
 

 

 
 

 

Edinburgh Research Explorer 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Genomics and epidemiology of the P.1 SARS-CoV-2 lineage in
Manaus, Brazil
Citation for published version:
Faria, NR, Mellan, TA, Whittaker, C, Claro, IM, Candido, DDS, Mishra, S, Crispim, MAE, Sales, FCS,
Hawryluk, I, McCrone, JT, Hulswit, RJG, Franco, LAM, Ramundo, MS, de Jesus, JG, Andrade, PS, Coletti,
TM, Ferreira, GM, Silva, CAM, Manuli, ER, Pereira, RHM, Peixoto, PS, Kraemer, MUG, Gaburo, N, Camilo,
CDC, Hoeltgebaum, H, Souza, WM, Rocha, EC, de Souza, LM, de Pinho, MC, Araujo, LJT, Malta, FSV, de
Lima, AB, Silva, JDP, Zauli, DAG, Ferreira, ACDS, Schnekenberg, RP, Laydon, DJ, Walker, PGT, Schlüter,
HM, Dos Santos, ALP, Vidal, MS, Del Caro, VS, Filho, RMF, Dos Santos, HM, Aguiar, RS, Proença-
Modena, JL, Nelson, B, Hay, JA, Monod, M, Miscouridou, X, Coupland, H, Sonabend, R, Vollmer, M,
Gandy, A, Prete, CA, Nascimento, VH, Suchard, MA, Bowden, TA, Pond, SLK, Wu, C-H, Ratmann, O,
Ferguson, NM, Dye, C, Loman, NJ, Lemey, P, Rambaut, A, Fraiji, NA, Carvalho, MDPSS, Pybus, OG,
Flaxman, S, Bhatt, S & Sabino, EC 2021, 'Genomics and epidemiology of the P.1 SARS-CoV-2 lineage in
Manaus, Brazil', Science. https://doi.org/10.1126/science.abh2644

Digital Object Identifier (DOI):
10.1126/science.abh2644

Link:
Link to publication record in Edinburgh Research Explorer

Document Version:
Publisher's PDF, also known as Version of record

Published In:
Science

General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

Download date: 17. Aug. 2021

https://doi.org/10.1126/science.abh2644
https://doi.org/10.1126/science.abh2644
https://www.research.ed.ac.uk/en/publications/f07a2979-d715-4137-b56a-90c4f259bda9


Cite as: N. R. Faria et al., Science 

10.1126/science.abh2644 (2021).  

 
 

First release: 14 April 2021   www.sciencemag.org  (Page numbers not final at time of first release) 1

   

 

  

on M
ay 3, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


First release: 14 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 2 

 

on M
ay 3, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


First release: 14 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 3 

 

on M
ay 3, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


First release: 14 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 4 

 

on M
ay 3, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


First release: 14 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 5 

 

on M
ay 3, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://dx.doi.org/10.1016/S2214-109X(20)30387-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32979314&dopt=Abstract
http://dx.doi.org/10.1126/science.abe9728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33293339&dopt=Abstract
https://www.medrxiv.org/content/10.1101/2021.01.17.21249913v1
https://www.ins.gov.co/BibliotecaDigital/Seroprevalencia-estudio-colombia.pdf
http://www.fvs.am.gov.br/media/publicacao/boletim_covid_17.pdf
http://dx.doi.org/10.1016/j.chom.2021.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33592168&dopt=Abstract
http://dx.doi.org/10.1016/j.cell.2020.08.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32841599&dopt=Abstract
http://dx.doi.org/10.1080/10635150390132713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12554439&dopt=Abstract
http://dx.doi.org/10.1038/s41586-021-03324-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33567448&dopt=Abstract
http://dx.doi.org/10.7554/eLife.61312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33112236&dopt=Abstract
http://dx.doi.org/10.1038/s41586-020-2180-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32225176&dopt=Abstract
http://dx.doi.org/10.1038/s41586-021-03402-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33690265&dopt=Abstract
https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-novel-set-of-spike-mutations/563
https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-novel-set-of-spike-mutations/563
https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-novel-set-of-spike-mutations/563
https://www.medrxiv.org/content/10.1101/2021.02.06.21251159v1
http://dx.doi.org/10.1016/S0140-6736(21)00575-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33743221&dopt=Abstract
http://dx.doi.org/10.1038/s41586-021-03470-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33767447&dopt=Abstract
http://dx.doi.org/10.1093/jtm/taaa042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32211799&dopt=Abstract
http://science.sciencemag.org/


First release: 14 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 6 

 

on M
ay 3, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://dx.doi.org/10.1126/science.abd2161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32703910&dopt=Abstract
http://dx.doi.org/10.1038/s41562-020-0928-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32737472&dopt=Abstract
http://dx.doi.org/10.1590/s1678-9946202062030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32401959&dopt=Abstract
http://dx.doi.org/10.3201/eid2703.210038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33496249&dopt=Abstract
http://dx.doi.org/10.1590/0074-02760200310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32997001&dopt=Abstract
https://www.biorxiv.org/content/10.1101/2020.09.04.283077v1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32908977&dopt=Abstract
https://apps.who.int/iris/handle/10665/338480
http://dx.doi.org/10.1038/s41564-020-0770-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32669681&dopt=Abstract
https://virological.org/t/genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-manaus-preliminary-findings/586
https://virological.org/t/genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-manaus-preliminary-findings/586
http://dx.doi.org/10.3201/eid2704.210138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33567247&dopt=Abstract
http://dx.doi.org/10.1093/ve/vew007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27774300&dopt=Abstract
http://dx.doi.org/10.1056/NEJMc2031364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33176080&dopt=Abstract
http://dx.doi.org/10.1016/j.cell.2020.10.049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33248470&dopt=Abstract
http://dx.doi.org/10.1186/1741-7007-8-114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20807414&dopt=Abstract
http://dx.doi.org/10.1093/molbev/mss265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23180580&dopt=Abstract
http://dx.doi.org/10.1016/S1473-3099(20)30985-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33545090&dopt=Abstract
https://www.medrxiv.org/content/10.1101/2020.10.08.20204222v2
http://dx.doi.org/10.1093/infdis/jiab082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33580259&dopt=Abstract
https://nrs.harvard.edu/URN-3:HUL.INSTREPOS:37366884
http://dx.doi.org/10.1016/S0140-6736(21)00183-5
http://dx.doi.org/10.1016/S0140-6736(21)00183-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33515491&dopt=Abstract
http://dx.doi.org/10.1038/s41467-020-19652-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33273462&dopt=Abstract
http://science.sciencemag.org/


First release: 14 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 7 

 

on M
ay 3, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://dx.doi.org/10.1038/s41586-020-2405-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32512579&dopt=Abstract
https://imperialcollegelondon.github.io/epidemia/index.html
https://www.medrxiv.org/content/10.1101/2021.01.13.21249642v1
http://dx.doi.org/10.1371/journal.pcbi.1007735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32251464&dopt=Abstract
https://agenciabrasil.ebc.com.br/saude/noticia/2021-02/covid-19-amazonas-ja-transferiu-424-pacientes-para-outros-estados
https://agenciabrasil.ebc.com.br/saude/noticia/2021-02/covid-19-amazonas-ja-transferiu-424-pacientes-para-outros-estados
http://dx.doi.org/10.1093/bioinformatics/bti079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15509596&dopt=Abstract
http://dx.doi.org/10.1074/jbc.M500662200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15980414&dopt=Abstract
http://dx.doi.org/10.1073/pnas.0409608102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15695582&dopt=Abstract
http://dx.doi.org/10.1038/sj.emboj.7600640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15791205&dopt=Abstract
http://dx.doi.org/10.1016/j.cell.2021.02.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33730597&dopt=Abstract
http://dx.doi.org/10.1038/s41591-021-01285-x
http://dx.doi.org/10.1038/s41591-021-01285-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33654292&dopt=Abstract
http://dx.doi.org/10.1038/s41586-021-03471-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33780970&dopt=Abstract
http://dx.doi.org/10.1016/j.cell.2020.09.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32991844&dopt=Abstract
http://dx.doi.org/10.2807/1560-7917.ES.2021.26.12.2100276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33769251&dopt=Abstract
https://virological.org/t/tracking-the-international-spread-of-sars-cov-2-lineages-b-1-1-7-and-b-1-351-501y-v2/592
https://virological.org/t/tracking-the-international-spread-of-sars-cov-2-lineages-b-1-1-7-and-b-1-351-501y-v2/592
https://www.ecdc.europa.eu/en/publications-data/european-surveillance-system-tessy
https://www.ecdc.europa.eu/en/publications-data/european-surveillance-system-tessy
https://www.cogconsortium.uk/
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/spheres.htm
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/spheres.htm
http://dx.doi.org/10.1126/science.abf2946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33419936&dopt=Abstract
http://dx.doi.org/10.1016/j.cell.2020.11.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33275900&dopt=Abstract
http://dx.doi.org/10.1016/S1473-3099(20)30119-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32087115&dopt=Abstract
https://global.health/
https://github.com/CADDE-CENTRE
https://zenodo.org/record/4676853#.YHTz5jwpAwk
http://www.fvs.am.gov.br/publicacoes
https://opendatasus.saude.gov.br/dataset/bd-srag-2020
https://opendatasus.saude.gov.br/dataset/bd-srag-2020
http://dx.doi.org/10.2807/1560-7917.ES.2017.22.13.30494
http://dx.doi.org/10.2807/1560-7917.ES.2017.22.13.30494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28382917&dopt=Abstract
https://opendatasus.saude.gov.br/dataset/bd-srag-2021
https://opendatasus.saude.gov.br/dataset/bd-srag-2021
http://science.sciencemag.org/


First release: 14 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 8 

 

on M
ay 3, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://dx.doi.org/10.1007/s10096-020-03930-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32462501&dopt=Abstract
http://dx.doi.org/10.1007/s10096-020-04025-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32885293&dopt=Abstract
http://dx.doi.org/10.1093/bioinformatics/btp352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19505943&dopt=Abstract
http://dx.doi.org/10.1093/bioinformatics/btp666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19965881&dopt=Abstract
http://dx.doi.org/10.1093/molbev/mst010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23329690&dopt=Abstract
https://www.medrxiv.org/content/10.1101/2020.09.04.20184523v1
http://dx.doi.org/10.1080/22221751.2020.1803146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32726185&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33316947&dopt=Abstract
https://www.biorxiv.org/content/10.1101/2020.08.26.267831v1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32869023&dopt=Abstract
https://www.medrxiv.org/content/10.1101/2021.01.21.21249906v1
http://dx.doi.org/10.1093/molbev/msaa015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32011700&dopt=Abstract
http://dx.doi.org/10.1007/BF02101694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3934395&dopt=Abstract
http://dx.doi.org/10.1007/BF00160154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7932792&dopt=Abstract
http://dx.doi.org/10.1093/ve/vey016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29942656&dopt=Abstract
http://dx.doi.org/10.1093/sysbio/syr100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21963610&dopt=Abstract
http://dx.doi.org/10.1093/sysbio/syy032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29718447&dopt=Abstract
http://dx.doi.org/10.1038/nature19827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27783600&dopt=Abstract
http://dx.doi.org/10.1093/ve/vez036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31720009&dopt=Abstract
http://dx.doi.org/10.1371/journal.pgen.1002764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22807683&dopt=Abstract
https://www.biorxiv.org/content/10.1101/2020.05.28.122366v2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32577659&dopt=Abstract
http://dx.doi.org/10.1038/s41594-020-0468-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32647346&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0235732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32673323&dopt=Abstract
http://science.sciencemag.org/


First release: 14 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 9 

 

 

on M
ay 3, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
https://spiral.imperial.ac.uk:8443/handle/10044/1/78872
http://dx.doi.org/10.1214/aoms/1177731708
http://dx.doi.org/10.1098/rsif.2020.0596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33234065&dopt=Abstract
https://www.medrxiv.org/content/10.1101/2020.11.24.20229948v3
http://dx.doi.org/10.7554/eLife.60122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32894217&dopt=Abstract
https://creativecommons.org/licenses/by/4.0/
https://science.sciencemag.org/cgi/content/full/science.abh2644/DC1
http://science.sciencemag.org/


First release: 14 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 10 

 

 
  

 

on M
ay 3, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


First release: 14 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 11 

 

  
  

 

on M
ay 3, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


First release: 14 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 12 

 

 

 
 

on M
ay 3, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


First release: 14 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 13 

 

 

 

on M
ay 3, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://www.sciencemag.org/
http://science.sciencemag.org/


Genomics and epidemiology of the P.1 SARS-CoV-2 lineage in Manaus, Brazil

Andrew Rambaut, Nelson A. Fraiji, Maria do P. S. S. Carvalho, Oliver G. Pybus, Seth Flaxman, Samir Bhatt and Ester C. Sabino
A. Bowden, Sergei L. K. Pond, Chieh-Hsi Wu, Oliver Ratmann, Neil M. Ferguson, Christopher Dye, Nick J. Loman, Philippe Lemey, 
Coupland, Raphael Sonabend, Michaela Vollmer, Axel Gandy, Carlos A. Prete Jr., Vitor H. Nascimento, Marc A. Suchard, Thomas
Santos, Renato S. Aguiar, José L. Proença-Modena, Bruce Nelson, James A. Hay, Mélodie Monod, Xenia Miscouridou, Helen 
Walker, Hannah M. Schlüter, Ana L. P. dos Santos, Maria S. Vidal, Valentina S. Del Caro, Rosinaldo M. F. Filho, Helem M. dos
Joice do P. Silva, Danielle A. G. Zauli, Alessandro C. de S. Ferreira, Ricardo P Schnekenberg, Daniel J. Laydon, Patrick G. T. 
Esmenia C. Rocha, Leandro M. de Souza, Mariana C. de Pinho, Leonardo J. T Araujo, Frederico S. V. Malta, Aline B. de Lima,
Pedro S. Peixoto, Moritz U. G. Kraemer, Nelson Gaburo Jr, Cecilia da C. Camilo, Henrique Hoeltgebaum, William M. Souza, 
G. de Jesus, Pamela S. Andrade, Thais M. Coletti, Giulia M. Ferreira, Camila A. M. Silva, Erika R. Manuli, Rafael H. M. Pereira,
Flavia C. S. Sales, Iwona Hawryluk, John T. McCrone, Ruben J. G. Hulswit, Lucas A. M. Franco, Mariana S. Ramundo, Jaqueline 
Nuno R. Faria, Thomas A. Mellan, Charles Whittaker, Ingra M. Claro, Darlan da S. Candido, Swapnil Mishra, Myuki A. E. Crispim,

published online April 14, 2021

ARTICLE TOOLS http://science.sciencemag.org/content/early/2021/04/13/science.abh2644

MATERIALS
SUPPLEMENTARY http://science.sciencemag.org/content/suppl/2021/04/13/science.abh2644.DC1

CONTENT
RELATED 

http://stm.sciencemag.org/content/scitransmed/12/554/eabc1126.full
http://stm.sciencemag.org/content/scitransmed/12/556/eabc7075.full
http://stm.sciencemag.org/content/scitransmed/12/559/eabc3103.full

REFERENCES

http://science.sciencemag.org/content/early/2021/04/13/science.abh2644#BIBL
This article cites 76 articles, 14 of which you can access for free

PERMISSIONS http://www.sciencemag.org/help/reprints-and-permissions

Terms of ServiceUse of this article is subject to the 

 is a registered trademark of AAAS.ScienceScience, 1200 New York Avenue NW, Washington, DC 20005. The title 
(print ISSN 0036-8075; online ISSN 1095-9203) is published by the American Association for the Advancement ofScience 

Copyright © 2021, American Association for the Advancement of Science

on M
ay 3, 2021

 
http://science.sciencem

ag.org/
D

ow
nloaded from

 

http://science.sciencemag.org/content/early/2021/04/13/science.abh2644
http://science.sciencemag.org/content/suppl/2021/04/13/science.abh2644.DC1
http://stm.sciencemag.org/content/scitransmed/12/559/eabc3103.full
http://stm.sciencemag.org/content/scitransmed/12/556/eabc7075.full
http://stm.sciencemag.org/content/scitransmed/12/554/eabc1126.full
http://science.sciencemag.org/content/early/2021/04/13/science.abh2644#BIBL
http://www.sciencemag.org/help/reprints-and-permissions
http://www.sciencemag.org/about/terms-service
http://science.sciencemag.org/

