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Abstract

Temporal behavior of dengue fever and dengue hemorrhagic fever
(DH/DHF) hasbeenassociatedwith climate, which may modulate mosquito
vector populations. El Nino Southern Oscillation (ENSO) fluctuations can
be related to seasurface temperatures in the Pacific that influence
precipitation and temperature in Latin America. In addition, vegetation
dynamics have been associatedwith DF/DHF at local scales In this study,
vegetation indices from the Moderate Resolution Imaging Spectrometer
(MODIS) and Pacific seasurfacetemperature anomalieswere usedto model
weekly DF/DHF cases(2003to 2007 in Costa Rica and its nine Health
Regions (HR). Using cross correlation analyses,positive and negative lags
were identifled, where DF/DHF casesand eachindependentvariable were
better correlated. A sinusoidand non-linear leastsquaresmodel was applied
to fit case data for the county and HR using lagged variables. The
countywide model, where variables were lagged according to their highest
correlation coefficient, had an R? of 0.86. Models including either only the
positive or only the negativelags of variables had R?valuesof 0.60 and 0.84,
respectively Thesemodelswere all able to reproduce a major epidemic in
2005 Model performance differed betweenHR, with R? valuesfrom 0.41 (a
region with few casesand slight wet/dry seasonality)to 0.85 (a region with
marked seasonality and >20,000 cases) Results show that climate and
vegetation dynamics are good predictors of DF/DHF casesin Costa Rica.
The differencesin model fits for HR may be due in part to local conditions
that can affect transmission such as altitude, temperature, socioeconomic
conditions, prevention and control actions,and human behavior. Moreover,
thesemodelsmay be improved further by using other variables like Atlantic
sea surface temperatures. Considering that the HR of Costa Rica may
representconditions commonto areasof Latin America and the Caribbean,
thesemodelsmay be applicable to various countries and function asan early
warning systemto predict epidemicsin areasaffectedby dengue

Climate modulatedransmissiorof denguefever anddenguehemorrhagidever
(DH/DHF) In various ways, including affecting the extrinsic incubation period,
vector survival, vector densities biting rate,and overall vector capacity El Nifo
Southern Oscillation (ENSO) fluctuations, which influence temperatureand
rainfall in Latin America,andvegetationdynamicsmay be associateavith spatial
andtemporalbehaviorof this mosquitebornediseasg-?34

Dengueis the mostimportantvectorbornediseasen CostaRica;y especiallyin
the Pacifico Central, Huetar Atlantica, and ChorotegaRegions(Fig. 1). In this
study, vegetationindices from the Moderate Resolutionlmaging Spectrometer
(MODIS) and Pacific seasurface temperatureanomalieswere used to model
weekly DF/DHF caseg2003to 2007) in CostaRicaandits nineHealthRegions

Materials and Methods

A nonlinearmodelwasdevelopedo fit weeklydataof DF/DHF for CostaRica
and each Health Region (Fig. 1). The model usesweekly datafrom 5 NINO
iIndices (sea surface temperatureanomalies),and the weekly mean enhanced
vegetation index (EVI) and normalized difference vegetation index (NDVI)
extractedor eachareafrom MODIS satelliteimagery Modelform is:

where ¢, Is numberof casesat time t,
z,, are independentinput variables
and a, and b, are paameters
estimatedusingnonlinearleastsquare$

A crosscorrelationanalysiswas performedto determinelaggedrelationships
betweenDF/DHF casesandeachindependenvariable Positiveandnegativelags
(of up to 52 weeks) were evaluatedand the lags with the maximum cross
correlation coefficient were selected Variables were lagged accordinglyin the
model For the positivelags, consistentvith a predictivemodel,lagsof minimum
+10weekswereselectedTablel).

Results

Model performancdliffered betweenHR. R? valuesrangedfrom
0.41 in aregionwith few casesandslight seasonalityto 0.85 in a
regionwith markedseasonalityand>20,000 caseq Table 2). In the
countrywidemodel, the outbreaksin 2005 and 2007 were evident
with both positiveandnegativelylaggedvariables(Fig. 2). MostHR
models wereableto reproducdahe epidemicof 2005 andmodelsof
the HuetarAtlanticaandPacificoCentralRegionswith positivelags
wereableto predictanincreasan casedor 2005(Fig. 3).

Fig. 1. HealthRegionsof CostaRica
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Fig. 2. Observedand predicteddenguecasedor CostaRica A: Model usingvariableslaggedaccordingto
maximumcrosscorrelationsB: Model usingonly positivelylaggeadvariableqpredictive)
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Conclusions

Resultsshowthatclimateandvegetationrdynamicscanbe goodpredictorsof DF/DHF in CostaRica
and that the limited parameterausedreliably explain and predict DF/DHF incidence In this new
approachthe modelfit for the countrywasimprovedcomparedo previousstudies® In addition,thisis
the first studyto showthatthe modelperformswell and may be usedat the level of Health Regions
Next steps will include determining how these simple models may be improved further by
iIncorporatingother seasurfacetemperaturendices(suchas Atlantic seasurfacetemperaturesand by
assessindhow local conditions that affect denguetransmission(such as altitude, temperatureand
rainfall patterns,local mosquito control actions, human behavior, and herd immunity) may be
responsiblefor model differencesbetweenHealth Regions This model may be applicableto other
countriesand areasin Latin America and serveto developan early warning systemfor DF/DHF
epidemican theregion
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Fig. 3. Observedandpredicteddenguecasedor HealthRegionsof CostaRica ColumnA: Model usingvariabledaggedaccordingto maximumcrosscorrelations ColumnB: Model usingonly positively
laggedvariables (predictive)
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