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Vaccination has been identified as a critical method of disease control in the context of the current COVID-19 pandemic. This
research updated information on vaccine development and to identify areas of concern that require further research. The
researchers reviewed the literature on the development of COVID-19 vaccines, their efficacy, and use in special populations,
as well as current vaccination strategies. To date, 170 vaccines are in clinical development, with 41 being already approved
for use in various countries. The majority of vaccines approved for human use are vector-, subunit-, DNA-, or mRNA-based
vaccines, or inactivated viruses. Because of the ongoing mutation of the SARS-CoV-2 virus, well-studied vector vaccines are
losing relevance due to the ability of new virus strains to bypass neutralizing antibodies. Simultaneously, PS-based vaccines
are becoming more popular. There is mounting evidence that the immunogenicity of COVID-19 vaccines is linked to their
clinical efficacy. This has resulted in a shift in vaccination strategies, as well as the use of booster doses and revaccination.
Furthermore, vaccination restrictions for children, pregnant women, the elderly, and people with chronic immunosuppressive
diseases have been lifted, allowing more people to be vaccinated. New data on vaccine safety, including the incidence of
serious adverse events, have been collected. Despite significant advances in the development of and research on COVID-19
vaccines, many questions remain that require further investigation.
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| 1. Introduction

According to the World Health Organization (WHO), more than 628 million confirmed cases of coronavirus disease 2019
(COVID-19) and approximately 6.5 million COVID-19 deaths had been reported worldwide as of 1 November 2022 [1,

Various COVID-19 treatment strategies, including antiviral and immune therapy, have been developed and implemented
during the pandemic [@. However, vaccination is the primary method of combating the pandemic, with the goal of reducing
hospitalizations, the proportion of severe COVID-19, and COVID-19 mortality. Because the SARS-CoV-2 virus has evolved
significantly, vaccines must now develop a broader spectrum of immune defense mechanisms that target both currently
circulating strains and new variants of the virus. The Technical Advisory Group on COVID-19 Vaccine Composition suggests
including SARS-CoV-2 Omicron variant antigens in vaccine booster doses .

COVID-19 vaccines had been administered in a total of 12,449,443,718 doses as of 30 August 2022 1,

Approximately 67.6% of the world’s population has received at least one dose of the vaccine, with 5.1 million doses being
administered daily. Portugal and Cuba rank first in terms of the percentage of fully vaccinated people (95% each). The
vaccination rate in low-income countries is only 20.9% 41,

As of 30 August 2022, Gibraltar (355.75 vaccine doses per 100 people), Chile (321.87 vaccine doses per 100 people), and
Cuba (328.82 vaccine doses per 100 people) ranked first in terms of vaccine doses per person. According to WHO statistics,
Gibraltar had 107 COVID-19 deaths; Chile had 60,435; and Cuba had 8530 5,

The vaccination of children and adolescents, the elderly, and pregnant women becomes increasingly important as time
passes, as do determining the most effective vaccines and monitoring their efficacy to keep up with new virus mutations. This
research discusses existing vaccine platforms and the main data available on the clinical use of vaccines in order to prioritize
research.

| 2. COVID-19 Vaccine Platforms and Their Characteristics

As of 30 August 2022, the WHO reported that 198 vaccines were in preclinical trials and 170 vaccines were in clinical trials.
Forty-five vaccines are currently in phase 3 clinical trials, with eleven being already in phase 4. In total, 23% are single-dose
vaccines, while 56% are double-dose vaccines, and 1% are triple-dose vaccines. In total, 3% of vaccines are intended for oral
administration, 8% for subcutaneous and intradermal administration, 7% for intranasal administration, and 1% for use as
aerosols or inhalers. The intramuscular route is the most commonly used (82%) for vaccine administration €I,

This research focuses solely on vaccines in clinical development. Figure 1 shows vaccine development platforms (8. The
most common vaccines in development are protein subunit (PS) vaccines, followed by ribonucleic acid (RNA) vaccines.
These are followed by inactivated virus (IV) and non-replicating viral vector (VVnr) vaccines. Furthermore, replicating viral
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vector (VVr), virus-like particle (VLP), live attenuated virus (LAV), and bacterial antigen-spore expression vector (BacAg-SpV)
vaccines are being developed (Figure 1) [&.
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Figure 1. Proportion of vaccine platforms in clinical development 8. Notes: PS, protein subunit; VVnr, viral vector non-
replication; DNA, deoxyribonucleic acid; IV, inactivated virus; RNA, ribonucleic acid; VVr, viral vector replicating; VLP, virus-
like particle; APC, antigen presentation cell; LAV, live attenuated virus; BacAg-SpV, bacterial antigen-spore expression vector.

| 3. Immunogenicity and Safety of Vaccines

Vaccine effectiveness is determined by the induction of both humoral and cellular immune responses. As a result, quantifying
neutralizing antibodies and the activity of specific T cells is recommended to assess vaccine efficacy and post-vaccination
immunity [EIE According to mathematical modeling, post-vaccination neutralizing antibody titers are linearly related to
vaccine efficacy (19, The level of expression of each SARS-CoV-2 protein correlates with the prevalence and extent of CD4+
T cell responses to SARS-CoV-2 111,

The ELISPOT platform is used by many researchers to assess the response of T cells induced by vaccination. T cell immune
response was formed as early as 10 days after Sputnik Light vaccination, according to ELISPOT technology 2. The
ELISPOT-based Tigra Test SARS-CoV-2 kit detected T cell immune response 90 and 120 days after Sputnik V immunization,
including in seronegative individuals (L3I,

The efficacy of the main vaccines against the Omicron strain is of interest in light of the ongoing mutation of the SARS-CoV-2
virus 41, Omicron (B.1.1.529) avoids many of the neutralizing antibody responses elicited by vaccines due to multiple
mutations. In contrast to humoral immunity, vaccine-induced cellular immunity is highly reactive against the Omicron strain (15,

Immunogenicity can have a direct impact on vaccine safety and tolerability. In clinical trials, the incidence of adverse events
was significantly higher after mRNA and vector vaccine administration (local reactions in 40-89% of cases and systemic
reactions in 44-86% of cases) than after inactivated vaccine administration (injection-site reactions in 5-23% of cases and
systemic reactions in 4-18% of cases) (16,

According to a meta-analysis, adverse events such as fever are more common after receiving inactivated vaccines, while
headache and muscle pain are more common after receiving adenovirus vector-based vaccines, and 56% of people who
received mRNA vaccines reported fatigue 7.

When the incidence of serious adverse events associated with BNT162b2, Ad26.COV2.S, and mRNA-1273 vaccinations was
examined, the BNT162b2 vaccine had the highest reported incidence of myocarditis. The Ad26.COV2.S vaccine was more
frequently linked to the development of Guillain—Barré syndrome. Thrombotic complications occurred more frequently with
BNT162b2 and Ad26.COV2.S vaccination than with mMRNA-1273 vaccination (18],

| 4. vaccinations of Various Populations
4.1. General Population

COVID-19 mRNA vaccines (BNT162b2 and mRNA-1273) are recommended by the US Centers for Disease Control and
Prevention (CDC) for primary and booster vaccinations in all populations. Currently, primary vaccination with one type of
vaccine is recommended 29, The WHO considers the following vaccines to be safe and effective: AZD1222; Ad26.COV2.S;
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mRNA-1273; BNT162b2; BBIBP-CorV; COVID-19 Vaccine (Vero Cell), Inactivated; BBV152; and NVX-CoV2373 (all trade
names). In a clinical setting, these vaccines are equivalent, and healthcare professionals should use whichever option is
available 29 In patients under 60 years old, Australian guidelines prefer BNT162b2, mRNA-1273, or Novavax vaccines over
AzZD1222 21, As of July 2022, ten vaccines had been approved for use in Russia. A long-acting combination monoclonal
antibody (tixagevimab + cilgavimab) can be used for pre-exposure prophylaxis of COVID-19 in adults and children (aged 12
years and older weighing at least 40 kg) who are not infected with SARS-CoV-2, have not been in contact with a person
infected with SARS-CoV-2, and have contraindications for vaccination against COVID-19 [22,

4.2. Use in Preghancy

The CDC and the WHO recommend any approved COVID-19 vaccination for those pregnant, breastfeeding, trying to get
pregnant now, or planning to get pregnant in the future 29, Russian national guidelines recommend Sputnik V vaccination for
pregnant women if the benefit outweighs the risk. Vaccination is contraindicated while breastfeeding 231,

4.3. Children and Adolescents

The CDC recommends the COVID-19 vaccination for anyone aged 6 months and older. BNT162b2 and mRNA-1273 are
approved for use in children 9. The WHO recommends starting the BNT162b2 vaccine at the age of five, and the mRNA-
1273 vaccine at the age of twelve 241, Vaccination is recommended for everyone over the age of five in Australia, 23 and over
the age of twelve in Canada (28, In Russia, the Gam-COVID-Vac-M vaccine is administered to children aged 12 to 17 [22],

4.4. People Who Have Had COVID-19

The CDC recommends vaccination for all people over the age of six months, regardless of whether they have a history of
symptomatic or asymptomatic SARS-CoV-2 infection 9. The WHO also supports this strategy [22. In Australia, vaccination is
recommended no sooner than three months after infection confirmation 231, In Russia, vaccination is recommended 6 months

after the disease, based on epidemic indications (including in previously vaccinated individuals) 27,

4.5. Immunocompromised Patients

For immunocompromised patients, the CDC recommends COVID-19 mRNA vaccines (BNT162b2 or mRNA-1273) for primary
and booster vaccinations 19, In this population, the WHO and Australian guidelines recommend additional doses of the
BNT162b2 or mRNA-1273 vaccine 2921 Gjven the risk of more severe infection, Canadian guidelines recommend
vaccinating patients with primary immunodeficiency with mRNA vaccines 28, In Russia, the Sputnik V vaccine is
recommended in this population. People with immunodeficiency who have had COVID-19 may receive Sputnik Light 27,

4.6. Booster Vaccination

Booster vaccination and revaccination (seasonal vaccination) against COVID-19 are used to maintain active immunity against
COVID-19 for a longer period of time after primary immunization. A booster is the administration of a vaccine with the same or
a different antigenic composition before the previous vaccine’s immunogenic effect has worn off. The next booster dose of the
vaccine should increase the intensity and duration of post-vaccination immunity. The timing of the booster vaccination ranges
from three to six months, depending on the country’s legislative framework (212728129130 Reyaccination (seasonal

vaccination) against COVID-19 is performed 12 months after the main (primary) or booster vaccination 211,

As recently as late 2021, the need for booster doses of COVID-19 vaccines was debatable . Lately, public opinion on vaccine
booster administration has shifted in favor of mandatory administration of booster doses, as this increases immunity duration
and resistance to the Omicron strain 22338, The CDC recommends a booster injection for patients over the age of 12, with the
first booster being administered three months after primary immunization. In patients over the age of 50, the second booster
should be administered four months after the first 22, According to WHO recommendations, one booster dose is sufficient 29,
In Australia, a single dose of a COVID-19 vaccine booster is recommended for people aged 16 and older who have completed
their primary course three months ago or more. The second booster is recommended for people over the age of 50, nursing-
home residents, people with severe immunosuppression, people with significant disabilities, and people at risk of severe
COVID-19 infection 21, In Canada, booster doses are recommended from 18 years of age [28. In the United Kingdom,
booster immunization with BNT162b2 or mRNA-1273 is currently recommended three months after primary vaccination B9, In
Russia, vaccination with Sputnik Light, EpiVacCorona, and AURORA-CoV is recommended (27,

Some vaccines have only been approved for use as boosters. Only a booster dose of the BNT162b2 vaccine is
recommended for adolescents aged 12 to 17 years 34l In August 2022, the mRNA-1273.214/Moderna™ vaccine was
registered (Moderna, USA (MRNA-1273.214)). This is a bivalent mRNA vaccine containing sequences encoding SARS-CoV-2
and Omicron variant spike proteins 23], A systematic review as of May 2022 found that three doses of RNA vaccines provided
the best efficacy for vaccination and booster vaccination (96% vaccine efficacy; 95% ClI, 72% to 99%). The combination of two
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adenovirus vector vaccines and one RNA vaccine has an efficiency of 88% (range: 59-97%). The homologous two-dose

regimen of RNA vaccines results in 99% (79% to 100%) vaccine efficacy in preventing severe COVID-19. Triple-dose RNA

vaccines are the most effective in reducing COVID-19-related hospitalizations (95% CI, 90% to 97%). Three-dose regimens of

homologous and heterologous strains have been shown to be effective in preventing infection with the Alpha, Delta, and

Omicron strains 28],
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