Bioinformatics and Biology Insights
Volume 18: 1-8

© The Author(s) 2024

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/11779322241251581

S Sage

DENV-2 Outbreak Associated With Cosmopolitan
Genotype Emergence in Western Brazilian Amazon

Jessiane Rodrigues Ribeiro'2, Tarcio Peixoto Roca?3,

Gleense dos Santos Cartonilho'24, Ana Maisa Passos-Silva'-24
Hillquias Monteiro Moreira'-24, Karolaine Santos Teixeira'?,

André Luiz Ferreira da Silva'24, Celina Aparecida Bertoni Lugtenburg?®,
Alcione Oliveira dos Santos®, Juan Miguel Villalobos Salcedo®,
Valdinete Alves do Nascimento’, Victor Costa de Souza’,

Rosemary Aparecida Roque8, Marco Aurélio Krieger?,

Felipe Gomes Naveca’, Rita de Cassia Pontello Rampazzo?®

and Deusilene Souza Vieira'-24

Laboratério de Virologia Molecular, Fundagao Oswaldo Cruz Rondénia—Fiocruz Rondénia
(FIOCRUZ/RO), Porto Velho, Brazil. 2Instituto Nacional de Ciéncia e Tecnologia de Epidemiologia
da Amazoénia Ocidental—INCT-EpiAmO, Porto Velho, Brazil. 3Programa de Pés-Graduacao em
Medicina Tropical, Instituto Oswaldo Cruz/IOC, FIOCRUZ, Rio de Janeiro, Brazil. “Programa de
Pés-Graduacao em Biologia Experimental, Universidade Federal de Rondénia—UNIR/FIOCRUZ/
RO, Porto Velho, Brazil. 5Laboratério Central de Saude Publica de Rondénia—LACEN/RO,
76.803-620, Porto Velho, Brazil. Centro de Pesquisa em Medicina Tropical—CEPEM, Porto
Velho, Brazil. 7Instituto Lednidas & Maria Deane—Fundagéo Oswaldo Cruz do Amazonas, ILMD,
Manaus, Brazil. 8Instituto Nacional de Pesquisas na Amazonia, INPA, Manaus, Brazil. °Instituto
Carlos Chagas, ICC, Fundagao Oswaldo Cruz—Paran4, Curitiba, Brazil.

ABSTRACT

BACKGROUND: Dengue virus (DENV) causes an important disease and directly affects public health, being the arbovirus that presents the
highest number of infections and deaths in the Western Brazilian Amazon. This virus is divided into 4 serotypes that have already circulated
in the region.

METHODOLOGY: Molecular characterization of a cohort containing 841 samples collected from febrile patients between 2021 and 2023
was analyzed using a commercial kit to detect the main arboviruses circulating in Brazil: Zika, DENV-1, DENV-2, DENV-3, DENV-4 and, Chi-
kungunya. Subsequently, Sanger sequencing was performed for positive samples.

RESULTS: The cohort detected 162 positive samples, 12 for DENV-1 and 150 identified as DENV-2, indicating co-circulation of serotypes.
The samples were subjected to sequencing and the analysis of the sequences that obtained good quality revealed that 5 samples belonged
to the V genotype of DENV-1 and 46 were characterized as DENV-2 Cosmopolitan genotype—Ilineage 5.

CONCLUSION: The results allowed us to identify for the first time the Cosmopolitan genotype in Rondénia, Brazilian Western Amazon, and
its fast spread dispersion.
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antigenic and genetic characteristics into 4 serotypes® DENV-1,
DENV-2, DENV-3,and DENV-4, each one being subdivided

Background
Dengue virus (DENV) belongs to the Flaviviridae family and

is characterized as the arbovirus most widespread worldwide.!
Dengue virus is an enveloped virus with a genome composed
by a positive-sense single-stranded RNA with approximately
11.000 nucleotides,>3 transmitted mainly through of blood
repast by infected species of Aedes aegypri and A albopictus.* The

virus is further classified according to the distinction of their

into genotypes.®’

Dengue virus serotypes with the highest rates of reported
infections in Brazil are DENV-1 and DENV-2.8 The first one
is subdivided in genotypes I, II, III, IV, V, and Wild, while
DENV-2, is divided in Asian I and II, Asian-American,

American, Cosmopolitan, and Wild.? In Brazil, considering
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DENV-2, genomics data show a higher prevalence of the
DENV-2 Asian-American genotype and the sporadic
detection of other genotypes, including the Cosmopolitan
genotypes, which represents the bigger number of cases
worldwide. 1011

The constant change in the phylogenetic profile of DENV-1,
DENV-2,DENV-3,and DENV-4 in the Brazilian Amazon,12
has been sustained mainly by migratory factors.”!3 This study
aims to characterize the DENV genotypes circulating at the
state. of Rondonia and in the municipality of Humaiti,
Amazonas State, both located at the West Amazon.

Materials and Methods
Ethical statement

The project was evaluated and approved by the research ethics
committees of Centro de Pesquisa em Medicina Tropical—

CEPEM—Rondénia under number 1.474.102.

Study site and biological samples

The study was carried out at the Laboratério de Virologia
Molecular of the Funda¢io Oswaldo Cruz—Rondénia
(FIOCRUZ/RO). The retrospective cohort was composed
of 841 human biological samples (serum) collected from
December 2021 to May 2023, 756 from 37 municipalities of
Rondonia state, received by Laboratério Central de Saude
Publica de Rondénia (LACEN/RO), or collected at the
malaria outpatient clinic of the Centro de Pesquisa em
Medicina Tropical—CEPEM and at the 2 Emergency
Room—both located in Porto Velho, and 85 samples in a
border municipality of Humaita belonging to the Amazonas
state.

Molecular analysis

Viral RNA extraction. Viral RNA was extracted from 140 pL
of serum samples by QlAamp Viral RNA Mini Kit (QIA-
GEN, Germany), according to the manufacturer’s instructions.
RNA was eluted in 60 uL. of AVE buffer.

RT-gPCR for Zika, dengue, and Chikungunya. RNA samples
were analyzed for the presence of Zika virus; DENV serotypes
1,2, 3, and 4; and Chikungunya virus using real-time reverse
transcription polymerase chain reaction (RT-PCR) kit ZDC
Biomol (Instituto de Biologia Molecular do Parani, Brazil),
tollowing the manufacturer’s instructions.

Rewverse  transcription. Positive samples were subjected to
reverse transcription to generate complementary DNA
(cDNA) synthesis using SuperScript III Reverse Transcriptase
enzyme (Thermo Fisher Scientific, Massachusetts, USA) com-
bined with 0.5 ng of random primer, according to the manu-
facturer’s instructions.

Conventional polymerase chain reaction followed by sequenc-
ing. The reaction adapted using the protocol of Lanciotti
et al'* under the following conditions 10 pL of 2x Platinum
SuperFi II PCR Master Mix supplemented with 1.5 mM
MgCl,, 300 nM  Primer D1 (5-TCAATATGCT-
GAAACGCGCGAGAAACCG-3'), 300 nM Primer D2
(5-TTGCACCAACAGTCAATGTCTTCAGGTTC-3",
and 2 pl of cDNA generated according to 2.3.3 item to amplify
a 511 base pair (bp) PCR product. The cycling used for the
reaction was as follows 98°C for 30 seconds for initial dena-
turation, followed by 40 cycles at 98°C for 15 seconds, 53°C for
30 seconds for annealing and 72°C for extension 40 seconds,
ending with a final extension step at 72°C for 5minute fol-
lowed by PCR product purification with ExoSAP-IT PCR
Product Cleanup (Applied Biosystems, California, USA). The
BigDye Terminator v1.1 Cycle Sequencing Kit (Applied Bio-
systems, California, USA) was used according to the manufac-
turer’s instructions for sequencing. The reaction product was
purified using BigDye XTerminator Purification Kit (Applied
Biosystems, California, USA). Sequencing run was performed by
the Rede de Plataformas Tecnolégicas FIOCRUZ RPTO9F—
FIOCRUZ/RO using an automated Sanger sequencer Seqstu-
dio (Applied Biosystems, Waltham, MA, USA). The
electropherogram was edited and analyzed using MEGA11-
Molecular Evolutionary Genetic Analysis software.!

Dengue virus-2 complete genomes were obtained using
Illumina Viral Surveillance Panel (VSP w ILMN RNA Prep w
Enrich), which is a hybrid capture method using biotinylated
probes. The VSP libraries were then submitted to nucleotide
sequencing on an MiSeq instrument using V3 cartridges on 2
X 150 cycles paired-end run (Illumina). FastQ_reads were
assembled against the GenBank DENV-2 RefSeq NC_001474
using BBDuk (trimming) and BBMap v38.84 embedded in
Geneious Prime 2023.0.4 software.

Phylogenetic analysis. The sequences generated in this study
were aligned with representative sequences of the DENV-1
(Dataset 1) and DENV-2 (Dataset 2) genotypes collected
through the GenBank public database available at the National
Center for Biotechnology Information—NCBI,* all repre-
sentatives with available collection date and locality informa-
tion were collected. Multiple sequence alignment was
performed using online software MAFFT v.7.Y77 A maximum
likelihood (ML) phylogenetic tree was generated in IQ-TREE
v.2.2.2.6'8 using the best fit nucleotide substitution model by
the ModelFinder tool and edited using FigTree v.1.4.4. soft-
ware.! The branch support values obtained were estimated
using the bootstrap in 1000 replicates.

Bayesian analysis and spatiotemporal reconstruction. For the
inference of the Bayesian phylogenetic tree, only sequences
from the study that obtained a complete genome (n=20) were
included. The existence of a temporal signal was checked using
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Figure 1. Temporal distribution of confirmed cases. Time series graph showing the number of cases of DENV-1, DENV-2, and total cases in each month.

TempEst v.1.5.3.20 To create the .xml file in BEAUt v.1.10.1
software, the dataset included the collection date information.
The Bayesian tree was inferred using the nucleotide substitu-
tion GTR + F + I+ G4 as the best fit model by the ModelF-
inder, lognormal relaxed molecular clock and a Bayesian
Skyline coalescence model. The length of the Markov chain
Monte Carlo (MCMC) was set at 100 million generations,
and the convergence of the parameters was assessed by calcu-
lating the effective sample size (ESS) using Tracer v1.7.1.21
The phylogenetic tree was summarized using TreeAnnotator
v.1.10 excluding 10% of the samples as burn-in, creating a
Maximum Clade Credibility (MCC) tree. The final tree was
edited and visualized by the ggtree package?? using R v4.3.2.23

Results

The cohort of 841 samples was tested for Zika virus, DENV
1-4 serotypes and Chikungunya virus using the commercial kit
that resulted in 81% negative (679/841) and 19% positive
(162/841), being 93% DENV-2 (150/162) and 7% DENV-1
(12/162) in the period from December 2021 to May 2023
(Figure 1). All positive samples for DENV were subjected to
sequencing, which 31% of the positives for DENV-2 (46/150)
and 42% of positives for DENV-1 (05/12) obtained enough
quality for subsequent analysis.

The state of Rondénia showed 92% (149/162) of the cases,
56% (90/162) in the Porto Velho, followed by Presidente Médici
with 10% (16/162), and the other cases were dispersed among
the municipalities of this state, which contain between 1 and 6
cases each, being represented in Figure 2. The municipality of
Humaita, the only one belonging to the state of Amazonas
identified in this study, housed 8% (13/162) of the cases.

The study population (n=162) had a mean age of 33.8 years
with a higher proportion in the age group of 21 to 40years. The
Table 1 presents epidemiologic data referring to the individuals
included in the study. Regarding DENV positive samples,
48.77% (79/162) were male and 51.23% (83/162) were female.

Around 56.17% (91/162) reported symptomatology with fever
and headache both at 45.05% (41/91) being the most common
reported symptom, followed by back pain at 29.67% (27/91)
and myalgia at 25.27% (23/91).

A total of 46 sequenced DENV-2 samples from the study
were classified into the Lineage 5 cluster of the cosmopolitan
genotype, as shown in Figure 3.

For spatiotemporal reconstruction of the study samples, a
total of 20 DENV-2 complete genome samples were submitted
to a Bayesian phylogeographic analysis with a time-scale
approach. It can be observed that the lineage 5 cosmopolitan
possibly originated from sequences in Bangladesh and that
there was a later introduction in Peru and in different Brazilian
states, respectively (Figure 4). In addition, 2 clusters of the
study samples (Rondonia and Amazonas state) were found,
phylogenetically related to samples from other Brazilian states.
The first (smaller cluster), with the common ancestor dated
August 14,2021 (HPD 95% December 315t 2020 to December
28, 2021), was closely related to a sample from the state of
Santa Catarina (SC). The second (larger cluster), with the
common ancestor dated February 10,2021 (HPD 95% August
12, 2020 to July 02, 2021), was similar to samples from the
states of Parana (PR), Rio Grande do Sul (RS), Sao Paulo (SP),
and SC.

To compose the data set, all the available complete genomes
of lineage 5 of the cosmopolitan genotype were downloaded
from GenBank. Tips are colored according to location, and the
study samples are indicated as triangles. The support values are
indicated on branches as posterior probability >0.9.

Regarding the positive cases for DENV-1 serotype, 41.66%
(5/12) were characterized as genotype V, as represented in
Figure 5. Among these, 4 of the identified isolates are from the
municipality of Porto Velho, capital of the state, and 1 from the
municipality of Buritis, located 319km from the capital.
Considering the current circulation profile, DENV-1 was the
nondominant serotype within the state.
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Figure 2. Geographical location of each city with identification of DENV cases. The cities were marked using a variety of colors. In orange is
characterized the municipality belonging to the state of Amazonas. The map was assembled using QGIS 3.18.1-Zurich software.

Table 1. Epidemiological data and symptoms obtained from the application of the survey.

P VALUEA

Age (years)

<20 4 (33.33) 35 (23.33) 39 (24.07) .3873
21-40 5 (41.67) 63 (42) 68 (24.68) .973
41-60 2 (16.67) 37 (24.67) 39 (24.07) 4188
>60 1(8.33) 15 (10) 16 (9.88) .9634
Sex
Female 7 (51.23) 76 (50.67) 89 (51.23) .3264
Male 5(48.77) 74 (43.33) 79 (48.77)
Symptoms
Fever 7 (58.33) 34 (43.03) 41 (45.05) .364
Headache 7 (58.33) 34 (43.03) 41 (45.05) .364
Arthralgia 4 (33.33) 15 (18.98) 19 (20.87) .266
Nausea/vomiting 2 (16.66) 12 (15.18) 14 (15.38) 1
Myalgia 5 (41.66) 18 (22.78) 23 (25.27) 71
Retro-orbital pain 4 (33.33) 17 (21.51) 21 (23.07) 462
Back pain 5 (41.66) 22 (27.84) 27 (29.67) .32

afisher’s exact test.
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Figure 3. Maximum likelihood phylogenetic tree composed of 46 sequences from the study and 141 sequences retrieved from GenBank representing the
lineages (Lineage 1, Lineage 2, Lineage 3, Lineage 4, Lineage 5, and Indian Subcontinent Lineage) of the cosmopolitan genotype of DENV-2. The study
samples are highlighted as red circles, and support values (bootstrap) are indicated on the main branches. TIM2 + F + | + G4 substitution model chosen
according to Bayesian Information Criterion (BIC).

Discussion

The retrospective cohort describes the introduction of the cos-
mopolitan DENV-2 genotype in Rondénia and in a border
municipality located in the state of Amazonas, far western
Amazon, and the current replacement of the dominant sero-
type in the region, DENV-1. In the state of Rondonia, the 4
serotypes of DENV have already circulated, however, without
detection of the cosmopolitan genotype.?*

Dengue virus-1 isolates belong to genotype V that circu-
lated widely in previous outbreaks in the state of Rondénia. 122520
Suggested that DENV-2 strains were maintained at baseline
levels in recent DENV outbreaks in some regions of the coun-
try?® which may justify the high number of DENV-2 cases
found in this study and the current substitution of genotypes in
the state.

The cosmopolitan genotype of DENV-2 is widespread in
several countries worldwide, with 6 identified lineages. Lineage

5 of the cosmopolitan genotype was previously described in
several countries in Asia,*?728 and identified in the Americas
during the described dengue infections in Madre de Dios, Peru,
in 2019.28

In Brazil, its introduction was first described from a case at
the state of Goids, in November 2021.2° Then, the analysis of a
retrospective cohort, collected from February to March 2021,
showed 5 cases infected with this genotype in the state of
Acre.’0 The wide dispersion of the cosmopolitan genotype has
been demonstrated in other Brazilian states, including the
Amazonas State, in a recent study showing multiple introduc-
tions of the cosmopolitan DENV-2 in Brazil.1!

Starting in December 2021, we observed the raise of dengue
cases in Rondo6nia. Our results showed that the DENV-2
sequences grouped with sequences from the states of the south
region (SC, PR, and RS) and southeast Brazil (SP). However,
more detailed analyses of transmission routes are still
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Figure 4. Bayesian phylogenetic tree containing samples from DENV-2 cosmopolitan lineage 5 clade.

underestimated due to the distance of these regions from the
study site and the reduced sampling from other Brazilian states.
To support the data analyzed, an increase in DENV-2 cases
compared to DENV-1 was already reported in several states
since 2022, according to the National System of Diseases of
Compulsory Notification (SINAN), which allowed for the
consolidation of this serotype in different Brazilian regions.!!

The emergence of the Cosmopolitan genotype in the state
of Rondénia and the consequent increase in the number of
severe cases in the region has significant implications for the
susceptibility of the population. This is not only limited to viral
serotypes as demonstrated in recent studies®! but also to the
Cosmopolitan genotype itself, which has shown genetic varia-
tions over the years that impact on pathogenicity, transmissibil-
ity, and competition between DENV2 genotypes.*3233

Conclusions

This study identified the simultaneous circulation of DENV-1
genotype 5 and DENV-2 Cosmopolitan genotype in different
municipalities of the Brazilian Western Amazon, highlighting
the emergence and dispersion of the Cosmopolitan genotype
of DENV-2 in the state of Rondonia and in the municipality

of Humaitd, Amazonas. The results obtained by our research
provide pertinent information about the multiple introductions
of the Cosmopolitan genotype that have occurred in the state
of Rondénia and contribute to understanding the dynamics of
Dengue dispersal in the Brazilian Amazon. Considering the
wide dissemination and evolution of the Cosmopolitan geno-
type around the world, and now in the Americas, we emphasize
the need for further studies into the dynamics of DENV

transmission.
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