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ABSTRACT

Rabbit diarrhoea caused by toxigedtostridium spiroformds responsible for significant losses in
commercial rabbitries. This micro-organism usuali§fects rabbits during weaning and its
pathogenicity is related to the production of @ty cytotoxic binary toxin that is similar in fuimn
and structure t&lostridium perfringengype E iota toxin. The definitive diagnosis ©f spiroforme
enterotoxaemia is currently difficult due to thesabce of both biochemical commercial panel and bio-
molecular methods for specific identification.

The aim of this study was therefore initially tovdp PCR protocols for the specific detectiorCof
spiroformeand its binary toxin coding genes and then appént in a field study. A total of 8G.
spiroformefield strains isolated from rabbits with intestinigsorders were analysed; 30 isolates were
obtained from the caecal content of rabbits withtamopathologic evidence of enteritis causedhby
spiroforme 19 from rabbits for whiclC. spiroformewas a co-agent of infection, and 31 from rabbits
with intestinal diseases not caused @y spiroforme All strains were positive for species-specific
identification and the presence of the genes cofinG. spiroformebinary toxin.

In conclusion, we developed a useful and relialbenblecular tool for specific identification &.
spiroformeand detection of genes coding for its binary toXWhen subsequently applied in a field
study, these PCR protocols demonstrated all thinstanalysed to be potentially toxigenic.
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INTRODUCTION

Diseases associated with diarrhoea, mainly afteaning, are a major cause of economic losses in
commercial rabbit breeding. The etiology of thesgeases is complex and includes dietary and
environmental factors, viral or bacterial infecsprand coccidiosis. Bacterial agents known to play
role in enteric pathologies aiescherichia coli Klebsiella pneumonjeSalmonella sppand some
strains belonging to the gen@ostridium (Peeterset al, 1984; Percyet al, 1993; Agnolettiet al,
2006) Among the genu€lostridium C. spiroformeis one of the most common pathogens isolated in
rabbits with enteric diseases. The pathogenicitthisf micro-organism is caused by a production of a
binary toxin composed of two components, Sa and r8bpectively coded bysas and shs
chromosomal genes. Sa and Sh, as first determinedcrbssed immunoelectrophoresis and
neutralization studies witlostridium perfringengype E antiserum, are analogous to the la and Ib
components ofZ. perfringensiota toxin (Borrielloet al, 1983; Popoffet al, 1988; Songeet al,
1996). These two toxins are also similar in functiboth Sa and la mediate ADP-rybosilation of
monomeric actin, whereas Sb and Ib are responsibldinding and internalization of enzymatic
components in target cells (Simpsetral, 1989; Songer, 1996; Bar¢ht al., 2004).

C. spiroformeis not a normal inhabitant of the rabbit bowel amdcquired from the environment.
Anyway, there is some evidence, that the destaltitim of caecal microflora may be important in
initiating disease. Diarrhoea caused®yspiroformedevelops rapidly and death ensues soon after. At
necropsy, the caecum appear dilated with wateryteods, and the necrosis of the surface of
epithelium surface and pronounced inflammatoryltnation of thelamina propria are observed
(Songer, 1996; Agnoletét al, 2006).
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Diagnosis ofC. spiroformeenterotoxaemia is currently based on necropsythedsisualization of
semicircular gram-positive bacteria in the caecahtents of affected rabbits. The definitive
identification of this micro-organism is difficuttue to the absence of both biochemical commercial
panel and bio-molecular methods for spiroformespecific identification. The aim of this study was
therefore to initially develop PCR protocols foethapid and reliable identification . spiroforme
and its binary toxin genes and then apply thesmpots onC. spiroformestrains isolated from rabbits
affected by enteric disease.

MATERIALSAND METHODS
Strains, growth condition, and DNA extraction.

A total of 80C. spiroformefield strains were tested in this study, all of ghiwere isolated by
streaking caecum content of diseased rabbit wétilstswabs onto selective medium (Agnolettal,
2004). Fourteen reference strains were also testeldded one type strain of. Gpiroforme(ATCC
29900) and 8 other reference strains belongindpeagenu<Clostridium (C. cocleatunCCUG 1551,
C. ramosumCCUG 1402,C. innocuumCCUG 1286,C. tertium ATCC 19405,C. sordellii ATCC
9714,C. perfringensCCUG 2037 and ATCC 2732&, difficile ATCC 51695,C. colinumATCC ).
Strains ofS. aureugATCC 29213)B. fragilis (ATCC 25285)K. pneumoniaé ATCC 700603) andt.
coli (ATCC 25922) were also tested. All strains wereangran Columbia Agar Base (Oxoid) at 37°C
in anaerobic chamber for 48 hrs with the exceptérE. coli and K. pneumoniaewhich were
incubated in aerobic condition. In order to deteenPCR assay sensitivit§, spiroformestrains were
cultured in Reinforced Clostridial Medium (RCM, Qdp and plated on Wilkins Chalgren Agar
(WCA, Oxoid).

The DNA of cultured bacteria were extracted usir@emeElute Bacterial Genomic DNA kit (Sigma)
according to the manufacturer’s instructions.

Primer design and PCR amplification conditions

The primers used in the PCR assays were designedritaboratory using Web-primers program
(seq.yeastgenome.org/cgi-bin/web-primer). Spegesific primers were developed selecting two
segments of 18 and 21 bp in the 16S rDNACofspiroforme whereas the primers for the specific
amplification ofC. spiroformebinary toxin were designed onto non-conservedregbfsasandsbs
genes. In both cases, the amplifications were padd in a total volume of 25 pl containing 1.5 mM
MgCl,, 0.05 U/ul FastStarTag DNA Polimerase (Roche), 200 uM of each dNTPs (Asapl
Biosystems), 0.5 uM of each primer and 5 ul of DNAe amplification protocols were performed
with an Eppendorf Mastercycler Ep Gradient S (Eplpef).

The thermal cycling conditions for specific ampétion ofC. spiroformel6S rDNA were as follows:
initial denaturation at 95°C for 4 min, 8 cycles9&°C for 30 s, 70°C for 30 s with a decrease of
1°C/cycle and 72°C for 30 s, followed by 30 cyc¢®95°C for 30 s, 62°C for 30 s, 72°C for 30 s and
a final step of 3 min at 72°C. The PCR conditiomsdpecific detection of. spiroformebinary toxin
were 95°C for 5 min followed by 30 cycles at 95%¢ 80 s, 60°C for 30 s, 72°C for 30 s and a final
elongation step of 3 min at 72°C. After amplificetj 10 pl of PCR products were subjected to
electrophoresis on 2% agarose gel (Sigma) adddoOmbtpg/ml ethidium bromide (Sigma) visualized
under UV light and photographed. The PCR 100 bp Ladder (Sigma) was used as a DNA size
marker.

PCR specificity and sensitivity

PCR assay specificity was tested with the amplifice protocol described above using DNA
extracted from all field and reference strains asnaplate. Primer specificity was also demonstrated
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by sequencing the amplified product. In order tst the sensitivity of the PCR assays, bacterial
suspensions were serially 10-fold diluted in RCMeQOnl of each dilution was plated on WCA and
the DNA was extracted from 1 ml of the same baaletispension at the same time. All samples were
amplified with the PCR protocol, and sensitivitysmexpressed as the lowest CFU number detectable
with the PCR protocol.

RESULTSAND DISCUSSION

The BLAST search for sequences similar to 16S rDMA. spiroforme(accession number X73441)
showed that this gene has high sequence similaiity 16S rDNA ofC. ramosumC. cocleaturmrand

C. innocuum(accession numbers respectively X73440, Y1818, N2R7Species-specific primers
were therefore designed on hypervariable regionthefC. spiroformel6S rDNA gene. The PCR
assay applied to DNA extracted frdn spiroformetype strain and other reference strains showed tha
the selected PCR primer pairs amplify with a siraglé specific amplification product (925 pb) only
DNA extracted fromC. spiroformestrains (Figure 1). The sequencing of the amplifiFoduct
confirmed that the targeted gene was amplified WieghPCR assay. The detection limit of the species—
specific primers under the PCR conditions descradsale was 25 CFU/ml of bacteria suspension.

Alignment studies o€. spiroformeandC. difficile binary toxins andC. perfringens toxin (accession
numbers: X97969, L76081, X73562) showed that tigesees have high degree of similarity. Primers
for specific detection were then developed selgctivo fragments specific faC. spiroformebinary
toxin gene. The forward primer was designed todrapgiementary to a sequence of 21 bases at the 3’
end of thesasgene, while the reverse primer was designed istqaience of 21 bases on the 5’ of the
sbsgene. The DNA extracted frof. spiroforme C. difficile andC. perfringengype E strains were
amplified with these primers, and the expected bain825 bp was obtained only f@. Spiroforme
(Figure 2). In this case as well, the amplicon seging analysis confirmed the specificity of the
primers. Sensitivity experiments showed the maxinaetection limit of this PCR to be 80 CFU/ml of
bacteria suspension.

1 2 3 4 5 6 7 & 10 11 12 13 14 15 16 138

925 bp

Figure 1. Specificity of 16S rDNA based PCR f@r. spiroforme (1) C. spiroformeATCC 29900, (2-
3-4-5) C. spiroformefield strains isolated in our laboratory, (6) coleatumCCUG 1551, (7)C.
ramosumCCUG 1402 (8) 100 bp ladder (8) innocuumCCUG 1286, (10¥L. tertiumATCC 19405,
(11) C. sordelliiATCC 9714, (12)C. perfringensCCUG 2037, (13L. difficile ATCC 51695, (145.
aureusATCC 29213, (15B. fragilis ATCC 25285, (16K. pneumoniteATCC 700603 (17E.coli
ATCC 25922 (18) negative control

These PCR protocols were subsequently appliedfiaelcé study in which 80C. spiroformestrains
identified by bacterioscopic examination were ismlaas follows: 30 from the caecal content of
rabbits with anathomopathologic evidence of engedaused byC. spiroforme 19 from rabbits for
which C. spiroformewas a causative agent of enteritis in concomitavite enteropathogenik. coli,
and 31 from rabbits with intestinal diseases naised byC. spiroforme The strains were initially
analyzed using species-specific primers @r spiroformeidentification and subsequently for the
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presence of theasandsbsgenes as well. All the field strains resulted pesifor the identification of
C. spiroformeand the presence of the genes coding for binaig.to

825 pb

Figure 2. Specificity of primers specific fo€. spiroformebinary toxin. (1-2-3-41C. spiroformefield
strains isolated in our laboratory, (6) perfringenstype E ATCC 27324, (6. difficile field strain
positive for binary toxin, (7) negative control (B)Obp ladder

CONCLUSIONS

We developed a rapid and useful tool for both theciic identification ofC. spiroformeand the
detection of genes coding for its binary toxin. Whepplied in a field study, these PCR protocols
showed all the 8@. spiroformestrains analysed in this study and isolated frabbits affected by
enteric diseases to be positive for the presentbeofienes coding for binary toxin. The result® als
demonstrated that there were no differences inrpitaxin genes positivity between strains isolated
from rabbits with enteric disease caused’byspiroformeand rabbits with enteritis not caused by this
micro-organism.
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