
https://www.mdpi.com/journal/microorganisms
https://www.mdpi.com
https://orcid.org/0000-0003-3344-7514
https://orcid.org/0000-0002-9277-1261
https://orcid.org/0000-0002-0269-059X
https://doi.org/10.3390/microorganisms9020306
https://doi.org/10.3390/microorganisms9020306
https://doi.org/10.3390/microorganisms9020306
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/microorganisms9020306
https://www.mdpi.com/journal/microorganisms
https://www.mdpi.com/2076-2607/9/2/306?type=check_update&version=3






































http://doi.org/10.1056/NEJMra1403772
http://www.ncbi.nlm.nih.gov/pubmed/25875259
http://doi.org/10.1016/j.vaccine.2019.02.052
http://www.ncbi.nlm.nih.gov/pubmed/30902484
http://doi.org/10.1038/nrmicro2164
http://www.ncbi.nlm.nih.gov/pubmed/19528959


http://doi.org/10.1001/jamanetworkopen.2019.17597
http://doi.org/10.1186/s12879-016-1610-3
http://doi.org/10.1093/jac/dkr508
http://doi.org/10.1371/journal.pone.0069577
http://doi.org/10.1056/NEJMoa1012413
http://doi.org/10.1056/nejmoa1216064
http://doi.org/10.1093/infdis/166.3.561
http://doi.org/10.1016/j.apmr.2006.03.020
http://www.ncbi.nlm.nih.gov/pubmed/16876554
http://doi.org/10.1016/0002-9343(90)90462-M
http://doi.org/10.1016/j.jmii.2014.04.011
http://www.ncbi.nlm.nih.gov/pubmed/24890755
http://doi.org/10.1038/ajg.2011.398
http://www.ncbi.nlm.nih.gov/pubmed/22108454
http://doi.org/10.1371/journal.ppat.1006443
http://doi.org/10.1016/S0924-8579(09)70012-3
http://doi.org/10.3390/toxins8050134
http://doi.org/10.1017/s0950268815000552
http://doi.org/10.1086/651706
http://doi.org/10.1111/1469-0691.12418
http://www.ncbi.nlm.nih.gov/pubmed/24118601
http://doi.org/10.1155/2013/293782
http://www.ncbi.nlm.nih.gov/pubmed/24066231
http://doi.org/10.1111/j.1572-0241.2002.05839.x
http://doi.org/10.1016/j.cgh.2013.12.032
http://www.ncbi.nlm.nih.gov/pubmed/24440222
http://doi.org/10.1056/NEJMoa1205037
http://www.ncbi.nlm.nih.gov/pubmed/23323867
http://doi.org/10.1146/annurev-micro-090816-093458


http://doi.org/10.1016/j.cgh.2007.02.025
http://doi.org/10.1056/NEJMoa1602615
http://doi.org/10.4049/jimmunol.173.10.6357
http://doi.org/10.1016/j.addr.2017.04.008
http://doi.org/10.1371/journal.ppat.1001147
http://www.ncbi.nlm.nih.gov/pubmed/21085599
http://doi.org/10.1016/j.vaccine.2015.03.096
http://www.ncbi.nlm.nih.gov/pubmed/25865473
http://doi.org/10.1038/nrd4363
http://www.ncbi.nlm.nih.gov/pubmed/25103255
http://doi.org/10.1007/s13238-015-0164-2
http://www.ncbi.nlm.nih.gov/pubmed/25944045
http://doi.org/10.4161/gmic.19526
http://www.ncbi.nlm.nih.gov/pubmed/22555466
http://doi.org/10.1099/jmm.0.47532-0
http://doi.org/10.1074/jbc.RA119.010120
http://doi.org/10.1093/infdis/jiu070
http://doi.org/10.1016/S0378-1097(03)00560-3
http://doi.org/10.1128/IAI.68.4.2161-2166.2000
http://doi.org/10.1111/j.1574-6968.1997.tb12684.x
http://www.ncbi.nlm.nih.gov/pubmed/9345763
http://doi.org/10.1128/IAI.59.9.3151-3155.1991
http://www.ncbi.nlm.nih.gov/pubmed/1715320
http://doi.org/10.1007/BF02090096
http://doi.org/10.1128/IAI.66.5.2018-2025.1998
http://doi.org/10.1016/j.anaerobe.2016.02.011
http://doi.org/10.1002/cmmi.1654
http://doi.org/10.1111/bph.13660
http://doi.org/10.1099/jmm.0.056796-0
http://doi.org/10.1093/infdis/jit426
http://doi.org/10.1086/657086
http://doi.org/10.4103/0976-500X.72351
http://www.ncbi.nlm.nih.gov/pubmed/21350617


http://doi.org/10.1038/nature09397
http://www.ncbi.nlm.nih.gov/pubmed/20844489
http://doi.org/10.1016/j.vaccine.2006.12.001
http://doi.org/10.1038/mi.2007.6
http://doi.org/10.1098/rstb.2015.0142
http://doi.org/10.1128/IAI.71.3.1608-1610.2003
http://doi.org/10.1007/BF01642866
http://doi.org/10.1016/S0140-6736(00)03592-3
http://doi.org/10.1128/IAI.67.2.527-538.1999
http://doi.org/10.1128/IAI.55.12.2984-2992.1987
http://www.ncbi.nlm.nih.gov/pubmed/3679541
http://doi.org/10.1128/IAI.63.12.4619-4627.1995
http://www.ncbi.nlm.nih.gov/pubmed/7591115
http://doi.org/10.1128/IAI.00215-12
http://www.ncbi.nlm.nih.gov/pubmed/22615245
http://doi.org/10.1016/j.vaccine.2012.04.045
http://doi.org/10.1093/infdis/jir688
http://doi.org/10.3390/polym10090948
http://doi.org/10.1016/j.ijmm.2010.04.008
http://doi.org/10.1128/IAI.01060-16
http://doi.org/10.1038/mi.2011.41
http://doi.org/10.1128/IAI.61.12.5279-5285.1993
http://www.ncbi.nlm.nih.gov/pubmed/8225601
http://doi.org/10.1016/S0171-2985(11)80473-0
http://doi.org/10.1099/00222615-47-10-879
http://www.ncbi.nlm.nih.gov/pubmed/9788811
http://doi.org/10.1128/IAI.00130-11

	Introduction 
	Materials and Methods 
	Bacterial Strains 
	C. difficile Spore Preparation 
	Molecular Manipulations 
	Engineering of Antigen Expression Constructs 
	Expression and Purification of Recombinant Antigens by Immobilised Metal Affinity Chromatography (IMAC) 
	Dissolution Assay to Optimise Enteric Coating 
	Live CT Imaging to Track Location of Capsule Dissolution 
	In Vivo Immunogenicity Study 
	SDS-PAGE and Western Immunoblotting and Whole Cell Immuno-Dot Blotting 
	Indirect ELISA to Assess IgG Levels in Serum 
	Toxin Neutralization Assay 
	Adherence Blocking Assay 
	In Vivo Challenge Study 
	Monitoring the Burden of C. difficile 
	Histopathological Assessment of Cecum 
	Ethics Statement 
	Statistical Analysis 

	Results 
	Purification of RecombInant Protein Antigens with an N-Terminal Cysteine by Novel Double Affinity Tagging 
	Single Dip Coating of Gelatin Capsules with EUDRAGIT L100 Mixed with TEC and Water Is Optimal for Targeted Release within the Small Intestine 
	Mucosal and Systemic Antibody Responses Are Detected in CD0873-Immunised Hamsters 
	Intestinal Fluid and Serum of CD0873-Immunised Hamsters Inhibits the Adherence of C. difficile to Caco-2 Cells 
	Hamsters Immunised Orally with CD0873 Are Partially Protected from C. difficile Infection 
	Histological Examination of the Cecum Shows Reduced Pathology in CD0873-Immunised Hamsters 

	Discussion 
	
	References

