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The emergence of Variants of Concern (VOC) presenting an unusual number of new mutations is one of the most
remarkable features of SARS-CoV-2. The Delta variant, since its appearance, replaced the VOC Gamma, which
was responsible for the major COVID-19 wave in Brazil. In this study, we performed a Delta whole-genome
sequencing of 183 samples as part of a major genomic surveillance study performed since the beginning of
the pandemic. Here, we showed an emergence, widespread dispersion and consolidation of the Delta variant in
Rio Grande do Sul State, completely replacing the Gamma variant in a four to five months period. Performing the

phylogenetic and phylodynamic analysis, the majority of the sequences generated herein were classified as
AY.99.2, AY.99.2-like and AY.101. AY.99.2 Delta-related lineage has been widely reported in Brazil and in the
Americas as well. Altogether, our findings provided a mutational profile of the sequences and presented high
substitutions per site in the root-to-tip phylogenetic tree, corroborating studies that show the high mutational

rate of SARS-CoV-2 over time.

1. Introduction

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is
an enveloped RNA virus that has been proved to change over time. Some
mutations may affect the virus’s properties interfering with how easily it
spreads, the associated disease severity, and the efficiency of vaccines,
diagnostic tools, or other public health and social efforts (World Health
Organization, 2021). Therefore, quick spread, genetic viral evolution,
and incomplete vaccination schedules in many countries have been
driving the emergence of SARS-CoV-2 variants that may interfere in the
vaccine-derived immune response protective effectiveness (Kuzmina
et al., 2021).

SARS-CoV-2 variant B.1.617.2, also known as the Delta variant, has
been quickly spread and detected in many countries (Bolze et al., 2021;

* Corresponding author.
E-mail address: julianaschons@feevale.br (J.S. Gularte).
1 These authors contributed equally to this work.

https://doi.org/10.1016/j.virusres.2022.198702

Li et al., 2021; Public Health England, 2021). The first samples were
documented from India in October of 2020, and it has been classified as
a variant of concern (VOC) by WHO since May 11, 2021 World Health
Organization (2021). As main aspects that support the increase in the
transmissibility of the Delta variant and consequently a replacement of
other variants in circulation worldwide, it is possible to highlight a
fitness advantage led by higher viral loads and shorter incubation time
(Grant et al., 2021; Li et al., 2021).

In Brazil, the first community sustained transmission chains were
reported in Rio de Janeiro in June of 2021 (Lamarca et al., 2021) and it
has been widely detected in other Brazilian states over time (Ministério
da Satde (MS), 2021). In Rio Grande do Sul (RS), the southernmost state
of Brazil, the first case was officially reported by local health authorities
from a clinical specimen collected on July 12, 2021 (Secretaria da Satide
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do Rio Grande do Sul, 2021a). An analysis of data provided by GISAID
from October to November of 2021 in Brazil showed that the most
common lineages circulating in Brazil are Delta-related variants
(AY.99.2, AY.43, AY.101, AY.34.1, AY.43.1, AY.43.2, AY.46.3, AY.100,
AY.99.1, AY.36) (Latif et al., 2021a). Analyzing S-gene mutations in >
75% of sequences for lineages found in Brazil in the same period, the
most common mutations mentioned are T19R, T95I, E156G,
DEL157/158, L452R, T478K, D614G, Q677H, P681R, D950N, V1104L
and L1265F (Latif et al., 2021a). Some of these mutations have been
related to viral fitness advantages such as enhanced viral entry, infec-
tivity, pathogenesis, and immune escape (Khan et al., 2021; Korber
et al., 2020; Li et al., 2020; Saito et al., 2021).

Tracking SARS-CoV-2 variants through sequencing becomes a key
part of a better understanding of viral evolution, especially after the
beginning of the vaccination programs. Therefore, the main objective of
this work was to describe the appearance, dissemination, and predom-
inance of the Delta variant over time in the state of Rio Grande do Sul in
southern Brazil. Besides, through the genomic analysis, we aimed to
report which Delta related lineages are circulating as well as the
mutational distribution and signatures across the SARS-CoV-2 genomes.

2. Material and methods
2.1. Sampling

A total of 183 complete Delta variant SARS-CoV-2 genomes were
sequenced. These samples were collected from June to October of 2021
covering 20 cities of RS State and two patients from other Brazilian
states that were hospitalized in RS. The cities and the corresponding
number of samples are described in Supplementary Figure 1. Male pa-
tients corresponded to 93 samples and female to 91 with age varying
from 4 months to 93 years old. A retrospective study was also performed
in order to observe the lineages fluctuation in 2021. To understand the
Delta variant emergence context, we analyzed 429 complete genomes
sequenced (including 183 samples mentioned above) in our laboratory
since the beginning of 2021.

2.2. Samples screening and genome sequencing

Naso-oropharyngeal swab samples were received from suspected
patients of COVID-19 at Laboratério de Microbiologia Molecular of
Universidade Feevale, Novo Hambugo, Brazil. After the diagnosis
confirmation, a pre-selection was carried out, choosing samples that
presented Ct below 30. The commercial MagMAX™ CORE Nucleic Acid
Purification Kit (Applied biosystems™, Thermo Fisher Scientific, Wal-
tham, MA, USA) kit was used to perform viral RNA extraction using the
automated equipment KingFisher™ Duo Prime (Thermo Fisher Scienti-
fic™). As previously described by Silva et al. (2021), viral genome
sequencing and phylogenetic analysis were carried out. Briefly, reverse
transcription reaction was carried out in RNA extracted by SuperScript
IV reverse transcriptase kit (Thermo Fisher Scientific, Waltham, MA,
USA). According to the manufacturer instructions (QIAGEN, Hilden,
Germany), viral genome library preparation was carried out using the
QIAseq SARS-CoV-2 Primer Panel paired for library enrichment and
QIAseq FX DNA Library UDI Kit. Also, [llumina MiSeq platform (Foster
City, CA, USA), using MiSeq Reagent Kit v3 (600-cycle) was used.

2.3. Phylogenetic analysis

The Geneious Prime™ suite was used for genome assembly and
editing. Briefly, FASTQ reads were imported, trimmed to remove low
quality sequences and primers used for library generation (BBDuk
37.25), and mapped against the reference sequence hCoV-19/Wuhan/
WIV04/2019 (EPLISL _402124) available in the EpiCoV database from
GISAID (Shu and McCauley, 2017). PANGO and Nextstrain lineage as-
signments were applied to characterize the consensus sequences.
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Phylogenetic tree was constructed including all SARS-CoV-2 complete
genomes available from GISAID (between November 2019 and
December 2021) through the Nextclade tool on Nextstrain server
(Aksamentov et al., 2021). Mutational sequence profiles and signatures
were also analyzed in order to better understand the lineage sequences.

Nextstrain workflow (https://github.com/nextstrain/ncov) (Next-
strain, 2021a) was used for the temporal analysis of amino acid changes
in the Delta variant genomes sequenced in this study. The 183 Delta
variant genomes were aligned against the Wuhan-Hu-1 reference
through Nextclade tool, and maximum-likelihood phylogenetic tree was
constructed in IQ-TREE33. The molecular clock branch lengths and
amino acid changes were obtained via TreeTime.

3. Results

Analyzing our data from 429 COVID-19 positive samples since the
beginning of 2021, Delta variant, which appeared in June of 2021,
overcome the frequency of Gamma and other lineages showing an
exponential increase in June (16%), July (25%), August (76%),
September (84%), and October (96%) (Fig. 1a). In the first months of the
Delta lineage entrance, Gamma lineage was still predominant until July
(72%). However, in the coming months that followed, it was possible to
observe the significant growth of Delta lineages circulation (Fig. 1a).
Among these samples, a total of 183 high-quality complete genomes
from Delta sequences were retrieved with a breadth coverage of 99%
considering the totality of coding regions sequences and the depth
coverage was between 200X and 2000X, with an average of 800X.

Through PANGO lineage assignment tool, these sequences were
classified into five different Delta sub-lineages (AY.99.2, AY.101,
AY.106, AY.20, AY.113) and the most prevalent sub-lineages were
AY.99.2 (63%) and AY.101 (29%) (Fig. 1b). It’s important to note that
54 sequences were classified as “none” and the analysis showed that
they were more related to specific sub-lineages, so they were putatively
classified as AY.XX-like (Fig. 1c). The majority of the “none” sequences
were classified as AY.99.2-like (67%). The other sequences classified as
"none" (AY.39-like, AY.23-like, AY.106-like, AY.43-like, and AY.125-like)
were not very considerable, corresponding together to 33%. Thus,
AY.99.2 and AY.99.2-like together corresponded to 64% of the obtain-
able frequency in all samples being the most significant found.

The Nexstrain phylogenetic tree showed that the sequences clustered
in a single Delta cluster, belonging to 21 J clade (Fig. 2a). Using root-to-
tip regression, an estimated high rate of 34 substitutions per year was
suggested through molecular clock analysis (Fig. 2b). Compared to the
reference strain, it was observed in the 21 J clade sequences a wide
range (from 15 to 108) in the quantification of genome nucleotide
mutations. Also, a subcluster above the regression line suggested a
mutation rate above the average.

In order to better understating Delta sub-lineages, a complete
mutational profile along the genome of SARS-CoV-2, including all cod-
ing regions, was described. The mutations, analyzed in each of the most
prevalent sub-lineages (AY.99.2, AY.99.2-like, AY.101 and AY.106),
presenting more than 10%, were highlighted and compared according to
each sub-lineage. The most common mutations, as the complete muta-
tional profile and information’s could be observed in Fig. 3.

4. Discussion

COVID-19 epidemic in Brazil, during 2021, was driven by the spread
and predominance of the VOC Gamma (lineage P.1) which caused the
highest wave of SARS-CoV-2, considering the number of cases, deaths,
and hospitalization per day (Demoliner et al., 2021). The first Delta
variant local case described in Brazil was in July 2021, by Lamarca et al.
(2021). Posteriorly, through retrospective analysis, we described three
earlier cases in late June, showing that the Delta variant was circulating
in the State before that. Since the Delta lineage started to appear in RS
State, the cases increase monthly as observed in our results. Despite this,
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Fig. 1. SARS-CoV-2 lineage’s frequencies in Rio Grande do Sul State (RS), Brazil. Images show the lineages frequencies from genomic surveillance (1a), the Delta
“AY.XX” 21 J frequencies (1b) and AY.XX-like sub-lineage frequencies (1c). These analyzes were performed with samples of our laboratory since the beginning
of 2021.
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Fig. 2. Phylogenetic and phylodynamic Delta SARS-CoV-2 variant analysis in Rio Grande do Sul State. Panel A shows the phylogenetic tree of all circulating lineages,
developed through the Nextstrain server (Nextclade tool), using GISAID data. The sequences generated herein are clustered into a single Delta lineage, marked in
green (21 J). Panel B shows the phylogenetic tree of 183 SARS-CoV-2 Delta variants. The phylogeny is embedded as a root-to-tip plot, in which the x axis represents
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Fig. 3. Mutational profile and frequency of mutations in complete genome sequences of SARS-CoV-2. Mutations with more than 10% of frequency were described.
The presence of mutations along the genome of SARS-CoV-2, in each of the most prevalent sub-lineages, was described as follows: Fully painted squares correspond to
100% frequency of a given mutation. Hatched squares correspond to at least one sequence with the given mutation although it has never been found with

100% frequency.

in contrast to the huge COVID-19 epidemic wave associated with the
substitution of B.1.1.28 by the VOC Gamma (Demoliner et al., 2021;
Faria et al., 2021), Delta viral lineage replacement occurred without the
SARS-CoV-2 cases increase, probably due to the high immunity levels
(natural and/or vaccinated) in the RS State population (Secretaria da
Satide do Rio Grande do Sul, 2021b). This scenario is similar to what has
happened in the European Union (EU) since its emergence in March
2021. A significant transmission advantage was observed when
compared to the previously circulating SARS-CoV-2 strains therefore
Delta variant quickly became predominant. However, immunity, espe-
cially through vaccination, remains protective against severe outcomes
(European Centre for Disease Prevention and Control, 2021).

The totality of the sequences generated herein clustered into the
Delta 21 J. It is a major sub-clade of the Delta variant, which has grown
worldwide, particularly in Europe, Americas, Africa, and Oceania. The
21J sub-clade has all the mutations of21A, in addition to an extra mu-
tation in N at position N:G215C, which was described in all our se-
quences. It also has additional amino-acid mutations in ORFla, ORF1b,
and ORF7b: ORF1a:A1306S, ORF1a:V2930L, ORF1a:T3255I, ORFla:
T3646A, ORF1b:A1918V, and ORF7b:T40I (CoVariants, 2021a). Except
for the ORF1a:V2930L which was interestingly not detected in AY.
XX-like sequences and the ORF7b:T40I that was not described in the
entirety of the sequences, all of the other mutations were present. In
summary, most Delta samples from RS shared the same combination of
mutations.

AY.99.2 and AY.99.2-like were the most frequent Delta sub-lineages
found in our study. As of 15 December 2021, more than 16 thousand
sequences of AY.99.2 lineage have been detected in at least 28 countries
representing < 0.5% cumulative prevalence Worldwide (Latif et al.,
2021b). This new sub-lineage has been mostly detected in the United
States of America, Chile, Portugal, France, and especially in Brazil,
which represents 98% of the described AY.99.2 (PANGO Lineages,
2021). In Brazil, it is possible to observe an expressive difference in the
frequency of detection between the states as well. The cumulative
prevalence of AY.99.2 is 78% in Distrito Federal followed by Paraiba
(63%) and Rio de Janeiro (39%) (Latif et al., 2021b). Although the
southernmost state in Brazil, RS, shows 10% of cumulative prevalence

(Latif et al., 2021b), our data detected 63% of this sub-lineage in samples
analyzed in this study. It's possible that the sequences assigned as
“none”, putatively named as AY.XX-like, according to the most related
group, are likely to be classified later, as databases are routinely upda-
ted. They can represent a separated group with a high rate and speed of
diversification within the cited Delta sub-lineages.

Preliminary molecular clock estimates suggested that the overall rate
of evolution of SARS-CoV-2 in 2020 was 8 x 10~ * substitutions/site/
year, which equates to 24 substitutions per year (Duchene et al., 2020).
The current global estimate (Nextstrain, 2021b) including multiple
variants of concern/interest suggests a similar rate of approximately
25.2 substitutions per year. Our Delta analysis presented a higher clock
rate of 34.5 substitutions per year, showing a higher substitution rate
than the majority of other sequences. It is important to point out that this
higher rate was probably overestimated as there is a smaller number of
sequences analyzed when compared to the global analysis. Also, the
analyzed sequences are genetically divergent from reference lineages,
which influenced the mutation rate to a higher number.

The Delta variant spread was remarkable in Brazil as in other
countries, becoming the predominant variant in a matter of months
since its first descriptions in the middle of 2021 (Nextstrain, 2021b). In
December of 2021, a new VOC had emerged with several new genome
mutations and higher rates of infection, and in a shorter period became
present all over the world (Brandal et al., 2021; Centers for Disease
Control and Prevention, 2021; Wang and Cheng, 2021). This variant,
called Omicron by WHO and clade 21 K by Nextstrain, is already the
predominant variant in some countries despite its recent first description
(late November in South Africa). Updated Nexstrain data (Nextstrain,
2021c¢) shows that, in contrast to Delta, this variant does not descend
from recent variants and it’s phylogenetically closer to viruses circu-
lating in 2020. By looking into Nextstrain updated molecular clock
analysis (Nextstrain, 2021c), all the so far sequenced Omicron viruses
have numbers of mutations higher than the average. By looking at our
temporal analysis, many of Delta sequences have genome mutation
numbers higher than the average for SARS-CoV-2, but other ones have
less mutations than average (Fig. 2b). A matter of concern is that, of the
at least 30 amino acid substitutions that characterize the variant, 15 of
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them are in the receptor binding domain (RBD) (Centers for Disease
Control and Prevention, 2021). As comparison, the Delta variant has 9
substitutions/deletions in the spike protein (CoVariants, 2021b).

The Omicron variant has already been described in Brazil a few
weeks after the first report in South Africa, from an airplane passenger
that arrived in Sao Paulo state from south Africa in late November. Our
analysis contains sequences collected in RS state in the year of 2021 up
to the last week of October, and no Omicron sequence was detected since
the first case in RS state was detected on December 3rd. This fact sug-
gests that there was no previous introduction of Omicron in the RS state
before the first official detection in Brazil.

In conclusion, we have described the appearance and consolidation
of the SARS-CoV-2 Delta variant in RS State, Brazil, replacing the variant
Gamma. Although the accelerated dispersion pattern was very similar to
what happened with the introduction of the Gamma variant in RS, one
very important point needs to be highlighted. The Delta variant did not
cause an increase in the number of hospitalizations, and deaths as
Gamma did in the region. We emphasize that the difference between
these two moments of the pandemic is mainly related to the increase in
the number of people currently vaccinated/immunized. Therefore, the
vaccination coverage in RS has so far limited the number of serious cases
relative to the unvaccinated population. Phylogenetic analysis showed
that the sequences generated therein belonged to the 21 J Delta major
clade, and most of the sequences were classified as AY.99.2, AY.99.2-
like, and AY.101 sub-lineages. In order to avoid new health crises,
continuous surveillance to monitor the spread of SARS-CoV-2 is
extremely necessary, thus being able to assess the effectiveness of im-
munization against the emergence of new variants.
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