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1 | INTRODUCTION

Over the past year, the evolution of new, increasingly infectious
variants of SARS-CoV-2 has fueled surges in the number of
COVID-19 cases and deaths around the world.'® The Delta
variant (B.1.167.2 lineage), first detected in India in late 2020, and
recently designed as a new SARS-CoV-2 variant of concern (VOC),

becoming during those past months, the dominant circulating

The appearance of emerging variants of SARS-CoV-2 carrying mutations into the
spike protein has recently raised concern with respect to tracking their transmission
and mitigating the impact in the evolving pandemic across countries. AY.4.2, a
recently detected Delta variant sublineage, is considered a new variant under
investigation (VUI) as it carries specific genetic signatures present in the spike
protein, called Y145H and A222V. Here, using genomic epidemiology, we provide

the first preliminary insight regarding the circulation of this emerging VUI in Italy.

AY.4.2 variant, genomic surveillance, Italy, SARS-CoV-2

strain globally.*> As of August 2021, the Delta variant has been
already subdivided in the Pango lineage designation system into
sublineages from AY.1 to AY.95. It is said that, as of August 2021,
the AY.4 is likely among the predominant forms circulating around
the world.® Moreover, the recent identification in England, of a
new subtype of Delta, called AY.4.2, recently defined as a “variant
under investigation” (VUI), has raised concerns that this may

ratchet up infection rates globally even further.” This new
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FIGURE 1  Genomic epidemiology of the SARS-CoV-2 AY.4.2 variant in Italy. (A) Map of Italy with the number of AY.4.2 available genomes

on GISAID as of October 28, 2021. The size of the circles is proportional to the number of genomes by region. Italian regions are colored
according to five macroregions (NUTS, nomenclature of territorial units for statistics): Northeast, Northwest, Central, South, and Insular.

(B) Maximum likelihood (ML) phylogenetic tree including the newly (n = 10) AY.4.2 isolates obtained in this study plus n = 13 434 representative
SARS-CoV-2 genomes collected up to October 28, 2021. The genomes are colored according to their location (continent) and the color legend is
on the left of the tree. (C) Variant maps of the AY.4.2 lineage-defining-mutations mapped against the SARS-CoV-2 genome structure.

Most common mutations are highlighted

subvariant of the virus is distinguished by two mutations in its
spike protein, called Y145H and A222V and it has been suggested
that it might be 10%-15% more transmissible than the original
strain.” However, neither mutation is in the receptor-binding
domain, which is the part of the spike that binds to a particular
receptor on human cells. Thus, suggesting that these mutations are
unlikely to cause major increases in transmissibility and/or in the
immune escape. In an effort to quickly detect and characterize
newly circulating SARS-CoV-2 variants in Italy, the University of
Campus Biomedico in Rome has enhanced epidemiological and
genomic investigation. Here, we provide the first preliminary in-
sight regarding the circulation of this emerging VUI in Italy.

2 | MATERIALS AND METHODS

Viral RNA from nasopharyngeal swab samples, obtained for routine
purposes, were submitted to extraction and multiplex real-time
polymerase chain reaction (PCR) using the Allplex™ 2019-nCoV
Assay (Seegene). The RT-PCR-positive samples were then submitted
to viral genomic amplification and posterior sequencing using the
lllumina MiSeq system in conformity with the manufacturer's
instructions. Consensus sequences were generated by de novo as-
sembling using the iVar with the default setting.® Lineage assignment
was performed using the Pangolin lineage classification software
tool.” All samples belonging to the emerging AY.4.2 sublineage
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(n = 10) were then compared to a diverse pool of genome sequences
(n=13434) sampled worldwide collected up to October 28, 2021.
All sequences were aligned using the ViralMSA tool,'°*' and
IQ-TREE2'? was used for phylogenetic analysis using the maximum
likelihood approach. TreeTime'® was then used to transform the
preliminary ML tree topology into a dated tree using a constant mean
rate of 8.0 x 10 nucleotide substitutions per site per year, after the
exclusion of outlier sequences. The mutation pattern of the VUl was

analyzed using the NextClade online tool.™*

3 | RESULTS

The sequenced samples obtained in this study were collected from
60% females and 40% males (Table S1), presenting mild symptoms,
with a median age of 36 years (range: 11-69 years of age). All tested
samples contained sufficient viral genetic material (22 ng/pl) for li-
brary preparation. For positive samples, PCR cycle threshold (Ct)
values were on average 22.65 (range: 17.30-29.10). Sequences had a
median genome coverage of 97% (range: 94.0-99.9). To accurately
establish evolutionary relationships among the newly generated se-
quence and other isolates of SARS-CoV-2, we then subjected a
combined data set to phylogenetic inference.

Up to October 28, about 60 Italian AY.4.2 strains were collected
and sequenced and even if the number of detected sub-lineage is still
small-scale, it appears to be already widespread within Italian regions
(about 50% of them, Figure 1A). Our time-stamped phylogeny re-
vealed that the Italian isolates are scattered throughout the tree and
cluster together with viral strains isolated mainly in other European
countries, suggesting that multiple independent introductions have
occurred through time (Figure 1B). Together, our results reinforce
that virus migration generally followed patterns of national and in-
ternational human mobility, illustrating how the easing of restriction
measures facilitated the spread of those emerging variants within the
country and around the world. Additionally, using NextClade, the
mutation pattern of the newly generated strains (Figure 1C) was

determined, and no newly acquired mutations were identified.

4 | DISCUSSION

Here we provide the first preliminary overview regarding the circu-
lation of the AY.4.2 VUI in Italy, highlighting how crucial appear to be
the implementation of widespread genomic monitoring to detect
variants previously not yet identified across the country. This emer-
ging lineage carries two additional mutations in the spike protein
(Y145H and A222V), that may have functional importance, in addi-
tion to several mutations seen in the Delta variant related to in-
creased risk of disease severity, risk of vaccine escape and higher
transmissibility. In Italy, the VUI detected is still limited but already
widespread across the Italian region and a boost in real-time genomic
monitoring will be crucial to mitigate the possible impact of any

potential emerging variants that might face the fight against the

MEDICAL VIROLOGY

pandemic. Moreover, multiple introductions in Italy were revealed
probably from European countries highlighting how critical is to
identify this pattern and to track human mobility to promptly react
with epidemiological measures. Furthermore, as recently reported, no
impairment of neutralization sensitivity of the Delta variant and its
sublineages have been already observed, except for the Delta Plus
that showed resistance for monoclonal antibody used for COVID-19
patient treatment.*®

In conclusion, considering the recent concern regarding the
rapid rise of this novel variant mainly across Europe and the con-
stellation of mutation into the S protein, our findings reinforce how
crucial is the implementation of nonpharmaceutical measures to-
gether with the need for active monitoring, in containing and
preventing the spread of any potential emerging viral strains with
possible implications for public health policies and immunization

strategies.
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