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Abstract

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) pandemic spread
rapidly and this scenario is concerning in South America, mainly in Brazil with more
than seven million cases of infection. Three major pandemic lineages/clades could be
identified along with SARS-CoV-2 dissemination (G, GR, and GH) in the Americas.
These clades differ according to their genomic characteristics, virulence, and
spreading times. The present study describes the main clades and the respective
temporal spreading analyses based on SARS-CoV-2 whole-genome sequences
(WGS) from South America, obtained in the early pandemic phase (from March 1 to
May 31 in 2020). SARS-CoV-2 WGSs with available information from country and
year of sampling were obtained from different countries and the main clades were
identified and analyzed independently with a Bayesian approach. The results de-
monstrated the prevalence of clades GR (n =842; 54.6%), G (n=529; 34.3%), and
GH (n=171; 11.1%). The frequencies of the clades were significantly different be-
tween South American countries. Clade G was the most prevalent in Ecuador,
Suriname, and Uruguay, clade GR in Argentina, Brazil, and Peru, and clade GH in
Colombia. The phylodynamic analysis indicated that all these main lineages in-
creased viral spreading from February to early March and after an evolutionary
stationary phase was observed. The decrease observed in the virus dissemination
was directly associated to the reduction of social movement after March. In con-
clusion, these data demonstrated the current predominance of clades G, GR, and GH
in South America because of the early dissemination of them in the first pandemic

phase in South America.
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confirmed cases and one million deaths in the first eight months from
the pandemic.* In the American continent, 20,131,365 (48.6% in

Several patients with pneumonia of unknown causes were identified
in Wuhan, Hubei Province, China in December 2019.%"° Severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) was rapidly as-
sociated to this new disease (coronavirus disease 2019 [COVID-19])
that spread worldwide, accounting to more than 50 million

South America, 44.3% in North America, and 7.1% in Central
America) cases were detected at 12 November 2020, and the five
countries reporting most cases are United States (10,516,513), Brazil
(5,747,660), Argentina (1,273,356), Colombia (1,165,326) and Peru
(928,006). Death case records reach 614,626 deaths and the five
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countries reporting most deaths are United States (242,557), Brazil
(163,368), Mexico (96,430), Peru (35,031), and Argentina (34,351).*

A difference in case fatality rates of SARS-CoV-2 infection
across countries was observed, possibly related to the diverse de-
mographic composition around the World and the control measures
adopted in different countries to reduce viral spreading.” ” Accord-
ing to the public database of the GISAID, three major SARS-CoV-2
lineages/clades could be initially identified and they were named as
G (variant of the spike protein S-D614G), V (variant of the ORF3a
coding protein NS3-G251), and S (variant ORF8-L845S).° Afterwards,
two other clades (GR and GH) emerged and rapidly spread together
with G clade in the Western World. All these three clades are
genetically similar and they differ in few single nucleotide poly-
morphisms (SNPs), some of them altering amino acid sequences in
the viral proteins. Clade G has four main SNPs (C241, C3037T,
C14408T, A23403G) that affect 5’-untranslated region, NSP3
(F106F), NSP12b (P314L), and the spike protein (D614G) genes.
Clade GR presents these same SNPs with an additional modification
at the codon GGG28881AAC that generates the modification in the
nucleocapsid protein (RG203KR). Finally, clade GH has another
modification (G25563T) that affects the ORF3a (Q57H).” The high
predominance of the clades G, GR, and GH are mainly associated
with the occurrence of the amino acid substitution D614G that im-
proved viral fitness. %"

Clades G, GR, and GH gradually predominated in the Americas,
Africa, and Europe.’? The extremely rapid viral spread raised ques-
tions about the way their evolution was driven during the pandemic.
In South America, clades G, GR, and GH are the most frequent and
their spreading was very pronounced.'” The main objective was to
study the introduction, the frequencies, and the temporal and geo-
graphic spreading of these three main clades in South America,
mainly in Brazil, through a Bayesian approach with SARS-CoV-2
WGSs obtained from March 1 to May 31 in 2020.

2 | METHODS

2.1 | Data collection

SARS-CoV-2 WGSs with available information from country and year
of sampling were obtained from GISAID*® from March 1 to May 31,
2020. Five datasets were assembled: (I) with 414 sequences of clade
G from South American countries (Table S1); (11) with 791 sequences
of clade GR from South American countries (Table S2); (1) with 165
sequences of clade GH from South American countries (Table S3);
(IV) with 207 sequences of clade G from Brazil (Table S4); (V) with
614 sequences of clade GR from Brazil (Table S5); GH clade WGSs
from Brazil were not evaluated in a specific dataset because of the
reduced number (n=18).

Putative recombination events were verified using the Re-
combination Detection Program version 4 (RDP4) software'* with
the default settings using the algorithms RDP, GENECONYV, Boot-
Scan, MaxChi, Chimaera, SiScan, 3Seq, and LARD. The beginning and
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end breakpoints of the potential recombinant sequences were also
defined by the RDP4 software. Putative recombinant events were
considered significant when p <.01 was observed for the same event
using four or more algorithms. Sequences that presented putative
recombination events, clonal dissemination, and missing record of
the collection were excluded from the evolutionary analysis.

2.2 | Root-to-tip regression

Previous alignments were performed for each genotype by MAFFT
v7'® and visually inspected with AliView v1.26. The best-fitting nu-
cleotide substitution (HKY) model was selected using a hierarchical
likelihood ratio, Akaike information criterion, and Bayesian in-
formation criterion tests with Model Finder in IQ-TREE webserver.'®
SARS-CoV-2 sequences maximum likelihood phylogenetic tree were
inferred according to the best-fitting model using IQ-TREE web
server (http://igtree.cibiv.univie.ac.at/). Statistical supports for in-
ternal branches in the phylogeny were assessed by bootstrapping
(1000 replicates) and the approximate likelihood ratio test (aLRT)."
The resulting tree was used to further obtain root-to-tip regressions
in TempEst v1.5'® by selecting the root position that maximized the
correlation coefficient. The root-to-tip versus divergence plot of the
full datasets showed a correlation between sampling time and ge-
netic distance to the root of the ML tree of the available sequences
(R?=0.65 for dataset I, R?=0.71 for dataset Il, R? = 0.58 for dataset
1, R? = 0.67 for dataset IV, and R? = 0.56 for dataset V), suggesting
moderate temporal signals and the possibility to calibrate a reliable

molecular clock.

2.3 | Bayesian coalescent inference

Time-scaled phylogenetic tree estimation was performed using
BEAST/BEAGLE v 2.5 software.’” The best-fitting nucleotide sub-
stitution (HKY) model with gamma site distribution was selected
using a hierarchical likelihood ratio, Akaike information criterion, and
Bayesian information criterion tests with Model Finder in IQ-TRE
web server (http://igtree.cibiv.univie.ac.at/). For each run of 250
million of Monte Carlo Markov Chains (MCMC), the marginal like-
lihood was estimated via path sampling (PS) and stepping stone (SS)
methods and the resulting Bayes factors (BF) (ratio of marginal
likelihoods) used to select the best-fitting clock/demographic model.
The models can be compared to evaluate the strength of evidence
against the null hypothesis (HO) defined in the following way:
2InBF < 2 indicates no evidence against HO; 2-6, weak evidence;
6-10: strong evidence, and greater than 10 very strong evidence.?®
Both SS and PS estimators indicated the uncorrelated lognormal
molecular clock as the best-fitted model to the datasets under ana-
lysis (BF > 10 for all datasets). MCMC analysis was performed and
the maximum likelihood estimations of the obtained trees were
compared using a BF to select the best model and parameter values.
BF analysis showed that the uncorrelated lognormal clock fitted the
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data significantly better than other clocks (2InBF > 500 for all data-
sets). BF analysis showed that the Bayesian skyline plot (BSP) was
better than other models (2InBF > 100 for both datasets). MCMC
was run for 500 million generations to ensure stationary and ade-
quate effective sample size for all statistical parameters. Tracer v.1.6
software?! was used to diagnose MCMC, adjust initial burn-in, and to
perform the Skyline demographic reconstruction. Uncertainty in
parameter estimates was evaluated in the 95% highest posterior
density (HPD 95%) interval. TreeAnnotator v1.8.2 was used to
summarize the maximum clade credibility (MCC) tree from the
posterior distribution of trees and the MCC tree was visualized
and edited in FigTree v.1.4.4 (available at http://tree.bio.ed.ac.uk/

software/figtree/).

24 | Statistical analysis

Statistical analyses were performed using the SPSS (Statistical
Package for Social Sciences, version 23.0) software. The frequencies
of SARS-CoV-2 clades were compared between South American
countries and Brazilian regions using the Pearson chi-square test.
All estimates were bilateral with a significance level of 5% (p <.05).

3 | RESULTS

3.1 | SARS-CoV-2 clades in South America

A total of 1542 SARS-CoV-2 genomes classified as clades G, GR, and
GH were identified from GISAID database (GISAID, 2020c). The
prevalence of clades G, GR, and GH in South America were 34.3%
(n=529), 54.6% (n=842), and 11.1% (n=171) respectively. The

frequencies of these three clades were significantly different be-
tween South American countries (p <.01) (Table 1). Clade G had a
frequency of 23.7% in Argentina, 25.8% in Brazil, 34.8% in Chile,
54.3% in Ecuador, 34.0% in Peru, 94.4% in Suriname and 69.8% in
Uruguay. The clade GR had frequencies of 52.6% in Argentina, 72.1%
in Brazil, 31.9% in Chile, 11.9% in Colombia, 38.6% in Ecuador, 60.4%
in Peru, 27.9% in Uruguay and 33.3% in Venezuela. The clade GH
was detected in 23.7% cases in Argentina, 2.1% in Brazil, 33.3% in
Chile, 50.0% in Colombia, 7.1% in Ecuador, 5.7% in Peru, 2.3% in
Uruguay and 66.7% in Venezuela. Clade G was the most frequent
in Suriname (94.4%), Uruguay (69.8%), Ecuador (54.3%), and Chile
(34.8%). Clade GR was the most frequent in Brazil (72.1%), Peru
(60.4%), and Argentina (52.6%). Finally, GH was frequent in Colombia
(50.0%) and Venezuela (66.7%). Clade G was the most prevalent in
Ecuador, Suriname, and Uruguay (p <.01); clade GR Argentina, Brazil,
and Peru (p<.01); and clade GH in Colombia (p<.01) (Table 1;
Figure 1A).

The prevalence of clades G, GR, and H in Brazil were 25.8%,
72.1%, and 2.1% (p <.01) respectively (Table 2). Clade GR was the
most prevalent in all Brazilian regions (65.0% in the South; 73.5% in
the Southeast; 56.3% in the Central-West; 84.6% in the North; 60.2%
in the Northeast). Clade G had a frequency of 32.5% in the South,
24.0% in Southeast, 37.5% in Central-West, 15.4% in the North, and
39.8% in Northeast. Clade GH was detected in 2.5% cases in the
South, 2.4% in the Southeast, and 6.3% in Central-West (Table 2;
Figure 1B).

3.2 | Clade G phylodynamic in South America

SARS-CoV-2 clade G phylogenetic tree demonstrated five clusters

clades (I-V). In cluster G | (n=19) were detected sequences only

G GR GH Total TABLE 1 Distribution of SARS-CoV-2
clades G, GR, and GH in South American
South American Country n % n % n % n % p Value® countries
Argentina 9 23.7 20 526 9 23.7 38 2.5 <.01
Brazil 221 258 618 721 18 21 857 55.6 <.01
Chile 49 348 45 319 47 333 141 9.1 .53
Colombia 61 381 19 119 80 500 160 104 <.01
Ecuador 38 543 27 386 5 7.1 70 4.5 <.01
Peru 54 340 96 604 9 57 159 10.3 <.01
Suriname 67 944 4 5.6 0 0.0 71 4.6 <.01
Uruguay 30 698 12 279 1 23 43 2.8 <.01
Venezuela 0 0.0 1 333 2 66.7 3 0.2 .51
Total 529 343 842 546 171 111 1542 100.0 <.01

Abbreviation: SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.

3Pearson's x? test was used to analyze the differences between the frequencies of clades G, GR, and

GH between each country specifically. Values of p <.05 were significant.
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FIGURE 1 Distribution of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) clades G, GR, and GH in (A) South American

countries and in (B) Brazilian regions

TABLE 2 Distribution of SARS-CoV-2 clades G, GR, and GH
according to Brazilian regions

- GR GH Total
Brazilian
region n % n % n % n % p Value®
South 13 325 26 650 1 25 40 47 <01

Southeast 157 240 481 735 16 24 654 763 <01

Central 6 375 9 563 1 63 16 19 .03
West
North 8 154 44 846 0 O 52 61 <01

Northeast 37 398 56 602 0 O 93 109 <01

Not 0 0 2 1000 0 0 2 02 .67
availab-
le

Total 221 258 618 721 18 2.1 857 100 <.01

Abbreviation: SARS-CoV-2, severe acute respiratory syndrome
coronavirus-2.

3Pearson's x? test was used to analyze the differences between the
frequencies of clades G, GR, and GH between Brazilian regions. Values of
p < .05 were significant.

from Peru in basal branches from the whole phylogenetic tree.
Cluster G Il (n=6) presented sequences from Peru (66.7%), Chile
(16.7%), and Colombia (16.7%). Cluster G IIl (n=95) demonstrated
sequences from Brazil (29.5%), Uruguay (27.4%), Chile (13.7%),
Colombia (12.6%), Peru (11.6%), and Ecuador (5.3%). Cluster G IV
(n=99) showed sequences from Colombia (35.4%), Chile (32.3%),
Peru (10.1%), Brazil (9.1%), Argentina (8.1%), Uruguay (4.0%),

Ecuador (1.0%), and Uruguay (4.0%). Finally, cluster G V (n=195)
showed sequences from Brazil (87.7%), Ecuador (5.6%), Suriname
(2.6%), Chile (1.5%), Colombia (1.5%), Argentina (0.5%), and Peru
(0.5%) (Figure 2A).

Brazilian sequences were branched in three clusters: G Il
(n=28; 75.0% from Southeast, 17.9% from North, 3.6% from
Central-West, and 3.6% from South), G IV (n=9; 55.6% from
Southeast, 22.2% from South, and 22.2% from Northeast), and G V
(n=171; 69.6% from Southeast, 19.9% form Northeast, 5.8% from
South, 2.9% from Central-West, and 1.8% from North) (Figure 2A).

Clade G root of the phylogenetic tree dated back to 19 January
2020 (HPD 95%: December 23, 2019- February 6, 2020) and se-
quences from Peru clustered in the more basal branches from the
phylogenetic tree. Clade G substitution rates was 2.26E10-3 (HPD
95%: 1.02E10-3 to 3.55E10-3) nucleotides per site per year. Clade G
seems to be disseminated between Peru, Chile, and Colombia.
Afterward, strains of this clade were disseminated between Argen-
tina, Brazil, Chile, Ecuador, Suriname, and Uruguay. The BSP analysis
of Clade G genomes showed that the dissemination grew between
February 16 and 28, 2020. After March 2020, a stationary growth

phase was observed (Figure 2B).

3.3 | Clade GR phylodynamic in South America

SARS-CoV-2 clade GR phylogenetic tree demonstrated six main
clusters (I-VI). In cluster GR | (n = 57) were detected sequences from
Peru (73.7%), Argentina (8.8%), Uruguay (7.0%), Chile (5.3%), Brazil
(3.5%), and Ecuador (1.8%) in basal branches from the whole
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FIGURE 2

(A) Time-scaled maximum clade credibility tree from the evolutionary reconstruction by Bayesian analysis of SARS-CoV-2 clade

G whole-genome sequences from South American countries available in GISAID (from March 1 to May 31, 2020). The time of the most
recent common ancestor (tMRCA) are demonstrated in the nodes with significant posterior probabilities (20.95). (B) Bayesian skyline plot (BSP)
of SARS-CoV-2 clade G whole-genome sequences obtained from GISAID. The effective number of infections is reported on the Y-axis.

The timeline is reported on the X-axis. The colored area corresponds to the 95% credibility intervals of highest probability density (95% HPD).
The vertical line indicate the 95% lower HPD (dotted) of the tree root. SARS-CoV-2, severe acute respiratory syndrome coronavirus-2

phylogenetic tree. Cluster GR Il (n=15) presented sequences from
Brazil (53.3%), Argentina (13.3%), Chile (13.3%), Uruguay (13.3%),
and Peru (6.7%). Cluster GR Il (n=106) demonstrated sequences
from Brazil (40.6%), Colombia (17.9%), Chile (17.0%), Peru (11.3%),
Ecuador (7.5%), Argentina (4.7%), and Venezuela (0.9%). Cluster GR
IV (n = 28) showed sequences from Peru (53.6%), Chile (42.9%), and
Brazil (3.2%). Cluster GR V (n = 244) showed sequences from Brazil
(99.6%) and Argentina (0.4%). Finally, Clade GR VI (n = 337) showed
sequences from Brazil (93.8%) (Figure 3A).

Brazilian sequences were branched in six clusters: GR | (n = 2;
50% from Southeast and 50% from North), GR Il (n=8; 75.0%
from Northeast and 25.0% from Southeast), GR Ill (n=43; 69.8%
from North, 25.6% from Southeast, and 4.7% from South), GR IV
(n=1; 100% from Southeast), GR V (n=243; 87.9% from South-
east, 6.2% from North, 4.9% from South, and 2.1% from North),
and GR VI (n=315; 79.7% from Southeast, 8.9% from Northeast,
4.7% from North, 3.8% from South, and 2.8% from Central-West)
(Figure 3A).
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FIGURE 3 (A) Time-scaled maximum clade credibility tree from the evolutionary reconstruction by Bayesian analysis of SARS-CoV-2 clade

GR whole-genome sequences from South American countries available in GISAID (from 1 March to 31 May 2020). The tMRCA are
demonstrated in the nodes with significant posterior probabilities (20.95). (B) BSP of SARS-CoV-2 clade GR whole-genome sequences obtained
from GISAID. The effective number of infections is reported on the Y-axis. The timeline is reported on the X-axis. The colored area corresponds
to the 95% credibility intervals of HPD. The vertical line indicate the 95% lower HPD (dotted) of the tree root. BSP, Bayesian skyline plot; HPD, highest
probability density; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; tMRCA, time of the most recent common ancestor

Clade GR root of the phylogenetic tree dated back to January 2,
2020 (HPD 95%: December 21, 2019-February 14, 2020) and se-
quences from Argentina, Uruguay, Chile, Brazil, Peru, and Ecuador
clustered in the more basal branches from the phylogenetic tree,
highlighting that these countries were the probable geographic ori-
gins of this clade. Clade GR substitution rates was 2.89E10-3 (HPD
95%: 1.77E10-3 to 3.87E10-3) nucleotides per site per year. Clade
GR strains possibly were disseminated in Brazil, Peru, Argentina,
Chile, Ecuador, Peru, Uruguay, and Venezuela. The BSP analysis of
Clade G genomes showed that the dissemination grew between

February 2 and March 1, 2020. After March 2020, an evolutionary
stationary phase was observed (Figure 3B).

34 | Clade GH phylodynamic in South America

SARS-CoV-2 clade GH phylogenetic tree demonstrated six main
clusters (I-111). Sequences from Brazil and Colombia were observed
in basal branches from the whole phylogenetic tree. Cluster GH |
(n=19) presented sequences from Argentina (36.8%), Colombia
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(36.8%), Chile (10.5%), Brazil (10.5%), and Uruguay (5.3%). Cluster
GH Il (n = 39) demonstrated sequences from Colombia (64.1%), Chile
(25.6%), Brazil (5.1%), Argentina (2.6%), and Peru (2.6%). Finally, in
cluster GH Ill (n=100) were observed sequences from Colombia
(44.0%), Chile (34.0%), Brazil (11.0%), Peru (7.0%), Venezuela (2.0%),
Argentina (1.0%), and Ecuador (1.0%). Brazilian sequences were
branched in three clusters: GH | (n = 3; 100% from Southeast), GH Il
(n=2; 100% from Southeast), and GH Il (h=11; 90.9% from
Southeast and 9.1% from Central-West) (Figure 4A).

0 Peru M Argentina Ecuador

Il Brazil

L 1RCwrta preoas 1 ROXIEPLISK_MS292202003.22
m“ﬂnﬂn-_mn_m_us.wxmzr

Clade GH root of the phylogenetic tree dated back to December
27, 2019 (HPD 95%: December 12, 2019-February 7, 2020) and
sequences from Brazil (Southeast) clustered in the more basal
branches from the phylogenetic tree, highlighting that this country
was the probable geographic origin of this clade. Clade GH sub-
stitution rates was 2.68E10-3 (HPD 95%: 1.03E10-3 to 3.31E10-3)
nucleotides per site per year. This clade seems to be disseminated in
Brazil, Peru, Argentina, Chile, Colombia, Ecuador, Peru, Uruguay, and

Venezuela. The BSP analysis of Clade G genomes showed that the

Uruguay [l Colombia [l Venezuela

Mar 10th
s
45‘.:;?%:: >

0K T
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January February

FIGURE 4

20203 0204
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(A) Time-scaled maximum clade credibility tree from the evolutionary reconstruction by Bayesian analysis of SARS-CoV-2 clade

GH whole-genome sequences from South American countries available in GISAID (from March 1 to May 31, 2020). The tMRCA are
demonstrated in the nodes with significant posterior probabilities (20.95). (B) BSP of SARS-CoV-2 clade GH whole-genome sequences obtained
from GISAID. The effective number of infections is reported on the Y-axis. The timeline is reported on the X-axis. The colored area corresponds
to the 95% credibility intervals of HPD. The vertical line indicate the 95% lower HPD (dotted) of the tree root. BSP, Bayesian skyline plot;

HPD, highest probability density; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; tMRCA, time of the most recent common ancestor
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dissemination grew between March 1 and 6, 2020. After March

2020, an evolutionary stationary phase was observed (Figure 4B).

3.5 | Clades G and GR phylodynamic in Brazil

In an attempt to understand the evolutionary history of the G and
GR clades of SARS-CoV-2 in Brazil, we estimate these phylodynamic
processes using datasets with sequences from Brazil. Clade G root of
the phylogenetic tree dated back to December 10, 2019 (HPD 95%:
December 5 2019-February 19, 2020) and sequences from South-
east clustered in the more basal branches from the phylogenetic
tree, highlighting that this region was the probable geographic origin
of this clade in Brazil. Clade G substitution rates was 2.33E10-3
(HPD 95%: 1.13E10-3 to 3.74E10-3) nucleotides per site per year.
This clade seems to be disseminated from the Southeast to other
regions after February 26, 2020 (Figure 5A).

Clade GR root of the phylogenetic tree dated back to January
20, 2020 (HPD 95%: December 21, 2019-February 13, 2020) and
sequences from Southeast clustered in the more basal branches from
the phylogenetic tree, highlighting that this region was the probable
geographic origin of this clade in Brazil. Clade GR substitution rates
was 2.48E10-3 (HPD 95%: 1.51E10-3 to 3.47E10-3) nucleotides per
site per year. This clade seems to be disseminated from the South-
east to other regions after February 15, 2020 (Figure 6A).

The BSP analysis of Clade G genomes showed that the dis-
semination grew from February 26 to March 10. After mid-March
2020, a stationary growth phase was observed (Figure 5B). Also, the
BSP analysis of Clade GR genomes showed that the dissemination
grew from February 18 to March 13. After mid-March 2020,

a stationary growth phase was observed (Figure 6B).

4 | DISCUSSION

The phylogenetic characterization of an emerging viral infection can
help in understanding and monitoring the pandemic progression.
Currently, there is a very large amount of WGSs data to study the
recent SARS-CoV-2 spreading. More evolutionary and dissemination
studies are necessary to understand the SARS-CoV-2 genetic di-
versity and to identify the main epidemic findings. These data are
essential to define public health measures to control the current
pandemic. In South America, most countries presented massive
SARS-CoV-2 dissemination from March to May 2020.2? Reports
showed that the first COVID-19 cases were identified in late Feb-
ruary and early March 2020.7?272% Previous studies reported that
growing epidemics in Brazil, Peru, Mexico, Chile, Colombia, Panama,
and possibly Venezuela and Nicaragua at this time.?*> 28

Clades L, O, S, and V were more frequent at the beginning of the
pandemic, but clades G, GR, and GH gradually predominated in most
western countries. These clades are widely prevalent in the World,
12,13

especially in South America, North America, Africa, and Europe.
Historically, clade L seems to be the common ancestor of all
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SARS-CoV-2 strains disseminated later in the western world
countries. After mid-February, clades G, GR, and GH were originated
due to specific mutations, mainly D614G that improved viral
fitness.'©*?1° The clade G is characterized by the spike protein
D614G mutation which has been suggested to increase transmissibility
but not pathogenicity. After this initial stage, the clade GR increased
rapidly, stabilized around 30% between March and May 2020, and
increased further to become the most frequent clade in June 2020.
Clade GH showed a peak of cases in May 2020 (30%) and has rapidly
declined since then.*?®

In the present study, the evolution and spread of the main
clades circulating in South America (G, GR, and GH) were evaluated
by a Bayesian coalescent approach at the beginning of the high
dissemination in the Americas (March-May, 2020). Another study
had already demonstrated that clades G and GR became the most
prevalent in the Americas.'? Here it was highlighted that clade GR
was the predominant one followed by G and GH in South America.
Possibly, all these clades have become predominant because of the
emergence of the D614G mutation that increased viral fitness.*®**
Our results demonstrate that the prevalence of clades G, GR, and
GH in South America were 34.3%, 54.6%, and 11.1%, respectively.
Also, all these clades presented a clear geographic distribution.
Clade G was the most frequent in Suriname, Uruguay, Ecuador,
and Chile; clade GR was the most frequent in Brazil, Peru, and
Argentina; clade GH predominates in Colombia and Venezuela.
The prevalence of clades G, GR, and GH demonstrated here agree
with the results observed in other studies that evaluated South
American sequences (~ 30.0% for G, =~ 60.0% for GR, and ~ 10.0%
for GH).”*?

In Brazil, all three clades were detected in different geographic
regions because of the several introductions into the country.?? 2*
The predominance of clades G, GR, and GH in Brazil and South
America are also in accordance with the data previously reported.”
The greatest spread of these clades seems to have occurred during
early March 2020 worldwide, and high dissemination was evident in
South America and Brazil.”??"?* These findings indicate that these
clades were extremely important in the establishment of the begin-
ning of the SARS-CoV-2 pandemic in South America.

Here we also demonstrated that all these clades (G, GR, and GH)
were possibly disseminated between February and March 2020 in
South America. This temporal pattern of dissemination was also
similar to that observed specifically for Brazil. In this sense, there is
evidence that more than 100 international introductions of SARS-
CoV-2 occurred in Brazil. It was observed a rapid spread of COVID-
19 through the country, with more populated and better-connected
districts being affected prior, and less populated districts being af-
fected at a later stage of the epidemic. Brazil announced COVID-19
as a national public health crisis on February 3 2020.2%?° After the
development of a national crisis plan and the early establishment of
molecular diagnostic offices over Brazil's network of public health
laboratories, the country detailed its first confirmed COVID-19 case
on February 25, 2020, in a traveler returning to Sdo Paulo from

northern Italy.??°
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FIGURE 5 Maximum clade credibility tree from the evolutionary reconstruction by Bayesian analysis of SARS-CoV-2 clade G (Panel A) whole-
genome sequences from Brazilian regions available in GISAID (from March 1 to May 31, 2020). The tMRCA are demonstrated in the nodes

with significant posterior probabilities (20.95). Panel B showed BSP of SARS-CoV-2 whole-genome sequences obtained from GISAID of clade G.
The effective number of infections is reported on the Y-axis. The timeline is reported on the X-axis. The colored area corresponds to the 95%
credibility intervals of HPD. The vertical line indicate the 95% lower HPD (dotted) of the tree root. BSP, Bayesian skyline plot; HPD, highest
probability density; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; tMRCA, time of the most recent common ancestor

Currently, Brazil has one of the fastest-growing COVID-19 epi-
demics in the world, comprising over 55% of the overall number of
reported cases in Latin America and the Caribbean.’* SARS-CoV-2
was mainly disseminated between February and March 2020, a
period that includes the carnival, which was possibly the trigger for
the initial dissemination in the country. Further, the Brazilian
Southeast region was fundamental for the fast spread of SARS-CoV-
2, since it was one of the epicenters for the dissemination to
other regions of the country.?>*? After March, we can observe the

evolutionary stability phase in the spread of clades G, GR, and GH.
We can understand that with the beginning of the quarantine, social
isolation measures were adopted, the use of masks was mandatory,
so limiting the movement of people and reducing service opening
hours (i.e., grocery, workplaces, transit station, parks, retail, and re-
creation) and resulting in a first control of the spread of SARS-CoV-2
strains. In this sense, Figure S1 represents the number of visitors
change since the beginning of the pandemic in Brazil, demonstrating
the reduction of social movement activities in different areas
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FIGURE 6 Maximum clade credibility tree from the evolutionary reconstruction by Bayesian analysis of SARS-CoV-2 clade GR (Panel A)
whole-genome sequences from Brazilian regions available in GISAID (from March 1 to May 31, 2020). The tMRCA are demonstrated in the nodes
with significant posterior probabilities (20.95). Panel B showed BSP of SARS-CoV-2 whole-genome sequences obtained from GISAID of clade GR.
The effective number of infections is reported on the Y-axis. The timeline is reported on the X-axis. The colored area corresponds to the 95%
credibility intervals of HPD. The vertical line indicate the 95% lower HPD (dotted) of the tree root. BSP, Bayesian skyline plot; HPD, highest
probability density; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; tMRCA, time of the most recent common ancestor

(grocery, pharmacy stories, workplaces, transit stations, parks, and
retail and recreations) after March 2020.

Constant monitoring of mutations will also be pivotal in tracking
the movement of the virus between individuals and across geo-
graphical areas. For example, our descriptive analysis of clade pre-
valence over time (Figures 2, 3, and 4A) shows the possibly common
ancestor for clades G, GR, and GH in South America between De-
cember 2019 and March 2020 with mainly spread events between

February and March 2020. These clades possibly have then reached
the American continent between February and March 2020 and are
currently the fastest-evolutionary viral subpopulation worldwide.®*>*

SARS-CoV-2 genome phylogeny investigation reveals that this
D614G mutation appeared to emerge from an ancestral D residue, in
a glycosylated region of the viral spike protein. It has been hy-
pothesized that mutations in this region change the intensely

glycosylated viral spike (S) and improve the membrane fusion
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capabilities between the SARS-CoV-2 and the host cell, increasing
viral transmissibility, and pathogenicity.'%>>2® Noteworthy, D614G
is highly conserved in clades G, GR, and GH of SARS-CoV-2 and it has
been strongly associated with the high prevalence of these clades
worldwide today. This mutation affects viral fitness, increasing the
transmissibility and pathogenicity of the virus, allowing strains of
clades G, GR, and GH to have an advantage over others by the
natural selection process.'®**%” Recent studies have reported other
mutations in the SARS-CoV-2 spike gene improving, even more, the
viral fitness, resulting in novel strains and lineages with very high
transmissibility and pathogenicity in different continents of the
World, such as Europe (as B.1.1.7 from the United Kingdom), Africa
(as B.1.351 from South Africa) and also South America (as P.1
from Brazil).>®-4°

Competition among viral strains of changing virulence is being
evidenced during the current SARS-CoV-2 dissemination and COVID-
19 pandemic. The continuous monitoring of the most frequent SARS-
CoV-2 clades, lineages, and strains as well as their specific dynamic
evolution processes are now imperative for epidemiologists to define
public health measures, such as to limit or to relax the social move-
ment. Furthermore, this information will be necessary to develop
more appropriate diagnostic tests (as the molecular biology methods)
and vaccines for the circulating SARS-CoV-2 strains. Deeply surveil-
lance of viral transmission at local and global scales and the evaluation
of the effect of the different control measures on COVID-19 trans-
mission will offer assistance to decide an ideal mitigation procedure to
minimize infections and decrease public healthcare demand. There-
fore, continued monitoring of the SARS-CoV-2 genetic and antigenic
diversity is already essential for public human health in the World.

5 | CONCLUSION

Three SARS-CoV-2 clades were disseminated in the early pandemic
phase in South America: G (mainly in Suriname, Uruguay, Ecuador,
and Chile), GR (mainly in Brazil, Peru, and Argentina), GH (mainly in
Colombia and Venezuela). The strains of these three clades had
D614G amino acid modification and spread in the continent mainly
from February to early March. The statistical results suggested that
strains from clade G spread mainly between February 16 and 28,
2020, clade GR between February 2 and March 1, and clade GH
between March 1 and March 6, 2020. The continuous monitoring of
the most frequent SARS-CoV-2 clades, lineages, and strains as well
as their specific dynamic evolution processes are now imperative for
epidemiologists to define public health measures, diagnostic tests,

and vaccines.
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