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Coronavirus disease 2019 (COVID-19) emerged in December 2019 when the first case

was reported in Wuhan, China, and turned into a pandemic. Whole-genome sequencing

(WGS) of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) plays a

crucial role in understanding the disease. For this reason, we performed WGS of 101

SARS-CoV-2 strains obtained from individuals from two districts of Campania (Italy) from

January to May 2021. The phylogenetic analysis of sequence data identified five types of

clades including 10 different Pango lineages: 20A (Lineages B.1.258.17, B.1.258.14, and

B.1.160) (n= 10; 9.9%), 20B (Lineages B.1.1.351 and B.1.374) (n= 5; 4.9%), 20E (EU1)

(Lineages B.1.177.53, B.1.177.75, and B.1.177) (n = 5; 4.9%), 20I (Alpha.V1) (B.1.1.7)

(n = 60; 59.4%), and 20J (Gamma.V3) (Lineage P.1.1) (n = 21; 20.7%). In the early time

of the epidemic (January and February 2021), B.1.1.7 lineage was in 62% of samples

only in Benevento district, while this lineage appears in Avellino later in 64% of samples

from March to May. The occurrence of P.1.1 lineage spreading from March to the end of

the study was recorded in all districts with the same frequencies of ∼21%. The highest

genomic distance was observed in Lineage P.1.1. Moreover, we identified 219 “known”

missense mutations with different frequencies (114 in ORF1a/1b; 12 in ORF3a; 29 in

S; 5 in M; 29 in N; and 5 each in ORF7a and ORF8). This report suggests the quickly

spreading in Campania of new variants of SARS-CoV-2 and the strict surveillance of the

occurrence of genetic variants of SARS-CoV-2.
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FIGURE 1 | (A) Geographic distribution of COVID-19 cases, lineages detected, and population density among two provinces of Campania: Avellino and Benevento.

(B) Distribution of SARS-CoV-2 genomes against collection date and lineages. Cumulative counts of the 101 SARS-CoV-2 genomes spreading in districts of

Benevento and Avellino against collection date. Lineage “B 1.1” refers to haplotype B: B.1.1.351 and B.1.1.374. “B other” refers to B.1.177.53, B.1.177.75, B.1.177,

B.1.258.14, B.1.258.17, and B.1.160.

TABLE 1 | Distribution of SARS-CoV-2 samples according to Pango lineage, clade, and WHO lineage.

WHO lineage Pango lineage NEXTSTRAIN clade GISAID clade Province Tot

Avellino Benevento

Alpha B.1.1.7 20I/501Y.V1 GRY 30 30 60

Gamma P.1.1 20J/501Y.V3 GR 10 11 21

B.1.177/B.1.177.53/B.1.177.75 20E(EU1) GV 2 3 5

B.1.258.17/B.1.258.14/B.1.160 20A G 2 8 10

B.1.1.374/B.1.351 20B GR 3 2 5

B.1.177.77) (n = 5; 4.9%), 20I (Alpha.V1) (B.1.1.7) (n = 60;
59.4%), and 20J (Gamma.V3) (Lineage P.1.1) (n = 21; 20.7%)
summarized in Table 1.

Genetic Distance Analysis
The genetic distance compared with the Wuhan SARS-CoV-2
reference genome (NC_045512.2) was lower in B.1.1 (B.1.1.351
and B.1.1.374) lineage than B.1.1.7 lineage (7.7 × 10−4 [95%
CI 6.9 × 10−4; 8.5 × 10−4] vs. 14.5 × 10−4 [95% CI 13
× 10−4 to 15.8 × 10−4]) and other B lineages (B.1.177.53,
B.1.177.75, B.1.177, B.1.258.14, B.1.258.17, and B.1.160) (10 ×

10−4 [95% CI 6.4 × 10−4; 1.3 × 10−4]). The highest genomic
distance was observed in lineage P.1.1 (17.9 × 10−4; [95% CI
14.2 × 10−4; 21.5 × 10−4]) (Figure 3). Concordant with the
increase of lineage B.1.1.7 over time and passage to lineage P.1.1,
the genetic pairwise distance indicated that the SARS-CoV-2
sequences evolved progressively during the time.

SARS-CoV-2 Whole-Genome Sequences
Compared with the referenceWuhan SARS-CoV-2 sequence, the
whole-genome sequences of 101 individuals displayed 219 amino
acid substitutions of different viral genes (114 in ORF1a/1b, 49
in S, 12 in ORF3a, 5 in M, 29 in N, and five each in ORF7a
and 8) summarized in Supplementary Table 1. We focused our
attention only on the non-synonymous “known” mutations as

defined by GISAID CovSurver; among these mutations, 32 are
on spike protein in two or more samples: 7 with high frequency
(100%−60%) (D614G, N501Y, P681H, S982A, D1118H, A570D,
and T716I-Lineage B.1.1.7) (14), 10 with an intermediate
frequency (20%) (T20N, L18F, P26S, T1027I, V1176F, K417T,
H655Y, D138Y, R190S, and E484K-Lineage P.1) (15), and 15 with
low frequency in all lineages (L54F, R78K, T95I, Y144F, L189F,
A222V, N439K, S477N, V772I, Y789N, P812S, S813N, H1101Y,
T1117I, and Q1201K) distributed in all four different spike
protein domains (S2, S1-N terminal, RBD, and S1-C terminal) as
indicated in Figure 4. Referred only to spike protein molecular
alteration, we identified 62 “unique” non-synonymous mutations
summarized in Supplementary Table 2. The “unique” mutations
were not reported previously and will be of interest to study.

DISCUSSION AND CONCLUSIONS

SARS-CoV-2 is a single-strand RNA virus, and like all viruses,
it accumulates mutations over time. However, the frequency of
mutation and the consequences for transmission and disease
in the host population depend on both the mutation rate
(determined by the viral replication characteristics) and the
impacts of mutation on the individual hosts. These factors
characterize the viral variants’ onset during the epidemic. Among
the viruses, RNA viruses are more prone than DNA viruses to
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FIGURE 2 | The phylogenetic tree of all SARS-CoV-2 samples was made with the Nextclade and globally represents position and clade clustering (Nextrain

nomenclature). Our different clades are defined by colors (legend of colors is on the top left); the small circles show our samples, and the gray concentric circles

represent the scale of the tree defined as the difference in mutation profiles between each sample and the reference sequence.

mutate (16). However, SARS-CoV-2, like related coronaviruses,
possesses a proof-reading domain within its gene sequence
(ExoN), which decreases the probability of mutations to occur,
compared with well-known RNA viruses such as influenza,
HIV, and hepatitis C viruses. The rapid diffusion and spreading
of the SARS-CoV-2 infection and disease have caused a very
high number of active cases of 229,921,289 and has pushed
the virus to mutate to give rise to more infectious variants.
Several viral lineages have probable impacts (VOI) or proven
impacts (VOC) on human health. It is expected that new
mutations and variants will emerge in the near future as the
SARS-CoV-2 pandemic continues to persist despite the use of
mass vaccination strategies in several countries (but, unluckily,
those are not being equally applied worldwide). In this frame, it
should be useful to predict the course of SARS-CoV-2 evolution,
but the latter is complicated by the broad potential host range
and known transmissibility to animals (17). In the present
study, we evaluated the complete viral genome sequence in the
SARS-CoV-2 from 101 infected individuals in the districts of
Avellino and Benevento, in the south of Italy. We identified

five types of clades that include ten different Pango lineages
(1): 20A (Lineages B.1.258.17, B.1.258.14, and B.1.160) (n =

10; 9.9%), 20B (Lineages B.1.1.351 and B.1.374) (n = 5; 4.9%),
20E (EU1) (Lineages B.1.177.53, B.1.177.75, and B.1.177) (n
= 5; 4.9%), 20I (Alpha.V1) (B.1.1.7) (n = 60; 59.4%), and
20J (Gamma.V3) (Lineage P.1.1) (n = 21; 20.7%). The two
higher-frequency lineages are as follows: Lineage B.1.1.7, which
appeared for the first time of the study (January) with total
frequencies (from January to May) of 64 % (30/47) in Avellino
and 56% (30/54) in Benevento, and P1.1 lineage spreading from
March with total frequencies of 22% (10/47) in Avellino and
39% (11/28) in Benevento.

The results suggest that lineage B.1.1.7 had a higher
transmission rate; in fact, in 2 months, it spread in two provinces
very quickly, and the genomic surveillance gave us the chance
to track genomic virus change. The highest genomic distance,
which reflects a higher level of mutations compared with the
reference sequence, was observed in lineage P.1.1, and the genetic
pairwise distance indicated that the SARS-CoV-2 sequences
evolved progressively over time and faster than other lineages.
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FIGURE 3 | Genetic distance for the SARS-CoV-2 genome lineages. Sequences are colored by Pango lineage as shown in the legend. Reference sequence:

NC_045512.2. Lineage “B.1.1” refers to haplotype B: B.1.1.351 and B.1.1.374. “B other” refers to B.1.177.53, B.1.177.75, B.1.177, B.1.258.14, B.1.258.17, and

B.1.160. The size of the circle is related to the number of samples.

FIGURE 4 | Lolliplot graph with mapping missense mutations in spike protein. Lollipop plot summarizes the frequency of SARS-CoV-2 mutations with prevalence

≥2% in our study cohort (n = 101). A SARS-CoV-2 genome map with base-pair positions is shown at the bottom. Mutation frequencies and details are indicated on

the red bubbles. Spike protein domains are indicated by four different colors: green, Betacoronavirus-like spike glycoprotein S1, N-terminal; red, Betacoronavirus-like

spike glycoprotein S1, receptor binding; violet, coronavirus-like spike glycoprotein S1, C-terminal; yellow, coronavirus-like spike glycoprotein S2. The size of the circle

is related to the number of samples with a specific mutation.
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The variable mutation rate detected in the different analyzed
lineages of SARS-CoV2, compared with the backbone shows
high genetic variability of SARS-CoV2 adapting to overcome the
initial immune protection. The latter finding is in accordance
with the emergence of new mutations in the population during
the transmission of the virus together with the entrance of new
variants in the population from outside. Interestingly, in our
series of samples, all the SARS-CoV-2 genomes analyzed showed
the presence of mutations, with the most representative being the
D614G mutation, which is the symbol of all variants promoting
viral spread by increasing the number of open spike protomers
in the homotrimeric receptor complex (7). It is noteworthy that,
only considering the “known” nonsynonymous mutations, 219
amino acid substitutions were affecting different viral genes (114
in ORF1a/1b, 49 in S, 12 in ORF3a, 5 in M, 29 in N, and five each
in ORF7a and 8).

All “known” mutations of each analyzed lineage of SARS-
CoV-2 in this study are on publicly accessible web application
CoV-GLUE (http://cov-glue.cvr.gla.ac.uk). It is not clear if any
of these mutations can affect the transmission and evolution
of SARS-CoV-2 infection, and it should be studied in-depth in
the future.

In conclusion, our data show the SARS-CoV-2 variants
occurrence in the first months of 2021 in Benevento and Avellino
districts (south of Italy). This was paralleled by a progressive
increase of the P.1.1 variant and was also characterized by
the appearance of several other mutations in the viral genome
also affecting genes different from S. The impact of these
mutations, some of which are new, is not presently predictable
and needs to be additionally investigated. Our results suggest
the mutational rate of SARS-CoV-2 is unexpectedly higher
probably due to the high rate of transmission and to the
frequent inter-human passages of the virus. However, other
factors cannot be presently excluded. Our results suggest
that strict surveillance of the occurrence of genetic variants

of SARS-CoV-2 should be performed in order to predict
its diffusion and monitor its morbidity and sensitivity to
vaccination strategies.
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