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Developing the 
Covid-19 vaccines
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inoculated a healthy 8-year-old boy, James Phipps, by 
introducing the pus into small cuts in his arm. Despite 
later exposure to smallpox, Phipps never developed the 
illness. Although the idea of deliberately introducing 
infectious material under the skin was not new, Jenner 
scientifically documented the use of cowpox (vaccinia) 
pus to protect against smallpox, coining the term 
vaccine.

Joseph Lloyd explores a new era for 
vaccine research and development

The world’s first vaccine was developed to stop 
smallpox: a global scourge that had existed 
for centuries. A third of those infected did not 

survive, while those who did would often be left 
scarred for life.

It had been observed that milkmaids who 
contracted the much milder disease, cowpox, were 
seemingly protected from smallpox. In May 1796, 
English physician Edward Jenner took pus from 
cowpox sores on the hands of a young dairymaid and 

Question
Explain how damage to our DNA can potentially 
lead to harm.
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Covid-19 vaccines
Fast-forward to the emergence of Covid-19 and the 
chaos of the subsequent pandemic. It was apparent 
from the beginning that development of an effective 
vaccine against the SARS-CoV-2 virus would be the 
key to overcoming that chaos. 

Vaccines against many diseases have been 
developed since Jenner’s breakthrough. However, 
the unique circumstances of the Covid-19 pandemic 
would accelerate the widespread introduction of a new 
type of vaccine: mRNA vaccines not only promised 
immunity, but had the potential to be developed at a 
previously unheard-of pace.

What is mRNA?
To understand how mRNA vaccines work, it is first 
important to understand the usual function of mRNA 
(messenger RNA) in the body. In the nucleus of a 
human cell, DNA is used as a template for the creation 
of mRNA, in a process called transcription.

In this process, RNA polymerase enzyme matches 
DNA bases to their complementary RNA nucleotide 
bases, linking those RNA nucleotides together to 
form a complete strand of mRNA. Once complete, 
mRNA is transported out of the nucleus and into the 
cell cytoplasm, where it attaches to ribosomes (the sites 
of protein synthesis). Here, proteins are formed from 
amino acids, according to the sequence defined by the 
mRNA bases, in a process called translation.

Synthesising a vaccine
Weakened pathogens (biological disease-causing 
agents such as bacteria or viruses), or the subunits 
found on their surfaces, e.g. proteins, are the bedrock 
of most of the familiar vaccines. By introducing these 
elements into the body, the immune system comes to 
recognise the antigens of that particular pathogen and 
produces antibodies specific to them. In the event of an 
actual infection, the immune system is primed and 
ready to react more swiftly, therefore minimising the 
chances of serious illness.

In this respect, mRNA vaccines are not so different: 
the body is still exposed to antigens, resulting in the 
production of antibodies. However, the antigen itself 
is not introduced to the body, but rather produced by 
the body itself through exposure to synthetic mRNA, 
known as modRNA, which encodes for the antigen 
protein.

Ribosomes recognise this modRNA in much the 
same way as they would recognise mRNA synthesised 
within the body’s own cells, and so process the 
synthetic version in the same way. Once the modRNA 
is translated and the antigen protein produced, the 
body responds as it would to the presence of any 
antigen: by producing antibodies. In this way, the 
immune system is prepared for an actual infection.

Not quite the same
While the ribosome recognises modRNA and its own 
mRNA in the same way, there is one crucial difference. 
The mRNA is formed of four kinds of nucleotide 
subunits (each consisting of a base, attached to a 
phosphate via a sugar, see Figure 1). The nucleotides 
are distinguished by the bases they incorporate: 
adenine (A), cytosine (C), uracil (U) and guanine 
(G). The modRNA uses modified nucleotides, such as 
N(1)-methylpseudouridine 5’-monophosphate in place 

Figure 1 A nucleotide consists of three parts. In 
RNA, the sugar is ribose (in DNA it is deoxyribose). 
There are four standard bases found in RNA
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Answer
Damage to DNA would mean a change to the 
template against which mRNA is created. As RNA 
bases are matched to complementary DNA bases, 
damage to DNA that alters the sequence of DNA 
bases leads to a change in the base sequence within 
the mRNA molecule. When this erroneous mRNA 
molecule is translated, the incorrect base sequence 
produces an incorrect sequence of amino acids in 
the protein. This could alter the way a protein folds 
or change an active site, therefore impeding its 
normal function and possibly resulting in harm.

of uridine monophosphate, and 5-methylcytidine 
5’-monophosphate in place of cytidine monophosphate 
(Figure 2).

So why is this difference introduced to modRNA? 
In order to have cells produce non-native proteins, 
modRNA must be able to bypass cellular defences 
against non-native RNA, such as immune system 
mechanisms and RNA-specific enzymes. The 
modRNA has been shown to simultaneously elicit 

a less potent enzyme response and also be more 
resistant to the actions of those same enzymes. As a 
result, the modRNA is preserved long enough to make 
the proteins that will prompt an immune response 
to the virus. Encapsulating the modRNA within lipid 
nanoparticles also aids in the protection of the vaccine 
from the body’s defences.

Need for speed
The approval and deployment of mRNA vaccines to 
combat Covid-19 in such a short space of time has 
been nothing short of astounding. Notably, the same 
infrastructure can be reused to produce vaccines 
against other pathogens in the future. By obtaining the 
genetic sequence of a pathogen, researchers can obtain 
a potential antigen-encoding segment and follow the 
same procedure as they did for Covid-19. In principle, 
all that changes is the initial genetic sequence. It is this 
adaptability that could revolutionise the fight against a 
multitude of pathogens in future, from seasonal flu to 
HIV and malaria.

Figure 2 The use of modified nucleotides helps 
the RNA containing them to avoid destruction by 
enzymes

The infrastructure developed to produce Covid-19 
vaccines in such a small space of time can be used 
to produce vaccines against other pathogens in 
future
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