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Botulism, caused by exposure to one or more of the eight serotypes of botulinum neurotoxins
(BoNTs) (BoNT/A through H), is often fatal without rapid treatment. Botulism occurs sporadically
all over the world, due to environmental exposure, contaminated food, wound infection, or overdose
from genuine or counterfeit BoNT-based drug products.

In the past few decades, cosmetic and medical uses for an ever-expanding list of disease
indications, from depression to spasticity [1], for BOTOX® [2] and other [3] approved BoNT-based
drugs, such as Myobloc®, Xeomin®, and others, has resulted in an explosive growth in both the
availability of BoNT and number of persons treated. Furthermore, intentional misuse of BoNTs by
bioterrorists [4] or rogue nations [5] remains a risk. With increasing BoNT production, and use and
mis-use, comes the need for treatment and prevention of BoNT intoxication.

In this special issue of “Botulinum Neurotoxins (BoNTs)—Antibody and Vaccine”, two review
articles and ten original research papers on medical countermeasures for botulism, and therapeutic
use of a new BoNT/A-based drug, are reported. Briefly, Grace Sundeen and Joseph T. Barbieri [6]
reviewed the current status of DNA-based, viral vector-based, and recombinant protein-based vaccines
against botulism. A vaccine is needed since the pentavalent toxoid vaccine is no longer available.
Christine Rasett-Escargueil, Arnaud Avril, and their colleagues [7] reviewed the status of the EU
Framework program for developing humanized AntibotABE antibodies. In this issue, we, along
with our collaborators at UCSF, report engineering of a tri-epitopic antibody that recapitulates the
neutralizing activity of a combination of three antibodies to BoNT/A, potentially offering a simpler
route to an antibody-based therapeutic [8]. Along with Consuelo Garcia-Rodriguez, we also report
development of a three-antibody combination that potently neutralizes BoNT/E [9], analogous to
that reported for BoNT/A and/F. Yagmur Derman, Katja Selby, and their collaborators across the EU
report on a humanized scFv-FC fusion, derived from immunized macaques and its potential in the
neutralization of BoNT/E [10]. Osnat Rosen, Amram Torgeman, Ran Zichel, and their team from Israel,
reported their development of an in vitro potency assay for selected anti-BoNT antibodies [11] and their
research on the role of homologous Fc fragment in the potency and efficacy of anti-BoNT antibody [12].
Fetweh H. Al-Saleem, Rashmi Sharma, Scott K. Dessain, and their co-workers from the United States
of America, presented the development of a fusion protein for red blood cell adherence of immune
complexes containing BoNT, to improve neutralization and macrophage uptake [13]. Nicola Bak,
Dorothea Sesardic, and their team from the United Kingdom, reported on the application of SiMa
cells for cell-based neutralization test for BoNT/A and BoNT/E [14]. On the vaccine development
side, Robert P. Webb, Theresa J. Smith, and their team from USAMRIID, reported on the production of
non-toxic holoproteins and recombinant BoNT toxin domain subunits as vaccine candidates against
multiple serotypes [15], Denis Y. Otaka, Felipe M. Salvarani, and their team from Brazil, reported
on the humoral response of buffalos to a recombinant vaccine against BoNT/C and D [16]. Finally,
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Hyun Jung Chang, Bo Young Hong, Jeong-Yi Kwon, and their teams from South Korea, report results
from a clinical trial on the efficacy and safety of Botulax for the treatment of dynamic equinus foot
deformity in children with cerebral palsy [17].

We hope the papers presented here will provide new insight into this intriguing protein,
and prevention or treatment of botulism. We appreciate the contributions of BoNT researchers from
around the world to this special issue.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Sifferlin, A. Botox: The Drug That’s Treating Everything. Time, 4 January 2017. Available online:
http://time.com/4623409/botox-drug-treating-everything/ (accessed on 24 November 2018).

2. Brin, M.F. Basic and clinical aspects of BOTOX®. Toxicon 2009, 54, 676–682. [CrossRef] [PubMed]
3. Jankovic, J. Disease-oriented approach to botulinum toxin use. Toxicon 2009, 54, 614–623. [CrossRef]

[PubMed]
4. Broad, W.J. SOWING DEATH: A Special Report; How Japan Germ Terror Alerted World. The New York Times,

26 May 1998. Available online: http://www.nytimes.com/1998/05/26/world/sowing-death-a-special-
report-how-japan-germ-terror-alerted-world.html (accessed on 24 November 2018).

5. Arnon, S.A.; Schecter, R.; Inglesby, T.V.; Henderson, D.A.; Bartlett, J.G.; Ascher, M.S.; Eitzen, E.; Fine, A.D.;
Hauer, J.; Layton, M.; et al. Botulinum toxin as a biological weapon. JAMA 2001, 285, 1059–1070. [CrossRef]
[PubMed]

6. Sundeen, G.; Barbieri, J.T. Vaccines against Botulism. Toxins 2017, 9, 268. [CrossRef] [PubMed]
7. Rasetti-Escargueil, C.; Avril, A.; Miethe, S.; Mazuet, C.; Derman, Y.; Selby, K.; Thullier, P.; Pelat, T.; Urbain, R.;

Fontayne, A.; et al. The European AntibotABE Framework Program and Its Update: Development of
Innovative Botulinum Antibodies. Toxins 2017, 9, 309. [CrossRef] [PubMed]

8. Lou, J.; Wen, W.; Conrad, F.; Meng, Q.; Dong, J.; Sun, Z.; Garcia-Rodriguez, C.; Farr-Jones, S.; Cheng, L.W.;
Henderson, T.D.; et al. A Single Tri-Epitopic Antibody Virtually Recapitulates the Potency of a Combination
of Three Monoclonal Antibodies in Neutralization of Botulinum Neurotoxin Serotype A. Toxins 2018, 10, 84.
[CrossRef] [PubMed]

9. Garcia-Rodriguez, C.; Razai, A.; Geren, I.N.; Lou, J.; Conrad, F.; Wen, W.H.; Farr-Jones, S.; Smith, T.J.;
Brown, J.L.; Skerry, J.C.; et al. A Three Monoclonal Antibody Combination Potently Neutralizes Multiple
Botulinum Neurotoxin Serotype E Subtypes. Toxins 2018, 10, 105. [CrossRef] [PubMed]

10. Derman, Y.; Selby, K.; Miethe, S.; Frenzel, A.; Liu, Y.; Rasetti-Escargueil, C.; Avril, A.; Pelat, T.; Urbain, R.;
Fontayne, A.; et al. Neutralization of Botulinum Neurotoxin Type E by a Humanized Antibody. Toxins 2016,
8, 257. [CrossRef] [PubMed]

11. Rosen, O.; Ozeri, E.; Barnea, A.; David, A.B.; Zichel, R. Development of an Innovative in Vitro Potency Assay
for Anti-Botulinum Antitoxins. Toxins 2016, 8, 276. [CrossRef] [PubMed]

12. Torgeman, A.; Ozeri, E.; Ben David, A.; Diamant, E.; Rosen, O.; Schwartz, A.; Barnea, A.; Makovitzki, A.;
Mimran, A.; Zichel, R. Role of Homologous Fc Fragment in the Potency and Efficacy of Anti-Botulinum
Antibody Preparations. Toxins 2017, 9, 180. [CrossRef] [PubMed]

13. Al-Saleem, F.H.; Sharma, R.; Puligedda, R.D.; Elias, M.; Kattala, C.D.; Simon, P.M.; Simpson, L.L.;
Dessain, S.K. RBC Adherence of Immune Complexes Containing Botulinum Toxin Improves Neutralization
and Macrophage Uptake. Toxins 2017, 9, 173. [CrossRef] [PubMed]

14. Bak, N.; Rajagopal, S.; Stickings, P.; Sesardic, D. SiMa Cells for a Serotype Specific and Sensitive Cell-Based
Neutralization Test for Botulinum Toxin A and E. Toxins 2017, 9, 230. [CrossRef]

15. Webb, R.P.; Smith, T.J.; Smith, L.A.; Wright, P.M.; Guernieri, R.L.; Brown, J.L.; Skerry, J.C. Recombinant
Botulinum Neurotoxin Hc Subunit (BoNT Hc) and Catalytically Inactive Clostridium botulinum
Holoproteins (ciBoNT HPs) as Vaccine Candidates for the Prevention of Botulism. Toxins 2017, 9, 269.
[CrossRef] [PubMed]

http://time.com/4623409/botox-drug-treating-everything/
http://dx.doi.org/10.1016/j.toxicon.2009.03.021
http://www.ncbi.nlm.nih.gov/pubmed/19341758
http://dx.doi.org/10.1016/j.toxicon.2008.11.013
http://www.ncbi.nlm.nih.gov/pubmed/19073203
http://www.nytimes.com/1998/05/26/world/sowing-death-a-special-report-how-japan-germ-terror-alerted-world.html
http://www.nytimes.com/1998/05/26/world/sowing-death-a-special-report-how-japan-germ-terror-alerted-world.html
http://dx.doi.org/10.1001/jama.285.8.1059
http://www.ncbi.nlm.nih.gov/pubmed/11209178
http://dx.doi.org/10.3390/toxins9090268
http://www.ncbi.nlm.nih.gov/pubmed/28869493
http://dx.doi.org/10.3390/toxins9100309
http://www.ncbi.nlm.nih.gov/pubmed/28974033
http://dx.doi.org/10.3390/toxins10020084
http://www.ncbi.nlm.nih.gov/pubmed/29462889
http://dx.doi.org/10.3390/toxins10030105
http://www.ncbi.nlm.nih.gov/pubmed/29494481
http://dx.doi.org/10.3390/toxins8090257
http://www.ncbi.nlm.nih.gov/pubmed/27626446
http://dx.doi.org/10.3390/toxins8100276
http://www.ncbi.nlm.nih.gov/pubmed/27669303
http://dx.doi.org/10.3390/toxins9060180
http://www.ncbi.nlm.nih.gov/pubmed/28555060
http://dx.doi.org/10.3390/toxins9050173
http://www.ncbi.nlm.nih.gov/pubmed/28534855
http://dx.doi.org/10.3390/toxins9070230
http://dx.doi.org/10.3390/toxins9090269
http://www.ncbi.nlm.nih.gov/pubmed/28869522


Toxins 2018, 10, 495 3 of 3

16. Otaka, D.Y.; Barbosa, J.D.; Moreira, C.; Ferreira, M.R.A.; Cunha, C.E.P.; Brito, A.R.S.; Donassolo, R.A.;
Moreira, Â.N.; Conceição, F.R.; Salvarani, F.M. Humoral Response of Buffaloes to a Recombinant Vaccine
against Botulism Serotypes C and D. Toxins 2017, 9, 297. [CrossRef] [PubMed]

17. Chang, H.J.; Hong, B.Y.; Lee, S.J.; Lee, S.; Park, J.H.; Kwon, J.Y. Efficacy and Safety of Letibotulinum Toxin
A for the Treatment of Dynamic Equinus Foot Deformity in Children with Cerebral Palsy: A Randomized
Controlled Trial. Toxins 2017, 9, 252. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/toxins9100297
http://www.ncbi.nlm.nih.gov/pubmed/28937601
http://dx.doi.org/10.3390/toxins9080252
http://www.ncbi.nlm.nih.gov/pubmed/28820439
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References



