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ABSTRACT

The caecum (and its microbiota) is essential tospree the rabbit's digestive health.
The intestinal microbiota is made up of hundredbaifterium species, but only 25-40%
can be cultured by the classical microbiologicattteiques. The aim of this paper is to
summarize the development, composition and rotheottaecal microbiota of rabbits;
and the results of modern molecular biological meth
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INTRODUCTION

The leading cause of mortality of kits is mainlyedo diseases of the digestive apparatus
(Flatt et al, 1974). Dysregulation of the intestinal mucosanbkostasis leads to a
multitude of ailments mainly inflammatory bowel éése. The balance of the intestinal
microbiota is essential to preserve the homeost&sisultative pathogens, primarily
responsible for non-specific enteropathy, are attit by polyfactorial environmental
elements (stress, nutrition).

The collection of microorganisms that live in pdateoexistence with their hosts
has been referred to asicrobiota Composition and roles of this bacterial community
have been intensely studied in the past few yddigobes can grow on the skin and in
the genitourinary, gastrointestinal (Gl), and resjoiry tracts. By far the most colonized
organ is the gastrointestinal tract, as it has eatgsurface area and rich in nutrients
which can be used by microbe&sekirov et al 2010).

The rabbit's digestive tract is adapted to prodasge amounts of fibre rich feed,
Microbial fermentation of the the food takes planethe caecum to ensure nutrient
supply Harcourt-Brown 2004). Consequently caecal microbiota and feratiemt
processes play a key role in the digesting proces4d, is an important issue to explore
the gut microbiota, as well as factors affectimydomposition and the development of
rabbits. Besides pathogens the intestinal bactesi@munity imbalance (dysbiosis) is an
important factor in the formation of digestive diders and immune-mediated diseases
(Laparra and Sanz2010). Gastrointestinal illnesses can cause dead®d-50% of the
stock, and the animal’'s performance can also sagmifly be reducedLélkes and
Chang 1987).

The two main characteristics of the rabbit's caecdtrobiota are 1) slow
development (the first 3 days after birth is almestrile in the appendix) and 2)
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relatively simple composition@idenne 1997). The caecum is colonised by microbiota
forming bacteria, to protect against pathogensdibip sites on the coverage) and to
facilitate gut development (mucosal histology, inmawsystem) in early period of milk
feeding. So the existence of normal microbiota lwe fgastrointestinal tract (GIT,
gastrointestina) is an essential component of healt humans and economically
important animal species. The lymphoid tissue ésptace of interaction between the gut
bacteria and the immune system; especially theagstciated (GALT, gut associated
lymphoid tissue) and mucosa-associated (MALT, macassociated lymphoid tissue)
lymphoid tissue. The cell population of the mucadiglestive immune system contains
diffuse cells between the epithelial cells andHa tonnective tissue (lymphocytes and
plasma cells) or are organized in follicles anddPsypatches

Figure 1

Schematic organisation of the gut-associated lymplbtissue (GALT)
(from Fortun-Lamothe and Boullier, 2007)
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The intestinal microbiota is made up of hundredbacterium species, however only
25-40% can be cultured by the classical microbigkigtechniques Tannocket al,
2000;Suau et al 1999).

Based on the complexity of the gastrointestinal) (@icrobiota and the limited
culturability of many of its members, it is cledrat determining the function of the
caecal bacterial community and its reaction to applied treatment or environmental
impact is a very challenging target.

The spread of microbial genomics methods has becogreasingly evident as the
living, unculturable, strictly anaerobic microbesaynplay an important role in the
microbial metabolism and in the interactions betwe@crobes and host. The majority
of molecular techniques focussed on the 16S rRN#eg&hese techniques often results
in tenfold increase in microbe number comparedultudng proceduresGarabano et
al., 2006). The spread of these techniques in regeans, changed the percepted image
of the composition of the intestinal bacterial conmity. For instance Bacteroides were
previously known as exclusively residential in ttabbit caecum Gouet and Fonty
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1973) but after molecular analyses had been inted their presence was reported to be
only30% @becia et al 2005,Smith et al 2006). Due to these results and methods a
new field of research has emerged designated atetlar Microbial Ecology” having
potential to provide a complete description and itaoimg of the Gl tract ecosystem.

The aim of this review is to expand our knowleddsowt the development,
composition and role of the microbiota in the raktigestive system in the light of
modern molecular genetic techniques. Promotingféleel efficiency of rabbits is as
important, as reducing the incidence of digestigemers.

Rabbit caecal microbiota features, development anthe possibility of control

Beside the contribution of the gastrointestinatttraicrobial community to mammalian
host health and performance, digestive microbistalso involved in the supply of
nutrients, especially in herbivorous species, thawation of the immune response and
protection against pathoger@ambes et al 2011).

In the rabbit’'s gut, the microbial colonization begafter birth, followed by gradual
development of the intestinal microbiota. First thaternal gut flora colonise the infant
gut (Fortun-Lamothe and Boullier2007). The foetus is normally sterile and is
contaminated at birth with a heterogeneous cobectif microorganisms from the birth
canal and immediate environment (Berg, 1996). Tég Will be the first colonizing
bacteria, which could influence steady-state gutaficomposition in the adult individual
(Guarner and Malagelada2003). When intake of solid food begins and adfils
substrate enters the caecum, the colonisation cfolmibta - involved in fibrolysis
(hydrolysis of cellulose, xylanes, pectins, etc.ptarts (Figure 2). Huge fluctuation
characterize the rabbit's bacterial community cosijimn from the neonatal period
(days7-28) until 3 weeks after weaning (day 49,dimax community -emerged by the
process of ecological succession- is reaching gtetade in young adult rabbits (days
70) (Combeset al.,2011). In rabbits, our base knowledge of GI mig@blbommunity
succession comes from culture-based study by Gh&enty (1979).

Figure 2.

Establishment of the rabbit caecal microbiota betteen 2 and 10 weeks
of age from Gidenne and Fortun-Lamothe, 2002)

12 - Total anaerobic flora
-
10 - - g2 e, yeym——— 1
Amylol 'ﬁlur'l By Xylanolytic and /"
ysolyuc Liore pectinolytic flora

4 4 Cellulolytic flora

Concentration (Log 10/g)
o0

57



Bagoné Vantus et al.: The rabbit caecal microbiatavelopment, composition...

The bacterial composition of the individual carcfluate under some circumstances. For
instance: acute diarrhoeal illnesses or antibitt@atment. Fluctuation can also be
induced by dietary interventions, but individuafdra composition pattern usually
remain constant§imon and Gorbagh984).

Control of the microbiota may give a chance to iower digestive efficiency,
immune status and digestive health of rabbits. twed digestive efficiency through
optimization of the composition of the microbiotasldirect impact; decreasing feed cost
and increasing the use of fibrous raw materialsctvhis necessary for fermentation
processes (rabbit GIT adapted to process large @i fiber rich feed). In addition,
improving digestive efficiency would reduce emissioto the environment. Finally,
control of the microbiota could limit digestive dislers around weaning via its barrier
effect and its role as an immune stimulattoinbes et al 2013).

Roles of the intestinal microbiota

The composition and the activity of the caecal oiwta could have a strong influence
on health, because of its role in nutrition, patmsis and immune functiofsipson
and Roberfroig 1995).

The role of the microbiota in the digestion andizdtion of feed is manifested by
hydrolysis of plant fibers and cell walls by ba@éenzymes, which is not possible by
host animal digestive enzymes. The metabolic digs/of the microbiota depend on the
nature of incoming substrates and are organizeddigestive chain. The first step of this
chain corresponds to the hydrolysis of complex pm&ss by a variety of hydrolases
(polysaccharides, glycosidases, proteases, pepsfasovided by hydrolytic species to
smaller compounds (monosaccharides, amino acid3, &hese soluble compounds are
used by hydrolytic and fermentative species asggneources Gombes et al 2013).
Impact of the caecal ecosystem, on the overallstiige efficiency, derivable from the
capacity of the microbiota provides 30% to 50% afimtenance energy requirements for
an adult rabbitGidenne 1992).

There is a host-microbiota symbiotic relationshiphich defines the digestive
ecosystem, where each partner benefits from thecat®n. As for the rabbit:
microorganisms colonize and grow rapidly under fdneourable conditions of the gut,
while the rabbit obtains the products of microlié&amentation from materials that could
otherwise not be digested. In rabbits, this assiotias called a combined competition—
cooperation modelMackig 2002). The balance of this ecosystem (eubiosislelicate
and may be disturbed during digestive disordenssiog dysbiosis.

Caecotrophic animals- mammals, such as rabbits, lemurs, guinea phgaclaillas
and hares — select the finer particles (<0.3 mmyitgy their caecum by antiperistaltic
movements from the proximal colon and excrete thesmsoft faeces, that are reingested,
as a way of recycling the protein from microbialigor. The most commercially
important of these species is the rabBl€ciaet al. 2005).

In rabbits, plant fibres are primarily digestedtlie caecum and the proximal colon,
by the complex and very diverse microbial commuirityabiting these two biotopes. E.
coli and Clostridium spp. are the two potentialhoggenic bacteria frequently present in
diarrhoeic rabbits Reeters 1987). Bennegadi et al. (2003) found that Celjgio
bacteria Ruminococcus albus, R. flavefaciens, Fibrobactecciswwgenesand F.
intestinalig represented <7% of total bacteria, with a predamce ofR. flavefaciens
and R. albus respectively, for conventional and SPF (speqgitithogen free) rabbits.
Bacterial and archaeal rRNAs were twofold highecamventional than in SPF rabbits,
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fed standard diet (p<0.001). The caecal microflofa sick conventional rabbits
(conventional and SPF) was markedly different frémat of healthy conventional
animals. All the microbial populations studied weaffected except those dR.
flavefaciensand theFlexibacter-Cytophaga-Bacteroidegoup. The decrease in these
communities was probably linked to the reductiothef quality energy sources, because
sick rabbits had reduced or stopped feeding.

Besides their barrier function, microbiota is inved in immune organs and cell
development, diversification of antibodies and natsms of oral tolerance.

The concept of barrier function is based on the tiaat the microbiota permanently
present in the digestive tract and inhibit the oddation of exogenous pathogenic
bacteria Berg 1996). This takes place by (1) the adherenceoofmensal bacteria to
the mucosa can prevent attachment and entry ofogattic bacteria. For instance in
rabbits, the segmented filamentous bacteria (SHH). (3.) that colonize the ileum
reduce the attachment of enteropathogenic E. delt£ko et al 2000). (2) Competition
among members of the microbiota for nutrients tantain their ecological niche and
habitat by consuming all resources. (3) By prodg&ntimicrobial substances, to inhibit
the growth of competing bacteri@arner and Malagelada2003).

Segmented filamentous bacteria (SFB), formally km@s 'Candidatus Arthromitis’',
is the name given to certain uncultivable sporeafog bacteria of the phylum
Firmicutes, within the order Clostridiales. SFB gmesent in the intestinal tracts of
various species, including mammals (e.g. rabbit) airds, but are not commonly
present in humans. These bacteria are some ofettyeféw commensal organisms that
have been shown to directly contact intestinalhegigal cells (Figure 3): SFB (yellow)
can directly contact the intestinal epithelium @k unlike the rest of the commensal
microbiota (red), which is located in the intestimaucus.

Figure 3.

Segmented filamentous bacteria (SFB) Image courte®f N.H.S. and P. Teggatz,
Medical College of Wisconsin, Milwaukee, USA; (fronBevins and Salzman, 2011)
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Investigations of molecular genetic techniques inabbit intestinal microbiota

Classical bacterial culture methods, fluorescertitm hybridization (FISH), molecular
fingerprinting, gPCR, microarray techniques, highstighput 16S rRNA gene sequence
analysis and metagenomic approaches can revealpdpelation structure of the
microbiota from heavily colonized intestinal mucqSéecher and Harg2008).

Since only 24 to 40% of the microbial species @& thicrobiota can be cultured in
vitro (Tannock et al., 2000), molecular microbiojagchniques are now used to provide
more sensitive and accurate parameters for bicgltyeand stability Takahiro et al.,
2003). The comparison between data acquired frotecutar procedures and classical
methods is problematic. By using molecular techefy the determined microbe
number is ten times greater than it is obtaineduddiuring procedureGarabano et al.,
2006).

PCR (polymerase chain reaction) is a technique dtecular genetics that permits
the analysis of any short sequence of DNA (or R#&n in samples containing only
minute quantities of DNA or RNA. PCR is used tormgtuce (amplify) selected sections
of DNA or RNA for analysis. Previously, amplificati of DNA involved cloning the
segments of interest into vectors for expressiobaateria, and took weeks. But now,
with PCR performed in test tubes, it takes onlyw hours. PCR is highly efficient so
that extremely large numbers of copies can be matlee DNA. Main components used
in test tubes arefwo "primers" (short single-stranded DNA sequenraes synthesized
to correspond to the beginning and ending of théABetch to be copied). An enzyme
called polymerase (several ones are available diépgron the purpose of use) moves
along the segment of DNA, reading its code andrakBeg a copy. A pile of DNA
building blocks (nucleotides) needs to create néwARtrand.

DNA sequencing is the process of determining thecipe order of nucleotides
within a DNA molecule. It includes any method ochirology that is used to determine
the order of the four bases - adenine, guanin@siy, and thymine - in a strand of
DNA. The advent of rapid DNA sequencing methods drastly accelerated biological
and medical research and discovery. The first DEdugnces were obtained in the early
1970's (Maxam-Gilbert sequencing, Sanger sequehddygusing laborious methods
based on two-dimensional chromatography. Followirgdevelopment of fluorescence-
based sequencing methods with automated analyii8, 42quencing has become easier
and faster.

New generation sequencing (high-throughput sequghcitechnologies that
parallelize the sequencing process, producing Hmds or millions of sequences
concurrently. Knowledge of DNA sequences has becanaispensable for basic
biological research, and in numerous applied fieddsh as diagnostic, biotechnology.
The rapid speed of sequencing attained with moB&A sequencing technology made
achievable the sequencing of complete DNA sequemcegenomes of numerous types
and species of life, including the microbial spscie

After having information on DNA sequence PCR can used as a sensitive
technique to detect sequences, presented in vergdacentrations, by species or group
specific primers. More recently applied quantitatRCR method is the real-time PCR
approach, which has been applied successfully aoackerize GI samples from various
species; this application looks promising becausetdrial targets in very low
concentration can be quantified, which is difficubing other (classical) approaches
(Zoetendal et a].2004). The method may overcome the problem oftjiyang very low
concentrations of bacterial samples. While the tjfieation procedures may differ in
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the quantitative power, the amount of 16S rRNAilbosomes per cell itself is constantly
changing Rigottier-Gois et al 2003a), and is influenced by factors such adebat
species, the growth phase, the activity of the, @it the differences in genome sizes
and numbers of 16S rRNA gene copies per genomés fEnhaps renders extrapolation
of the data to cell numbers inaccurate.)

Bennegadi et al(2003) studied caecal community structure in cotiveal and
specific pathogen-free (SPF) rabbits by performduaj-blot hybridization with16S
rRNA targeted oligonucleotide probes The variation of the caecal microbiota was
analysed according to age, nutritional status atobit health (healthy or diarrhoeic).
Caecal microbiota was stabilized at around 25-38.d&acteria and archaea represented
73% and 22%, of the total microbial communitiesar&ianing (28 days), respectively.
Cellulolytic bacteria represented <7% of total leaiet in conventional and SPF rabbits.
This study shows some microbial interactions adogrdo nutrition and health of the
rabbit.

Abecia et al.(2005) found 46 new sequences from the 96 colopieked as
candidates for sequencing. The other clones weednted because either only partial
sequences were - cloned, the plasmid insert arigom primer dimers, or the insert
failing to produce high quality sequencing (possidue to more than one plasmid
transforming the E. coli cell). These have beenodied in the EBI database with
accession numbers AJ863512-AJ863557. Two of thexpeesices (clones 956 and 992)
shared 99% identity, and another two (clones 948 $86) shared 98% identity. All
other isolates shared less than 97% identity. Based 97% identity threshold for
species definition, Abecia et al. (2005) reportsddel species. Fragments of 16S rRNA
genes were amplified from the extracted DNA by P@g “universal” bacterial
primers.

Monteils et al (2008) constructed a bacteria library from thesctan of a
conventionally held rabbifThe complete gene 16S rRNA gene was sequencé&tie
228 clones obtained were distributed in 70 openatitaxonomic units (OTUs). Units
were distributed mainly (94%) in the Firmicutes jpmg. Three sequences were related
to Bacteroidetes. Nine clusters were defined inphgogenic tree. A high diversity of
caecal bacteria of the rabbit (comparable to eqldarge intestine or cow rumen) was
shown indicating that herbivorous digestive ecamyst appear to have a strong
diversity. Only one sequence had >97% similarityctiltured species; Variovorax sp.
(identified in a soil ecosystem). All other sequesmcorresponded to uncultured bacteria.
All sequences originated from digestive ecosystémsept Variovorax sp.) have high
identity with sequences registered in the databAsgong herbivores, the rabbit is a
caecotrophic species, excreting two types of fageseft and hard, and consumes only
the soft one. This behaviour improves the digeséffeciency of proteins and fibres
through a valorisation of microbial protein of sdfieces. Therefore, the caecal
microbiota plays an essential role in the rablgedtive physiology, because of its size
(40% of the whole tract content) and its highlyiaetmicrobiota. The caecum evolved
some specific characteristics (scale compared herantestinal stage, histology, and
fermentation) through adaption to caecotrphic lifies Several of the sequences were
similar to the sequences producedAbecia et al(2005) reinforcing the hypothesis that
this caecum-specific species adapted to this paaticdbiotope. Half of the sequences
generated itMonteils’ et al.(2008) library were distributed in the phylogendtiee near
the sequences characterized Atyeica et al.(2005) in rabbit caecum, suggesting that
these can be considering as potential core spédiesother half of the sequences were
well separated (satellite species).
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Michelland et al.(2010) aimed to study the response of the growailgpit caecal
ecosystem (bacterial community and caecal envirommhgparameters) after changing
the conventional feed to a low-fibre diet (LFD).€eThacterial community structure was
characterized usinGE-SSCP (Capillary Electrophoresis - Single Strand Confation
Polimorphism, a molecular fingerprinting techniqa)d total bacteria were quantified
usingreal-time PCR. The reduction of fibre in the diet modified th&-SSCP profiles
(P<0.001) but not the diversity index. The number 66IrRNA gene copies of total
bacteria decreased {®.01) in LFD rabbits compared with controls. Sigraht
correlations were found between the caecal battesimmunity and its environment.
These results suggest that the bacterial commiumitye growing rabbit caecum is able
to adapt quickly after a change in the dietaryefibupply and able to reach a new steady-
state equilibrium (modified structure of the baigtlecommunity, and different amount of
bacteria).

Combeset al. (2011) has analysed the development of the ralalgitum microbiota
and its metabolic activities from the neonatal (@xwntil the subadult period (day 70).
The caecal microbiota was analysed investigali6§ rRNA geneby CE-SSCP and
gPCR. This study describes the microbial colonizatiowgess and provides a new
insight into the dynamics of microbiota and in #stablishment of stability. CE-SSCP
showed, that the caecal microbiota developed frosimgple and unstable community
(found in neonatal stages) into a complex and clic@mmunity in young adult rabbit,
which is also valid for the archaea colonizatiomick play essential role in the final
stage of organic matter decay by reducing the cadiaxide to methane.

Real-time PCR has been developed for monitoringqgtientity of target sequence
(part of bacterial DNA extracted from the samplajng probes or specific double-
stranded DNA binding dyes e.g. SYBR Green. Thedradtquantification data using
real-time PCR is commonly expressed as absolutatifjea in units such as copies/g,
colony-forming unit (CFU)/mL or Log CFU/g of sampleQuantitative PCR (qPCR)
gives realtime monitoring, each cycle is detected Iight (monochromatic or narrow
wavelength range) exitation of a dsDNA binding fiescent dye (SYBR Green): the
intensity of the emitted light correlates with thmount of product generated by PCR,
allowing quantitative detectiomN@avidshad et a) 2012).

CONCLUSION

The extremely diverse bacterial populations intiapithe hosts GIT have an important
role in many metabolic and immune processes ané laagignificant impact on the
host’s nutritional and health status. Metabolidwdtgt, which expressed by the intestinal
microbiota contributes to the digestion of foodredjents and energy storage it has also
a role in micronutrient supply, and in the transfation of xenobiotics. Overall, the
intestinal microbiota composition balance has a lmemof benefits for the host, while
when the microbial metabolic balance is disruptiechuses immune-mediated disease.
The caecal microbial community has been mainlyistudsing culture techniques,
but such techniques reveal only 20-40% of the baaterial richness. Few - before
mentioned - studies used culture-independent amalgk 16S rRNA genes. They
demonstrated that the rabbit’s caecum harbors 8@-&f6unknown bacterial species and
contains no anaerobic fungi and a great propodioarchaea. The bacterial community
contained a majority of Firmicutes (93%) and Bautietes (4%). Molecular
microbiology techniques are definitely useful, tooyde sensitive and accurate
identification of bacteria living in the digestiveystem of rabbits, the detection of

62



Acta Agr. Kapos. Vol 18 No 1

pathological lesions of gastrointestinal diseasas$ monitor treatment. The spread of
molecular procedures in recent years, is "reshapitng former image of the
composition of intestinal microbiota.
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