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      Introduction


      Vaccination against COVID-19 with a complete primary series is essential. To date, COVID-19 vaccines have demonstrated high vaccine effectiveness against severe disease, hospitalization and death from COVID-19 in the majority of the properly vaccinated population. No vaccine including the COVID-19 vaccines is 100% effective so some breakthrough infections are possible. Moreover, evidence has been emerging of a "weakening" of immunity after passing the infection as well as a decrease in the effectiveness of the vaccines that have been administered against this infection. For this reason, according to many opinions, it will be necessary to reinforce the immune system through additional doses of the available vaccines. The general purpose of these doses is to restore the protection that has declined over time to an insufficient level in persons who initially responded adequately or less than expected, after a complete series of primary vaccination. Currently, there is some scientific debate regarding whether an additional dose of COVID-19 vaccines really constitutes a suitable booster, especially in the non-elderly population without other underlying risk factors or associated pathologies. It is important to assess the existing scientific contribution to the best way to manage these vaccines and to examine the key differences between primary immunizations able to generate a robust immune memory, versus a booster that potentiates the memory response when the initial protection has really declined.


      With this decision made and although it may seem the same thing, it could be necessary to distinguish between the administration of a booster dose for persons with a normal immune system in whom the benefits are more difficult to appreciate, and an extra dose for persons with weakened immune systems or carriers of underlying pathologies in whom such doses will be very important.


      Thus, could vaccines provide a true "sterilizing immunity" and primary immunization be sufficient in people without risk factors?


      Possible Weakening of the Immune System against Severe Acute Respiratory Coronavirus 2 (SARS-CoV-2)


      After the infection has cleared and logically after starting and implanting immunization in the general population with the available vaccines, the expectation is that the humoral immunity of antibodies achieved would ideally be sufficient and also long-lasting. Considering what happens after the infection has passed, the levels of neutralizing antibodies (NAb) generated should be highly indicative of protection against infection and disease. And the same can be assumed with vaccines because of the imprinting of specific antigen characteristics on the host. Although there is evidence of a waning of immunity both after passing SARS-CoV-2 infection and after vaccination, in immunocompetent persons neither their immune systems nor the vaccines are failing. In convalescent persons, the duration of this protective response is not yet well-defined, as discrepant findings have been reported. From an observed trend of the waning of the primary immune responses within a few months [1-3] to others expressing detectable Nab against SARS-CoV-2 and persisting in most subjects for 6 months or at least 12 months after infection, even in asymptomatic infections [4-6]. It should be noted that the decrease in time of achieved antibodies is neither unexplained nor alarming. This decline is a common pattern in many infectious diseases and does not necessarily indicate the loss of long-term protective immunity.


      Is there a Similar Outcome of Immune Response after Primary Vaccination?


      So far, vaccines against COVID-19 are being effective even considering that, as with other vaccines, NAb titers may decline over time. Several studies of populations vaccinated against SARS-CoV-2 have shown a decrease in antibody levels in the first 6 months and with more attenuated responses against the new variants of concern (VOC) of the SARS-CoV-2 virus, leading to less protection against asymptomatic and mild cases. Fortunately, however, the effectiveness against severe infection and deaths remains relatively long-lasting, even taking into account certain limitations of the studies [7-11]. At present, there is particular concern about the Delta and Omicron variants most active and transmissible VOC, and its potential immunologic escape, and that the vaccines would not be as effective. However, studies are consistently indicating that vaccines provide sufficient levels of protection against symptomatic and severe disease as well as death caused by Delta variant. [7,8,12-14]. For circulating VOC (as Omicron) that have not yet evolved sufficiently to escape the vaccine-induced immune response, no convincing cut-off point is yet known to indicate what level of antibody-threshold of protection - is most optimal for achieving adequate protection. It is not clear whether a reduction in NAb activity means that vaccines will be ineffective, though it is expected that despite such a reduction, the immune response achieved will still be sufficiently high to confer protection. In short, the available vaccines offer remarkable protection to immunocompetent individuals against SARS-CoV-2 from symptomatic infection, as well as asymptomatic infection and thus transmission. Specifically, this was evidenced by the results of clinical trials and observational studies of mRNA vaccines [15]. And it seems rational that vaccinated persons reduce - not eliminate - the risk of transmission and contagion of the virus to the people in their environment, with a special contribution to those who cannot be vaccinated such as children under 5 years of age or persons with immunosuppression, although there is still insufficient evidence. Studies on SARS-CoV-2 transmission have confirmed that vaccinated persons are less likely to transmit the virus, including the VOCS, to their contacts than unvaccinated persons. Therefore, those susceptible persons who are not immune at all against COVID-19 have a significantly lower risk of infection (and hospitalization) when other members of their close environment are immune, either by natural infection or by being properly vaccinated [16,17]. A reduction in viral load has been observed by PCR quantification in individuals immunized with the mRNA BNT162b2 vaccine [18], and in turn, a lower viral load has been associated with a reduction in viral transmission [19]. Vaccination, although it reduces the risk of infection with the Delta variant and hastens viral clearance - as the viral load declines more rapidly in the first few days - is not entirely effective in preventing its transmission in environments with prolonged exposure [20].


      What about the Immune Response over Time?


      The available information from systematic testing and sampling studies are reporting a moderate decline in protection (but always referring to the amount of NAb) against infection over time, and that therefore would emerge reinfections or breakthrough infections in those already vaccinated [9,10]. However, and taking into account what occurs in convalescent patients once the infection has cleared, the antibody titers still circulating can predict a certain level of protection against symptomatic infection. It should be pointed out that the main objective of SARS-CoV-2 vaccines is to protect against severe disease rather than infection, and thus several well-designed studies have shown sustained vaccine effectiveness, in some cases beyond 5 months, against severe disease in the majority of adults, especially among persons without significant underlying pathologies [12,21,22]. Regarding the estimated reductions in vaccine protection against infection, the data vary widely and are not easy to interpret given the versatility in prevalence, behavior and circulating variants among studies and countries [23]. Their comparison and interpretation is not very reliable to establish a breakdown in the protection against infection over time, and with more significance in the elderly due to the attributed senescence of their capacity to generate antibodies. A study, such as the one carried out in New York (USA) on behavioral changes in the estimated vaccine effectiveness against infection, showed that in the properly immunized, the drop in effectiveness was greater in those < 65 years of age (from 92-93% to 72-78%) vs. > 65 years (from 90.5% to 80%) [24].


      Requirement for an Extra Dose or Booster Dose of Vaccine


      It is essential to understand how immunity to SARS-CoV-2 evolves along the time in order to plan the course of this pandemic and to make important decisions on its prevention through immunization. The finding of a drop in the amount of NAb after primary immunization and the diversity with new variants, besides promoting mistrust in people about the goodness and benefits of the vaccines, have motivated the convenience of an additional vaccine dose.


      The purpose is to prolong protection and to increase its magnitude even more, especially in certain risk groups, but with some discrepancies in its suitability for the general immunocompetent population. Thus, the decision was taken in some countries, backed by organizations such as WHO, CDC, FDA, ACIP and ECDC [25-29] to administer an additional dose after a period of time following primary vaccination. A shared reasonable and preferential decision for those persons with associated pathologies and, those with alterations in their immune system in whom adequate protection has not been achieved. Also, extendable to the elderly people due to their expected deterioration in the antibody response and, if the new variants of the virus that are circulating express different antigens capable of motivating inadequate immune responses to vaccines. It is already clear as it is being discussed that from an immunological point of view plasma Nab titers are expected to decline over time after primary vaccination, but it should be remembered that the immune response to this infection does not end here. If only antibodies are quantified, only a portion of the immune response is measured.


      The vaccines available against the SARS-CoV-2 virus are based on the spike protein of the virus, focus and target of the antibodies that they will generate. It should be noted that this acquired protection-humoral immunity- after the corresponding vaccine doses, as occurs after natural infection, will be reinforced and completed by the memory immunity of T and B lymphocytes - cell-mediated immunity. By the way, this is less mentioned in the general information that is being transmitted about the definitive immune response. Antibodies decrease with time in all age groups and cellular memory although decreasing, is maintained longer [30]. Elderly individuals may have a less robust capacity to generate cellular memory due to immunosenescence and therefore be more dependent on humoral immunity.


      The effectiveness achieved against infection and severe disease may decrease at the same time, but this does not necessarily occur as different immunological components come into play. Although the fall of antibodies presupposes a greater vulnerability to infection, it does not always imply a loss of immune memory and a greater predisposition to severe disease. Memory lymphocytes are guarantees for protection against reinfection and play a major role in the long-term and especially in severe disease, even when NAb titers decrease and are essential for effective vaccination [8,29,31]. Specifically in the normal population without known risk factors, following natural infection and in those immunized with mRNA vaccines, it has been demonstrated a robust activation and response of T and B lymphocytes in the circulation and tissues [4,32]. The genuine T lymphocyte in a clonal expansion is activated in millions of copies as a defensive garrison. Another immune cell population, the memory B lymphocytes like a hard disk that replenish and reactivate specific antibodies, has been shown to increase for at least six months [31], and as has happened in infections other than the present one, it could be assumed -very optimistic view?- that they are able to persist even for decades [33]. The antibody quality improves with time, becomes functionally more refined, and provides transversal protection, with far fewer antibodies needed to establish protection [34]. On the other hand, cytotoxic T lymphocytes eliminate already infected cells. That is, if the antibodies apparently decline in people after some time, there is a vigilant and alert cellular memory immunity, which should be the basis and fundament of vaccination.


      It is necessary to be realistic and consider that in relation to the SARS-CoV-2 coronavirus and due to the time elapsed, the knowledge of the magnitude of this relationship -with the immune system-during longer periods is still limited, especially with respect to the immunity generated in vaccinated persons.


      Is the Cellular Memory Response Generated after Passing the Infection Similar to that after Immunization with Different Vaccines?


      Studies are already underway that may indicate the long-term behavior of these lymphocytes that make up the immunological memory. Some information is already available, such as the study by Turner JS, et al. which shows that two doses of the mRNA-based vaccine (BNT162b2) induce a persistent response of at least 15 weeks of memory B cells, thus enabling a strong and reinforced humoral immunity [35]. Results of some preliminary studies suggest that this specific immunity is of better quality in convalescents. Both acquired infection and immunization with mRNA vaccines in particular, elicit an equivalent number of memory B cells with rapid and robust production of antibodies in the first two months, but in those vaccinated an arrest of this antibody development was observed after two months. In those recovered from infection, memory B cells continued to progress and improve at least one year after infection had passed [32]. These findings support the need for a booster dose of vaccine. According to these authors, these differences may be related to the type of immune response that is triggered depending on whether the antigen entry point is via the upper respiratory or intramuscular route, or due to the different stimulus capacity of a whole virus or that of a spike protein. It is still too early to draw definitive conclusions until the results of further studies that are already underway are available.


      The adaptive immune system is complex, raising the question of which type of immunity develops in people with acquired natural immunity and which are later vaccinated. The concurrence of both types of immunity or "hybrid immunity" is particularly of interest. A single dose of mRNA BNT162b2 vaccine in individuals with previous infection elicits a robust boosting antibody response and T-cell concentrations up to 5 times higher than in infection-naive individuals also vaccinated with a single dose [35]. Vaccination is especially potent in people who have been infected, as it generates a 25 to 100 times higher antibody response. This increase is dependent on and stimulated by T lymphocytes and memory B lymphocytes, also enabling greater protection against variants [36]. Are these individuals suitable candidates for a booster dose?


      Issues for Consideration


      - The long-term impact of additional doses on reducing infection, hospital admissions, and disease transmission is not yet clear. Although plasma antibody levels will increase and it is assumed that they may temporarily extend the protection, the magnitude to which they increase T-cell and B-cell memory responses is not yet confirmed. There is optimism that they will achieve long-term protection against severe disease for the majority of the immunocompetent population. The prediction and demonstration that antibody levels can be increased in the general population should not be interpreted as proof of long-term effectiveness, and conclusive clinical results are needed to justify the indication for these additional doses. A careful and public analysis of the course of the results obtained would appear to be opportune to ensure that decisions on extra or booster doses are based more on reliable scientific data than on political or social motives [37].


      -The uncertainty of increased risk in giving additional doses in those with a history of immune-mediated reactions after the second dose of some vaccines in particular. Myocarditis for example, a very rare adverse event associated with COVID-19 mRNA vaccines has occurred at a higher incidence than in the population in pre-pandemic years. At present, its occurrence after an additional dose of mRNA vaccine is unknown [38].


      -The convenience of global equity. One aspect to keep in mind is the claim that the priority should be the primary vaccination of the greatest possible number of non-immune people before even considering extra or booster vaccines in immunocompetent persons, and in all countries, especially in those with more limited resources. WHO reminds this in an appeal for global vaccine equity: "The main objective is to increase imperatively the global vaccination coverage with the primary series" [25]. Furthermore, and quite relevant, the occurrence of new and frequent infections in countries with low vaccine compliance, due to vaccine shortage (or refusal), represents a risk that higher virus replications may result in mutations and the potential emergence of resistant VOC. The survival of the virus is conditioned to the availability of a sufficient number of persons susceptible to being infected in order to replicate easily. National action is not enough; it must be global because countries that do not control the virus efficiently represent a threat to others. At the time of writing, about 52% of the world population and only 4.2% of people in poor countries have received at least 1 dose of any COVID-19 vaccine [39].


      -The role of antibody-dependent enhancement phenomenon. Not all antibody responses are similar. In some viral infections, the antibodies generated in a previous infection or after vaccination can potentiate the recent secondary infection by facilitating the entry and replication of the virus (or its strains and variants) into the cells. This process is known as antibody-dependent enhancement of infection (ADE). These are pre-existing non-neutralizing or subneutralizing antibodies, especially IgG, which recognize the antigen [40,41]. In short, the pre-existing antibodies become allied with the newly arrived virus, facilitating infection and potentially worsening the disease. This phenomenon has been described in infections by other viruses, such as Zika and Dengue virus and rarely after early versions of the measles vaccine [42-44]. It was speculated that a vaccine administered to persons never exposed to the virus could mimic the first infection with the production of antibodies causing that a true exposure to the natural infection of the virus would imply a more severe infectious process due to a hypothetical ADE phenomenon [43]. With regard to SARS-CoV-2 infection, the virus would be able to open another lock on target cells, and also modify the transmission signal. This virus access is independent of the conventional entry pathway via the spike protein and ACE2 receptors. Results of an in vitro study show that a specific type of antibodies generated by SARS-CoV-2 infection can cause an ADE-induced infection and that these antibodies persist for at least six months after infection [45]. It has been suggested that one explanation for the emergence of the SARS-CoV-2-associated multisystemic inflammatory syndrome in children even presenting a good antibody response of SARS-CoV-2 antibodies, maybe due to the ADE phenomenon. These are non-neutralizing nonspecific anti-protein S antibodies with a different activity profile [46]. There is currently no definitive clinical evidence that COVID-19 and its specific vaccines cause the ADE phenomenon. The existing data are derived basically from theoretical concepts or hypotheses or from in vitro studies.


      But is ADE possible if the load and type of antibodies become very robust following the booster or extra dose in people who have already received two doses or have passed the infection?. It has been reported that in some cases of convalescent individuals, other antibodies generated may paradoxically enhance SARS-CoV-2 infection by making it easier for the spike protein to bind to ACE2, targeting specific sites in the N-terminal domain (NTD) of this protein. A conformational change of the usual receptor-binding domain (RBD) occurs, which is where the infection is prevented [47]. The possible or hypothetical mechanisms of ADE in the disease could be very inherent to the virus and it must be admitted that the pathogenic components in individuals differ substantially between viruses, or even between strains of a particular virus as could be the subsequent variants of SARS-CoV-2. This potential risk, although not evident in millions of people already vaccinated worldwide, should not be neglected in the prevention of this novel virus infection with the development of subsequent vaccines [48]. The vaccines have to be able to generate NAb against potential VOC with an adequate immune response. If this is not the case, the generated non-neutralizing antibodies would facilitate the ADE phenomenon [40].


      Conclusions


      - According to some experts opinion, the currently available information does not seem to show a strong need for a booster dose to the general immunocompetent population given that the vaccine effectiveness against severe disease is high and persistent, being more justified especially if the interest is to better prevent infection [32-34,36,37]. However, some countries are already recommending the administration of additional doses of vaccines in immunocompetent persons without other risk factors, not elderly, even as early as 18 years of age [26].


      - From now on, the introduction of additional doses of vaccines and their composition should be firmly based on clinical and observational studies and directed to the population groups most in need. Evidence showing reduced effectiveness of vaccines, in particular in protection against severe disease in the general population and in high-risk populations, or due to some circulating VOC. At present, the available information is still limited and inconclusive as to the systematic need for additional doses after a primary vaccination series [25]. Regarding the duration of immunity, there is more data available on mRNA vaccines than on other vaccines with different characteristics, namely protein-based vaccines [49].


      -While accepting the imminence of an extra or booster dose, the uncertainty with the emergence of more VOC capable of partially evading the immune response to current vaccines based on the original strain of the virus, compels and justifies the search for "broad-spectrum" or universal vaccines. They should be of new generation against SARS-CoV-2 and new coronaviruses, protecting against infection with all known and emerging VOC. Studies are already underway to develop vaccines of this type. Ideally, one hopes for a vaccine that would cover not only SARS-CoV-2 and its variants, but other coronaviruses with known potential to cause severe disease in people in the future, most likely from the subgenus Sarbecovirus to which SARS-CoV-2 belongs. In other words, a universal pan-sarbecovirus vaccine [50,51]. Both systemic and nasal mucosal immunity are equally important. The vaccines now available, all administered intramuscularly, generate circulating antibodies in the blood, but with a slower response at the level of the nasal mucosa, a recognized gateway for the virus. The Delta and Omicron variants replicates much more in the respiratory tract than other variants. Intranasal vaccines under development have the potential to greatly reduce respiratory transmission and are expected to able to induce a strong immune response similar to that achieved by the intramuscular route [52].


      -As things stand and taking into account the threat of other VOC with potential transmission capacity, and the concern about antigenic changes that may condition vaccine protection, the prediction is that it will not be possible to eliminate SARS-CoV-2, and the population will have to adapt, confront it and learn to live with this virus. We are aware of a scenario in which vaccinated persons may become infected and present mild and asymptomatic processes if more VOC continue to appear and, the more remote possibility that the disease will be severe in a small proportion of vaccinated persons. In general, the situation will be changing due to the behavior of the virus and the idiosyncrasy of the population, but it will be imperative to continue vaccinating to avoid serious consequences. The presence of antibodies plays an important role in the prevention of severe disease, hospitalization, and death in the event of reinfection or breakthrough infections. The course of time will show the true preventive effectiveness of the additional doses of the vaccines and whether or not they need to be repeated periodically, annually, as is the case with the influenza virus. In the meantime, let the search continue for antiviral therapeutic agents that will not be conditioned by the molecular changes of the viruses.
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