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1. Introduction
Zika virus (ZIKV) is a mosquito-borne virus with a 11kb pusitiv :-sense single-stranded RNA
genome. ZIKV belongs to the Flavivirus genus (Flaviviridae farily), the same virus family as dengue
virus (DENV), and yellow fever virus (Simmonds et al., 2017 ZInV was first isolated in 1947 from a
sentinel monkey in the Zika forest, located in southeast U janc 3, East Africa (Baud et al., 2017). ZIKV
infection causes a self-limiting disease and up to 80% of ~ascs are asymptomatic (Haby et al., 2018).
Most of the symptomatic cases are characterized b/ 2.1 acute febrile illness with headache, myalgia,
conjunctivitis, and/or maculopapular rash (loos -t ai., 2014;). However, ZIKV infection can cause
severe neurological disease, such as microce! haly in newborns and Guillain-Barré syndrome in

adults (Baud et al., 2017).

ZIKV is mainly transmitted to hurya..> Yy the Aedes aegypti mosquitoes, the same vector of
DENV, and Chikungunya virus (CH'~A." (woyer et al 2018; Musso and Gubler, 2016). These viruses
co-circulate in the same geograshic area and cause clinically similar illnesses (Grubaugh et al.,
2018). Therefore, the reliable dic.ncsis of ZIKV infection requires detecting ZIKV RNA through real-
time reverse transcription-pnlvi>=.ase chain reaction (RT-gPCR). ZIKV can be classified into two
geographically and ph:'ogcnetically distinct lineages, the African and Asian genotypes (Faye et al.,
2013). The ZIKV Asian ge otype has recently emerged as one of the most serious global public
health threats (Baud et al., 2017); its first reported epidemic was described in 2007 in Micronesia,
followed by outbreaks in 2013-2014 in several Pacific islands and 2015 in Africa (Musso and Gubler,
2016; Faye et al., 2020).

In April 2015, the first autochthonous ZIKV cases were confirmed in northeast Brazil (Ministério
da Salde, 2017). Until August 2020, ZIKV caused 294,713 cases in Brazil (Ministério da Saude,
2018a, 2020) and 3,474 microcephaly cases associated with ZIKV infection until October 2019
(Ministério da Saude, 2019). Previous studies investigated ZIKV’s transmission in 12 out of 27 states
of Brazil, including the federal district (Faria et al., 2016b, 2017; Giovanetti et al., 2020). Moreover,
there is no information about the genetic diversity of ZIKV circulating in Minas Gerais, the second
most populous Brazilian state, bordering Rio de Janeiro and Sao Paulo states, and located in the

southeast region of the country. In this study, we combine epidemiological analysis and portable
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genome sequencing with data generated at Fundacdo Ezequiel Dias (FUNED), the Public Central
Health Laboratory of Minas Gerais, to describe the ZIKV epidemic in Minas Gerais between 2015 to
2020.

2. Material and methods

2.1. Sample collection

Serum, urine, tissue samples from all patients with ZIKV symptoms attended by public health
services in the Minas Gerais States were collected for molecular diagnostics and sent for testing at
Fundacdo Ezequiel Dias (FUNED), the Public Central Health Laboratory of Minas Gerais. Sampled
patients subjected to molecular diagnostics presented maculop ~oular rash and at least two
symptoms, such as fever, polyarthralgia, peri-articular edeme, <na conjunctivitis (purulent or
hyperemic). All samples were processed under terms of Ree~lu.~:1 510/2016 of national ethical
review board (Comissdo Nacional de Etica em Pesquisa), ura.r th2 auspices of the ZiBRA2 project
(www.zibra2project.org/). The project was approved by the Pa,. American Health Organization Ethics
Review Committee (PAHOERC) no. PAHO-2016-08-002¢.

2.2.Nucleic acid isolation and RT-4.*CR for ZIKV

Viral nucleic acid extraction was pertc.med using the MagNA Pure 96 System (Roche
Diagnostics, Switzerland) according to t.» manufacturer's instructions. Molecular diagnostic was
performed by RT-gPCR against the pr /1 @ 4et specific to ZIKV (using 5' FAM as the probe reporter
dye) and GoTag® 1-Step RT-gPCR sy_*=am (Promega, USA), as previously described (Lanciotti et al.,
2008). Cycle threshold (Ct) value~ wei. determined for all samples. All procedures were conducted in
biological safety cabinets locateu in physically separated areas. Negative controls were used in all
reactions.

2.3.ZIKV sequencing and consensus sequences

Genome sequencing was performed in samples with Ct values <35 and availability of
epidemiological data, such as date of onset of symptoms, date of sample collection, sex, municipality
of residence, and symptoms. A total of 10 ZIKV samples with PCR products yielding sufficient
material (DNA concentration after clean-up being > 4ng/uL), were randomly selected for genome

sequencing.

Positive samples were submitted to a cDNA synthesis protocol (Quick et al., 2017) using
Superscript IV cDNA Synthesis Kit. Then, a multiplex tiling PCR was conducted with Q5 High Fidelity
Hot-Start DNA Polymerase (New England Biolabs) using ZIKV sequencing primers scheme designed

using Primal Scheme (http://primal.zibraproject.org) (Quick, Grubaugh et al. 2017). The thermocycling



conditions involved 40 cycles; reaction conditions were previously reported in (Quick et al., 2017).
Sequencing libraries were generated from the barcoded products using the Genomic DNA
Sequencing Kit SQK-MAP007 and SQK-LSK208 and library quality was assessed by Qubit
guantification after barcoding and adapter ligation steps. DNA was loaded onto R9.4 flow cells
(Oxford Nanopore Technologies, United Kingdom). Raw files were basecalled using Guppy (Oxford
Nanopore Technologies, United Kingdom), demultiplexed and trimmed using Porechop
(https://github.com/rrwick/Porechop) and/or QCAT, and then mapped generating contigs (de novo)
and aligned with the reference (GenBank accession number NC_035889.1) using Genome Detective
(Vilsker et al., 2019).

2.4.Collation and sequence alignment of ZIKV-Asian c. mplete genome datasets

Genotype of the newly generated genomes were identifier sin.y Genome Detective (Vilsker et
al., 2019). New data was then appended to publicly available de= fur subsequent analysis. Two ZIKV
genome (coverage >50%) data sets were compiled: datas_* 1 (n=474), comprised the data reported
in this study (n=10) plus (n=464) publicly available ZIK\" A<ian genotype genomes available until
November 2019 in GenBank and after being filtered ;- genome coverage. The second one, dataset 2
(n=196), included only Brazilian strains (n=177 being 1€ from this study) plus the oldest ZIKV Asian
sequences (n=19). Sequence alignment was e, ‘on, 2d using MAFFT version 7 (Katoh and Standley,
2013) and visually inspected in AliView ve.~'on 1.26 (Larsson, 2014). Since recombination may
impact evolutionary estimates before pernorming our phylogenetic reconstruction, we employed the 12
recombination detection methods avai'ar.. in RDP version 4 (Martin and Rybicki, 2000) to further
search for evidence of recombinatic.. in Zdr dataset. Moreover, no evidence of recombination was

found.

2.5. Maximum like.’"hood analysis and clock signal estimation

Maximum likelihood (* (L) trees were estimated using IQ-TREE 1.6.12 (Nguyen et al., 2014)
under an GTR+F+R3 nucleotide substitution model for the dataset 1 and TIM2+F+R2 for the dataset
2, as indicated by ModelFinder implemented in IQ-TREE (Kalyaanamoorthy et al., 2017). Statistical
robustness of tree topology was inspected using 1,000 bootstrap replicates; a bootstrap value >80%
was considered strong statistical support. To estimate temporal signal in each dataset, sample
collection dates were regressed against root-to-tip genetic distances obtained from the ML
phylogenies using TempEst 1.5.3 (Rambaut et al., 2016). When precise sampling dates were not
available, a precision of 1 month or 1 year in the collection dates was considered. For convenience
Brazilian sequences have been grouped into states macro region for which those sequences were
generated (Southeast: Minas Gerais, Sao Paulo, Rio de Janeiro; Northeast: Alagoas, Bahia, Ceara,

Maranhao, Paraiba, Pernambuco, Rio Grande do Norte; and North: Amazonas, Para, Tocantis).



2.6. Dated phylogenetics

Time scaled phylogenetic trees were inferred using the BEAST version 1.10.4 statistical
framework (Suchard et al., 2018). We used the codon-based SRD06 model (Shapiro et al., 2006) and
a non-parametric Bayesian skyline coalescent model (Drummond and Rambaut, 2015) to model
changes in effective population size over time and the uncorrelated relaxed molecular clock model
(Drummond et al., 2006). Previous studies have demonstrated this combination to be the best fitting
model combination for ZIKV in the Americas (Faria et al., 2017; Grubaugh et al., 2018, 2017). We
computed 4 independent runs of 100 million MCMC steps, sampling parameters and trees every
10,000 steps. Convergence of MCMC chains was checked using Tracer v.1.7.1 (Rambaut et al.,
2018). Maximum clade trees were summarized using TreeAnnotator version v1.10.4 after discarding
10% as burn-in. Phylogenetics analyses were performed using the _~garana HPC cluster, CEPAD-
ICB-UFMG.

2.7.Epidemiological data

We followed the case definition guidelines of t'.e S.ate Health Secretary of Minas Gerais
(SES-MG). Specifically, a notified case was definec #s . patient that presented maculopapular rash
and at least two symptoms, such as fever, noiy ~rthralgia, peri-articular edema, and conjunctivitis
(purulent or hyperemic). A probable case w s 0 :fined as a notified case, excluding the patients with
laboratory diagnosis with negative results or aw.gnosed for other diseases. Confirmed cases were
defined as patients with positive laberato.: results for ZIKV or clinical-epidemiological criteria.
Microcephaly incidence was estimated u: inrj the number of confirmed cases divided by the number of
live births obtained by DATASUS ( *'ww.uatasus.saude.gov.br). Incidences were calculated based on
the estimated population of Minc.~ Gerais State in 2019, as reported by the Brazilian Institute of
Geography and Statistics (v'ww...ge.gov.br). Association between tested and confirmed cases,
population size, incidence, a."d microcephaly cases in Minas Gerais state was determined by
Spearman correlation anc 'vsis. Results were plotted using log10 transformed values after correlation
analyses. All the statistic- and maps were done using RStudio version 1.2.5033(RStudio Team,
2019).

2.8. Data availability

Epidemiological data and phylogenetic trees, XMLs are available on Zibra Il Project website
repository  (https://www.zibra2project.org/epidemiology-and-evolution-of-zika-virus-in-minas-gerais-
southeast-brazil/). ZIKV sequences from Minas Gerais State are available on GenBank (accession
numbers: MT439638, MT439639, MT439640, MT439641, MT439642, MT439643, MT439644,
MT439645, MT439646, MT439647).



3. Results

The first ZIKV RT-qPCR confirmed case in Minas Gerais state was reported on February 19,
2016 by the Ezequiel Dias Foundation (available on the Gerenciador de Ambiente Laboratorial - an
electronic system maintained by the Ministry of Health), although if the official bulletin from the MG's
Secretary of Health was only published in March 7, 2016 (Secretaria de Estado da Saude de Minas
Gerais, 2016). In an attempt to obtain evidence of ZIKV transmission before its first detection, we
retrospectively assessed 513 samples collected from September 2015 to January 2016 from patients
with acute febrile illness. Of these, we found 141 ZIKV RT-qPCR-positive samples (8.2% of all RT-
gPCR confirmed cases) collected between December 6, 2015 and January 31, 2016, revealing that
ZIKV was likely circulating unnoticed for more than 2 months in Minas Gerais before its first detection.
(Figure 1A).

Time-series of the ZIKV RT-qPCR positive cases show two eo.'=r.iic waves: the ffirst ZIKV wave
with 94% of all RT-gPCR confirmed cases (1,623 cases) betwe.n D :cember 2015 to May 2016 with a
peak of cases registered on March 2016 (with n=663, 41% nf &' RT-qPCR confirmed cases of the first
ZIKV wave) (Figure 1A) and a second, smaller epidem. > we e with 51 RT-gPCR confirmed cases
from March to July 2017 (3% of all RT-gPCR confirm:d cases detected during the study period)
(Figure 1B).

We next evaluated ZIKV incidence acrc ss Minas Gerais regions.The Norte de Minas (north
region) was the mesoregion with the highest inc*dence of RT-qPCR confirmed cases during the first
ZIKV wave (Figure 2 A). The Ipatinga mur..~ipality accounted for the highest number of ZIKV cases
confirmed by clinical-epidemiological citaria (n=2,546) and with RT-gPCR (n = 79), which reported
an incidence of 29.99 per 100,00" inhc.Yitants in 2016. Besides, the highest number of RT-gPCR
confirmed cases was detected ii. Belo Horizonte city (state capital city) (n = 486) (Supplementary
Figure 1A), that recorded an incia .nce of 19.34 per 100,000 inhabitants (Supplementary Figure 1B
). Interestingly, the last ZIF.v .\"T-gPCR confirmed cases in the Minas Gerais state were detected on
July 31, 2017. ZIKV [ “FC< confirmed cases were predominantly in adults (18 to 40 years old)
(78.81%, n = 1,358/1,723> The median age was 30.28 years (interquartile range: 23-35), ranging
from 1 day to 78 years. Samples were characterized by mean Ct of 29.3 (range 21.21 to 39.99)
(Figure 2B). We found that municipality population size was moderately associated with ZIKV
confirmed cases (Spearman’s rank coefficient of 0.38, p = 6e-08). Moreover, we found a strong
correlation between the number of total cases tested per municipality versus ZIKV confirmed

(Spearman’s rank coefficient of 0.8, p < 2.2e-16 (Supplementary Figure 2A and B).

Most RT-gPCRconfirmed cases were in females (91.6%, n=1,578) (Figure 2C), most likely due to
guidelines in testing. Noteworthy, we report one case in embryonic fragment of an abortion of an
eight-week RT-qPCR positive pregnant woman (accession number GenBank: MT439640) and 43 RT-
gPCR confirmed cases in children (0 to 12 years old). The ZIKV outbreak (2016-2017) in Minas
Gerais caused 83 microcephaly cases confirmed by ZIKV infection in 43 municipalities, 16.9% (14/83)
were reported in Belo Horizonte city (Ministério da Saude, 2018b). The MG Central mesoregion had
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the highest 2016 microcephaly incidence 80.77 per 100,000 newborns (Figure 2 D). In the state,
most microcephaly cases were reported in November 2016 (n=22), approximately eight months after
the peak of the first ZIKV wave (Figure la). The Spearman correlation analysis showed an
association between microcephaly and the number of newborns (r=0.67, p = 1e-06). A correlation was
also observed between microcephaly and confirmed cases per municipality (r=0.58, p = 0.0012)
(Supplementary Figure 2 C and D).

Using handheld nanopore technologies, we obtained 10 ZIKV genome sequences, (coverage
range 60.5%-91.5%, mean=76.56%), five from Belo Horizonte, and other five from municipalities of
Betim, Matozinhos, Montes Claros, Santa Luzia, and Teofilo Otoni. All samples sequenced in this
study were from the first ZIKV wave in Minas Gerais state and they had mean Ct value of 29.28
(range 23.87-33.45). Mean threshold cycle value of the generated <. uences, sequencing statistics

and epidemiological data are detailed in Table 1.

To better understand the transmission dynamics of 71.7V i, MG state we estimate an initial
maximum likelihood (ML) phylogenetic tree (Supplementa, ' figure 3) analysis on the 10 new
sequences combined with another 464 publicly avai.hle ZIKV-Asian genotype genomes. Our
estimated phylogeny identified that the newly ZIKV geno:.ies outained in this study fell within the ZIKV
American clade (bootstrap score = 100) (Suppleme tary figure 3).

To assess the evolution of ZIKV In 'AG state, we performed Bayesian time-measured
phylogenetic analysis using a molecular clock 1, 2del on a dataset 2 (n=196) comprising the 10 new
sequences from MG plus other Brazilian stre. s (n=167) plus the oldest ZIKV Asian sequences (n=19)
sequences. A regression of genetic aw :rcence from root to tip against sampling dates confirmed
sufficient temporal signal (r2=0.734) (Jupplementary figure 4). Our maximum clade credibility
(MCC) tree identified that at lec.'t three independent introductions of ZIKV occurred in MG state
between end-October 2014 and e.."ly-April 2015 (see clades MG1 MG2 and MG3 in Figure 3B). We
observed that MG2 clade Inc'udes isolate MT439646 which was also closely placed to isolates
MT439644 and MT43%642 in e ML tree, with a bootstrap value of 0.91. MG2 internal nodes present
low bootstrap values whic:. might reflect sequence low quality and coverage. Furthermore, formation
of clades MG1 and MG3 were also observed in the ML tree, which is consistent with our time-
measured Bayesian phylogeny. We estimated the most recent common ancestor (TRMCA) for each
clade with a 95% of high posterior density to be early-April 2015 (November 2014 to September 2015)
for the MG1, end-December 2014 (August 2014 to May 2015) for the MG2, and end-October 2014
(June 2014 to February 2015) for the MG3. We also identified three isolates from 2016 outside those
three main clades. Isolate MT439641, sampled in April 2016, clusters with sequences from Northeast
Brazil. Isolate MT439647, sampled in April 2016, clusters with sequences from Northeast and
Southeast Brazil, and isolate MT439645 sampled in March 2016 falls basally to a clade containing
sequences from Southeast Brazil. Taken together these data suggest that multiple independent
introduction events have occurred into MG state mainly from Southeastern (MG1 and MG2), and
Northeastern (MG3) Brazilian states (Figure 3 A, B).



4. Discussion

In this study, combining genomics and epidemiological data we investigate the ZIKV outbreak
in Minas Gerais State between 2015 - 2017. Epidemiological data reveal that two main waves were
responsible for the ZIKV epidemic in MG state, the first and largest one registered in 2016, followed
by a second smaller one in 2017, which peaked around March, during the rainy season, a period with
climatic suitability for arbovirus transmissions, such as DENV in the state (Aguiar et al., 2014).
Interestingly, the MG state as well as other bordering states such as S&o Paulo, Goias and Espirito
Santo, were not characterized by a third epidemic wave between 2018-2019 as previously reported
for the Amazon region (Giovanetti et al., 2020; Secretaria de Estado da Saude de Minas Gerais,
2020).

The generated genomic data allowed us to estimate the i, frocuction date of the ZIKV-Asian
lineage in MG to have occurred between end-October 2014 ana early-April 2015, suggesting an
undetected circulation of the virus for 16 months before the rst reports of ZIKV transmission in the
state (Secretaria de Estado da Saude de Minas Gerais, 2016) following a pattern of cryptic
transmission that have been already observed before f.r zin as well as for other mosquito-borne
viruses such as dengue and chikungunya virus epid m.ics (Faria et al., 2017; Xavier et al., 2019; Faye
et al., 2020). According to the Minas Gerais St~ Health Secretary epidemiological bulletin, ZIKV
autochthony in MG was reported on 8 of I arct. (Secretaria de Estado da Saude de Minas Gerais,

2016). Prior to that, only imported cases had bee.. registered.

Moreover, our data suggest that tt e cicdlation of the ZIKV-Asian genotype in MG may resulted
from at least three independent introdud tion events over 2014 and 2015 (Figure 3), which we infer to
have occurred, during a period c* arac:arized by high climatic suitability for arbovirus transmission in
the region (Aguiar et al., 2014). ~urther, we found evidence that two (MG1 and MGZ2) clades had
originated from the southe<_* reyion whereas a third one (MG3 clade) appears to have originated
directly from Norther.* b.27}, that have played a significant role in the establishment and

dissemination of ZIKV in the Americas (Faria et al., 2016a)

Based on retrospective investigations reported by Ministry of Health, it was confirmed that ZIKV
was the etiological agent of six microcephaly cases in December 2015 (Ministério da Salde,
2018b) , two months before the first ZIKV cases reported in Minas Gerais state on February 2016 by
FUNEDThese findings also corroborate with our estimates reinforcing the idea of a likely ZIKV cryptic

transmission before its first detection in the state.

Together, our results shed light on the epidemiological dynamics of the ZIKV-Asian genotype into
MG state, showing that genomic data generated by portable sequencing technology can be employed
to assist public health laboratories in monitoring and understanding the diversity of circulating

mosquito-borne viruses.
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Table 1: Sequencing and epidemiologicc! statistics.

ﬁj;fj"” Lab_id C(’g)age Reads g:v’lfragg ‘lu':,”“fv (Id:nAtity IIDIMIF V;:e Si;;)‘l'e Municipality C"ngzo” ?;;f:‘ Age  Sex
(%)) (%))
MT439639 2032/16 M 915 68415 4136. 99.1 98.7 0/12 33.45 Serum Teofilo Otoni 11/04/16 11/04/16 28 Female
MT439643 BH 06 875 4285 21,7 99.5 99.5 0/5 26.96 Serum Ho?iilt;)nte 12/04/16 NA 28 Female
MT439642 BH 05 84.2 5035 268. 99.5 99.5 0/5 26.05 Serum Hor:,iiloonte 06/04/16 05/04/16 17 Female
MT439638 1295/16 M 80.4 54258 3826.4 98.9 98.3 0/15 33.14 Serum Ho?ii:?me 24/03/16 21/03/2016 27 Female
MT439644 BH 07 79.8 3524 214.2 99.5 99.2 0/3 275 Serum Santa Luzia 20/04/16 18/04/16 25 Female
MT439641 BH 02 73.4 2053 126.1 99.5 99.5 0/1 23.87 Serum Matozinhos 05/04/16 01/04/16 37 Female
MT439647 BH 21 721 4383 391.7 99.5 99.2 0/7 30.04 Serum Ho?ii:;)me 14/04/16 13/03/16 18 Female
MT439640 1377/16 M 69.1 21624 2277.7 98.4 97.8 15/4 32.09 Tissue Ho?ii:;)me 24/03/16 Abortion NA NA
MT439645 BH 16 67.1 2745 208.5 99.6 99.4 0/3 29.8 Serum Betim 18/03/16 16/03/16 30 Female
Montes
MT439646 BH 19 60.5 4173 455.1 99.4 98.8 1/2 29.95 Serum Claros 06/04/16 04/04/16 23 Female

Figures captions:

Figure 1. Temporal distribution of zika positive and microcephaly cases in Minas Gerais over 2016-

2018. (A) ZIKV RT-gPCR confirmed cases (bars) and microcephaly ZIKV associated cases (red
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points) per month in Minas Gerais state, southeast Brazil. (B) Comparative bar chart of the number of

ZIKV positive and negative RT-gPCR cases per month in Minas Gerais state.

Figure 2: (A) Minas Gerais mesoregion map showing 2016 Zika virus incidence per 100,000
inhabitants and the origin location of novel sequences; (B) RT-qPCR confirmed cases by age groups
and RT-gPCR cycle threshold; (C) RT-gPCR test results by sex and age; (D) 2016 microcephaly
associated with Zika virus infection incidence per live birth Minas Gerais mesoregion map and the

origin location of novel sequences.

Figure 3: Phylogenetic analysis of the introduction of Zika virus to Minas Gerais state. A)
Dynamics of ZIKV introduction events in Minas Gerais state. Dates of introduction events were
estimated from sequence data using a phylogenetic approach. 3) Maximum clade credibility
phylogeny estimated from Zika virus genomes with a molecu'.. cicck phylogenetic approach.
Sequences are coloured according to sampling location. Clade A -~ tains the MG Zika virus (red)
and other closely related sequences from Brazil (green, blue a4 y¢ llow indicate sampling location in

Brazil). Clade posterior probabilities are shown at well-supponcd nodes.

Supplementary files

Supplementary Figure 1: A} May. of ZIKV RT-gPCR positive cases tested in Minas Gerais in 2016
per municipality; B) Map o” im.~as Gerais state showed ZIKV incidence per municipality per 100,000

inhabitants

Supplementary Figure 2: Spearman correlation of (A) the municipality population by Zika virus RT-
gPCR confirmed cases with a coefficient of 0.38 and p=6e-08; (B) total cases tested per municipality
versus positive cases with a coefficient of 0.8 and p=2.2e-16; (C) correlation between microcephaly
associated with Zika virus infection and the number of newborns with a coefficient of 0.67 and p=1e-
06; (D)microcephaly associated with Zika virus infection and RT-gPCR confirmed cases per
municipality with a coefficient of 0.58 and p=0,0012. Y-axis values (A), (B), (C) and (D) were log 10

transformed after correlation analysis for easy chart reading.

Supplementary Figure 3: Maximum likelihood phylogeny was estimated with 474 ZIKV-Asian
genotype genome sequences. Colors represent different locations. Scale bar represents expected

substitutions per nucleotide site.
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Supplementary Figure 4: Genetic divergence regressed against date of sample collection for ZIKV
strains. Colors represent different locations.
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Highlights

* First positive ZIKV RT-gPCR cases in Minas Gerais were detected in December 2015;

» Genomic surveillance detected at least three separate ZIKV introductions in Minas
Gerais;

» Genomic analysis suggests that ZIKV circulated silently several months before first
detection.
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