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A B S T R A C T   

Clostridium botulinum produces neurotoxic substrates that can cause fatal flaccid paralysis called botulism. These 
neurotoxins are classified into types A–G. Several botulism cases were recorded in 2012–2013 in the Gyeonggi 
province, South Korea. We assessed the distribution of C. botulinum types B, C, and D in several South Korean 
farms. A total of 184 samples collected in 2012–2013, including feces (n = 72), hay and silage (n = 50), soil 
(n = 26), water trough (n = 21), and stomach contents (n = 15), were subjected to multiplex polymerase chain 
reaction (PCR) to screen for types B, C, and D. Twenty-four samples tested PCR-positive as follows: type B 
(n = 11), type C/D (n = 4), and type D (n = 18). Eight of the 11 type B samples were detected in hay and silage. 
Sixteen of the 18 type D samples were detected in fecal and stomach content samples. PCR-positivity was 
observed in fecal (n = 9, 12.5%), hay and silage (n = 10, 20.0%), water trough (n = 2, 9.5%), and stomach 
content (n = 12, 80.0%) samples. Fourteen (42.4%) C. botulinum-positive samples were isolated from the PCR- 
positive samples (type B [n = 8], type C/D [n = 1], and type D [n = 5]). Our findings demonstrate that 
C. botulinum types B, C/D, and D were prevalent in South Korean cattle farms between 2012 and 2013.    

Abbreviations 
PCR polymerase chain reaction 
TPGY trypticase-peptone-glucose-yeast 

1. Introduction 

Clostridium botulinum is an obligate anaerobic, spore-forming bacte-
rium that produces the botulinum neurotoxin (BoNT), and is the caus-
ative agent of botulism (Huss, 1980). BoNTs can be distinguished based 
on their antigenic and genetic features into seven types, A to G. Among 
them, types A, B, C, and D are reported to cause botulism in cattle. Type 
B botulism in cattle is usually associated with the feeding of poor-quality 
silage produced at a pH above 4.5 (Whitlock & Williams, 1999). Surveys 
in the USA and Europe have revealed a high prevalence of C. botulinum 
type B in cattle-related samples, hay and silage (Divers, Bartholomew, 
Messick, Whitlock & Sweeny, 1986; Gray & Bulgin, 1982; Kelch, Kerr, 
Pringle, Rohrbach & Whitlock, 2000; Notermans, Dufrenne & Oosterom, 
1981; Whitlock & Williams, 1999; Wilson, Boley & Corwin, 1995). A 
recently performed survey in Sweden showed a high prevalence (62%) 
of C. botulinum type B in fecal samples from animals (Dahlenborg, Borch 
& Rådström, 2001). Specifically, animal botulism cases are commonly 

associated with group III C. botulinum strains, which produce type C or D 
neurotoxin (Smith, 1979). Type C and D botulism in cattle results from 
the ingestion of feeds containing ensiled bones from dead animals or 
carcasses contaminated with C. botulinum (Neill, McLoughlin & McIlroy, 
1989; Smart, Jones, Clegg & McMurtry, 1987). Formidable outbreaks of 
type D cattle botulism have occurred in beef cattle fed chicken litter in 
Australia and Israel (Egyed, 1987). However, diverse types of toxin, such 
as types A, C/D, and D/C, have been reported in related samples during 
outbreaks in cattle (Frye et al., 2020; Hartley et al., 2009; Otaka et al., 
2020; Souillard et al., 2021). 

The ingestion of the preformed botulinum toxin, usually types B, C, 
and D, has been shown to produce disease in most botulism cases in 
cattle. Several such cases were recorded to have occurred sporadically in 
the Gyeonggi province, South Korea, in 2012 and 2013. In this study, 
cattle farms in areas with continuous outbreaks in South Korea were 
investigated to determine the toxin types prevalent in various epide-
miologically related samples. 
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2. Materials and methods 

2.1. Bacterial strains 

Three C. botulinum strains, namely S-B-14–12–3 (group I type B), 
CKIII-U (group III type C), and CVI16878 (group III type D), were used in 
the inoculation study. The references strains were cultured in 
Trypticase-peptone-glucose-yeast extract (TPGY) broth (Lilly, Harmon, 
Kautter, Solomon & Lynt, 1971) for three days after which the spores 
were precipitated from the broths and washed using distilled water. 

2.2. Collection of contaminated field samples 

To explore the effect of geographical location on C. botulinum dis-
tribution, diverse samples were collected from three cattle farms (farms 
A, B, and C) suspected to have had an outbreak of bovine botulism 
(Table 1). Farms A (23 samples), B (82 samples), and C (79 samples) 
were located in the Northern, Western, and Eastern parts of the 
Gyeonggi province, respectively. 

A total of 184 samples including feces (n = 72), hay and silage 
(n = 50), soil (n = 26), water trough (n = 21), and stomach contents 
(n = 15) were collected from cattle farms in the Gyeonggi province, 
South Korea, in 2012 and 2013. Stomach contents were collected from 
the carcasses of cattle suspected of botulism (Table 2). Feces (n = 8), hay 
and silage (n = 15), soil (n = 10), water trough (n = 8), and stomach 
contents (n = 2) samples from nine cattle farms without reports of 
botulism cases in the Gyeonggi, Kangwon, Gyeongbuk, Chungbuk, 
Jeonbuk, and Jeonnam provinces were used as negative controls 
(Table 1). 

Approximately 10 g of each sample was collected during several 
outbreaks of botulism in cattle farms, transferred to sterile tubes, and 
stored at − 20 ◦C until analysis. 

2.3. Investigation of the prevalence of C. botulinum in farm samples 
collected during botulism outbreaks 

C. botulinum neurotoxin type was identified via mouse inoculation 
bioassay (Centers for Disease Control & Prevention, 1998) and poly-
merase chain reaction (PCR), using the enrichment cultures from hay 
and silage, soil, water trough, stomach contents, and fecal samples. To 
confirm the presence of BoNT-producing clostridia, 184 suspected 
samples were incubated in TPGY broth at 37 ◦C for three days under 
anaerobic conditions after heat shock at 70 ◦C for 15 min. The enrich-
ment cultures were heated at 95 ◦C for 15 min to break up the cells and 
release the bacterial DNA and were collected by centrifugation at 
4500 rpm for 5 min. Following this, 2 µl of each supernatant was used as 
a template in the PCR mixture. 

Type-specific primer sets for detecting the genes of the B, C, and D 
toxins were designed based on the toxin gene sequences previously re-
ported (Takeshi et al., 1996), as shown in Table 3. A multiplex PCR was 

performed to detect toxin genes; one set of primers was used to detect 
the type B toxin gene and the other for detecting types C and D toxin 
genes. The multiplex PCR procedure was carried out as follows: 20 s at 
95 ◦C for denaturation, 30 s at 60 ◦C for annealing, and 30 s at 72 ◦C for 
extension. The cycles were repeated 30 times, followed by a final 
extension at 72 ◦C for 7 min. The PCR products were visualized using 
1.5% agarose gel electrophoresis, and the gel was visualized using a gel 
documentation system (Bio-Rad Laboratories, Hercules, CA, USA). The 
Molecular Analyst Software (Bio-Rad) was used to analyze the gel im-
ages (Fig. 1). Positive and negative controls were included in all PCR 
assays for validation and to rule out sample contamination, respectively. 

In case that the strains were identified as C toxin only through mouse 
inoculation bioassay, the strains were examined with the C/D mosaic 
toxin PCR (Lindberg, Skarin, Knutsson, Blomqvist & Båverud, 2010) to 
confirm the result. The forward and reverse primers used were CBOTCF 
(5′-CACAAGAAGGATTTGGTGCTTTATCA-3′) and CBOTCR 
(5′-CAGACTTAGAAAATCTACCCTCTCCTACA-3′). The PCR protocol 
was as follows: 10 min at 95 ◦C for denaturation, 45 cycles at 95 ◦C for 
15 s, 1 min at 60 ◦C for annealing, 30 s at 72 ◦C for extension, followed 
by a final extension at 72 ◦C for 7 min. The PCR products were analyzed 
as described above. 

2.4. Isolation of C. botulinum strains using immuno-magnetic separation 

We isolated C. botulinum from the samples in which BoNT was 
detected. These samples were cultured with 1 g of each sample in TPGY 
broth containing 0.1% L-cysteine-HCl and 0.14% NaHCO3. The isolation 
of C. botulinum type B, C, or D was performed under the same conditions 
as those mentioned above. Toxic cultures were diluted with phosphate 
buffered saline (PBS), and 30 µl of 10− 1- or 10− 2-fold diluted culture was 
cultured on 5% egg yolk-containing McClung Toabe agar (Becton, 
Dickison and Company, Sparks, MD, USA). 

To improve the isolation, 10 µl of bacterial cells was washed three 
times with PBS by centrifuging at 5000 rpm for 5 min. After vortex 
mixing, each supernatant was incubated at room temperature for 1 h 
with 10 µl of biotin-labeled antibody against C. botulinum type B, C, or D 
spores. Antibody against C. botulinum type B, C, or D spores were labeled 
with biotin with biotinylated protein kit (EZ-Link NHS-Biotic, Thermo 
Fisher Scientific, Waltham, MA, USA), which were prepared through 
immunization of each spore to rabbit and purification by Hi-Trap® 
Protein G HP column (Merck KGaA, Darmstadt, Germany). Then 20 µl of 
each sample was bound with streptavidin-labeled magnetic beads 
(Dynabeads T1; Thermo Fisher Scientific, Waltham, MA, USA) in a 1.5- 
ml microcentrifuge tube. 

The tubes were placed in magnetic separator rack (MagnaRack™, 
Thermo Fisher Scientific, Waltham, MA, USA), and the magnets were 
placed in position and left for 5 min. The supernatant was removed by 
aspiration with a Pasteur pipette, the magnetic tube was removed from 
the rack, the beads were washed by resuspension in 500 µl of PBS con-
taining 0.1% (v/v) Tween-20, and the magnetic tube was replaced for 
2 min. This step was repeated with PBS containing 0.1% (v/v) Tween-20 
in the same manner. The beads were inoculated onto egg yolk- 
containing McClung Toabe agar and incubated for three days at 37 ◦C 
in anaerobic conditions. 

3. Results 

3.1. Specificity and sensitivity of the multiplex PCR assay 

We designed a set of primers specific to the BoNT genes (Table 3). 
The specificity of the multiplex PCR assays was evaluated using 14 
strains of C. botulinum, eight strains of other Clostridium spp., and four 
non-Clostridium strains. None of the C. tetani, C. perfringens and 
C. sporogenes, or other anaerobic bacterial species yielded a PCR product 
(data not shown). The sensitivity of the PCR assay was tested with 
genomic DNA from C. botulinum type B, C, and D (strains S-B-14–12–3, 

Table 1 
Information on cattle botulism outbreaks in South Korean farms.  

Farm Type of 
holding 

Year of botulism 
outbreak 

Clinical signs of 
botulism 

Region 

A Korean 
native cattle 

2013 Yes Gyeonggi 
(Eastern) 

B Dairy cattle 2013 Yes Gyeonggi 
(Western) 

C Dairy cattle 2012 Yes Gyeonggi 
(Northern) 

Da Korean 
native cattle 

2013 No 6 of provincesb  

a Cattle botulism have never been occurred at these farms (n = 8). 
b Cattle botulism free farms located in six provinces in South Korea, which 

were Gyeonggi, Kangwon, Chungbuk, Jeonbuk, Jeonnam, and Gyeongbuk. 
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ck II-U, and CVI 16,878) (Fig. 1). 

3.2. Detection of genes encoding for type B, C, and D neurotoxins using 
multiplex PCR on field samples 

We examined samples from 15 cattle collected during three different 
botulism outbreaks in farms A–C (Table 1). Through multiplex PCR as-
says, we detected a C/D mosaic neurotoxin gene using primers reported 
previously (Lindberg et al., 2010). The PCR results are summarized in 
Table 2. In total, 33 samples were PCR-positive for C. botulinum type B 
(n = 11), C/D (n = 4), and D (n = 18). Among the 11 type B positive 
samples, eight were detected in hay and silage samples. Moreover, five 
out of the 18 type D positive samples were detected in fecal and stomach 
content samples. On the other hand, 14 (42.4%) samples yielded posi-
tive PCR results for C. botulinum and were used for the isolation of 
C. botulinum: type B (n = 8), type C/D (n = 1), and type D (n = 5) 
(Table 2). 

3.3. Prevalence of C. botulinum in cattle farm samples 

During botulism outbreaks, the prevalence of C. botulinum types B, C/ 
D, and D were 33.3% (11/33), 12.1% (4/33), and 54.5% (18/33), 
respectively (Table 2). Of the 72 fecal samples, nine (8.3%) gave a 
positive PCR result for the 1-type B, 1-C/D mosaic type, and 7-type D 
neurotoxin genes. Of the 50 hay and silage samples, 10 (20.0%) gave a 
positive PCR result for the 8-type B, 1-C/D mosaic type, and 1-type D 
toxins. Additionally, 15 samples of stomach contents and 21 water 
trough samples were PCR-positive for the three neurotoxin genes (1-type 

B, 2-type C/D, and 9-type D), and two neurotoxin genes (1-type B and 1- 
type D), respectively. No BoNT types were detected in soil samples 
(Table 2). Interestingly, none of all samples were positive for the type C 
neurotoxin gene. 

4. Discussion 

Bovine botulism can lead to significant economic losses, as mortality 
rates have been reported to be as high as 35–60% (Abbitt et al., 1984; 
Galey et al., 2000; Martin, 2003; Kelch et al., 2000; Sharpe et al., 2008). 
South Korean farms that experienced botulism outbreaks in the past 
appear to be at a higher risk of further outbreaks following the first one. 
Therefore, farmers and field veterinarians should remain alert to prevent 
botulism-associated problems. 

This study shows that outbreaks of botulism in cattle were regularly 
observed during 2012 and 2013 in South Korean cattle farms, despite 
the relatively low occurrence of C. botulinum (18.0%) in environmental 
samples. 

In many countries, including South Korea, types B, C, or D of 
C. botulinum are responsible for causing botulism in cattle (Lindström, 
Myllykoski, Sivelä & Korkeala, 2011; Ramírez-Romero et al., 2014). In 
October 2011, an outbreak of bovine type B botulism affected approx-
imately 150 dairy cattle near the Yeongpyeong River, Gyeonggi-do, 
South Korea (Byun et al., 2013). In Europe, several cattle botulism 
cases were recorded between 2003 and 2009 (Payne, Hogg, Otter, Roest 
& Livesey, 2011). 

In this study, we developed a multiplex PCR for the simultaneous 
detection of C. botulinum types B, C, and D in field samples (Table 3). The 
neurotoxin genes of the 14 C. botulinum strains characterized with 
multiplex PCR assays were either type B, C, or D (Fig. 1c). In addition, 
we examined 43 samples from nine cattle farms in South Korea without 
reports of botulism outbreaks, but there were no PCR-positive results. 
The multiplex PCR was conducted on cattle fecal samples, and the 
detection limit (3 pg templates per 1 g fecal sample) for C. botulinum 
types B and D was the same as that for the detection of templates in an 
isolated strain (not from fecal samples), indicating that the detection 
limit and sensitivity were suitable for the detection of C. botulinum types 
B, C, and D neurotoxin genes in field samples. 

C. botulinum types D and B were initially detected in 18 (9.8%) and 
11 (6%) samples, respectively, from a total of 184 field samples. From 

Table 2 
Summary of the number of detected and isolated types of C. botulinum in South Korean farms in 2012–2013.  

Region/Breed(Period) Samplesa (No.) Mouse bioassayb PCRc Isolation 
No. of positive samples B C D B C (C/D) D 

Northern/Dairy cattle 
(Sep. 10 – Nov. 23, 2012) 

Fecal samples (39) 4 – – + 0 0 4 – 
Hay and silage (20) 1 + – – 1 0 0 B (1) 
Stomach contents (8) 6 – – + 0 0 6 – 
Water trough (8) 1 – – + 0 0 1 D (1) 
Soil (4) NDd    0 0 0 – 

Eastern or Western/Korean native or dairy cattle 
(Apr. 12 – Aug. 19, 2013) 

Fecal samples (33) 5 + + + 1 0 (1) 3 D (3) 
Hay and silage (30) 9 + + + 7 0 (1) 1 B (6) 
Stomach contents (7) 6 + + + 1 0 (2) 3 C/D (1), D (1) 
Water trough (13) 1 + – – 1 0 0 B (1) 
Soil (22) ND    0 0 0 – 

Total (184) Fecal samples (72) 9 + + + 1 0 (1) 7 D (3) 
Hay and silage (50) 10 + + + 8 0 (1) 1 B (7) 
Stomach contents (15) 12 + + + 1 0 (2) 9 C/D (1), D (1) 
Water trough (21) 2 + – + 1 0 1 B (1), D (1) 
Soil (26) ND    0 0 0 – 
Total (184)  + + + 11 0 (4) 18 B (16), C/D (2), D (10)  

a Samples were first incubated for three days at 37 ◦C, after which 1 ml of each broth was used to extract genomic DNA as described in the materials and methods 
section. 

b Neutralization test was performed by mixing specific antitoxins of C. botulinum with cultures of the isolated strain. 
c Field samples collected from cattle farms were analyzed by C. botulinum multiplex PCR, and the C/D or D/C mosaic types were analyzed separately as in Lindberg 

et al. (2010). 
d ND, not detected 
+, neutralized; -, not neutralized. 

Table 3 
Primers used in the multiplex PCR to detect C. botulinum types B, C, and D.  

Primer Nucleotide sequence (5′ − 3′) Product size (bp)a 

mBoNTB-F GGAGCCTCCATTTGCGAGAGGT 384 
mBoNTB-R GCTCCACTTCTCCTGGATTACTGA 
mBoNTC-F AATGCGGGTGTTCAAGGTGGTT 926 
mBoNTC-R TCGCCTTCTTCACTCACTTCTGC 
mBoNTD-F CAAGTTTAAGTAAACCGCCCAGACC 603 
mBoNTD-R TCCCTCGCTAACTTGTGGACGA  

a C. botulinum types B, C, and D alone yielded the expected amplification 
products. 
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one of these samples in which both types B and D were detected, only 
type B was isolated. As the C. botulinum group III genes are carried by 
bacteriophages, which can be lost during subculturing and sporulation 
(Eklund, Poysky, Meyers & Pelroy, 1974; Hunter & Poxton, 2002), an 
effective isolation method is missing (Le Maréchal et al., 2019). 

When we used immuno-magnetic separation to isolate positive 
samples, type B was isolated in eight of the 11 PCR-positive samples, 
type C/D was isolated in one out of four, and type D in five out of 11. 
According to our findings, the isolation rate of C. botulinum type B in 
South Korean cattle is higher than that of type D. The higher isolation 
rate of C. botulinum type B observed in our study is most likely due to 
inadequate methods for concentration and subsequently growth of 
C. botulinum spores obtained from feed samples. The low isolation rate of 
type C/D and C was observed because a limited number of samples was 
obtained during the outbreaks, and a low number and uneven 

distribution of C. botulinum was observed within the samples. In addi-
tion, the type C/D should be further analyzed whether it is novel 
neurotoxin type in cattle in the future through mouse bioassay and ge-
netic analysis. 

In conclusion, botulinum toxin type B was the predominant type in 
cow feeds, whereas type D was found mainly in cow feces and intestinal 
contents. Type C/D was also present in cow feeds, feces, and intestinal 
contents. A total of 14 (42.4%) strains of C. botulinum were isolated from 
PCR-positive samples (n = 33). Our findings demonstrate that 
C. botulinum types B and D were highly prevalent in South Korean cattle 
farms in 2012 and 2013 during botulism outbreaks. 
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Fig. 1. Multiplex PCR detection of C. botulinum. 
The presence of C. botulinum types was assessed 
for all samples using a multiplex PCR specific 
for the BoNT B, C, and D genes. DNA extraction 
was performed by boiling a sample suspension 
at 95 ◦C for 20 min. Strains C-B-13–12–3, ck III- 
U, and CVI16878 were used as references for 
type B, C, and D, respectively. (a) Lanes: M, 
100 bp molecular weight marker; B, 
C. botulinum type B; C, C. botulinum type C; D, 
C. botulinum type D; BC, C. botulinum types B 
and C; CD, C. botulinum types C and D; BD, 
C. botulinum types B and D; BCD, C. botulinum 
types B, C, and D; and N, negative control. (b) 
The sensitivity of multiplex PCR from 
C. botulinum types B, C, and D genomic DNA 
was confirmed via a 10-fold dilution 
(10◦–10− 4). (c) Thirteen isolates (Type B 1 to 8: 
TOM100, 1–23-G, 3–1-G, 4–1-G, 6–1-G, 8–10- 
G, 8–25-G, and Q47-G; Type D 1 to 5: WT-1, 
D024-F, Q23–3-F, 8–12-F, and 15–5-S) were 
subjected to PCR analysis as representative 
samples of the isolates related to cattle botulism 
listed in Table 2.   

H.-Y. Park et al.                                                                                                                                                                                                                                



Veterinary and Animal Science 15 (2022) 100239

5

Ethical Statement 

Postmortem procedures in Korean cattle does not need approval 
decision due to Korean law and was conducted by qualified veterinar-
ians maintaining animal welfare. Yun Sang Cho 

Acknowledgments 

This work was supported by the Animal and Plant Quarantine 
Agency of the Republic of Korea [grant number P- 
1543084–2019–21–0101]. 

References 

Abbitt, B., Murphy, M. J., Ray, A. C., Reagor, J. C., Eugster, A. K., Gayle, L. G., et al. 
(1984). Catastrophic death losses in a dairy herd attributed to type D botulism. 
Journal of the American Veterinary Medical Association, 185, 798–801. 

Byun, J. W., Jung, B. Y., Kim, H. Y., Lee, K. H., Moon, O. K., Yoon, S. S., et al. (2013). 
Devastating botulism outbreak in cattle, associated with contaminated soil. Journal 
of Preventive Veterinary Medicine, 37, 87–91. 

Centers for Disease Control and Prevention. (1998). Centers for disease control and 
prevention: Botulism in the united states (pp. 1899–1996). Atlanta, GA: Handbook for 
Epidemiologists, Clinicians, and Laboratory Workers. 

Dahlenborg, M., Borch, E., & Rådström, P. (2001). Development of a combined selection 
and enrichment PCR procedure for Clostridium botulinum types B, E, and F and its use 
to determine prevalence in fecal samples from slaughtered pigs. Applied and 
Environmental Microbiology, 67, 4781–4788. https://doi.org/10.1128/ 
aem.67.10.4781-4788.2001 

Divers, T. J., Bartholomew, R. C., Messick, J. B., Whitlock, R. H., & Sweeny, R. W. (1986). 
Clostridium botulinum type B toxicosis in a herd of cattle and a group of mules. 
Journal of the American Veterinary Medical Association, 188, 382–386. 

Egyed, M. N. (1987). Outbreaks of botulism in ruminants associated with ingestion of 
feed containing poultry waste. In M. W. Eklund, & V. R. Dowell (Eds.), Avian botulism 
(pp. 371–380). Charles C Thomas: An international perspective.  

Eklund, M., Poysky, F., Meyers, J., & Pelroy, G. (1974). Interspecies conversion of 
Clostridium botulinum type C to Clostridium novyi type A by bacteriophage. Science 
(New York, N.Y.), 186, 456–458. https://doi.org/10.1126/science.186.4162.456 

Frye, E. A., Egan, C., Perry, M. J., Crouch, E. E., Burbank, K. E., & Kelly, K. M. (2020). 
Outbreak of botulism type A in dairy cows detected by MALDI-TOF mass 
spectrometry. Journal of Veterinary Diagnostic Investigation, 32, 722–726. https://doi. 
org/10.1177/1040638720943127 

Galey, F. D., Terra, R., Walker, R., Adaska, J., Etchebarne, M. A., Puschner, B., et al. 
(2000). Type C botulism in dairy cattle from feed contaminated with a dead cat. 
Journal of Veterinary Diagnostic Investigation, 12, 204–209. https://doi.org/10.1177/ 
104063870001200302 

Gray, T. C., & Bulgin, M. S. (1982). Botulism in an Oregon dairy cow herd. Journal of the 
American Veterinary Medical Association, 180, 160–162. 

Hartley, H. M., Clarke, H. J., Graham, D. A., Ball, H. J., Malone, F. E., Beggs, N. W. R., 
et al. (2009). Detection of Clostridium botulinum type A toxin in a cow in Northern 
Ireland. Veterinary Record, 165, 544. https://doi.org/10.1136/vr.165.18.544-a 

Hunter, L., & Poxton, I. (2002). Clostridium botulinum types C and D and the closely 
related Clostridium novyi. Reviews in Medical Microbiology, 13, 75–90. 

Huss, H. H. (1980). Distribution of Clostridium botulinum. Applied and Environmental 
Microbiology, 39, 764–769. https://doi.org/10.1128/aem.39.4.764-769.1980 

Kelch, W. J., Kerr, L. A., Pringle, J. K., Rohrbach, B. W., & Whitlock, R. H. (2000). Fatal 
Clostridium botulinum toxicosis in eleven Holstein cattle fed round bale barley 

haylage. Journal of Veterinary Diagnostic Investigation, 12, 453–455. https://doi.org/ 
10.1177/104063870001200511 
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Barragán, R. J., Martínez-Burnes, J., & López-Mayagoitia, J. (2014). Bovine diseases 
causing neurological signs and death in Mexican feedlots. Tropical Animal Health and 
Production, 46, 823–829. https://doi.org/10.1007/s11250-014-0572-y 

Sharpe, A. E., Brady, C. P., Byrne, W., Moriarty, J., O’Neill, P., & McLaughlin, J. G. 
(2008). Major outbreak of suspected botulinum in a dairy herd in the Republic of 
Ireland. Veterinary Record, 162, 409–412. https://doi.org/10.1136/vr.162.13.409 

Smart, J. L., Jones, T. O., Clegg, F. G., & McMurtry, M. J. (1987). Poultry waste 
associated type C botulism in cattle. Epidemiology and Infection, 98, 73–79. https:// 
doi.org/10.1017/s0950268800061720 

Smith, L. D. (1979). Clostridium botulinum: Characteristics and occurrence. Reviews of 
Infectious Diseases, 1, 637–641. https://doi.org/10.1093/clinids/1.4.637 

Souillard, R., Grosjean, D., Le Gratiet, T., Poezevara, T., Rouxel, S., Balaine, L., et al. 
(2021). Asymptomatic carriage of C. botulinum type D/C in broiler flocks as the 
source of contamination of a massive botulism outbreak on a dairy cattle farm. 
Frontiers in Microbiology, 12, Article 679377. https://doi.org/10.3389/ 
fmicb.2021.679377 

Takeshi, K., Fujinaga, Y., Inoue, K., Nakajima, H., Oguma, K., Ueno, T., et al. (1996). 
Simple method of detection of Clostridium botulinum type A to F neurotoxin genes by 
polymerase chain reaction. Microbiology and Immunology, 40, 5–11. https://doi.org/ 
10.1111/j.1348-0421.1996.tb03310.x 

Whitlock, R. H., & Williams, J. M. (1999). Botulism toxicosis of cattle. In Proceedings of 
the thirty-second annual conference American association of bovine practitioners (pp. 
45–53). Nashville, TN. 

Wilson, R. B., Boley, M. T., & Corwin, B. (1995). Presumptive botulism in cattle 
associated with plastic-packaged hay. Journal of Veterinary Diagnostic Investigation, 7, 
167–169. https://doi.org/10.1177/104063879500700131 

H.-Y. Park et al.                                                                                                                                                                                                                                

http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0001
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0001
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0001
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0002
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0002
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0002
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0003
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0003
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0003
https://doi.org/10.1128/aem.67.10.4781-4788.2001
https://doi.org/10.1128/aem.67.10.4781-4788.2001
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0005
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0005
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0005
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0006
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0006
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0006
https://doi.org/10.1126/science.186.4162.456
https://doi.org/10.1177/1040638720943127
https://doi.org/10.1177/1040638720943127
https://doi.org/10.1177/104063870001200302
https://doi.org/10.1177/104063870001200302
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0010
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0010
https://doi.org/10.1136/vr.165.18.544-a
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0012
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0012
https://doi.org/10.1128/aem.39.4.764-769.1980
https://doi.org/10.1177/104063870001200511
https://doi.org/10.1177/104063870001200511
https://doi.org/10.3390/ani9121025
https://doi.org/10.4315/0022-2747-34.10.492
https://doi.org/10.1016/j.vetmic.2010.04.030
https://doi.org/10.1080/10408390802544405
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0019
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0019
https://doi.org/10.1128/aem.41.1.179-183.1981
https://doi.org/10.1016/j.anaerobe.2020.102201
https://doi.org/10.1136/vr.d1846
https://doi.org/10.1136/vr.d1846
https://doi.org/10.1007/s11250-014-0572-y
https://doi.org/10.1136/vr.162.13.409
https://doi.org/10.1017/s0950268800061720
https://doi.org/10.1017/s0950268800061720
https://doi.org/10.1093/clinids/1.4.637
https://doi.org/10.3389/fmicb.2021.679377
https://doi.org/10.3389/fmicb.2021.679377
https://doi.org/10.1111/j.1348-0421.1996.tb03310.x
https://doi.org/10.1111/j.1348-0421.1996.tb03310.x
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0030
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0030
http://refhub.elsevier.com/S2451-943X(22)00010-2/sbref0030
https://doi.org/10.1177/104063879500700131

	Prevalent toxin types of Clostridium botulinum in South Korean cattle farms
	1 Introduction
	2 Materials and methods
	2.1 Bacterial strains
	2.2 Collection of contaminated field samples
	2.3 Investigation of the prevalence of C. botulinum in farm samples collected during botulism outbreaks
	2.4 Isolation of C. botulinum strains using immuno-magnetic separation

	3 Results
	3.1 Specificity and sensitivity of the multiplex PCR assay
	3.2 Detection of genes encoding for type B, C, and D neurotoxins using multiplex PCR on field samples
	3.3 Prevalence of C. botulinum in cattle farm samples

	4 Discussion
	Declaration of Competing Interest
	Ethical Statement
	Acknowledgments
	References


