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Abstract
The continuous evolution of the SARS-CoV-2 virus genome and the consequent substitutions observed in
the amino acid sequences, can induce signi�cant changes in parameters such as diffusivity and
pathogenicity, and causes constant concern regarding the e�cacy of vaccines against the new variants
in circulation. In recent months there has been an increase in the number of infections �rst in India, and
more recently in the United Kingdom. The genome sequencing of the samples showed that this increase
coincided with the emergence of a new variant, B.1.617.2, also known as VOC Delta. This variant is
rapidly becoming dominant in several countries, causing increasing concern for its extreme diffusivity
and its ability to often overcome the vaccines.

The high diffusivity of this variant is normally ascribed to the Spike protein mutations. However, we will
show here that it is rather due to the nucleocapsid substitution N:G215C. This is made clear by
comparing, in the genomic sequences available on the GISAID database, the relative increase of the Delta
variant with and without the associated N:G215C substitution. Once the extreme diffusivity of the Delta
variant with associated nucleocapsid aminoacidic substitution is evidenced, we tentatively explain it as
possibly due to the adaptive effect of the highly selective environment in Countries with high levels of
vaccination.

Introduction
Since the end of 2019, SARS-CoV-2 has spread all over the World, causing a serious disease called
COVID-19, responsible, till now, for over 4.3 millions of deaths. After the �rst appearance in the city of
Wuhan, China, the original strain has genetically changed several times, generating ‘Variants of Concern’
(VOC), which have been highlighted and strictly monitored for their higher diffusivity and/or their
increased harmfulness (Boehm et al., 2021). The �rst Western Country to be strongly hit by the virus has
been Italy, experiencing one of the highest levels of mortality (e.g. De Natale et al., 2020a). The last, and
most concerning VOC is the so called SARS-CoV-2 ‘Delta’ variant, also known as lineage B.1.617.2. It was
�rstly detected in India in late 2020, and the WHO named it ‘Delta’ on 31 May 2021 (ECDC, 2021). The
Delta variant is actually thought to be extremely diffusive, since it has become dominant among
sequenced viral genomes in many Countries all over the World (ECDC, 2021). It also determined peaks of
infections in several Countries that, after massive vaccination campaigns, were experiencing very low
incidence levels (Mattiuzzi et al., 2021).

It harbors nucloetidic variations in the gene encoding the SARS-CoV-2 spike protein (Shang et al., 2020)
causing the aminoacidic substitutions T478K, P681R and L452R (Starr et al., 2021) which are supposed
to affect transmissibility of the virus as well as a lower a�nity for the neutralizing antibodies for
previously circulating variants of the COVID-19 virus (ECDC, 2021).

Till now, attention has been mainly paid to aminoacidic variations of the Spike gene of the virus, but
some important aminoacidic variations affecting the Nucleocapside gene of the virus, together with
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corresponding antibodies, have been described (Brochot et al., 2020; Burbelo et al., 2020; Liang et al.,
2021; Wu et al., 2021; Mourier et al., 2021).

The immunological mechanisms concerning the nucleocapsid and the possible effects that the changes
of this protein can have on transmissibility, replicability and pathogenicity of the virus are still mostly
unclear. Recently, evidence has been found supporting the role played by certain nucleocapsid
aminoacidic substitutions in promoting higher diffusivity, infectivity and virulence of SARS-CoV-2 (Wu et
al., 2021).

In the present study, based on accurate observations of genetic sequences of SARS-CoV-2 deposited in
GISAID database (https://www.gisaid.org/) we analyse the evolution over time of the Delta variant with
wild type aminoacid N:215G, as compared to the variants ‘Alpha’, and to the Delta variant associated to
the Nucleocapsid aminoacidic substitution N:G215C. Such a nucleocapsid mutation has never been
considered in literature till now, although we will show its evolution is worthy of note. This comparison
hence shows results of extreme interest, which someway upsets what is normally assumed today, and
could have profound implications for the containment strategies.

Data Analysis And Results
All the data and analyses shown in this work have been taken from the GISAID database containing the
genomes of SARS-CoV-2 sequenced worldwide (https://www.gisaid.org/).

The relative incidences of the Alpha and Delta variants genomes, starting from February 13th until July
31st 2021 and available in the GISAID website, were plotted. The plot for UK and worldwide data are
shown in Fig. 1 and Fig. 2, respectively. The two �gures also show the daily number of new infections
recorded in the indicated periods.

From Fig. 1, it is very clear that, since middle February, the daily number of new infections starts to
decline, while the Alpha variant is still dominant. The minimum of daily new infections coincides with a
period, from the beginning of April till the end of May, in which the Alpha variant starts to decline, and the
Delta variant starts to rapidly increase. In the middle of June, the Alpha variant is almost zeroed, whereas
the Delta variant already represents more than 90% of the sequenced genomes. After the �rst week of
June, the daily number of new infections starts to signi�cantly increase, reaching a peak in middle July.
Such a signi�cant increase in the daily infection number clearly correlates with the Delta variant having
become dominant; it suggests this variant is more contagious, as previously described (ECDC 2021).
However, in the �gures we separated the genomes containing the Delta variant in two groups: with and
without the substitution N:G215C. As it is clear from the Fig. 1, the incidence of Delta variant without the
substitution starts to increase from the end of April, reaching a maximum of slightly more than 10% of
the total genomes from the end of May, and then remains stable with a slight decay starting after the
middle of June. On the contrary, what is really sharply increasing, becoming rapidly dominant, is the Delta
variant containing the N:G215C substitution. Since the end of June, genomes classi�ed as Delta variant
containing the substitution N:G215C, reached about 95% of incidence in the sequenced genomes,
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whereas Alpha variant has become almost zeroed and the Delta variant N:215G represents almost all the
remaining 5%.

Figure 2 shows the incidence of the main variants in the GISAID database all over the World. The main
features are very similar to what already noted for the UK catalogue (which anyway represents a large
part of the sequenced genomes catalogue): it is evident the decline of the Alpha variant and the rise of
the Delta ones, with the Delta associated to the nucleocapside substitution N:G215C rapidly increasing
and becoming dominant with over 80% of the sequentiated genomes, while the Delta mutation, lacking
the N:G215C substitution, represents around 10% or less of the total number. It should be noted, however,
that the worldwide catalogue GISAID mostly re�ects the situation of the most advanced Countries, i.e.
Western Countries and China, which actually make the large majority of genome sequentiations.

Discussion And Conclusion
From the accurate analysis of the GISAID catalogue of sequenced SARS-CoV-2 genomes, it is evident the
evolution of the main variants which have dominated the pandemic scenario infection in the last year.
Alpha variant, which has been the dominant one for several months, started to decline in the UK since the
middle of April, and worldwide since the middle of May (about one month later). The decline of the Alpha
variant is accompanied by the rise of the Delta variant. However, the increase of the Delta variant alone is
rather slow, and reach a maximum of about 10% of the whole sequenced genomes in a given time
interval (it happens around the beginning of June in the UK, and one-two weeks later worldwide); what it
is really fast is the increase of the Delta variant associated to the N:G215C substitution which rapidly
reached (around the end of June in UK, and about one month later worldwide) a very large fraction of the
total genomes (around 95% in UK, and more than 80% worldwide). In UK, the Delta variant, with or without
the N:G215C substitution, actually represents close to 100% of the total of sequenced genomes, since the
end of June; worldwide, the Delta variant represents about 90% of the total circulating genomes (with the
warning that, since the most of the sequenced genomes were collected in UK, the worldwide catalogue is
likely biased by an overestimation of the Delta variant in the catalogue, with respect to the actually
circulating strains).

Besides the fundamental observation that is not the Spike variations alone, in the Delta variant, which
makes it so diffusive and rapidly dominant, but rather the association with the nucleocapside
substitution N:G215C, it remains to understand why it occurs.

Although this goal is out of the scope of the present study, there is growing evidence for the important
role played by SARS-CoV-2 nucleocapsid substitutions for diffusivity, infectivity and virulence of the
different strains.

Recently, other noteworthy mutations of the nucleocapsid of the SARS-CoV-2 have been detected and
studied (Badua et al., 2021; Rahman et al., 2021). As an example, the mutation 203K/204R has been
demonstrated to have competitive advantages as well as increased infectivity and virulence (Wu et al.,
2021).
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The rapid growth and the almost complete dominance of this mutation in UK, as compared with the rest
of World (see for example India, in the following discussion),, could likely indicate a selective process due
to the high vaccination rates in UK. In a highly competitive environment, in fact, like UK in which, already
in May, a very high fraction of population was vaccinated, only the most �t mutations can spread, in a
very selective way. This hypothesis agrees with the observation that the Delta variant with N:G215C
nucleocapsid mutation is rapidly becoming dominant in all European countries and USA, as soon as high
fractions of vaccinated people have been reached. The differential effect of diffusion of the two kinds of
Delta variant, as related to different vaccination degrees, seems corroborated by comparing the evolution
of the Alpha and Delta variants between UK and India, where Delta variant was �rstly detected. In Fig. 3
the time evolution of Alpha variant, Delta variant without N:G215C and Delta variant with N:G215C
substitution, in the two Countries. It is clear that in India, which is characterized by a much lower fraction
of vaccinated people, the two kinds of Delta variant reach similar levels, both occupying a maximum
around 50% of the total genomes. In the last months, not shown in the �gure (times for India have been
shifted so to put in phase with UK the rise of Delta variant: see caption of Fig. 3), the Delta N:G215C has
reached in India about 65% of prevalence, with the Delta variant without the N:G215C occupying the
remaining 35% of the sequentiated genomes in the Country.

The ability of Delta variant associated with this particular nucleocapsid mutation to spread also (and
mainly) in populations with high vaccination rates should strongly warn us for the future management of
the pandemic. In addition, all the observations about possible increase of virulence of this variant,
including hospitalization and death, have been made during the Summer 2021, which is the starting
period of its diffusion. Actually, several works pointed out the strong seasonality of COVID-19, with
Summer months experiencing much less infection diffusion and milder disease (e.g. De Natale et al.,
2020b; Nicastro et al., 2021).

Our observations con�rms the need to accurately monitoring and studying the whole viral genome, in
addition to the Spike mutations, with the aim to identify variations responsible for increasing of viral
�tness.
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Figures

Figure 1

Time evolution of Alpha, Delta N:215G (WT) and Delta N:G215C variants, from the UK genome catalogue.
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Figure 2

Time evolution of Alpha, Delta N:215G (WT) and Delta N:G215C variants, from the worldwide genome
catalogue

Figure 3

Comparison of Alpha and Delta variants in the genomes analysed in UK and India. The time scale shows
the weeks from an initial time which is 2021-04-10 for UK, whereas the India initial time is shifted so that
the rise of Delta variant is roughly the same. The UK times end on 2021 July 31; at the same data, in
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India, the variant Delta N:G215C has reached about 65% of prevalence, the remaining 35% being occupied
by the Delta variant without the N:G215C mutation.


