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The purpose of this special issue is to highlight the main problems of the COVID-19 epidemic and to outline some ways to solve these problems, including research into the biology of the SARS-CoV-2 virus, general pathological and particular patterns of COVID-19 pathogenesis, acute and long-term complications of COVID-19, and evaluation of high-potential general and specific prevention methods and etiological and pathogenetic therapies for COVID-19. The expected benefit of this special issue is that the scientific results presented will be useful as a theoretical basis and specific practical recommendations for counteracting the COVID-19 pandemic and reducing acute complications, lethal outcome risks and long-term consequences of COVID-19.



Although a number of vaccines against COVID-19 have already been created and are used for mass vaccination, work is ongoing to design effective, safe, technologically advanced and affordable vaccines. The key objective of vaccination is to protect against COVID-19 by stimulating the production of specific antibodies to the receptor-binding domain of the spike protein (RBD) responsible for binding to cell receptors. In this vein, there is much promise in the design of a vaccine combining a recombinant spike protein and a DNA vaccine in a self-assembling particle [1]. In addition, one of the special issue articles shows that the induction of RBD-specific antibodies stimulated the activation of mature neutrophils that responded to RBD-coated particles (used as a vaccine) without causing excessive inflammation [2]. Thus, vaccination protects against COVID-19 not only through the induction of adaptive immunity, but also the activation of innate immunity. At the same time, by no means all problems of antigen-specific prevention against COVID-19 have been solved as yet. In particular, the high mutational potential of SARS-CoV-2 and the already accumulated genetic changes spawn rational uncertainty about the effectiveness of the existing vaccines [3]. In this context, the most recent variant of SARS-CoV-2 “Omicron” has raised global concerns and alarm by virtue of a large number of mutations in the spike protein facilitating virus evasion of immune protection and reducing the efficacy of the existing vaccines [4]. There are other problems that are faced in the use of different types of vaccines, such as the possibility of antibody-dependent enhancement (ADE) of viral infection [5], decrease in the effectiveness of live attenuated vaccines in the presence of neutralizing antibodies [6]; and onset of vaccination-related complications in individual patients [7,8,9]. Moreover, according to some authors, the current policy of obligatory vaccination is scientifically questionable and is likely to do more harm to society than good [10]. Another alarming fact is the current lack of global statistics on the results of the use of various types of vaccines.



However, it cannot be denied that vaccines are apparently the best means for preventing SARS-CoV-2 infections. Nevertheless, supplementing the arsenal of anti-SARS-CoV-2 vaccines with small molecules that can help expand the range of therapeutic possibilities, especially for immunocompromised patients, is currently considered an urgent need [11]. In this context, one of the promising methods to prevent acute lung damage in COVID-19 may be the blockade of SARS-CoV-2 main receptor, angiotensin-converting enzyme 2 (ACE2), on alveolocytes [12]. Computer technologies have enabled researchers to identify new directions in COVID-19 therapy associated with the modeling of several mini-protein inhibitors of RBD [13]. Computational studies have also provided an interesting suggestion for the use of theophylline as an adjuvant in the treatment of patients with COVID-19 [14]. At the same time, it should be taken into account that in silico results are not always confirmed in in vitro systems, not to mention in vivo studies [15].



The complexity of COVID-19 pathogenesis is determined by the multiplicity and multifunctionality of protein pathogenicity factors in SARS-CoV-2, their ability to block almost all stages in the production and functions of various types of interferons, disrupt the harmony between the various links of cellular stress in immunocytes, activate lymphocyte autoimmunity and polyclonal activation, initiate the development of a cytokine storm and other manifestations of systemic inflammation, as well as the ability to bind not only the main receptor—ACE2, but also additional (independent of ACE2) and cofactor receptors on the target cells [16].



The well-known risk factors for COVID-19 and development of its severe complications are pathologies associated with chronic systemic low-grade inflammation and metabolic disorders, primarily obesity, metabolic syndrome, and type 2 diabetes mellitus [17]. Metabolic dysfunctions are often associated with aging processes and endocrine dysfunctions, including as a result of decreased testosterone levels in the blood [18]. Meanwhile, there is a less studied problem of virus-induced changes in metabolic pathways known as metabolic reprogramming. Studies on COVID-19 have found significant changes in metabolism that led to the conclusion that COVID-19 is a metabolic disease [19]. It is noteworthy that metabolic reprogramming provides great opportunities for the discovery of new biomarkers and therapeutics for the treatment of COVID-19 infection.



A separate problem is the possible impact of COVID-19 on the course of chronic socially significant diseases. In particular, immune suppression caused by the SARS-CoV-2 can cause difficulties in the diagnosis and treatment of tuberculosis. Thus, long-term lymphopenia, hyperinflammation, lung tissue damage, and imbalance of CD4+ T cell subpopulations associated with COVID-19 may contribute to the spread of M. tuberculosis infection [20].



The alarming phenomenon is what the literature refers to as long COVID, long-haul COVID-19, post-COVID syndrome, chronic COVID syndrome, or post-acute sequelae of SARS-COV-2 infection (PASC) [21]. Of particular concern are the numerous overlaps in the clinical manifestations of the chronic consequences of COVID-19 (>6 months) and myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS), which is a socially significant problem of the modern world [21]. At the same time, the pathogenesis of long COVID is diverse and far from being clear throughout, including the effect on the nervous, vascular and other systems not only of SARS-CoV-2 itself, but also abnormal reactions of the organism to viral invasion [16].



It is obvious that the special issue in question was only marginally able to reflect the growing problems of COVID-19. Therefore, a new issue entitled “Molecular Mechanisms of Pathogenesis, Prevention, and Therapy of COVID-19: Summarizing the Results of 2022” has been initiated as a continuation of this topic. We hope that the new special issue will provide science-based answers to the current challenges of COVID-19.






Funding


The reported study was funded by the Government contract of the Institute of Immunology and Physiology (122020900136-4).




Conflicts of Interest


The author has declared that there are no conflict of interest.




References


	



Borgoyakova, M.B.; Karpenko, L.I.; Rudometov, A.P.; Volosnikova, E.A.; Merkuleva, I.A.; Starostina, E.V.; Zadorozhny, A.M.; Isaeva, A.A.; Nesmeyanova, V.S.; Shanshin, D.V.; et al. Self-Assembled Particles Combining SARS-CoV-2 RBD Protein and RBD DNA Vaccine Induce Synergistic Enhancement of the Humoral Response in Mice. Int. J. Mol. Sci. 2022, 23, 2188. [Google Scholar] [CrossRef] [PubMed]

	



Bolkhovitina, E.L.; Vavilova, J.D.; Bogorodskiy, A.O.; Zagryadskaya, Y.A.; Okhrimenko, I.S.; Sapozhnikov, A.M.; Borshchevskiy, V.I.; Shevchenko, M.A. Short-Term Effect of SARS-CoV-2 Spike Protein Receptor-Binding Domain-Specific Antibody Induction on Neutrophil-Mediated Immune Response in Mice. Int. J. Mol. Sci. 2022, 23, 8234. [Google Scholar] [CrossRef] [PubMed]

	



Doulberis, M.; Papaefthymiou, A.; Kotronis, G.; Gialamprinou, D.; Soteriades, E.S.; Kyriakopoulos, A.; Chatzimichael, E.; Kafafyllidou, K.; Liatsos, C.; Chatzistefanou, I.; et al. Does COVID-19 Vaccination Warrant the Classical Principle “ofelein i mi vlaptin”? Medicina 2021, 57, 253. [Google Scholar] [CrossRef] [PubMed]

	



Adhikari, P.; Jawad, B.; Podgornik, R.; Ching, W.-Y. Mutations of Omicron Variant at the Interface of the Receptor Domain Motif and Human Angiotensin-Converting Enzyme-2. Int. J. Mol. Sci. 2022, 23, 2870. [Google Scholar] [CrossRef]

	



Zhang, Z.; Shen, Q.; Chang, H. Vaccines for COVID-19: A Systematic Review of Immunogenicity, Current Development, and Future Prospects. Front Immunol. 2022, 13, 843928. [Google Scholar] [CrossRef]

	



Strizova, Z.; Smetanova, J.; Bartunkova, J.; Milota, T. Principles and Challenges in anti-COVID-19 Vaccine Development. Int. Arch. Allergy Immunol. 2021, 182, 339–349. [Google Scholar] [CrossRef]

	



Kandimalla, R.; Chakraborty, P.; Vallamkondu, J.; Chaudhary, A.; Samanta, S.; Reddy, P.H.; De Feo, V.; Dewanjee, S. Counting on COVID-19 Vaccine: Insights into the Current Strategies, Progress and Future Challenges. Biomedicines 2021, 9, 1740. [Google Scholar] [CrossRef]

	



Abrignani, M.G.; Murrone, A.; De Luca, L.; Roncon, L.; Di Lenarda, A.; Valente, S.; Caldarola, P.; Riccio, C.; Oliva, F.; Gulizia, M.M.; et al. On Behalf Of The Working Group On Anti-Covid-Vaccination Of The Associazione Nazionale Medici Cardiologi Ospedalieri Anmco. COVID-19, Vaccines, and Thrombotic Events: A Narrative Review. J. Clin. Med. 2022, 11, 948. [Google Scholar] [CrossRef]

	



Takeda, A.; Koike, W.; Okumura, F. A Case of Segmental Arterial Mediolysis of Multiple Visceral Arteries Following Anti-COVID-19 Vaccination: Late Complication or Rare Coincidence? Am. J. Case Rep. 2022, 23, e937505. [Google Scholar] [CrossRef]

	



Bardosh, K.; de Figueiredo, A.; Gur-Arie, R.; Jamrozik, E.; Doidge, J.; Lemmens, T.; Keshavjee, S.; Graham, J.E.; Baral, S. The unintended consequences of COVID-19 vaccine policy: Why mandates, passports and restrictions may cause more harm than good. BMJ Glob Health 2022, 7, e008684. [Google Scholar] [CrossRef]

	



Nepali, K.; Sharma, R.; Sharma, S.; Thakur, A.; Liou, J.P. Beyond the vaccines: A glance at the small molecule and peptide-based anti-COVID19 arsenal. J. Biomed. Sci. 2022, 29, 65. [Google Scholar] [CrossRef] [PubMed]

	



Qu, L.; Chen, C.; Yin, T.; Fang, Q.; Hong, Z.; Zhou, R.; Tang, H.; Dong, H. ACE2 and Innate Immunity in the Regulation of SARS-CoV-2-Induced Acute Lung Injury: A Review. Int. J. Mol. Sci. 2021, 22, 11483. [Google Scholar] [CrossRef] [PubMed]

	



Jawad, B.; Adhikari, P.; Cheng, K.; Podgornik, R.; Ching, W.-Y. Computational Design of Miniproteins as SARS-CoV-2 Therapeutic Inhibitors. Int. J. Mol. Sci. 2022, 23, 838. [Google Scholar] [CrossRef]

	



Montaño, L.M.; Sommer, B.; Gomez-Verjan, J.C.; Morales-Paoli, G.S.; Ramírez-Salinas, G.L.; Solís-Chagoyán, H.; Sanchez-Florentino, Z.A.; Calixto, E.; Pérez-Figueroa, G.E.; Carter, R.; et al. Theophylline: Old Drug in a New Light, Application in COVID-19 through Computational Studies. Int. J. Mol. Sci. 2022, 23, 4167. [Google Scholar] [CrossRef] [PubMed]

	



Amormino, C.; Tedeschi, V.; Paldino, G.; Arcieri, S.; Fiorillo, M.T.; Paiardini, A.; Tuosto, L.; Kunkl, M. SARS-CoV-2 Spike Does Not Possess Intrinsic Superantigen-like Inflammatory Activity. Cells 2022, 11, 2526. [Google Scholar] [CrossRef] [PubMed]

	



Gusev, E.; Sarapultsev, A.; Solomatina, L.; Chereshnev, V. SARS-CoV-2-Specific Immune Response and the Pathogenesis of COVID-19. Int. J. Mol. Sci. 2022, 23, 1716. [Google Scholar] [CrossRef]

	



Gusev, E.; Sarapultsev, A.; Hu, D.; Chereshnev, V. Problems of Pathogenesis and Pathogenetic Therapy of COVID-19 from the Perspective of the General Theory of Pathological Systems (General Pathological Processes). Int. J. Mol. Sci. 2021, 22, 7582. [Google Scholar] [CrossRef]

	



Montaño, L.M.; Sommer, B.; Solís-Chagoyán, H.; Romero-Martínez, B.S.; Aquino-Gálvez, A.; Gomez-Verjan, J.C.; Calixto, E.; González-Avila, G.; Flores-Soto, E. Could Lower Testosterone in Older Men Explain Higher COVID-19 Morbidity and Mortalities? Int. J. Mol. Sci. 2022, 23, 935. [Google Scholar] [CrossRef]

	



Shen, T.; Wang, T. Metabolic Reprogramming in COVID-19. Int. J. Mol. Sci. 2021, 22, 11475. [Google Scholar] [CrossRef]

	



Starshinova, A.A.; Kudryavtsev, I.; Malkova, A.; Zinchenko, U.; Karev, V.; Kudlay, D.; Glushkova, A.; Starshinova, A.Y.; Dominguez, J.; Villar-Hernández, R.; et al. Molecular and Cellular Mechanisms of M. tuberculosis and SARS-CoV-2 Infections—Unexpected Similarities of Pathogenesis and What to Expect from Co-Infection. Int. J. Mol. Sci. 2022, 23, 2235. [Google Scholar] [CrossRef]

	



Wong, T.L.; Weitzer, D.J. Long COVID and Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS)-A Systemic Review and Comparison of Clinical Presentation and Symptomatology. Medicina 2021, 57, 418. [Google Scholar] [CrossRef] [PubMed]












	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the author. 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 (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  ijms-23-14210


  
    		
      ijms-23-14210
    


  




  





media/file0.png





