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SUMMARY  Knowledge is still limited on the effectiveness of currently authorized COVID-
19 vaccines against the numerous variants of SARS-CoV-2. Authorized vaccines are still 
showing high levels of effectiveness in preventing severe disease symptoms of COVID-19. 
However, there are several limitations to the highly effective mRNA vaccines, and the 
existing vaccine supply is still falling short of the global demand. Furthermore, the rapidly 
spreading Omicron variant has clustered mutations at the ACE2 receptor binding sites as well 
as at antibody sites, which happen to be the targets of widely used COVID-19 vaccines. The 
effectiveness of authorized vaccines on emergent variants continues to be an important point 
of clinical research, as well as the need to find other vaccine technology that could provide 
more comprehensive protection against emerging variants. This article will address current 
knowledge on the effectiveness of authorized vaccines and discuss other vaccine technology 
that could become important prevention tools in the near future against circulating SARS-
CoV-2 variants of concern. This article will outline studies that suggest that vaccines focusing 
more on stimulating T cell response and on conserved peptides could become important in 
providing immunity against emergent variants of concern. Nanocarriers also continue to be 
an immensely promising area of vaccine development. Among nanocarrier vaccine 
technology, subunit adjuvant vaccines are especially gaining traction. This article will also 
introduce recent research that suggests that adjuvant vaccines could become 
important second and third generation COVID-19 vaccines. As the pandemic progresses, 
many considerations must be made including vaccine affordability, distribution and access. 
From a Canadian perspective, it will become increasingly important to put vaccine 
development and biomanufacturing technology in place within Canada rather than relying 
heavily on biotechnology companies outside of the country. 
 
 
INTRODUCTION 

s of February 2022, over 60% of the global population have received at least one dose 
of a COVID-19 vaccine, with over 22 million doses being administered every day (1). 

Though these statistics seem promising, the global vaccine supply still remains below global 
demand, with only around 10% of people in low-income countries having received at least 
one COVID-19 vaccine dose (1). Over 80% of the Canadian population are currently 
considered fully vaccinated, with over 45% of the population receiving a booster dose (1). 

Over time SARS-CoV-2 mutated, as viruses tend to do, in order to gain a competitive 
edge against protective measures. Variants of concern include the Alpha, Beta, Gamma, 
Delta, and Omicron variants which are each characterized by amino acid substitutions in their 
receptor binding domains (2). The variants of concern are also characterized by high rates of 
infectivity and transmissibility (3). Though the highly transmissible Omicron variant was 
shown to be unable to increase the risk of primary infection in a population, it seems to be 
able to increase the risk of reinfection (3).  

Vaccines for COVID-19 were available within a year of the beginning of the pandemic 
(4). Six vaccines are authorized by Health Canada as of February 2022, as indicated by the 
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Public Health Agency of Canada (4). This includes the mRNA vaccines from Pfizer-
BioNTech and Moderna, as well the viral vector vaccines from AstraZeneca and Johnson & 
Johnson (4). Recently, the Novavax Nuvaxovid vaccine and the Medicago Covifenz vaccine, 
both of which are protein subunit vaccines, were approved by Health Canada (4). 

The Novavax vaccine, which uses matrix-M as an adjuvant, was recently approved for 
Canadians aged 18 and older, with trial data indicating the vaccine to be 90 % effective in 
preventing severe COVID-19 symptoms (5). It was eventually decided that Novavax would 
produce the vaccine supply at the National Research Council in Quebec (5). Medicago’s 
Covifenz is a plant-based COVID-19 vaccine developed here in Canada (6). Shortly 
following Novavax, it became the 6th vaccine to be approved by Health Canada (6). Some 
Canadians may prefer, or be less hesitant, about this plant-based nationally developed option 
over mRNA vaccines (6). Clinical trials have shown the Covifenz vaccine to be 71% effective 
in protecting trial participants, as well as being essentially 100% effective against severe 
disease (7). 
 
PROPOSED RESEARCH QUESTIONS 

Effectiveness of vaccines is important to continue to study, as well as the exploration of other 
vaccine technologies that hold high potential as future COVID-19 vaccines. Longevity and 
distribution are some disadvantages of mRNA vaccines, and the challenge to find broad 
spectrum universal vaccine technology against SARS-CoV-2 is still a rapidly developing area 
of knowledge. This article will therefore focus on the following research questions: 
1. What is the effectiveness of current authorized vaccines against SARS-CoV-2 variants of 
concern? 
2. What are other vaccine technologies that show potential in future Covid-19 vaccine 
development? 
 
PROPOSED PROJECT NARRATIVE 

All authorized COVID-19 vaccines have shown ≥ 89% efficacy against hospitalization, 
and have demonstrated 65% - 95% efficacy against laboratory confirmed symptomatic 
COVID-19 in adults (8). Research is ongoing on the effectiveness of authorized vaccines 
against COVID-19 variants, though it seems authorized vaccines are still showing high 
effectiveness against several circulating variants of concern (See TABLE 1). The wide usage 
of mRNA vaccines especially include advantages such as low risk of virulence reversion or 
insertional mutagenesis (12). However, studies with real-world high quality safety data for 
mRNA vaccines remain scarce and researchers are still looking for a more long-term vaccine 
solution to COVID-19 as variants of concern continue to circulate (12). 

First detected in November 2021, the Omicron variant has 26-32 amino acid changes in 
the spike protein (2). This is especially concerning as this is the primary target of authorized 
COVID-19 vaccines (8). Preliminary data from Pfizer-BioNTech put forward that three doses 
seems to neutralize the Omicron variant, while two doses seem to stimulate a significantly 
decreased neutralization titer (2). In findings that are yet to be peer reviewed, Omicron was 
better than Delta at breaking through vaccine immunity, though a third dose booster shot still 
lowered the risk of infection by Omicron by 50% (13). Omicron also showed lower lung 
infectivity and pathogenicity in a hamster model than the Delta variant (14). Researchers are 
recently tracking the BA.2 lineage of Omicron, which seems to have a growth advantage over 
other variants and has new mutations that have not yet been tested (15). 

Though vaccination is anticipated to continue to protect against severe symptoms, the 
question remains regarding how often COVID-19 vaccines need to be updated to keep SARS-
CoV-2 under control (2, 8). It is unclear how long boosters can last, and emerging data from 
Israel suggests that the fourth dose does not provide particularly effective protection (16). 
Early studies are also indicating that Omicron customized booster vaccines have been 
providing little advantage over standard vaccine doses in animal models (17). Experts have 
put forward that COVID-19 seems to be headed towards becoming an endemic disease (18). 
It is hence very important to recognize common themes in vaccine technology research before 
going forward into the next stages of this global pandemic. 
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TABLE 1. Efficacy of authorized SARS-CoV-2 vaccines against several circulating variants of concern. 
Summary of trial data on the effectiveness of four out of the six vaccines authorized by Health Canada against 
circulating SARS-CoV-2 variants of concern. Adapted from (3, 9, 10, 11). 
 

SARS-CoV -2 
Variant of Concern 

Pfizer-BioTech 
vaccine mediated 
protection 

Moderna vaccine 
mediated protection 

AstraZeneca vaccine 
mediated protection 

Johnson & Johnson 
vaccine mediated 
protection 

Wuhan Strain ➢ 95% (9) ➢ Overall 
humoral immunity (3) 
 

➢ 94.1% (9) 
➢ Overall 
humoral and cellular 
immunity (3) 

➢ 55-81% (9) 
➢ 62.1 -79% (3) 
➢ Overall 
cellular immunity (3) 

➢ 66% (9) 

Alpha (B.1.1.7) ➢ 90% (9) 
 
 

➢ 89% (3) 
➢ 2.3-6.4 in 
titers of neutralizing 
antibodies (9) 

➢ 75% (9)  
➢ 74.5 % (3) 
 

➢ 70% (9) 

Beta (B.1.351) ➢ 75- 100% (9) 
 
 

➢ 85% (3) 
➢ Reduced levels of 
neutralizing antibodies 

➢ 61.1%, 10.4% for 
Beta, HIV 
negative (3)  
➢ 10% (9) 
 

➢ 72% in USA, 57% 
in South 
Africa (9) 

Gamma (P.1) ➢ No evidence of 
reduced 
protection (9) 
 

➢ 85% (3) 
➢ Reduced levels of 
neutralizing antibodies 
(9) 

➢ Unknown (9) ➢ 68% (9) 

Delta (B.1.617.2) ➢ One dose is 88% 
effective 
(9) 
➢ Varying 
efficacy against 
symptomatic infection 
documented by Patel 
et al: From 41% - 
88%. Efficacy against 
severe infection in the 
range of (89 % - 93%) 
(11) 
➢ In Canada, 78% 
effectiveness against 
hospitalization over 21 
days after first dose, 
when Delta was the 
dominant variant 
when the survey was 
conducted (10) 

➢ 50.6% (3) 
➢ Neutralization titer 
6.8-1 
(9) 
➢ In Canada, 
95% effectiveness 
against hospitalization 
over 21 days after first 
dose, when Delta was 
the dominant variant 
when the survey was 
conducted (10) 

➢ 92% effective 
against 
hospitalization 
(9) 
➢ 67% (3) 

➢ Reports of 60% 
effectiveness 
(9) 
➢ ~66% 
effective in preventing 
moderate infection 2-3 
weeks post injection 
(11) 
➢ 80% effective in 
preventing 
severe infection 2-3 
weeks post injection 
(11) 

Omicron (B.1.1.529) ➢ 22.5% (3) ➢ 89-
96% for 
pregnant women (3) 

Ongoing discovery Ongoing discovery Ongoing discovery 

 
What are other vaccine technologies that show potential in future Covid-19 vaccine 

development? 
Several recent papers have focused on inducing T cell immunity mediated vaccine 

protection (See TABLE 2 Part A). T cell mediated pathways provide broad spectrum 
protection, which is less affected by evolving variants (19). Hence, despite the extensive 
mutations that exist with the Omicron variant, it seems that T cell responses induced by 
vaccination and/or induced by previous infection can cross-recognize the variant (20). 
However, it is still to be determined whether the T cell immunity to Omicron can be protective 
in cases of severe COVID-19 (20). CoVac-1 is an example of a peptide-based vaccine 
candidate that aimed to and was able to induce SARS-CoV-2 specific T cell response in an 
adult sample (19). Other examples of T cell immunity focused vaccines include both spike 
and nucleocapsid proteins of SARS-CoV-2, with explored delivery methods including  
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TABLE 2. Recent literature on vaccine technology with high potential for the near future. Part A) Recent 
studies (as of February 2022) covering T cell focused vaccine immunity against COVID-19. Part B) Recent studies 
(as of February 2022) covering nanoparticle, subunit adjuvant vaccine technology against COVID-19. 

Part A – T cell mediated immunity and peptide vaccines Source 

A COVID-19 peptide vaccine for the induction of SARS-
CoV-2 T cell immunity 

Heitmann et al., 2021, Nature 

Intranasal plus subcutaneous prime vaccination with a dual 
antigen COVID-19 vaccine elicits T-cell and antibody 
responses in mice 

Rice et al., 2021, Scientific Reports 

T cell responses to SARS-CoV-2 spike cross-recognize 
Omicron 

Keeton et al., 2022, Nature 

Induction of Th1 and Th2 in the protection against SARS-
CoV-2 through mucosal delivery of an adenovirus vaccine 
expressing an engineered spike protein 

Chung et al., 2022, Vaccine 

Design of a multi-epitope-based-based peptide vaccine 
against the S and N proteins of SARS-COV-2 using 
immunoinformatics approach 

Rouzbahani et al., 2022, 
Egyptian Journal of Medical Human Genetics 

Part B – Nanoparticles, subunit vaccine adjuvants Source 

SARS-CoV-2 subunit vaccine adjuvants and their signaling 
pathways 

Mekonnen et al., 2021, Expert Rev Vaccines 

Nanocarrier vaccines for SARS-CoV-2 Macchi et al., 2021, Advanced Drug Delivery Reviews 

Nanoparticle and virus-like particle vaccine approaches 
against SARS-CoV-2 

Kim et al., 2022, Journal of Microbiology 

Design and Immunological Properties of the Novel Subunit 
Virus-like Vaccine against SARS-CoV-2 

Krasilnikov et al., 2022, 
Vaccines (Basel) 

Oral subunit SARS-CoV-2 vaccine induces systemic 
neutralizing IgG, IgA and cellular immune responses and can 
boost neutralizing antibody responses primed by an injected 
vaccine 

Pitcovski et al., 2022, Vaccine 

 
intranasal and subcutaneous (21, 22, 23). Challenges to vaccine technology development 
include the limited knowledge on the pathophysiology of the SARS-CoV-2 virus and 
inducing robust humoral and cellular immunity (24). 

Nanocarrier delivery has become an important part of SARS-CoV-2 vaccine 
development, as nanoparticles are similar in size to viruses and are especially capable of 
penetrating membranes (25). Adjuvant subunit vaccine technology seems particularly 
promising, and experts suggest that nanoparticle subunit adjuvant vaccines could become 
important second and third generation COVID-19 vaccines (25, 26, 27). Defensin, alum, 
matrix-M and CpG were found to be the most utilized adjuvants in current subunit vaccine 
development research (27). Several recent papers have explored this vaccine strategy for 
combating SARS-CoV-2 (See TABLE 2 Part B). 

There are even more vaccine technologies that are certainly far from losing traction. 
These vaccine strategies include inactivated vaccines, as well the option of mixing-and-
matching vaccines. An example of an inactivated vaccine in recent development is the whole-
virion inactivated SARS-CoV-2 vaccine candidate TURKOVAC (30). Additionally, mixing 
the same vaccine platform or two different vaccine platforms may provide another great 
strategy, with research suggesting that combining two different vaccines provides protection 
on par with mRNA vaccines (31, 32). 
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POTENTIAL IMPACT/CONCLUSIONS 

Overall, there is evidence of high effectiveness of authorized vaccines against circulating 
SARS-CoV-2 variants of concern. Among emerging themes in future SARS-CoV-2 vaccine 
development, important vaccine technology focuses include the induction of a robust T cell 
immunity and the use of nanocarriers. Among nanocarrier vaccines, adjuvant subunit vaccine 
technology has been showing particular potential. Nevertheless, the state of knowledge on 
SARS-CoV-2 variants and the ability of vaccines to keep up protection against symptomatic 
COVID-19 is adjusting daily. Essential considerations for vaccine development include 
safety, affordability, and access. Trying to optimize these factors is an ongoing challenge for 
vaccine development for COVID-19. Future research on emerging vaccine technology within 
this rapidly developing field will continue to be of great interest. 

Canada must keep looking towards key themes in developing SARS-CoV–2 vaccine 
options, such as those highlighted within this article, as we enter the next stage of this global 
pandemic. It was a huge step for Health Canada to have authorized the Medicago Covifenz 
vaccine. Considering the potential of an endemic SARS-CoV-2 presence, it is critical to build 
stronger biomanufacturing capacity within Canada rather than relying heavily on products 
from biotechnology companies from outside the country. 
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