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Full genome analysis of circulating DENV-2 in Senegal reveals a regional
diversification into separate clades
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Abstract:

To assess the genetic diversity of circulating dengue virus 2 in Senegal in 2018 we performed
molecular characterization by complete genome sequencing and performing phylogenetic
analysis. Sequenced strains belong to Cosmopolitan genotype of DENV-2 we observed intra-
genotype variability leading to a divergence in two clades with differential geographic
distribution. We report two variants namely; the “Northern variant” harbouring three
nonsynonymous mutations (V1183M, R1405K, P2266T) located respectively on NS2A, NS2B
and NS4A and the “Western variant” with two nonsynonymous mutations (V1185E,
V3214E) located respectively in the NS2A gene and the NS5 gene. Findings calls for in depth
in vitro and functional study to elucidate the impact of observed mutations on viral fitness,
spread, epidemiology and disease outcome.
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Dengue virus (DENV) a mosquito born virus is the etiological agent of dengue fever on of
the most important vector-borne viral disease worldwide in term of morbidity and mortality,
according to the World Health Organization (WHO) estimates (WHO, 2012). Around 3.6
billion people are at risk to dengue infection in tropical and subtropical area; each year 50-
200 million people are infected worldwide of which 500000 progresses to severe disease with
a fatality rate of 5% (Bhatt et al., 2013; Gubler, 1998). Infection with DENV cause clinical
manifestations ranging from dengue fever with or without warning sign to life threatening
disease namely severe dengue (Guzman et al., 2016).

In Senegal DENV was first reported in 1970 in Bandia area located in the region of Thies
(Robin et al., 1980). The following years despite the notification of DENV-1, DENV-2 and
DENV-4 the landscape of DENV circulation in Senegal was mainly dominated by the
circulation of sylvatic DENV-2 in the southern part of the country (Diallo et al., 2003 ; Zeller
et al.,, 1992). In 2009 a major change on virus epidemiology was noticed with the first urban
DENV-3 outbreak in West-Africa affecting main city as Dakar, Thies and Louga (Faye et al.,
2014).
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Dengue is hyperendemic (Dieng et al., 2021) in Senegal and this is known to be associated
with a cyclic behaviour of serotype replacement leading to periodic epidemics (Laiton-
Donato et al., 2019).

Since 2017 a growing dengue incidence is noticed in Senegal with multifoci and
multiserotypes circulation (Dieng et al, 2021). Interestingly, endemic behaviour may
facilitate accumulation of genetic diversity and could be linked to disease spread, severity
and outcomes (Laiton-Donato et al., 2019). In 2018 four dengue virus outbreaks were noticed
in Senegal for two of them one in Rosso at the border with Mauritania (Manuscript in
preparation) where DENV-2 was the only circulating serotype and another in Thies where
DENV-3 predominant serotype co-circulated with DENV-2 (Gaye et al., 2021); in this study,
we hypothesized that viral determinants have contributed to differential spread of DENV-2
during up mentioned epidemics.

We sequenced complete genomes of DENV-2 detected from suspected cases during outbreak
at Rosso (n = 7) (Northern Senegal), Dakar (n = 2) (Western Senegal) and Thies (n = 1)
(Western Senegal) in 2018. Four additional complete genome sequences from samples
collected in Thies area available in GenBank NCBI were also included. Sequences were
combined to available complete genome DENV-2 from West-Africa spanning the period of
2016 -2019; obtained dataset was aligned using MAFFT (Katoh et al., 2002). A Maximum
Likelihood (ML) tree was drawn using IQ-TREE (Nguyen et al., 2015). Phylogenetic tree
combined with Single Nucleotide Variation (SNV) of used strains in comparison to Burkina
Faso strain (KY627762) was plotted ; genetic distances were inferred using Mega 6 software
(Tamura et al., 2013).

Performed phylogenetic analysis showed that all Senegalese DENV-2 strains belong to the
Cosmopolitan genotype and are closely related to West-Africa isolates (Fourié et al., 2021).
sampled between 2016 - 2019 (Supplementary figure S1; Figure 1). Interestingly, ML tree
using only cluster of sequences closely related to Senegalese strains containing only West
African DENV-2 sequences reveals that Senegalese sequences cluster into two different
clades with a well-supported bootstrap value (Bootstrap value = 100) ; the first clade namely
Northern Clade contain sequences obtained in the north of the country sampled in Rosso
and Richard Toll, the second clade called Western Clade contain sequences obtained in the
Western part of the country mainly during outbreak in Thies and from sporadic cases in
Dakar (Figure 2). The average estimated between group mean distance was 0.53 (sd = 0.062)
when comparing Northern and Western clade versus 0.26 (sd = 0.039) when comparing
Northern Clade and group of strain from Mauritania showing that Northern Clade is closely
related to isolates from Mauritania than those from the Western Clade suggesting
transboundary circulation throughout a possible importation from Mauritania to Senegal or
vice-versa (Figure 1; Figure 2).

Ninety-seven SNVs were observed when comparing all available West African sequences of
DENV-2 with earliest DENV-2 strain from Burkina Faso (KY627762), included in the dataset,
isolated in 2016. At the amino acid level, strains of Northern Clade possess three unique
nonsynonymous amino acid substitution (V1183M, R1405K, P2266T) all located on Non-
structural gene in NS2A, NS2B and NS4A respectively when strains of Western Clade
harbour two nonsynonymous amino acid change (V1185E, V3214E) located on NS4A and
NS5 genes. For flavivirus the non-structural proteins are known to participate on critical step
of viral lifecycle as replication, virion assembly and ultimately on evasion against host
immune response (Zhang et al.,, 2019). Briefly, mutagenesis analysis study on DENV, YFV
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and WNV(Kunjin) shows that some amino acids on NS2A are essential on RNA replication
(Wu et al, 2017), on virion assembly and secretion (Xie et al., 2015); for DENV NS2A
antagonizes type-I IFN signalling highlighting his role on immune evasion (Munoz-Jordan et
al.,, 2003). DENV NS2A, 2B, 4B and NS5 inhibit I[FN-mediated JAK-STAT activation and
impair interferon-stimulated gene (ISG) production (Zou et al., 2019).

Functional studies on the impact of observed mutations on Senegalese strains will be crucial
to decipher their role on viral spread, differential phenotypic traits (as virulence) and on
virus epidemiology.
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Figure 1: Phylogenetic tree based on full genome sequences of dengue virus two detected in
Senegal in 2018 in combination with available sequences from Africa sampled between 2016-
2019. Single nucleotide variation (SNV) of used sequences when compared to earliest
DENV2 circulating during outbreak in Burkina Faso in 2016 (KY627762) are also represented
and coloured according observed base at the given position. Site identical to the reference are
not shown, changes from the Burkina Faso strain (KY627762) are indicated and coloured by
nucleotide (yellow for adenosine, blue for cytosine, purple for guanine, grey for thymine).


https://doi.org/10.20944/preprints202201.0057.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 January 2022 d0i:10.20944/preprints202201.0057.v1

0000

2000
@

Figure 2: Map showing relationships between full genome DENV-2 from Senegal sampled in
2018 coloured by locations. Each genome is connected to the geographic location where it
was collected in Senegal. Location are assigned using the same colours as on the figure 1.
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