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Caecal community structure in conventional and specific pathogen-free (SPF) rabbits was assessed by performing dot-blot hybridization
with 16S rRNA targeted oligonucleotide probes. The variation of the caecal flora was analysed according to age (18–70 days old),
nutritional status (acid detergent fibre=19% in standard and 9% in fibre-deficient diet) and rabbit health (healthy vs diarrhoeic). Caecal
flora was stabilized at around 25–28 days. Bacteria and archaea represented 73% and 22%, respectively, of the total microbial
communities at weaning (28 days). Cellulolytic bacteria (Ruminococcus albus, R. fla�efaciens, Fibrobacter succinogenes and F. intestinalis)
represented �7% of total bacteria, with a predominance of R. fla�efaciens and R. albus, respectively, for conventional and SPF rabbits.
Bacterial and archaeal rRNAs were twofold higher in conventional than in SPF rabbits, fed standard diet (p�0.001). In conventional
rabbits, archaeal community was twofold higher with standard diet than with fibre-deficient diet. In both types of rabbits, quantities of
Flexibacter-Cytophaga-Bacteroides rRNA were twofold higher with fibre-deficient diet than with standard diet. In diarrhoeic conventional
rabbits, the proportion of eukaryal rRNA increased 4-fold, but proportions of bacterial and archaeal rRNA decreased by 1-, 2- and
6-fold, respectively. The quantities of rRNA of F. succinogenes and F. intestinalis in conventional rabbits were, respectively 17 and 5 times
higher in sick than in healthy animals, and decreased by 7-fold for R. albus. This study shows some microbial interactions according to
nutrition and health of the rabbit. Key words : rabbit, caecal flora, fibre deficiency, oligonucleotide probes, enteropathy, specific
pathogen-free, microbial community balance.

ORIGINAL ARTICLE

INTRODUCTION

Rabbit production is currently affected by two predomi-
nant syndromes: digestive and respiratory pathologies. The
intestinal pathology is mostly encountered in the growing
rabbit after weaning (6–8 weeks of age), leading to high
mortality and morbidity. The mortality rate after weaning
reaches 14% in France (1) but may frequently exceed 20%
in cases of specific pathologies such as Escherichia coli
O103 and Clostridium spiroforme outbreaks. Loss of per-
formance (low growth, low feed intake and poor feed
conversion) due to a transient diarrhoea is also costly, but
remains difficult to quantify. Diarrhoea is the main clinical
symptom of enteropathy (2). However, the diagnosis is
difficult because symptoms and lesions are generally simi-
lar, while digestive pathology can have two main origins:
pathogenic agents (parasites, bacteria, viruses) or the envi-
ronment including modifications of nutritional factors and
breeding conditions (hygiene and stress) (3). Among the

nutritional factors, the level of fibre in the diet is probably
one of the most important. In rabbits, plant fibres are
primarily digested in the caecum and the proximal colon
(4), by the complex and very diverse microbial community
inhabiting these two biotopes. Caecal fermentation is be-
lieved to have an important role in the nutrition and
health of rabbits, particularly around the weaning period.
The maturation of the caecal microbial ecosystem evolves
according to the age of the rabbit (5) and time after
weaning (6). Emaldi et al. (7) indicated that the main
microbial activities in the caecum are, in decreasing order,
ammonia use, ureolytic, proteolytic and cellulolytic activi-
ties. The predominant caecal and colonic bacterial species
belong to the genus Bacteroides (109–1010 bacteria g−1

digestive content) (5, 8). The cellulolytic bacterial commu-
nity appears around 2 weeks after birth (9). This commu-
nity was found to be dominated by Eubacterium
cellulosol�ens and Bacteroides spp. (9). Some data indicate
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that the nature of the feed can greatly affect the composi-
tion of the caecal ecosystem (6, 9–11). To date, the effect
of microbial status (conventional and SPF) on rabbit
digestion and health has only been investigated by Licois
and Coudert (12). These authors observed that the mortal-
ity and the morbidity rates of SPF rabbits experimentally
infected to reproduce epizootic enterocolitic syndrome
were low (10–15%), whereas the mortality in conventional
rabbits was higher than 60%.

We have recently investigated the effect of dietary fibre
level and of microbial status on the enteropathy of grow-
ing rabbits. The part of this work dealing with growth
performance and observations of digestive disturbances
(morbidity and mortality rate) has already been published
(13). The present paper describes the microbiological as-
pects of this investigation. Our objectives were: 1) to
investigate the evolution of some caecal microbial commu-
nities during the weaning period of growing rabbits fed a
standard diet, 2) to study the impact of a fibre-deficient
diet on the balance of these communities (particularly the
fibrolytic population), 3) to determine the differences in
microbial flora composition in conventional and SPF rab-
bits, 4) to compare, in conventional rabbits, the caecal
microflora of sick animals with that of healthy animals. To
achieve these goals, detection and quantification of micro-
bial populations were assessed by dot-blot hybridization
with phylogenetically 16S ribosomal RNA targeted
oligonucleotide probes.

MATERIALS AND METHODS

Animals and diets

Conventional (New Zealand White×Californian hybrid,
strain INRA A1067) and specific pathogen-free rabbits
(SPF, New Zealand White) were produced at the INRA
Centers of Toulouse and Tours, France, respectively. The
SPF rabbits were obtained and regularly controlled (mi-
crobiological analysis) free of coccidia, oxyuris, Pas-
teurella, Clostridium piliforme, Clostridium spiroforme,
enteropathogenic Escherichia coli belonging to the
serogroups O2, O15, O26, O49, O85, O103, O109, O128, and
O132, rotavirus and calicivirus. They were reared in a
highly protected environment –hygiene, prophylaxis, ven-
tilation of superpressure air filtered at 10 �m, specific staff
according to the methods described by Coudert et al. (14)
– and no pathological problem has been observed since the
creation of this animal colony in 1987. Conventional rab-
bits were housed in a closed building but in less strict
conditions and no microbiological control was routinely
carried out. They were all in apparently good health before
the experiments. These animal models were chosen to
determine the effect of the sanitary status and the breeding
conditions on the modification of caecal flora.

Before weaning, litters and does were fed a commercial
diet. From weaning (day 28) young rabbits were placed in

separated rooms in individual wire cages (dimensions,
26×33×65 cm, l×h×b) at room temperature (18°�
2°C) with feed boxes and water pipes, a 12:12 light:dark
cycle (lights on 07:00 h), a relative humidity around 60%,
and a minimum of 0.8 m3 air changes per hour.

Conventional and SPF rabbits were divided into two
groups. One group of conventional and one group of SPF
were fed with a standard diet (diet S) containing 19% of
acid detergent fibre (ADF) corresponding to current rec-
ommendations (15). One group of conventional and one
group of SPF rabbits received a low-fibre diet (diet D)
containing only 9% ADF. Wheat and dehydrated alfalfa
meal were, respectively, the main source of starch and
fibre. The chemical composition of diets S and D was,
respectively (% of dried matter): 15.9% and 17.7% crude
protein, 16.2% and 7.2% crude fibre, 18.9% and 8.8%
ADF, 9.6% and 32.0% starch, and 10.31 MJ and 13.06 MJ
metabolic energy/kg (13). Origin and proportions of fibre
fractions (cellulose, hemicelluloses and pectins) were simi-
lar in both diets, as was the ratio of digestible protein/di-
gestible energy. All the animals were fed ad libitum, and
were able to modulate their feed intake according to the
amount of energetic diet. No additive was included in the
diet except an anticoccidian agent (Cycostat 65G; Al-
pharma, Verrières le Buisson, France).

Six healthy rabbits from each group were killed with a
lethal injection of 5% Nesdonal solution (sodium thiopen-
tal, Merial, France) by intraperitoneal and intravenous
injections (1.5 ml doses) at the ages of 18, 25, 28, 42 and
70 days for conventional rabbits and 28 and 70 days for
SPF rabbits. The animals were killed between 13:00 and
16:00 h, without fasting. Just after euthanasia, 5–20 g of
caecal content of each rabbit were collected, placed in vials
and immediately freeze-dried.

Nucleic acid extraction and hybridization

DNA oligonucleotide probes complementary to regions of
the SSU rRNA used in this study are described in Table I.
Probes were synthesized by Eurogentec (Seraing, Belgium),
and 5� end-labelled with [�-32P] ATP (Amersham Pharma-
cia Biotech, Saclay, France). Probes were purified on a
G-50 sephadex column (Amersham Pharmacia Biotech)
with a 1× Tris-EDTA solution as eluant. The quality of
labelled probes was verified by electrophoresis on thin-
layer (TLC plates, polyester polyethyleneimine cellulose,
Sigma, St Louis, USA) and bicarbonate of ammonium 0.5
M as a mobile phase. Probes targeting Ruminococcus and
Fibrobacter genera were chosen because these cellulolytic
bacteria are the predominant species in the gastrointestinal
tract of ruminant and some monogastric animals such as
the horse (16), pig (17) and rat (18, 19). The Escherichia
coli probe was used to detect and quantify the level of E.
coli in healthy and diarrhoeic rabbits. Total nucleic acid
was extracted from about 50 mg of homogeneous
lyophilized caecal sample after disruption of caecal cells
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Caecal microbial communities in rabbits 25

Table I

Oligonucleotide probes and standard strains used in this study

Probe (5� to 3�) Target Wash References Standard organisms
temperature
(°C)

All organisms 46 (41) 16S ribosomal RNA from E. coliACG-GGC-GGT-GTG-
T(G/A)C MRE 600 (Boëhringer Mannheim)

GCT-GCC-TCC-CGT- All Eubacteria 54 (23) 16S ribosomal RNA from E.coli
AGG-AGT MRE 600 (Boëhringer Mannheim)

All EukaryaACC-AGA-CTT-GCC- 54 (23) Neocallimastix frontalis MCH3
CTC-C

Anaerobic fungi 47GTA-CAC-ACA-ATG- (42) Neocallimastix frontalis MCH3
AAG-TGC-ATA-
AAG-G

All Archaea 50GTG-CTC-CCC-CGC- (23) Methanococcus �oltaea (DSM 7078)
CAA-TTC-CT

Flexibacter-GCA-CTT-AAG-CCG- 43 (43) Bacteroides �ulgatus (ATCC 4245)
Cytophaga-ACA-CCT
Bacteroides group
F. succinogenes 48TGC-CCC-TGA-ACT- (23) F. succinogenes S85 (ATCC 19169)

ATC-CAA-GA
F. intestinalis 55 (44), modifiedACG-GTT-GTT-CCG- F. intestinalis NR9 (ATCC 43854)

GAA-TGC-GGG by Millet (unpublished
observations)

R. albus 46GTC-ATG-CGG-CTT- (45) R. albus 7 (ATCC 27210)
CGT-TAT

TTC-TCT-TTG-TTA- R. fla�efaciens 45 (45) R. fla�efaciens FD1 (Urbana
Champaign, USA)ATT-GCC-AT

E. coli 47 (L. Millet, unpublishedCAA-GCT-TGC-CAG- E. coli DH5-alpha
observations)TAT-CAG-ATG

Pre�otella ruminicolaCCA-ACA-TCG-AAC- 54 (37) Pre�otella ruminicola (ATCC 19189)
subsp. ruminicolaTCA-CTC-AAG-AT

with 0.3 g of 0.1-mm zirconium beads in a Bead Beater
(MM 2000, Kurt Retsch, Haam, Germany) (20, 21). The
general procedure of isolation and quantification of total
RNA was based on previously described methods (22–24).
The RNA was extracted with chloroform and precipitated
in a minimum of 30 min at −20°C by addition of
isopropanol. After centrifugation for 30 min (Eppendorf
5415C) at 14 000 r/min, RNA pellets were washed with
80% ethanol and resuspended in double-distilled water.
The nucleic acid concentrations were measured spec-
trophotometrically assuming an optical density at 260 nm
of 1 for 40 �g/ml (24). All materials and buffers were
processed with diethylpyrocarbonate (Sigma), to minimize
the degradation of nucleic acids by RNAase. The same
protocol of extraction was applied to prepare reference
RNA strains.

The total RNA was denatured by addition of 2% glu-
taraldehyde (Sigma) (�/3�), and diluted to a final concen-
tration of 10 ng/�l. Diluted RNA was applied in triplicate
to Hybond-N+ charge membrane (0.45 �m diameter;
Amersham Pharmacia Biotech) by a dot-blot device (Bio-
Dot, Bio-Rad, Marne la Coquette, France). Diluted RNA,
which hybridized with probe must be situated between 25
and 100 ng/�l of concentration of rRNA. It must be

contained in a quantity of total RNA varying between 5
and 2.5 �g/�l.

RNA extracted from the standard organisms and 16S
rRNA from E. coli (Roche, Meylan, France) as reference
were used to standardize the hybridization response (Table
I). The membranes were air-dried and fixed by UV (120
mJ.cm−2) with a Spectrolinker XL 1000 UV (Spectronics
Corporation, Lincoln, USA). These membranes were pre-
hybridized for 1 h at 42°C with a hybridization buffer (0.9
M NaCl; 50 mM NaPO4; pH 7.0; 5 mM EDTA; pH 7.2;
10× Denhart’s solution; 0.5 mg/ml of Poly A+ and 0.5%
of sodium dodecyl sulphate: SDS) in a hybridization bottle
(Hybaid, Amersham). The membranes were hybridized in
the same buffer with 2 �l cm−2 cpm of specific labelled
oligonucleotide per sample dot for a minimum of 3 h at
42°C, and washed with 1% SDS/1× SSC (0.15 M NaCl+
0.15 M trisodium citrate) solution at ambient temperature
and 20 min at a previously determined wash temperatures
(Tw) for each probe (Table I). Membranes were dried and
exposed to a screen (Storm, Molecular Dynamics, Bon-
doufle, France). Bound probes were quantified by Image
Quant soft-ware (Molecular Dynamics) and the relative
abundance of Bacteria, Archaea and Eukarya domains
were expressed as a percentage of the sum of bacterial,
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archaeal and eukaryal rRNAs. The proportion of specific
bacteria was expressed as the percentage of the total
bacterial rRNA.

Statistical analysis

All data were expressed as mean�standard error of the
mean. The quantification of targeted rRNA (�g) and their
proportions (%) in the samples were performed by analysis
of variance using the GLM procedure of Statistical Analy-
sis System (25). Bartlett’s test was performed to analyse
the homogeneity of variance. When the variances were
heterogeneous, statistical analyses were performed on the
logn transformed variables.

Data on caecal flora were analysed in accordance with
the age, dietary fibre and health status. Microbial status
was analysed in terms of interactions with age and dietary
fibre. The effect of age was analysed only on rRNA from
conventional and SPF rabbits fed standard diet (S).

RESULTS

Whatever the age, the microbial status or the health of the
rabbits, no response was observed with probes targeting
rRNA of anaerobic fungi, E. coli and P. ruminicola subsp.
ruminicola. These micro-organisms are either absent from
the caecal ecosystem or present in numbers too low to be
detected by the probes, the limit of detection being ap-
proximately 106 bacteria g−1 of caecal contents (25 ng/�l).
The total quantity of rRNA found in each sample is
expressed as the summation of bacterial, eukaryal and
archaeal rRNA detected with the specific probes targeting
these three domains, respectively. Quantification of micro-
bial communities is expressed both in absolute (�g/50 mg
of samples) and relative (%) values. The relative abun-
dance of each population is calculated as the percentage of
specific rRNA to the total microbial rRNA for the eu-
karya, bacteria and archaea or to the total bacterial rRNA
for the others. No-targeted bacteria were obtained by
subtraction between rRNA of total bacteria and Flexibac-
ter-Cytophaga-Bacteroides group plus cellulolytic bacteria.

Maturation of the caecal microflora in healthy rabbits fed
the standard diet

Con�entional rabbits (Table II). The total quantity of
rRNA markedly increased from day 18 to day 25 (p�
0.001), then decreased slightly and stabilized. Bacterial
rRNA also increased between day 18 and day 25 (p�
0.001), after weaning it represented �80% of caecal
rRNA. No eukaryal rRNA was detected at day 18, its
concentration increased until day 42 and decreased at day
70. Its percentage did not exceed 7% of total rRNA.
Except on day 25, the archaeal rRNA concentration was
quite stable but its percentage markedly decreased with the
age of the animals (p�0.001); after weaning the archaeal
community represented between 7% and 12% of the total

microflora. The size of the Flexibacter-Cytophaga-Bac-
teroides group decreased after weaning (p�0.001). The
cellulolytic community (R. fla�efaciens+R. albus+F. suc-
cinogenes+F. intestinalis) became established before
weaning and its size increased after weaning (p�0.01) but
did not exceed 6.7% of the total bacterial community
during this period. R. fla�efaciens appeared to be the
dominant cellulolytic species.

SPF rabbits (Table III). Except for the eukaryal commu-
nity, which markedly decreased with the animal’s age
(p�0.05), the microbial communities targeted in this
study remained quite stable with the animal’s age. Com-
pared with conventional animals, SPF rabbits harboured a
lower microbial community, as the total quantities of
microbial and bacterial rRNA were twofold lower (p�
0.01). In contrast, in the SPF rabbits the cellulolytic com-
munity represented a rather higher proportion of the total
bacterial community (p�0.05) at 28 and 70 days (35.1%
and 16.3%, respectively) compared with conventional rab-
bits (5.1% and 6.7%, respectively). Also, R. albus was the
dominant cellulolytic species, especially after weaning in
SPF rabbits.

Effect of dietary fibre le�el on caecal microflora of healthy
con�entional and SPF rabbits (Tables II and III). Compared
with the animals fed the standard diet, the caecal microbial
community of the conventional rabbits fed the low fibre
diet (diet D) was essentially characterized by a twofold
lower archaeal community (p�0.001) and higher popula-
tions of R. albus and of F. intestinalis which increased by
a factor of 4 to 20 (p�0.001) and by a factor of 3
respectively (p�0.05).

In SPF rabbits, the consumption of the low fibre diet led
to a significant decrease of the eukaryal community (p�
0.01) and of the R. albus population (p�0.05). In con-
trast, the size of the F. succinogenes population was higher
with the low fibre diet (p�0.01).

Caecal microflora of diarrhoeic con�entional rabbits (Table
IV)

Disturbances in the caecal microflora of sick rabbits were
estimated by comparing the sizes of the different microbial
communities of sick rabbits with those of 42- and 70-day-
old conventional healthy animals. The sick rabbits were
between 41 and 63 days old.

All the microbial communities were affected by di-
arrhoea except the Flexibacter-Cytophaga-Bacteroides
group and R. fla�efaciens, which remained stable. Com-
pared with healthy animals, the caecal microbial commu-
nity of sick rabbits was characterized by a slight decrease
in the proportion of total bacterial rRNA (p�0.01), a
marked decrease in R. albus and archaeal populations,
moderate increase in the sizes of the eukaryal community
and of the F. intestinalis population (p�0.001) and by a
strong increase (×27) of the F. succinogenes population
(p�0.001). Globally the proportion of the cellulolytic
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Table II

Quantification and proportion of microbial rRNA in caecal contents of healthy con�entional rabbits, according to age and le�el of the fibre
in diet†

Statistical levelAge (days)

25 28 42 7018

S diet D diet S diet D diet Age* Diet A/D†

Total rRNA‡

39.3a (20.6)(�g) 329.8b (202.6) 111.6b (25.7) 190.6b (73.9) 135.5 (19.2) 148.8b (84.6) 128.0 (16.0) �0.001§ NS§ NS§

Bacteria
242.5b (142.4) 82.8b (33.0) 164.6b (59.5) 121.5 (23.3) 125.0b (78.3)(�g) 106.5 (22.3) �0.001§ NS§ NS§14.7a (12.4)

75.2b (4.1) 72.8b (17.0) 87.0b (4.1) 89.2 (7.3) 81.7b (5.9) 82.5 (8.0) �0.001§35.8a (26.5) NS NS(%)��

Eukarya
(�g) ND 2.1 (1.7) 6.3 (9.4) 12.5 (10.8) 6.7 (9.7) 7.8 (5.9) 13.1 (10.0) NS NS 0.17

0.5a (0.3) 6.2ab (10.0) 5.8ab (4.2) 5.4 (8.3) 6.4b (5.4) 11.0 (8.9) 0.047§ NS(%)�� NSND

Archaea
86.2b (60.8) 23.5a (12.8) 13.4a (6.1) 7.1 (2.5)(�g) 16.2a (6.1) 8.3b (2.5) �0.001 �0.001§ NS24.7a (16.9)

64.2a (26.5)(%)�� 24.5b (4.1) 22.0b (13.2) 7.0b (1.0) 5.2 (1.4) 12.1b (3.7) 6.4b (1.4) �0.001 �0.01§ NS§£

Bacteroides**
115.7a (34.5) 29.8b (20.8) 28.2b (4.9) 52.5 (55.3) 18.9b (10.3)(�g) 45.0b (17.6) �0.001§ NS§ NS§ND
58.8a (28.9) 42.0ab (30.1) 18.1ab (4.1) 42.8 (43.4) 17.0b (10.9) 42.4b (21.2) 0.012§ND 0.085§(%)c NS§

F. succinogenes
(�g) 0.15 (0.10) 0.35 (0.25) 0.72 (0.51) 0.07 (0.00) 0.58 (0.26) 0.12 (0.13) 0.28 (0.32) 0.12§ 0.092§ NS§

0.1b (0.09) 1.3ab (1.10) 0.1b (0.02) 0.5 (0.17) 0.2b (0.17) 0.4 (0.42) 0.021 0.11§(%)c NS§2.5a (2.12)

F. intestinalis
ND 0.48 (0.11) 0.28 (0.09) 0.90 (0.87)(�g) 0.70 (0.92) 2.04 (2.98) NS 0.012§ NS§ND

ND(%)c ND 0.5b (0.03) 0.2b (0.13) 0.8 (0.75) 0.5b (0.42) 1.9 (1.49) NS �0.01§ NS§

R. fla�efaciens
1.33b (1.21) 2.52bc (1.20) 3.74bc (0.83) 4.0 (2.0) 6.30c (3.20) 4.61 (4.65)(�g) �0.001§ NS§ NS§0.15a (0.10)
0.5a (0.3) 3.5b (1.8) 2.8b (0.8) 3.1 (1.4) 6.8b (3.6) 4.9 (6.03) �0.01§2.5ab (2.1) NS NS§(%)c

R. albus
(�g) 0.1 (0.07) 0.7 (0.18) 0.6 (1.02) 0.1 (0.03) 1.4 (0.9) 0.6 (0.49) 2.0 (0.75) NS �0.001§ 0.15§

0.4b (0.26) 0.6ab (0.70) 0.1b (0.02) 1.1 (0.8) 0.6ab (0.50) 2.0 (0.80) 0.0129 �0.01§(%)c 0.02§1.5a (1.11)

Data are means�standard errors of the means in parentheses (n=6 samples per treatment). rRNA was extracted from 50 mg of lyophilized caecal
content. S diet, standard diet; D diet, fibre-deficient diet; ND, inferior to the level of the detection (�25 ng/�l hybridized rRNA); NS, not
significant.
*Statistical analysis performed between 18 and 70 days on rabbits fed standard diet.
†Statistical analysis performed between diet and age at 42 and 70 days. a, b, means values, between ages, with common superscript were not
significantly different at the level p=0.05.
‡Total rRNA is the sum of bacterial, eukaryal and archaeal rRNA.
§Statistics were performed on logn transformed variable, when the variance was not homogeneous (Bartlett’s test).
��Expressed to the% of the total rRNA.
cExpressed to the% of the total bacterial rRNA.
**Include Flexibacter-Cytophaga-Bacteroides group.

community was twofold higher in sick animals. No
Clostridium spiriforme was observed after Gram’s staining
of the samples.

DISCUSSION

Methodological aspect

The most basic prerequisites for ecological studies are
identification and enumeration of community members.
Indirect microbiological techniques such as selective en-

richments, pure culture isolation and most-probable-num-
ber estimates have been used. However, the limitation of
these techniques was their inability to detect adequately all
community members. Molecular ecological methods such
as PCR (polymerase chain reaction), DGGE (denaturing
gradient gel electrophoresis), TGGE (temperature gradient
gel electrophoresis), SSCP (single-strand conformation
polymorphisms) and dot-blot hybridization with 16S
rRNA targeted oligonucleotide probes are now used exten-
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N. Bennegardi et al.28

Table III

Quantification and proportion of microbial rRNA in caecal contents of healthy SPF rabbits, according to
the age and the le�el of fibre in the diet

Statistical levelAge (days)

70 Age* Diet28

S diet ‘diet

Total rRNA‡

86.0 (39.0)(�g) 60.7 (25.7) 83.3 (26.2) NS NS

Bacteria
51.0 (26.2) 78.4 (20.9) 0.55(�g) 0.0954.2 (31.8)
82.2 (7.6) 93.5 (4.1) 0.0265.4 (23.2) NS(%)��

Eukarya
4.7 (1.7) 0.73 (0.32) 0.012§ �0.01(�g) 28.4 (27.1)
8.6 (4.0) 1.0 (0.3) 0.02§35.7 (28.4) �0.001§(%)��

Archaea
(�g) 4.0 (0.9) 5.1 (1.6) 6.7 (2.1) 0.08 NS

9.4 (3.9) 7.5 (2.2) NS§6.5 (4.1) NS(%)��

Bacteroides**
(�g) 38.0 (–) 27.7 (21.8) 67.0 (–) NS NS

105.5 (–)(%)c 49.7 (20.7) 62.6 (–) 0.061 NS

F. succinogenes
0.29 (0.13) 1.21 (0.23)(�g) 0.058 �0.010.37 (0.31)
0.8 (0.30) 1.6 (0.40) NS 0.02(%)c 1.5 (1.50)

F. intestinalis
1.40 (0.61) 1.53 (1.46)(�g) 0.082 NS2.70 (0.70)

(%)c 9.9 (9.50) 3.9 (3.48) 2.4 (2.69) 0.056§ NS

R. fla�efaciens
2.13 (1.51) 3.14 (1.48)(�g) 0.09 NS3.97 (1.50)

(%)c 12.7 (9.58) 5.5 (4.41) 4.3 (2.27) 0.03§ NS

R. albus
6.08 (3.14) 1.18 (0.99) NS5.05 (3.57) 0.015(�g)

14.3 (13.45)(%)c 16.9 (12.35) 1.5 (1.05) NS 0.012§

For explanation see footnote to Table II; except *statistical analysis was performed between 28 and 70
days on rabbits fed standard diet.

sively to assess the microbial community structure in vari-
ous complex microbial environments. However, only
molecular hybridization techniques such as dot-blot hy-
bridization with 16S rRNA targeted oligonucleotide
probes allow simultaneous identification and quantifica-
tion of microbial populations in various complex microbial
environments such as aquatic sediments (26), anaerobic
digesters (24) and the gastrointestinal ecosystem of animals
(27–29). Nevertheless, this microbial approach had limits,
such as the level of detection being approximately 106

bacteria g−1 of caecal contents (25 ng of rRNA/�l), and a
moderate yield of extraction of RNA. However, to our
knowledge, the rabbit digestive microbial ecosystem had
not been analysed previously by this molecular approach.
In consequence, our work is the first study of the rabbit
digestive microflora by a molecular ecological method.
Dot-blot hybridization with oligonucleotide probes target-

ing 16S rRNA appears to be a powerful and well adapted
tool for analysing the specific microbial population accord-
ing to ecological factors (age, diet, etc.).

A universal probe (S-*-Univ-1392-a-A15) was used to
standardize the response obtained with specific probes.
However, hybridization responses with a universal probe
were generally two or three times lower than responses
obtained with the eubacterial probe, even when the same
reference organisms were used to compare these two
probes. Raskin et al. (28) have also observed that the
hybridization response with a universal probe was lower
than the sum of the signals obtained with probes targeting
the three domains (Bacteria, Archaea, Eukarya). They
suggested that this may be caused mainly by a partial
degradation of RNA. The underestimation of the universal
probe response might also have been caused by a contam-
ination of RNA by an inhibiting factor such as protein
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Table IV

Comparison of the caecal microflora of healthy and diarrhoeic
con�entional rabbits

StatisticalHealth status
level

Health Sick
(41 to 63 days)(42 and 70 days)

Total rRNA‡

186.5 (99.0) NS§(�g) 149.0 (57.7)

Bacteria
114.7 (43.8)(�g) 0.07§127.9 (52.1)

69.5 (20.8) �0.01§85.0 (6.9)(%)��

Eukarya
(�g) 9.9 (9.0) 69.5 (84.2) �0.001§

29.2 (21.1) �0.001§7.2 (7.0)(%)��

Archaea
2.0 (0.6) �0.001§(�g) 11.1 (5.7)
1.3 (0.8) �0.001§7.7 (3.4)(%)��

Bacteroides**
48.4 (32.5)(�g) NS§33.9 (28.0)
40.9 (27.7) 0.04§27.4 (25.3)(%)c

F. succinogenes
7.42 (4.77)(�g) �0.001§0.27 (0.28)
7.7 (3.35) �0.01§0.3 (0.26)(%)c

F. intestinalis
4.58 (2.49) �0.001§0.98 (1.25)(�g)
4.3 (2.80) �0.001§(%)c 0.8 (1.00)

R. fla�efaciens
3.37 (2.01) NS(�g) 4.28 (2.53)
3.7 (3.57) NS§3.9 (2.77)(%)c

R. albus
(�g) 1.10 (0.97) 0.15 (0.09) �0.001§

0.1 (0.10)(%)c �0.01§1.0 (0.92)

For explanation, see footnotes to Table II.

Caecal flora of con�entional rabbits

In our study, the bacterial community increased with the
age and stabilized around weaning. These results are in
agreement with those of Gouet and Fonty (5) and
Padilha et al. (31). These authors have shown that the
caecum of rabbits is colonized by an abundant anaerobic
microflora (108–109 bacteria g−1) during the first week
after birth. This microflora stabilizes at around 109–1010

bacteria g−1 after weaning.
Eukaryal rRNA was at a low level or absent during

the suckling period and represented �7% of total rRNA
after weaning. The origin of eukaryal rRNA in our sam-
ples was not determined, it probably originated from
plant material, endogenous cells, yeast or protozoa, as
anaerobic fungi were absent. Few authors have indicated
the presence of other eukarya such as the yeast Saccha-
romycopsis guttulata (32) and ciliate protozoa (33). The
dominance of the Flexibacter-Cytophaga-Bacteriodes
group was in concordance with data reported by Gouet
and Fonty (5) who observed with classical culture-based
techniques the predominance of the Bacteroides genus in
several parts of the rabbit digestive tract. The present
study is the first demonstration of the presence of these
four cellulolytic bacterial species (F. succinogenes, F. in-
testinalis, R. fla�efaciens and R. albus) in the rabbit cae-
cal content with molecular probes. These results contrast
with those obtained by Boulharouf et al. (9) who have
identified Eubacterium cellulosol�ens and Bacteroides spp.
as the predominant species in the young rabbit digestive
tract. However, as the strains of Bacteroides spp. isolated
by these authors were only characterized on the base of
phenotypic criteria, they might be closely related to Fi-
brobacter species. These four species appear well adapted
to the digestive biotopes as they have been detected in
the gut of various animals. F. succinogenes, R. albus and
R. fla�efaciens are the dominant bacterial cellulolytic spe-
cies in the rumen (34), and are also present in the cae-
cum of pigs (17), equids (16) and the rat (19). The
presence of cellulolytic bacteria at 18 days of age confi-
rms the results of Boulharouf et al. (9), who observed
that the establishment of these bacteria in the rabbit’s
digestive tract takes place approximately 2 weeks after
birth. The proportion of the cellulolytic community (ap-
proximately 5% of the caecal microbial community after
weaning) is comparable to those found in other animals,
but the high proportion of archaea in our suckling ani-
mals contrasts with the results of Piattoni et al. (35) who
noted the absence of methanogenesis during this period.
These authors observed that reductive acetogenesis is a
major characteristic of caecal fermentation in pre-weaned
rabbits and that acetogenesis is replaced gradually and
partially by methanogenesis with the increasing intake of
solid feed. This percentage of archaeal rRNA is also
higher than that generally reported for other young

molecules which prevent the caecal ecosystem affecting
the hybridization between the universal probe and the
sample rRNA. According to Raskin et al. (28), while
cases of RNA degradation have been rare, their occa-
sional occurrence underscores the importance of care
when handling environmental samples and RNA extracts.
Therefore, we have expressed total rRNA as the summa-
tion of bacterial, eukaryal and archaeal rRNA. Lin et al.
(30) reported that for most bovine, ovine, caprine and
swine rRNA samples from the gastrointestinal tract, the
summations of the three individual domain contributions
were relatively close to 100% (between 75% and 125%).
L. Millet (unpublished observations) has also observed a
good correlation (R2=0.88) between rRNA from rumen
samples detected by universal probe and the sum of
rRNA detected by eubacterial, eukaryal and archaeal
probes.
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animals. In weaned rabbits, the archaeal community de-
creased markedly but remained at a quite high level com-
pared with other mammals. In the rumen, for example,
the proportion of this community does not generally ex-
ceed 2% of the total microbial community (36).

The absence of detection of E. coli is in agreement
with data published by Gouet and Fonty (5) and Padilha
et al. (31), who found that this species is usually at a
very low level (�104 bacteria g−1) or even absent in the
rabbit digestive tract. The absence of anaerobic fungi
also appears to be in agreement with previous observa-
tions by Fonty (unpublished observations) who did not
find these micro-organisms by microscopic observations
and culture-based techniques. In contrast, the absence of
P. ruminicola is surprising because this species is very
common in the animal digestive tract (34) and has al-
ready been found in the dominant flora of the rabbit (9).
The failure of detection was probably due to the great
genetic diversity of this species (37) and in consequence
to the too great specificity of the probe, which appears to
be restricted to the ruminal strains.

Caecal microflora of SPF rabbits

The smaller size of the bacterial community in SPF than
in conventional rabbits is in accordance with the specific
hygienic and health status of SPF-bred rabbits, which are
maintained in a controlled and protected environment
(14). It is also in accordance with the low fermentative
activity exhibited by these animals (data not shown). The
higher proportions of cellulolytic populations (F. intesti-
nalis and R. albus) and Flexibacter-Cytophaga-Bac-
teroides group in SPF than in conventional rabbits
characterized a different balance in the bacterial commu-
nities in the two types of animals. It suggested that the
higher resistance of SPF rabbits to digestive problems
caused by fibre deficiency (13) would originate in a better
balance of the caecal ecosystem in favour of commensal
fibrolytic populations. The latter could also produce a
greater barrier effect against potential pathogenic agents.
Our results contrasted with those of Padilha et al. (31),
who noticed a very low level (103 bacteria g−1) of cellu-
lolytic bacteria in SPF rabbits, using classical microbiol-
ogy techniques. However, it is known that genetics may
influence the composition of the intestinal flora. No
study dealing with this effect has been carried out in
rabbits. Moreover, in our study, the two types of rabbits
were genetically close. SPF rabbits were New Zealand
White strain, and conventional rabbits were New Zealand
White×Californian hybrids. In consequence, the effect
of genetics cannot explain the differences in the mi-
croflora composition between SPF and conventional ani-
mals. If this effect exists, it is less important than the
microbial status of the rabbits, which includes the influ-
ence of breeding conditions.

Impact of diet on caecal microflora

The influence of diet on the digestive microflora has been
studied in various animal species such as pigs (17), mice
(38, 39) and rabbits (10). The effect of the level of dietary
fibre on the cellulolytic bacterial population is often con-
troversial. In addition to differences due to the microbio-
logical methods used in these studies, these controversial
results are also probably related to differences in quantity
and origins of plant fibre included in the diet.

The health status of the rabbits was much better with
the standard diet than with the low fibre diet (13). The
mortality and the Health Risk Index (HRI=mortality+
morbidity rate) reached 28% and 78%, respectively, with a
fibre-deficient diet compared with 29% and 55% with a
standard diet. The digestive disturbances appeared mainly
between 28 and 42 days in the SPF group and during the
period 43–56 days in the conventional animals.

Diarrhoea was the most common symptom of the sick
rabbits and the major digestive lesions were the dilatation
of the caeco-colic segment and a watery intestinal and
caecal digesta. In addition, digestive lesions were similar
regardless of microbial status and diet. In healthy animals,
the balance between the different microbial communities
was quite similar with the two diets. In SPF rabbits, the
major change was an important decrease in the size of the
eukaryal community. In conventional animals, a dietary
fibre deficiency affected essentially the archaeal community
and R. albus population. The decrease in the size of the
archaeal community was in accordance with observations
made in other digestive ecosystems. Usually, methane pro-
duction is higher with high fibre diets than with a low fibre
diet because fibre degradation leads to the production of
hydrogen which is then used by the methanogens to reduce
CO2 into methane (27, 40), R. fla�efaciens and R. albus
being the main cellulolytic hydrogen-producing bacterial
species. In contrast, in SPF rabbits the size of this commu-
nity was similar with all diets. In this case, we can imagine
competition between the methanogenic archaea and other
hydrogenotrophic bacteria, especially the acetogenic spe-
cies which appear to be the major hydrogenotrophic bacte-
ria in the young rabbit caecum (35). In contrast to that
observed by Boulharouf et al. (9) who noted that the level
of cellulolytic bacteria increased 10-fold when the percent-
age of crude fibre in the diet increased from 11% to 17%,
the size of the cellulolytic bacterial community (sum of the
four species) remained approximately the same.

In contrast, the caecal microflora of the sick conven-
tional rabbits (conventional and SPF) was markedly differ-
ent from that of healthy conventional animals, all the
microbial populations studied were affected except those
of R. fla�efaciens and the Flexibacter-Cytophaga-Bac-
teroides group. The decrease in these populations was
probably linked to the reduction of the quality energy
sources, because sick rabbits reduced or stopped their feed
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intake. E. coli and Clostridium spp. are the two potential
pathogenic bacteria frequently present in diarrhoeic rab-
bits (32). We detected E. coli in only two samples from 20
diarrhoeic rabbits. In addition, this bacterium was only at
the detection level of the probe (�25 ng/�l of rRNA). In
the sick animals, the high level of eukaryal rRNA sug-
gested a proliferation of eukaryote micro-organisms. In
our animals, as a coccidiostatic was added to the diet, we
can exclude the presence of coccidies. Lelkes and Chang
(33) noticed the absence of protozoa in enteric disease but
Peeters (32) detected coccidiosis in 41% and Saccha-
romyces guttulata in 28.4% of diarrhoeic rabbits. This
yeast was considered part of the normal intestinal flora of
weaned rabbits and experimental infections of rabbits with
large numbers of blastospores did not induce any clinical
signs. However, it was not excluded that abundant growth
of S. guttulata in rabbits affected by intestinal disorders
might aggravate enteric disease. Concurrently, a high level
of eukaryotic rRNA would also contribute to an abnormal
desquamation of epithelial cells of the gastrointestinal tract
in the unhealthy animal. Moreover, this degradation of
intestinal cells releases endogenous nuclease activity which
would also affect the stability of RNA.

CONCLUSION

In conclusion, in addition to previously published observa-
tions (13), this study demonstrates the role of dietary fibre
in the balance of the caecal microbial communities and
confirms that a minimum level of fibre in the diet is
necessary to maintain the stability (and the efficiency) of
the caecal ecosystem. It is also the first demonstration of
the presence of the four cellulolytic bacterial species (R.
fla�efaciens, R. albus, F. succinogenes and F. intestinalis),
and an abundance of archaeal population in the rabbit gut
and another confirmation of the ability of these species to
live in the mammalian digestive tract. SPF rabbits appear
to be less sensitive to the effect of the dietary fibre level
than conventional rabbits.
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Relationships between microflora and caecal fermentation in
rabbits before and after weaning. Reprod Nutr Dev 1995; 35:
375–86.

32. Peeters JE. Ethiology and pathology of diarrhoea in weaning
rabbits. In: Auxilia T, ed. Rabbit Production Systems Includ-
ing Welfare. Report no. EUR10983: Commission of the Eu-
ropean Communities, 1987: 127–37.

33. Lelkes L, Chang C. Microbial dysbiosis in rabbit mucoid
enteropathy. Lab Anim Sci 1987; 37: 757–64.

34. Stewart CS, Flint HJ, Bryant MP. The rumen bacteria. In:
Hobson PN, Stewart SC, eds. The Rumen Microbial Ecosys-

tem. London: Blackie Academic and Professional, 1997: 10–
72.

35. Piattoni F, Maertens L, Demeyer D. In �itro study of the
age-dependent caecal fermentation pattern and methanogene-
sis in young rabbits. Reprod Nutr Dev 1996; 36: 253–61.
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42. Doré J, Stahl DA. Phylogeny of anaerobic rumen chytrid-
iomycetes inferred from small subunit ribosomal RNA se-
quence comparisons. Can J Bot 1991; 69: 1964–71.
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