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a b s t r a c t 

Objectives: The origin and spread of dengue virus (DENV) circulating in Africa remain poorly character- 

ized, with African sequences representing < 1% of global sequence data. 

Methods: Whole genome sequencing was performed on serum samples (n = 29) from an undifferentiated 

fever study in 2016 in the Democratic Republic of Congo (DRC), and from febrile travelers returning from 

Africa. The evolutionary history of the newly acquired African DENV-1 (n = 1) and cosmopolitan genotype 

DENV-2 (n = 18) genomes was reconstructed using a phylogeographic, time-scaled Bayesian analysis on 

a curated DENV panel including all known African sequences. 

Results: A minimum of 10 and eight introductions could be identified into Africa for DENV-1 and cos- 

mopolitan DENV-2, respectively, almost all originating from Asia. Three introductions were previously 

unknown. The currently circulating virus comprises mainly the recently introduced clades and one long- 

established African clade. Robust geographical clustering suggests limited spread of DENV after each in- 

troduction. Our data identified the DRC as the source of the 2018 Angolan DENV-2 epidemic, and simi- 

larly, the 2013 Angolan DENV-1 outbreak as the origin of our DRC study. 

Conclusion: Active genomic surveillance of DENV in Africa at the portals of entry might help early out- 

break response and limit sero- and genotype spread and human disease burden. 

© 2023 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Dengue is the most widespread mosquito-borne viral disease, 

hich threatens nearly 40% of the world population, causing an 

stimated 36,0 0 0 deaths per year worldwide [1] . Symptoms can 

ange from asymptomatic to mild fever to severe dengue, fre- 
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uently with hemorrhagic presentation in about 1% of cases. The 

isease is caused by a single-stranded RNA virus belonging to the 

laviviridae and is transmitted between humans by the bite of fe- 

ale Aedes mosquitoes, primarily Aedes aegypti and, to a lesser 

xtent, by the more globally dispersed Aedes albopictus [2] . With 

o current treatment available and the first commercially available 

accine (CYD-TDV or Dengvaxia) being only recommended in the 

xposed population [3] , public health measures have mainly fo- 

used on clinical management and vector control. However, a new 
ty for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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accine (TAK-003 or DENVax), which has been shown to reduce 

ospitalizations in the general population by 84%, is in the final 

tages of regulatory approval [4] . 

Dengue virus (DENV) comprises four closely related yet anti- 

enically and genetically distinct serotypes (DENV-1, DENV-2, 

ENV-3, and DENV-4), which can differ by 30-35% in amino acid 

equence [5] . Although DENV reinfections have been reported 

6] , infection by one serotype usually provides life-long immunity 

gainst homologous challenge but only briefly protects against a 

ifferent serotype [ 7 , 8 ]. Life-threatening syndromes mainly occur 

fter heterotypic secondary infection. This has been attributed to 

ntibody-dependent enhancement, whereby pre-existing non- or 

ubneutralizing antibodies to the primary infection facilitate DENV 

ntry into Fc receptor-bearing cells [7] . 

DENV is considered a zoonotic disease because of the discovery 

f ecologically and evolutionary distinct DENV lineages that occur 

n a sylvatic transmission cycle between nonhuman primates and 

anopy-dwelling Aedes mosquitoes [9] . Interestingly, although more 

ampling is needed, the existence of sylvatic strains in an enzootic 

ransmission cycle has so far only been shown for DENV-2 in the 

orests of West Africa and in Southeast Asia, where, in sentinel 

onkeys, the sylvatic lineages of DENV-1, -2, and -4 were found, 

s well as antibodies to DENV-3 [10] . 

Although DENV epidemics were first identified in the 40s and 

0s in Asia [11] , the disease has been around for much longer be-

ause descriptions of a DENV-like illness date back to at least 10th 

entury China [12] . By the late 18th century, historical reports sug- 

est an already widespread geographical dissemination of DENV, 

oinciding with the global increase in maritime trade. The increase 

n human movement through migration, slave trade, and com- 

erce also led to the worldwide export of the African mosquito 

e. aegypti [2] . Facilitated by the domestication and establishment 

f this urban vector, DENV became endemic in most of the tropics 

y the late 19th century [13] . Over the last century, the continued 

pread of the virus, fueled by the advent of commercial air travel, 

esulted in overlapping epidemics of all four serotypes ( i.e ., hy- 

erendemicity) and an increase in severe dengue throughout most 

f the (sub)tropics [5] . This recent history of human DENV corre- 

ponds with its evolutionary genetics, with human endemic DENV- 

, DENV-2, and DENV-4 diverging from their sylvatic progenitors 

round, respectively, 1660 (95% highest posterior density inter- 

al (HPD) 1470-1819), 1733 (95% HPD 1550-1844), and 1384 (95% 

PD 702-1902) [14] , whereas the most recent common ancestor of 

ll serotypes in an older study was estimated around 1115 years 

go [15] . 

Relatively little is known about DENV in Africa, and although 

he first historical records date back to the 19 th century, DENV 

as first isolated in the 1960s in Nigeria. Retrospective neutraliz- 

ng antibody testing in the 1950s, however, suggests that the ear- 

iest confirmed outbreak occurred in South Africa in 1926-1927 

16] . Even today, suboptimal surveillance limits our understanding 

f DENV prevalence, origins, and epidemiology on the continent. 

frican dengue sequences represent < 1% of the global DENV se- 

uence data and even fewer data exist for the Democratic Republic 

f Congo (DRC). To fill some of these gaps, we performed a phy- 

ogenetic analysis on partial and/or complete African DENV-1 and 

ENV-2 sequences collected from returning travelers and from pa- 

ients in a 2016 study on the etiologies of acute fever in the DRC 

17] . 

aterials and methods 

erum collection 

We collected all available DENV-1 and -2 serum samples with 

 cycle threshold value < 32 stored at the Institute of Tropi- 
47 
al Medicine, Antwerp. These included samples from travelers 

n = 16) returning to Belgium from Africa that were collected 

or diagnosis between 2014 and 2020, as well as a sample se- 

ies (n = 13) obtained during an undifferentiated f ever study 

n 2016 in the DRC (Resfandi, ClinicalTrials.gov NCT02656862) 

 Table 1 ). 

NA extraction and real-time quantitative reverse 

ranscription-polymerase chain reaction 

At the Institute of Tropical Medicine, Antwerp, RNA was ex- 

racted using either a Maxwell RSC Instrument or Qiagen viral RNA 

inikit. Phocine distemper virus was added to all samples as an 

nternal extraction and polymerase chain reaction (PCR) inhibition 

ontrol [18] . A multiplex real-time quantitative reverse transcrip- 

ion PCR, which can distinguish between the four DENV serotypes, 

as then performed using primers and probes, as previously de- 

cribed [19] . Briefly, a 112bp fragment of the NS1 gene of DENV- 

 or a 77bp fragment of the E gene of DENV-2 was amplified in 

5 cycles by adding 5 μl of RNA to a 25-μl reaction using the 

ioline SensiFAST mix, Reverse Transcriptase, and RiboSafe RNase 

nhibitor. 

hole genome sequencing using MinION 

Whole genome sequencing was performed on an Oxford 

anopore MinION device using R9.4 flow cells (Oxford Nanopore 

echnologies, UK) based on a protocol from Quick et al ., 2017 [6] .

riefly, 7 μl of RNA was reverse transcribed to complimentary 

NA using random hexamers and SuperScript IV (ThermoFisher). 

ubsequently, a serotype-specific multiplex PCR was performed 

ith Q5 High-Fidelity DNA polymerase (New England Biolabs) in 

ix reactions, using either a 400 bp DENV-1 or DENV-2 primer 

cheme (Supplementary Table 1). Primer schemes were designed 

sing PrimalScheme ( https://primalscheme.com/ ) and empirically 

efined. Cycling conditions were 30 seconds at 98 °C, followed by 

5-30 cycles at 98 °C for 10 seconds, 65 °C for 1.5 minutes, 72 °C
or 2 minutes, and a final elongation step at 72 °C for 2 min- 

tes. The resulting 400 bp PCR products were pooled, cleaned us- 

ng AmpureXP magnetic beads (Beckman Coulter, UK), and quan- 

ified using a Qubit dsDNA High Sensitivity assay on a Qubit 

.0 instrument (Thermo Fisher Scientific, USA). The samples were 

hen barcoded using the Ultra II End Repair/dA-Tailing Module 

New England Biolabs) and the native barcoding kits NBD104 and 

BD114 (Oxford Nanopore Technologies), cleaned with magnetic 

eads, and pooled at equimolar ratios before ligation of the AMII 

dapters with blunt/TA ligase master mix (New England Biolabs). 

equencing libraries were loaded onto the R9.4 flow cell using 

he ligation sequencing kit LSK109 (Oxford Nanopore Technolo- 

ies), and sequencing data were collected overnight. Sequence 

eads were base-called in high accuracy mode and demultiplexed 

sing the Guppy algorithm v3.6 (Oxford Nanopore Technologies). 

he consensus genome sequences were produced using the Artic 

etwork’s bioinformatics pipeline ( https://artic.network/ncov-2019/ 

cov2019- bioinformatics- sop.html ), which incorporates primer re- 

oval, read alignment to a reference genome (AF309641.1_DENV1 

r GQ398268.1_DENV2) with minimap2, and the nanopolish algo- 

ithm ( https://github.com/jts/nanopolish ) to improve the consen- 

us sequence. Regions with insufficient coverage were masked with 

 characters. 

hylogenomic analysis of DENV-1 sequences 

To reconstruct the origin of the 18 newly sequenced African 

ENV-1 genomes, we assembled a curated dataset, including 

ll genotypes, consisting of the full genome DENV-1 Nextstrain 

https://primalscheme.com/
https://artic.network/ncov-2019/ncov2019-bioinformatics-sop.html
https://github.com/jts/nanopolish
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Table 1 

DENV genomes sequenced in this study from travelers returning to Belgium from Africa and from our 

2016 Resfandi study in the DRC. 

Accession number Serotype Genotype Country of origin Collection date Study 

MZ130518 DENV-2 Cosmopolitan Reunion 2019-05-14 Traveler 

MZ130519 DENV-2 Cosmopolitan Mozambique 2019-03-05 Traveler 

MZ130520 DENV-2 Cosmopolitan DRC 2016-04-11 Resfandi 

MZ130521 DENV-2 Cosmopolitan DRC 2016-06-20 Resfandi 

MZ130522 DENV-2 Cosmopolitan Egypt 2017-11-07 Traveler 

MZ130524 DENV-2 Cosmopolitan Benin 2019-07-09 Traveler 

MZ130525 DENV-2 Cosmopolitan Cameroon 2019-12-29 Traveler 

MZ130526 DENV-2 Cosmopolitan Tanzania 2014-05-21 Traveler 

MZ130527 DENV-2 Cosmopolitan Reunion 2019-01-05 Traveler 

MZ130528 DENV-2 Cosmopolitan Djibouti 2018-06-24 Traveler 

MZ130529 DENV-2 Cosmopolitan DRC 2017-04-30 Traveler 

MZ130530 DENV-1 Genotype V DRC 2016-06-17 Resfandi 

MZ130531 DENV-1 Genotype V DRC 2015-05-29 Traveler 

MZ130532 DENV-1 Genotype V DRC 2016-04-06 Resfandi 

MZ130533 DENV-1 Genotype V DRC 2016-06-17 Resfandi 

MZ130534 DENV-1 Genotype V DRC 2019-05-28 Resfandi 

MZ130535 DENV-1 Genotype V DRC 2016-05-09 Resfandi 

MZ130536 DENV-1 Genotype V DRC 2016-01-07 Resfandi 

MZ130537 DENV-1 Genotype V DRC 2016-06-14 Resfandi 

MZ130538 DENV-1 Genotype V DRC 2016-06-14 Resfandi 

MZ130539 DENV-1 Genotype V DRC 2016-06-20 Resfandi 

MZ130540 DENV-1 Genotype V DRC 2016-06-23 Resfandi 

MZ130541 DENV-1 Genotype V DRC 2016-02-26 Resfandi 

MZ130542 DENV-1 Genotype V DRC 2016-06-20 Resfandi 

MZ130543 DENV-1 Genotype V Seychelles 2016-07-25 Traveler 

MZ130544 DENV-1 Genotype V Africa 2020-01-02 Traveler 

MZ130545 DENV-1 Genotype V Djibouti 2020-01-12 Traveler 

MZ130546 DENV-1 Genotype V Tanzania 2020-01-08 Traveler 

MZ130547 DENV-1 Genotype V Tanzania 2020-01-31 Traveler 

DENV, dengue virus; DRC, Democratic Republic of Congo. 
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anel ( https://nextstrain.org/dengue/denv1 ) [20] , which we down- 

oaded from the National Center for Biotechnology Information 

 https://www.ncbi.nlm.nih.gov/genbank/ ), as well as all African 

ENV-1 sequences with a minimal length of 1400 bp available in 

he VIPR database ( https://www.viprbrc.org/ ) on July 2021. Hence, 

his length filter included all full-length E gene sequences. Se- 

uences were trimmed to the coding sequence (CDS) and aligned 

sing MAFFT v7 [21] . We screened for recombinant sequences 

sing RDP 4 [22] and removed the suspected recombinants if 

etected by more than three methods. To check for a tempo- 

al signal in the dataset, a maximum likelihood phylogenetic 

ree was inferred with IQ-TREE v1.6.12 [23] using the GTR + F + R5

odel and used to perform a root-to-tip regression in Tempest. 

ight outliers were removed. The location info of all sequences 

as double-checked in GenBank to reflect the country of sam- 

ling rather than the country of sequencing. To reduce the num- 

er of sequences for time-scaled analysis, we downsampled this 

ataset manually by using only one sequence per monophyletic 

roup from the same country and sampled within the same 

ear. This led to a total dataset of 730 sequences, including 18 

ew complete genomes, which were codon-aligned. Time-scaled 

ayesian analysis was performed using the GTR + gamma nu- 

leotide model with three codon partitions, an uncorrelated log- 

ormal relaxed clock assumption, a skyline demographic model, 

nd an ancestral geographic state reconstruction. Multiple seeds 

f a 600 million Markov chain Monte Carlo were run, sampling 

very 10 0,0 0 0 states with 10% burn-in, and combined using Log- 

ombiner v1.10.4 to a total chain length of 3.78 billion. Statis- 

ical convergence was determined in Tracer v1.7.2 by examining 

he trace plots in addition to ESS values, which exceeded 200 for 

ll parameters. A maximum clade credibility tree was finally con- 

tructed from the combined tree files using TreeAnnotator v1.10.4 

nd visualized in iTOL v6.5.6 ( Figures 1 and 2 ). Trees display- 

ng only the introductions into Africa ( Figures 1 and 2 ) were vi-

ualized as an ‘exploded tree’ using the python package Baltic 
(

48 
 https://github.com/evogytis/baltic and https://phylo-baltic.github. 

o/baltic-gallery/ ). The sequence, xml, and tree files are provided 

n the Supplementary materials. 

hylogenomic analysis of DENV-2 sequences 

To reconstruct the origin of the 11 newly sequenced African 

ENV-2 Cosmopolitan genomes, we downloaded all available epi- 

emic DENV-2 sequences from the VIPR database, with a minimum 

ength of 1400 bp and aligned them to Nextstrain’s DENV-2 geno- 

ype panel to identify the sequences belonging to the cosmopoli- 

an genotype by constructing an machine learning tree in FastTree 

2.1.10. The suspected recombinant sequences were removed from 

his cosmopolitan dataset, as well as sequences from animals or for 

hich no date or location could be found. To limit the amount of 

ata, we then selected only the sequences larger than 90 0 0 bp, un- 

ess they were sampled in Africa, for which no second length filter 

as applied. This dataset was then further processed in a similar 

ay as described previously for DENV-1 using the IQ-TREE and the 

TR + F + R5 model for root-to-tip regression. A total of 13 outliers 

ere identified in Tempest and after monophyletic downsampling, 

his resulted in a total of 366 sequences for time-scaled analysis 

sing the GTR + gamma nucleotide substitution model. The com- 

ined Markov chain Monte Carlo length from multiple seeds was 

.35 billion. The sequence, xml, and tree files are provided in the 

upplementary materials. 

esults 

To reconstruct the evolutionary history of the newly acquired 

frican DENV genomes described in Table 1 , a phylogeographic, 

ime-scaled Bayesian analysis was performed using a curated panel 

f 730 and 366 near-complete genomes of, respectively, DENV-1 

all genotypes) and DENV-2 (cosmopolitan genotype). 

https://nextstrain.org/dengue/denv1
https://www.ncbi.nlm.nih.gov/genbank/
https://www.viprbrc.org/
https://github.com/evogytis/baltic
https://phylo-baltic.github.io/baltic-gallery/
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Figure 1. Bayesian phylogeographic analysis of DENV-1 whole genome sequences. Only the introductions to Africa are depicted. The triangles at the root of each subtree 

represent the country of origin for each introduction, whereas a circle represents tips. The names of the sequences generated in this study are shown in bold. Internal nodes 

are depicted as either open circles with full support (posterior probability > 0.95) or black circles with less support (posterior probability ≤0.95). Colors indicate the most 

likely country of each branch and tip. For each introduction, pie charts and horizontal gray bars show, respectively, the country posterior probabilities and the 95% HPD 

interval at both the exporting and importing node. If an introduction is represented by only one sequence, a 95% HPD interval could not be estimated. For visual reasons, 

posterior probabilities < 0.05 were left out of the pie charts. The map of the world summarizes the introductions from Asian countries (blue) into African countries (red). 

DENV, dengue virus; HPD, highest posterior density interval. 
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ENV-1 introductions into Africa 

All new DENV-1 genomes (n = 18, Supplementary Figure 1, 

ed names) belonged to genotype V and mostly confirm previ- 

usly known introductions of DENV-1 into Africa because they 

luster with African panel sequences (Supplementary Figure 1, blue 

ames). From the limited amount of data available, a minimum 

f 10 introductions could be identified by estimating the time 

o the African clades’ most recent common ancestor ( Figure 1 

nd Supplementary Table 2). The oldest introduction occurred be- 

ween 1938 and 1966 from India into Nigeria and gave rise to an 

frican subtype V DENV-1 clade, which further spread to Ivory 

oast, Gabon, Angola, and the DRC. All of the DRC genomes from 

ur 2016 study belong to this clade and seemingly find their 

rigin in the 2013 Angolan outbreak. The other nine introduc- 

ions happened from the 1970s onward, of which eight origi- 

ated from Asian countries, including India, Thailand Malaysia, 

ingapore, and Bangladesh. Three introductions, one from Puerto 

ico to Angola, one from Singapore into Reunion Island, and 

ne from Bangladesh into the Seychelles, have only one repre- 
r

49 
entative, which might suggest that they failed to establish. Fi- 

ally, three of the new sequences represent two previously un- 

etected introductions, one from India into Djibouti (est. 2016- 

020) and the one from Bangladesh into the Seychelles (est. 

013-2017). Overall, the descending sequences of each introduc- 

ion primarily cluster according to the geographical region within 

frica. 

ENV-2 cosmopolitan introductions into Africa 

All African DENV-2 genomes (n = 11, Supplementary Figure 

, red names) obtained in this study belonged to the cosmopoli- 

an genotype. To limit the amount of data, we only compared 

hem against a panel of 366 cosmopolitan sequences. A minimum 

f eight cosmopolitan DENV-2 introductions could be identified 

 Figure 2 and Supplementary Table 2). Most new sequences con- 

rm previously detected introductions into Africa, clustering with 

nown African sequences (Supplementary Figure 2, blue names). 

owever, a single sequence from a traveler returning from Egypt 

epresents a new introduction (est. 2015-2018) and belongs to a 
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Figure 2. Bayesian phylogeographic analysis of cosmopolitan DENV-2 whole genome sequences. 

DENV, dengue virus. 
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ENV-2 cosmopolitan clade that, until now, has only been de- 

ected in Malaysia and Sri Lanka. Again, the sequences within 

ach African cluster often stem from the same geographical re- 

ion. There were five introductions from India, one into Uganda 

est. 1976-1993), one into Kenya (est. 2007-2012) that spread to 

jibouti, one into the DRC (est. 2014-2016) that spread to China 

nd Angola in 2018, and finally, two singleton introductions into 

he Seychelles (est. 1969-1977 and 2015-2016). In addition, one in- 

roduction from China into Tanzania (est. 2012-2014) is now also 

eing detected in Mozambique. In contrast to these relatively re- 

ent introductions, an early introduction from Indonesia into Burk- 

na Faso gave rise to a major West African cosmopolitan clade, 

hich has since dispersed to Somalia, Kenya, Senegal, Benin, Ivory 

oast, Cameroon, Mali, Niger, and Mauritania. We estimate this in- 

roduction to have occurred between 1973 and 1981. 

emographic history 

The demographic history of DENV-1 and cosmopolitan DENV- 

 was estimated using a Bayesian skyline plot ( Figure 3 ). Over- 

ll, it showed an increasing trend consistent with the exponen- 

ial growth and global spread of DENV observed over the last 70 

ears [11] . For DENV-1, the effective population size remained rel- 

tively stable until 1985, when a sharp increase could be observed. 

ereafter, the population remained stable again until a second in- 

rease between 2005 and 2012, followed by a drop and flattening 

ut. For cosmopolitan DENV-2, we observe a similar stable popu- 
50 
ation until roughly 1985, after which an expansion occurred over 

7 years, with a sharper increase around 20 0 0. After that, however, 

rowth has stalled in the last 20 years, with a temporary dip ob- 

erved around 2011. 

iscussion 

DENV cases have exponentially grown over the past decades; 

et, little is known about the introduction and spread of dengue in 

frica. Therefore, we explored the evolutionary history of DENV-1 

nd the cosmopolitan genotype of DENV-2 in Africa using whole 

enome sequences available in public databases and by adding 29 

ew African DENV-1 and -2 sequences. 

Almost all these genomes originate in Asia, specifically in In- 

ia and its neighboring countries. Multiple introductions have oc- 

urred and, consistent with the divergence time of human DENV 

rom its sylvatic progenitor, DENV-1 introductions into Africa date 

ack earlier than the cosmopolitan DENV-2 introductions. We 

dentified four previously unknown introductions of DENV-1 or 

2 into Africa out of 18. No recent descendants were detected 

or some introductions, suggesting they did not establish locally, 

hereas other introductions diversified into clades. However, the 

trong geographical clustering observed within each African clade 

uggests that limited mixing occurred after each introduction in 

frica. 

Apart from confirming the already identified or new intro- 

uctions, our sequence data also revealed the DRC as the most 
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Figure 3. Demographic evolutionary history of DENV-1 and cosmopolitan DENV-2 based on whole genome sequences. The mean posterior values of the effective population 

size in log are plotted by the bold blue line, whereas the 95% HPD intervals are depicted by the light blue lines. 

DENV, dengue virus; HPD, highest posterior density interval. 
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ikely source of the 2018 Angolan DENV-2 epidemic and not East 

frica or directly India, as was previously suggested [ 24 , 25 ]. Simi-

arly but in the other direction, our DENV-1 2016 DRC sequences 

luster within the 2013 Angolan outbreak. This is in line with 

amples from travelers returning from the DRC in 2015 [26] and 

019 [27] . Interestingly, such an epidemiological link between the 

wo countries was also been shown in a yellow fever outbreak 

n 2015 [28] . 

Both DENV-1 and cosmopolitan DENV-2 datasets contain a 

ong-established, and in that sense African, clade. For DENV-2, 

his clade was potentially established by an introduction from In- 

onesia into Burkina Faso or Somalia in the late 70s, whereas for 

ENV-1, it was potentially an import from India into Nigeria be- 

ore 1962. This link might not be surprising because both coun- 

ries were colonies of the British Empire, and soon after Nige- 

ian independence in 1960, India provided strategic support and 

xpanded trade with the country [29] . The fact that the remain- 

ng DENV-1 introductions almost all happened since the 1980s 

rom exclusively Asian countries also corresponds with African and 

sian countries strengthening commercial ties in the postcolo- 

ization period, which might have led to increased travel. Simi- 

arly, for cosmopolitan DENV-2, most introductions happened in 

he last 15 years, seemingly reflecting the existing economic re- 

ationships between, e.g ., China and DRC and India and East 

frica. 

This study is limited by the paucity of African sequences, by 

he predominance of recent sequences that can impact the time 

alibrations, and by sampling bias toward countries that generate 

ore genomic sequences, which can impact the phylogeographic 

econstructions. We attempted to minimize such bias by manually 

ownsampling each monophyletic group from the same country 

nd the same year to one sequence. Nonetheless the results in this 

tudy need to be interpreted with caution, mainly due to an overall 

ack of African sequence data. 

In conclusion, we showed that DENV-1 and -2 cosmopolitan 

irculating in Africa consist of a mix of an older African clade 

nd mostly recent introductions. The ongoing importation from 

ENV in Africa from a limited number of Asian countries, the 

ontinued increase in trade and human travel between Asia and 

frica, and the limited geographical spread in Africa after importa- 

ion call for active surveillance. As such, interventions at the por- 

als of entry can potentially prevent further spread of different 

ENV geno- and serotypes, which would otherwise result in hy- 

erendemicity and an increased disease burden. In addition, whole 

enome sequencing studies (on retrospective samples) will further 
51 
nhance our understanding of DENV diversity and evolution in 

frica. 
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