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Abstract  Clostridium botulinum types C and D are related to animal botulism. The disease has been reported in 
sheep in western Sudan causing economic losses. However, the BoNTs that cause sheep botulism in Sudan have not 
yet subjected to genetic characterization. The aim of this study is to perform genetic analysis for sheep botulism–
related isolates from recent outbreak between January to May 2013 at western Sudan in order to improve the 
efficiency of control strategies and vaccine development. In this study isolation of Clostridium botulinum from sheep 
samples was obtained by culture methods and mouse bioassay. Positive samples were confirmed by PCR and DNA 
sequencing. PCR was used to amplify the BoNTs gene using three sets of primers to differentiate the gene of the 
mosaic type from the conserved genes of type C and D. The results of polymerase chain reaction with these primers 
indicated that sheep botulism–related isolates possess the gene for the mosaic form of the neurotoxin. PCR products 
were sequenced and subjected to genetic analysis. The results provided evidence for close relationships and genetic 
variation of the isolates and reference strains published on the GenBank. Multiple sequence alignments showed 
numerous substitutions occurred in heavy chain in the most homologous regions of BoNT/CD and in the light chain 
of toxin type C and D, respectively. Following sequencing, isolates were compared phylogenetically with reference 
strains. The close genetic relationship to the strain 193_09 and strain: OFD16 suggests that neurotoxins produced 
from sheep botulism is BoNT type DC. The present study provides information on genetic classification of BoNTs 
related to sheep botulism isolates in Sudan. 
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1. Introduction 

Botulism is a rapid onset, usually fatal disease caused 
by the botulinum toxin produced by the bacterium 
Clostridium botulinum. The disease occurs more 
frequently in animals than it does in humans [2]. A large 
number of animals may be affected, with both 
environmental and economic impact [3,9]. Animal 
botulism has specific clinical symptoms such as abnormal 
posture of the head, weakness, loss of tongue tone, dilated 
pupils, and flaccid paralysis [26]. Seven immunologically 
distinct types of botulinum neurotoxin (BoNT/A to G) 
cause botulism in humans and animals [12,15,22]. 
Botulinum neurotoxin (BoNT) serotypes C and D and 
their mosaic variants CD and DC cause severe cases of 
botulism in animal husbandry and wildlife [7]. The 
neurotoxin genes of C. botulinum type C and D are carried 
by bacteriophages, which express unstable lysogeny and 

are frequently lost during cultivation [8,19,20,26]. BoNT 
is produced as single-chain peptides with a molecular 
mass of about 150 kDa which are proteolytically activated 
into a light chain (approximately 50 kDa) and a heavy 
chain (approximately 100 kDa) linked by a disulfide bond. 
The heavy chain is further divided into two domains, an 
amino-terminal (HN) and a carboxyl-terminal (HC) domain 
[15,23]. Diagnosis of botulism is obtained by detecting the 
neurotoxin and/or C. botulinum in the suspected animal. 
The mouse lethality assay has remained the standard test 
for the detection of neurotoxins [6,11]. Moreover a rapid 
diagnosis of botulism is a prerequisite and PCR has 
already proven its usefulness as a rapid detection method 
[6,11,16]. Many outbreaks of animal botulism have previously 
been recorded in Sudan [1,10]. All occurred during dry 
season while lower rainfall, poor soils and water shortage 
cause the deaths of various living organisms and 
consequently the proliferation of anaerobic bacteria. This 
study was conducted to detect and characterize C. 
botulinum isolates from recent outbreaks in Sudan.  
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2. Material and Methods 

2.1. Test Samples 
The samples investigated in this study were collected 

from different provinces of North Kordofan state at 
western Sudan during dry season from January to May 
2013. Twenty field and clinical samples collected from 
suspected sheep (tissue, carcasses), water, soil and feed 
samples were grown in various media using good aseptic 
culturing technique, at biosafety level 2 cabinet. C. botulinum 
type C 2300 (kindly donated by Dr. Frank Gesslar, 
Institute of Tropical Animal Health, Germany) was used 
as positive control in this study. 

2.2. Optimization of Isolation Procedure 
Different media were used to choose the best medium 

to work with. Five broth media (Cooked meat medium 
(CMM), Nutrient broth (NB), Reinforced Clostridial 
Medium (RCM), Brain-heart infusion medium (BHIM) 
and Trypticase peptone yeast extract glucose (TPYG) 
medium and four agar media (Fastidious anaerobe agar 
(FAA) Lab M, Egg yolk agar (EYA), Reinforced Clostridial 
agar (RCA) and Blood agar (BA) were used. Also 
different incubation periods were tested with different 
media including 48h, 72h, 4 days and five days to find the 
optimum incubation period for toxin production. Single 
recommended temperature for growth (37°C) was used 
[11]. The pH for all used media was adjusted to 7.0 and all 
media were autoclaved at 121°C for 15 min. 

The anaerobic conditions were presented by using 
anaerobic jar and Oxoid anaerobic generation system 
(AnaeroGenTM sachets OXOID). The active component 
within each sachet is ascorbic acid. Heat treatment was 
performed for the test samples to kill the vegetative form 
of contaminants. It was conducted at 70°C for 15 min. 
Eight tissue samples showed positive toxicity by mouse 
bioassay were tested by PCR. 

2.3. Genotypic Detection 
Genomic DNA was extracted with the DNA extraction 

Kit GenEluteTM Bacterial Genomic DNA Kit (Sigma 
Aldrish, Belgium). 

Three sets of primers were used to targets both the 
heavy chain and light chain parts of the neurotoxin genes, 
allowing detection and also distinction between mosaic 
and non-mosaic type C and D BoNT gene. 

General set situated in the heavy chain for detection of 
mosaic C. botulinum types C and D (primer pair pM) with 
expected size 327bp, the second sets of primers localized 
in the light chain of BoNT/C (primer pair pC) with 
expected size169bp and the third set (primer pair pD) with 
expected size 264bp was localized in the light chain of 
BoNT/D, (Table 1). The primer sequence were selected 
from the published sequence described by Prevot et al., 
[16]. 

Lyophilized Ready PCR Mix (Maxime PCR Premix, 
iNtRON Biotechnology, Geonggi-do, Korea) was used. It 
included all reagents at optimal concentrations for 
efficient amplification except dissolving water, template 
and primers. The final reaction mixture of 20µl contained 
2.5 µl of each primer, 5µl of DNA template and 10µl of 
nuclease-free water. The final concentration of primers in 
the reaction mixture was 0.5 µl. 

The PCR was carried out using thermal cycler 
(TechneTC-512 Thermal Cycler, UK). The cycling began 
with an initial step at 95°C for 15 min, followed by 40 
cycles of denaturation at 94°C for 30s, primer annealing  
at 55°C for 30 s, and extension at 72°C for 30 s. A final 
step at 72°C for 10 min followed to complete extension. 
Positive control with DNA from reference strains 
(C.botulinum type C 2300) and a negative control 
containing all reagents except DNA template were 
included during amplification. PCR products was 
analyzed by electrophoresis in a 1.8% agarose gel in TBE 
1X that contain 2.5 µl of (1 µg/ml) ethidium bromide at 
100V for 40 min. The products was visualized and 
photographed with the gel documentation system 
(Syngene InGenius3, San Diego, USA). 

2.4. Nucleotide Sequencing and Phylogenetic 
Analysis 

Sequencing of positive PCR amplicons was performed 
for both strands by Macrogen Company (Seoul, Korea). 
The sequences chromatogram was viewed using Finch TV 
software (www.geospiza.com/Products/finchtv.shtml). 
The nucleotides sequences of the BoNT gene were 
searched for sequences similarity using nucleotide BLAST 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi.). Highly similar 
sequences were retrieved from NCBI (shown in Table 2) 
and subjected to multiple sequence alignment using 
BioEdit software. Phylogenetic tree of BoNT C&D gene 
and their evolutionary relationship with those obtained 
from database was done online by ClustalW 
(www.genome.jp/tools/clustalw/). 

Table 1. Location of primers within specified BoNT genes 

Target type Primer set A Sequence B 5ʹ - 3ʹ Target toxin chain C Size of amplicons 

C 
pC F TCCTCGAGTTACAAGCC 

Lc 169 bp 
pC R CAGGAAAGGGTATATCTG 

D 
pD F TTAGACTATACAGCATCCC 

Lc 264 bp 
pD R TAACTTGTGGACGAATCC 

Mosaic C-D 
pM F TTTATACGAGAATGTTCYG 

Hc 327 bp 
pM R CATTATATCCTGATGTATCC 

A three pairs of primers (pCF-pCR, pDF-pDR, pMF-pMR) were used to differentiate BoNT genes, B is the sequence of oligonucleotides, Y was substituted 
for C and T, C  Lc is light chain and Hc is heavy chain. 
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Table 2. Referential C.botulinum strains used for phylogenetic analysis 

No Strain Country BoNT Type Accession Number 

1. Strain 193_09 Germany DC KT025245 

2. Strain:OFD16 Japan DC AB745669 

3. Strain-BVD/3 Germany D X54254 

4. Strain 1873 South Africa D AB012112 

5. Strain:TW/2003 Taiwan C AY251553 

6. Strain:003-9 Japan C AB200360 

7. Strain S19 Sweden CD FN436022 

8. Strain OTZ07 Japan CD AB745659 

 
3. Results 

3.1. Purification and PCR Results 
Best growth and more toxic isolates were shown by 

CMM and RCM, which were then used for culture and 
isolation. Also, EYA was found better than BA, RCA and 
FAA. The period of 48h incubation was found suitable for 
EYA and five days incubation was found suitable for 
RCM and CMM.  

C.botulinum type C strain 2300 tested positive for the 
amplification of a 327 bp and 169 bp DNA fragments with 
primers pM and pC only, see Figure 1. Two samples were 
showing positive bands at 327 bp, 264 bp and 169 bp with 
pairs of primers pM, pD and pC, respectively see Figure 2. 
The results were also confirmed by sequencing.  

 
Figure 1. Amplification of C. botulinum type C strain 2300 with primer 
set pM and pC, (L) molecular size standards (100 bp DNA ladder; 
Vivantis) 

 

Figure 2. Amplification of sample 1 and 2 with primer set pM, pD and 
pC. (L) molecular size standards (100 bp DNA ladder; Vivantis) 

3.2. BLAST Search and Phylogenetic 
Analysis of Partial Gene 

Nucleotide sequences for Isolate.1.pC (partial sequence 
of the light chain) revealed 97% identity with strain TW/2003 
(BoNT C) gene, 94% with strain:003-9 (BoNT C) gene, 
94% with strain:OTZ07 (BoNT CD) and 94% with strain: 
S19 (BoNT CD) while Isolate.2.pC shows 99% identity 
with strain TW/2003, 94% identity with strain: 003-9,  
93% with strain:OTZ07 and 93% with strain:S19. 

Isolate 1.pD (partial sequence of the light chain) 
demonstrated 99% nucleotide identity with strain193_09 
(BoNT DC) gene, 99% nucleotide identity with strain: OFD16 
(BoNT DC), 99% with strain 1873 (BoNT D) and 99% 
with strain-BVD/-3 (BoNT D) gene. Same reference strains 
were found identical with 98% identity with Isolate 2pD. 

The mosaic sequence of Isolate 1pM (partial sequence 
at binding/translocation domain of heavy chain) shows  
99% nucleotide identity with strain 193_09 (BoNT DC) 
gene, 99% identity with strain: OFD16 (BoNT D/C) gene, 
99% with strain-BVD/-3 (BoNT  D) gene , 99% identity 
with strain 1873(BoNT D) gene, 97% with strain: 
TW/2003 (BoNT C), 97% with  strain:003-9 (BoNT C), 
96% with strain:S19 ((BoNT CD) and 96% with strain: 
OTZ07 (BoNT CD). While Isolate 2pM revealed 100% 
identity with strain 193_09, 100% identity with strain: 
OFD16, 99% with strain-BVD/-3, 99% with strain 1873, 
95% with strain: TW/2003, 95 % with strain: 003-9, 96% 
with strain: S19 and 96% with strain: OTZ07. 

3.3. Multiple Sequence Alignment 
The multiple sequence alignment of the Sudanese 

isolates with similar nucleotide sequences that obtained 
from BLASTn was carried out to find the homology and 
evolutionary relation between these sequences. BioEdit 
software shows transversions and transitions at different 
regions on the light chain (pC, pD) and heavy chain (pM), 
see Figure 3(B), Figure 5(B) and Figure 7(B1&B2). 

A phylogeny, or evolutionary tree, represents the 
evolutionary relationships between reference strains and C. 
botulinum type DC Sudanese isolates. The clustering was 
performed by the unweighted pair group method. The tips 
of the tree represent groups of descendent taxa and the 
nodes on the tree represent the common ancestors of those 
descendants. Two descendants that split from the same 
node are called sister groups. The horizontal lines are 
branches and represent evolutionary lineages changing 
over time, see Figure 4, Figure 6, Figure 8. 
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Nucleotide sequence of partial pC in isolates 1, 2 showed 
transversion of Guanine(G) to Thymine(T) (TGC >TTC) 

and transition of Adenine(A) to Guanine(G)  
(CAA>CGA). 

 
Figure 3. (A) Sequence chromatogram of the amplified segments produced with primer pC shown by Finch TV software, (B) BioEdit multiple 
sequence alignment shows the homology and evolutionary relation between Sudanese isolates (the amplified segments produced with primer pC) and 
reference strains. Differences were illustrated by arrows 

 
Figure 4. Dendrogram showing the genetic relationships of C.botulinum isolate in Sudan (the amplified segments produced with primer pC) and 
different controls retrieved from database. The phylogram shows that sequence set pC for the two isolates are the closest 

 
Figure 5. (A) Sequence chromatogram of the amplified segments produced with primer pD shown by Finch TV software, (B) BioEdit multiple 
sequence alignment shows the homology and evolutionary relation between Sudanese isolates (the amplified segments produced with primer pD) and 
reference strains. Differences were illustrated by arrows 
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Figure 6. Dendrogram showing the genetic relationships of C.botulinum isolate in Sudan (the amplified segments produced with primer pD) and 
different controls retrieved from database. The phylogram shows that sequence set pD and BoNT/DC are the closest 

 
Figure 7. (A1) & (A1) Sequence chromatogram of the amplified segments produced with primer pM shown by Finch TV software, (B1)& (B1) BioEdit 
multiple sequence alignment shows the homology and evolutionary relation between Sudanese isolates (the amplified segments produced with primer 
pM) and reference strains 

 
Figure 8. Dendrogram showing the genetic relationships of C.botulinum isolate in Sudan (the amplified segments produced with primer pM) and 
different controls retrieved from database. The phylogram shows that sequence set pM and BoNT/DC are the closest 

Nucleotide sequence of partial pD in isolates 1, 2 
showed substitution of Adenine (A) to Guanine(G) 
(TAT >TGT). 

Figure 7(B1) showed transitions of Guanine (G) to 
Adenine (A) (AGA >AAA), Figure 7(B2) showed 
transitions of Guanine (G) to Adenine (A) (AGT>AAT) 
and from Thymine(T) to Cytosine(C)(CTT>CCT). 

4. Discussion 
Animal botulism is a worldwide problem that causes 

large economic losses since it affects livestock [10]. In the 
present study we attempt to isolate and characterize the 
causative agent of sheep botulism in Sudan. According to 
our results, best growth and more toxic isolates were 
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shown by CMM and RCM, which were then used for 
culture and isolation. Also, EYA was found better than 
BA, RCA and FAA. The period of 48h was found suitable 
for EYA and five days period was found suitable RCM 
and CMM. Fach et al., [5]) reported that there is no 
efficient selective media for isolation of C. botulinum 
available, there for sample treatment as well as culture 
method, depend on sample nature and conservation status 
[4]. Saeed [17] reported that the best growth and toxicity 
of suspected colonies are the two important criteria for the 
selection of media, so different media were used and the 
best broth and agar media were chosen and other cultural 
procedures were optimized.  

Pure cultures were then submitted for confirmation by 
PCR as it is considered as highly sensitive method when 
used for detection of BoNT genes in pure cultures in 
contrast to the detection directly in crude samples [21].  

PCR results showed that the isolates from sheep 
botulism exhibited three PCR-positive bands, one of 
which was derived from the mosaic type C/D BNTs gene 
at binding /translocation domain (heavy chain) and two 
bands from the light chain of type C and D BoNTs gene 
respectively, indicating that their BoNTs constitute a 
mosaic of parts of type C and D BoNTs. 

This finding agrees with Moriishi et al., 1996 [22] and 
Prevot et al., (2007) [15] as they suggested that BoNTs 
produced from C. botulinum types C and D organisms are 
composed in mosaic-like fashion. Nakamura et al., 2010 
[5] also reported that in type C and D, some strains 
possess the C-D mosaic BoNT that comprises two thirds 
of one type and one third of the other gene. 

In subsequent analysis the BLAST results unveiled that 
the isolates have high identity to corresponding regions of 
BoNT type C, BoNT type D, BoNT type CD and DC 
genes respectively. We also found that the core region 
(pM) is common in four toxin types BoNT C (strain 
TW/2003, strain:003-9), BoNT D (Strain 1873, Strain-
BVD/3), BoNT CD (strain S19, strain OTZ07) and BoNT 
DC(Strain 193_09, Strain:OFD16). 

This agrees with Moura et al., (2011) [23] who shows 
that analysis of the different toxin domains revealed that 
the region of highest similarity among all group III-producing 
BoNTs studied is located at the translocation domain. 

Moreover, Webb et al., (2007) [24] reported that all 
sequenced BoNT C or D strains have shown remarkable 
conservation to either the standard or mosaic toxins while 
amino acid alignments of BoNT C, BoNT C/D, BoNT 
D/C and BoNT D showed mosaic nature of the C/D or 
D/C toxins. 

Webb et al., (2007) [24] at the same study provides 
another indication of such cross-reactivity when bivalent 
vaccines of recombinant BoNT/C1 and /D heavy chains 
used. In that study, mice challenged with BoNT/C1, /D 
and mosaic/CD were completely protected, while those 
challenged with BoNT/DC mosaic were only partially 
protected.  

BioEdit multiple sequence alignment revealed DNA 
substitutions (transversions and transitions) at different 
positions on the analyzed regions. Sagermann M, et al. 
(2006) [25] reveal that amino acid substitutions, deletions, 
and insertions are generally well tolerated in the loops of 

the proteins and it may have an effect on the stability and 
speed of folding. His results illustrate how sequence 
insertions can facilitate protein evolution through both 
local and nonlocal changes in structure.  In this light, we 
recommend that more researches should be conducted to 
determine whether the differences in these sequence 
alignment reflect the substitutions in the functional genes 
which may have an effect on the structural and functional 
diversity of proteins.  

The phylogenetic analysis showed that the Sudanese 
isolates were more closely related to type DC BoNT. 
These results suggest that neurotoxins produced from 
sheep botulism is BoNT type DC. Our results were agree 
with “Woudstra C, et al. (2012) [4] and Nakamura et al. 
(2010) [5]” as they reported that DC types were highly 
represented among the bovine isolates, whereas CD types 
were highly represented among isolates from several avian 
species.  

The tree also showed that the two isolates have a closer 
common ancestor with each other than they do with any 
other strains. However, the unique structure of DC mosaic 
BoNT associated with sheep botulism in Sudan should 
contribute to the development of a vaccine and 
immunologic methods to devise a countermeasure for the 
disease [26]. 

5. Conclusion 

It can be concluded that DC mosaic BoNT is associated 
with sheep botulism in Sudan. The detected gene revealed 
DNA substitutions at different positions on the analyzed 
regions. To the best of our knowledge, this is the first 
report on genetic characterization of animal botulism in 
Sudan. More researches should be conducted for further 
phylogenetic analysis to enable a full view on the evolving 
status of Botulism in Sudan and to improve the disease 
control efforts. 
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