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DENGUE DENGUE 

 Dengue is a fast emerging vector borne disease
   mainly prevalent in tropical and sub tropical 
   countries.

   Aedes aegypti 
    (Courtsey: Wikipedia)

● Caused by dengue virus (DENV) which is transmitted 
by Aedes mosquito. 

● Four distinct but closely related serotypes of the virus:
DEN-1, DEN-2, DEN-3, DEN-4.

             Nearly 3.9 billion people in 128 countries are at risk of infection. 
                              PloS Negl. Trop. Dis. (2012) 

In 2017, a provisional total of 1,88,401 cases has been
reported all over India

                                          (NVBDCP)



 

GLOBAL BURDEN OF DENGUEGLOBAL BURDEN OF DENGUE

● The number of dengue outbreaks 
between 1990 − 2015 is 262: India 
(58), China (38) and Brazil(24).

● 112 outbreaks occurred after 2010.

● 291964 outbreak associated cases 
had been reported till 2016.Courtsey: WHO

Nature (2013), Front Cell Infect Microbiol. (2017)

● 50 − 100 million Dengue infections occur 
annually.

Courtsey: WHO



 

SITUATION IN INDIASITUATION IN INDIA

Emerg Microbes Infect. (2017)

● 1998–2009 : 82,327 cases (incidence: 6.34 
per million population) were reported.

● 2010–2014: 213,607 cases (incidence: 34.81 
per million population) of dengue fever were 
observed.

The highest incidence reported : 
Pondicherry (372.92), followed by Dadra 
Nagar Haveli (176.31) and Delhi (102.15).
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MODELING IN SPATIAL SETTINGMODELING IN SPATIAL SETTING

● Variability in different epidemiological and entomological factors of dengue across 
geographical locations.

● Dengue transmission mechanism : human and mosquito both infect each other.

● Human mobility accelerates the disease propagation.

● This can be captured by so called Metapopulation models.

● Consider the control specific characteristics of available 
vector controls. 

● Efficiency of different mosquito control strategies in spatial 
setup.

● Role of spatial coupling in the effectiveness of the 
controls.

Space is divided into discrete regions (patch)  
connected through human migration.

● Levin et al. (1993) 
(Patch Dynamics)

● Arino (2009) (Diseases 
in metapopulations)

● Stoddard et. al.



 

SCHEMATIC OF THE MODELSCHEMATIC OF THE MODEL
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through human migration



 

MODELMODEL

Within Patch Remaining Patches

Gravity-like functionGravity-like function

Periodic biting ratePeriodic biting rate

Force of infectionForce of infection



 

LIST OF PARAMETERSLIST OF PARAMETERS



 

● Monthly dengue cases data are collected from 
Kolkata Municipal Corporation (KMC) for 141 
wards.

● Depending on the geographical location
141 wards grouped into 5 regions : 

CASE STUDY : KOLKATACASE STUDY : KOLKATA

● Kolkata faced many dengue outbreaks in 
recent times.

● The dengue situation of Kolkata during the 
period 2014 − 2015 is considered.

R1(West) R2(South) R3(East)

R5(Cental)R4(North)



 

MODEL FITTINGMODEL FITTING

New dengue cases for jth regionNew dengue cases for jth region

The sum of square functionThe sum of square function

Solid line: Model solution
Blue circle: Data point



 

The adult mosquito control strategy 
performs better than larval control 
especially in the situation where a 
faster depletion in disease 
prevalence is required. 
              Epidemiol. Infect. (2009)

ADULT MOSQUITO CONTROLADULT MOSQUITO CONTROL

ULTRA LOW VOLUME      
        (ULV) SPRAY

ULTRA LOW VOLUME      
        (ULV) SPRAY

   TREATMENT WITH    
         INSECTICIDE

   TREATMENT WITH    
         INSECTICIDE

LETHAL OVITRAPSLETHAL OVITRAPS

    Interventions Efficacy  Env. 
Persistence.

ULV spray 
(C1)

  90% 1 day

Treated surface 
(C2)

  25% 180 days

Lethal ovitrap 
(C3)

  25% 120 days

A small amount of 
insecticides are used 

to create cold fog 
droplets using ULV 

cold fogging machine.

Windows and door 
curtains, water container 

etc. in households are 
treated with insecticides 
to avoid the contact  of 

adult mosquito.

Black in colour and are 
filled with water and 
very small amount of 

lethal substances 
which kill the 

mosquito.



 

Controls are applied for 
one year (beginning of 
2nd year) only to the 
regions only where :

Region Case 
fraction

Population 
fraction

Region 1       0.074      0.140

Region 2      0.173       0.323

Region 3      0.172       0.112

Region 4      0.192       0.231

Region 5      0.386       0.192

APPLICATION OF VECTOR CONTROLAPPLICATION OF VECTOR CONTROL

  Case fraction 
> Population     
     fraction

Luz et al., (2009)

Efficiency of seven intervention settings (by 
combining the above said controls) are 
studied in reducing disease prevalence.

Additional death rate due to the application

Maximum at the beginning and 
equals to efficacy.

Zero at the end of its 
environment persistence.

Control Profile



 

TIME EVOLUTION OF CUMULATIVE INFECTEDTIME EVOLUTION OF CUMULATIVE INFECTED

R1 R2 R3

R4 R5

Time evolution of the 
cumulative infected 

human after application 
of seven control 

strategies in the five 
regions



 

ROLE OF SPATIAL COUPLINGROLE OF SPATIAL COUPLING

ULV (C1) Treated surface (C2) Lethal ovitrap (C3)

(C1 + C2) (C2 + C3) (C1 + C3)

(C1 + C2 + C3)

Spatial 
connectedness 

make it possible to 
reduce the cases 
significantly in   

R1 , R2 & R4. 



 

EFFICIENCY OF CONTROLSEFFICIENCY OF CONTROLS

ULV spray has 
least impact

The treatment 
of surface and 
materials is the 
most efficient 

Performance 
of Lethal 

ovitraps is also 
significant

Higher 
environment 
persistence 
gives better 

performance in 
reducing cases



 

CONCLUSIONCONCLUSION

● Use of ULV spray has the least impact in reducing cases.

● Treatment of surface and materials alone reduces maximum 
cases.

● Role of spatial coupling in the effectiveness of interventions is 
well reflected from our study.

● Higher environment persistence of a control strategy gives better 
performance in reducing cases.
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