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variant under monitoring, and it is generating significant concern due to its recent
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following a very mild curve and peaked several months after the earliest detected
sample. Currently, neither the viral population size of EG.5 nor that of its first
descendant is increasing. The genetic variability appear to be flattened, as
evidenced by its relatively modest evolutionary rate (9.05 x 10™* subs/site/year).
As has been observed with numerous prior variants, attributes that might
theoretically provide advantages seem to stem from genetic drift, enabling the
virus to continually adjust to its host, albeit without a clear association with
enhanced dangerousness. These findings further underscore the necessity for
ongoing genome-based monitoring, ensuring preparedness and a well-documented

understanding of the unfolding situation.
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During the coronavirus disease 2019 (COVID-19) pandemic, severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
experienced a significant amount of genetic mutations, leading to
the development of numerous lineages and sub-lineages, each
possessing different abilities to spread and expand.? As of July 30,
2023, the World Health Organization (WHO) has listed two Variants
of Interest (Vols) (i.e., XBB.1.5 and XBB.1.16) and seven Variants
under Monitoring (VuMs) (i.e., BA.2.75, CH.1.1, XBB, XBB.1.9.1,
XBB.1.9.2, XBB.2.3, and EG.5) (https://www.who.int/publications/
m/item/weekly-epidemiological-update-on-covid-19—3-august-
2023). Among the VuMs, EG.5 is the most recent and has been
detected in 45 countries shown an increasing trend in prevalence
from 6.2% in Week 24 to 11.6% by Week 28, while other VuMs
decreased (https://www.who.int/publications/m/item/weekly-
epidemiological-update-on-covid-19—3-august-2023), indicating a
higher effective reproduction number compared to neighboring
lineages.>® Just as has been carried out previously for other
emerging variants that experienced rapid increases in case numbers,
it is imperative to conduct a comprehensive in-depth study in this
particular case as well. To achieve a comprehensive perspective, we
employed an integrative approach that considers both genetic and
structural analyses to shed light on this emerging lineage and assess
its actual level of dangerousness.

Phylodynamic analyses have been performed following Scarpa
et al. by using all available genomes in GISAID portal (https://gisaid.
org/) as of August 1, 2023 (EG.5, n = 713; EG.5.1, n = 226). For details
on the analyzed genomes see Supporting Information: File S1. The
phylogenomics of SARS-CoV-2 (available at https://gisaid.org/
phylodynamics/global/nextstrain/), with a focus on global subsam-
pling of the Omicron GISAID CLADE (Supporting Information:
Figure S1), reveals that the genomes of EG.5 (and its descendant
EG.5.1) cluster within the GISAID CLADE 23 A (XBB.1.5). Although
the sub-lineage EG.5.1 constitute a clade labeled GISAID CLADE 23F,
as recently shown in other emerging lineages, such as BF.7 in Asia®
and XBB on global scale,* EG.5 and EG.5.1 are positioned within the
main clade as an evolutionary blind background without any direct
descendant, with a branch's length denoting the lack of a rapid
diversification (see Supporting Information: Figure S1).

Bayesian Skyline Plot (BSP) graph (Figure 1A), reconstructed by
following Scarpa et al.,* indicated that the genetic variability of the
lineages EG.5 and its first descendant EG.5.1 have exhibited very few
and mild fluctuations over time, resulting in the expansion and
contraction of its viral population size. However, these fluctuations
do not coincide with epidemic events and only reflect limited
increases in infections. Indeed, the trend of the viral population size is
not consistent with the trend shown by the number of cases, which

began to increase in the second half of July (see https://cov-

spectrum.org/). The common ancestor of all SARS-CoV-2 EG.5
genomes is traced back to February 22, 2023 (interval of
confidence: February 8-March 24). This dating is fully consistent
with the earliest documented samples of EG.5, which date back to
February 17, 2023 (https://www.who.int/activities/tracking-SARS-
CoV-2-variants). After its generation, the genetic variability and viral
population size of EG.5 experienced a slight increase that lasted for
about 2 months, reaching a plateau in the first half of May. The
plateau phase persisted until early July, followed by a decrease that
led to a subsequent plateau, which has persisted until now. During
the mild growth phase of EG.5, its first descendant, EG.5.1, was
generated and is dated back to March 13, 2023 (interval of
confidence: February 26-April 2). The initial growth of EG.5.1
appeared to be more substantial than that of EG.5, and it peaked
after about a month in late April. The plateau phase lasted for less
than 2 months, and in late June, both viral population size and
genetic variability began to decrease, a reduction that is still
persisting. This condition is a typical characteristic of an evolu-
tionary lineage that introduces new features compared to its
immediate predecessor, but these new traits, at present, do not
represent an additional boost capable of driving an abnormal surge
in growth. A similar scenario was observed in mid-2022 with the
SARS-CoV-2 variant BA.2.75,” which ceased to raise concerns after
a few months due to the reduction in its spread. Furthermore, the
vicariance (i.e., alternation in terms of prevalence and abundance)
observed between EG.5 and EG.5.1 further signifies an ongoing
evolution leading to new mutations and subvariants. These
developments, from an epidemic perspective, do not raise concerns,
as has been observed previously between XBB and XBB.1.*
Additionally, the estimated evolutionary rates of EG.5 and EG.5.1
amount to 9.05x10™* (95% HPD: 7.98 x107*-1.02x107%) and
5.80x10™* (95% HPD: 4.60x 10™4-6.88 x 10™%) substitutions per
site per year, respectively. These evolutionary times indicate a limited
capacity for significant demographic expansion, and they are
consistent with the evolutionary history of the recent sub-variant
that initially raised concerns.? In addition, it should be noted that the
evolutionary rates of EG.5 and EG.5.1 are approximately 10 times
lower than that of the original SARS-CoV-2 Wuhan-Hu-1 strain.’
All protein structural analyses and modeling have been carried
out as described in Pascarella et al.® EG.5 and EG.5.1 share the same
RBD (Receptor binding domain). The estimated net charge is reported
in Table S1. Net charge and distribution of the surface electrostatic
potential (Supporting Information: Figure S2) appear similar to that
observed in the latest variants.'* EG.5 and EG.5.1 NTDs (N-terminal
domain) differ in the sequence position 52 where Q or H occur,
respectively. This difference has a modest effect on the net charge
(Supporting Information: Table S1) and surface electrostatic potential
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FIGURE 1 (A) Bayesian Skyline Plot of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) EG.5 and EG.5.1 variants. The viral
effective population size (y-axis) is shown as a function of days (x-axis). Upper and lower lines represent the 95% high posterior density (HPD)
region. These plots have been reconstructed using all of the available genomes as of August 1, 2023 (EG.5, n=713; EG.5.1, n = 226). The final
run, consisting of 200 million generations, was executed using the Bayesian Skyline Model alongside the uncorrelated log-normal relaxed
clock model. The selection of this model was based on a comparison of 2InBF values derived from marginal likelihoods, as showed in Mugosa
et al.® See Supporting Information: File S1 for details on the used genomes and Authorship. (B) Ribbon model of SARS-CoV-2 ACE2-RBD
interface. ACE2 and RBD are depicted as deep teal and orange models, respectively. The relevant side chains are reported as labeled stick
models. The F546L mutant site display the original Phe side chain as a white stick model.

(Supporting Information: Figure S2). The NTD net charge is in the
negative region as observed, for example, in XBB.1.5,'! indicating
that the sum total of electric charges within the NTD is negative. A
negative NTD electrostatic potential could suggest a reduced
capacity to engage with negatively charged cellular elements like
sialosides and the AXL receptor.'® Interestingly, EG.5 and EG.5.1
RBD display the mutation F456L that occur at the interface ACE2-
RBD (Figure 1B), as already shown in XBB.1.15 and in other XBB sub-
lineages (see https://gisaid.org/lineage-comparison/). The substitu-
tion of an aromatic ring with an aliphatic side chain may alter the
interaction with ACE2 residues T27, D30, and K31. Indeed, prediction
of the interaction energy between ACE2 and EG.5/EG.5.1 RBDs
suggest a minor decrease in affinity with respect to XBB.1.5
(Supporting Information: Table S2) that differs from EG variants for
the presence of Phe instead of Leu in position 456.

In conclusion, considering the genetic and structural data
presented for SARS-CoV-2 EG.5, there is currently no evidence
suggesting its heightened dangerousness or a probable high
expansion capability. Although it has shown an increasing

prevalence, as indicated by the WHO (https://www.who.int/
publications/m/item/weekly-epidemiological-update-on-covid-19—
3-august-2023), it seems to exhibit lower virulence compared to
other Omicron variants. Indeed, given that symptoms and the
overall severity of the disease are currently less pronounced, an
increase in prevalence is to be expected, but this does not pose a
significant global threat. Any potential new features that could
theoretically confer advantages are probably a result of genetic
drift, enabling the virus to continuously adapt to its host. However,
these changes may not necessarily be directly linked to increased
contagiousness. Indeed, from an evolutionary point of view the key
to survival and evolution lies not in strength or intelligence, but in
adaptability to change. DNA and RNA have always been subject to
changes, and viruses, being biological entities capable of employing
complex strategies, host adaptation, and survival tactics, epitomize
this adaptability (see i.a. Focosi et al.'?). SARS-CoV-2 during the
COVID-19 pandemic has proven to be a prime example of these
biological features, undergoing significant mutations throughout
the pandemic, leading to the emergence of multiple lineages and
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sub-lineages exhibiting varying expansion capabilities.® The
SARS-CoV-2 EG.5 variant represents the most recent outcomes of
this phenomenon.

Nevertheless, this should not be taken as a reason to let our
guard down against SARS-CoV-2, and the genome-based monitoring
must continue uninterrupted to stay prepared and well-informed

about the real situation.
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