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ABSTRACT

During the last years the IRTA-CReSA and ETSIA-Madrid teams, together other European groups, especially from France
and Belgium, have demonstrated the role of intestinal microbiota imbalance (specific dysbiosis) in the pathogenesis of
Epizootic Rabbit Enteropathy (ERE). Additionally, these teams have hypothesized the role of different bacterial
components (Clostridium perfringens, Bacteroides spp., Akkermansia muciniphila...), in combination with the
concentration and the type of fiber, and the concentration of protein in the feed on the pathogenesis of ERE.

The experimental inoculation of rabbits with specific strains of Clostridium perfringens permitted us the experimental
reproduction of ERE symptomatology (caecal impaction) with a mortality rate of 45%. The comparative analysis of the
ERE-related and ERE-not-related Clostridium perfringens strains detected some changes in the proteins profile of the
bacterial culture supernatant, singularly proteins with molecular mass of 189587 Da and 241521 Da, and the identification
of a plasmid with more than 65 kbp.

In addition to the aim implicit in the above paragraphs -the experimental reproduction of ERE-, our team has been
interested in the development of new ways to control the negative effects of ERE, especially mortality. Inoculating different
Bacteroides spp. to naturally ERE infected rabbits we obtained a significant reduction on mortality when compared with
non-treated animals. The additional studies conducted with these Bacteroides strains allowed us to infer positive effects
on different immunological functions of rabbits.

The design of new molecular tools that could help in the diagnostic of ERE, and the development of vaccines and
probiotics tools that could help to the prevention of ERE and the reduction of the use of antimicrobials in rabbit farms, are
the principal objectives of a new research project funded by INIA and INTERCUN in our country.

Key words: Epizootic rabbit enteropathy, ERE, intestinal mhiota, clostridium perfringens, bacteroides
spp, probiotics.

INTRODUCTION

The physiology of a complex macro-organism, likehig is the association of their own physiologyl ahe
physiology of a large number of microorganisms thet associated to them, mostly at the internatous
membranes. These microorganisms are the endogemiorabiota, and reach its maximum expression in the
digestive system, with the intestinal microbioteork birth to death, the host is colonized by a vesinplex
and dynamic consortium of microorganisms (Tuehwl, 2003). The relationship between the microbiotd an
the host can be from commensal to pathogenic, diépgron the strains of microorganisms, the animal
physiological conditions, and host tolerance reiducto certain microbiota’s microorganisms (Hooped
Gordon, 2001), which may cause chronic intestinfdummation followed by significant metabolic alk&pns
(Pakandl, 2009)

Under normal conditions, during the first weekdifaf significant changes of intestinal microbiothrabbits

are observed with an initially higher amountRdcteroidesspp., which decreases around weaning, and an
initially lower amount ofFirmicutesthat increases after weaning. In animals with ERIE, decrease of
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Bacteroidesspp. produced after weaning is not observed, ardobthe pathognomonic microbiota profile in
animals with ERE is the increaseRHcteroidegpopulation (Pérez de Rozesal, 2005).

In this multifactorial diseaseClostridium perfringengplays a principal role in the pathogenesis of ERE
(Dewreeet al, 2003; Le Normanet al, 2003; Nicodemust al, 2004; Marlieret al, 2006; Huybengt al,
2009; Romereet al, 2009). The comparative studies conducted by eamtwith aClostridium perfringens
strain that induce caecal impaction and high mitytahnd otherClostridium perfringenstrains that don't
produce caecal impaction or mortality resulted thatprincipal difference between them is relateith whe
production of soluble proteins with mucinase atyivby ERE-relatedClostridium perfringensstrain.
Additionally, the mucinase activity has been obedrin other bacteria that are over-representechimals
with ERE Bacteroides thetaiotaomicroor Akkermansia muciniphi)a This over-representation of some
intestinal microbiota species observed by our téRaénez de Rozat al, 2005; Delgadet al, 2012; Pérez de
Rozaset al, 2013) has been also observed by other groups téiloret al, 2008; Combe®t al, 2011,
Combest al, 2013; Huybenst al, 2013; Baueret al, 2014).

Antimicrobials have been the principal instrumemtcontrol the clinical signs of ERE, including nadity,

but the interest to reduce the antibiotic usevadtock has increased the researches on altermagasures
like the increase of fiber and the reduction oftgimamount in the feed (Garatal, 2005; Gomez-Condet

al., 2007), the restriction of feed (Martignon, 20Martignonet al, 2010) or some bacterial species (Pérez
de Rozast al, 2005). Related to the use of some bacterial epexs probiotics, our team is working on the
role of differentBacteroidesspp strains in the control of ERE, working lineided from the observation of a
significant reduction of the mortality ratio in amls naturally infected with ERE and treated wipedfic
strains ofBacteroides fragili§Pérez de Rozast al, 2005).

MATERIALS AND METHODS

Animals and experimental design
Samples for microbiota profile in rabbits with difént ages

At ETSIA-Madrid facilities, conventional rabbitsqaSPF) were fed with four different diets (two égoof
fibore with omega-3 or omega-6 fatty acids suppletaion) from weaning until sacrifice. Sequential
euthanasia was conducted when selected rabbitsifforeatment and period) had 25, 39 or 70 daydef
lleal, caecal, and mesenteric lymph nodes sampdes wollectedn Eppendorf vials with 1 mL of alcohol (to
avoid changes in microbiota) and were stored & 4htil processing.

Samples for gut microbiota profile in rabbits wahwithout ERE signs

Caecal samples from rabbits with or without EREnsifrom five field farms were collected Eppendorf
vials with 1 mL of alcohol and were stored at 4ur@il processing. The animals had 28-30 days ef(jifist
after weaning) or older (slaughterhouse age witkv®Qdays of life).Effect of Bacteroides spp. strains
inoculation in kitsTen young rabbit per female from 10 pregnant femalere used to analyze threvivo
effect of someBacteroidesspp. strains. At 8 days postpartiBacteroidesnocula were directly injected into
the stomach of rabbits, via trans-abdominal wadictErabbit received 0.5 mL of the appropriate badte
suspension adjusted to 107 CFU/mL.

All the kits of two females were inoculated with @\I83 Bacteroides dorgistrain, the kits of théwo
females in the second group were inoculated withO293 Bacteroides fragiliy strain, the kits of two
females in the third group were inoculated with G345 strainB. fragilis), and the kits of two females in the
fourth group were inoculated CV-0607 straBa¢teroides acidifaciefsThe kits of the two does in the fifth
group were inoculated only with Buffered Peptoneg&@&BPW) to constitute the negative control group.

At the end of the lactation period (28 days), fikits per female were randomly euthanized to anafrze

sampling. From each rabbit the following sampleseneollected: (a) mucosal scrapings in RNA latar fo
RNA extraction (to study immunological markers)) (bucosal scrapings in alcohol for DNA extraction (
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study the variable part of immunoglobulins at DN&él (VDJ segment); (c) ileal content in alcohal BINA
extraction (to study microbiota and to make baaterounts); and (d) caecum content from ileo-caeable
in alcohol to extract DNA (to study microbiota atedmakeBacteroidespp. quantification).

Study of intestinal mucosa immunological markers

The mRNA expression ofiFN, IL-2, IL-10, TNF, TLR2, MCH-I, MCH-Il and th&APDH as housekeeping
gene were quantified by QRT-P@Rrformed on a 7500-Fast real-time PCR equipmepplféd Biosystems,
Cal., USA) using the following temperature-time fdeo one cycle of 50°C for 30 min, 95°C for 15 mand

45 cycles of 94°C for 30 s, 60°C annealing tempegdbr 30 s followed by 72°C for 30 Bhe primers used
are in Table 1. Quantitec kit SYBR-Green QRT-PCR(Kliagen) was used, following the manufacturer's
instructions for the amplification of mMRNA.

Table 1: Primers used for the evaluation of MRNA expressiegree of immunological markers.

Primer Seguence (3’-57) Reference
Rab GAPDH-F TGACGACATCAAGAAGGTGGTG

=7 Schnupf and Sansonetti, 2012
Rab GAPDH-R GAAGGTGGAGGAGTGGGTGTC
Rab_GIFN-F TGCCAGGACACACTAACCAGAG Schnupf and Sansonetti, 2012
Rab_GIFN-R TGTCACTCTCCTCTTTCCAATTCC
Rab TL2-F GCCCAAGAAGGTCACAGA Schnupf and Sansonetts. 2012, mod
Rab 2R GATTCTCTGGTATTTCCCCC TEadwki
Rab_IL-10-F GAGAACCACAGTCCAGCCAT Godomes ef al.. 2007
Rab TT-10-R CATGGCTTTGTAGACGCCTT
Rab_TNNFa-F CTGCACTTCAGGGTGATCG Schnupf and Sansonetti, 2012
Rab_TNFa-R CTACGTGGGCTAGAGGCT
Rab TLR2-F GAGAACCACAGTCCAGCCAT Kaiikawa aral, 2005
Rab TLR2-R CATGGCTTTGTAGACGCCTT
Rab_MHCLF ACCAGACCCAGGACACGGA .

o This study
Rab MHCI-R TGTATCTCTGCTCCTCCCCA
Rab_MHCTI-F TGGAACAGCCAGAAGGAC .

This study

Rab_MHCI-R TCACAGAGCAGACCAGGAG

The method 24 (Livak and Schmittgen, 2001) was used to quarmtifg compare the expression degree of
immunological markers. Applying this method, inirstf step, the expression degree of the differenieg of
each sample is relativized to the expression le/éhe GAPDH gene from the same sample; and ircansk
step, the degree of gene expression is relatiizéde average of the expression degree of the game in
the animals from the negative control group.

Bacteroides spp. quantification in gut contents

For theBacteroidesguantification we used a standard curve obtaineastisacting the DNA, suspensions
with different concentrations (108 to 102) Bhcteroidesspp., using the QIAmp DNA Stool Mini kit
(Qiagen). The elements of the standard curvBaufteroidesvere included in each dle plates used for the
study. ABI-Prism translates the Ct of each samplergbacterial concentrationt @alues of the standard
curve. The primers used for Q-PCR were Bac-F 5 ATGGGTYGTAAACTTCTT-3' and Bac-R 5'-
CGCTCCCTTTAAACCCAATAAA-3'. QRT-PCRwas performed on a 7500-Fast real-time PCR equipmen
(Applied Biosystems, Cal., USA).

Study of the diversity of immunoglobulin genes

DNA from mucosal scrapings of the caecal apperfdigd in alcohol and kept at 4 ° C until processings
extracted using the DNeasy Blood & Tissue Kit (@iag The primers used for the amplification stepewe
VDJ-Rabbit-F 3'-ACCCTGGTCACCRTCTCYTCA-5 and VDJ-Bhit-R 3-
TGARGAGACGGTGACCAGGGT-5".The amplicons were purified by DNA electrophoremisl extracted
from the gel using the Nucleo Spin kit Gel and RCRan-up (Macherey-Nagel GmbH & Co. KG).
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The purified DNA-VDJ amplicons were sent to the GRACentre for Research in Agricultural Genomics,
UAB, Barcelona, Spain) for sequencing by lon Torrgystem. Qiime tools were used for the analysis of
DNA sequences.

Microbiota profiles of ileal, caecal and mesenteritymph node samples

Deep sequencing

DNA extraction was made with the QIAmp DNA stoolnirkit (Qiagen) using 400 mg of the original sample
and following the manufacturer's instructions, wisome modifications: (a) the recommended lysis
temperature was increased to 90°C; (b) an incubatiep with lysozyme was added (10 mg / mL, 37, 3
minutes) in order to improve the breakdown of dartaacterial populations (Gram-positive); (¢) Thald
obtained was stabilized by the addition gil4of a 40 mg / mL BSA (bovine serum albumin, Sigraay 2

uL of ribonuclease A (Sigma) and stored at -20°Gl wise.

The microbiota analyses were conducted by deepesemg (lonTorrent system) and using a collectibA®
primers that amplify fragments of 16S rRNA geneultasg in 350-400 bp length. The forward primers ar
based on the primer R0512 5’- AGCAGCCGCGGTAATAf@Sed to the specific lonTorrent sequence plus
the sequences associated to bar codes. As reverseamerp R0907-R 5'-
CCTCTCTATGGGCAGTCGGTGATCCGTCWATTCMTTTGAGTTT-3' wasused. The reaction was
performed using a GeneAmp PCR System 9700 therrtercfleE, Biosystems, Warrington, UK). The DNA
amplification conditions were 94 °C (4 min); 35 legcof denaturation at 94 °C (1 min), annealing=atC (1
min) with an increment of 0.1 °C per cycle, extensat 72 °C (1 min 15 s); and a final extensionZatC (15
min).

Microbiome profiles were examined using differenini@ bioinformatics pipelines (alpha diversity, det
diversity, OUT distribution, Taxa Summary by fagoPrincipal components analysis ...)

PCR-RFLP and randomly sequencing

The DNA was extracted and purified from 250 mgletim and cecum digesta by using the QIAmp DNA
Stool Mini Kit (Qiagen, West Sussex, UK). The Iyteenperature was increased to 90 © C and an adalition
incubation step with lysozyme was included (10mg/@E°C, 30 min) to improve the bacterial cell ruptu
The bacterial mucosa associated DNA was extractddparified from ileum and caecum mucosa using the
QIAmp DNA Tissues and Blood Mini Kit (Qiagen, Weatissex, UK). In order to analyze the total bacteria
the digesta, a 580-bp fragment of 16S rRNA genewsenplified from DNA extracts by PCR using primers
specific to conserved sequences flanking variadggons V3, V4 and V5: 5-CTACGGGAGGCAGCAGT-3
(forward) and 5- CCGTCWATTCMTTTGAGTTT-3' (reverse)The reaction was performed using a
GeneAmp PCR System 9700 thermocycler (PE, Biosystamarrington, UK). The DNA amplification
conditions were 94 °C (4 min); 35 cycles of deratian at 94 °C (1 min), annealing at 45 °C (1 maith an
increment of 0.1 °C per cycle, extension at 72 PGn{n 15 s); and a final extension at 72 °C (15)min
Following visual confirmation of PCR products waljarose gel electrophoresis, five independent eatigm
restrictions were carried out (Alul, Rsal, HpalauS3Al, Cfol; F. Hoffmann-LaRoche Ltd. Group, Basel
Switzerland). The digestions were performed asmecended by the manufacturer; with the appropriate
restriction buffer at 37 °C for 3 h. Fragments weeparated using a 2% high- resolution agaroseBaeids
with significant differences between samples wdomed and randomly sequenced to identify the mayor
bacterial species present in samples (Saegat, 1977). Dendrogram with homology relationship bedw
sequences were constructed to evaluate the baseeicies related or not related with ERE.

Analysis of the supernatant proteins and plasmid pofiles of Clostridium perfringens strains

The supernatants of forty-eight hours culture afdG and L-101 strains dflostridium perfringensunder
anaerobic conditions in Brain Heart Infusion Bratedium (BHI, Oxoid, Thermo Fisher Scientific IndK)
were collected to analyse the proteins’ electroptiomrofile using precasting NUPAGE™ Novex™ 3-8%
Tris-Acetate Protein Gels (Thermo Fisher Scientific, UK) and Coomassie Blue (Bio-Rad Laboratories,
Inc., UK) for staining.

For plasmid profile, overnight cultures of L-100dan-101 strains o€lostridium perfringensinder anaerobic
conditions in Brain Heart Infusion Broth medium (BHDxoid, Thermo Fisher Scientific Inc., UK) were
centrifuged to collect bacterial bodies and plaseni2NA was purified using NucleoBond® PC (Macherey-
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Nagel GmbH & Co., KG). DNA electrophoresis usinghtresolution agarose (Sigma-Aldrich, USA) gels at
0.5% was used to obtain the plasmids’ profiles #red plasmid purification for subsequent steps inADN
sequencing.

PageRuler Broad Range Unstained Protein Laddermifidhé&cientific, UK) was used as molecular weight
marker for protein electrophoresis, and Lambda DM#&ed Digest (Sigma-Aldrich, USA) was used as
molecular weight marker for DNA electrophoresis.

RESULTS AND DISCUSSION
Changes on the intestinal microbiota profiles ass@ated with the age of rabbit

In Table 2 and Figure 1 it can be seen the chamgé®estinal microbiota profiles at different dapfdife.

Figure 1: Microbiota profiles obtained from samples of rabhitith 25, 39 or 70 days old.

The genuBacteroidesvas the most frequent OTU (Operational Taxonomit)umthe animals with 25 days
of life, representing 25.8% of all sequences. TI4J continuously decreased to 6.9% on day 39 ef &hd
to 3.8% on day 70 of life. This continuous reductiaf genusBacteroidesin older animals seems to be
correlated with physiological conditions, Bécteroidegyenus is characteristically increased in animath wi
ERE (Pérez de Rozas al, 2005).

The Mollicutes class was present at low level (3.8@nimals with 25 days of life, but increasesrfmes
in the animals with 39 days of life (11.9%), anthaéns constant till 70 days of life (10.0%).

In the case of Clostridiales order, the globalritistions of OTUs were similar into all the examinages.
Nevertheless, significant differences were obsemtetigher OTUs levels (family and genus). The agh
Clostridium genus amount was observed on day 39 of life, tree vaith the highest incidence of ERE
symptomatology. Other unidentified genera into €idmles order increased from 3.0% on day 25 fef th
9.4% on day 39 of life, and to 11.9% on day 70fef |
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Table 2: Percentage of OTUs with some of the analysed age32 or 70 days old rabbits) with relative
abundance0.5% (k: Kingdom, p: Phylum, c: Class, o: Ordeii-émily, g: Genus).

Legend Taxzonomy (OTUs) 25d  30d  70d
k_ Bacteria;p  Other;c Other;o Othersf  Other;g Other 44% 2.6% 7.8%
p_ Actinobacteria;c_ Actinobacteria;o_ Actinomycetales:f ACK-Ml:g 0.0% 0.6% 0.0%
p__Actinobacteria;c_ Actinobacteria;o Actinomvcetales:f Corvnebacteriaceae;g_ Corymebacterium  0.5% 0.0% 0.2%
p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales:Other; Other 32% 0.6% 09%
p__Bacteroidetes;c__Bacteroidia;o__Bacteroidalesf g 1.2% 1.3% 0.2%
p__ Bacteroidetes.c_ Bacteroidiazo_ Bacteroidales:f Bacteroidaceae:g__Bacteroides 258% 6.9% 3.8%
p_ Bacteroidetes.c_ Bacteroidiazo_ Bacteroidales:f Porphyromonadaceae.g__Parabacteroides 23% 0.6% 0.3%
p__ Bacteroidetes:c_ Bacteroidiazo_ Bacteroidales:f Rikenellaceae; Other L1% 1.0% 2.7%
p__ Bacteroidetes.c_ Bacteroidiazo_ Bacteroidales:f Rikenellaceae;g__Alistipes 0.3% 0.1% 0.8%
p_ Bacteroidetes.c_ Bacteroidiazo_ Bacteroidales:f S24-7:g 3.3% 10.6% 5.3%
p__ Bacteroidetes;c_ Bacteroidia;o Bacteroidales:f [Bamnesiellaceae]:Other 0.6% 0.2% 0.0%
p__ Bacteroidetes;c_ Bacteroidia;o Bacteroidales:f [Bamesiellaceae];g 55% 1.3% 0.1%
p__Bacteroidetes;c__Flavobacteriiao__ Flavobacteriales:f Flavobacteriaceae.g_ Flavebacierium 22% 0.3% 0.0%
I >_Cyanobacteriac_ 4C0d-20_ YS2f g 0.0% 12% 01%
p__Cyanobacteria:c__ Chloroplast.o__ Streptophyta:f g 0.0% 11% 1.8%
p_ Firmicutes:Other; Other; Other; Other 0.7% 0.4% 2.0%
p_ Firmicutes:c Bacilli: Other;Other;Other 0.1% 0.4% 0.83%
p_ Firmicutes;c Bacilliio_ Bacillales;Other;Other 0.2% 0.2% 08%
p_ Firmicutes;c Bacillio  Bacillales:f Staphvlococcaceae;g_ Staphylococcus 03% 0.3% 14%
p_ Firmicutes;c Bacillio Lactobacillales;f FEnterococcaceae;g  Enferococcus 0.0% 1.1% 0.1%
-p_FiImicutes:_c_Bacil]i:_ o__Lactobacillales;f Lactobacillaceae;g_ Lactobacillus 0.0% 0.0% 2.2%
p__Firmicutes:c_ Bacilliio_Lactobacillales;f Streptococcaceae.g  Sirgpfococcus 1.8% 1.2% 0.0%
p_ Firmicutes:c Bacilliio  Turicibacterales:f Turicibacteraceae g Turicibacter 0.0% 2.1% 0.0%
p__Firmicutes:c_ Clostridia;o__ Clostridiales; Other, Other 8.6% 7.0% 10.7%
-p_Fin:rﬁwles:_c_Closu'idia;o_(“]osrridiales:f_;g_ 3.0% 9.4% 11.9%
p__Firmicutes:c__ Clostridia;o__ Clostridiales;f Clostnidiaceae;g__ Clostridium 0.0% 14% 0.0%
p_ Firmicutes;c Clostridia;o_ Clostridiales;f Lachnospiraceae; Other 31% 2.8% 14%
p_ Firmicutes:c_ Clostridia;o_ Clostridiales;f Lachnospiraceae;g_ L7% 1.0% 0.3%
p_ Firmicutesic_ Clostridia;o_ Clostnidiales:f  Lachnospiraceae;g__Blaufia 0.1% 0.2% 0.5%
p_ Firmicutes:c_ Clostridia;o_ Clostridiales;f Lachnospiraceae;g__ Clostridium 1.5% 3.3% 0.2%
p_ Firmicutes:c_ Clostridia;o_ Clostridiales:f Lachnospiraceae;g__ Coprococcus 0.0% 1.0% 0.2%
p_ Firmicutes:c_ Clostridia;o_ Clostridiales:f Lachnospiraceae;g  Epulopiscium 0.0% 1.5% 0.0%
p_ Firmicutes:e  Clostridia;o Clostridiales;f  Ruminococcaceae; Other 31% 3.5% 4.7%
p_ Firmicutes:c Clostridia;o Clostridiales;f Ruminococcaceae;g 1.5% 3.1% 3.2%
-p_Fimﬂcules:_c_ClosIIidia;o_ClosIridi;{les;f_anjnococcaceae:_ g__Oscillospira 1.2% 1.3% 04%
p_ Firmicutes;c Clostridia;o_ Clostridiales;f  Ruminococcaceae;g  Ruminococcus 6.8% 49% 57%
p_ Firmicutesic_ Clostridia;o_ Clostnidiales:f  [Tissierellaceae).g__4naerococcus 0.0% 0.0% 1.0%
p_ Firmicutes:c_ Clostridia;o_ Clostridiales:f [Tissierellaceae]:g__Paptoniphilus 0.0% 0.0% 09%
p_ Firmicutes:c Erysipelotrichi;o  Erysipelotrichales:f Erysipelotrichaceae;Other 0.0% 1.9% 0.0%
p_ Proteobacteria;c__ Alphaprotecbacteriao_ Caulobacterales:f  Caulobacteraceae; Other 0.0% 0.0% 0.8%
p_ Proteobacteria;c__ Betaproteobacteria;o Burkholderiales:f Comamonadaceae; Other 6.8% 35.0% 9.3%
p__Proteobacteria;c__Betaproteobacteria.o__ Burkholderiales:f Comamonadaceae.g__ Delftia 0.0% 0.0% 0.8%
-p_Proleobacleria :c__Betaproteobacteriaio__ Neisseriales;:f Neisseriaceaeig 1.0% 0.3% 0.6%
p__Proteobacteria;c__Gammaproteobacteriazo_ Enterobacteriales:f Enterobacteriaceaeig  FEscherichia 0.1% 09% 0.0%
b Tenericutesic Mollicutesio_ RF39f g 32% 11.9% 10.0%

The Mollicutes class was present at low level (3.8@nimals with 25 days of life, but increasesrfames
in the animals with 39 days of life (11.9%), anthaéns constant till 70 days of life (10.0%).

In the case of Clostridiales order, the globalritistions of OTUs were similar into all the examinages.
Nevertheless, significant differences were obsetetigher OTUs levels (family and genus). The &gh
Clostridium genus amount was observed on day 39 of life, thee wigh the highest incidence of ERE
symptomatology. Other unidentified genera into €idmles order increased from 3.0% on day 25 fef th
9.4% on day 39 of life, and to 11.9% on day 70fef |
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Detection of DNA of bacterial species associatedtivianimals that present signs of ERE

The analysis of randomly cloned and sequenced Diddnfients (Figure 2) resulted in significant relasioip
between ERE an@lostridium perfringengdata not included in Figure ZBacteroides thetaiotaomicroi.
fragilis andAkkermansia muciniphila

Using the pyrosequencing technique, the IATA team found that animals with ERE showed a marked
dysbiosis, with a decrease of Alistipes and Runwcouasspecies, accompanied by a significant increase of
the genera Bacteriodes, Akkermansia, Riken&lastridium and gamma- Proteobacteria, specifically the
genustscherichia(Bauerlet al, 2014).

Unfortunately, the analysis of positive correlatibatween ERE symptomatology and different genus or
species has been insufficient to confirm the pathegis of ERE. Nevertheless, our experience wiglciip
strains ofBacteroides fragilis which significantly reduce the mortality of anilmanatural ERE, and with
specific strains ofClostridium perfringenswhich induce caecal impaction and mortality radést5% on
experimentally infected animals (Pérez de Roziaal, 2005) could result in the necessity to talk about
bacterial strains rather than genera or species.

At present, our team is centred on this type @is$; the first as possible probiotic and the sda@mone of
the bacteria involved in the pathogenesis of ERE.

(AL RN o M |70 54 5 184 bt st
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Figure 2: Relationship between amplicons randomly obtainemnfigut samples of rabbits with (EM) or
without (Sano) signs of ERE at productive farmse Bmimals had 28-30 days of life (just after weghior
older (slaughterhouse age with 60-75 days of life).

Identification of supernatant proteins and plasmidprofiles of Clostridium perfringens strains involved
in ER

The electrophoretic profile of supernatant proteihdifferentClostridium perfringenstrains (Figure 3-A, L-
101) associated with the reproduction of ERE symgiology permitted the identification of high maldar
weight proteins that are not presentGiostridium perfringensstrains (Figure 3-A, L100) without ERE
association.

The electrophoretic profiles of plasmids isolateahf theClostridium perfringenstrain (Figure 3-B, L-101)
associated with the reproduction of ERE symptorogiphnd theClostridium perfringenstrains (Figure 3-B,
L100) not associated with ERE, together differdasmid profiles of conjugants between L-100 andOi-1
strains are in Figure 3-B. These profiles showgh hmolecular weight plasmid that is present in ltHEO1
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strain, the strain able to reproduce the ERE symatology, together some other conjugant strainsvaridh
is absence in the L-100 strain, a non-BRBstridium perfringenstrain.
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Figure 3: Supernatant protein profiles (A) and plasmid pei(B) of Clostridium perfringens strains
involved in ERE symptomatology (L101) or not invetlzin the reproduction of ERE symptomatology (L-
100), together plasmid profiles of different corgats between L-100 and L-101 strains (Gp-nnnn).
MWC=molecular weight controls.

The MALDI-TOF UltrafleXtreme (Bruker Daltonics) alyais of the purified proteins, carried out in
SePBioEs (Universitat Autonoma de Barcelona, 088IBaterra, Spain), resulted in high homology with
Peptidase M60-like family proteins (Figure 4). Tiésnily of peptidases contains a zinc metallopeystid
motif (HEXXHX(8,28)E) and possesses mucinase agtivihese proteins have 1687 residues and a malecul
weight of 189587 Da (Figure 4-A) and 2142 residaed a molecular weight of 241521 Da (Figure 4-B).
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Figure 4: Schematic structure of high molecular weight prigethat are present in the supernatant of
differentClostridium perfringenstrains associated with the reproduction of EREgtgmatology.

At present, we are sequencing the plasmid locatedtheClostridium perfringenstrains involved in ERE.
We are examining if the mucinase- type protein gexre located into this plasmid.

Effect of Bacteroides spp. strains inoculation in Kits

In the Figure 5 the significant reduction of thecamt of Bacteroidespp can be observed when the kits were
inoculated with theBacteroides doreistrain CV-0183, theBacteroides fragilisstrain CV-0293, and the
Bacteroides fragilistrain CV-0315, when compared with notinoculateidnars.

Examining together this significant reduction or imount oBacteroidesspp. produced by specific strains
together the increase Bhcteroidespp. in animals with ERE (Pérez de Rozas et ab5RQhe positive effect
of the strain CV-315 on ERE mortality (50% mortaliate reduction) could be correlated with thiseffof
reduction on the amount Blacteroidespp.
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Figure 5: Mean * SD ofBacteroidesspp. examined by quantitative PCR of the caecatetws of kits
inoculated with different strains @acteroidesspp. Bacteroides dorestrain CV-0183Bacteroides fragilis
strain CV-0293,Bacteroides fragilisstrain CV-0315 andBacteroides acidifacienstrain CV-0607) or
inoculated with buffered peptone water (CN). Di#fier letters on data bars represent statisticadjyifscant
differences between the strainsBzcteroidespp. by Tukey test(<0.05).

At present, we are working with CV-0183, CV-293danV-315 strains to analyze their possible probioti
effect on animals with ERE.

Table 3: Geometric mean + standard deviation of differeninimological markersiFN-y, IL-2, IL- 10, TNF,
TLR 2 MHC | and MHC II)of the intestinal mucosa determined by quantiaBCR and the algorithm“2¢* of 10
rabbits per group (n) inoculated with differentagts ofBacteroidesspp (CV-0183, CV-0293, CV-0315 and

CV-0607) or inoculated with BPW (CNjin the last two columns statisticlof Bacteroidesspp strains effect obtained by
Kruskal-Wallis test and GLM analysiBifferent letters represent statistically signifitaifferences between the strainBaicteroides
spp, ns = no significant difference).

Inocula

CV-183 CV-293 CV315 CV-607 CN Kruskal- GLM
Num. animals 10 10 10 10 10 Wallis

TFN-y 044£029°  037£035° 0.772056*° 0.66=079® 100=060° Prs=0040 Pear=0044
IL-2 0.830£0.64= 0.893+056= 0812053 11920.71= 100£040= Pry=0721 Pgp~=0640
IL-10 123+184=  129+073= 1082065 1112066 100+058% Ppp=0832 Pg=0.640
TNFa 0552056  0.56+035  0.65:041° 178+1.02° 100£033% Pry=0023 Peu=0001
TLR 2 0.85£050%  1112052% 076047 1412056 100£103* Pry=0369 Pgu~0344
MCHI 15550620  128+058% 097+039 1652057 1002031 Prp=0035 Par=0.010
MCH I 2442094 23621.62% 1975106 147064 1002056° Prs=0015 Pgr=0008

Deepening on the analysis of the positive effettspecific Bacteroidesspp. strains the analysis of intestinal
mucosa immune-stimulation resulted in the data sarized in Table 3. In this table we can see thsifjgu
parametric (GLM) or non-parametric (Kruskal-Wallishalysis, the expression degree of the genesy]FN-
TNF-o, MHC |, and MHC Il was significantly correlatedtwitheBacteroidespp. strains used.

Finally, the evaluation of the percentage of singidequences (sequences without repetitions) in/ihg
region amplicons obtained from the DNA extracteahfrthe appendix of the inoculated kits with differe
strains ofBacteroidesspp, resulted in higher immunoglobulin diversitytire animals inoculated with the
Bacteroides dorestrain CV-0183 and thBacteroides fragilistrain CV-0315 Table 4)

In generalBacteroides dorestrain CV-0183Bacteroides fragilistrain CV-0293Bacteroides fragilisstrain
CV-0315 reduced the expression of the pro-inflanamyatytokines IFNy and TNFe. Additionally, these
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strains increased the expression degree of the igéf@ 1, a surface antigen that is present in thégan
presenting cells (macrophages, dendritic cells, amdler especial conditions in enterocytes). Théfezts
could be positives on ERE reducing the inflammatinntestinal level and activating or stimulatitige
chemotaxis to macrophages and dendritic cells.

Table 4: Percentage of singular sequences of nucleotidesréiliy) obtained by massive sequencing of the
amplicons obtained by PCR using primers of the Y&gion of immunoglobulin genes in the mucosa of
caecal appendix rabbits inoculated with the diffiergtrains ofBacteroidesspp. (CV-0183, CV-0293, CV-
0315 and CV-0607) or inoculated with BPW (CN). e fast column, the statistical effect of the iHoms

by GLM analysis. Different letters indicate signdit difference between inoculums.

Inoculum Indculo
CV-183 CV-293 CV-315 CV-607 CN
2535% 22.99% 25.82% 22.95% 24.48%
25.63% 22 87% 25.37% 22.27% 24.39%
25.07% 22.52% 25.85% 22.67% 24.50%
25.94% 22.54% 26.33% 22.53% 24.37%
25,73% 23.10% 25.77% 22.53% 2433%
24.66% 34.76% 26.07% 22.52% 22._[7 7%
24.82% 25.93% 22.82% 22.69%
24 44% 26.19% 22.76% 23.02%
24,19% 26.04% 22.79% 23.09%
24.77% 25.78% 22.92% 2322%
N 10 6 10 10 10
25.06% 24.80%* 25.91%" 22.68%"° 23.69%" Por=0.002

Average

The proliferation and the initial diversificatiorf oabbit's lymphocytes are produced between bintld a
weaning (Fortun-Lamothe and Boullier, 2007; Hansow Lanning, 2008; Maget al, 2006), with the

participation of the intestinal microbiota (Lanniagal, 2000). The observed effect in tlisvivo assay may
represent thaBacteroides dorestrain CV-0183 andacteroides fragilisstrain CV- 0315, stimulate an
increase in the initial repertoire of lymphocytesnh rabbits during the first weeks life, resulting in the

increased variability of the VDJ fragment, and dovképresent a desirable property in potential tidbi

strains.

CONCLUSIONS

Epizootic Rabbit Enteropathy is a high mortalitwetise of rabbits characterized by a specific intst
disbiosis with significant increase of mucinase dowing bacteria likeBacteroides thetaiotaomicron
Bacteroides fragiliand otheBacteroidespp.,Clostridium perfringensindAkkermansia muciniphila

Nevertheless, specific strains of different baetespecies could play a principal role in the pgtresis of
ERE, like specific strains dElostridium perfringensor in the control of the negative effects of EREe
specific strains oBacteroides fragilioor Bacteroides dorei

We will continue our research on these two badtggaera, the first to develop a future vaccindrag&ERE,
and the second to develop a probiotic that coulld teethe control of ERE, reducing the use of argmgbials,
and improving the global health of rabbits.
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