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Introduction
Although adjuvants are known to be essential components of subunit vaccines, most have been studied and characterized in the context of inducing humoral immunity. Significantly less information is available about the potential of existing and newer adjuvants to induce cellular immunity, or combined cellular and humoral immunity. While humoral responses are of recognized importance in combatting infections with viruses, extracellular bacteria and certain parasites, cellular responses are essential in immunity to intracellular pathogens, including a number of viruses and bacteria, and tumours. This issue of Seminars in Immunology features a series of three rather unique papers, each describing the development, efficacy and clinical application of a separate line of major adjuvant families.  Pedersen et al. describe the development of the CAF adjuvant line, including a series of molecularly defined variants designed to induce different types of immune responses. They describe the basic design of the CAF platform, and then focus particularly on CAF01 and CAF09, as these are clinically the most advanced members of this family. They furthermore give an overview of immune-correlates of these adjuvants and discuss their mechanisms of action.  Del Giudice, Rappuoli et al. describe the development history and immunological as well as clinical evaluation of the GSK AS adjuvant line.  These adjuvants consist of different components, such as aluminum salts, emulsions, TLR agonists adsorbed onto aluminum salts or combined with  immunopotentiators. Immune-correlates of adjuvanticity and clinical efficacy are presented and discussed including results from advanced clinical studies. Thirdly, Reed et al. describe the discovery and development of the GLA adjuvant line, based on TLR4 activating ligands incorporated in different formulations. Immune-correlate- and clinical efficacy studies are described for this line of adjuvants as well. The three families of adjuvants share several features: they all induce cellular immune responses, particularly Th1 and Th17 responses; they activate mostly specific, well defined PRR-(pathogen recognition receptor) signalling pathways; they have been tested, found safe and efficacious in human clinical studies, although at different levels of progression. The three chapters combined  provide unique insights into the history and development of important vaccine adjuvants, their mechanisms of action and their corresponding immunological correlates.  The studies discussed have paved the way for new vaccines targeting cellular immunity against major infections and malignant diseases.  
Harandi describes a rare example of a comparative evaluation of different adjuvants using a systems analysis of licensed vaccine adjuvants, currently in clinical testing or clinical use.  This includes all three adjuvant families described in the preceding three chapters.   This work was made possible through extensive collaboration in an Integrated EC-FP7 project called ADITEC (www.aditecproject.eu), in which several proprietary adjuvants for the first time could be compared in terms of inducing innate and adaptive immunity in standardized animal models and in human clinical studies. Systems biology analyses of both the licensed adjuvants and adjuvants still in clinical development are discussed.
Correlates of adjuvanticity and safety are thus essential to guide the development of clinical adjuvants with potential efficacy. The next challenge is to translate this into vaccines against major diseases such as those discussed in the second section: tuberculosis, malaria, Ebola disease, cancer, leprosy, viral infectious diseases. Before discussing specific features of these diseases and their vaccines, however, Netea et al. describe how certain vaccines can mediate non-specific heterologous effects. As a result of trained immunity the effect of vaccination can extend beyond the specific disease targeted, a case in point being vaccination with BCG or live-attenuated measles vaccines, which both have broader effects on health extending well beyond TB or measles, respectively: both vaccines provide heterologous innate immune memory which is epigenetically imprinted and affects overall mortality.  They present an overview of historic and novel studies on trained immunity, describe currently known mechanisms of action and discuss potential implications which can be harnessed by vaccination and adjuvant administration. 

In the second session which describes specific application of correlates and vaccines to human diseases, Weiner, Kaufmann et al. describe the potential of omics technologies for profiling host responses in the context of infection, immunity and vaccination, focusing on metabolics platforms. Such platforms, which can either be targeted or untargeted and mostly use NMR and advanced MS techniques, provide knowledge which is complementary to classical transcriptomic and proteomic profiling. The authors also describe statistical analytic tools that are useful for analysing metabolomic data, as well as how to use these to interpret biological data from human studies. 
McCall, Kremsner and Mordmueller provide a critical and highly informative discussion of correlates of immunity and protection in malaria caused by Plasmodium infection, including the utility and limitations of controlled human infection models. The question is raised whether immunological correlates have accelerated malaria vaccine development in the past and whether they will facilitate these efforts in the nearby future. They present an exhaustive overview of current malaria vaccines in clinical and preclinical development, which include adjuvants described in the first three chapters, next to virally vectored (“endogenously adjuvanted”) delivery systems, and sketch out the future of malaria vaccines.  
Medaglini, Santoro and Siegrist describe efforts to develop vaccines against Ebola Virus disease, focusing on the advanced recombinant VSVΔGP-ZEBOV vaccine, in which the Vesicular Stomatitis Virus (VSV) envelope glycoprotein is replaced by the Zaire strain Ebola virus (ZEBOV) glycoprotein (GP). In a 2015 ring vaccination trial this vaccine demonstrated 100% protection. It elicits strong and durable antibody responses which correlate with early activation of innate immunity. Despite significant progress there are no clear correlates of protection in humans. Such correlates would be tremendously helpful in developing and evaluating this and other Ebola vaccine candidates.
In three papers focusing predominantly on tuberculosis (TB), three quite different types of correlates are discussed, namely: imaging markers of disease; immune markers of disease risk and of disease; and Mycobacterium tuberculosis (Mtb) specific antigen markers of host immunity. First, Malherbe et al. discuss the research application of recently available imaging approaches and accompanying analysis techniques.  These platforms have provided valuable new insights into the dynamic processes of Mtb infection and disease, which cannot, or only indirectly, be assessed by classical approaches. This data informs our understanding of the processes of early infection, the spectrum of TB latency, the responses to TB treatment, and early events involved in TB recurrence and relapse. Secondly, Fletcher discusses recent developments and opportunities for identifying Correlates of Protection and of Disease Risk in TB, taking advantage of ongoing TB vaccine efficacy trials with both disease and infection as endpoints. Transcriptomics has successfully identified robust Correlate Signatures of Risk, whereas Correlates of Reduced Risk included BCG antigen specific IFN- production and the frequency of natural killer (NK) cells. Consistent associations between NK cells and protection from TB disease are emerging from recent work. Collectively, these studies show the importance of whole systems approaches in deciphering robust and validating correlates. Third, Coppola and colleagues provide an exhaustive overview of recent genome wide Mtb antigen discovery approaches, which have resulted in the identification of many interesting potential TB vaccine and biomarker candidates. Data for human studies are discussed in particular, and a comparative evaluation of the findings from the different approaches and platforms is presented. Data on in vivo expressed Mtb antigens which trigger T cell responses other than classical IFNγ production are discussed, suggesting that many Mtb antigens induce responses not associated with IFNγ production. These recent discoveries will help informing further TB vaccine design approaches. 

Recent evidence has suggested that antibodies contribute significantly to immunity in intracellular infectious diseases. Alter et al discuss how the antibody response, which’ specificity is increased by somatic recombination and hypermutation, is functionally even further diversified as a result of variation in isotypes and their post-translational modifications such as Fc glycosylation. Particular variations in the glycan structures are key to determining these different functional phenotypes, and are highly dynamic as they are strongly influenced by the inflammatory environment. Limited knowledge is available as yet in the area of infectious diseases and vaccination. The current knowledge on antibody glycosylation in infectious diseases and vaccination against infectious diseases are discussed in depth.
Leprosy remains a prevalent and stigmatizing disease, and is the second major mycobacterial infectious disease, after TB. Geluk reviews recent work aiming to identify and validate diagnostic correlates of infection and disease, as well as (predictive) correlates of leprosy reactions. The latter are major inflammatory episodes that can occur in leprosy and cause significant morbidity and permanent sequelae. Having such predictive correlates could benefit patients as they could then e.g. be stratified for preventive treatment by correlate of risk signatures.
Finally, van den Burg completes this issue with an exhaustive review of vaccination trials and corresponding correlates in different forms of cancer.  Four levels of evidence for vaccine efficacy in cancer are distinguished and described in detail, and used to classify the depth and quality of knowledge obtained in different cancer vaccination trials. The level of evidence ranges from immunogenicity and induction of T cell responses up to documented clinical efficacy. One of the important rationales behind this approach is the fact that most vaccine trials in cancer have not (yet) taken into account the primarily immune suppressive environment of tumors, and the escape mechanisms by which tumors can evade immunity in the face of T cell activity. While numbers of clinical responders in cancer trials are too low to draw definitive conclusions on immune correlates of clinical efficacy in cancer, extrapolation of best available efficacy results from vaccinated patients with pre-cancers suggest a requirement of broad type 1 T cell reactivity as best correlates of protection.   

In summary, this issue reports on major advances in the areas of adjuvant development, mechanisms and correlates of adjuvanticity, correlates of vaccine activity, correlates of disease activity and correlates of (reduced) disease risk. These advances not only greatly expand our understanding of the processes that control the human response to vaccination, infection and cancer, but also provide key insights for developing new vaccines, tools and strategies to induce protective immunity against major infections and malignant diseases, which afflict dozens of millions of people in our current global community. 
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