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Abstract
Since the reporting of the first cases of coronavirus in China 
and the publication of the first sequence of SARS-CoV-2 in 
December 2019, the virus has undergone numerous muta-
tions. In Europe, the spring outbreak (March–April) was fol-
lowed by a drop in the number of cases and deaths. The dis-
ease may have evolved into a milder form. The increase in 
PCR-positive cases in late summer 2020 did not lead to the 
expected increase in hospitalizations, ICU admissions, and 
deaths, based on the severity of the disease in the spring. 
This difference in disease severity could be due to factors in-
dependent of the virus or to the evolution of the virus. This 
review attempts to identify the mutations that have ap-
peared since the beginning of the pandemic and their role 
in the temporal evolution of the pandemic. There are a cell 
and humoral type cross-reactivity in a large part of the pop-
ulation to common cold coronaviruses (HCoVs) and SARS-
CoV-2. Evolutionarily important mutations and deletions 
have emerged in the SARS-CoV-2 genes encoding proteins 
that interact with the host immune system. In addition, one 
of the major mutations (in viral polymerase) is logically as-

sociated with a higher frequency of mutations throughout 
the genome. This frequency fluctuates over time and shows 
a peak at the time when the epidemic was most active. The 
rate of mutations in proteins involved in the relationship to 
the immune system continues to increase after the first out-
break. The cross-reactivity on the 1 hand and the viral muta-
tions observed on the other hand could explain the evolu-
tion of the pandemic until the summer of 2020, partly due to 
the evolution of the virus in relation to the host immune sys-
tem. The immunization campaign began in December 2020: 
concerns are emerging about a possible escape of the circu-
lating variants vaccines in early 2021. These variants could 
also escape immunity acquired through infection with the 
2020 strains. © 2021 S. Karger AG, Basel

Evolution of the Epidemic

The SARS-CoV-2 pandemic has been occurring in 
several phases since the emergence of the virus in China 
at the end of 2019. In Europe, the spring outbreak (March–
April) was followed by a decrease in the number of cases 
and deaths. According to some physicians who treated 
coronavirus 2019 (COVID-19) patients during the con-
secutive phases of the outbreak, the virus is believed to 
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have evolved into a milder phenotype from the end of 
May 2020. But several factors independent of the virus 
could have impacted the case-fatality rate (CFR) (number 
of deaths/case numbers). At the beginning of 2020, test-
ing capabilities were poorly developed. Mask use was not 
widespread and its use became widespread late, which 
may have reduced the inoculum of infected persons and 
the severity of cases, and the clinical management of CO-
VID-19 had to improve over time.

However, this is not the case everywhere: according to 
the IHU Marseille (France) [1], the mortality of patients 
hospitalized since mid-June is lower than that of the 
March–April phase. This cannot be due to a bias in com-
parison of the mortality rate between these 2 periods be-
cause the strategy of testing and clinical and therapeutic 
management has remained the same (Fig. 1).

In Philadelphia (Pennsylvania), where the massive 
testing campaign started late, in contrast to Marseille 
(France), the curves of positive cases, hospitalizations and 
deaths also show this epidemic peak in March–April fol-
lowed by a very clear decline. The increase in hospitaliza-
tions and deaths at the end of the summer is also not pro-
portional to the number of infections (Fig. 2). According 
to Ghayda et al. [2], who evaluate the best way to estimate 
the CFR dynamically as the epidemic evolves, the CFR 
would appear to decrease regardless of the evaluation 
method (Fig. 3).

Brewer et al. [3] have proposed that RNA viruses un-
dergo natural genetic attenuation that contributes to the 
transient nature of pandemics caused by these viruses. 
Hygiene measures (such as the physical distancing pro-
vided by wearing masks) and host immune defenses (par-
tial immunity that may result in the case of COVID-19 
from cross-reactivity with HCoVs) would reduce inocu-
lum levels and accelerate the mutation rate, which should 
result in greater bottlenecks and accelerated decline.

The emergence of another human coronavirus, HCoV-
OC43 has been proposed to be linked to a host change 
around 1890, a time that coincides with a pandemic of 
respiratory disease in humans [4]. Could SARS-CoV-2, 
responsible for COVID-19, follow this evolutionary path 
as suggested by Benedetti et al. [5]?

Cross-Reactivity between SARS-CoV-2 and HCoVs
Cross-reactivity to common cold viruses and SARS-

CoV-2 is now established [6]. This reactivity is logically 
directed against antigens common to all coronaviruses 
and not against SARS-CoV-2 specific antigens. These 
common antigens are found on the structural proteins N, 
M, and Spike and also on nonstructural proteins (NSPs, 

including viral RNA replication enzymes). Important dif-
ferences in cellular reactivity to coronavirus epitopes are 
found between exposed and unexposed individuals and 
between severely affected and asymptomatic or poorly af-
fected individuals. According to Grifoni et al. [7], the un-
exposed preferentially (compared to the exposed) reacts 
to ORF1 proteins (open reading frame = area of the ge-
nome that codes for many overlapping proteins) whereas 
the exposed recognize structural proteins; according to 
Mateus et al. [8], epitopes of M (the membrane protein) 
are not recognized by the unexposed, whereas they are 
recognized in a robust way in COVID (CD4+) cases. Li et 
al. [9] also did not find the same type of cellular response 
according to the severity of the disease in 2003 SARS-
CoV.

NSPs are highly conserved among coronaviruses. Ac-
cording to Le Bert et al. [10] exposed but uninfected indi-
viduals would develop cellular reactivity toward NSPs in-
volved in viral RNA replication, in particular NSP1 (en-
coded by the OrF1 region). Indeed, this protein is essen-
tial for virus replication and is, therefore, expressed first. 
Therefore, ORF1-specific T cells could hypothetically in-
terrupt viral production by lysing SARS-CoV-2 infected 
cells before the formation of mature virions. NSP1 is in-
volved in escape to the host immune system (it blocks in-
nate immunity and interferon synthesis) [11].

While most of the scientific literature assumed preex-
isting T cells could be beneficial, there is also the possibil-
ity that preexisting immunity might actually be detrimen-
tal (Sette and Crotty [12]). According to Bacher et al. [13], 
cross-reactive T cells have a low avidity, negatively im-
pacting the response quality against neoantigens such as 
SARS-CoV-2 and inappropriate immune reactions. But 
these authors suggest that preexisting memory T cells tar-
geting HCoVs epitopes and having a low cross-reactivity 
with SARS-CoV-2 epitopes could prevent the activation 
of naïve T cells and the selection of high-affinity clones. 
This is inconsistent with the documented presence of 
cross-reactive T cells in all donors exposed or unexposed 
to COVID-19 and with the fact that the majority of indi-
viduals infected with SARS-CoV-2 have a mild or asymp-
tomatic infection. If there is a harmful role for these low-
affinity memory T cells, it appears to correlate with the 
immunological age of the patient. Moreover, according to 
Sagar et al. [14], a recent HCoV infection would protect 
against a severe COVID.

According to Ng et al. [15], antibodies directed against 
the S2 subunit of the spike protein of SARS-CoV-2 would 
preexist in many uninfected subjects, they would come 
from previous HCoV infections. In Africa, where COVID 
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Fig. 1. From Colson et al. [1]: number of PCR tests, positive diagnoses, and deaths from February to September. 
Number of PCR tests performed at IHU Méditerranée Infection (a); number of PCR-positive patients performed 
at IHU Méditerranée Infection (b); number of deaths among SARS-CoV-2-positive patients in Marseille public 
hospitals (Assistance Publique-Hôpitaux de Marseille) (c).
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has had little effect, Tso et al. [16] find a predominance of 
cross-reactive antibodies directed against the N protein. 
The prevalence of these antibodies is 6–8 times higher 
than that found in the USA where the incidence and mor-
bidity of COVID have been higher.

Evolution of the Virus

It seems that the emergence of the virus dates back to 
late summer 2019 in China and that the virus entered the 
West as early as October 2019 (or earlier?). This is sug-
gested by Li et al. [17] based on mutation analysis. Van 
Dorp et al. [18] indicate that the disease spread worldwide 
probably from the beginning of the pandemic. Chaw et al. 
[19] also believe that SARS-CoV-2 circulated cryptically 
well before the late 2019 outbreak in China, Gambaro et 
al. [20] say the same for France.

A hypothesis on the origin of SARS-CoV-2, discussed 
by Sallard et al. [21], proposes that SARS-CoV-2 is de-
rived from a virus that appeared in a mine in China in 
2012, was collected in a laboratory, and may have escaped 
from it during manipulations in 2018 or 2019. This hy-
pothesis could account for the circulation of the virus be-
fore the outbreak, during this early period the virus could 
have undergone undetected mutations. Thus, there would 

be a lack of archives from the early period of the pandem-
ic and mutations that occurred during this period would 
have gone unnoticed. Moreover, only a few tens of thou-
sands of sequences have been analyzed out of the 34 mil-
lion suspected cases of COVID-19. Of the 295,000 pub-
lished sequences (Gisaid https://www.gisaid.org) a mi-
nority were analyzed for their biological and evolutionary 
significance. It will, therefore, be necessary to follow in 
the coming months the publications on late-phase iso-
lated sequences.

What are the main mutations found on SARS-CoV-2 
compared to the first published Chinese sequence dated 
December 2019 (see Table 1)? This work will be mainly 
limited to the first 2 phases of the pandemic (from De-
cember 2019 to summer 2020).

Deletions
They are mainly found in regions coding for proteins 

that interact with the host response and in the spike pro-
tein. A hotspot of deletion in the NSP1 region has been 
found in several countries, suggesting that it is due to 
potential convergent evolution. Particularly, the Δ500–
532 is correlated with lower viral load, nonsevere traits, 
and lower serum IFN-β, with possible implications for 
proper immune response against SARS-CoV-2 infec-
tion [22].
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In April 2020 [23], a deletion is found in the ORF7 re-
gion from the original sequence. It concerns a region that 
could be important for the adaptation of the virus to hu-
mans (because it is close to the ORF8 region identified in 
2003 for SARS-CoV-1) [24].

Between January and February 2020, a team from Sin-
gapore recovered a deletion of 382 nucleotides in the 
ORF8 region [25]. The authors suggest that the deletion 
could lead to an attenuated SARS-CoV-2 phenotype. This 
mutation then disappeared after March 2020. Hospital-
ized patients with this mutation had less severe COVID 

Table 1. Main mutations, role of the mutated regions

Genome region Protein Mutation Remark Role or assumed role

Leader 5′UTR Mutated nucleotide

C251T G clade Not transcribed

Mutated amino acid

orf1ab  NSP1 Excess of Immune evasion
mutations

NSP2 T265I

NSP3 F106F G clade Inflammasome
InteractionSilent

NSP6 L37F V clade Innate immunity
InteractionL3606F

NSP12 P323L G clade RNA dependent RNA polymerase

NSP13 P504L Helicase

Y541C

NSP14 Exonuclease proofreading

Spike S D614G Not in RBD Increase infectivity
Increase viral load URTG clade

N439K In RBD Increase infectivity

Deletions

orf3a Viroporin Q57H USA Cellular release of virus
Virulence
Viral replicationG215V V clade (China)

orf8 ORF8 L84S S clade Host immune response
Immunogenic proteinDeletions

Nucleocapsid N R203K GR clade Increase infectivity
and replicationR202K These 3 muta-

tions are linked

G204R

orf10 Deletions Noncoding region
Not essential

NSP, nonstructural proteins; ORF, open reading frame; RBD, receptor-binding domain.
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than those without it. The ORF8 region is believed to be 
involved in immune evasion.

Patients carrying this variant have better T cell re-
sponses and higher production of gamma interferon. The 
proteins produced by orf8 are highly immunogenic and 
induce early antibody synthesis during the disease. The 
absence of these proteins in patients carrying the muta-
tion could explain the lesser inflammatory response.

This deletion could have been selected by the pressure 
of the host immune system: Muth et al. [24] had already 
proposed this for a deletion in ORF8 found on a strain of 
SARS-CoV-1.

McCarthy et al. [26] highlight the importance of dele-
tions in immune evasion on the evolutionary trajectory of 
SARS-CoV-2 to an endemic virus. According to Parvez et 
al. [27] and Rahman et al. [28], deletions in ORF7, ORF8, 
and ORF10 found in Bangladesh were associated with re-
duced virulence. According to Liu et al. [29], isolates con-
taining deletions in or near the furin polybasic site of the 
spike protein have been associated with mild or asymp-
tomatic outcome. Variants with deletions may be under-
represented in the databases due to their low frequency 
and thus their elimination, Nagy et al. [30]. Moreover, 
very few complete sequences have been deposited at GI-
SAID, Wang et al. [31].

Observed Mutations
The selected point mutations (SNPs) would be in epi-

static interaction: they are the signatures of the observed 
clades which present distinct spatial and temporal dy-
namics [32]. According to Rice et al. [33], untranscribed 
regions are subject to selection (e.g., orf10 ). According to 
Nagy et al. [30], the absence or modification of a NSP and 
nontranscribed regions can influence the expression of 
the viral genome and have as much effect on pathogenic-
ity as nonsynonymous mutations.

Below will be listed possible correlations between 
point mutations and disease severity and/or infectivity. 
But it should be kept in mind that SNPs have coevolved 
to form the clades that have become dominant and these 
associations of synonymous and nonsynonymous muta-
tions and deletions could strongly influence fitness and 
virulence.

Mutations on the Spike Protein (D614G and Others)
The D614G mutation (located outside the receptor-

binding domain [RBD]) resulted in the replacement of an 
asparagine by a glycine on the C-terminal part of the sur-
face spike protein. This mutation never appears alone but 
is part of a haplotype of 4 mutations (including those that 

alter NSP12 [NSP], 5′ TRU, and silently NSP3), which 
constitute the clade G originating from China and estab-
lished in Europe [34].

It is not certain that this mutation increases infectivity, 
but it is now accepted that it does not increase the sever-
ity of the disease [35]. However, in April 2020 (first phase 
of the pandemic), Becerra-Flores and Cardozo noted a 
correlation between the frequency of the D614G variant 
and the CFR [36] although this kind of analysis can be 
complicated by different availability of testing and care in 
different nations [35]. Long et al. [37] validate previous 
studies showing that patients infected with variant D614G 
have higher viral loads in the upper respiratory tract with-
out worsening the disease. Plante et al. [38] propose that 
strains carrying D614G would be less adapted to the low-
er respiratory tract.

Other mutations appeared during the summer in the 
spike protein, in particular, N439K in RBD: according to 
Chen et al. [39], the most frequent mutations in the spike 
(including D614G, N439K, and S477N) increase its trans-
missibility. A strain with D614G associated with muta-
tions at RBD is more infective and resistant to some neu-
tralizing antibodies with obvious implication for the re-
covery of COVID-19 patients [40].

Mutations Related to the Host Immune System
Wang et al. [41] show by studying C > T mutations in 

the viral genome that about 65% of these are imposed by 
the host immune response: the APOBEC system (apoli-
poprotein B mRNA editing enzyme, catalytic polypep-
tide-like) edits the viral genes and in return T > C muta-
tions are caused by the virus’ protection mechanism,  
T > C.

This C > T ratio increases with age (older people are 
more affected) and may also explain the differences in the 
populations’ level of infection (Africans and Oceanians 
are less affected by this mutation and the epidemic in 
their geographical area has been less severe than else-
where).

According to Rice et al. [33], this codon bias could be 
a route to attenuation of the virus through reduced im-
munogenicity. Jaroszewski et al. [42] showed an excess of 
mutations in proteins NSP1 and NSP2 and in ORF3a, 
ORF8b, and ORF14 (involved in virus-host interactions) 
compared to other sites. The spike, the membrane M pro-
tein and RdRp (RNA-dependent RNA polymerase vira- 
le = NSP12) show a lower rate of false-sense mutations 
than the others: this would be due to the purifying selec-
tion effect given the importance of RdRp for the biology 
of SARS-CoV-2.
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The NSP1 protein allows immune evasion of the virus 
[11] a mutation in this location can make the virus vul-
nerable to immune clearance. NSP1 plays a role in inhib-
iting host RNA expression [43] and in IFN-ß response, as 
seen above [22]. Exposed and unexposed individuals have 
a different T cell response to the NSP1 protein [10].

NSP3 could be involved in the cytokine releasing in-
flammation observed in severe COVID; this protein 
would interact with the inflammasome (protein complex 
involved in inflammation and innate immunity) and in 
particular through its hypervariable part. The expression 
of the NSP3 protein in IFN-activated macrophages (IFN: 
interferon) would indirectly promote prolonged pro-in-
flammatory expression of IFN-stimulated genes. This 
would participate in the cytokine storm characteristic of 
severe cases of COVID-19 [44].

The synonymous mutation in NSP3 (F106F) has co-
evolved with the other signature mutations of clade G 
and could, although silent, affect the fitness of the virus 
[34]. According to Wang et al. [45], the NSP6 L37F mu-
tation, frequently found at the beginning of the pandem-
ic, mainly in Asia, is associated with a high frequency of 
asymptomatic cases. However, it disappeared in the later 
phases of the pandemic and belonged to the GISAID 
clade V [46]. NSP6 decreases the autophagic capacity of 
infected cells, which provides an innate defense against 
viral infections. This capacity also promotes cell death 
and morbidity.

The Q57H mutation is found on the ORF3a region, 
Wang et al. [47]. ORF3a proteins are involved in apop-
tosis and activate the inflammasome. The ORF8 protein 
is involved in immune system evasion: the temporal 
evolution of the L84S mutation, which mainly appeared 
in the USA and is associated with 2 other helicase muta-
tions (NSP13, P504L, and Y541C), follows the evolu-
tion of deaths in the first phase of the epidemic (March–
June 2020). The Y541C and P504L mutations would 
prevent the SARS-CoV-2 from interacting effectively 
with the host interferon signaling molecules and NSP13 
from participating effectively in the replication/tran-
scription process.

On the contrary, according to Nagy et al. [30], muta-
tions associated with a lower result were localized in the 
surface (S) glycoprotein, in RdRp, in exonuclease 3′-5′, in 
ORF3a, NSP2, and N. Mutations associated with a low 
result were localized in ORF8, NSP6, ORF3a, NSP4 and 
in nucleocapsid phosphoprotein N. However, only iso-
lates associated with clinical data were studied (10% of the 
total published sequences) and the geographical distribu-
tion of the sequences obtained is unbalanced (very few 

come from America and Africa, the majority from Asia). 
This could bias the results.

As Wang et al. [45], Banerjee et al. [48], and Pachetti 
et al. [49] find spatial-temporal variations as well as Zhao 
et al. [50] for whom the incidence of some of these sites 
decreased after reaching a (often local) peak. This could 
indicate a potential signal for positive selection in genes 
encoding ORF1ab and structural proteins. Mutations in 
NSP6, NSP13, ORF3a, and ORF8 show high-frequency 
peaks at the beginning of the epidemic and only in some 
regions but have subsequently declined sharply and are 
now low.

On the other hand, the frequency of mutations in 
NSP2, NSP12, ORF3a 57, N, and S has increased since 
their introduction into the viral genome. They are present 
in great abundance in the second half of March, either 
globally or in certain continents. Eskier et al. [51] also 
study the temporal evolution of the co-mutations of the 
G and GH clades, unlike Europe, North and South Amer-
ica, where RdRp-P323L became the dominant form with 
its co-mutations, RdRp-323, and its co-mutations re-
mained the minor form in Asia, which may explain the 
epidemiological differences between these continents.

The results suggest that SARS-CoV-2 genomes with 
the RdRp-323 mutation are 1.5 times more likely to have 
high mutation rates in other parts of the genome in terms 
of time and location: a more error-prone mutant RdRp 
should increase viral genetic diversity and allow the virus 
to spread under different selective pressures in different 
populations. Mutations in NSP14, an error-correcting 
protein exonuclease [41] are most strongly associated 
with an increased mutation load throughout the genome.

Finally, there is a relationship between SARS-CoV-2 
mutation densities and the dynamics of viral transmis-
sion in human populations, when the number of new dai-
ly cases started to reach a plateau. The increase in muta-
tion density ended when the number of new daily cases 
began to reach a plateau. But synonymous and nonsyn-
onymous mutations in the S and ORF1a genes continued 
to accumulate until the number of cases and deaths de-
clined sharply. According to Alam et al. [52], the progres-
sion of the pandemic and the number of deaths are cor-
related over time with the frequency of G clades, and then 
GH and GR derived from it. The exponential increase in 
deaths during the first phase of the pandemic is corre-
lated with the frequency of G clade except in the Western 
Pacific zone. The GR clade is significantly associated with 
a low death/case ratio. The progression of the disease and 
the death/case ratio lead to infer an adaptation of the virus 
(fitness would compromise the virulence of the virus).
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Tomaszewski et al. [34] also studied the rate of muta-
tions in the SARS-CoV-2 genome between January and 
May 2020. Between January and April, the mutation rate 
increased and then slowed for Spike and NSP12 and 
NSP13. Conversely, certain regions of the genome have a 
mutation rate that continues to increase after April: this 
concerns the N protein (particularly the R203K and 
G204R mutations) and viroporin 3a (encoded by ORF3a, 
Q57H, and G251V mutations). These viral molecules can 
subvert the immune response, in particular the response 
to interferon: protein N, protein 3a, and NSP6 are antag-
onists of interferon β which operate in coronavirus dis-
eases.

Explanatory Assumptions

As demonstrated by Wang et al. [41], the majority of 
SARS-CoV-2 mutations are imposed by the APOBEC an-
tiviral defense system and have a priori no adaptive value. 
The evolution of emerging viruses results from selective 
pressures (adaptation to the host immune system, in-
creased transmissibility) but most mutations are selec-
tively neutral or slightly deleterious.

According to Chen et al. [39], mutations on the spike 
protein all increase transmissibility.

As described above, no single SNP studied in isolation 
is clearly associated with a difference in disease severity. 
However, deletions on proteins interacting with the im-
mune system could easily go unnoticed (on ORF7 and 8). 
Clades that have become dominant are characterized by 
associations of synonymous and nonsynonymous muta-
tions (and possibly deletions): positive selection could 
have selected these associations. For example, the silent 
mutation (because on an untranscribed region) on the 
leader 5′UTR (C251T) is part of the signature of the clade 
G that has rapidly become dominant overall [52].

In addition to the pressure on transmissibility, the se-
lective pressure that can act globally on the evolution of 
the virus is that of innate and preexisting immunity (per-
haps by cross-reaction with other coronaviruses). Indeed, 
adaptive immunity plays a much less important role be-
cause it appears later, once the infected person has been 
able to eventually transmit the virus.

Severely ill people fought the virus ineffectively, but 
those exposed but not ill destroyed most of the infecting 
virus and were able to select the less virulent (less effi-
ciently replicating) forms not affected by the innate im-
mune system. Indeed, immunopathological phenomena 
seem to be responsible for the severity of the disease [6]. 

Virions that stimulate these phenomena less, by interact-
ing less with innate immunity, would be selected, and the 
virus would evolve toward a benign phenotype. Most of 
the available sequences were isolated from severely ill pa-
tients [20].

In asymptomatic patients (the majority of infected in-
dividuals), few complete sequences are isolated, and 
therefore, little is known about the mutations responsible 
for this attenuation. But we can assume that these “less 
agressive” viruses are finally the ones that circulate the 
most in the general population now, to the point of com-
pletely supplanting the “more aggressive”?

The work of Eskier et al. [51] Wang et al. [45], and To-
maszewski et al. [34] would tend to show that mutations 
favoring the virus can also disadvantage it: RdRp makes 
more errors when it is faster. If these mutations are asso-
ciated with mutations on the NSP14 that repair these er-
rors, mutations in structural proteins may accumulate 
that could also explain the decline of the epidemic. The 
variation in the mutation rate of the dominant strains in 
Europe and the USA is correlated with the temporal evo-
lution of the epidemic: this concerns mutations related to 
the immune system especially in the declining phase of 
the epidemic.

Conclusion

It is not impossible that the known common cold coro-
naviruses, when they jumped from animals to humans 
(they are all originally responsible for zoonoses), began 
their evolutionary course with a pandemic like CO
VID-19. But at the time, the means of investigation in 
virology and molecular biology did not exist and were not 
identified.

There is a cross-reactivity of cellular and humoral type 
in a large part of the population to common cold corona-
viruses and SARS-CoV-2. Vijgen et al. [4] proposed that 
the common cold coronavirus HCoV-OC43 may have 
followed the same trajectory as the SARS-CoV-2: a spe-
cies jump resulting in a pandemic, followed by an evolu-
tion to a more benign common cold coronavirus.

This evolution seems to be common to emerging vi-
ruses (viral attenuation). Evolutionarily important muta-
tions have appeared in the SARS-CoV-2 genes encoding 
proteins that interact with the host immune system. One 
of the major mutations (in viral polymerase) is logically 
associated with a higher frequency of mutations through-
out the genome. This frequency fluctuates over time and 
peaks at the epidemic peak in the spring of 2020.
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Cross-reactivity on the one hand and the viral muta-
tions observed on the other hand could explain the evolu-
tion toward a benign phenotype of SARS-CoV-2, in part 
by evolution of the virus against the host immune system, 
at least until the summer of 2020. Sustained attention will 
need to be paid to mutations that could reduce the effi-
cacy of vaccines (directed against spike protein) [53] and 
PCRs depending on the probes used [54].

In December 2020, a new variant was identified in the 
UK (VUI 202012/01 or B.1.17), defined by multiple mu-
tations in the spike protein (Δ69–70, Δ144, N501Y, 
A570D, D614G, P681H, T716I, S982A, and D1118H). 
This variant would not be associated with more severe 
infections, would not preferentially affect an age-group 
compared to previously circulating viruses, but being 
more contagious it resulted in January 2021 in the highest 
mortality rate in the UK since the start of the pandemic 
[55]. The B.1.1.7 variant is unlikely to escape recognition 
by antibodies generated by prior infection or the vaccines 
[56] although a recent report suggested that the full set of 
Spike mutations present in the B.1.1.7 variant may reduce 
the neutralizing activity of the Pfizer vaccine BNT162b2 
[57].

In December 2020, the variant B.1.351 (501Y.V2) was 
first isolated in South Africa, it carries 8 characteristic 
mutations in the spike protein [58] and may have in-
creased transmissibility, but no change in disease severity 
has been shown to date. It has been identified in several 
European countries [59].

Of note, recent statements by Johnson & Johnson 
[60]and Novavax [61] reported that vaccine efficacy may 
be reduced against the South Africa variant. Viral neu-
tralization by sera induced by the ChAdOx1 nCoV-19 
coronavirus vaccine against the B.1.351 coronavirus vari-
ant was substantially reduced when compared with the 
original strain of the coronavirus [62].

The P.1 variant has so far only been identified in Brazil, 
and in travelers from Brazil reported in Japan and South 
Korea. This variant includes 20 unique mutations, some 
of which could be responsible for an escape of the anti-
bodies [63].

Several data are emerging regarding the effect of SARS-
CoV-2 mutation on neutralizing antibodies in convales-
cent patients with possible implication for disease recur-
rence. Lineage 501Y.V2 exhibits complete escape from 3 
classes of therapeutically relevant monoclonal antibodies 
[64], and serum antibodies [65]. In lineages carrying the 
E 484 mutation (present in South Africa and Brazil vari-
ants), neutralization by some sera is reduced >10 fold [66].
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