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ABSTRACT

We conducted the genome sequencing and analysis of the first confirmed COVID-19 

infections in Brazil. Rapid sequencing coupled with phylogenetic analyses in the context 

of travel history corroborate multiple independent importations from Italy and local spread 

during the initial stage of COVID-19 transmission in Brazil.
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INTRODUCTION 

The severe acute respiratory syndrome 2 (SARS-CoV-2) was first identified in 

Wuhan, Central China, in early December 2019, and reported to the World Health 

Organization (WHO) country office in China on December 31, 20191. SARS-CoV-2 

infection causes coronavirus-associated acute respiratory disease in humans, a 

disease named corona virus disease 19 (COVID-19)2. COVID-19 is the third 

documented spill over of a coronavirus from an animal reservoir to humans in the 

last two decades to have caused a serious public health threat3. 

On January 30, 2020, COVID-19 was declared a Public Health Emergency of 

International Concern. On March 16, 2020, WHO reported 153,517 confirmed cases 

across the globe, and 5,735 confirmed deaths in 143 countries, territories or areas. 

Within Latin America, Brazil is the country with the largest number of confirmed 

cases. The country has reported 234 cases across 15 federal States; Sao Paulo, Rio 

de Janeiro and Bahia States have confirmed local transmission4.

During the early stages of an epidemic disease, molecular surveillance can inform 

on the tracking and control of the virus spread across the global and at local scales. 

Moreover, viral genomes can help to design effective molecular diagnostics, improve 

vaccine design and complement the contact tracking5,6. However, the resolution of 

the transmission networks reconstructed from genetic data will depend on the rate 

at which genetic changes accumulate across viral genomes. Within outbreaks, short 

timescales mean that not all the observed changes will become fixed at the population 

level7. To investigate the early transmission dynamics of imported and local cases in 
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Brazil, we set up a genomic observatory in Sao Paulo where 

we sequenced and analysed two complete SARS-CoV-2 

genomes in less than 48 h after the cases confirmation. Here 

we investigate the transmission patterns from phylogenetic 

analysis of the earliest six SARS-CoV-2 cases in Brazil.

MATERIALS AND METHODS 

Samples from suspected SARS-CoV-2 cases underwent 

confirmatory diagnostic real-time RT-PCR testing8 at 

the Instituto Adolfo Lutz (IAL), the regional reference 

laboratory for SARS-CoV-2 detection in Sao Paulo State, 

Southeast Brazil. Samples obtained from the Reference 

Centre for Arbovirus of Sao Paulo, Adolfo Lutz Institute 

(IAL) have been processed in agreement with routine 

surveillance activities from the Brazilian Ministry of Health.

We used the open COVID-19 sequencing available 

and the bioinformatics protocols developed by the ARTIC 

network. Sequencing protocols, multiplex PCR primers, 

and bioinformatic pipelines are described in detail at https://

artic.network/ncov-2019. In brief, cDNA synthesis was 

conducted in duplicate for each sample and the concentration 

of PCR products was measured using a Qubit dsDNA 

High Sensitivity kit on a Qubit 3.0 fluorometer (Thermo 

Fisher Scientific, Waltham, USA). Library preparation 

was conducted without a barcoding step and libraries 

were sequenced on an R9.4.1 flow cell using MinKNOW 

version 19.10.1 (Oxford Nanopore Technologies, Oxford, 

UK) for over 12 h. The open-source software RAMPART 

version 10.5 was used to assign and map reads in real-time. 

Raw files were base-called with Guppy, demultiplexed 

and trimmed with Porechop (https://github.com/rrwick/

Porechop) and mapped against reference sequence Wuhan-

Hu-1 (GenBank Accession Number MN908947). Variants 

were called using nanopolish 0.11.3. Low coverage regions 

were masked with N characters. Coverage for the SPBR1 

and SPBR2 was 96.9 and 99.6%, with 552730 and 3461754 

mapped reads, respectively (Table S1). Raw read data 

for SPBR1 is available for inspection from https://cadde.

s3.climb.ac.uk/covid-19/BR1.sorted.bam. 

We investigated the transmission dynamics of the early 

COVID-19 cases in Brazil (SPBR1 to SPBR6) by analysing 

genetic changes among the early genomes from Brazil 

belonging to imported and local cases, and by estimating a 

maximum likelihood phylogenetic tree together with a set 

of global reference sequences. We added the SBPBR1 and 

SPBR2 consensus sequences from Sao Paulo to a curated 

dataset of complete genomes available from GISAID that 

included four additional sequences from Brazil (available 

on GISAID of 15th March 2020). A multiple sequence 

alignment comprising 347 complete genomes from several 

countries was generated using MAFFT9 and manually 

edited. A maximum likelihood (ML) phylogenetic tree was 

estimated using PhyML version 3.010 using a Hasegawa-

Kishino-Yano nucleotide substitution model with a gamma-

distributed rate variation across sites.

RESULTS

Four of the six patients self-reported travelling from 

European countries to Sao Paulo city (SPBR1 to SPBR4) 

(Table S1). Two patients (SPBR5 and SPBR6) reported 

direct contact with SPBR1 and no travel outside Brazil. 

Patient SPBR1 (60-65 year old male) self-reported arriving 

from Italy on the February 21, 2020he started symptoms on 

the February 24 and tested positive two days later. Patients 

SPBR5 and SPBR6 were in direct contact with patient SPBR1 

on February 22, and tested positive on February 29, 2020. 

Figure 1 shows the clade containing Brazilian sequences 

along with location of infection (squares) and reporting 

(circles). Our analyses show that the SPBR1 genome is 

identical to the SPBR5 and SPBR6 contacts (illustrated by 

zero branch lengths in Figure 1; detailed tree with annotated 

tips and travel history information for the clade containing 

Brazilian sequences can be found in the Figure S1).

We found that the SPBR1, SPBR5 and SPBR6 are 

identical to several other genomes circulating in Italy 

and elsewhere collected between February 20 and 

March 2, 2020 (Figure 1). The lack of changes among 

SARS-CoV-2 genomes collected during this period 

is not surprising given the evolutionary rate of the 

virus that results in an average of 1 to 2 mutations per 

month11. These data highlight the critical importance 

of contextualizing phylogenetic information with travel 

history when investigating early transmission dynamics 

of SARS-CoV-2. As no epidemiological information was 

available for SPBR5 and SPBR6, one could not exclude 

an alternative scenario based on sequencing data alone 

that would suggest additional independent introductions 

from Italy or elsewhere. 

Patients SPBR2, SPBR3 and SPBR4 all reported 

travelling to Italy, where the of incidence of COVID-19 

has been the highest outside Wuhan in China12. Consistent 

with the travel history, sequences from these patients 

are found interspersed in the tree in agreement with the 

multiple independent introductions of SARS-CoV-2 to 

Sao Paulo from Italy. This finding highlights the key role 

of human mobility in the early stages of the pandemic and 

is in line with a recent analysis on the risk of importation 

of COVID-19 based on the history of air traveling data and 

the incidence data13. Given that the air traveling to Brazil 

from Italy has reduced, it is possible that the proportion 
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of SARS-CoV-2 imported cases from other countries, 

particularly the USA, may increase13.

DISCUSSION

Our study provides a snapshot of the early establishment 

of the COVID-19 pandemic in Brazil, characterized by 

multiple independent introductions from Italy, followed by 

local transmission of the virus in Sao Paulo. Phylogenetic 

analyses are broadly consistent with the patients’ self-

reported traveling histories. We show that the two genomes 

associated with local transmission are linked to a patient 

infected in Italy and are identical to other Italian genomes 

collected in the same time window. Given the within-

outbreak rate of evolutionary change estimated for SARS-

CoV-211, we caution against inferring directionality of 

transmission based on genetic data alone. Such inferences 

can further be overshadowed by incomplete sampling due 

to delays, reflecting the lack of equitable access to diagnosis 

and genomic sequencing. 

CONCLUSION

Given the findings of the present study, we conclude 

that phylogenetic data from the pandemic needs to be 

contextualized with appropriate metadata, including basic 

demographics, symptoms onset date, the sample collection 

date, the country of reporting and the self-reported travel 

history. Joint epidemiological and genomic surveillance 

of COVID-19 cases will be critical to rapidly identify 

possible clusters of local transmission in Brazil and in other 

countries, and to better understand and help mitigating the 

transmission in the community.

Figure 1 - Maximum likelihood phylogeny (n=88) including Brazilian SARS-CoV-2 genomes from the first confirmed cases in 
Brazil. Squares and circles are coloured according to the place of infection and the place of reporting, respectively. Local cases 
are highlighted with a grey background, imported cases are highlighted with a black background. A full tree (n=347) can be found 
in the Supplementary Material (Figure S1).
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Table S1 - Sequencing statistics for the Brazilian SARS-COV-2 genomes from this study. 

Isolate
Mapped 
Reads

Average 
depth coverage

Bases 
covered >10x

Bases 
covered >25x

Reference 
covered (%)

SPBR1 552730 3622.14 29426 29106 96.8966

SPBR2 3461754 5117.28 29849 29845 99.5954
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Figure S1 - SARS-CoV-2 phylogeny of the first confirmed Brazilian cases. A) Global SARS-CoV-2 Maximum Likelihood phylogeny 
including the six first genomes from Brazil. The tree was estimated using all available sequences in GISAID database (n=347) as 
of the 10th of March 2020. Tips are coloured according to the location of collection. B) Expansion of the clades containing the six 
Brazilian SARS-CoV-2 genomes (n=88). Tips are coloured according to the location of collection and only approximate likelihood 
ratio node supports > 0.80 are shown. Tips were labelled according to sequence name, GISAID accession number, place and 
date of collection.
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