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SUMMARY

INTRODUCTION: The rapid advance of Coronavirus disease 2019 (Covid-19) has led to the incessant search for therapeutic and
prophylactic measures to fight the pandemic. Because it is a viral infection, the safest long-term prophylactic form, in addition to social

distance and hygiene, is the vaccine.

OBJECTIVE: Thus, this study aimed at conducting a review of the efficacy and landscape of Covid-19 vaccines.
METHODS: The following electronic databases were used MEDLINE via PubMed, SCIELO, LILACS, NEJM, and Clinical Trials. Our study
includes the 7 vaccines (phase 3) that reported an efficacy rate for Covid-19, including characteristics inherent to each one of them.

RESULTS: Preliminary studies have shown that, although an efficacy >70% is necessary to eliminate the infection, a prophylactic vaccine

with efficacy <70% will still have an important impact and can contribute to the elimination of the virus, provided that appropriate

measures of social distancing remain.

CONCLUSIONS: The effectiveness of the vaccines obtained in this study varied between 50.38 and 95%, data that may represent a
reduction in serious cases, hospitalizations, sequels, and deaths caused by Covid-19, respecting the panorama presented in this article.
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INTRODUCTION
The imminent need for effective solutions and the rapid advance
of Coronavirus disease 2019 (Covid-19) has led to the relentless
search for therapeutic and prophylactic measures to fight the
pandemic. Because it is a viral infection, the safest long-term

prophylactic form, in addition to social distance and hygiene, is

the vaccine. Several teams around the world are working on
developing effective and safe vaccines for human beings'.

A total 0f 93,956,883 cases of Covid-19 have been confirmed
including 2,029,084 deaths, reported to World Health Organization
(WHO) and 223 countries, areas, or territories with cases as of 19

January 2021% Hence, a race against time is being established for
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months so that fewer people will be affected by this devastating
virus. Given the urgent need, vaccine development and produc-
tion are being fast-tracked to hopefully make a safe and effective
vaccine available for the more vulnerable group of the population,
to minimize the impacts of the pandemic worldwide>.

Although the production capacity may not be able to meet the
global demand for vaccines in the very near future, it would be ben-
eficial to have a limited number of vaccines available for emergency
use and the more vulnerable population as soon as possible with the
ultimate aim of distributing vaccines globally to the rest of the pop-
ulation by the end 0f 2021%. Thus, this study aimed at conductinga
review of the efficacy and landscape of Covid-19 vaccines.

METHODS

Our study includes the 7 vaccines (phase 3) that reported an efficacy
rate until 19 Janeiro 2021 for Covid-19, including relevant infor-
mation about vaccine name, countries, developers, type, vaccine
platforms, number of doses, the interval between doses, storage,
mechanisms of action and efficacy of Covid-19 vaccines as well as
characteristics inherent to each one of them. The search used in this

review article was carried out using the following electronic databases:

Medline via Pubmed, SCIELO, LILACS, NEJM, and Clinical Trials.

The landscape of Covid-19 vaccines
Vaccines generally require many years of detailed research and
testing before reaching the clinical stage. Due to the great cur-
rent need, researchers are working hard to make effective vac-
cines available to society. To develop a safe and effective vaccine,
pre-clinical and clinical trials must be done with vigilance to avoid
severe adverse effects’. Various platforms are being looked at for
the development of Covid-19 vaccines. These include RNA-
based vaccine, DNA-based vaccine, viral vector (non-replicat-
ing), inactivated vaccine, protein subunit, and virus-like particle®.

"There were 64 vaccines in clinical development and 173 vaccines
in pre-clinical development, totaling 237 potential vaccines to act as
prophylaxis for the new coronavirus infection. Of the vaccines under
clinical development, there were 15 in phase 3 of the clinical study,
6 using the inactivated virus, 4 with viral vector without replica-
tion, 2 with protein subunit, 1 using DNA, and 2 using viral RNA
to induce the production of antibodies against the SARS-CoV-22.

Table 1 shows some relevant characteristics about the vaccines.

Table 1. Inherent characteristics of the 7 different vaccines (phase 3) for Covid-19.

Vaccine Vaccine [IEEIRE
name Country Developers Type lataform between | Storage
P doses
. SARS-CoV-2 .
1 Coronavac | China SOV Fiesaier g vaccine Inacpvated 2 14 days | 2-8°C
Development Co., Ltd . . virus
(inactivated)
Sinopharm+Wuhan |Inactivated SARS- Inactivated
2 | BBIBP-CorV | China | Institute of Biological | CoV-2 vaccine virus 2 21 days | 2-8°C
Products (Verocell)
Sinopharm+Beijing |Inactivated SARS- Inactivated
3 | BBIBP-CorV | China | Institute of Biological | CoV-2 vaccine Virus 2 21 days | 2-8°C
Products (Verocell)
AstraZeneca + ChAdOx1- Viral vector
4 | Astrazeneca| England A S-AZD1222 (Non- 1-2  |0+28 days| 2-8°C
University of Oxford I o
(Covishield) replicating)
anr?t?,:a:_R:eS:ﬁ[LCh Gam-COVID-Vac | Viral vector
5 | Sputinik V | Russia I\/Iinistr’of the Adeno-Based (Non- 2 |0+21 days| 2-8°C
nistry . (rAd26-S+rAd5-S)| replicating)
Russian Federation
USA and | Pfizer/BioNTech+ BTN162 RNA-based o
© | Buiezss Germany Fosun Pharma (3 LPN-mRNASs) vaccine 2 2l ey | U
Moderna+National
7 |mRNA-1273| usa | 'mstitute of Allergy mmrna | RNA-based 2 | 28days | -20°C
and Infectious vaccine
Diseases (NIAID)

Source: World Health Organization, 2021. Some information was collected from the respective clinical studies.
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Genetic vaccines
(DNA and RNA vaccines)

Genetic vaccines, in contrast to vaccines that employ recombi-
nant bacteria or viruses, consist only of DNA or RNA, which is
taken up by cells and translated into protein. Genetic vaccines are
a group of vaccines that deliver one or more of the coronavirus’s
own genes into our cells to provoke an immune response. Among
those that are part of phase 3, we can mention The Cominarty
(Tozinameran or BN'T162b2) — Pfizer BioNTech, The mRNA-
1273 — Moderna, and The CVnCoV — Curevac’.

The mRNA-1273, for example, is a vaccine composed of
synthetic mRNA encapsulated in Lipid nanoparticle which
codes for the full-length, pre-fusion stabilized spike protein S
of SARS-CoV-28, while the BNT162b1 is a codon-optimized
mRNA vaccine that encodes for the trimerized SARS-CoV-2
RBD, a critical target of the virus nAb’.

Viral vector vaccines
The viral vector vaccines contain viruses engineered to carry
coronavirus genes. Some viral vector vaccines enter cells and
cause them to make a viral protein while other viral vectors
slowly replicate, carrying coronavirus proteins on their sur-
face. Among those that are part of phase 3, we can mention
the Sputnik V (previously Gam-Covid-Vac), the AZD1222,
AstraZeneca, the Convidecia (also known as Ad5-nCoV) —
CanSinoBIO, and the Ad26.COV2.S — Johnson&Johnson’.

Protein-based vaccines (subunit)
Vaccines that contain coronavirus proteins but no genetic mate-
rial. Some vaccines contain whole proteins, and some contain
fragments of them of which’. A protein-based vaccine is based on
synthetic peptides or recombinant antigenic proteins, which are
necessary for invigorating long-lasting protective and/or therapeutic

immune response, however, the aid of an adjuvant is necessary™.

Inactivated virus vaccines

Inactivated or attenuated coronavirus vaccines are created from
weakened coronaviruses or coronaviruses that have been killed
with chemicals. We can mention the BBIBP-CorV — Sinopharm
and the CoronaVac (previously PicCoVacc) — Sinovac Biotech’.
Among the advantages presented by inactivated virus vaccines,
there are: it has the pre-existing technology and infrastructure
required for its development; It can be used along with adju-
vants to increase their immunogenicity; has already been tested
for SARS-CoV and various other diseases''.

Efficacy of vaccines
Experts are currently trying to do what is necessary to convince
the population of the benefits of a Covid-19 vaccine, which is
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apparent by the number of vaccines under clinical trials and the
funding being directed toward vaccines to obtain one before 2021,
however, there is a concern about rushing vaccines and producing
one with limited effectiveness. One of the main current concerns
is that the vaccine is ready for use but does not show results as
effective as expected in the population, this could lead to loss of
trust in vaccines. In consequence, when an effective vaccine is
introduced fewer people may be willing to accept it resulting in
a worsening of the pandemic and further reduce the confidence
in already approved and effective vaccines for other diseases'.

Because of the rapid development of vaccines and clinical trials
underway, questions arise as to how much efficacy is needed for the
vaccine to be immunogenic. Preliminary studies have shown that,
although an efficacy 270% is necessary to eliminate the infection,
a prophylactic vaccine with efficacy <70% will still have an import-
ant impact and can contribute to the elimination of the virus, pro-
vided that appropriate measures of social distancing. Vaccines with
efficacy below 70% can also contribute to reducing the duration
of infection in people infected with the virus®. Figure 1 shows the
7 vaccines that have defined efficacy until this article publication.

Belonging to the vector viral group vaccines the Sputnik V
vaccine was the first registered vaccine in the world on a well-stud-
ied human adenoviral vector-based platform and is between the
top 10 candidate vaccines approaching the end of clinical tri-
als have reached the efficacy of 91,4% on data analysis at the
end of it and starting the mass production by the WHO list.
AstraZeneca showed significant vaccine efficacy of 70.4% after
two doses and protection of 64.1% after at least one standard
dose, against symptomatic disease, with no safety concerns'*".

On 2020 December 8 the FDA released their indepen-
dent analysis of the clinical trials. They determined that the
BTN162b2 has an efficacy rate of 95 percent. Less than two
weeks after the first dose’. Moderna showed vaccine efficacy
of 94.1% based on 196 covid-19 cases, of which 185 were in
the placebo group'®. Both vaccines BIN162b2 and mRNA-
1273 are RNA-based vaccines.

In the group of inactivated vaccines, the Coronavac was
studied in Turkey, in phase 3 clinical tests, concluded that the
efficacy of 78% in the prevention of mild cases of Covid-19
and 100% in the prevention of severe and moderate cases were
concluded. At this point, it was not clear how the researchers
came to the conclusion of efficacy, and further details were not
officially demonstrated in the studies. The confusion is justi-
fied by Turkey and Indonesia who provided different results
in the effectiveness of doses. However, in Brazil, the Butantan
Institute approved the vaccine with 50.39% efficacy'”'®.

A Covid-19 vaccine developed by a Beijing firm linked to
Sinopharm has a protection rate of 79.34 percent against the dis-
ease, the firm said in a statement on December 2020. The 79%
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Source: The information was collected from the respective clinical studies.

Figure 1. Efficacy of the 7 different vaccines (phase 3) for Covid-19.

figure by Sinopharm is lower than the 86% that was reported by
the United Arab Emirates on December 9 for the same vaccine'®.

Challenges and future perspectives

It is known that the process of immunization of the world
population is not easy, mainly because it is a pandemic that
has been devastating the world since the end 0of 2019. In addi-
tion to issues of production itself, respect protocols, phases, to
develop a safe and effective product, there are a whole logis-
tics of transport, storage, ethical and political issues involved.

Therefore, some of the main questions that remain for the
future are how long these current vaccines will be able to maintain
human immunity to the new coronavirus and whether such vac-
cines that are being developed and applied to the population will

be useful in combating possible mutations viruses that may occur.

CONCLUSIONS

The effectiveness of the vaccines obtained in this study var-
ied between 50.38% and 95%, data that may represent a

reduction in serious cases, hospitalizations, sequels, and
deaths caused by Covid-19, respecting the panorama pre-
sented in this article.

AUTHORS' CONTRIBUTIONS

TCPA: Conceptualization, Data curation, Formal analy-
sis, Investigation, Methodology, Writing —original draft.
PVEF: Conceptualization, Formal analysis, Methodology,
Writing — original draft. PHPC: Conceptualization, Formal
analysis, Methodology, Writing — original draft. EAPM:
Conceptualization, Formal analysis, Methodology, Writing —
original draft. TJMR: Formal analysis, Supervision, Validation,
Writing — review and editing. FTB: Formal analysis, Supervision,
Validation, Writing — review and editing. CFSR: Formal anal-
ysis, Supervision, Validation, Writing — review and editing.
FWSR: Conceptualization, Formal analysis, Methodology,
Supervision, Validation, Writing — review and editing. All authors
have reviewed and approved the final text of the article and are

responsible for its content.

REFERENCES

1. Sterin Prync AE. Vacunas para SARS-CoV-2: diferentes
estrategias de los desarrollos en curso. Rev Hosp Ital B Aires
(2004). 2020;40(2):63-75.

World Health Organization. COVID-19 vaccine tracker and
landscape; 2020. [cited 26 Dez 2020] Available from: https:/
www.who.int/publications/m/item/draft-landscape-of-covid-
19-candidate-vaccines.

477

3. McCarthy T. Fear mounts trump may Pressure FDA to rush
Covid-19 vaccine by election 2020. [cited on 2020 Jun 22]
Available from: https://www.theguardian.com/us-news/2020/
jun/22/trump-circle-pressure-fda-rush-covid-19-vaccine-election.

4. Sharma O, Sultan AA, Ding H, Triggle CR. A review of the progress

and challenges of developing a vaccine for COVID-19. Front Immunol.
2020;11:585354. https://doi.org/10.3389/fimmu.2020.585354

Rev Assoc Med Bras 2021;67(3):474-478


https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.theguardian.com/us-news/2020/jun/22/trump-circle-pressure-fda-rush-covid-19-vaccine-election
https://www.theguardian.com/us-news/2020/jun/22/trump-circle-pressure-fda-rush-covid-19-vaccine-election
https://doi.org/10.3389/fimmu.2020.585354

Efficacy an landscape of Covid-19 vaccines

10.

11.

12.

Sempowski GD, Saunders KO, Acharya P, Wiehe KJ, Haynes BF.
Pandemic preparedness: developing vaccines and therapeutic
antibodies for COVID-19. Cell. 2020;181(7):1458-63. https://
doi.org/10.1016/j.cell.2020.05.041

Conforti A, Marra E, Roscilli G, Palombo F, Ciliberto G, Aurisicchio
L. Are genetic vaccines the right weapon against COVID-19?
Mol Ther. 2020;28(7):1555-6. https://doi.org/10.1016/].
ymthe.2020.06.007

Zimmer C, Corum J, Wee SL. Coronavirus vaccine tracker. The
New York Times. [cited 18 Jan 2021]. Available from: https://
www.nytimes.com/interactive/2020/science/coronavirus-vaccine-
tracker.html#pfizer.

Tu YF, Chien CS, Yarmishyn AA, Lin YY, Luo YH, Lin YT, et al.
A review of sars-cov-2 and the ongoing clinical trials. Int J Mol
Sci. 2020;21(7):2657. https://doi.org/10.3390/ijms2 1072657

Mulligan MJ, Lyke KE, Kitchin N, Absalon J, Gurtman A,
Lockhart S, et al. Phase 1/2 study to describe the safety
and immunogenicity of a COVID-19 RNA vaccine candidate
(BNT162b1) in adults 18 to 55 years of age: interim
report. medRxiv. Available from: https.//www.medrxiv.org/
content/10.1101/2020.06.30.20142570v1. https://doi.
org/10.1101/2020.06.30.20142570

Wang N, Shang J, Jiang S, Du L. Subunit vaccines against
emerging pathogenic human coronaviruses. Front Microbiol.
2020;11:298. https://doi.org/10.3389/fmicb.2020.00298

Kaur SP, Gupta V. COVID-19 vaccine: a comprehensive status
report. Virus Res. 2020;288:198114. https://doi.org/10.1016/.
virusres.2020.198114

Barach P, Fisher SD, Adams MJ, Burstein GR, Brophy PD, Kuo
DZ, et al. Disruption of healthcare: will the COVID pandemic
worsens non-COVID outcomes and disease outbreaks? Prog

478

13.

14.

15.

16.

17.

18.

19.

Pediatr Cardiol. 2020;59:101254. https://doi.org/10.1016/j.
ppedcard.2020.101254

Makhoul M, Ayoub HH, Chemaitelly H, Seedat S, Mumtaz
GR, Al-Omari S, et al. Epidemiological impact of SARS-CoV-2
vaccination: mathematical modeling analyses. Vaccines (Basel).
2020;8(4):668. https://doi.org/10.3390/vaccines8040668

Sputnik V. Vaccine. General Information [cited on 2021 Jan
18]. Available from: https:/sputnikvaccine.com/about-vaccine/.

Voysey M, Clemens SAC, Madhi SA, Weckx LY, Folegatti PM,
Aley PK, et al. Safety and efficacy of the ChAdOx1 nCoV-19
vaccine (AZD1222) against SARS-CoV-2: an interim analysis
of four randomised controlled trials in Brazil, South Africa,
and the UK. Lancet. 2021;397(10269)99-111. https://doi.
org/10.1016/S0140-6736(20)32661-1

Mahase E. Covid-19: moderna applies for US and EU approval
as vaccine trial reports 94.1% efficacy. BMJ. 2020;371:m4709.
https://doi.org/10.1136/bmj.m4709

Leite J, Pinto AR. CoronaVac's overall efficacy in Brazil measured
at 50.4%. Bloomberg [cited on 2021 Jan 18]. Available from:
https:/Amww.bloomberg.com/news/articles/2021-01-12/overall-
efficacy-of-sinovac-vaccine-in-brazil-just-above-50.

ANVISA. Autorizacdo de uso emergencial de vacinas contra a
COVID-19. Geréncia-Geral de Medicamentos e Produtos Biologicos
[cited on 2021 Jan 18]. Avaliable from: https:/Avww.gov.br/anvisa/
pt-br/assuntos/noticias-anvisa/202 1/confira-materiais-da-reuniao-
extraordinaria-da-dicol/1-apresentacao-ggmed-covisheld.pdf.

Channel New Asia. China Sinopharm’s vaccine has a 79%
protection rate against COVID-19 [cited on 2021 Jan 18].
Available from: https://www.channelnewsasia.com/news/
asia/covid-19-china-sinopharm-vaccine-138650162cid=h3_
referral_inarticlelinks_24082018_cna.

Rev Assoc Med Bras 2021;67(3):474-478


https://doi.org/10.1016/j.cell.2020.05.041
https://doi.org/10.1016/j.cell.2020.05.041
https://doi.org/10.1016/j.ymthe.2020.06.007
https://doi.org/10.1016/j.ymthe.2020.06.007
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#pfizer
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#pfizer
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html#pfizer
https://doi.org/10.3390/ijms21072657
https://www.medrxiv.org/content/10.1101/2020.06.30.20142570v1
https://www.medrxiv.org/content/10.1101/2020.06.30.20142570v1
https://doi.org/10.1101/2020.06.30.20142570
https://doi.org/10.1101/2020.06.30.20142570
https://doi.org/10.3389/fmicb.2020.00298
https://doi.org/10.1016/j.virusres.2020.198114
https://doi.org/10.1016/j.virusres.2020.198114
https://doi.org/10.1016/j.ppedcard.2020.101254
https://doi.org/10.1016/j.ppedcard.2020.101254
https://doi.org/10.3390/vaccines8040668
https://sputnikvaccine.com/about-vaccine/
https://doi.org/10.1016/S0140-6736(20)32661-1
https://doi.org/10.1016/S0140-6736(20)32661-1
https://doi.org/10.1136/bmj.m4709
https://www.bloomberg.com/news/articles/2021-01-12/overall-efficacy-of-sinovac-vaccine-in-brazil-just-above-50
https://www.bloomberg.com/news/articles/2021-01-12/overall-efficacy-of-sinovac-vaccine-in-brazil-just-above-50
https://www.gov.br/anvisa/pt-br/assuntos/noticias-anvisa/2021/confira-materiais-da-reuniao-extraordinaria-da-dicol/1-apresentacao-ggmed-covisheld.pdf
https://www.gov.br/anvisa/pt-br/assuntos/noticias-anvisa/2021/confira-materiais-da-reuniao-extraordinaria-da-dicol/1-apresentacao-ggmed-covisheld.pdf
https://www.gov.br/anvisa/pt-br/assuntos/noticias-anvisa/2021/confira-materiais-da-reuniao-extraordinaria-da-dicol/1-apresentacao-ggmed-covisheld.pdf
https://www.channelnewsasia.com/news/asia/covid-19-china-sinopharm-vaccine-13865016?cid=h3_referral_inarticlelinks_24082018_cna
https://www.channelnewsasia.com/news/asia/covid-19-china-sinopharm-vaccine-13865016?cid=h3_referral_inarticlelinks_24082018_cna
https://www.channelnewsasia.com/news/asia/covid-19-china-sinopharm-vaccine-13865016?cid=h3_referral_inarticlelinks_24082018_cna

