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Introduction

 In this first report, we present data from the complete 
sequencing of 502 samples collected in the first half of May 
2021 from Dasa patients with positive RT-PCR for SARS-CoV-2. 
This is still a small but important number in the sum of genomic 
surveillance efforts with other Brazilian networks and institutions. 
Although the ideal rate of sequencing/positive cases is not 
known, Brazil today, with around 22,000 sequenced genomes has 
an approximate rate of 0.1%, considering 19.2 million cases (15/
Jul/21), while the United States of America, which has the highest 
number of cases and deaths, has sequenced about 650,000 
genomes from its 33 million cases (≅ 2%, 15/Jul/21). Our proposal 
is to sequence 30,000 genomes during the Genov project, at a 
rate of 3,000/month.
 This report provides information of epidemiological 
importance, such as the absolute predominance of the variant of 
concern Gamma (P.1) in all regions of Brazil, accounting for 98% 
of the total. This finding reinforces our perception that although 
we should not minimise the risk represented by variants that can 
eventually be imported to our country, such as Delta, the greatest 
risk lies in the local evolution of the Gamma variant, accumulating 
new mutations, as seen here in the acquisition of the P681H/R 
mutation, also present in the Delta variant (P681R).
 We also identified a sample containing two mutations located 
in the N gene exactly in the regions where the primers and probes 
of the widely used RT-PCR assay proposed by the CDC-USA, are 
located, suggesting potential impact on molecular diagnosis.
As shown here, genome sequencing produces information that 
goes far beyond the frequency of variants. The in-depth analysis 
of genomes in conjunction with epidemiological information and 
clinical and laboratory data generates new knowledge, which 
proves to be fundamental in tackling Covid-19.

Dr. José Eduardo Levi – on behalf of the Genov team
CRBio 23.407/01-D
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Lineage detected: P.1 100% (19/19)

Lineage detected: P.1 92,1% (118/128); 
P.1.1 5,5% (7/128); P.1.2 0,8% (1/128)
 

Lineage detected: P.1 94,2% (48/52); 
P.1.1 3,8% (3/52)

Lineage detected: P.1 81,8% (18/22);
P.1.1 9,1% (2/22); P1.2 9,1% (2/22)

Lineage detected: P.1 77,8% (7/9); B.1.1.7 
22,2% (2/9)

Lineage detected: P.1 94,4% (184/195)
P.1.1 2,6% (5/195); P.1.2 1,0% (2/195); B.1.1.7 
2,0% (4/195)

1. Northern Region 2. Northeastern Region

4. Southeast Region 
only só ES+MG

6. Rio de Janeiro State 

 » Average age: 36 years (1 - 84), 
average: 37

 » Sex: Male: 47,4%

 » Average age: 38 years (0 - 83), 
average: 39.41

 » Sex: Male: 48%
 

 » Average age: 35 years (3 - 67), 
average: 33.75

 » Sex: Male: 47,4%

 » Average age: 31.5 years (10 - 
78), average: 35.55

 » Sex: Male: 59,1%

 » Average age: 43 years (15 - 70), 
average: 44.33

 » Sex: Male: 33,3%

 » Average age: 40 years (1 - 82), 
average: 40.96

 » Sex: Male: 50,3% 

Total Samples = 502*

n=19

n=128

n=52

n=22

n=9

n= 195

Lineage detected: P.1 91,8% (69/74); P.1.1 
6,8% (4/74)

7. Southern Region

 » Average age: 36 years (6 - 74), 
average: 36.59

 » Sex: Male: 47,9%

n=74

* The total sum is equal to 499 because two samples did not contain the information of the 
geographical origin and 2 samples from São Paulo are from the same patient, counted here only once.

3. Midwest Region

5. São Paulo State
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PANGO WHO Place of 1st indentified

VARIANTS OF CONCERN (VOCs)

B.1.1.7 Alfa United Kingdom

B.1.351 Beta South Africa

P.1 Gama Brazil (Amazonas)

B.617.2 Delta India

VARIANTS OF INTEREST (VOIs)

B.1.525 Eta Several countries

B.1.526 Iota United States

B.1.617.1 Kappa India

C.37 Lambda Peru

Table– Main variants of SARS-CoV-2 and nomenclature 
according to the PANGO classification

(https://cov-lineages.org/) and new classification by the World 
Health Organization (WHO).

Available at: https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
12 JULY 21

Ethical Concerns: 

Only the viral genomes of the samples are sequenced 
and associated only with basic patient data such as 
sex, age and place of collection, with anonymity main-
tained. Therefore, the Research Ethics Committee of 
the 9 de Julho Hospital, affiliated to the Brazilian Rese-
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Sample selection:

The sequencing of 502 complete genomes of SARS-CoV-2 sampled 
from different regions of the country was carried out in the first half 
of May 2021. The choice of samples aimed to represent all regions of 
the country, while reflecting the prevalence of SARS-CoV-2 in the 
period. For technical reasons, only samples with positive RT-PCR 
and Ct< 30 (Cycle Threshold) value were selected, corresponding to 
viral loads that allow the sequencing of the complete genome with 
quality. The monthly number of sequenced samples will progressively 
increase until it reaches 3,000/month, which is the limit of GENOV’s 
logistic-operational capacity.

Sample Processing

The samples are submitted to the RNA extraction process in 
Chemagic equipment, part of the automated sample pipetting 
and extraction system (Janus, Perkin-Elmer) using magnetic bead 
technology with the Viral DNA/RNA 960 kit (Perkin Elmer), in 
groups of 96 samples. The extracted RNA is eluted in 96 plates and 
subjected to cDNA synthesis and amplification of the viral genome 
by PCR in overlapping fragments of approximately 300 base pairs, 
with 2 pools of primers already provided in the kit Illumina COVIDSeq 
Test kit (Illumina, CA, USA).

Sequencing of viral genomes:

The viral genome sequences are obtained by Next Generation 
Sequencing (NGS) using reagents from the Illumina COVIDSeq Test 
and Mid Flowcell kits in NextSeq 550 equipment (Illumina, CA, USA).
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The processing of the raw data is conducted using the COVID Lineage 
pipeline on the Dragen analysis platform. Consensus sequence 
assembly, mapping and identification of variant sites with respect to 
the reference strain(NC_045512.2) are carried out after quality control.

Variant classification:

The classification of the lineages followed the dynamic classification 
system proposed by Rambaut and collaborators (2020), through 
the software Phylogenetic Assignment of Named Global Outbreak 
LINeages, available at:
 
https://github.com/cov-lineages/pangolin and also by NextClade.

The definitive classification of the lineages was made after confirmation by phylogenetic analysis 
containing representative sequences of the main circulating lineages.

Results:

We observed the presence of the lineages of concern Alpha (B.1.1.7) 
and Gamma (P.1 and derived lineages), as well as the B.1. and P.4 
lineages, the latter restricted to the State of São Paulo. The Gamma 
lineage (P.1) originated in Brazil in mid-October/November 2020 (Faria 
et al., 2021), and quickly spread across the country and the world. In 
fact, Gamma was the most frequently detected here, accounting for 
97% of the sequenced samples, and was also responsible for 100% of 
the samples from the north and northeast region. The Alpha lineage 
(B.1.1.7) of UK origin, was initially detected in the country in December 
2020 (Claro et al., 2021), and, although at low prevalence, is currently 
present in all regions of the country but was not present in any samples 
from the north and northeast regions.

Also, no representative sample of the Delta lineage of concern 
(B.1.617.2) was found, suggesting that it had not in fact been introduced 
into the country until the first half of May.

The phylogenetic tree (see figure 1) contextualises the distribution 
of the samples sequenced in this project in relation to the reference 
lineages. The newly classified P.1.1 and P.1.2, descendants of the P.1 
lineage, were found in all sampled regions, however, they appear 
scattered in the phylogenetic tree. To date, we suggest that any 
interpretation of the classification of samples belonging to the P.1.1 
and P.1.2 lineages be made with caution. We identified a sample of 
the P.4 lineage from the city of Registro, São Paulo, in the southern 
part of the state of São Paulo. This lineage was first described in the 
northwest of São Paulo 
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(Bittar C et al., 2021) and had already been identified, among others, in the 
city of Capão Bonito, in the central-southern region of the state of São 
Paulo, close to Registro, suggesting its geographical expansion.    

Figure 1 - Phylogenetic tree of 502 complete genomes of SARS-CoV-2 from 
Genov.

Legend. The phylogeny includes samples sequenced by GENOV 
(red branches) and SARS-CoV-2 samples representative of the main 
lineages circulating in Brazil (branches in other colours - see legend 
for identification). Samples classified by the Pangolin system, such as 
P.1.1 and P.1.2, do not form a monophyletic group and are represented 
by the symbol (•) in the respective branches.

Among the sequences sampled by GENOV and classified as Gamma 
(n= 489), we found a monophyletic clade (n=11) of viruses possessing 
the P681H mutation (proline to histidine) in the spike protein. This 
mutation occurs at the furin cleavage site (681-P-R-R-A-R|S-686). 
The mutation at this site has been described in all variants of concern 
(VOC) and convergently in different regions of the world. A concern, 
however, is that although this was not a characteristic mutation of the 
Gamma lineage, the prevalence of viruses of this lineage possessing 
the histidine amino acid is rapidly increasing in the country, as recently 
described in Amazonas state, and is dubbed “Gamma-plus” (Naveca et 
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The phylogenetic tree below shows the monophyletic clade of 11 Gamma
samples containing the P681H mutation, plus one Gamma sample also 
from GENOV with a mutation at this same site, but for the arginine amino 
acid (P681R). Of these 11 samples, 5 derive from the state of Goiás, 2 from 
Tocantins, 1 from Mato Grosso, 1 from Ceará, 1 from Santa Catarina and 1 
from Paraná.

Figure 2 - Phylogenetic tree containing GENOV-generated and reference P.1 samples.

Legend. The highlighted clade comprises viruses containing 
the P681H mutation. Samples with mutation at this site (P681H/R) 
generated in GENOV are highlighted with coloured dots in the 
respective branches.
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