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Without improved Without improved 
understanding of transmission understanding of transmission 

dynamics (i.e., ecology & dynamics (i.e., ecology & 
epidemiology of transmission) epidemiology of transmission) 
pathogen detection & disease pathogen detection & disease 
prevention strategies will lack prevention strategies will lack 
an appropriate conceptual and an appropriate conceptual and 

factual foundation.factual foundation.

Acknowledge the importance of improved Acknowledge the importance of improved 
surveillance, vaccines, vector control & therapeuti cs surveillance, vaccines, vector control & therapeuti cs 



Outline:Outline:
(Emphasis on Dengue)(Emphasis on Dengue)

•• Implementation of public health Implementation of public health 
policypolicy

•• Accounting for heterogeneitiesAccounting for heterogeneities

•• Recommendations based on Recommendations based on 
available vector control optionsavailable vector control options
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Applied Ecology of Applied Ecology of Aedes aegypti Aedes aegypti 
and Dengue Epidemiologyand Dengue Epidemiology



Dengue PreventionDengue Prevention
(No vaccine or clinical cure)(No vaccine or clinical cure)

The cost effective utilization 
of limited resources to reduce 
vector populations to levels at 
which they are no longer 
significant.

• Gubler 1989
• PAHO 1994



Goals of Dengue Goals of Dengue 
PreventionPrevention

• Prevent explosive epidemics

• Slow dengue transmission
– Reduce or prevent severe  

disease

®® Manage disease by managing Manage disease by managing 
mosquito population densitymosquito population density
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 C = vectorial capacity
 (number of inoculations/infected person/day)

 p = mosquito daily probability of survival
 a = mosquito bites/person/day
 m = female mosquitoes/person
 n = duration of extrinsic incubation
 b = vector competence



Mosquito Thresholds forMosquito Thresholds for
Dengue Virus TransmissionDengue Virus Transmission

• Maximum 
threshold density

• Functional 
relationship 
between density & 
risk

• Minimum threshold 
density Mosquito density
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• Immunity

• Introduction

• Contact

• Host density

• Weather



Dengue Transmission 
Thresholds
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 < 10%  Safe zone for yellow 
fever transmission 

 Connor & Monroe 1923 

House 
index 

 

 < 5%  Prophylactic for 
yellow fever 

 Soper 1967 

Breteau 
index 

 

 < 5  Absence of yellow 
fever transmission 

 Brown 1977 

House 
index 

 

 > 15%  Dengue hemorrhagic 
fever prevalent 

 Brown 1977 

Pupae/ 
person 

 1.05-
0.26 

 Dengue transmission 
in Honduras 

 Focks et al. 1995, 2000 
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Aedes aegyptiAedes aegypti Frequently and Frequently and 
Preferentially Imbibe Human BloodPreferentially Imbibe Human Blood

• Increases mosquito and virus fitness

• Biting patterns are consistent with facilitation of  virus transmission 
(bite different people and bites heterogeneously di stributed)

• Entomological thresholds are expected to be low

Day, J.F. et al. 1994. J. Med. Entomol. 31:611-617. 
Scott, T.W. et al. 1997. Amer. J. Trop. Med. Hyg. 57:235-239.

Naksathit, A.T. and Scott, T.W. 1998. J. Amer. Mosq. Control Assoc. 14:148-152.
Costero, A. et al. 1998.  J. Med. Entomol. 35:809-813. 

Morrison, A.C. et al. 1999. J. Amer. Mosq. Control Assoc. 15:98-104. 
Harrington, L.C. et al. 2001. J. Med. Entomol. 38: 411-422



What are the mosquito densities 
(thresholds) necessary to meet risk goals?

What is an acceptable level of 
dengue risk?

At what geographic scale are risk 
factors important; e.g., at what scale 

should they be measured?

What are the most informative 
measures of risk?

Four interrelated questions for 
determining successful prevention of 

dengue virus related illness

Scott, T.W. and A.C. Morrison. 2003. Aedes aegypti density and the risk of dengue virus transmission. In: Ecological aspects for application 
of genetically modified mosquitoes. eds. W. Takken and T.W. Scott. FRONTIS, Dordrecht, The Netherlands.pp: 187-206 



Computer Simulation ModelsComputer Simulation Models
CIMSiM

DENSiM

Innovative Vector 
Control Consortium
• Establish programmatic goals

• Evaluate control strategies
• Estimate thresholds 

• Instruction / insight





Iquitos, Peru



Longitudinal Cohort StudyLongitudinal Cohort Study

• Simultaneously monitor human 
dengue infections and levels of 
entomological risk

• Identify spatial and temporal patterns

• Estimate and test transmission 
thresholds
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Cluster SurveillanceCluster Surveillance
Khamphaeng Phet, ThailandKhamphaeng Phet, Thailand

• Assumption = dengue transmission is focal in time and space
• Detection of index case = high probability of detecting other
contemporarious infections

• Directly link entomological measures of risk with virus transmission



ImplicationsImplications
• Interventions based on the assumption of homogeneous 
contact rates will  underestimate the control effort 
needed to reduce dengue transmission

• Spatially targeted vector control is an effective epidemic 
intervention

• Population reduction without elimination of Ae. aegypti
can reduce incidence of severe disease 

– Public health policy: Disease was managed by 
vector intervention

• Sustained disease reduction
– Disease incidence will rebound unless: Vector 
density is permanently reduced, vector-human 
interaction is permanently interrupted, and/or herd 
immunity is elevated

– Heterogeneities = complexity of natural systems 
needs to be taken into account for effective and 
sustainable dengue prevention


