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Dengue	
  Overview	
  

•  Dengue	
  Viral	
  Infec2on	
  
	
  
•  Epidemiology	
  and	
  Distribu2on	
  

•  Clinical	
  features,	
  pathogenesis,	
  treatment	
  

•  Vector	
  control	
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Dengue	
  virus	
  

Dengue	
  virus	
  belongs	
  to	
  the	
  Flavivirus	
  genus	
  of	
  the	
  Flaviviridae	
  family	
  

Other	
  flaviviruses	
  include:	
  Yellow	
  Fever,	
  JE,	
  West	
  Nile	
  Virus	
  &	
  Zika	
  

Vectors	
  are	
  species	
  of	
  Aedes	
  mosquito	
  

	
  

•  Four	
  an2genically	
  dis2nct	
  serotypes	
  (DENV-­‐1,	
  DENV-­‐2,	
  DENV-­‐3,	
  DENV-­‐4)	
  

•  Enveloped	
  virus	
  

•  10.7kb	
  ssRNA	
  genome	
  

•  Three	
  structural	
  proteins	
  (E,	
  C,	
  M)	
  

	
  

Source:	
  Henchal	
  EA,	
  Putnak	
  JR	
  (1990)	
  Clin	
  Microbiol	
  Rev	
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Transmission	
  cycle	
  

• 	
  Dengue	
  is	
  an	
  acute	
  arboviral	
  disease	
  

• 	
  Vectors	
  are	
  species	
  of	
  Aedes	
  mosquito	
  

• 	
  Major	
  host	
  is	
  humans	
  

• 	
  Dengue	
  virus	
  transmibed	
  by	
  the	
  bite	
  of	
  an	
  infec2ve	
  
	
  female	
  Aedes	
  mosquito	
  

Source:	
  Wellcome	
  Trust	
  Topics	
  in	
  Interna2onal	
  Health:	
  Dengue	
  2001	
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Dengue	
  

Dengue	
  is	
  an	
  (emerging)	
  infec2ous	
  disease	
  of	
  tropical	
  and	
  sub-­‐tropical	
  regions	
  
	
  
Transmibed	
  by	
  Aedes	
  mosquitoes	
  
	
  
Clinically	
  apparent	
  infec2ons	
  present	
  as	
  a	
  spectrum:	
  	
  

Dengue	
  	
  

Severe	
  dengue	
  
	
  

Es2mated	
  annual	
  global	
  burden:	
  
390	
  million	
  infec2ons	
  (285M	
  –	
  525M)	
  
96	
  million	
  clinical	
  infec2ons	
  

2	
  million	
  severe	
  dengue	
  cases	
  
20,000	
  deaths	
  
	
  

Can	
  be	
  epidemic	
  and/or	
  endemic	
   5	
  

Asymptoma5c	
  

Symptoma5c	
  

Hospitalized	
  



Source	
  

:	
  hbp://www.who.int/csr/disease/dengue/impact/en/	
  	
  

Dengue	
  
1960	
  -­‐	
  2010	
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8	
  Restrepo	
  AC,	
  Baker	
  P,	
  Clements	
  AC.	
  Na2onal	
  spa2al	
  and	
  temporal	
  paberns	
  of	
  no2fied	
  dengue	
  cases,	
  Colombia	
  2007-­‐2010.	
  Trop	
  Med	
  Int	
  Health.	
  
2014;19:863-­‐71,	
  and	
  Courtesy	
  of	
  Oliver	
  Brady	
  (Oxford	
  University).	
  

Spa2al	
  and	
  temporal	
  
heterogeneity	
  in	
  disease	
  
transmission	
  



Burden	
  to	
  individuals,	
  communi2es	
  &	
  health	
  systems	
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Risk	
  factors	
  for	
  severe	
  dengue	
  

Risk	
  Factors	
  	
  
•  Secondary	
  infec2on	
  
•  Young	
  age1	
  	
  
•  Female	
  gender1	
  
•  BMI:	
  obesity	
  
•  Virus	
  strain	
  (?)	
  
•  Host	
  gene2cs	
  
•  Co-­‐morbidi2es	
  

1	
  Anders	
  et	
  al,	
  Emerg	
  Infect	
  Dis.	
  2013	
  Jun;19(6):945-­‐53.	
  

The	
  really	
  important	
  clinical	
  feature	
  of	
  dengue	
  
	
  Vascular	
  permeability	
  leading	
  to	
  dengue	
  shock	
  syndrome	
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•  pre-­‐exis2ng	
  an2bodies	
  bind	
  to	
  heterologous	
  serotype	
  but	
  fail	
  to	
  neutralise	
  it.	
  Can	
  
occur	
  in;	
  

–  Secondary	
  infec2on	
  

–  Primary	
  infec2on	
  in	
  infants	
  born	
  to	
  immune	
  mothers	
  

•  Experimentally	
  results	
  in	
  altered	
  cellular	
  tropism	
  and	
  higher	
  virus	
  burden	
  

Dengue	
  
	
  
	
  

An5body	
  dependent	
  enhancement	
  (ADE)	
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Simmons	
  et	
  al,	
  N	
  Engl	
  J	
  Med.	
  (2012)	
  366:1423-­‐32.	
  

Dengue	
  pathogenesis	
  

•  An2body-­‐	
  dependent	
  
enhancement	
  is	
  thought	
  to	
  
increase	
  viral	
  burden	
  
-­‐  linked	
  to	
  the	
  presence	
  of	
  non-­‐
neutralizing	
  an2bodies	
  	
  

•  Elevated	
  concentra2ons	
  of	
  
inflammatory	
  mediators,	
  
cytokines,	
  and	
  chemokines	
  
-  adding	
  to	
  inflamma2on	
  

	
  	
  
•  Immunologic	
  response	
  is	
  thought	
  

to	
  promote	
  capillary	
  permeability	
  
when	
  the	
  viral	
  burden	
  is	
  in	
  
decline.	
  
-  exact	
  mechanisms	
  are	
  unclear	
  

	
  
•  Loss	
  of	
  essen2al	
  coagula2on	
  

proteins	
  probably	
  plays	
  a	
  major	
  
role	
  in	
  the	
  development	
  of	
  the	
  
typical	
  coagulopathy	
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Clinical	
  Spectrum	
  of	
  Dengue	
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Severe	
  Dengue	
  

Severe	
  dengue	
  –	
  shock,	
  haemorrhage	
  or	
  severe	
  organ	
  impairment	
  
	
  
Shock:	
  Systemic	
  vascular	
  permeability	
  leading	
  to	
  vascular	
  hypovolemia	
  and	
  
Dengue	
  Shock	
  Syndrome	
  
	
  
Haemorrhage:	
  bleeding	
  manifesta2ons	
  due	
  to	
  the	
  combined	
  effects	
  of:-­‐	
  

Thrombocytopenia	
  
Deranged	
  haemostasis	
  	
  
	
  

Severe	
  organ	
  impairment:-­‐	
  
Encephali2s,	
  Hepa22s,	
  Other	
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Treatment	
  and	
  Control	
  

Suppor2ve	
  care	
  
	
  
IV	
  fluids	
  +	
  careful	
  resuscita2on	
  
	
  
An2-­‐pyre2cs	
  
	
  
Early	
  stage	
  development	
  of	
  specific	
  therapeu2cs	
  
	
  
Preven2on:	
  Classic	
  Vector	
  Control	
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Dengue	
  vectors	
  

•  Aedes	
  aegypI:	
  most	
  important	
  vector	
  in	
  endemic	
  countries	
  
–  Preference	
  for	
  laying	
  eggs	
  in	
  ar2ficial	
  containers	
  around	
  human	
  dwellings	
  
–  Adults	
  tend	
  to	
  rest	
  on	
  clothing	
  and	
  surfaces	
  inside	
  homes	
  
–  Day2me-­‐bi2ng,	
  and	
  bi2ng	
  preference	
  for	
  humans	
  
–  Mul2ple	
  feedings	
  within	
  one	
  reproduc2ve	
  cycle	
  
–  Once	
  infected,	
  the	
  mosquito	
  is	
  infec2ve	
  for	
  life	
  

è Fully	
  domes2cated	
  vector	
  with	
  behaviour	
  that	
  is	
  efficient	
  for	
  DENV	
  transmission 
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WHO	
  Global	
  Strategy	
  for	
  Dengue	
  Preven5on	
  and	
  Control	
  2012-­‐2020	
  
	
  



Dengue	
  Vaccine	
  Pipeline	
  

DEN-­‐80E	
  
Merck	
  

DPIV	
  

GlaxoSmithKline,	
  
Biomanguinhos,	
  

WRAIR	
  

TVDV	
  
Naval	
  Medical	
  
Research	
  Center	
  

TDV	
  
Takeda	
  

Phase	
  II	
   Phase	
  III	
  Phase	
  IIb	
  Phase	
  I	
  

CYD-­‐TDV	
  

Sanofi	
  Pasteur	
  

1Licensing	
  agreements	
  also	
  with	
  Merck,	
  Panacea,	
  SII,	
  Vabiotech	
  

Live attenuated 
(recombinant) 

Inactivated 

Subunit 

DNA 

Registra2on	
  

TLAV-­‐TPIV	
  
WRAIR	
  

Heterologous  
Prime-Boost 

TV003/TV005	
  

US	
  Na2onal	
  
Ins2tutes	
  of	
  Health,1	
  

Butantan	
  



Dengue	
  -­‐	
  Summary	
  

Increasing	
  global	
  burden	
  -­‐	
  	
  number	
  of	
  cases	
  and	
  distribu2on.	
  
	
  
Spread	
  by	
  Aedes	
  which	
  are	
  urban	
  living	
  and	
  day	
  bi2ng.	
  
	
  
A	
  vaccine	
  licensed,	
  no	
  prophylaxis	
  or	
  therapeu2c	
  drugs	
  
	
  
Classic	
  vector	
  control,	
  Wolbachia	
  and	
  gene2cally-­‐modified	
  mosquito	
  studies	
  in	
  trials	
  
	
  
Clinical	
  spectrum	
  of	
  illness	
  
	
  
Very	
  careful	
  clinical	
  management	
  –	
  Fluid	
  replacement	
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