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1. Introduction

The sudden global spread of a novel coronavirus strain, infecting humans late in 
2019, has created a deadly coronavirus disease 2019 (COVID-19), which has become a 
global threat to humanity [1, 2]. It started a new era of the COVID-19 pandemic with 
unprecedented socioeconomic challenges and societal crises due to long-term and 
periodic multiple lockdowns globally. The situation has been even more dangerous 
in the background of limited knowledge in understanding of the virus, its infection, 
and variability capacity as well as the lack of drugs and protocols of treatment. One 
of the most effective solutions against the COVID-19 virus in the pandemic has been 
a hope for rapid development of COVID-19 vaccines to overcome the global spread of 
virus infection via forming herd immunity. Thanks to the scientific efforts of world 
research communities, within a short time and with a fast-track project approach, 
several novel COVID-19 vaccines have been developed and made available for massive 
vaccination worldwide.

However, humanity still is in midst of this pandemic, and there is a need for 
better knowledge, understanding, technology, and innovative solutions to battle 
against this virus and its novel variants [e.g. see 1]. There were many challenges 
to rapidly developing COVID-19 vaccines against SARS-CoV-2, including design-
ing immunogenic but nonallergic antigen molecules within a short time, proving 
 experimentally in the appropriate in vitro/in vivo models, developing suitable 
protocols of vaccine administration, assessing the immune-response properties 
of candidate vaccine(s), conducting controlled and/or randomized the first to 
third phase safety and efficacy clinical trials involving regional and multicentral 
designs [1, 2].

Despite these challenges, scientific efforts have resulted in the development of sev-
eral types of COVID-19 vaccines such as live-attenuated, mRNA-based, DNA-based, 
inactivated virus-based, and viral-vector-based vaccines. Some of the candidate vac-
cines have passed a rapid experimental validation in model animals with subsequent 
clinical studies for safety and suitability, leading to fast-track emergency use approvals 
(EUA) in many countries granted by World Health Organization (WHO). In particu-
lar, as of October 14, 2022, 11 candidate vaccines have been granted for emergency 
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use by WHO [3]. Huge efforts were made toward assessment and making available of 
these vaccines for the massive population vaccination process, where one can see that 
6–97 clinical trials in 1–33 countries have been conducted, leading to approval of emer-
gency use of the particular vaccine(s) in 6–149 countries worldwide (Table 1).

The emergency use approvals of these WHO-granted vaccine candidates in each 
country have been specific, and vaccines have been administered in various combina-
tions per availability and public perception. For instance, in Uzbekistan, we have 
had a specific experience with the COVID-19 vaccine development, clinical trial(s), 
acquiring/production, and massive vaccination process [4].

In Uzbekistan, we put concentrated efforts into the genetic characterization 
of SARS-CoV-2 genotypes in different periods of infection waves [5, 6] and have 
developed Uzbekistan’s own PCR-based diagnostics tools, co-developed and jointly 
conducted third phase clinical trial for the new recombinant protein vaccine under 
China-Uzbekistan partnership program [4, 7]. We succeeded in co-localizing the 
production of recombinant vaccine jabs in the country. Further, we developed two 
new national vaccines based on pure recombinant protein injection and tomato-
based edible COVID-19 vaccines, which are in the preclinical/clinical testing stages. 
Additionally, we studied and experimentally validated the new approach of obtaining 
immune cow and goat milk against SARS-CoV-2 [7].

Because of specific efforts from the Uzbekistan government, as of September 26, 
2022, 71.9 million doses of seven types of COVID-19 vaccines have been used in the 
country. These are ZF-UZ-VAC2001 (as known Zifivax; China-Uzbekistan, pending 
WHO approval) – 48.2 million doses, Moderna (USA) – 10.7 million doses, Pfizer-
BioNTech (USA) – 6.8 million doses, AstraZeneca (Great Britain) – 2.6 million doses, 
Sinovac (China) – 2.0 million doses, Sputnik V (Russia) – 1.3 million doses, and 
Sputnik light (Russia) – 345,000 doses.

# Vaccine name Company developed No. trials/

countries

No. countries 

approved

1. COVOVAX (Novavax 

formulation)

Serum Institute of India 7/3 6

2. Nuvaxovid Novavax 22/14 40

3. Spikevax Moderna 70/24 88

4. Comirnaty Pfizer/BioNTech 97/31 149

5. Convidecia CanSino 14/6 10

6. Jcovden Janssen (Johnson & 

Johnson)

26/25 113

7. Vaxzevria Oxford/AstraZeneca 71/33 149

8. Covishield (Oxford/ 

AstraZeneca 

formulation)

Serum Institute of India 6/1 49

9. Covaxin Bharat Biotech 16/2 14

10. Covilo Sinopharm (Beijing) 38/17 93

11. CoronaVac Sinovac 40/10 56

Approval Source: extranet.who.int [3].

Table 1. 
WHO-granted COVID-19 vaccines.
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 According to the recommendation of the World Health Organization, the popula-
tion over the age of 18 has mainly been vaccinated. The population of this age group 
in Uzbekistan was 21.5 million people, of which 98.5% are fully vaccinated and 76.6% 
(16.4 million people) received a booster dose. The distribution of administered vaccines 
was as follows: ZF-UZ-VAC2001 – 66.6%, Moderna – 15.5%, Pfizer-BioNTec – 8.9%, 
AstraZeneca – 3.8%, Sinovac – 2.7%, Sputnik V – 2.0%, and Sputnik light – 0.5%. 

 Today, “ 68.3% of the world population has received at least one dose of a COVID-19 
vaccine. A total of 12.83 billion doses have been administered globally, and 3.58 million are 
now administered each day. 23.3% of people in low-income countries have received at least 
one dose ” [ 8 ]. All these demonstrated the power and feasibility of scientific efforts and 
multinational collaborations in the timely development of effective vaccines against 
this most deadly infection of the past 100 years if concentrated attention is given and 
needed resources are provided [ 2 ]. There were common, fast-passing side effects 
with rare risky allergic reactions from the COVID-19 vaccination, but the benefits of 
COVID-19 vaccine administrations outweigh those risks. 

 However, there are more challenges ahead to address, including but not limited to 
the need for rapid development of novel vaccine types against emerging variants of 
concerns (VOCs), and the development of safe vaccination protocols for children and 
people with accompanying diseases. There is a need for addressing post-vaccination 
health issues, vaccine inequity, vaccine hesitancy, and vaccination ethics [ 9 ,  10 ] as 
well as for the establishment of large-scale production of high-quality and stable 
vaccines to make available needed jab volumes for all countries.  

  2. COVID-19 vaccine research focus during the pandemic 

 The scientific research articles devoted to the development and application of 
COVID-19 vaccines, retrieved from the  PubMed  database [ 11 ] using the keyword 
search of “ COVID-19 vaccine ,” revealed a total of 9468 scientific publications as of 
October 2022 (  Figure 1    ). Using Pubmed graphics and filtration tools, we observed 
that scientific results started to be published in 2020 (415 publications) and the 

  Figure 1  .   
   PubMed  [ 6 ] indexed scientific publications, retrieved using the “ COVID-19 vaccine ” keyword on October 12, 2022.          
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number of publications has increased by over 10-fold in 2021 and 2022. This showed 
the international community’s very extensive and focused research efforts toward 
developing vaccines against this deadly pandemic SARS-CoV-2 virus. 

  Figure 2.
  Research article types on the COVID-19 vaccine development.          

  Figure 3.
  Research articles on the clinical trials of the COVID-19 vaccine.          
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The literature analysis and research publications on PubMed-indexed journals 
from 2019 to 2022 (Figure 2) toward the development of COVID-19 vaccines for the 
past 3 years of the SARS-CoV-2 pandemic revealed that the majority of publications 
were Reviews (835 publications) [e.g., see 1, 2, 9, 10], Letters (736 publications) [e.g., 
see 12–16], Clinical trial-related (401 publications) [e.g., see 4, 17–25], following 
Systematic reviews (219 publications) [e.g., see 26–30], Editorials (91 publications) 
[e.g., see 31–35], and Meta-analyses (70 publications) [e.g., see 36–38]. Almost 1200 
articles published have associated data. Two books covering COVID-19 vaccines have 
been published in 2020 [39] and 2022 [40].

Based on the filtration for the clinical trial article category (Figure 3), one can see 
that there are more articles on clinical trials in 2021 than in 2020 and increased by 
almost 11 times in 2022 compared with 2020. We observed research result publication 
of clinical trials of phases 1–3 from 2020 to 2022 [4, 17–25] while phase 4 trial results 
were available in 2021 [41] and 2022 [42, 43].

3. Conclusion

Thus, global research efforts toward the development of COVID-19 vaccines 
provided state-of-the-art vaccines against the infectious SARS-CoV-2 virus saving 
millions of lives to date, demonstrating the importance of “deep science” for securing 
the economy, human health, and life. The current and future development trends 
dedicated to the development of novel vaccines will require more concentration and 
multi-institutional collaborative efforts.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



COVID-19 Vaccines - Current State and Perspectives

6

References

[1] Soleimanpour S, Yaghoubi A. 
COVID-19 vaccine: Where are we 
now and where should we go? Expert 
Review of Vaccines. 2021;20(1):23-44. 
DOI: 10.1080/14760584.2021.1875824

[2] Kaur SP, Gupta V. COVID-19 
vaccine: A comprehensive status report. 
Virus Research. 2020;288:198114. 
DOI: 10.1016/j.virusres.2020.198114

[3] World Health Organization 
[Internet]. 2021. Available from: https://
covid19.trackvaccines.org/agency/who/ 
[Accessed: October 14, 2022]

[4] Dai L, Gao L, Tao L, Hadinegoro SR, 
Musaboev M, Ying Z, et al. Efficacy 
and safety of the RBD-dimer based 
Covid-19 vaccine ZF2001 in adults. 
The New England Journal of Medicine. 
2022;386(22):2097-2111. DOI: 10.1056/
NEJMoa2202261

[5] Ayubov MS, Buriev ZT, 
Mirzakhmedov MK, Yusupov AN, 
Usmanov DE, Shermatov SE, et al. 
Profiling of the most reliable mutations 
from sequenced SARS-CoV-2 genomes 
scattered in Uzbekistan. PLoS One. 
2022;17(3):e0266417. DOI: 10.1371/
journal.pone.0266417

[6] Abdullaev A, Abdurakhimov A, 
Mirakbarova Z, Ibragimova S, Tsoy V, 
Nuriddinov S, et al. Genome sequence 
diversity of SARS-CoV-2 obtained from 
clinical samples in Uzbekistan. PLoS 
One. 2022;17(6):e0270314. DOI: 10.1371/
journal.pone.0270314

[7] Garib V, Katsamaki S, Turdikulova S, 
Levitskaya Y, Zahidova N, Bus G, et al. 
Milk of cow and goat, immunized by 
recombinant protein vaccine ZF-UZ-
VAC2001(Zifivax), contains neutralizing 
antibodies against SARS-CoV-2 and 

remains active after standard Milk 
pasteurization. Frontiers in Nutrition. 
2022;9:901871. DOI: 10.3389/
fnut.2022.901871

[8] Our Word in Data [Internet]. 2021. 
Available from: https://ourworldindata.
org/covid-vaccinations [Accessed: 
October 14, 2022]

[9] Wibawa T. COVID-19 vaccine 
research and development: Ethical issues. 
Tropical Medicine & International 
Health. 2021;26(1):14-19. DOI: 10.1111/
tmi.13503

[10] Troiano G, Nardi A. Vaccine 
hesitancy in the era of COVID-19. Public 
Health. 2021;194:245-251. DOI: 10.1016/j.
puhe.2021.02.025

[11] PubMed database [Internet]. 2021. 
Available from: http://www.ncbi.nlm.
nih.gov/pubmed [Accessed: October 12, 
2022]

[12] Maurya SP, Das N, Gautam H, 
Singh R, Das BK. The narrow road to 
a COVID-19 vaccine. Indian Journal 
of Pharmacology. 2020;52(4):333-334. 
DOI: 10.4103/ijp.IJP_709_20

[13] Karim SA. COVID-19 vaccine 
affordability and accessibility. Lancet. 
2020;396(10246):238. DOI: 10.1016/
S0140-6736(20)31540-3

[14] Kane PB, Moyer H, MacPherson A, 
Papenburg J, Ward BJ, Broomell SB, 
et al. Expert forecasts of COVID-
19 vaccine development timelines. 
Journal of General Internal Medicine. 
2020;35(12):3753-3755. DOI: 10.1007/
s11606-020-06244-9

[15] Shader RI. COVID-19 vaccine 
effectiveness. Clinical Therapeutics. 



Introductory Chapter: Global Research Efforts toward the Development of COVID-19 Vaccines
DOI: http://dx.doi.org/10.5772/intechopen.108669

7

2021;43(6):1132-1133. DOI: 10.1016/j.
clinthera.2021.04.016

[16] Lacy J, Pavord S, Brown KE. 
VITT and second doses of Covid-19 
vaccine. The New England Journal of 
Medicine. 2022;386(1):95. DOI: 10.1056/
NEJMc2118507

[17] Zhu FC, Guan XH, Li YH, Huang JY, 
Jiang T, Hou LH, et al. Immunogenicity 
and safety of a recombinant adenovirus 
type-5-vectored COVID-19 vaccine in 
healthy adults aged 18 years or older: 
A randomised, double-blind, placebo-
controlled, phase 2 trial. Lancet. 
2020;396(10249):479-488. DOI: 10.1016/
S0140-6736(20)31605-6

[18] Thomas SJ, Moreira ED Jr, Kitchin N, 
Absalon J, Gurtman A, Lockhart S, et al. 
Safety and efficacy of the BNT162b2 
mRNA Covid-19 vaccine through 6 
months. The New England Journal of 
Medicine. 2021;385(19):1761-1773. 
DOI: 10.1056/NEJMoa2110345

[19] Heath PT, Galiza EP, Baxter DN, 
Boffito M, Browne D, Burns F, et al. 
Safety and efficacy of NVX-CoV2373 
Covid-19 vaccine. The New England 
Journal of Medicine. 2021;385(13):1172-
1183. DOI: 10.1056/NEJMoa2107659

[20] Shinde V, Bhikha S, Hoosain Z, 
Archary M, Bhorat Q , Fairlie L, et al. 
Efficacy of NVX-CoV2373 Covid-19 
vaccine against the B.1.351 variant. 
The New England Journal of Medicine. 
2021;384(20):1899-1909. DOI: 10.1056/
NEJMoa2103055

[21] Wu S, Huang J, Zhang Z, Wu J, 
Zhang J, Hu H, et al. Safety, tolerability, 
and immunogenicity of an aerosolized 
adenovirus type-5 vector-based 
COVID-19 vaccine (Ad5-nCoV) in 
adults: Preliminary report of an open-
label and randomised phase 1 clinical 
trial. The Lancet Infectious Diseases. 

2021;21(12):1654-1664. DOI: 10.1016/
S1473-3099(21)00396-0

[22] Munro APS, Janani L, Cornelius V, 
Aley PK, Babbage G, Baxter D, 
et al. Safety and immunogenicity 
of seven COVID-19 vaccines as 
a third dose (booster) following 
two doses of ChAdOx1 nCov-19 
or BNT162b2 in the UK (COV-
BOOST): A blinded, multicentre, 
randomised, controlled, phase 2 trial. 
Lancet. 2021;398(10318):2258-2276. 
DOI: 10.1016/S0140-6736(21)02717-3

[23] Falsey AR, Sobieszczyk ME, Hirsch I, 
Sproule S, Robb ML, Corey L, et al. 
Phase 3 safety and efficacy of AZD1222 
(ChAdOx1 nCoV-19) Covid-19 vaccine. 
The New England Journal of Medicine. 
2021;385(25):2348-2360. DOI: 10.1056/
NEJMoa2105290

[24] Freeman D, Loe BS, Yu LM, 
Freeman J, Chadwick A, Vaccari C, et al. 
Effects of different types of written 
vaccination information on COVID-19 
vaccine hesitancy in the UK (OCEANS- 
III): A single-blind, parallel-group, 
randomised controlled trial. The Lancet 
Public Health. 2021;6(6):e416-e427. 
DOI: 10.1016/S2468-2667(21)00096-7

[25] Xia S, Zhang Y, Wang Y, Wang H, 
Yang Y, Gao GF, et al. Safety and 
immunogenicity of an inactivated 
COVID-19 vaccine, BBIBP-CorV, 
in people younger than 18 years: A 
randomised, double-blind, controlled, 
phase 1/2 trial. The Lancet Infectious 
Diseases. 2022;22(2):196-208. 
DOI: 10.1016/S1473-3099(21)00462-X

[26] Yuan P, Ai P, Liu Y, Ai Z, Wang Y, 
Cao W, et al. Safety, tolerability, 
and immunogenicity of COVID-19 
vaccines: A systematic review and 
meta-analysis. medRxiv [Preprint]. 
2020; 4:2020.11.03.20224998. 
DOI: 10.1101/2020.11.03.20224998.



COVID-19 Vaccines - Current State and Perspectives

8

[27] Kaur RJ, Dutta S, Bhardwaj P, 
Charan J, Dhingra S, Mitra P, et al. 
Adverse events reported from COVID-
19 vaccine trials: A systematic review. 
Indian Journal of Clinical Biochemistry. 
2021;36(4):427-439. DOI: 10.1007/
s12291-021-00968-z

[28] Sallam M. COVID-19 vaccine 
hesitancy worldwide: A concise 
systematic review of vaccine acceptance 
rates. Vaccines (Basel). 2021;9(2):160. 
DOI: 10.3390/vaccines9020160

[29] Chenchula S, Karunakaran P, 
Sharma S, Chavan M. Current evidence 
on efficacy of COVID-19 booster 
dose vaccination against the omicron 
variant: A systematic review. Journal of 
Medical Virology. 2022;94(7):2969-2976. 
DOI: 10.1002/jmv.27697

[30] Venkatesan K, Menon S, Haroon NN. 
COVID-19 vaccine hesitancy among 
medical students: A systematic review. 
Journal of Education Health Promotion. 
2022;11:218. DOI: 10.4103/jehp.
jehp_940_21

[31] Heaton PM. The Covid-19 
vaccine-development multiverse. The 
New England Journal of Medicine. 
2020;383(20):1986-1988. DOI: 10.1056/
NEJMe2025111

[32] Kherabi Y, Fiolet T, Rozencwajg S, 
Salaün JP, Peiffer-Smadja N. COVID-19 
vaccine boosters: What do we know 
so far? Anaesthesia, Critical Care & 
Pain Medicine. 2021;40(6):100959. 
DOI: 10.1016/j.accpm.2021.100959

[33] Hauptman M, Vasic J, Krase J. 
COVID-19 vaccine and biologics: An 
impending dilemma. Journal of Drugs 
in Dermatology. 2021;20(1):115-114. 
DOI: 10.36849/JDD.5628

[34] Osama T, Razai MS, Majeed A. 
Covid-19 vaccine passports: Access, 

equity, and ethics. BMJ. 2021;373:n861. 
DOI: 10.1136/bmj.n861

[35] Lee ACK, Morling JR. COVID-19 
vaccine dilemmas. Public Health. 
2022;202:10-11. DOI: 10.1016/j.
puhe.2021.01.009

[36] Rotshild V, Hirsh-Raccah B, Miskin I, 
Muszkat M, Matok I. Comparing the 
clinical efficacy of COVID-19 vaccines: 
A systematic review and network 
meta-analysis. Scientific Reports. 
2021;11(1):22777. DOI: 10.1038/
s41598-021-02321-z

[37] Haas JW, Bender FL, Ballou S, 
Kelley JM, Wilhelm M, Miller FG, 
et al. Frequency of adverse events 
in the placebo arms of COVID-19 
vaccine trials: A systematic review and 
meta-analysis. JAMA Network Open. 
2022;5(1):e2143955. DOI: 10.1001/
jamanetworkopen.2021.43955

[38] Au WY, Cheung PP. Effectiveness of 
heterologous and homologous covid-19 
vaccine regimens: Living systematic 
review with network meta-analysis. 
BMJ. 2022;377:e069989. DOI: 10.1136/
bmj-2022-069989

[39] Kahn B, Brown L, Foege W, 
Gayle H, editors. Framework for 
Equitable Allocation of COVID-19 
Vaccine. Washington (DC): National 
Academies Press (US); 2020. p. 252. 
DOI: 10.17226/25917

[40] Aleem A, Nadeem AJ. Coronavirus 
(COVID-19) Vaccine-Induced Immune 
Thrombotic Thrombocytopenia 
(VITT). Treasure Island (FL): StatPearls 
Publishing; 2022. Available from: 
https://www.ncbi.nlm.nih.gov/books/
NBK570605/ [Accessed: October 12, 
2022]

[41] Lazarus R, Baos S, Cappel-Porter H, 
Carson-Stevens A, Clout M, Culliford L, 



Introductory Chapter: Global Research Efforts toward the Development of COVID-19 Vaccines
DOI: http://dx.doi.org/10.5772/intechopen.108669

9

et al. Safety and immunogenicity of 
concomitant administration of COVID-19 
vaccines (ChAdOx1 or BNT162b2) with 
seasonal influenza vaccines in adults in 
the UK (ComFluCOV): A multicentre, 
randomised, controlled, phase 4 trial. 
Lancet. 2021;398(10318):2277-2287. 
DOI: 10.1016/S0140-6736(21)02329-1

[42] Li J, Hou L, Guo X, Jin P, Wu S, 
Zhu J, et al. Heterologous AD5-nCOV 
plus CoronaVac versus homologous 
CoronaVac vaccination: A randomized 
phase 4 trial. Nature Medicine. 
2022;28(2):401-409. DOI: 10.1038/
s41591-021-01677-z

[43] Costa Clemens SA, Weckx L, 
Clemens R, Almeida Mendes AV, 
Ramos Souza A, Silveira MBV, et al. 
Heterologous versus homologous 
COVID-19 booster vaccination in 
previous recipients of two doses of 
CoronaVac COVID-19 vaccine in Brazil 
(RHH-001): A phase 4, non-inferiority, 
single blind, randomised study. Lancet. 
2022;399(10324):521-529. DOI: 10.1016/
S0140-6736(22)00094-0


