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Background on Dengue

DENGUE FEVER

e Genus : Flavivirus
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MEMBRANE PROTEIN (M)

e« Causes a hundred million dengue cases annually, with
significant morbidity and mortality.

ENVELOPE PROTEIN (E)

* No specific antiviral drugs and vaccine provide limited
or incomplete.
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Dengue burden trend

Global distribution of dengue cases, by country, 2024

Region of the Americas

South-East Asia Region
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Dengue is endemic in tropical and subtropical regions, with recurrent outbreaks reported in
many areas. More than half of the global population now lives in regions at risk of dengue infection.



Molecular epidermiology
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Epidemiological information
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Transmission Outbreak
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Relationships Strains shifts
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|ldentify genetic relatedness Detect genotype replacement Estimate divergence times Infer viral movement, identify Distinguish repeated
among viral strains, define over time, reflect viral fithness and  and MRCA, reconstruct viral  transmission routes, hubs and introductions vs local spread
clusters and transmission population immunity evolutionary history. directionality and link viral genetics to
networks. epidemic events



Seminar papers

nature communications

Molecular epidemiology and evolutionary o
characteristics of dengue virus 2 in Nature communications

East Africa Published in 2023, IF 15.7 (Q1)

Panpim Thongsripong®, Francis Mutuku ® ®, Bryson Ndenga ®°, Joel O. Mbakaya®,
Peter Aswani®, Peter 5. Musunzaiji’, Philip K. Chebii’, Priscilla W. Maina’,

Published onling: 07 Seplember 2024 Paul S. Mutuku’, Charles M. Nﬂ’-ﬂl"ﬂ'ﬂ?. Said L. Malumbo’, Zainab Jembe®,

David M. Vu®?, Erin A. Mordecai ®'°, Shannon Bennett®",

% Check for updates Jason R. Andrews ®22 & A. Desiree LaBeaud @212

Accepted: 25 July 2024

Original Research

} frontiers ‘ Frontiers in Genetics 28 May 2024
10.3389/fgene.2024.1368843

Molecular epidemiology of
dengue in Malaysia: 2015-2021 Frontiers

Yu Kie Chem?™, Surya Pavan Yenamandra®', Chee Keong Chong?, PU bIIShed in 20245 IF 28 (Q2)

Rose Nani Mudin?®, Ming Keong Wan?, Norazimah Tajudin’,
Rehan Shuhada Abu Bakar?!, Mohd Asri Yamin?, Rokiah Yahya?,
Chia-Chen Chang?®, Carmen Koo?, Lee Ching Ng**°* and
Hapuarachchige Chanditha Hapuarachchi*



First paper

———————————————————————————————— OVERVIEW y
nature communications

Article https://dol.org/10.1038/:41467-024-51018-0

Molecular epidemiology and evolutionary
characteristics of dengue virus 2 in

East Africa
DENYV detection and
whole-genome NGS
Received: 11 May 2023 Sindiso Nyathi' , Izabela M. Rezende®, Katharine S. Walter®,
A 75 o 2098 Panpim Thongsripong®, Francis Mutuku ® ®, Bryson Ndenga ®®, Joel O. Mbakaya®, ‘
coepted: 25 July Peter Aswani®, Peter S. Musunzaji’, Philip K. Chebii’, Priscilla W. Maina’,
Published online: 07 September 2024 Paul 5. Ml.ltl..l'{l.l?, Charles M. Ng’ang‘a?. Said L. Malurnha’. Zainab JEITII:]EE,

David M. Vu ®2, Erin A. Mordecai®", Shannon Bennett®",

1 Check for updates Jason R. Andrews ®22 & A. Desiree LaBeaud ®212

Phylogenetic and phylogeographic
of Kenyan DENV-2 in a global context.

p Objectives

» To assess the underlying genetic structure of circulating DENV-2.
» To evaluate the extent of gene flow within Kenya

 To contribute global and local circulation patterns to disease spread. To investigate the drivers of dengue
outbreaks in Kenya




Result 1: Dengue proportion in Kenya

Objective To identify the circulating dengue virus serotypes.

- METHOD x

®
> oe | - I

Blood RNA extraction DENV detection and serotyping Amplicon-based WGS
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DENV-2 Only six samples were successfully sequenced.




Result 1: Dengue virus 2 sequences isolated from Kenya

Objective To investigate dengue virus genetics diversity distribution in Kenya.

: : Kenya Global region

Site City N Region Study Region
Newly 6 sequences combine Study Msambweni |1 Oceania Australia 3
. h A R . Ga/P
with global sequence Ukunda 5 ' Qwama (Melanesia/Polynesia) 11
— Eurasia Europe 3
lotal 6 Central South-Eastern Asia 63
‘ Non-study |Lamu I Eastern Asia 22
Malindi 14 Lower South-Eastern Asia 33
Multiple sequence alignment Mombasa 13 Upper South-Eastern Asia 36
leapa 7 Western Asia 2
‘ Vo | Americas Central America and Caribbean| 31
01_ _ North America 14
_ _ Wajir l South America 50
Recombinant detection Africa Eastern Africa 12
Total 37 Northern Africa
‘ Grand Total 43 Southern Africa 7
| |
Western Africa 16
. Central Africa 2
ML phyloger_letlc Total 312
reconstruction
A total of 355 sequences were included in phylogenetic analyses.
k ) (1944-2022)




Result 1: Dengue virus 2 sequences isolated from Kenya

Obijective

To investigate dengue virus genetics diversity distribution in Kenya.

d.

Within Kenya Locations

. Coastal Kenya (Study)
. Central Kenya (Non-5tudy)

Coastal Kenya (Non-Study)

Other Locations

Western Africa
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Central Africa

Other Locations
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Lineage 2
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Genotype |l (Cosmopolitan)

e Over 50% of included sequences
e The broadest geographic distribution

Genotype V (Asian |)

e Only 51 sequences
e The most geographically restricted

Non-sylvatic genotypes

Sylvatic genotypes



Result 1: Dengue virus 2 sequences isolated from Kenya

Objective To investigate dengue virus genetics diversity distribution in Kenya.

. Lineage1 C. Lineage?2
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West and Central Africa
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 The L2 clade clustered closely with sequences
from Southern Africa and Eastern Asia
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F"ﬁ DENV-2 in Kenya shows multiple origin of lineages with consistent replication of the virus in

the location.




Result 2: Bayesian phylogenetic analyses

Obijective

To estimate divergence times among DENV-2 lineages and assess their temporal emergence.

METHOD

Temporal signal

¥

Bayesian phylogenetic analysis

A X

Bayesian Evolutionary Analysis Sampling Trees
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Time-scaled phylogenetic tree
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Result 2: Bayesian phylogenetic analyses

Obijective To estimate divergence times among DENV-2 lineages and assess their temporal emergence.

Sequence Collection Location

Kenya

Coastal Kenya (Study)
Coastal Kenya (Non—Study)

Central Kenya (Non-Study)
Africa

Central Africa
Eastern Africa
Morthern Africa
Southern Africa
Western Africa

External

Australia

Central America Caribbean
Central South East Asia
East Asia

Europe

Lower South East Asia
MNaorth America

Oceania

South America

Upper South East Asia
West Asia

200000

The MCC tree confirmed that DENV-2 isolates collected in Kenya are not monophyletic consisting of at
least two separate lineages.



Result 2: Bayesian phylogenetic analyses

Objective To estimate divergence times among DENV-2 lineages in Kenya and assess their temporal emergence.

b Kenya Lineage 1 C Kenya Lineage 2

MRCA 2013 95% HPD [2012 - 2013] ) MRCA 2007 95% HPD [2005- 2009]
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L2 has an estimated MRCA around 2007 whereas L1 has a more recent MRCA in Kenya in 2013.



==! « DENV-2 was introduced into Kenya multiple times at different time points.
e The transmission in Kenya reflects multiple evolutionary histories rather than sustained

circulation of a single lineage.




Result 3: Geographic spread pattern of DENV-2 within Kenya

Objective To determine the origins and geneflow of DENV-2 in Kenya.

- METHOD 2 \

\\\
)
Time-scaled tree Waj ir
Lamu
L "
Discrete phylogeographic modeling “‘“ﬁ.,l Malind
"'r:l .
s Vo Mtwapa
S Mombasa
Markov process H\‘x\ (vi Ukunda
M ~ Msambweni
Bayesian Stochastic Search Variable
Selection The viral movement is concentrated within coastal regions with
coastal sites acting as hubs for local transmission.




To determine the origins and geneflow of DENV-2 in Kenya.

F‘ Limited sequencing data collected from less densely sampled locations prevent more

ﬂ accurate phylogeographic inference specific to these sites.




Result 3: Geographic history of DENV-2 detected in Kenya.

Objective To determine the origins and introduction events of DENV-2 into East Africa.

Eastern Asia

TQ}
M %y Lower S.
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1913189,

Western
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Despite these different entry points, both lineages trace their deeper evolutionary origins to
Oceania and Lower Southeast Asia.

14



Conclusion

e DENV-2 in Kenya is not locally derived but the result of multiple historical introductions.

e East and Southeast Asia functions as a global source region which corresponds to the
substantial trade and travel flows between Asia and Africa.

e Introduction into Kenya appears to be followed by regional amplification, especially along the
coast rather than widespread export.




Second paper

OVERVIEW

Original Research

,:' frontiers | Frontiers in Genetics 28 May 2024
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Objectives

e To characterize genetic diversity, temporal dynamics, and phylogeographic

spread of DENV in Malaysia
e To assess spatiotemporal transmission in Malaysia and across Asia.

10.3389/fgene.2024.1368843

Patient samples Dengue surveillance data

¥

Dengue detection and E protein sequencing

¥

Molecular epidemiological analyses

¥

Understanding outbreak patterns
and disease severity




Result 1: Dengue Burden and Distribution in Malaysia

Obijective

METHOD

National reported cases

¥

State-level and temporal
aggregation

¥

National dengue surveillance data
analysis
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Result 2: Distribution of DENV serotype

Objective To describe patterns of DENV serotype circulation over time and states.
- METHOD \
Serum RNA extraction Detection and Serotyping
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The serotype proportion fluctuated over time, dominant periodically and no clear dominance of a

single serotype across Malaysia from 2016 to 2021



Result 3: Genotype and Lineage dynamics

Obijective

METHOD 3

E protein sequence

|
i i
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n=17,732

Malaysian
n=25471

¥

Maximum likelihood analysis

MIE[G[A

To assess dengue virus genetic diversity and infer lineage origins.
0.99

Gl_clade A
Gl_clade B Genotype |
JF960228 Singapore_GI_2010 Genotype |l
KP298004_Japan_GI_2014 " Genotype IV

0.99

0.99

0.99

Genotype |

Genotype I

o Genotype IV

0.99

0.99

— AF425630_Thailand_GI_1980

Gl_

Gl_clade B
JF960228_Singapore_GI_2010
KP298004_Japan_GI_2014
KY057367_Indonesia_GI_2012

JF960218_Singapore_GI_2009
JF967821_Malaysia_GI_2008
GQ357687_Singa
KY882520_Malaysia_GI_2011

Gl e C

EU081276_Singapol
GQ357676_Singapore_GI_2008
PP124118_Malaysia_GI_2016
LC148022_Malaysia_GI_2004

GI_clade D

EU069609_Singapo
AB111079_Thailand_GI_2002
JQ993196_Thailand_GI_2006

MW946230_Thailand_GI_1995
PP124187_Malaysia_GI_2018

PP124171_Malaysia_GI_2017
LC011949_Japan_GI_2014
KF060917_China_GI_2012
KY818146_Thailand_GI_2012
KC861928_Vietnam_GI_2009
KX357936_Myanmar. il
PP123982_Malaysia_GI_2017
KT373902_Thailand_GI_2009
HQ891315_SriLanka_GI_2009

MG894867_Taiwan_(
KT175105_Vietnam_GI_2014
JF960221_Singapore_GI_2010
KX380798_Singapore_GI_2012
KU509294_Thailand_GI_2014
KC006935_China_GI_2011
KU509259_Thailand_GI_2008
AY732418_Thailand_GI_1997
JF804025_Thailand_GI_1997

KJ649286_Saudi Arabia_GI_2011

clade A

pore_GI_2008

JF967796_Malaysia_GI_2008
KU570093_China_Gl_2004
KU529727_Indonesia_GI_2015
JN415511_Malaysia
KC861969_Vietn:

JF960227_Sin Gl
PP124135_Malaysia_GI_2016

_GI_2005
am_G|_2008
gapore_GI_2010

re_GI_2005

PP1 24034;Ma\ays\a_Gl_201 5
MN628182_Laos_GI_2010
JF967895_Indonesia_GI_2010

re_Gl_2004

Gl_2015

PP124175_Malaysia_GI_2017
PP124047_Malaysia_GI_2015
PP124094_Malaysia_GI_2015
KX225491_China_GI_2015
JQ403517_Taiwan_GI_2008
KF926700_Laos_GI_2011
JF812097_Thailand_GI_2006

PP124024_Malaysia_GI_2020

PP124008_Malaysia_GI_2019
GI_2015

SouthKorea_GIV_2006

KT204444_Indonesia _GIV_2012

i 4_Thailand_GII_1964
0.99

AF425629_Thailand_GII_1963

KM204119_Hawaii_GI_1944
KP406803_¢
JQ655095_Samoa_GIV_2001
PP124185_Malaysia_GIV_2018
EU179861_Brunei_GIV_2006
AF425627_Philippines_GIV_1974
KC316014_NewCalidonia_GIV_2012
DQ855297_China_GIV_1995

AB600922_Indonesia_GIV_1988
KY495800_PapuaNewGuinea_GIV_2015

————— LC148024_Indonesia_GIV_2005
L KU509261_Indonesia_GIV_2010
MT076932_Kenya_GII_2014

HQ149732_China_GV_2009

JN036371_Bangladesh_GV_2009

KT239343_Pakistan_GV_2014

JIN415507_India_GV_2008
KP685233_Singapore_GV_2012

JN544400_Singapore_GV_2011

KP792535_Singapore_GV_2011

1

KY021899_India_GV_2015
PP123992_Malaysia_GV_2018
PP124019_Malaysia_GV_2019
KX721480_India_GV_2015
8

JIN903579_India_GV_200

AM746218_Saudi Ar:

abia_GI_1994
KY021900_India_GV_2015

JF754980_Nepal_GV_2010

AF425624_Mexico_GV_1983

KT239349_Pakistan_GV_2014
KM277610_Angola_GV_2013
KY818101_Colombia_GV_2013

KX768384_Argentina_GV_2016

KY461740_CostaRica_GV

KY461754_Costal _

KX768362_Argentina_GV_2016

JF804023_Virginlslands_GV_1987
KT239351_Pakistan_GV_2014

JF297573_India_GV_1962

20.0

1
2025

T T T T
1925 1950 1975 2000

0.99

KY057367_Indonesia_Gl_ 2012
JF960218_Singapore_GI_2009
JF967821_Malaysia_GI_2008
GQ357687_Singapore_GI_2008
KY882520_Malaysia_GI_2011

Gl_clade C

JF967796_Malaysia_Gl_2008
KU570093_China_GI_2004

KU529727 Indonesia_Gl_2015
JN415511_Malaysia_GI_2005

KC861969_ Vietnam_GI_2008
JF960227 Singapore_GI_2010

PP124135_Malaysia_G|_2016

EU081276_Singapore_GI_2005
GQ357676_Singapore_GI_2008

PP124118_Malaysia_Gl_2016

LC148022_Malaysia_GI|_2004

Gl_clade D
PP124054_Malaysia_GIl_2015

MN628182_Laos_GI_2010
JF967895_Indonesia_Gl_2010

0.99 .
——  EU069609_Singapore_G|_2004

AB111079_Thailand_GI_2002
JQ993196_Thailand_GI_2006

MW946230_Thailand_GI_1995

PP124187 Malaysia_GI|_2018

[ PP124171_Malaysia_GI|_2017
LC011949_Japan_GI_2014

KF060917 China_GI 2012
KY818146_Thailand_GI_2012
KC861928 Vietnam_GI_2009

KX357936_Myanmar_GIl_2015
PP123982_Malaysia_GI_2017

KT373902_Thailand_GI_2009
HQ89131§_787ril_73rlkia_iGl_2009 -

e 18 monophyletic clades across genotypes
e Basal sequences from South/East Asia and Australia



E_D! Each clade included sequences from many regional countries
e Suggesting the widespread presence of respective clades in South/East Asia

e Indicating the potential sources of their introduction into Malaysia




Result 3: Genotype and Lineage dynamics

Objective To identify evidence of lineage turnover over time and across regions.
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Lineage turnover was associated with changes in case burden and some introduced genotypes
failed to sustain local transmission.



Result 4: Phylogeography analysis of E protein
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To reconstruct dengue virus spread and identify key domestic and regional hubs.
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E,! Dengue virus transmission occurs predominantly within Malaysia with Selangor acting
as a major hub linking multiple states while international introductions play a limited

role in sustaining transmission.
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Result 5

To evaluate whether specific dengue virus genotypes are associated with increased disease severity.
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Genotype | of DENV-1 and cosmopolitan of DENV-2 collectively contributed the highest
number of severe infections in each year from 2015-2020.



Conclusion

e Viral lineages were repeatedly introduced but only a subset successfully sustained local
transmission highlighting the importance of domestic spread through highly connected urban
hubs.

e Severe dengue is associated with viral genotypes but severity patterns largely reflect genotype
prevalence highlighting the importance of host and epidemiological factors.




Criticisms

First Paper Second paper

e Provides inference of both the direction and e Comprehensive comparison across
relative rates of viral movement between serotypes.
regions e Links viral genotypes with disease severity.

Strong point

e Enables more accurate reconstruction of
evolutionary history.

e Limited sampling density and focus on * Phylogeographic analyses infer gene flow
DENV-2 constrain inference of sustained local between locations but cannot reconstruct
Weak point transmission and broader dengue dynamics. exact transmission pathways or directional

movement with certainty.
 Lower molecular resolution for individual
lineages.
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