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What should we know about COVID new variants?

The emergence of new SARS-CoV-2 variants coincided with an outbreak of infections in Britain, South Africa
and Brazil. Now these variants are spreading around the world. What are they, and what are their dangers?

All viruses "mutate": errors happen in their replication, and are transmitted to their descendants. The SARS-
CoV-2 genome has been estimated to accumulate around 25 mutations per year, a rate that is half that of
influenza  [1]1.  The  vast  majority  of  these  mutations  are  harmless,  but  some  of  them  can  increase
virulence[2]2.

The British variant

The British variant, B.1.1.7, appeared in September 2020. It harbours 17 mutations, compared to the original
Wuhan strain of January 2020 [3]3. Eight of these mutations involve the virus's surface protein Spike ('S')
which serves as a 'key' to enter the cell. Of those, two are located precisely on the receptor binding domain
('RBD').  These two mutations, N501Y and P681H, were presumed to promote the entry of the virus into the
cell and to increase its virulence. Physico-chemical measurements indeed
show that the N501Y mutation improves the stability of the chemical bond
between protein S and RBD[4]4. 

Among them, two are located on the anchor point of the S protein with its
receptor on human cells, namely the binding domain ('RBD') that combines
with of Angiotensin Converting Enzyme-2 ('ACE2'), which works like a 'lock'
allowing the virus to open and pass through the cell membrane[5]5..

Can these mutations compromise the effectiveness of vaccines? 

The  Pfizer  and  Moderna  vaccines  use  the  original  S  protein  as  an
immunogen, and there is concern that a change in this protein would allow
the variant to escape specific antibodies elicited by the vaccine. 

It  has been shown, however,  that the sera of  people vaccinated with the Pfizer vaccine have the same
neutralizing  power  on  the  British  B.1.1.7  variant  and on the wild-type virus[6],[7]6,7.  This  suggests  that
B.1.1.7 does not escape the immunity acquired from the vaccine.

The South Africa Variant 

A second variant, named 501Y.V2, spread to South Africa in October 2020, which is also more contagious
[8]8. It has eight mutations in protein S, including three aminoacid changes in the RBD (K417N, E484K et
N501Y), and four amino acid changes and one deletion in the N5 loop of the N-terminal domain[9]9. These
mutations are likely to be the cause of increased virulence.
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They may also compromise the immunity acquired from a primary infection with the original virus, or from
vaccination. It  has been observed indeed, that the 501Y.V2 variant exhibits complete escape from three
classes of  therapeutically  relevant monoclonal  antibodies directed against  the RBD or the N5 loop,  and
substantial or complete escape from neutralizing antibodies in COVID convalescent plasmas [10],[11]10,11,
raising the question whether it can be neutralized by current vaccines.

The Brazilian variant 

Another variant was detected in Brazil in December 2020. This variant, named P.1, carries 17 amino acid
substitutions and three deletions, among which three substitutions in RBD (K417N, E848K and N501Y) and
one deletion (del11288-11296) in the orf1b gene, in common with the 501Y.V2 variant [12]12. 

Are the  South African and Brazilian variants affecting the mRNA vaccines ?

  the  These common characters appeared independently, which suggests that 501Y.V2 et P.1 convergently
evolved toward a new phenotype. Moreover, they have developed in areas already largely infected with
Wuhan's COVID, raising fear that they would escape the immunity acquired in a primary infection. For this to
be clarified, one has to examine the actual frequency of re-infections in individuals already exposed to the
virus in these areas [12]12. 

501Y.V2 and P.1, which share the same mutations in RBD, are expected to have the same  kind of resistance
to vaccine-elicited anti-S immunity.

The Californian variant

Another variant, CAL.20C, has spread widely in California [13] 13, and just entered Israel in January 2021
[14]14. Other variants may arise, from outside or inside, each time causing us to question and deepen our
understanding of the pandemic.

The components of the immune response ? 

The immune response has two main components,  one humoral  (antibody) and one cellular (cytotoxic  T
lymphocytes). Neutralizing anti-COVID antibodies are mainly aimed at protein S [15]15, but cytotoxic cells
also recognize other viral proteins as well [16]16. 

In  case of  a  natural  infection,  cellular immunity is  less sensitive  than the humoral  response to
changes in protein S. Genetic and pharmacological data suggest that cellular immunity alone can indeed
block the spread of the virus, even in the absence of neutralizing antibodies [17]17. 

After vaccination with S mRNA, however, cellular immunity is stimulated by protein S alone, so that
the immune response is potentially sensitive to changes in S, and residual immunity relies on unchanged
epitopes only.

Adaptability of the mRNA Vaccines

A valuable resource of mRNA vaccines is their ease of adaptation: after the first wave of vaccination, a new
version  of  the vaccine,  carrying  the mutations  of  the  variant,  can be  produced readily  by  site-directed
mutagenesis [18]18. The operation is simple to perform, so that Ugur Sahin, CEO of the German laboratory
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BioNTech, could say without exaggeration that he was "technically capable of delivering a new vaccine in six
weeks" [19]19. Let us add that probationary tests for such a vaccine would be much simplified.

Detection of new variant by PCR 

Mutations in the new variants do not prevent detection of virus carriers by PCR, since the PCR test can
address several genes of the virus. If one viral gene escapes amplification due to a mutation, the other genes
will be amplified normally. Lack of amplification of a gene to PCR may be a way to discover a possible new
mutant[20]20.

Is there an increased risk for children and pregnant women?

With the high proportion of children with COVID in Britain and South Africa when the new variants spread,
the question has  been raised whether the variants put  children at  increased risk.  Early  epidemiological
studies did not find a significant correlation [21]21. However, an increased frequency of serious illness has
been found in Israel among young people and pregnant women, which has prompted the authorities to
prioritize vaccination for these two categories [22]22.

Must we adapt the new mRNA vaccines? 

In  a  January  25,  2021  statement,  Moderna  confirmed that  the  protection  provided  by  their  vaccine  is
weakened when faced to the 501Y.V2 variant, and announced the implementation of a second vaccine, to be
used as a booster shot and complete protection against 501Y.V2-like variants [23]23. 

A preliminary report claims that different combinations of mutations found in 501Y.V2, introduced in an
engineered virus,  do not significantly alter the neutralizing power of the Pfizer vaccine [24] 24.  But these
mutations were not tested all together, so this result does not necessarily reflect the true resistance of the
variant.
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