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WHERE WE'VE BEEN AND WHERE WE ARE GOING

Medical students who trained in the 80s often tell of being discouraged by older professors from entering the infectious diseases (ID) field. ID was an ancient specialty, they said, that would soon become extinct: once antibiotics had taken care of infections, there would soon be no further need for the ID specialist. This positivistic and illuminist way of looking at scientific progress as an unstoppable trajectory generating an endless flow of solutions to our problems, was shattered by the emergence of human immunodeficiency virus (HIV) (1–4), even if residues of positivistic expectations of medicine still believed that the HIV pandemic would very rapidly be stopped by vaccines. We are still waiting for an HIV vaccine, but thanks to scientific progress, a score of antiretroviral molecules have been created, allowing HIV infection to become a chronic, manageable disease (5). This success inspired a stream of reviews from public health experts suggesting that the health systems of developed nations could be profoundly modified: acute, emergency medicine should be greatly reduced to focus on chronic conditions and rehabilitation (6, 7). Then SARS-CoV-2 arrived in the winter of 2019 (8), took the world by storm, and once again showed us that pathogens, in particular viruses, and the infectious diseases they provoke are far from being defeated.

Pathogens, in our case viruses, infect hosts. Infections are faced, fought, and if everything goes well, defeated to restore health by the immune system. Viruses appeared on earth more than 3 billion years ago along with the first cells; they survived by constantly mutating and adapting to plants, insects, animals and humans. Viruses are transmitted through an immense variety of vectors, from mosquitoes to primates, and are responsible for an only partially understood panoply of diseases: from acute and short-lasting systemic infections to tumors. Viruses and the immune response are engaged in a constant arm-to-arm race. Viruses employ an extended array of mechanisms and mutate to escape immune recognition and/or develop mechanisms that will allow them to establish more successful, more diffuse infections. Molecules, proteins and cells that are part of the immune system constantly hone their ability to recognize pathogens, diminishing their ability to penetrate into cells and replicate within the host (9, 10). We currently understand a minuscule portion of this race; to abuse an overused metaphor, we have barely explored the tip of the iceberg, but, as COVID has shown us, knowledge needs to be accumulated to allow the rapid development of novel therapeutic and vaccinal approaches.



OPEN QUESTIONS

Open questions are many, and can be summarized as follows: (1) How can we better, more efficiently and more rapidly study viral variants and virus evolution and clarify how they impact immune response? A corollary regards the problem of the origin of animal viruses that jump species. The emergence of SARS-CoV-2, whose original and intermediate hosts have not yet been identified, brought this aspect fully to light (11, 12). Notably, these types of viruses are widely considered to be the most dangerous of all pathogens, at least in part because the immune response is caught completely blindsided. Viral jumps across species into humans are feared to become more and more frequent in the near future, a consequence of overcrowding, massive farming, and other yet undetermined factors; it is foreseeable that this field of investigation will gain more importance. (2) How do innate immune responses prevent infection and, alternatively, how do viruses evade these responses and establish primary infection? Amongst the most exciting and revolutionary recent findings in this field are the individuation of so-called interferon-stimulated genes (ISG) and the discovery of a family of proteins globally termed restriction factors. ISGs include hundreds of genes that are stimulated by the production of α interferon, and generate an only partially explored variety of early proteins that hamper initial viral replication [reviewed in Yang and Li (13), Bourdon et al. (14)]. Restriction factors, from the progenitor Apobec family of proteins on (15), are a complex and still barely understood family of endocellular proteins that form a first line of defense in blocking viral replication and propagation [reviewed in Paludan et al. (16)]. These findings have revolutionized our concept of innate immunity, rendering this type of immunity immensely more complex and sophisticated than was previously believed. A more in-depth knowledge of the structure–single nucleotide polymorphisms in restriction factor genes have been shown to influence the antiviral ability of such proteins- and the function of these two families of mediators would greatly enrich our therapeutic arsenal of antiviral compounds.

(3) How do acquired immune responses evolve to eliminate acute viral infections and, on the other hand, how do viruses avoid immune recognition and immune effector mechanisms, to kill the host or reach an equilibrium and generate chronic infections. Of pivotal importance, when the latter is the case, is the emerging knowledge of the possible role of chronic viral infections in the pathogenesis of neurodegenerative disorders (17). Recently observed evidence has renewed attention from the scientific community on the old hypothesis of a direct correlation between chronic herpes simplex infection and Alzheimer's disease (18). Chronic infections with other viruses as well as the reactivation of endogenous retroviruses, a whole different and often overlooked story–let's not forget that endogenous retrovirus genes make up at least 10% of the genome in our cells—[reviewed in Grandi and Tramontano (19)] have been suggested to be important in other neurologic diseases, as well as in the process of unhealthy aging. These are important and urgent questions that need to be adressed scientifically. (4) What possible role is played by mucosal immunity, which has moved center stage in recent years? This is a consequence of increased understanding of the importance of microbiota in determining human health and of the realization that the great majority of immune cells in the body are localized inside the gastro-intestinal (GI) tract, making the GI tract the most important immune organ [reviewed in Malard et al. (20)]. Yet whereas our knowledge of the microbioma and its variations in disease is rapidly expanding, very limited results are available on the virome, the population of viruses that colonize the GI tract [reviewed in Neil and Cadwell (21)]. The continuous interaction between virome and microbiome is a dynamic, ongoing proceess whose outcome detemines the quality of the immune response. This field of research needs to be greatly expanded.



OPEN CONTROVERSIES

Herein I would like to discuss two topics that still raise controversies amongst the scientific community. The first is the status of individuals that are exposed to a pathogen, and in particular to a virus, but do not become infected or develop an asymptomatic infection, and thus acquire immunity in the absence of either disease or vaccination. The second is the expanding role that viruses play in the pathogenesis of human neoplasia.

None of the epidemics that have ravaged humankind have been able to destroy our species, even the horrific black death, the plague that stunned the world during the fourteenth century, killed an estimated 50% of the residents of overcrowded medioeval cities. The phenomenon of seronegative exposure to viruses became a hot topic in HIV research, when different groups simultaneously described the existence of cohorts of HIV-exposed but uninfected individuals in whom HIV-specific T lymphocytes, but not antibodies, were observed (22, 23). Epidemiological studies suggested that these individuals could be resistant to HIV; a series of results indicated that this might indeed be the case and that susceptibility to HIV infection is modulated both by immunologic and genetic factors [reviewed in Fenizia et al. (24)]. This field of research epitomizes the complexity of the immune system/virus interaction, indicating that different outcomes are possible when the immune system is challenged by a pathogen. This type of research should be pursued, as clarification of the mechanisms responsible for the possible development of resistance to infection is the key to designing novel terapeutic and vaccinal approaches to viral infections.

The concept that viruses could cause cancers was initially suggested by Epstein and collaborators who identified the first human oncoviirus in Burkitt's lymphoma cells (25), and gained greater momentum when zur Hausen published the hypothesis that HPV plays an important role in the causes of cervical cancer [reviewed in zur Hausen (26)]. It nevertheless took years for the scientific community to finally accept the concept that some viruses have an oncogenic role. More than 30% of human cancers, from Burkitt's lymphoma to hepatocarcinoma, are currently believed to be associated with viral infection; the majority of scientists are nevertheless convinced that the percentage of human cancers originating from viral infection is much higher than what is actually known. Innovative research and more sophisticated technologies will allow us to verify whether this is indeed the case. The interface between tumoral and immune cells, in the meantime, has become immensely more complicated. The discovery of so-called immune checkpoint molecules has shown us that the way in which viruses and tumors manipulate the immune response to their advantage is astonishingly complex [reviewed in Palm and Medzhitov (27)]; the creation of therapeutic molecules that counteract such manipulation, on the other hand, has changed the outlook of many tumors [reviewed in Sharma and Allison (28)], and needs to be further exported in viral diseases.



OPEN PROBLEMS

One of the biggest problems in infectious diseases is that, whereas a number of different antibiotics are available to treat bacterial infections, the therapeutic options that can be used for viral infections are indeed very limited. Notwithstanding the immense problem of rising resistance to antibiotics, it is distressing to realize that, with the curious exception of antiretrovirals, very few, mostly a specific drugs are available for viral infections. Conversely, whereas we can use a number of different molecules to suppress the immune response, we do not yet have at our disposal anything that can augment immune responses in a solid and reliable matter. It is curious to realize that within a matter of months we managed to develop dozens of highly effective vaccines for the prevention of COVID-19, but we are still struggling in the attempt to understand how to treat patients suffering from severe SARC-CoV-2 infection. Full support needs to be provided for basic and translational research aiming at developing novel immunomodulants and antivirals; there is an urgent and impelling need to develop new therapeutic molecules that will allow us to directly target viruses, or maintain an edge in cases where the immune response is overwhelmed by viral infections. This section of the Journal will welcome all contributions that might help in this quest.



AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and has approved it for publication.



REFERENCES

 1. Gottlieb MS. Pneumocystis pneumonia-Los Angeles 1981. Am J Public Health. (2006) 96:980–1. doi: 10.2105/AJPH.96.6.980

 2. Barrè-Sinoussi F, Chermann JC, Rey F, Nugeyre MT, Chamaret S, Gruest J, et al. Isolation of a T-lymphotropic retrovirus from a patient at risk for acquired immunodeficiency syndrome (AIDS). Science. (1983) 220:868–71. doi: 10.1126/science.6189183

 3. Gallo RC, Sarin PS, Gelmann EP, Robert-Gouroff M, Richardson E, Kalyanaraman VS, et al. Isolation of human T-leukemia virus in acquired immunodeficiency syndrome (AIDS). Science. (1983) 220:865–7. doi: 10.1126/science.6601823

 4. Levy JA, Hoffman AD, Kramer SM, Landis JA, Shimabukuro JM, and Oshiro LS. Isolation of lymphocytopathic retroviruses from San Francisco patients with AIDS. Science. (1983) 225:840–2. doi: 10.1126/science.6206563

 5. Gulick RM, Mellors JW, John W, Havlir D, Eron JJ, Gonzales C, et al. Treatment with Indinavir, Zidovudine and Lamivudine in adults with HIV infection and prior antiretroviral therapy. NEJM. (1997) 337:734–9. doi: 10.1056/NEJM199709113371102

 6. Beaglehole R, Ebrahim S, Reddy S, Voûte J, Leeder S, and on behalf of the Chronic Disease Action Group. Prevention of chronic diseases: a call to action. Lancet. (2007) 370:2152–7. doi: 10.1016/S0140-6736(07)61700-0

 7. Banatvala N, and Donaldson L. Chronic diseases in developing countries. Lancet. (2008) 372:2076–8. doi: 10.1016/S0140-6736(07)61877-7

 8. Fuk-Woo Chan J, Kok K-H, Zhu Z, Chu H, Wang-To KK, Yuan S, et al. Genomic characterization of the 2019 novel human pathogenic coronavirus isolated from a patient with atypical pneumonia after visiting Wuhan. Emerg Microb Infect. (2020) 9:221–36. doi: 10.1080/22221751.2020.1719902

 9. Barreiro LB, and Quintana-Murci L. From evolutionary genetics to human immunology: how selection shapes host defence genes. Nat Rev Genet. (2010) 11:17–30. doi: 10.1038/nrg2698

 10. Sironi M, Cagliani R, Forni D, and Clerici M. Evolutionary insights into host-pathogen interactions from mammalian sequence data. Nat Rev Genet. (2015) 16:224–36. doi: 10.1038/nrg3905

 11. Cagliani R, Forni D, Clerici M, and Sironi M. Computational inference of selection underlying the evolution of the novel coronavirus, severe acute respiratory syndrome coronavirus 2. J Virol. (2020) 94:e00411–20. doi: 10.1128/JVI.00411-20

 12. Lam TTY, Jia N, Zhang YW, Shum MHH, Jiang JF, Zhu HC, et al. Identifying SARS-CoV-2-related coronaviruses in Malayan pangolins. Nature. (2020) 583:28–291. doi: 10.1038/s41586-020-2169-0

 13. Yang E, and Li MMH. All About the RNA: Interferon-stimulated genes that interfere with vral RNA processes. Front Immunol. (2020) 11:605024 doi: 10.3389/fimmu.2020.605024

 14. Bourdon M, Manet C, and Montagutelli X. Host genetic susceptibility to viral infections: the role of type I interferon induction. Genes Immun. (2020) 21:365–79. doi: 10.1038/s41435-020-00116-2

 15. Bishop KN, Holmes RK, Sheehy AM, and Malim MH. APOBEC-mediated editing of viral RNA. Science. (2004) 305:645–54. doi: 10.1126/science.1100658

 16. Paludan SR, Pradeu T, Master SL, and Mogesen TH. Constitutive immune mechanisms: mediators of host defence and immune regulation. Nat Rev Immunol. (2020) 21:137–50. doi: 10.1038/s41577-020-0391-5

 17. Itzhaki RF, Lathe R, Balin BJ, Ball MJ, Bearer BMJ, et al. Microbes and Alzheimer's Disease. J Alzheimers Dis. (2016) 51:979–84. doi: 10.3233/JAD-160152

 18. Ball MJ. Limbic predilection in Alzheimer dementia: is reactivated herpesvirus involved? Can J Neurol Sci. (1982) 9:303–6. doi: 10.1017/S0317167100044115

 19. Grandi N, and Tramontano E. Human endogenous retroviruses are ancient acquired elements still shaping innate immune responses. Front Immunol. (2018) 9:2039. doi: 10.3389/fimmu.2018.02039

 20. Malard F, Dore J, Gaugler B, and Mothy M. Introduction to host microbiome symbiosis in health and disease. Mucosal Immunol. (2020) 1–8. doi: 10.1038/s41385-020-00365-4

 21. Neil JA, and Cadwell K. The intestinal virome and immunity. J Immunol. (2018) 201:1615–24. doi: 10.4049/jimmunol.1800631

 22. Clerici M, Giorgi JV, Chou CC, Gudeman VK, Zack JA, Gupta P, et al. Cell mediated immune response to human immunodeficiency virus type 1 (HIV-1) in seronegative homosexuals with recent sexual exposure to HIV-1. J Infect Dis. (1992) 165:1012–9. doi: 10.1093/infdis/165.6.1012

 23. Fowke KR, Magelkerke NJD, Kimani J, Simonses JN, Anzala AO, Bwayo JJ, et al. Resistance to HIV-1 infection among persistently seronegative prostitutes in Nairobi, Kenya. Lancet. (1996) 348:1347–51. doi: 10.1016/S0140-6736(95)12269-2

 24. Fenizia C, Saulle I, Clerici M, and Biasin M. Genetic and epigenetic regulation of natural resistance to HIV-1 infection: new approaches to unveil the HESN secret. Exp Rev Clin Immunol. (2020) 16:429–45. doi: 10.1080/1744666X.2020.1732820

 25. Epstein MA, Achong BG, and Barr YM. Virus particles in cultured lymphoblasts from burkitt's lymphoma. Lancet. (1964) 733:702–7. doi: 10.1016/S0140-6736(64)91524-7

 26. zur Hausen H. Viruses in human cancers. Science. (1991) 254:1167–73. doi: 10.1126/science.1659743

 27. Palm NW, and Medzhitov R. Pattern recognition receptors and control of adaptive immunity. Immunol Rev. (2009) 227:221–33. doi: 10.1111/j.1600-065X.2008.00731.x

 28. Sharma P, and Allison JP. The future of immune checkpoint therapy. Science. (2015) 348:56–61. doi: 10.1126/science.aaa8172

Conflict of Interest: The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Clerici. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.







OPS/images/crossmark.jpg
©

2

i

|





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Understanding the Struggle Between Viruses and the Immune System: A Quintessential Grand Challenge



		Where We'Ve Been and Where We Are Going



		Open Questions



		Open Controversies



		Open Problems



		Author Contributions



		References

















OPS/images/cover.jpg
, frontiers
in Virology

Understanding the Struggle Between
Viruses and the Immune System: A
Quintessential Grand Challenge





OPS/images/logo.jpg
, frontiers
in Virology





