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ABSTRACT

Objectives. This study aimed to evaluate the prevalence and distribution of dengue virus genotype V se-
rotype 1 (DENV-1) and cosmopolitan genotype serotype 2 (DENV-2) in Peru between 2019 and 2022.
Materials and methods. The envelope (E) gene region was amplified from 79 serum samples by polymerase
chain reaction (PCR) and sequenced by next-generation sequencing (NGS) technology. The obtained se-
quences were subsequently analyzed with bioinformatics tools. Results. The study generated envelope gene
sequences of DENV-1 and DENV-2 serotypes. Our study revealed a rapid dispersal and wide distribution
of the cosmopolitan DENV-2 genotype in several regions of Peru in 2022, as well as the spread of DENV-
1 genotype V to new Peruvian regions, along with the cosmopolitan DENV-2 genotype. Conclusions.
Our findings suggest the urgent need to strengthen epidemiological and genomic surveillance systems to
understand and control the spread of circulating DENV genotypes in Peru. This will allow a more rapid
response, as well as the monitoring of its potential dissemination to other countries in the Americas.

Keywords: Peru; Dengue Virus; Genotype;E-glycoprotein, Dengue virus type 1,E-glycoprotein, Dengue
virus type 2 (source: MeSH NLM).

INTRODUCTION

Dengue virus (DENV) is an RNA virus belonging to the Flaviviridae family and includes four se-
rotypes, DENV-1, DENV-2, DENV-3 and DENV-4. DENV causes a febrile illness (dengue fever)
and is classified as non-alarm and severe, and in certain cases can be fatal. Infection with a particu-
lar serotype of DENV results in lifelong immunity only against that specific serotype, therefore the
risk of reinfection with a different serotype remains. These secondary DENV infections are known
to be more severe than primary infections .

The countries of Central and South America, as well as those of the Caribbean, have a high

annual burden of dengue, which has been increasing over the years.
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Expansion of dengue virus genotypes V and Cosmopolitan 1 and 2 in Peru

Dengue has been of great public health importance since
it was reported in Peru in the 1990s @. The incidence of den-
gue in Peru has increased over the years due to the presence of
Aedes aegypti, the main vector of DENV. All four serotypes of
DENYV have been present in Peru since its emergence. However,
the occurrence and prevalence of specific serotypes and their
associated genotypes have varied over time.

Peru has the second highest burden of dengue in the
Americas, after Brazil. In 2022, 47,656 cases were reported,
of which 87.4% were dengue without alarm signs, 12.3%
were dengue with alarm signs, and 0.3% were severe dengue,
resulting in a total of 65 deaths. In comparison, the country
reported 21,407 cases with an incidence rate of 64.17 cases
per 100,000 population during the same period in 2021 @
The highest number of cases reported in 2022 occurred in
the Peruvian regions of Loreto, Ica, Ucayali, Cusco, Caja-
marca, San Martin, Lambayeque, Madre de Dios, Huanuco,
Ancash, and Junin .

Peru’s ecology, climate and biodiversity provide an envi-
ronment conducive to Aedes aegypti reproduction. The ubi-
quity of such habitats has led to increased vector dispersal.
Among the four DENV serotypes, DENV-1 (particularly ge-
notype V) has been the most frequently reported in several
departments of Peru, with cases reported in Iquitos since the
1990s; DENV-2 (American genotype) was later introduced
into Peru. The American/Asian genotype of DENV-2 (li-
neage II) emerged in late 2010 in Peru, causing many out-
breaks and a nationwide dengue epidemic . The cosmopo-
litan genotype of DENV-2 was first reported in Peru during
an outbreak in 2019 ©. It subsequently spread to different
departments, including Piura, Lambayeque, Ica, Madre de
Dios, Ancash, Cajamarca, San Martin, Loreto, Huanuco, and
Ucayali, in 2022 . In 2021, Brazil also reported a case infec-
ted with the cosmopolitan genotype of DENV-2, indicating
its likely spread to other neighboring countries ?. Conse-
quently, countries in the region were advised to intensify
their genomic surveillance efforts.

Therefore, it is crucial to have effective DENV survei-
llance in Peru to monitor the spread of new circulating geno-
types, such as the cosmopolitan genotype. This is because its
rapid geographic spread has been associated with an increase
in the number of dengue cases. This study aimed to identify
the prevalence and distribution of DENV-1 genotype V and
DENV-2 cosmopolitan genotype in Peru using next-genera-
tion sequencing (NGS) technology and envelope gene-based

phylogenetic analysis. In this study, we reveal an expansion
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Motivation for the study. This study aimed to analyze the
prevalence and distribution of the V genotypes of dengue
virus type 1 (DENV-1) and the cosmopolitan genotype
DENV-2 in Peru, in order to understand their expansion
in different regions; since these viruses can cause important
outbreaks in the country.

Main findings. A rapid spread and wide distribution
of the cosmopolitan DENV-2 genotype was reported in
Peru in 2022, following its initial introduction in 2019.
DENV-1 genotype V, present in Peru since the 1990s, has
now expanded to new Peruvian regions, after previously
being restricted to rural and jungle areas in the north of
the country.

Implications. The results highlight the urgent need to
strengthen epidemiological and genomic surveillance
systems to monitor and control the spread of these genotypes
in Peru, allowing a more rapid response and controlling
their potential spread to other regions of the Americas.

of the pre-existing DENV-1 genotype V in Peru and a rapid
spread of the DENV-2 cosmopolitan genotype in 2022 to

different regions of Peru following its introduction in 2019.
MATERIALS AND METHODS

Sample data

The study analyzed 79 dengue-positive samples collected in
Peru by the National Institute of Health as part of the diag-
nosis and surveillance of viral metaxenic disease arboviru-
ses. In addition, the Center for Disease Control and Preven-
tion (CDC) of Peru provided epidemiological information

on circulating serotypes of DENV from 2019 to 2022.

Extraction of genetic material and sequencing

Viral RNA was extracted from human serum using the Ma-
gaBio plus III viral DNA/RNA purification kit (BioFlux) fo-
llowing the manufacturer’s recommended protocol. Subse-
quently, the DENV envelope gene (E gene) was amplified by
reverse transcription-polymerase chain reaction (RT-PCR)
technology using the Superscript III Platinum one-step RT-
PCR kit (Invitrogen™) and specific primers. The amplified
products were purified with the Mag-Bind Total Pure NGS
kit (Omega Bio-Tek) and sequenced with the Nextera XT kit

(Illumina) on the MiSeq genomic sequencer (Illumina).
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Sequence data processing and phylogenetic
analysis

The read quality of the sequences was assessed using the
FASTQCv.0.11.9 tool (https://www.bioinformatics.babraham.
ac.uk/projects/fastqc/). Then, sequences of good quality
(Q quality value greater than 20) were assembled with the
NCBI reference E gene sequence of DENV-1 (NC_001477.1)
and DENV-2 (NC_001474.2) using the programs BWA v.0
.0.17, samtools v.1.14 and IVAR v.1.3.1. Aliview editor v.1.28
and integrating genomic viewer (IGV) v.2.16.0 were used to
manually curate the consensus sequences.

The complete E gene sequences of DENV-1® (n=1,338)
and DENV-2 (n=1,521) were retrieved from the NCBI virus
database for phylogenetic analysis. In addition, 14 DENV-2
positive samples collected during the December 2019 and
January 2020 dengue outbreaks in Peru were also included.
The MAFFT v7.475 program was used to perform multiple
sequence alignment. The Maximum Likelihood (ML) me-
thod, implemented in the RAXML v8.2.10 program, was used
to perform the phylogenetic analyses. The resulting ML tree

was visualized with Microreact (https://microreact.org/).
Bayesian analysis

Bayesian phylogeny

A time-scale Bayesian phylogeny was constructed for
DENV-2 using the Bayesian Evolutionary Analysis by Sam-
pling Trees (BEAST) v1.10.4 software package ©. The data-
set consisted of 202 complete DENV-2 E gene sequences,
including 125 Peruvian sequences and 77 global sequences
retrieved from the NCBI database. The temporal signal of
the final data set for each serotype was checked using Tem-
pEst version 1.5.3 1%, The jModelTest program " was used
to determine that the General Time Reversible (GTR+G4+1)
surrogate model was the best fit. To avoid assuming any par-
ticular demographic scenario, an uncorrelated log-normal
relaxed clock and Bayesian Coalescent Skyline Plot prior (10
steps) were used to construct the time-scaled tree. Markov
Chain Monte Carlo (MCMC) analysis ? was run for 100
million generations, with a sample taken every 10,000 states.
The output log files were visualized with Tracer v.1.5 . An
effective sampling size (ESS) >200 was considered sufficient
for parameter convergence. The maximum cladistic credibi-
lity (MCC) tree was constructed after removing the first 10%
of all trees (burn-in) using TreeAnnotator v.1.7.4. The MCC
tree was plotted in FigTree v.1.4.3 (http://tree.bio.ed.ac.uk/
software/figtree/).

https://doi.org/10.17843/rpmesp.2024.414.13898

Effective population size estimates

The temporal variation of the effective population size (EPS)
and divergence times were determined using the Bayesian
method implemented in BEAST v1.10.4 software. Two in-
dependent MCMC runs were performed, each of 50 million
generations with sampling every 5000 generations. The de-
fault a priori parameters were used. Bayesian analysis was
calibrated over time and included the skyline coalescent
model, as well as the strict and uncorrelated molecular clock
models, and the GTR+1+G4 substitution model. In order to
determine statistically robust convergence, we used TRA-
CER v1.7.1 (http://tree.bio.ed.ac.uk/software/tracer/) with
ESS values greater than 200 considered robust. The remai-
ning data were combined in Log Combiner v1.10 after a 10%
burn-in period. A summary tree with temporal calibration
was generated using TreeAnnotator v.1.10 (https://beast.

community/treeannotator) and visualized in FigTree v1.4.

Lineage classification of the cosmopolitan DENV-2 genotype
Lineage classification of the cosmopolitan genotype was per-
formed by constructing a Neighbour Joining phylogenetic
tree using the Kimura-2 parameter substitution model with
gamma parameter and invariant sites (I'5 + I) in the MEGA
7 software package (https://academic.oup.com/mbe/arti-
cle/33/7/1870/2579089). The analysis comprised 3,827 com-
plete sequences of the E gene of the cosmopolitan DENV-
2 genotype, including sequences from the study and those
obtained from the NCBI database. The tree was visualized
and annotated with FigTree v.1.4.3 (http://tree.bio.ed.ac.uk/
software/figtree/).

Ethical considerations

The study was not approved by an ethics committee because
the data was obtained from the surveillance activity of the la-
boratory and not from a specific research. Nevertheless, the
data were processed in accordance with the institution’s data

processing standards and policies.
RESULTS

Dengue cases tend to increase in Peru during the spring and
summer seasons each year. According to data from the Peru-
vian Center for Disease Control and Prevention, the highest
number of dengue cases occurred between weeks 14 and 18
of 2022 (supplementary material S1). In addition, cumulati-
ve graphs show a significant increase in dengue cases from

2019 onwards (supplementary material S1).
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Expansion of dengue virus genotypes V and Cosmopolitan 1 and 2 in Peru

Peru has only detected DENV-1 (genotype V) and
DENV-2 (Asian American and cosmopolitan genotypes)
among the four DENV serotypes since 2019 (Table 1). The
geographic distribution and serotype composition of the 79
DENV-positive samples tested in this study are summarized
in Table 2.

Our results show that the cosmopolitan DENV-2 ge-
notype was the most frequent among the study samples,
representing 63.3% of the samples collected in the different
regions of Peru. The cosmopolitan DENV-2 genotype cau-
sed the highest number of cases in Lima, but was also found
in other regions such as Amazonas, Ayacucho, Cajamarca,
Cusco, Huanuco, Junin, Loreto, Lambayeque, La Libertad,
Madre de Dios, Pasco and Ucayali. Additionally, DENV-1
genotype V co-circulated in the regions of Lima, Loreto,
Cuzco, Ucayali, San Martin, Cajamarca and Lambayeque
(Table 2 and Figure 1).

In 2021, there were more cases of cosmopolitan geno-
type DENV-2 than genotype V DENV-1 in the jungle and
mountain regions. Coastal regions reported few or no ca-
ses of these two genotypes. In 2022, both genotypes showed
greater spread, with the cosmopolitan DENV-2 genotype ex-
panding more in the jungle and mountain regions, and the
V DENV-1 genotype expanding in the coastal regions (Table
2). The dengue burden in Peru in 2022 was driven by both
DENV-1 genotype V and the cosmopolitan DENV-2 geno-
type, which expanded rapidly in the Peruvian coastal regions
in 2021 and 2022.

Nonsynonymous mutations in the E gene of the cos-
mopolitan DENV-2 genotype include: M6I; V15I; Q52H;
E71A; F119L; R120T; V129I; V140A; H149N; T180I;
N203S; P222S; T226I; S255P; V309A; D329E; I380V; N390S;
V428M; F429L; 1462V; T478S and 1484V, with all mutations
highlighted in bold common to all sequences (Supplemen-

Table 1. Introduction and circulation at different times of DENV sero-

types/genotypes in Peru.
Year of entry Circulating Circulating
Serotype into Peru genotypes up to genotypes up
2019 to0 2022
Genotype III
DENV-1 1990
Genotype V Genotype V
DENV-2 2001/2010 American/Asian
American
2019 Cosmopolitan Cosmopolitan
DENV-3 2001 India-Genotype III
DENV-4 2001 Indonesia-Genotype II
378 |

tary Material: GISAID accession cod. GISAID accession
code and DENV gene E mutations).

The sequences of DENV-1 genotype V are genetically
related to those of countries in the region, such as Ecuador,
Colombia, Venezuela and Mexico. Two distinct clades were
found within the DENV-1 genotype V from Peru. The do-
minant clade included samples from almost all Peruvian re-
gions, particularly the northern and central regions, and was
related to sequences from Ecuador (Figure 2A). The second
cluster comprised samples from a few regions of southern
Peru (Figure 2B). The initial detection of the dominant clus-
ter in Lima and Ica in 2021, before its appearance in other re-
gions in 2022, suggested a possible dispersal route from the
central coast to the northern and southern regions of Peru.
Similarly, the less dominant cluster was first detected in the
central region of Junin in 2021, before emerging in Cusco,
Ancash, Ucayali and Puno (Figure 2B).

DENV-1 genotype V had the following amino acid subs-
titutions in the E gene : D317N; N52D; T88A; 1114L; T1611;
K203E; 1293T; M297V; S338L; S339T; A369T; V345L;
T368A;1394L;1436V; T4411; K483E; 1439V; 1457V; 1573T;
S$619T; A649T; 1716V; 1719V; V4821 and M484I, with mu-
tations highlighted in bold, being common in all samples

analyzed (Supplementary Material S2).

Tabla 2. Distribution of the 79 positive dengue cases included in this
study.

Departament Region DENVIV DENVZ/C

2021 2022 2021 2022
Piura Coast - 1 - -
Lambayeque - 2 - 1
Ancash - 3 - -
La Libertad - - 2 -
Lima - 5 3 7
Ica 1 1 - -
Cajamarca Sierra - 3 2 3
Huénuco - - 2 3
Junin 1 2 2 3
Pasco - - 1 -
Ayacucho - - 2 2
Puno 1 - - -
Cusco - 1 1 3
Loreto Jungle - 3 1 2
San Martin 1 - 1 -
Ucayali 2 2 - 2
Madre de Dios - - 2 1
Amazonas - - 4

DENV1-V: Dengue Virus serotype 1, genotype V
DENV2-C: Dengue virus serotype 2, cosmopolitan genotype

https://doi.org/10.17843/rpmesp.2024.414.13898
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Figure 1. Frequency and distribution of Dengue infections in Peru by serotype and genotype from 2018 to 2022. Panel A shows the frequency of Dengue
infections in Peru by serotype and genotype in 2022. The frequency distribution of each serotype is represented by a different color. Panel B shows the
geographic distribution of DENV-1 (genotype V) and DENV-2 (cosmopolitan genotype) in Peru during the period 2018-2022.

Three genotypes have been identified since the first
appearance of DENV-2 in Peru: American, Asian American
(AA), and Cosmopolitan. The cosmopolitan DENV-2 geno-
type that has recently emerged in Peru is genetically rela-
ted to those previously reported in Bangladesh ©. The first
cases of the cosmopolitan DENV-2 genotype in Peru were
reported in December 2019 in the Madre de Dios, Puno, and
Cusco regions . These cases were also genetically related to
those found in Bangladesh. In 2021, cases were reported in

Madre de Dios, Amazonas, Junin, Cajamarca, Pasco, Ucaya-

https://doi.org/10.17843/rpmesp.2024.414.13898

li, Loreto, Cusco, Ayacucho, Hudnuco, and San Martin. The
cosmopolitan genotype was the only circulating DENV-2
genotype in all regions of the country in 2022 (Figure 3B).
Our findings show that the cosmopolitan genotype was do-
minant after 2019 for serotype 2; as the highest number of den-
gue cases was caused by the cosmopolitan genotype in all re-
gions of Peru where cases occurred in 2021 and 2022 (Figure 4).
Our study revealed that cosmopolitan genotype lineage
5 was the dominant DENV-2 lineage in 2021- 2022. This fin-
ding coincides with a report in Brazil in November 2021%.
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Figure 2. Maximum likelihood phylogenetic tree of DENV-1. Panel
3A shows the global phylogeny with Peruvian samples highlighted in
blue bars and genotypes shown in different colors. Panel 3B shows a
detailed phylogenetic sub-tree with the Peruvian samples represented
by blue circles. Estimated changes by site are represented by horizontal
bar scales.

Analysis using the Bayesian skyline model showed a sta-
ble mean effective population size of DENV-1 genotype V
in the long term, with a slight increase before 2020. On the
other hand, the effective population size of the cosmopolitan
DENV-2 genotype showed a rapid increase after its emer-

gence in Peru in 2019 (supplementary material S3).

DISCUSSION

This study evidences the rapid spread of dengue virus sero-
type 2 (DENV-2) cosmopolitan genotype and the expansion
of dengue virus serotype 1 (DENV-1) genotype V in Peru
between 2019 and 2022. Since its introduction in 2019, the
cosmopolitan DENV-2 genotype has predominated in many
regions, spreading rapidly and replacing previous genotypes
such as Asian American. Likewise, the circulation of DENV-1
genotype V, present since the 1990s in jungle and rural areas,

also showed a pattern of expansion into new areas. These fin-
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dings highlight the urgent need to strengthen epidemiological
and genomic surveillance to control the spread of these ge-
notypes and assess their potential for spread in the Americas.

Dengue has been endemic in Peru for several years and
affects almost all regions of the country. DENV transmis-
sion is favored by several factors, such as temperature, rain-
fall, distribution of mosquito vectors, water reservoirs, and
poor housing conditions ®*. The different regions of Peru
are home to a wide variety of mosquitoes; the most preva-
lent species being Aedes aegypti, as well as some species of
the Anopheles and Culex genera, which are found mainly in
forested regions 9.

Dengue virus serotype 1 was first identified in 1990, and
its genotypes III and V have been circulating from 2019 to
2022 U7, In 2010, DENV 2 Asian American genotype linea-
ge II emerged and spread rapidly through many Amazonian
cities and other regions of Peru, displacing the predominant

serotype in those Amazonian areas, which was DENV-4; it

https://doi.org/10.17843/rpmesp.2024.414.13898
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also displaced DENV -2 Asian American genotype lineage I,
but which had few cases 119

Despite its high public health importance, dengue has
received less priority since 2019 due to the high attention
and resources devoted to COVID-19. This coincided with
the emergence and wide dispersal of cosmopolitan genotype
DENV-2, along with genotype V DENV-1 in Peru. The study
revealed that cosmopolitan genotype lineage 5 has been pre-
sent in Peru since 2019. This lineage has also been detected
in Brazil, indicating its further spread to other South Ame-
rican countries @,

Bayesian analysis showed a stable mean effective popula-
tion size for DENV-1 genotype V over a long period of time,
in contrast to the rapid increase in the effective population
size of the cosmopolitan genotype following its emergence
in 2019. Further research is required to determine whether
the higher rate of expansion of the cosmopolitan genotype is
due to a greater fitness advantage compared to the pre-exis-
ting American/Asian genotype and DENV-1 genotype V.
This will help determine the epidemic potential of the cos-
mopolitan genotype of DENV-2 in Peru. In addition to its
epidemic potential, the emergence of a new genotype may
also result in changes in the severity of clinical cases. This
may be influenced by comorbidities, infection status, popu-
lation exposure to different serotypes, genetic variability, pa-
tient age, accessibility to services, and experience and quality
of clinical management of patients 122,

Our study showed that the cosmopolitan DENV-2 geno-
type had a wide geographic distribution during the summer
of 2022, indicating its rapid spread since the first report of a
few cases in December 2019 ©). Given the natural history of
dengue epidemics in Peru since the 1990s, the results highli-
ght the importance of improving surveillance and outbreak
risk assessment strategies to guide effective vector control
measures and minimize the occurrence of dengue outbreaks.
To determine the association between the occurrence of di-
fferent DENV genotypes and the burden of dengue in Peru,
it is necessary to complement the clinical-epidemiological in-
formation with genomic data of the virus. Table 2 and Figure
2 show the origin of 79 samples. Of these, 29 samples corres-
pond to DENV-1 genotype V reported in the departments of
Ancash, Ica, Piura and Puno. The remaining 50 samples are
of the cosmopolitan DENV-2 genotype and were collected in
the departments of Amazonas, Ayacucho, La Libertad, Madre
de Dios and Pasco. Both DENV-1 genotype V and DENV-2
cosmopolitan genotype have been detected in some depart-
ments of Peru. These departments include Cajamarca, San

Martin, Junin, Cusco and Lima. There are several factors that
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contribute to DENV transmission in these regions. Reported
cases of dengue are usually found in subtropical and tropi-
cal regions, although some cases have also occurred in Puno.
This may be due to geographic distribution and/or climatic
changes in the different regions, as well as the presence of the
mosquito vector Aedes aegypti ©. Our findings are compara-
ble to those by Mollinedo ¢ ® (2021), who reported that the
high population movement of mosquitoes across various eco-
logical zones in subtropical and tropical climates is one of the
factors contributing to the increased incidence of DENV cases
in Bolivia. The study identified cases of DENV-1 and DENV-
2, as well as circulating serotypes of DENV-3 and the first case
of DENV-4 @3,

Real et al. ®¥ reported an increase in dengue cases in
Ecuador in recent years. The study conducted between 2000-
2015 in the province of Guayas revealed the presence of the
four circulating serotypes, with more cases caused by DENV-
1 genotype V and DENV-2 American-Asian genotype. As
for DENV-1, the Peruvian cases correspond to genotype V,
which has been widely distributed in different departments
of Peru. In addition, it was found that the genetic sequences
of several Peruvian departments are evolutionarily related to
sequences from other countries where DENV-1 genotype V
has been reported .

Phylogenetic analysis of DENV-1 grouped the samples
into two distinct clades. The first cluster is dominant and
includes samples from almost all departments of Peru. The
second cluster comprises cases belonging to DENV-1 ge-
notype V from the years 2021 and 2022, from the southern
and northern regions of Peru. The temporal relationship be-
tween the clusters is not clear. These results are similar to
those reported by Ocasionez R. et al. @, who found that the
strains in Santander, Colombia corresponded to genotype
V. The strains were compared with those from neighboring
countries, such as Peru, Venezuela and Brazil, which also
showed circulation of other serotypes.

Rojas et al. conducted a molecular study of dengue in
Paraguay and found that the population of Asuncién has
experienced outbreaks since 1988, when DENV-1 was intro-
duced into the country @”. This study characterized the virus
as endemic, and reports that the DENV-1 serotype has the
highest prevalence of dengue and co-circulates with DENV-
2. These results coincide with ours.

Overall, the sequences of DENV-1 genotype V from Peru
are genetically related to those from Ecuador, Colombia, Ve-
nezuela and Mexico reported between 2008 and 2019. This
demonstrates the dispersion of this genotype in different re-
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gions of Peru and its evolutionary genetic relationship with
other countries. Similarly, phylogenetic analysis of DENV-2
revealed that the cosmopolitan genotype was also dispersed
in several regions of Peru.

Cruz C. et al. conducted research on the molecular epi-
demiology of DENV-2 in Peru, and their results suggest that
the American genotype was introduced to Peru before 2001,
and that the Asian American genotype has been circulating
in Peru from 2000 onwards @®), with two lineages possibly
introduced from the north through neighboring countries,
such as Ecuador, Colombia, and Venezuela, and from the
east through Brazil and Bolivia.

These studies show that earlier genotypes were circula-
ting in Peru. As of 2022, the cosmopolitan genotype is the
predominant genotype in Peru, with a notable absence of
other genotypes. Phylogenetic analysis of DENV-2 cases
suggests that after the appearance of the cosmopolitan ge-
notype in the Madre de Dios region in 2019, it subsequently
spread to other regions of Peru, with the Peruvian regions of
Junin and Amazonas possibly being the potential centers of
its early transmission.

Giovanetti ef al. @ studied the emergence of the cosmo-
politan genotype of DENV-2 in Brazil and found that the
strain obtained from a patient in Goias is phylogenetically
related to cases in Peru and Bangladesh; suggesting the onset
of regional spread in the Americas. Susuki K. et al. ®* found
two distinct lineages of DENV-2 in Bangladesh within the
cosmopolitan genotype. These lineages are closely related to
strains from the Philippines, Malaysia, and Singapore and
have experienced increased genetic diversity.

The cosmopolitan genotype sequences of DENV-2 are
classified into lineage 5. These lineage classifications were
picked up by Yenamandra et al. Y, who highlighted the
great heterogeneity of the cosmopolitan genotype and the
distribution of genotypes over time. This suggests that the
cosmopolitan genotype varies genetically over time and gi-
ves way to several lineages circulating in different countries.

Our findings suggest circulation of the Asian American
genotype in 2019 and 2020, and its subsequent replacement
by the cosmopolitan genotype that emerged in 2019.

This study presents important results, but also some limi-
tations that may affect the interpretation of these results. Al-
though samples were collected from several regions of Peru,
they do not cover all regions of the country, which could bias
the representation of dengue genotypes. The study mainly
analyzes genetic information of Dengue viruses, without

integrating clinical-epidemiological factors, which restricts
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the evaluation of the impact of genotypes on the severity of
the disease. In addition, an analysis that integrates the study
of specific ecological and environmental factors limits could
improve the knowledge of a more realistic situation of Den-
gue disease in Peru.

In conclusion, our findings demonstrate the rapid dis-
persal and co-circulation of DENV-1 and DENV-2 geno-
types in different regions of Peru during 2019-2022. These
results highlight the urgent need to strengthen epidemiolo-
gical surveillance systems and genomic studies for the timely
detection of emerging DENV genotypes and their potential

spread to other countries in the Americas.
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