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INTRODUCTION

Clostridioides (formerly Clostridium) difficile is an anaerobic, spore-forming bacterium, widely distributed in soil, water, animals, and the gut of healthy humans (Hall and O'Toole, 1935; al Saif and Brazier, 1996; Lawson et al., 2016). The symptoms of C. difficile infection (CDI) range from relatively mild diarrhea to severe life-threatening pseudomembranous colitis, toxic megacolon with bowel perforation and a concomitant sepsis (Lessa et al., 2015). In the last two decades, an emerging number of nosocomial and community-acquired infections was reported worldwide (Bartlett, 2006; Rupnik et al., 2009; Lessa et al., 2015). CDI is commonly, but not necessarily associated with previous administration of antibiotics. Further risk factors are age, cancer treatment and immunosuppression. However, CDI also affects individuals without these classical risk factors (Bignardi, 1998; Rupnik et al., 2009).



THE CLOSTRIDIAL TOXINS AND BEYOND

C. difficile harbors different secreted and surface proteins responsible for the colonization of the colon and a subsequent inflammatory reaction in C. difficile infection. The most important and best characterized ones are three large clostridial toxins: toxin A and toxin B and in some bacterial strains, the binary toxin CDT.

In an approach by Petersen et al., toxin-catalyzed GTPase glucosylation resulted in subsequent cell cycle arrest which on the other hand was causative for decreased repair capacity of the colonic epithelium and delayed epithelial renewal. The role of toxin A and toxin B in treatment of C. difficile infection is elucidated in a study by Papatheodorou et al. to understand how important cholesterol is for the translocations process of the toxins into the cytoplasm. Two further publications focus on the role of the binary toxin CDT. In a study by Marquardt et al., binary toxin-induced activation of the innate immune system (MAIT cells) was identified to be partially MR1-dependent and allow hypervirulent C. difficile to overcome cellular barriers. Proteomic analysis of the cellular effects of the binary toxin on human cells by Stieglitz et al., showed only moderate changes on the overall proteome level but strong changes in the phosphorylation level. CSNK2A1 might act as an effector kinase in response to CDT.

In a review by Nibbering et al., both, current knowledge on toxin and non-toxin based host immune response are summarized and compared. The authors highlight that future research should focus on the immune responses to non-toxin proteins and non-toxigenic strains as starting point for non-antibiotic therapeutic approaches.



PHYSIOLOGY AND HOST RESPONSE

In the host, C. difficile is exposed to the host immune response and multiple stress factors. With the increasing knowledge on the pathogen itself, multifactorial systems in the human host get into focus. Biofilms are discussed as a form of persistence for C. difficile in the human host. Brauer et al. used a proteomics approach for understanding the biofilm formation and the role of proteins on the cell surface and the underlying regulatory network. Motility as one of the key patterns in biofilm formation is addressed in two further publications.

The regulation of flagellin synthesis was studied by Zhu et al. showing that the carbon storage regulator A modulates flagellin expression along with indirect effects of the flagellin assembly factor FliW. Schwanbeck et al. studied the swimming behavior in depending on environmental parameters, specifically also addressing the viscoelastic properties of the environment. Three further articles focus on different aspects of the host microbiome and the influence on C. difficile. In a review on recent developments, Vasilescu et al. focus on the microbiota profiles in infants and adults colonized or infected with C. difficile and provide insights into the role of protective microbial species. The impact of bile acids on C. difficile was studied by Metzendorf et al. and showed the effects on flagella, toxins and specifically the membrane composition. A study by Aguilar-Zamora et al. with isolates from patients in Mexico showed a high share of multidrug resistant strains and the importance of whole genome sequencing.



CONCLUSION AND OUTLOOK

The research on C. difficile of the last years gives in fact deeper insights into the process of pathogenesis but also increases complexity. Complexity is further increased by the diversity of strains. The simple story of two villains—toxins A and B—is thing of the past. The studies of this volume contribute to the idea that secreted proteins/toxins and adhesion proteins are in addition to the toxins modulators of the host response. CDT seems to affect the immune system rather to act as cytotoxin. Persistence of C. difficile is no longer more simply based on sporulation but biofilm formation contributes as well. The gut microbiome not only interacts with C. difficile—outgrowth and sporulation—but also with colonic mucosa and the gut immune system. All these interdependencies define the gut environment to be protective or permissive for inflammation and the clinical outcome. Thus, the understanding of the effects of atoxinogenic, that means asymptomatic C. difficile strains on colonic mucosa and the immune system evolves to be the foundation of the development of non-antibiotic treatment of CDI.
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