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Abstract: A signal analysis of the complete genome sequenced for coronavirus variants of concern—
B.1.1.7 (Alpha), B.1.135 (Beta) and P1 (Gamma)—and coronavirus variants of interest—B.1.429–B.1.427
(Epsilon) and B.1.525 (Eta)—is presented using open GISAID data. We deal with a certain new type
of finite alternating sum series having independently distributed terms associated with binary (0, 1)
indicators for the nucleotide bases. Our method provides additional information to conventional
similarity comparisons via alignment methods and Fourier Power Spectrum approaches. It leads to
uncover distinctive patterns regarding the intrinsic data organization of complete genomics sequences
according to its progression along the nucleotide bases position. The present new method could be
useful for the bioinformatics surveillance and dynamics of coronavirus genome variants.

Keywords: SARS-CoV-2; sequence analysis; comparative genomics variants; alternating series

1. Introduction

Chinese scientists were the first to sequence the complete genome of SARS-CoV-2
coronavirus in humans and shared their data with the rest of the world in early 2020 [1–4].
The virus presented a unique lineage for almost half of its genome, with few genetic
relationships to other known viruses, especially in the genomics region encoding the spike
(S-protein) responsible for the virus entry into the human host cells [5]. The race to find
immunity from this SARS-CoV-2 started soon after, and since then, genomics sequences
from around the globe have been added into open archives such as the global science
GISAID initiative (www.gisaid.org (accessed on 22 June 2021)) for further research.

There are thousands primary sources available in GISAID that warrant urgent in-
vestigation on biometric analyses, comparisons and characterization of these sequences
of different coronavirus lineages responsible for the ongoing pandemic. In particular, an
analytical study of emerging SARS-CoV-2 variants (sharing mutations) is highly needed
since some variants appear to be more persistent and contagious. This is a good reason
for increasing genomics surveillance on the emerging variants by the development of new
tools that can detect and catalog these strains in a timely manner [6].

Similarity between biological sequences forms the basis for determining whether
there is sequence homology, as defined in terms of shared ancestry between them in the
evolutionary history of life [7]. Although alignment methods represent the standard for
sequence analysis, comparison and similarity, it is difficult to determine the best parameters
to achieve optimal alignments. There are a numerous user-defined parameters to overcome
gaps and mismatches found between sequences. In addition, the computational resources
required by these methods increase considerably with respect to the length and number of
sequences being aligned. By contrast, the use of a simple discrete-time Fourier transform
(DTFT) allows to produce fast and highly accurate sequence similarity [8]. The DTFT maps
genome sequences into four binary (0–1) indicator sequences and transforms them into
a frequency domain. The distance of the total Fourier Power Spectra of the sequences is
used as a similarity distance metric. These distance measures of DNA sequences are found
to be nearly identical to those obtained using traditional alignment-based approaches.
Hence, the assessment of an effective and accurate measure of gene sequence similarity
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and hierarchical clustering of simulated DNA and virus sequences can also be applied via
DTFT and the mapping of genome sequences into binary (0–1) indicators.

In this work, we propose a new quantitative method for the examination of distinctive
patterns of complete coronavirus genome data. We deal with a certain type of alternating fi-
nite series having terms converted to binary values (0, 1) for the nucleotide bases (A)denine,
(C)ytosine, (G)uanine and (T)hymine (or Uracil RNA genome for single strand folded onto
itself) according to their progression along the genome sequences. Our mapping into four
binary projections of the coronavirus sequence follows previous studies on the three-base
periodicity characteristic of protein-coding DNA sequences [9,10]. In this work we consider
complete coronavirus sequences with N nucleotides on the order of 30,000 base pairs (bp)
in length. This novel finite and alternating sum series of binary projections is applied to
most variants of SARS-CoV-2 so far sequenced. It is shown that our approach provides
additional information to conventional genomics similarity computations by alignment
methods [1] and to the Fourier Power Spectrum in the ‘frequency’ domain of the associated
binary sequences [11,12].

By this new method we uncover distinctive signals of the intrinsic gene organization
revealed by the genome sequences of the single-stranded RNA coronaviruses. In particular,
we analyze the genome sequences for coronavirus variants of concern—B.1.1.7 (Alpha),
B.1.135 (Beta) and P1 (Gamma)—and coronavirus variants of interest—B.1.429–B.1.427
(Epsilon) and B.1.525 (Eta). The present new method could be useful for the surveillance
and dynamics of genome variants in general. The coronavirus genome is RNA, not DNA,
and the nucleotide base T is denoted as U. As for the severe acute respiratory syndrome
coronavirus 2 isolate Wuhan-Hu-1 complete genome (Accession ID: MN908947) [1–4],
and the genome sequences considered in this work from GISAID, the reverse transcript
generation method of RNA into a double-stranded DNA copy of a messenger mRNA
molecule is usually reported for best results. The empirical relationship between genes and
finished proteins states that three nucleotide bases, or mRNA codons, encode an amino
acid, which build up proteins. This allows to correlate symbols used for nucleic acids
(polymers of nucleotides) to that of proteins (polymers of amino acids) as used in this work.
The series of processes bringing genetic code from DNA to proteins, through mRNA by
transcription and translation, is the “central dogma” of modern molecular biology.

2. Similarity and Power Spectrum Analysis

The encoded genes in a sequence of four nucleotides, represented by the symbols
A, C, G and T, store instructions to assemble and reproduce every living organism. In DNA,
nucleotides of one strand are complementary to those of the opposite strand according
to the pairing rules A-T and C-G. Similarity plots of SARS-like CoVs and bat SARS-like
CoVs complete sequences of A, C, G and T revealed apparent recombination events, useful
to understand the probable coronavirus pandemic origins [1–4]. Genome sequences of
SARS-CoV-2 from the city of Wuhan, in China, exhibit a high level of genetic similarity
(88%) to bat-derived severe acute respiratory syndrome (SARS)-like coronaviruses: bat-
SL-CoVZC45 and bat-SL-CoVZXC21. Similarity plots of this kind based on the nucleotide
sequence of only the S-spike gene of bat SL-CoV WIV16 have been reported in [13].

Similarity plots based on the full-length nucleotide sequence of gene variants of
coronavirus are presented. In Figure 1 we illustrate the genetic similarity plot between
SARS-CoV-2 Wuhan-Hu-1 (MN908947.3), and several representative full-length genome
sequences of variants known as B.1.1.7 (UK), B.1.135 (South Africa), B.1.429–B.1.427 (Cal-
ifornia), B.1.525 (Nigeria) and P1 (Brazil). These complete GISAID samples come from
broad geographical regions, as indicated in each figure, and were collected during different
periods of time (from 1 November 2020 to 1 March 2021). Only available sequences in
FASTA format with high coverage have been considered and grouped. The accession
numbers of the sequences used in the figures are listed in the Appendix A.
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Figure 1. Genetic similarity plot between the query sequence SARS-CoV-2 Wuhan-Hu-1 and several representative full-
length genome sequences grouped by variants as found in broad geographical regions, for different numbers of samples,
and collected between 1 November 2020 and 1 March 2021. A sliding 1000 base pair (bp) window in steps of 100 bp is used.
In red is the genomics region encoding the spike (S-protein). The samples shown for a given country correspond to data
from a given variant. For example, the difference between the 33 and 19 samples from Brazil means that 33 of the samples
are in correspondence with the Brazilian variant P1, and the other different 19 samples are also from Brazil, but they contain
the UK variant B.1.1.7.

Note: As of this writing, new labels have been given by WHO for SARS-CoV-2 variants
of concern: B.1.1.7 (Alpha), B.1.135 (Beta) and P1 (Gamma). New labels have also been
given for variants of interest: B.1.429–B.1.427 (Epsilon) and B.1.525 (Eta). A SARS-CoV-2
isolate is a variant of interest “if, compared to a reference isolate, its genome has mutations with
established or suspected phenotypic implications”, and is variant of concern when, through a
comparative assessment, it has been demonstrated to be associated with the “Increase in
transmissibility, virulence or change in clinical disease presentation; or Decrease in effectiveness of
public health and social measures or available diagnostics, vaccines, therapeutics”.

It is important to note that in all figures illustrated below, the samples for a given
country correspond to data from a given variant. For example, the difference between
the 33 and 19 samples from Brazil in Figures 1–6 means that 33 of the samples taken from
GISAID correspond with the Brazilian variant P1, and the other different 19 samples are
also from Brazil, but they contain the UK variant B.1.1.7.
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Figure 2. Discrete Fourier Transform identifying base periodicity property of the coronavirus sequence. The plots reveal a
distinct peak above noise level at around ‘frequency’ 33.3333 for all variants considered. The differences shown in brackets
for a given country correspond to data from a given variant.

In these calculations we installed and ran, under the Linux Ubuntu O.S., the cur-
rent version 36 of the FASTA sequence comparison software, which includes lalign36. It
produces multiple non-overlapping alignments for protein and DNA sequences using
the Huang and Miller sim algorithm for the Waterman–Eggert algorithm (github.com/
wrpearson/fasta36 (accessed on 22 June 2021)). The command line used is: lalign36 −
m 9i query. f ile library. f ile − n − f − 12 − g 0 − E 10.0 −m 0 −m “F11 f asta.output”
An iterative script was written to generate the results in Figure 1 within a 1000 bp window
sliding every 100 bp steps.

github.com/wrpearson/fasta36
github.com/wrpearson/fasta36
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Figure 3. Variant imprints displayed by the nucleotide base: Adenine according to its progression via Equation (1) along
different numbers of samples of the genomics strand of coronavirus available from different countries. In red is the genomics
region encoding the spike (S-protein). We also illustrate complete genome sequences of SARS-CoV-2 from the city of
Wuhan in China and the bat-derived severe acute respiratory syndrome (SARS)-like coronaviruses: bat-SL-CoVZC45 and
bat-SL-CoVZXC21 [1]. Note: In all Figures 3–6, the differences in samples shown for a given country correspond to data
from a given variant. For example, the difference between the 33 and 19 samples from Brazil means that 33 of the samples
correspond with the Brazilian variant P1, and the other different 19 samples are also from Brazil, but they contain the UK
variant B.1.1.7.

The small regions with discordant clustering (<2%) of the different coronaviruses
isolated with the first SARS-CoV-2 Wuhan-Hu-1 sequences, shown in Figure 1, suggest that
these sequences reveal extreme similarities spanning throughout the genomes, as expected.
The less discordant genetic similarity is found with the California and Nigeria strains. More
distant relationships are detected between the query and the sequences for the Brazil and
South Africa variants, which are known to share mutations (N501Y) with the UK Variant.
Specifically, the latter could be a consequence of the principal common valleys found at
around the first 10,000 bp and in the S-protein region (positions 21563-25384, colored in red
in the figure).



Genes 2021, 12, 973 6 of 12

Figure 4. Variant imprints displayed by the nucleotide base: Thymine. Note: The coronavirus genome uses RNA for
encoding proteins, not DNA. The nucleotide base T is related to (U)racil in the nucleic acid RNA via three nucleotide
bases, or mRNA codon. This allows to correlate symbols used for nucleic acids (polymers of nucleotides) to that of proteins
(polymers of amino acids).

Let us analyze next the power spectrum as a function of a discrete ‘frequency’ f of
the different coronavirus sequences with N nucleotides (on the order of 30,000 bp) as
depicted in Figure 1. Since biological sequences are strings of symbolic α = A, G, C and T
nucleotides, binary values can be assigned to those sequences in order to apply Discrete
Fourier Transform methods. Genetic sequences generate inherent signals since they are
functions of an independent variable X, denoting the occurrence of a particular nucleotide
in position k of the sequence. This technique has been broadly used in the literature to
search for periodicity in DNA sequences [9,10,14].

In Figure 2, we examine correlations between the strings of symbols by this Discrete
Fourier Transform. The plotted Power Spectrum of the coronavirus sequence is consid-
ered as the sum of the partial spectra: ∑α |Sα( f )|2 = (1/N2)∑N

α |Xα,k exp(2πi f k)|2, with
discrete frequencies f = 1/N, 2/N · · ·
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Figure 5. Variant imprints displayed by the nucleotide base: Cytosine.

For all variants considered, our plots reveal a distinct peak above noise level at around
frequency f = 33.3333, which identifies base periodicity property in the core genome of
coronavirus. To this end, the three-base periodicity is a distinctive property of protein-
coding DNA sequences from a variety of organisms [9,10].

In the past, the two methods of similarity and power spectrum have been developed
for computing different types of protein features. We have seen that when applied to the
genome of coronavirus variants, both of these analyses do not give much information
on variant characterizations themselves. We shall show next how an alternative method
can provide additional insights to conventional studies, which may help to characterize
variants of the current pandemic.
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Figure 6. Variant imprints displayed by the nucleotide base: Guanine.

3. Finite and Alternating Sum Series of Virus Genome

In the present paper we deal with the simplest alternating sum of the type

Eα(X) =
N

∑
k=1

(−1)k−1Xα,k , (1)

where the variable Xα corresponds with one of the four nucleotide bases. The individual
terms Xk are associated with binary 0 or 1 values according to its presence along the
complete genome sequences. This mapping follows previous studies in [9,10]. In our
method, however, the arithmetic progression in Equation (1) of the genome sequences
carries positive and negative signs (−1)k−1 and a finite non-zero first moment of the
independently distributed variables Xk.

Analyzing genomics sequencing via Equation (1) allows one to extract unique features
at each bp position with a small degree of noise variations. In Figures 3–6 we display
nucleotide bases A, C, G and T’s imprints for the genomics strand of prevalent coronavirus
variants reported from different countries for a number of samples. As reference, we
illustrate complete genome sequences of SARS-CoV-2 from the city of Wuhan in China
and the bat-derived severe acute respiratory syndrome (SARS)-like coronaviruses: bat-
SL-CoVZC45 and bat-SL-CoVZXC21 [1]. The altered genes in the mutant coronavirus are
studied by linkage analysis and genetic crosses, which allows one to locate its position in a
genome and determine if the gene is similar to those already characterized. The genes are
studied further by molecular sequencing as plotted here.
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Equation (1) provides an additional tool to annotate the emerging virus patterns, and
it aids in their screening, comparison and classification. SARS-CoV-2 has been identified as
an enveloped, single-stranded, positive-sense RNA virus with a genome material encoding
27 proteins from 14 ORFs including 15 non-structural, 8 accessory, and 4 major structural
proteins [15]. In the figures, it can be seen that all variants present approximately similar
mirrored behavior for the first two-thirds of the viral RNA sequence. Within the area
comprising the S-protein gene sequences (drawn in red) the curves undergo strong devia-
tions among the nucleotide bases A, C, G, T with respect to curves for the first SARS-CoV-2
Wuhan-Hu-1 sequences. Studies in [15] suggest this region encoding to be a potential target
to halt the entry of SARS-CoV-2.

In particular, we note distinctive trends, especially around the nucleotide region
of the S-Protein. The base sequence series for Cytosine in Figure 5 shows that the UK,
South Africa, Brazil and Nigeria variants share a great part of their behavior, whereas
the California and Wuhan display essentially similar patters. To some degree, all signals
for Guanine in Figure 6 are essentially similar. Nevertheless, the Nigerian variant here
diverges rapidly. It is also observed when considering the Adenine nucleobase results in
Figure 3. On the other hand, it is worth noting that the patterns for the base sequence
series for Thymine in Figure 4, and for Adenine in Figure 3, display completely different
convergences between the variants: UK, South Africa and from Brazil.

The positive and negative terms in the sums in Equation (1) for our discrete variables
partly cancel out, allowing the series ‘to converge’ in some variants to nearly zero values for
the nucleotide A-class, as depicted in Figure 3. Most other patterns for the base sequence
series seem to be of non-Cauchy sequence type. Interestingly, the observed distributions of
Xk appear to be symmetric about 0 in all figures, which may imply that the mean E(X) is
zero. These comparative genomics statistical representations can offer insights of inherent
data organization. Curves as in Figures 3–6 could be powerful to targeting and identify
variants evolution during the course of pandemic across the world.

4. Future Perspective

To recap, we can conclude the following. Our method is effective and easier to apply
in protein sequence comparison. It is motivated by the need to identify genetic mechanisms
involved in coronavirus spreading. The added value of the alternating sums of the type in
Equation (1) is to have a distinctive function representation of naturally occurring genome
sequences of the virus variants Xα,k. The starting point is a finite alternating series following
measures over N intervals. Plus and minus signs are chosen sequentially starting with +1
by default. From the view of statistics, such a sequence is equivalent to a discrete-valued
time series for statistical identification and characterization of data sets [16,17].

We have shown that these alternating sums provide additional information to con-
ventional similarity comparisons and power spectrum approaches. We also verified that
the Discrete Fourier transform of the complete alternating sum series (not shown) leads
to a peaked structure at a ‘frequency’ equal to 16,6666 meaning for the sums a 100/6
characteristic periodicity. Distinctive trends have been identified, e specially around the
nucleotide region of the spike protein for all variants studied. These emerging variants
seem to have only a few mutations, i.e., no more than a dozen amino acid changes out of
the 1200 building blocks that make up the spike protein. They give a selective advantage
for their replicating capacity [5,18].

We downloaded worldwide sequencing data of coronavirus variants from GISAID
and verified multiple deviations from the originating first Wuhan sequences identified
over a year ago. Our statistical representation of coronavirus genome variants, taking sums
with both signs, can reveal signals from future genome evolution at the level of nucleotide
ordering. These observations lie at the heart of future studies. One could investigate further
the present numerical results to study the n-moment calculations E(Xn), and the tail of
the series, which could uncover even more underlying properties of the sequences of viral
strains related to the pathogens of SARS-CoV-2.
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Appendix A

We are developing and documenting the open version of the code scripts used in this
paper under the name “GenomeBits”. The GISAID accession numbers of the sequences in
the figures are as follows:

Alpha B.1.1.7 variant (UK)
UK: EPI_ISL_1099306, EPI_ISL_1099307, EPI_ISL_1099335, EPI_ISL_1115217, EPI_ISL_

1115218, EPI_ISL_1115224, EPI_ISL_1115229, EPI_ISL_1115233, EPI_ISL_1115238, EPI_ISL_
1115239, EPI_ISL_1115241, EPI_ISL_1115245, EPI_ISL_1115248, EPI_ISL_1115253, EPI_ISL_
1115255, EPI_ISL_1115258, EPI_ISL_1115259, EPI_ISL_1115262, EPI_ISL_1115268, EPI_ISL_
1115269, EPI_ISL_1115270, EPI_ISL_1115277, EPI_ISL_1115278, EPI_ISL_1115279, EPI_ISL_
1115280, EPI_ISL_1115283

Brazil: EPI_ISL_763074, EPI_ISL_882663, EPI_ISL_882664, EPI_ISL_882667, EPI_ISL_
882670, EPI_ISL_906073, EPI_ISL_906078, EPI_ISL_940609, EPI_ISL_940610, EPI_ISL_940611,
EPI_ISL_940612, EPI_ISL_1109632, EPI_ISL_1133259, EPI_ISL_1133261, EPI_ISL_1133263,
EPI_ISL_1133266, EPI_ISL_1133267, EPI_ISL_1133277, EPI_ISL_1133278

Germany: EPI_ISL_960891, EPI_ISL_960892, EPI_ISL_960894, EPI_ISL_960895, EPI_ISL_
960896, EPI_ISL_1034809, EPI_ISL_1034810, EPI_ISL_1034811, EPI_ISL_1034812, EPI_ISL_
1034813, EPI_ISL_1034814, EPI_ISL_1034815, EPI_ISL_1034816, EPI_ISL_1034817, EPI_ISL_
1034807, EPI_ISL_1091610, EPI_ISL_1091612, EPI_ISL_1091613, EPI_ISL_1091614, EPI_ISL_
1091615, EPI_ISL_1091616, EPI_ISL_1091617, EPI_ISL_1091618

Italy: EPI_ISL_1091788, EPI_ISL_1091791, EPI_ISL_1120120, EPI_ISL_1091792, EPI
_ISL_1091793, EPI_ISL_1110596

Spain: EPI_ISL_1058153, EPI_ISL_1063791, EPI_ISL_1116561, EPI_ISL_1116562, EPI
_ISL_1116563, EPI_ISL_1116566, EPI_ISL_1116568, EPI_ISL_1116581, EPI_ISL_1117529,
EPI_ISL_ 1117531, EPI_ISL_1117532, EPI_ISL_1117533, EPI_ISL_1117534, EPI_ISL_1117542,
EPI_ISL_ 1117543, EPI_ISL_1117544, EPI_ISL_1117545, EPI_ISL_1117546, EPI_ISL_1117547,
EPI_ISL_ 1125255, EPI_ISL_1125264, EPI_ISL_1125268, EPI_ISL_1125289, EPI_ISL_1125294,
EPI_ISL_ 1125298, EPI_ISL_1125315

Beta B.1.135 variant (South Africa)
SouthAfrica: EPI_ISL_696455, EPI_ISL_700475, EPI_ISL_700502, EPI_ISL_860582, EPI_

ISL_860594, EPI_ISL_940862, EPI_ISL_940877, EPI_ISL_940883, EPI_ISL_940886, EPI_ISL_
940889, EPI_ISL_940890, EPI_ISL_1040704, EPI_ISL_1040706, EPI_ISL_1040750, EPI_ISL_
1040753, EPI_ISL_1132720, EPI_ISL_1132721, EPI_ISL_1132728

Spain: EPI_ISL_918301, EPI_ISL_1020573, EPI_ISL_1080829
Germany: EPI_ISL_875344
UK: EPI_ISL_880926, EPI_ISL_907655, EPI_ISL_907679, EPI_ISL_916363, EPI_ISL_

937738, EPI_ISL_945136, EPI_ISL_945182, EPI_ISL_946854, EPI_ISL_950917, EPI_ISL_957505,
EPI_ISL_957752, EPI_ISL_958838, EPI_ISL_964476, EPI_ISL_993820, EPI_ISL_1007076, EPI
_ISL_1043376, EPI_ISL_1062019, EPI_ISL_1100065

Gamma P1 variant (Brazil)
Brazil: EPI_ISL_984620, EPI_ISL_984621, EPI_ISL_1079008, EPI_ISL_1079162, EPI_ISL

_1079002, EPI_ISL_1086035, EPI_ISL_1086036, EPI_ISL_1086037, EPI_ISL_1086038, EPI_ISL
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_1086039, EPI_ISL_1086040, EPI_ISL_1086041, EPI_ISL_1086042, EPI_ISL_1086043, EPI_ISL
_1086044, EPI_ISL_1086045, EPI_ISL_1086046, EPI_ISL_1096125, EPI_ISL_1096127, EPI_ISL
_1096131, EPI_ISL_1096132, EPI_ISL_1096134, EPI_ISL_1096135, EPI_ISL_1096136, EPI_ISL
_1121307, EPI_ISL_1121308, EPI_ISL_1121309, EPI_ISL_1121310, EPI_ISL_1121311, EPI_ISL
_1121312, EPI_ISL_1121313, EPI_ISL_1121314, EPI_ISL_1123373

Italy: EPI_ISL_1012923, EPI_ISL_1014545, EPI_ISL_1014675, EPI_ISL_1023524, EPI_ISL
_1035871, EPI_ISL_1035900, EPI_ISL_1036239, EPI_ISL_1063910, EPI_ISL_1091787, EPI_ISL
_1091790, EPI_ISL_1091794, EPI_ISL_1091797, EPI_ISL_1091798, EPI_ISL_1095384, EPI_ISL
_1095449, EPI_ISL_1117511, EPI_ISL_1132668

Spain: EPI_ISL_985404
UK: EPI_ISL_1084042, EPI_ISL_1084155
USA: EPI_ISL_873257, EPI_ISL_1061282, EPI_ISL_1078954, EPI_ISL_1079917, EPI

_ISL_1132281
Epsilon B.1.429-B.1.427 variant (California)
USA: EPI_ISL_1163661, EPI_ISL_1172417, EPI_ISL_1172547, EPI_ISL_1172568, EPI

_ISL_1172629, EPI_ISL_1172631, EPI_ISL_1172632, EPI_ISL_1172706, EPI_ISL_1172999, EPI
_ISL_1173000, EPI_ISL_1173050, EPI_ISL_1173121, EPI_ISL_1173124, EPI_ISL_1173155

Denmark: EPI_ISL_818613, EPI_ISL_844795, EPI_ISL_844796, EPI_ISL_927984, EPI
_ISL_928648, EPI_ISL_928885, EPI_ISL_972755, EPI_ISL_972791, EPI_ISL_1022643, EPI
_ISL_1022985, EPI_ISL_1023029, EPI_ISL_1023085, EPI_ISL_1024432, EPI_ISL_1024533,
EPI_ISL_1024645, EPI_ISL_1024649, EPI_ISL_1024777, EPI_ISL_1024828, EPI_ISL_1065295,
EPI_ISL_1067424, EPI_ISL_1125719

Eta B.1.525 variant (Nigeria)
Nigeria: EPI_ISL_1093470
Italy: EPI_ISL_1036755, EPI_ISL_1049260, EPI_ISL_1079356
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