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2021, this group was organized to analyze the emer-
gence of the new SARS-CoV-2 variant classified as 
B.1.1.529, which was first reported to WHO from 
the Network for Genomics Surveillance in South 
Africa on 24 November 2021. There, infections have 
enlarged abruptly from November 9, when the first 
known B.1.1.529 infection was confirmed. Up to now, 
the variant has now been detected in South Africa, 
Botswana, the UK, the Netherlands, Italy, Germany, 
Spain, Belgium, Canada, Japan, Australia, Israel, Bra-
zil, and China, among other countries. The magnitude 
of the actual spread of the Omicron variant around 
the world, however, remains uncertain as countries 
register new cases each day. The USA has yet to iden-
tify any cases, but there is relative certainty that this 
variant may already be circulating in the USA.

Based on evidence indicative of a detrimental 
change in COVID-19 epidemiology, the Technical 
Advisory Group on SARS-CoV-2 Virus Evolution 
(TAG-VE) has advised the World Health Organiza-
tion (WHO) that this variant should be designated as 
a Variant of Concern (VOC), and the WHO has des-
ignated B.1.1.529 as a VOC, named Omicron [11]. 
Omicron (lineage B.1.1.529) joins to the four vari-
ants of the SARS-CoV-2 already designated as VOC 
including Alpha (lineage B.1.1.7, the so-called UK 
variant), Beta (lineage B.1.351, the so-called South 
Africa variant), Gamma (lineage P.1, the so-called 
Brazil variant), and Delta (lineage B.1.617.2).

The new Omicron variant appears to rapidly 
have replaced other variants in South Africa but this 

The most recent wave of infections has been closely 
related to the emergence of the Delta variant of 
SARS-CoV-2. Like other RNA viruses, this virus 
constantly mutates with new variants emerging as 
long as ongoing transmission persists [5]. A variant 
can become more common if it provides a selective 
advantage to the virus.

The Technical Advisory Group on SARS-CoV-2 
Virus Evolution (TAG-VE) is an independent group 
of experts from WHO that periodically monitors and 
evaluates the evolution of SARS-CoV-2 and assesses 
if specific mutations and combinations of mutations 
alter the behavior of the virus. On 26 November 
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phenomenon may be biased considering that virus 
characterization has increased with the number of 
cases and remains largely focused on the area of the 
emergence of the Omicron variant. The occurrence of 
a series of super spreading events could not be dis-
carded. A comparison of different Omicron genomes 
(carried out by Dr. Kristian Andersen at the Scripps 
Research Institute, La Jolla, CA, USA) estimates 
the virus emerged sometime around late September 
or early October 2021, which suggests it might be 
spreading more slowly than it appears [4].

Omicron has an exceptional number of mutations 
in the spike (S) protein, the viral ligand that recog-
nizes host cells interacting with the human angioten-
sin-converting enzyme 2 (ACE2) receptor and is the 
main target of the body’s immune responses. The 
mutations identified in the Omicron variant include 
several ones that have been previously identified and 
have been deemed of concern due to their poten-
tial impact on the course of the pandemic. The first 
genome-sequencing data obtained from Botswana 
showed 50 mutations overall in this new variant with 
32 changes to the S protein. Many of the changes 
have been found in Delta and Alpha variants. These 
mutations are linked to heightened infectivity and the 
ability to evade infection-blocking antibodies.

The receptor-binding domain (RBD) is the portion 
of the S protein that binds directly to human ACE2 
receptors. There are several amino acid changes such 
as K417N, N440K, G446S, S477N, T478K, E484A, 
Q493K, G496S, Q498R, N501Y, and Y505H at the 
RBD of the S protein of the Omicron variant. Omi-
cron shares 2 out of 3 RBD mutations with the Delta 
variant. The first, a lysine to asparagine substitution at 
position 417 (not present among all Delta sequences 
but frequent in the Beta variant), has been associated 
with conformational changes to S protein, which may 
aid in immune escape. The second mutation, a threo-
nine to lysine substitution at position 478, has been 
expected to increase the electrostatic potential and 
steric interference of the residue, which may further 
increase RBD binding affinity and enable immune 
escape. The third RBD mutation, present in Delta but 
not in the Omicron variant, is a leucine to arginine 
substitution at position 452, known to increase affin-
ity for ACE2 receptors found on the surface of a vari-
ety of human cells, including the lungs [10].

The full profile of amino acid changes in the S 
protein includes A67V, Δ69-70, T95I, G142D/

Δ143-145, Δ211/L212I, ins214EPE (3 amino-acid 
insertion), G339D, S371L, S373P, S375F, K417N, 
N440K, G446S, S477N, T478K, E484A, Q493K, 
G496S, Q498R, N501Y, Y505H, T547K, D614G, 
H655Y, N679K, P681H, N764K, D796Y, N856K, 
Q954H, N969K, and L981F. The P681H muta-
tion has also been reported in other VOCs such 
as Alpha, in some Gamma, and also in variants 
of interest (VOI) such as Mu and B.1.1.318. The 
N679K, N501Y, P681H, N679K, and D614G muta-
tions have been related to high transmissibility [3]. 
The combination of mutations Q498R and N501Y 
in in  vitro evolution studies significantly increased 
the binding affinity to ACE2 [14].

For cellular entry, the SARS-CoV-2 spike protein 
must be cleaved twice by host proteases that hydro-
lyze peptide bonds at specific amino acid sequences. 
One of these sites is a furin cleavage site required 
to produce pre-activated viral particles during rep-
lication and before budding from an infected cell. 
The Delta S protein includes a mutation (P681R) 
located at a furin cleavage site that separates the 
spike 1 (S1) and S2 subunits that enhances SARS-
CoV-2 fitness as compared to the Alpha variant. A 
particular cluster of mutations present at the S1-S2 
furin cleavage site in the Omicron variant (H655Y, 
N679K, P681H) may also be associated with 
increased transmissibility [2]. Whether this large 
number of mutations may make the virus unstable, 
however, needs to be defined.

Current SARS-CoV-2 PCR diagnostics are effec-
tive for the detection of the Omicron variant. A dele-
tion at positions 69–70 of the S protein (Δ69-70) has 
been observed that was also found in Alpha and Eta 
variants among others. This Δ69-70 deletion leads to 
false-negative readings in the S-assay of the widely 
used PCR test (TaqPath, ThermoFisher, USA). This 
particularity (a phenomenon referred to as S-gene tar-
get failure or SGTF, or S gene dropout) may provide a 
useful proxy for measures of prevalence of Omicron. 
The PCR test can therefore be used to identify the 
Omicron variant pending sequencing confirmation. 
However, because the Δ69-70 deletion is also pre-
sent in other variants, confirmation studies must be 
performed to rule out the presence of other variants. 
Studies are ongoing to determine whether there is any 
impact of extensive sequence changes in Omicron on 
other types of diagnostic tests, including rapid anti-
gen detection tests.
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In addition to the mutations described above, a 3 
amino-acid deletion in ORF1a at L3674-, S3675-, and 
G3676- (also annotated as a deletion in NSP6 from 
105–107) is present in the Omicron variant. There 
is some speculation that this mutation could aid in 
innate immune evasion, possibly by compromising 
the ability of infected cells to degrade viral compo-
nents [1, 8].

Finally, two additional mutations in nucleocap-
sid (N) protein R203K and G204R are present in the 
Omicron variant [3]. Although these are ancestral 
mutations (not new to this variant), these changes are 
linked to increased subgenomic RNA expression [6] 
and increased viral loads [7].

The central uncertainties at this time are (1) how 
transmissible the Omicron variant is and whether 
any increases in transmission are related to immune 
escape, intrinsic increased transmissibility, or both; 
(2) how well vaccines protect against Omicron 
infection, transmission, clinical disease of different 
degrees of severity, and death; and (3) does the vari-
ant present with a different severity profile [12, 13].

It is not yet clear whether Omicron is more trans-
missible (e.g., more easily spread from person to 
person) as compared to other variants, including 
Delta. There was an uptick of people testing posi-
tive in Gauteng Province, South Africa, affected 
by this variant, but epidemiological studies that 
will define whether this increase is related to Omi-
cron, or other factors, are still ongoing. Likewise, 
whether Omicron causes more severe disease com-
pared to infections with other variants, including 
Delta, is still unknown. Preliminary data suggest 
increasing rates of hospitalization in South Africa, 
but this may be due to an increase in overall num-
bers of people becoming infected with different var-
iants, rather than a result of infection with Omicron. 
There is currently no information to suggest that 
symptoms associated with Omicron are different 
from those from other variants. Initially reported 
infections were among younger individuals (uni-
versity students) who tend to have milder disease. 
Understanding of overall severity of disease caused 
by the Omicron variant will take many days, likely 
several weeks. A report from the African Medi-
cal Association states that Omicron is seven times 
more contagious than the Delta variant, but the 
reported cases and deaths in Africa have continued 
to decline, and the people infected by Omicron did 

not show any serious aggravation in their condition. 
All variants of COVID-19, including the Delta vari-
ant that is dominant worldwide, can cause severe 
disease or death, in particular for the most vulner-
able individuals including but not limited to older 
adults. Preventive that use all tools currently avail-
able measures (masking, distancing, vaccination) 
should be implemented immediately, urgently so in 
the case of vulnerable populations.

The high number of mutations present in the S pro-
tein in the Omicron variant may increase the virus’s 
ability to evade infection-blocking antibodies, as well 
as other immune responses such as the T cell response. 
This observation is in agreement with preliminary evi-
dence suggesting an increased risk of reinfection with 
Omicron as compared to other VOC, but the information 
is still scarce. A retrospective analysis of suspected rein-
fections among South African individuals offers evidence 
of a temporally juxtaposed Omicron emergence with a 
higher risk of reinfection, not observed during previous 
waves associated with Beta, or Delta variants, suggesting 
that Omicron variant is associated with a particular abil-
ity to escape natural immunity from prior infection [9]. 
Although herd immunity became a remote goal after the 
emergence of the Delta variant, it is still premature to say 
if Omicron will be a greater challenge to achieve that goal.

The impact of Omicron on the effectiveness of 
vaccines is currently under evaluation. Breakthrough 
infections with Omicron have been reported in South 
Africa among people who have received any of the 
three kinds of vaccines in use there (Ad26.COV2.S 
from Janssen -Johnson & Johnson-, BNT162b2 from 
Pfizer–BioNTech, and AZD1222 Oxford/AstraZen-
eca). According to recent news reports, two quar-
antined travelers in Hong Kong who tested positive 
for the Omicron variant had received 2 doses of the 
Pfizer vaccine. One individual had traveled from 
South Africa; the other was infected during hotel 
quarantining [13]. Ideally, the administration of a 
vaccine that targets the spike protein as a booster 
will allow the expansion of memory B lymphocytes 
producing neutralizing antibodies. Despite the pres-
ence of numerous mutations in the S1 region of the 
Omicron spike, the shared regions of the S2 with 
the original vaccine strain are expected to induce a 
broadly reactive immune response. This is an impor-
tant aspect of immunity that may help preserve vac-
cine-driven immunity in the face of infection with 
the Omicron variant.
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The goal of this article is to summarize informa-
tion publicly available about the Omicron variant of 
SARS-CoV-2. Ongoing laboratory studies and soon-
to-be-available clinical and epidemiological data will 
shed light on the biological and clinical consequences 
of the high mutational load in the Omicron variant.
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