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To investigate the origins of the newly generated ge-
nomes we downloaded all DENV2 nucleotide sequences 
longer than 1400 nucelotides (nt) from GenBank(16) that 
had a known date (year, and month and day when avail-
able) and location (country, and city when available; n 
= 1630 as of 20 June 2019). We aligned these sequences 
using MAFFT automatic settings(18) and manually edited 
them with AliView v1.19.(19) We subsequently construct-
ed an initial maximum likelihood phylogeny to help 
identify the genotypes of strains that have historically 
circulated (collected before 2019) and are currently cir-
culating (collected in 2019) in Brazil. For this genotype 
assessment, we constructed phylogenies using FastTree 
v.2 with gamma-distributed among site rate heteroge-
neity and a general time reversible nucleotide substi-
tution model.(20) We observed that all sequences from 
the Americas (including the newly generated sequenc-
es) grouped together in a well-supported monophyletic 
clade. Therefore, we next constructed a dataset compris-
ing only sequences collected in the Americas (n = 670).

To reduce sampling bias towards a high number of 
samples from well-sampled countries, we removed dupli-
cate sequences (same day and location) from Nicaragua 
and Peru, yielding a final dataset of 436 genomes (in-
cluding 66 genomes collected in Brazil between 1990 to 
2013). Maximum likelihood phylogenies of the American 
DENV2 genomes (n = 670 and n = 436) were generated 

using PhyML(20) available through Seaview v.4.6.1,using 
gamma-distributed among site rate heterogeneity and a 
general time reversible nucleotide substitution model.(21) 
Root-to-tip divergence and temporal signal was evaluat-
ed using TempEst(21) [Supplementary data (Fig. 1)].

Georefenced and time-stamped phylogenies were 
constructed using a discrete phylogeographic approach 
as previously described.(19,22) In brief, countries were 
grouped into four geographic regions consisting of Bra-
zil (n = 86), Central America and Mexico (n = 45), South 
America (n = 132) and Caribbean (n = 173). Inferred lo-
cations at each internal node and corresponding dated 
phylogenies trees were estimated using BEAST1.10.(23) 
MCMC convergence was inspected using Tracer.v1.7 and 
summary trees were generated using TreeAnnotator.(23)

Ethics - Samples were provided for research and 
surveillance purposes within the terms of Resolution 
510/2016 of CONEP (National Ethical Committee for 
Research, Ministry of Health).

RESULTS AND DISCUSSION

Epidemiological information on the number of con-
firmed dengue cases with associated serotype informa-
tion shows that all four dengue serotypes co-circulate in 
Sao Paulo State (Fig. 1A). While in 2012 DENV1 (52%, 
n = 373/712) and DENV4 (39%, n = 274/712) predomi-
nated, DENV 2 (9%, n = 64/712) and DENV3 (0.1%, n = 

Fig. 1: annual number of dengue virus (DENV) cases by serotype reported to the Centro de Vigilância Epidemiológica (CVE), São Paulo State, 
Brazil, between January 2012 and June 2019. (A) Proportion (percentage) of dengue cases by serotype reported in São Paulo State (total n = 7754). 
(B) Number of dengue cases by serotype in Araraquara (total n = 294) and in São José do Rio Preto (total n = 1347).
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1/712) were also detected. Since 2014 a notable increase 
in DENV2 cases is observed, with frequencies increas-
ing rapidly from 1.03% (n = 12/1161) in 2014, to 1.39% (n 
= 23/1650) in 2015, 12.53% (n = 53/423) in 2016, 30.56% 
(n = 52/423) in 2017, 71.5 (n = 271/379) in 2018 to 87.5% 
(n = 1539/1758) in the first semester of 2019 (Fig. 1A).

We next report genomic epidemiological findings 
from our surveillance of two municipalities in the São 

Paulo State, Araraquara (ARA) and São José do Rio Pre-
to (SJRP), between early June 2017 and the end of April 
2019. In Araraquara, a total of 96% (n = 52/54) dengue 
cases notified to CVE were caused by DENV2 between 
2017 and June 2019; in São José do Rio Preto, during the 
same period, 95% (n = 779/821) were caused by this sero-
type (Fig. 1B). From each location, 10 RT-qPCR positive 
samples (mean cycle threshold: 19.8, range: 16.4 to 25) 

Fig. 2: evolutionary history of dengue virus serotype 2 (DENV2) in Brazil. Bayesian dated phylogeographic tree of DENV serotype 2 (n = 426) 
in the Americas. New clade comprising isolates from 2019 collected in Araraquara and São José do Rio Preto (São Paulo State) are highlighted 
with a red gradient. 95% Bayesian credible intervals for node ages are shown for nodes with posterior support above 0.95.




