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Vaccine against SARS-CoV-2: Challenges and 
considerations
Ruchi Chaube1*

Abstract

It is essential to consider challenges previously faced and addressed while developing a vaccine 
against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Considering the severity 
of the health crisis that SARS-CoV-2 has caused worldwide, and with so little known about 
the virus, our focus should be drawn towards approaches that can bring better development 
outcomes in a relatively short period of time. This commentary discusses the use of nucleic acid 
(deoxyribonucleic acid and ribonucleic acid) vaccines against viral infections and pandemic-like 
settings. The potential advantages of the nucleic acid vaccines over conventional vaccines are 
presented, and the nucleic acid vaccines currently in development against viral infections and 
the challenges these vaccines face entering clinical trial are discussed.
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Introduction

A novel coronavirus, severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), causing coronavirus disease 2019 
(COVID-19), entered the human population and rapidly spread 
around the world in the early months of 2020, causing a global 
pandemic. This pandemic, as defined by the World Health 
Organization, is “an epidemic occurring worldwide, or over a 
very wide area, crossing international boundaries and usually 
affecting a large number of people” (1), led the scientific and 
medical communities to initiate serious efforts to limit the wave 
of viral spread by developing preventative vaccines.

A vaccine (or vaccines) against SARS-CoV-2 would help develop 
community immunity against the virus and thus prevent the 
spread and recurrence of the disease at the population level. 
There has been a surge in vaccine candidates since the pandemic 
started; however, vaccine protection from SARS-CoV-2 hinges on 
two questions: first, how soon a vaccine can be made available 
for use; and second, will the vaccine(s) be protective enough to 
completely prevent the further spread of the virus. While the 
first point is temporal and, at present, we are much ahead in 
the game with respect to COVID-19 vaccines, the second point 
is fundamental to vaccine development defining a strong and 
lasting immunological response.

In the past few decades, there has been rapid spread 
of numerous severe viral infections, including human 
immunodeficiency virus (HIV), influenza A, severe acute 
respiratory syndrome (SARS), Ebola and Zika. These infections 
have necessitated the rapid development and comprehensive 

distribution of vaccines; however, the development of these 
vaccines has proven to be extremely difficult. In addition, 
many of these viruses represent zoonoses (zoonotic diseases), 
increasing the risk of introducing a virus with completely 
new immunogenic properties into the human population. 
Furthermore, it is impossible to predict the characteristics of 
these viruses, the severity of the diseases they might induce 
and the scope of the outbreaks they can cause. For example, 
influenza A virus/H1N1 led to a phase 6 pandemic alert in 
2009 but caused relatively mild symptoms compared with the 
1918 pandemic (the “Spanish flu”) that resulted in the death of 
50 million people (2).

Vaccines

Conventional vaccines
Conventional vaccines—live attenuated or inactivated—have 
proved to be beneficial against a number of infectious diseases 
in the past. However, they may not always be suitable for use 
in outbreak situations, as they bear the risk of reversion and are 
capable of causing severe adverse effects, making this approach 
unfavourable for highly pathogenic organisms. This reversion 
was seen with the Ebola vaccine (3). Furthermore, conventional 
vaccines pose challenges with commercial production, as they 
require whole pathogen cultivation and propagation, which 
require the use of biosafety level labs.
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As these viruses are largely uncharacterized before an outbreak 
occurs, time becomes a crucial factor for effective vaccine 
development. Currently, the average development time for 
conventional vaccines from preclinical stage is more than 
10 years (4), underscoring the urgent need to explore methods 
that allow expeditious development—to prevent an emerging 
outbreak from becoming a pandemic.

Viral vector-based vaccines
A valuable alternative to a conventional vaccine is a viral 
vector-based vaccine, as this technique represents a highly 
versatile platform. The viral vectors can be exploited to encode 
for heterologous antigens that can be delivered into the host 
cells. Inside the host they express the encoded antigens, 
prompting the host to induce an immune response. This platform 
appeared to be effective against the Ebola virus, and rVSV 
ZEROV currently represents the most promising candidate for 
a licensed vaccine (5). However, viral vectors are not widely 
used as they are considered potential risks to human health and 
environment because they are genetically modified organisms 
(GMOs). Moreover, these vectors always bear the risk of 
integration into the host genome, and too high or persistent 
replication in the host raises concerns for their use in humans (6).

Nucleic acid vaccines
Nucleic acid vaccines, both deoxyribonucleic acid (DNA) and 
ribonucleic acid (RNA) vaccines, come with potential benefits 
over conventional vaccines, as they are more stable, are more 
cost-effective, are easy to manufacture and handle, provide 
broad-spectrum immunity (meaning a multi-antigen vaccine 
can be designed that can effectively target constantly evolving 
strains of viruses) and can induce both humoral and cellular 
immune responses (7,8). Nucleic acid vaccines also have an edge 
over the viral-vector-based vaccines because they are derived 
from recombinant plasmids of bacterial origin, and persistent 
replication and host genome integration, though a possibility, 
have remain a low risk (9,10). Furthermore, the United States 
Food and Drug Administration has recommended that the 
termination of a study is not required if plasmid DNA remains 
below 30,000 copies per µg of host DNA in host tissues (11).

The DNA vaccines against Middle East respiratory syndrome 
coronavirus (MERS-CoV) showed promising results in preclinical 
trial and thereafter entered the phase I clinical trial. However, 
the vaccines did not progress further, mainly because this illness 
is characterized by a changing epidemiology; meaning that by 
the time the vaccine candidate entered into clinical trial, the 
incidence of the disease had significantly declined, presenting 
a potential barrier for an efficacy trial (12). In 2016, during the 
Zika crisis, a preclinical study conducted in non-human primates 
using a vaccine containing DNA constructs that expressed 
precursor membrane and envelope (prM-E) protein of the virus 
demonstrated correlation of antibody levels and protection. 
With this success, a phase I clinical study was initiated and 
preliminary results showed that the vaccine was safe and 
induced neutralizing antibodies in 62% of the participants (13). 

Importantly, this initiative was undertaken soon after the DNA 
sequences of the virus antigens were decoded, indicating the 
speed with which DNA vaccines can be produced.

In the spring of 2009, with the novel H1N1 influenza becoming 
a global pandemic, a phase I clinical trial was initiated. By 
August 2009, using a DNA-based approach encoding the 
hemagglutinin protein of A/California/04/2009 (H1N1pdm09) 
was developed. Although the DNA vaccine was able to 
generate hemagglutination inhibition antibody titres in only 
30% of the subjects, the titres were increased to 72% within 
four weeks after boosting with a licensed conventional influenza 
vaccine. These data suggested that the virus can be controlled 
by employing DNA as an initial priming agent, followed by 
boosting with a conventional vaccine (14). A vaccine against 
HIV had been difficult to develop due to the changing nature 
of the virus. Of the six HIV-1 vaccine efficacy trials to date, 
only one (RV144) performed well and entered the phase III 
efficacy trial. Development of this vaccine was achieved after 
several hits-and-misses by adopting a stratagem of priming with 
DNA constructs expressing clade C gp120 and clade B gp41, 
gap and protease proteins and boosting with bivalent subtype 
C gp120 protein complex of the virus (15).

The RNA vaccine (using messenger RNA; mRNA) appears to 
have certain benefits over its DNA and viral-vector counterparts. 
As mRNA does not interact with the host-cell DNA, mRNA 
vaccines are free from the potential risk of integration into the 
host genome. Furthermore, mRNA vaccines have a simple vector 
structure containing an open reading frame (ORF) encoding the 
target antigen flanked by specific regulatory genes and thus are 
not capable of inducing anti-vector immunity (16). Currently, 
mRNA vaccines against Zika, Chikungunya and certain strains of 
influenza virus are undergoing phase I clinical trials (11).

Coronavirus-specific issues

Coronaviruses are single-stranded positive-sense RNA viruses. 
These viruses are of four genera (alpha, beta, gamma and delta 
coronaviruses); SARS-CoV-2 is a beta coronavirus. It consists 
of four structural proteins, namely spike, envelope, membrane 
and nucleocapsid, that are believed to be involved in invading 
the host cells. Although studies are still underway to better 
understand the biology of SARS-CoV-2, there has been an array 
of vaccine candidates launched into clinical testing and some 
have already been approved for use worldwide. The vaccines 
developed by Pfizer, AstraZeneca and Moderna are shown to be 
effective in the 90% range and interestingly they are nucleic acid 
vaccines. Despite the widespread use of these vaccines, some 
critical questions still need to be addressed: 1) are neutralizing 
antibodies and a SARS-CoV-2-specific T cell response sufficient 
to prevent the disease and subsequent spread; 2) how long does 
the protective immunity last following infection or vaccination; 
3) what are the factors responsible for dysregulated immune 
response in patients with severe symptoms; and 4) does the 
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vaccine cause any severe adverse reactions. So far, none of the 
approved COVID-19 vaccines have shown any serious safety 
concerns; however, there are lingering questions around their 
safety with long-term use and will they be effective against 
the variant strains of SARS-CoV-2. Typically, when a vaccine is 
approved for use by the general public, it goes through stringent 
safety assessments to detect problems by testing it in tens of 
thousands of study participants, studies that span several years. 
Apparently, this did not happen with the COVID-19 vaccines; 
these vaccines went on clinical trials with small sample sizes of 
participants and in less than a year the vaccines were approved 
for use in humans. This was done because we were in the midst 
of a global pandemic and controlling the virus was an urgent 
necessity; thus, leaving some safety and effectiveness issues to 
be addressed mainly via post-marketing studies.

Going forward, whether it is with a modification of the currently 
approved COVID-19 vaccines or with a new COVID-19 vaccine, 
it is prudent to consider the developmental challenges faced by 
other viral vaccines in developing COVID-19 vaccines. A multi-
faceted approach, such as the prime-boost stratagem that was 
used for the influenza and HIV vaccines or directions derived 
from preclinical studies, would be worthwhile to explore. For 
instance, in a recent preclinical study (17), six DNA constructs 
expressing different forms of SARS-CoV-2 spike proteins were 
used to vaccinate rhesus macaques. The macaques exhibited 
both humoral and cellular immune responses and a significant 
reduction in viral loads upon challenge with SARS-CoV-2 
following vaccination. Although the sample size was small (n=4) 
for each of the vaccine candidate groups, the study did hint that 
neutralizing antibodies and antibody-dependent complement 
deposition could be useful benchmarks to study while 
developing vaccine against SARS-CoV-2.

Conclusion

Time is of the essence in controlling pandemics, but the efficacy 
and safety of any vaccine are also fundamental. Notably, when 
designing a vaccine against viral infection, it is essential to look 
at which approaches worked and which did not work with other 
viral vaccines.
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