REVISTA

INSTITUTO
MEDICINA
TROPICAL

SAO PAULO

JOURNAL OF THE SAO PAULO
INSTITUTE OF TROPICAL MEDICINE

'Universidade de Sao Paulo, Instituto de
Medicina Tropical de Séo Paulo, Sao Paulo,
Sao Paulo, Brazil

?Instituto Adolfo Lutz, Laboratério
Estratégico, Sao Paulo, Sao Paulo, Brazil

SUniversity of Oxford, Department of
Zoology, Oxford, United Kingdom

“Instituto Adolfo Lutz, Centro de Virologia,
S&o Paulo, Sdo Paulo, Brazil

SUniversidade Federal do Rio de Janeiro,
Rio de Janeiro, Rio de Janeiro, Brazil

SUniversity of Birmingham, Birmingham,
United Kingdom

“Ministério da Saude, Secretaria de
Vigilancia em Saude, Coordenacgao Geral
de Laboratérios de Saude Publica, Brasilia,
DF, Brazil

8Universidade Federal da Grande
Dourados, Laboratério de Pesquisa em
Ciéncias da Saude, Dourados, Mato Grosso
do Sul, Brazil

9Fundagéo Osvaldo Cruz Campo Grande,
Mato Grosso do Sul, Brazil

°University of Edinburgh, Institute of
Evolutionary Biology, Edinburgh, United
Kingdom

"Imperial College, School of Public
Health, Department of Infectious Disease
Epidemiology, London, United Kingdom

*This authors contributed equally

Correspondence to: Nuno Rodrigues Faria
University of Oxford, Department of
Zoology, South Parks Rd, Oxford OX1 3SY,
United Kingdom

E-mail: nuno.faria@zoo.ox.ac.uk
Received: 21 April 2020

Accepted: 22 April 2020

Rev Inst Med Trop Séo Paulo. 2020;62:e30

ORIGINAL ARTICLE

http://doi.org/10.1590/S1678-9946202062030

Importation and early local transmission of COVID-19 in
Brazil, 2020

Jaqueline Goes de Jesus “ '*, Claudio Sacchi?*, Darlan da Silva Candido " **,
Ingra Morales Claro ", Flavia Cristina Silva Sales ', Erika Regina Manuli*“'",
Daniela Bernardes Borges da Silva*, Terezinha Maria de Paiva*, Margarete
Aparecida Benega Pinho*, Katia Correa de Oliveira Santos®, Sarah Catherine
Hill '3, Renato Santana Aguiar®, Filipe Romero®, Fabiana Cristina Pereira dos
Santos*, Claudia Regina Goncalves?, Maria do Carmo Timenetsky 4, Joshua
Quick '8, Julio Henrique Rosa Croda”?®°, Wanderson de Oliveira’, Andrew
Rambaut ™' ', Oliver G. Pybus '3, Nicholas J. Loman "¢, Ester Cerdeira
Sabino ™ ", Nuno Rodrigues Faria™ '311*

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 31,2019". 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 threat®.

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 transmission®.

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 tracking®®. 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
level”. 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 testing® 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 SPBRI 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 15™ March 2020). A multiple sequence
alignment comprising 347 complete genomes from several
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countries was generated using MAFFT® and manually
edited. A maximum likelihood (ML) phylogenetic tree was
estimated using PhyML version 3.0 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 (SPBRS 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
SPBRS 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 SPBRS 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, SPBRS5 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
month''. 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 China'?. 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 data'®. Given that the air traveling to Brazil
from Italy has reduced, it is possible that the proportion
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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).

of SARS-CoV-2 imported cases from other countries,

particularly the USA, may increase'®.

DISCUSSION

can further be overshadowed by incomplete sampling due
to delays, reflecting the lack of equitable access to diagnosis
and genomic sequencing.

CONCLUSION

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-2'", we caution against inferring directionality of
transmission based on genetic data alone. Such inferences

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.
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SUPPLEMENTARY MATERIAL

Table S1 - Sequencing statistics for the Brazilian SARS-COV-2 genomes from this study.

Isolate Mapped Average Bases Bases Reference
Reads depth coverage covered >10x covered >25x covered (%)

SPBR1 552730 3622.14 29426 29106

SPBR2 3461754 5117.28

96.8966
29849 29845 99.5954

We gratefully acknowledge the authors, originating and submitting laboratories of the sequences from GISAID’s EpiFlu™ Database
on which this research is based. The list is detailed on Supplementary Table 2, which is available on GitHub (https://github.com/
CADDE-CENTRE/REPOSITORY/blob/master/First%20genomes%20from%20Americas.docx). All submitters of data may be
contacted directly via www.gisaid.org.

Region of collection: @ Brazil

O Europe © Asia @ NorthAmerica @ Oceania @ Africa
A

licum_1 564
" Portugal/C' 1_ISL_413647|Por 1
Priee i 1363
‘‘‘‘‘ 0.89 Brazil/SPBR-04/2020/EPI_ISL_414017IBrazil_SaoPaulo2020-03-04
i Nether _1364

_ISL_413604IFi
Brazil/SPBR- 1_ISL_414014IBrazil_SaoPaulo|2020-03-02
Nigeria/Lagos01/20201EPI_ISL. 413550IN\gena\LagosII2020 02-27
100047 1_ISL_4 urichl2020-02-29
ISL_414021
093 Switz ISL_413997ISwi K
_ISL_41 i i
o) (- Wales/Pt _ISL_4135561 0-03-04
/20201EPI_ISL_414012IUnitedKigndom_England|2020-02-27
:Q Mexico/InDRE_01/2020IEPI_ISL_412972IMexicolMexico_Cityll2020-02-27
1000477377/2020/EP1_ISL_4 -02-
i 1000477 _ISL_4 urichl12020-02-29
0.84 ttemberg- -1/20201EPI_ISL _412912IGermanyl|12020-02-25
- Switzerland/1000477757/20201EPI_ISL_413021ISwitzerland|Zurichl12020-02-29
095 084

VH01/2020|EP| ISL. 41322|\UKISccllandH2020 03-02
Netherlands/Tilburg, 03
Netherlands/Delft_1363424
Nether| Di

Nether

men_1

1000477797/2020\EP| ISL_. 413023|Swltzerlandlzuncm\2020 02 29
i D56 L_a1
L

ux1/20201EPI_| isL _413593ILuxembourg|112020-02-29
|_ISL_414016IBrazil_SaoPaulol2020-02-29
Sco(\and/CVH05/202OIEPI ISL_414027

1/20201EPI_ISL_413999ISwitzerland_Agoviel2020-02-27
6/2020/EPI_ISL_414010IUnitedKigndom_England|2020-02-26
I_ISL_414015|Brazil_SaoPaul0|2020-02-29
_ISL_412971
1364

Id

Scotland/C! =PI_ISL_414025
Portugal/C’ _ISL_413648IPor

1
IEPII

Finland/F IFinland|t -03-03
I(aly/CDG|/2020|EPI ISL. 412973|I(a|y\Lombardyll2020 -02-20
Netherlands/Haarle

IHa 3.

Tauwan/NTu03/202olEP| ISL_ 413592ITa|wanITa\pe|II2020 02-29

P 1/20201EPI_ISL_413555|UKIWales|12020-f 02-27

Ilaly/UnISRUZOZO\EPI ISL_4

NetherlandsL/Houten_
Tl

i _Tessinl2020-02-24
w2112020IEPI ISL 4140|9|Swnzerland _Zurich2020-02-26
_ISL_41

Brazil/SPBR-01/2020/EPI_ISL_4 | |

Netherlands/Utrecht_1

Netherlands/Utrecht_1

|12020\EPI ISL_. i i 1-28

408978IChinalk

1000003/2020|EP| ISL_414013IUnitedKigndom_England|2020-03-01

S

1_ISL_414011IUnitedKigndom_England|2020-02-26
1000477 _ISL_41301
0.91

urichl12020-02-26
_ISL_4
1_| \SL 414009IUnnedK\gndom England|2020-02-25
il 1 _ISL_
083 i ISL 4
0.86
0.93

1

_ISL. 414006IUmtedK\gndom England|2020-02-28

_ISL_414007IUnitedKi
Eng|and/200940527/2020|EP| ISL. AMDOSIUmledK\gr\dom England|2020-02-25
0IEPI_I

SL_4121161UK|
||a|y/SPL112020|EP| ISL. 412974lllaly\ﬂamell2020 -01-; 29
Italy/INMI1-i

I
1/2020IEPI_ISL. 4|1951|Swedean2020 02-4 07
S

0IEPI_ISL_4089 _South_! 1-25
Korea/KUMC 1 \SL 413018ISouth_Korealll2020-02-06

Korea/KUMCO01/20201EPI_ISL _: AISOW\South Korealll2020-02-06
China/GD2020087-

USA/C,

ISL_4
1_ISL_406036lUSAlCalifornialOrange_ Coun(y!2020 -01-22
T
0.92

_ISL_406031ITaiwanlTaiwan|Kaohsiungl2020-01-23
ustralia/VICO1/20201EPI_ISL_.
France/ID

_ISL_a11 1-28
France/IDFO3 _ISL_40659 d i 1-23
France/IDFO3 _ISL_ d i 1-23
i IEPI_ISL_410 i -01-27
_ISL_41071 -02-03

Hong_| _ISL_4120291Chi
10/20201EP1_ISL 410716\S|ngaporel\|2020 02-04~
SL_410

1-25

5.0E-5

1-30

092
Q DC-HB-envF‘I”SL sice
©

1_ISL_408514IChinal 1-01
C-HB-envF13-21/20201EPI_ISL_408515IChinalHubeilWuhan|2020-01-01
Korea/KCDC12/2020IEPI_ISL_412872ISouth_KorealGyeonggi-doll2020-02-01
USA/Cruis 0IEPI_ISL_413607IUSAICruiselDiamond_Princess|2020-02-18
1_ISL.

_South_!
4.0E-5

6]

1-22

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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