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Highlights:
- The Brazilian sequence ZIKV lineage proportion changed across the years
- The automated surveillance system helps the ZIKV molecular epidemiology

- A new lineage emerged in Brazil and could be a potential risk of a new epidemic

Abstract
There is currently no system to track the emergence of zika virus (ZIKV) subtypes. We developed
a surveillance system able to retrieve sequence submissions and further classify distinct ZIKV

genotypes in the world. This approach was able to detect a new occurrence of ZIKV from African

lineage in Brazil in 2019.

Keywords: genomic surveillance, virus subtype analysis, database, lineage molecular

epidemiology



The zika fever is a self-limiting disease caused by the Zika virus (ZIKV) infection, which is
transmitted by Aedes aegypti (Weaver et al. 2016). As the first reported epidemics happened in
African and Asian continents, ZIKV is classically classified in three lineages: East African, West
African, and Asian. Moreover, the Asian lineage is further classified by geographical origin as
Micronesian, Cambodian and Malaysian (2012). The strains isolated during the outbreak in Brazil
were classified as Asian lineage (Faria et al. 2016). The spread of ZIKV in Brazil started in the
Northeast region, further spreading to states of the Central-West and Southeast regions (Campos
et al. 2015; Zanluca et al. 2015) and reaching the United States (Bond 2016). Several reports
have focused on the description of when and how ZIKV emerged and disseminated in Brazil and
South America. Despite some subtyping tools accessible (Fonseca et al. 2019), a system able to
perform an automated surveillance of ZIKV subtypes remains unavailable and would be crucial
to early detect new potential epidemics. Herein, we developed and implemented an automated
system for sequence mining and subtyping, which was first developed to study HIV (Irahe
Kasprzykowski et al. 2017), and now adapted to investigate ZIKV, by continuously retrieving data
from the NCBI databases. The whole ZIKV-related NCBI nucleotide database was retrieved,
comprising all submissions (1748 sequences). All information from the sequences were cross-
referenced with other NCBI databases (e.g. Biosample, Pubmed, SRA) and stored in a metadata.
Furthermore, all sequences were subtyped using an optimized non-heuristic algorithm based on
Smith-Waterman’s (Smith and Waterman 1981) against the ZIKV reference genome (Table 1).
The alignment of each query sequence with the reference determined the subtype, and it was
stored in a MySQL database. All Brazilian submissions [filtered by region of origin (from metadata)
and sequence length <200bp] detected in up to December 2019 (248 sequences) were extracted
(Figure 1A). The system was developed using JAVA as a main language to retrieve and analyzed
seqguences, whereas PHP was used to build a frontend and middleware integration. In addition,
the MySQL was used as a database management system. The system and data are available at

http://saga.bahia.fiocruz.br/saga/.


https://paperpile.com/c/Vvp4Xb/0JYau
https://paperpile.com/c/Vvp4Xb/FdNY7
https://paperpile.com/c/Vvp4Xb/EKPU6
https://paperpile.com/c/Vvp4Xb/WuCSm+1a9eQ
https://paperpile.com/c/Vvp4Xb/WuCSm+1a9eQ
https://paperpile.com/c/Vvp4Xb/8BpEm
https://paperpile.com/c/Vvp4Xb/FhGZM
https://paperpile.com/c/Vvp4Xb/ULZZp
https://paperpile.com/c/Vvp4Xb/ULZZp

Interestingly, the real-time surveillance detected changes across the 248 Brazilian
sequences which were submitted since 2015. In this year, 42.8% of the sequences were
characterized as Cambodian and 57.2% as Micronesian. The proportion of sequence
submissions with the Cambodia subtype was extremely high (>90%) during 2016, 2017 and 2018.
In 2019, there was an inversion on this profile, with submissions from the Micronesian subtype
representing 89.2% (Figure 1B). Furthermore, our approach also identified the emergence of
5.4% of all sequences from 2019 which were classified as African lineage (in January and in May).
The difference in the distribution of these proportions over time was statistically significant,
revealing a substantial change in ZIKV sequences submissions (Figure 1B). These African
lineages were isolated from two different regions of Brazil: South, from the Rio Grande do Sul
(Almeida et al.) and Southeast, from Rio de Janeiro (Alencar et al.), from different sources: one
was isolated from Aedes albopictus mosquito species (Alencar et al.) and the second from
Alouatta guariba, a monkey species (Almeida et al.). The geographic distance between these
submissions was >1,500 kilometers and are from two different regions of Brazil. The distinct
localities and different sources of isolation are concerning and suggest that this African lineage
could be already circulating in Brazil for a significant period of time. Of note, the phylogenetic-
based typing tool confirmed the classification.

The real-time surveillance system reported here, which screens all the available ZIKV
sequences submitted to online datasets, is novel but has some limitations. (i) This is a database
analysis, not an epidemiologic inquiry and under a collection bias. (ii) The algorithm is limited to
the sequence information provided and is impractical to assess its quality. Regardless of such
limitations, our innovative system was able to detect in real time the emergence of a new ZIKV
lineage in two different locations in Brazil. Among the sequences retrieved by our system, two
were novel and in preprint publications and reported local data without analyzing the whole

sequence universe in the country. By employing a surveillance system able to retrieve sequence


https://paperpile.com/c/Vvp4Xb/4RNsl
https://paperpile.com/c/Vvp4Xb/dgpYR
https://paperpile.com/c/Vvp4Xb/dgpYR
https://paperpile.com/c/Vvp4Xb/4RNsl

submissions and to further classify the distinct ZIKV genotypes in the world we provide a novel

tool to aid monitoring and control of ZIKV epidemics.
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Figure 1. A recursive subtyping-screening surveillance system to track ZIKV sequences.

(A) lllustration of the pipeline developed to perform data acquisition, subtyping processing and

calculation of subtype proportions of ZIKV in Brazil. (B) The profile of ZIKV subtypes between

2015 and 2019. Comparison of the ZIKV subtype proportions was performed using the

Pearson’s chi-square test. P-value is shown.

Table 1. Reference set used for ZIKV subtyping process: accession number, lineage and

strain information.

Accession Number Lineage Strain
EU545988 ASIAN Micronesia
JN860885 Cambodia
HQ234499 Malaysia
HQ234501 AFRICAN Senegal
HQ234500 Nigeria
HQ234498 Uganda




