate environment

Potential ways to engineer the rabbit digestive 

ecosystem
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� during nursing, the doe leaves some faecal pellets in the 

• Does this behaviour contribute to mother 
microbiota transmission ?

The prevention of ingestion of maternal faeces by 

the pups delayed the implantation of Bacteroides. 
(Kovacs et al., 2006).

� during nursing, the doe leaves some faecal pellets in the 

nest that are eaten by the pups (Moncomble et al., 2004; Kovacs et al .2006) 

(Kovacs et al., 2006).

The prevention of ingestion delayed implantation dynamics

- Delayed the Ruminococcaceae age related increase

- Delayed the Bacteroides age related decrease 
(Combes et al., Submitted JAS).



Fibres

20

40

60

80

100

(Gidenne , 2003)

Sanitary risk index  %

Potential ways to engineer the rabbit digestive 

ecosystem

30

Lignin (ADL) %0

20

1.0 2.0 3.0 4.0 5.0 6.0

Fibre Deficient 

Control

(Michelland et al., 2011)

(Michelland et al., 2011)



Fibres

Potential ways to engineer the rabbit digestive 

ecosystem
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High NDF Low NDF

High NDSF

Low NDSF

Low NDF

Low NDSF

(Rodriguez-Romero et al., 2013)



This is placeholder text. All 
phrases can be replaced 

with your own text.

a "non-digestible food ingredient that 

positively affects the host by selectively 

stimulating the growth and/or activity of one 

or a limited number of intestinal bacteria" 

stimulation of the growth of 
beneficial bacteria for the 

host (Bifidobacteria and 

Lactobacilli)

31Potential ways to engineer the rabbit digestive 

ecosystem

with your own text.or a limited number of intestinal bacteria
Lactobacilli)

PREBIOTICS

binding to pathogenic bacteria
�MOS, reduced the carriage 
density of salmonella
(Kim et al., 2011). 

competition by masking the 
binding sites of pathogenic 

bacteria to the mucosa



This is placeholder text. All 
phrases can be replaced 

with your own text.

Living microorganisms used as feed additives 

for animals and humans that can modulate the 

activities of the digestive microbiota in order to 

improve the health or performance of the host.

32Potential ways to engineer the rabbit digestive 

ecosystem

with your own text.improve the health or performance of the host.

PROBIOTICS



Production of antimicrobial factors
(bacteriocin), metabolites 

or enzymes 

32

Gut protection and decrease 

Potential ways to engineer the rabbit digestive 

ecosystem

PROBIOTIQUES Gentically modified bacteria which 
synthetised a protien in situ

Gut protection and decrease 

of inflammatory symptoms

Lactococcus lactis

+

Elafin

(Motta et al. 2012 )



This is placeholder text. All 
phrases can be replaced 

with your own text.

Production of  antimicrobial 
factors (bacteriocin), 

metabolites (lactic acid) or 

32Potential ways to engineer the rabbit digestive 

ecosystem

with your own text.
metabolites (lactic acid) or 

enzymes 

Action on the 

PROBIOTICS

Competition for the binding 
sites to the mucosa

Redox potential

Mortality

Ruminococcus albus

(Kimse et al. 2012 ; Gidenne et al. 2006)

Saccharomyces cerevisiae

Action on the 
environmental conditions 



During the “nest period”
Around weaning and 

before 49d

Important physiological role : 
digestion, immune system 
development,  barrier effect

Conclusion
33

Rabbit 
digestive 
microbiota

before 49d
Highly diverse
knowledge of these organisms
is still patchy

The metagenome 
analysis tool could 
provide valuable 
information

1. Control of implantation in the nest, 
2. Act on ecological succesion 

3. Accelerate microbiota maturation

Changes in farming practices (weaning age, 
early access to food), nutrition (quantity and 
quality of fibre, prebiotic and probiotic) and 
genetics.. 
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