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Abstract

The progression of the COVID-19 pandemic has generated numerous emerging variants of SARS-CoV-2 on a global scale.
These variants have gained evolutionary advantages, comprising high virulence and serious infectivity due to multiple spike
glycoprotein mutations. As a reason, variants are demonstrating significant abilities to escape the immune responses of the
host. The D614G mutation in the S-glycoprotein of SARS-CoV-2 variants has shown the most efficient interaction with the
ACE2 receptor of the cells. This explicit mutation at amino acid position 614 (aspartic acid-to-glycine substitution) is the
prime cause of infection and re-infection. It changes the conformation of RBD and cleavage patterns S-glycoprotein with
higher stability, replication fitness, and fusion efficiencies. Therefore, this review aims to provide several crucial pieces of
information associated with the D614 mutational occurrence of SARS-CoV-2 variants and their infectivity patterns. This
review will also effectively emphasize the mechanism of action of D614G mutant variants, immune escape, and partial vac-
cine escape of this virus. Furthermore, the viral characteristic changes leading to the current global pandemic condition have
been highlighted. Here, we have tried to illustrate a novel direction for future researchers to develop effective therapeutic
approaches and counterweight strategies to minimize the spread of COVID-19.

Key points

o D614G mutation arises within the S-glycoprotein of significant SARS-CoV-2 variants.

o The D614G mutation affects infection, re-infection, cleavage patterns of S-glycoprotein, and replication fitness of SARS-
CoV-2 variants.

e The D614G mutation influences the immunity and partial vaccine escape.
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The SARS-CoV-2 infections cause a quick increase of
COVID-19 cases to develop a severe risk to human health
worldwide. Hence, it is vital to understand the virus’s
mutational changes and rapid evolution. It is also crucial

Department of Zoology, Fakir Mohan University, Vyasa to know the impact of novel vaccine development, diag-

Vihar, Balasore 756020, Odisha, India

Department of Biotechnology, School of Life Science
and Biotechnology, Adamas University, Barasat-Barrackpore
Rd, Kolkata, West Bengal 700126, India

Institute for Skeletal Aging and Orthopaedic Surgery,
Hallym University-Chuncheon Sacred Heart Hospital,
Chuncheon-si 24252, Gangwon-do, Republic of Korea

College of Pharmacy and Health Care, Tajen University,
Yanpu, Pingtung 907, Taiwan

nostic tests, antiviral drugs pathogenesis, resistance, and
immune responses (Chellapandi and Saranya 2020; Sanjuin
and Domingo-Calap 2016). So, continuous monitoring and
accurate analysis of the evolutionary phenomenon of SARS-
CoV-2 are crucial to distinguish the definite genetic changes
and variations leading to the virulence and transmissibil-
ity of the virus (Leopold and Busby 2020; Mercatelli and
Giorgi 2020). During the SARS-CoV-2 virus outbreak, the
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genetic variations have evolved at a faster rate. Within sev-
eral variations, a conversion of the A (adenine) nucleotide
at genome locus of 23,403 to a G (guanine) occurred, and
it has been recognized as the most prevalent clade SARS-
CoV-2 virus (Korber et al. 2020b). Such nucleotide changes
arose in March 2020 at a low frequency, but they became
rapidly extended and considered an utmost infinite clade by
April-May 2020. It also offered an advantage of selective
fitness during the outbreaks. A report showed that the spike
glycoprotein with G at the position of 614 (S-G614) link-
ing maximum viral loads was noted in the upper respiratory
tract of infected patients with low disease severity (Korber
et al. 2020b). It is also noted that engineered viruses ensur-
ing S-G614 also show a significant infection rate than the
viruses with S-D614 (Clay et al. 2014; Plante et al. 2021).
This mutation is localized in the exterior part of the RBD
(receptor binding domain) region of the spike glycoprotein
(Fig. 1). Therefore, the same affinities for binding S-D614
and S-G614 to the ACE2 (angiotensin-converting enzyme 2)
receptor were also reported (Yurkovetskiy et al. 2020; Zhang
et al. 2020a). Significantly, the convalescent sera from
COVID-19 patients might neutralize the mutated S-D614
and the S-G614-pseudotyped viruses with equivalent effica-
cies (Korber et al. 2020b; Weissman et al. 2021).

A research report supported the chances that the D614G
nucleotide substitution confers higher infectivity and trans-
missibility without better binding affinities to ACE2 recep-
tors or over increased escape of immune surveillance mecha-
nisms (Cheng et al. 2021). It is also essential that multiple
characteristic changes are observed in SARS-CoV-2 variants
due to the D614G mutant (Table 1). Explaining the mecha-
nism of higher infectivity by D614G mutation containing
SARS-CoV-2 virus is critical to understanding the preva-
lence for developing an effective treatment approach for
virus-infected patients.

In this manuscript, we have discussed the D614G muta-
tion using different points, such as the distribution of D614G
mutation in all significant variants of this virus. An impli-
cation of the mutation in different variants such as B.1.1.7

$1/82 subunit furin
cleavage site

< 81 subunit——>Y «— S2 subunit—-

NTD RBD.- - FP ™

Wild type 612 —Tyr GIn Asp Val Cys -617
D614G 612 —Tyr GIn Gly Val Cys -617

Fig. 1 Schematic diagram of the location of D614G amino acids
where mutation occurs in S-glycoprotein
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(alpha) variant, B.1.351 (beta) variant, P.1 (gamma) variant,
B.1.525 (eta) variant, B.1.526 (iota) variant, P.2 variant, and
B.1.427/B.1.429 (epsilon) variants has also been illustrated.
Moreover, we have discussed the D614G mutation that helps
in the infectivity and re-infectivity. The molecular mecha-
nism of action of D614G mutant variants is illustrated very
extensively. Finally, we demonstrate the immune escape and
partial vaccine escape due to this mutation.

At the same time, to illustrate the molecular mechanism
of action of D614G mutant variants, we have presented
some essential points which are first, D614G mutant and
RBD conformation; second, S-protein cleavage pattern and
D614G mutation; third, S-protein stability and D614G muta-
tion; fourth, D614G mutation and S-protein volume; and
fifth, D614G mutation activity on human ACE2 receptor
protein.

The presence of D614G far and wide

The majority of the SARS-CoV-2 genome contained the
aspartic acid in spike protein’s 614™ position depicting the
trimeric structure in a closed form (Fig. 2), as reported till
February 2020. Since then, the prevalence of G614 has been
noticed in the SARS-CoV-2 isolates (Daniloski et al. 2021).
According to the GISAID’s EpiCoV database, 72% (22,103)
of the SARS-CoV-2 genome analysis highlighted the pres-
ence of G614 mutation by early June 2020 (Shu and McCau-
ley 2017). Within a short tenure, the G614 mutation became
particularly dominant worldwide (Table 2) (Hadfield et al.
2018). According to epidemiological reports, the WHO clas-
sified the variants under two categories: the variant of inter-
est (VOI) and the variant of concern (VOC). The CDC also
followed the same. The VOIs and VOC:s are classified based
on viral transmission rate, virulence, vaccine efficacy, etc.
(Aleem et al. 2021; Chakraborty et al. 2021). These variants
originating from a different country of SARS-CoV-2 have
shown the sequence similarity of S-protein, which contains
D614G mutation (Table 3).

Implication of D614G in B.1.1.7 (alpha)
variant

The D614G mutation in the S-protein is predominant in the
virus inhabiting the upper respiratory tract. This mutation
has been observed in most SARS-CoV-2 isolates worldwide
(Korber et al. 2020b; Yurkovetskiy et al. 2020). Another
extremely virulent strain with the presence of D614G muta-
tion is B.1.1.7, and it was first reported in the UK (Peters
et al. 2021). The D614G mutation results in forming a struc-
tural cavity between S1 and S2 interface in B.1.1.7 variant,
contributing to its high transmission efficiency. However, the
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Table 1 Characteristics changes of SARS-CoV-2 between the wild-type strain and D614G mutant variant

SI. No Several characteristics of the

SARS-CoV-2 virus

D614 at S-protein

G614 at S-protein

Reference

1 Binding affinity with the ACE2  Lesser than G614
receptor
Spike protein density Less
Spike protein stability Less stable

4 Spike protein cleavage pattern Less resistant to cleavage than
the G614
5 Conformation of the RBD Confirmation varies from G614
6 Infectivity rate Lower than the mutant strain
7 Disease severity Same in both the variants
8 Mortality rate Same in both the variants
9 RMSD study of S-protein after ~ 1.09+0.04 nm
interaction with ACE2 recep-
tor
10 RMSF study of S-protein after ~ Less flexible compared to G614
interaction with ACE2 recep-
tor
11 Replication fitness Lower than G614
12 S1 domain shedding Greater shedding
13 Stability of the S1 and S2 Less stable than G614
interface
14 Retention of S1 subunit Lesser retention compared to
G614
15 Viral load Lower than G614
16 Fusion efficiency Lower than G614

Much more greater than D614
More

Greater stability compared to
D614

More resistant to cleavage
Preferably stays in the open
conformation

Much higher
Same in both the variants

Same in both the variants

1.26 0.1 nm

Structurally more flexible

Greater

The shedding is reduced com-
pared to D614 S

Much more stabilized

Have more retention capacity

Higher

Higher

(Ozono et al. 2021)

(Zhang et al. 2020a)
(Jackson et al. 2021)

(Daniloski et al. 2021)
(Yurkovetskiy et al. 2020)

(Zhang et al. 2021)

(Korber et al. 2020b; Volz et al.
2021)

(Volz et al. 2021)
(Kwarteng et al. 2021)

(Kwarteng et al. 2021)

(Hou et al. 2020; Korber et al.
2020b; Yurkovetskiy et al.
2020; Zhang et al. 2020a)

(Zhang et al. 2020a)
(Fernandez 2020)

(Zhang et al. 2020a)

(Korber et al. 2020b; Volz et al.

2021)
(Zhang et al. 2021)

D614G mutation also accelerates the spike protein cleavage
into S1 and S2 domains, hindering the contact between the
separate chains of the spike protein complex. It also results
in a robust structural rearrangement enhancing the invading
capacity of this variant into the respiratory epithelial host
cells (Fig. 3). This mutation also reduces the intermolecu-
lar attraction between the two subunits (S1 and S2) of the
D614G strain. The D614G mutation site also serves as an
effective tool for designing vaccines against B.1.1.7 strain
with a very high transmissibility rate (Ostrov 2021).

Effect of D614Gin B.1.351 (beta) variant

The beta variant (B.1.351), also known as the beta strain,
was isolated from South Africa at the end of 2020 (Tegally
et al. 2021). This variant includes several mutations, includ-
ing D614G. As discussed earlier, a common characteristic
of this mutation is increased transmissibility; the B.1.351

strain is also reported to be highly virulent. The B.1.351
binds to the ACE2 receptor strongly (Mwenda et al. 2021;
Wibmer et al. 2021). The additional mutations in the B.1.351
strain highlight that there might be some molecular basis of
evolution, which is yet to be confirmed (Slavov et al. 2021),
and it contributes to a greater virulence of the strain. The
D614G mutation in B.1.351 variant also alters its binding
affinity with hACE2 (human angiotensin-converting enzyme
2) and brings about some changes in antibody neutralization
(Zhou et al. 2021b).

Importance of D614G in P.1 (gamma) variant

The gamma variant (P.1) had shown the maximum number
of mutations in the spike glycoprotein compared to other
variants. D614G in the spike protein outside the RBD is
also present (Harvey et al. 2021; Wang et al. 2021a). This
variant was first reported in Brazil at the end of 2020 and
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Fig.2 D614G mutation location
in the 3D model of S-glycopro-
tein and different conforma-
tional states of S-glycoprotein.
A 3D model of S-glycoprotein
stating the location of D614G
mutation. B Open conformation
of S-glycoprotein. C Closed
conformation of S-glycoprotein.
Researchers noted that D614G
mutation favors the open
conformation of S-glycoprotein
and thus helps more interaction
with the hACE2 receptor, which
causes more infection and re-
infection

in the USA in January 2021 (Faria et al. 2021). Due to the
prevalence of the D614G mutation, there is an alteration in
the RBD conformation, maintaining it in an open state and
an increased affinity of the variant towards the ACE2 recep-
tor contributes to its high transmission rate.

Significance of D614G in B.1.525 (eta)
variant

The eta (B.1.525) is an emerging and significant variant
highlighted by the WHO when it was first reported in the
USA in December 2020. This strain also possesses sev-
eral mutations, notably in the S-protein, of which D614G
is common. This strain only contains a single mutation in
the RBD (Chakraborty et al. 2021). Eta variant demon-
strates alteration in the neutralization post-vaccination and
antibody treatment (Janik et al. 2021). It shows a greater
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transmissibility rate and virulence, a common characteris-
tic of the D614G mutation. These characteristics affect the
effectiveness of vaccines and therapeutics used for treating
COVID-19 infection. It is also considered to be responsible
for community infection (World Health Organization 2021;
Sharun et al. 2021). Moreover, it alters the B.1.525 virion
replication inside the host cells (Zhou et al. 2021a).

Association of D614G in B.1.526 (iota)
variant

The iota (B.1.526) variant was isolated from the USA in
November 2020. It replaces aspartic acid residue in the
614th position, and it has a significant impact on vaccine
efficacy and therapeutics. As a consequence, it is known
to be very detrimental to public health (West et al. 2021).
On June 22, 2021, the WHO declared it as the “VOI”
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Table2 Data showing the country-wise frequency and date of the
first report of the D614G mutant variant of SARS-CoV-2 worldwide

SL.No  Country name Frequency of Date of first report
D614G mutation

1 India 20,224 2020-01-12
2 Bangladesh 1214 2020-04-08
3 Australia 13,177 2020-01-25
4 Iran 205 2020-01-06
5 Italy 30,944 2020-02-06
6 South Africa 4676 2020-01-05
7 USA 350,909 2020-01-03
8 Spain 32,590 2020-02-14
9 South Korea 5372 2020-09-05
10 United Kingdom 222,274 2020-01-05
11 Brazil 20,254 2020-02-25
12 China 314 2020-01-24
13 Mexico 12,134 2020-01-02
14 New Zealand 775 2020-03-02
15 Netherlands 38,331 2020-01-08
16 Pakistan 181 2020-05-03
17 Canada 55,714 2020-01-01
18 Germany 109,212 2020-02-08
19 England 148,620 2020-02-03
20 Japan 61,596 2020-02

Source: https://coval.ccpem.ac.uk/mutations

Table 3 Sequence similarity of S-protein from different mutant vari-
ants of SARS-CoV-2, containing D614G mutation

SL.No Name of the variant Origin Similarity with

D614G variant

(%)
1 B.1.525 UK/Nigeria 0.25
2 B.1.526 USA 0.94
3 B.1.617.1 India 0.21
4 B.1.617.2 India 12.59
5 P2 Brazil 0.17
6 P3 Philippines/Japan  0.01
7 B.1.427 USA 0.64
8 B.1.1.7 UK 35.40
9 B.1.351 South Africa 0.99
10 B.1.427 USA 0.64
11 P.1 Japan/Brazil 2.30

Source: https://cov-spectrum.ethz.ch

due to its potential to decrease neutralization efficiency,
enhanced transmission efficiency, and virulence (Aleem
et al. 2021). Notwithstanding the fact, we can conclude by
seeing the characteristics of this variant that the D614G
spike mutation plays a potential role in dominating these

characteristics in this variant. These are some of the stand-
ard features possessed by the D614G variant.

Importance of D614G in P.2 (zeta) variant

Similar to B.1.525 and B.1.526, the P.2 variant has been kept
in the category of “VOI” by the WHO due to its potential
effect in antibody neutralization. The P.2 (zeta) variant was
first reported from Brazil in April 2020 (Aleem et al. 2021).
The zeta variant has few mutations, and D614G in the S-pro-
tein outside the RBD is common among them (Chakraborty
et al. 2021).

Impact of D614G in B.1.427/B.1.429 (epsilon)
variant

The B.1.427/B.1.429 (epsilon) variants were isolated from
California, USA. The B.1.427 has a single mutation in the
trimeric spike complex, namely, D614G, and it falls under
the VOC category by the CDC and VOI by the WHO. The
B.1.429 variant had some other mutations in the spike pro-
tein besides D614G. It was called VOI by both CDC and
WHO. These variants have shown their extreme contagious
nature. Due to similar mutations with the other strains, this
variant also possesses the same immune and partial vaccine
escape property (McCallum et al. 2021).

D614G mutation and infectivity

One of the common reasons for the SARS-CoV-2 re-infec-
tion could be the mutation of D614 to G614, as highlighted
from the SARS-CoV-2 genome sequencing (Amorim et al.
2021). This mutation in the spike protein proved to be more
infectious. In this mutation, the G614 indicated a higher
affinity towards the ACE2 receptor and more extensive
incorporation of the spike protein into the host genome
(Zhang et al. 2020b). Zhang et al. also elucidated that the
mutation of the aspartic acid with glycine at the 614th posi-
tion is more stable and thus has a greater contagious rate.
Two patients in Iran were reinfected with the virus, and
the genome sequencing results indicated the D614G muta-
tion. However, both of them did not have severe symptoms,
although being affected with the mutant strain (Salehi-Vaziri
et al. 2021). Another series of cases reported from Brazil
also implicated the same data. The signs were not variable
to a greater extent for the second time (Amorim et al. 2021).
Despite the stable nature of the mutation, no noticeable
symptoms were seen in the case of re-infection (Korber et al.
2020a; Zhang et al. 2020c). According to Zhang et al., the
possible reason could be due to the greater incorporation of
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Fig.3 The schematic diagram
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the spike protein into the host genome leading to more trans-
mission. Nonetheless, due to some parameters, the replica-
tion inside the host was prevented to some extent. Moreover,
the mutation favored to a greater extent in species inhabiting
a furin-cleavage site (Zhang et al. 2020b). The cleavage at
the furin site promoted the transmission to a greater extent
in viral replication (Cheng et al. 2021).

Molecular mechanism of action of D614G
mutant variants

The elucidated molecular mechanism lying behind the
D614G mutation is yet to be explored. Certain factors based
on the mutation can be explained, and they include the cleav-
age pattern of the spike protein, the conformation of the
RBD, volume of spike protein incorporated, and strength
(Fig. 3) (Jackson et al. 2021). The mutation takes place in
spike protein, and as a result, it may affect the binding effi-
ciency to the ACE2 receptor. Zhang L et al. provided plas-
mon resonance data implying that the S-trimeric complex
of D614 and G614 shows a similar binding affinity with the
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ACE2 receptor (Zhang et al. 2020a). Another group of sci-
entists made the same conclusion using the bio-layer inter-
ferometry technique (Daniloski et al. 2021).

RBD conformation and D614G mutation

According to Gobeil et al., the cryo-electron microscopic
structure elucidated that the G614 variant had an altered
conformation of the RBD region, which makes it highly
efficient in cleaving the furin site (Gobeil et al. 2021). This
cleavage, in turn, regulates the ratio of the RBD in the spike
ectodomain and induces an allosteric effect on its position.
Although the D614G mutation site is distant from the RBD,
it still alters activity in the mutant variants. Mansbach and
his colleagues have performed molecular dynamics simula-
tion highlighting the D614G results in an open conformation
of the RBD. The open-up conformation of the RBD enables
the virus to infect the host because the closed conformation
does not permit the ACE2 and RBD interaction (Mansbach
et al. 2021). According to Weissman et al., 84% of the S-pro-
tein in the G614 strain are in “one-up” conformation and the
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rest “three-down” conformation (Weissman et al. 2021). The
open-up conformation of the RBD in the D614G mutant
strain contributes to its enhanced transmissibility into the
host cells (Korber et al. 2020b). The glycine mutation at
the 614th position disrupts the formation of a salt bridge
between D614 and lysine residue (K854), which allows
the RBD to be in the open state in the G614 variant (Cai
et al. 2020; Xiong et al. 2020; Zhang et al. 2021; Zhou et al.
2020).

S-protein cleavage pattern and D614G
mutation

Structurally, the S-protein is a trimeric complex. Its cleavage
by a furin protease gives an S1 subunit, which contains the
RBD, and the fusion complex S1/S2 at the cell surface medi-
ates the viral entry into the host cell. The S-protein cleav-
age in the D614G strain interferes with the confirmation of
the RBD, resulting in reduced shedding of the S1 subunit.
The open conformation of the RBD in this mutant enhances
its transmissibility (Yurkovetskiy et al. 2020; Zhang et al.
2020a). Another novel discovery made while modulating the
S-protein cleavage pattern was the site for elastase cleavage
(Bhattacharyya et al. 2020; Hu et al. 2020).

Moreover, the G614 variant also possesses a more effi-
cient cleavage at the furin site than the D614 (Gobeil et al.
2020). Daniloski et al. also reported that the G614 mutant is
more insusceptible in cleavage phenomena of the S-protein
than the D614 (Daniloski et al. 2021). However, Spike 614
is located next to the fusion peptide, which is somewhat
near the protease cleavage site. This fact highlights the vari-
ation in the tendency or requirement of the TMPRSS2 to
cleave the spike glycoprotein in the G614 strain (Korber
et al. 2020b).

S-protein stability and D614G mutation

The G614 S-protein is more stable than the D614 SA cryo-
EM data provided by Zhang et al., which elucidated that in
the G614 Spike trimeric complex, there is a residue near the
CTD2 region, which is highly oriented compared to D614.
This orientation makes the G614 Spike structurally flexible,
and it forms a loop, packaging the S trimer between CTD1
and NTD. The structural flexibility also helps in closing the
hydrophobic region of the CTD2 domain. As a result, the
S1 domain shedding is reduced (Zhang et al. 2021). It is the
primary reason behind the S-protein stability in the G614
mutant. The other factors which play an essential role in
S-protein stability are the interaction stability between the
two domains (namely S1 and S2), the stronger interparticle
attraction between the molecules of the two domains, and

the greater holding capacity of the S1 domain (Ferndndez
2020; Zhang et al. 2020b). Mahmoudi Gomari et al. have
investigated the structural stability of the spike protein in
the D614G mutation using some in silico approaches and
concluded that the replacement of the aspartic acid residue
with glycine decreases the entropy and energy of the mutant
strain compared to the wild type. The decrease is due to the
incorporation of glycine, which has a very short side chain
compared to aspartic acid. This, in turn, also contributes to
the increase in S-glycoprotein stability in the D614G muta-
tion (Mahmoudi Gomari et al. 2021).

D614G mutation and S-protein volume

The D614G mutation does not increase the binding effi-
ciency of the spike protein with the ACE2 receptor. This
variant’s enhanced infectivity and transmissibility rate are
more because of incorporating more spike protein into the
virion. Incorporating a more incredible amount of spike pro-
tein results in the reduced shedding of the S1 domain and
stabilizes the S1 and S2 domains (Zhang et al. 2020a). It
has been reported that the D614G mutation does not pos-
sess greater severity of the disease, but it enhances viral
fitness (Korber et al. 2020b; Zhang et al. 2020c). Several
factors that make the G614 mutation more stable than the
D614 are the ratio of the S1 and S2 domains is weaker
in the case of D614 compared to G614. Due to the lesser
volume of the spike glycoprotein in the D614 variant, the
intra-host replication ability is altered compared to G614
(Zhang et al. 2020a). Moreover, the increased volume of the
spike glycoprotein in the D614G mutation gives it additional
characteristic features, including transmissibility, virulence,
antigenicity, immune escape, and partial vaccine escape.

D614G mutation and human ACE2 receptor
protein

The SARS-CoV-2 virus invades the host by the interaction
of S-protein with the ACE2 receptor. Besides, the spike
protein interacts with some other co-receptors (Daly et al.
2020). The D614G mutation in the spike protein increases
the host-invading capability of the virus due to the strong
binding with the ACE2 receptor. However, the binding affin-
ity does not have any influence on its antigenicity (Ozono
et al. 2021). The spike protein is activated after cleaving it
by the TMPRSS2 protease into two subunits, namely S1
and S2 (Belouzard et al. 2009; Hoffmann et al. 2020).The
binding of the spike glycoprotein with the ACE2 receptor
results in the shedding of the S1 domain. As a result, the S2
domain gets exposed (Belouzard et al. 2009). The site of
the D614G mutation is situated in the carboxy-terminal of
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the S1 domain, which belongs to the exterior region of the
RBD (Ogawa et al. 2020). Ozono et al. experimented with
the binding affinity of the ACE2 receptor and concluded
that the D614G variant has a greater binding affinity than
the wild-type strain. This increased binding efficiency also
makes the mutant spike protein structurally flexible (Ozono
et al. 2021). The replacement of the aspartic acid residue
with glycine resulted in the presence of the virus in the upper
respiratory tract region, highlighting the greater infectivity
rate as more viruses interact with the ACE2 receptor of epi-
thelial cells (Fig. 3). However, the open conformation state
of the spike glycoprotein does not have a more significant
effect on the binding affinity with the ACE2 receptor (Mans-
bach et al. 2021).

Immune escape and D614G

Due to the prevalence of specific mutations in the SARS-
CoV-2 isolates, “immune escape” is a significant concern
for scientists now (Chakraborty et al. 2021). The re-infec-
tion of COVID-19 suggests the challenging role of the host
immune system in combating the virus. As the viral replica-
tion results in mutation, the preformed antibodies may not
be sufficient for viral clearance (Shi et al. 2020b). The direct
effect of the D614G mutation is yet to be explored. However,
the replacement of a single residue will not be a worthy
cause for immune escape. The alteration in the confirmation
due to this mutation may somehow change the binding affin-
ity (Koyama et al. 2020). A SARS-CoV-2 pp assay (spike-
pseudotyped particle) was conducted to examine the chances
of immune escape due to the emergence of the D614G muta-
tion, which insinuated the neutralizing effect of the antibod-
ies against this mutation. This assay shows that the mutation
does not significantly impact the immune escape but serves
as a pivotal regulator to enhance viral fitness and transmissi-
bility (Li et al. 2020). However, Kwarteng et al. reported that
the D614G alters the conformation of the spike glycoprotein
towards an open state. The alteration and interaction of spike
protein with antibodies suggest that the D614G mutation
may elevate, drop, or bring no change in the neutralization
effect as it is entirely controlled by the nature of the neutral-
izing antibody (Kwarteng et al. 2021).

Partial vaccine escape and D614G

The evidence of re-infection had agitated everyone world-
wide, leading to the question on the efficacy of adminis-
tered vaccines (Zhang et al. 2020b). All the vaccines were
formulated before the emergence of the G614 mutation.
The epitope prediction of the HLA alleles implicated that
the mutation alters the binding of the MHC (Andreatta and
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Nielsen 2016), and it had shown a remarkable change in
the conformation of the RBD, resulting in decreased effi-
cacy of vaccines. The change makes the variant more stable
and increases antibody neutralization (Chi et al. 2020; Liu
et al. 2020). Moreover, the mutation is a valuable tool for
scientists to formulate the next-generation vaccines for the
emerging strains since they became susceptible to the previ-
ously administered vaccines (Jeyanathan et al. 2020; Wang
et al. 2021b, 2021c; Wu et al. 2021). This susceptibility has
been proved by conducting several experiments on hamsters
by analyzing the serum (Shi et al. 2020a). The remarkable
change observed in the spike protein due to the alternation of
the RBD conformation enhances the viral transmission but
hardly changes its antigenicity (Yurkovetskiy et al. 2020). It
is mainly responsible for getting a varying neutralizing effect
on the antibodies due to this mutation.

Conclusion

The D614G mutant became predominant across the world
within a brief period. All the mutant variants declared as
VOI/VOC by the WHO and CDC had the D614G mutation
common. The mutation occurs in the S-protein, yet it alters
some of the conformations, giving some extra fitness to the
virus. It brings many changes in the S-glycoprotein’s char-
acteristic features that make the strain predominant (Fig. 4).
The evolution of this strain also raises questions regarding
the efficiency of the vaccine. However, studies suggest that
this strain does not have a potential role in increasing the
disease severity. Still, some cases of re-infection confirmed
the presence of D614G mutation in the genome of these
isolates. Some alteration in the spike protein gives it an
enhanced transmission rate and serves as an effective tool
for scientists in developing the next-generation therapeutics
for treating COVID-19. The replacement of a single amino
acid might not lead to immune escape to a greater extent.
Still, the presence of this mutation made some variants (P.1,

D614 G614

o i . g,?--
SARS-CoV-2 variant mutation

.......... Replication fitness | Higher

T |Cleavage pattern of S-protein }

Less resistant Much resistant

Lower [------------| Fusion efficiency {---------momeq Higher
Lesser G---- -| S-protein density and stability | ...... Greater

r
Lower j------es-eee- | Infectivity Rate | Much higher

Fig.4 A conceptual diagram illustrating the characteristics change of
the SARS-CoV-2 variant due to the D614G mutation
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B.1.1.7, and B.1.427/B.1.429) more virulent. The virulence
was alarming, and therefore, understanding the changes in
the molecular mechanism of the variants due to D614G
mutation and how it affects their virulence is a prerequisite.
More studies on the changes in molecular mechanism and
virulence of the variants due to the D614G mutation will
help future researchers develop proper therapeutics and vac-
cines, helping to end the pandemic soon.
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