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Introduction

The Ongoing Zika virus (ZIKV) outbreak in the Americas is a major global concern
today. It is the third major outbreak after the Yap Islands outbreak in 2007 and the
French Polynesia outbreak in 2013. The potential causal links between ZIKV
infection and microcephaly and Guillain Barre Syndrome (GBS) have led the World
Health Organization to declare ZIKV disease as a public health emergency of
international concern in February 2016.

DATASET: We collected the related data for the islands in French Polynesia:

• Demographic Data [3]
• Flights Data [4]
• Ferries Data [4]

DISEASE SPREAD MODEL:  In this study, in order to simulate the vector 
transmission of the disease, two compartmental models were combined:

Methodology
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Results

Figure 3: Human-Vector SIR Model. 
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Figure 4: Directed Inter-Island Movement Graph.

SYMBOL NAME VALUE

𝑝𝑉𝐻 Probability of transmission from vector to human 0.75

𝑝𝐻𝑉 Probability of transmission from vector to human 0.75

1/α𝐻 Infectious period for humans 7

1/α𝑉 Infectious period for vectors 7

𝑏𝑖 Number of bites per infectious vector per day 0.5

𝑏𝑠 Number of bites per susceptible vector per day 1

1/µ Recovery period for humans 9

𝑛ℎ Number of new born humans per day 9

dh Number of human deaths per day 4

𝑒 Number of eggs per day per vector 5

1/δ Life span for vectors 22

Table 1: Human-Vector SIR Model Disease Parameters [5] [6]. 

Table 2: Duration of the Zika outbreak following 
Scenario 1. 

Figure 5: Transmission Dynamics in Bora Bora for scenario 1, (a) in humans and (b) in vectors.

Figure 6: Transmission Dynamics in Tahiti for scenario 2, (a) in humans and (b) in vectors.
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In this study, we present a
stochastic agent-based model
that simulates the transmission
of ZIKA via mosquitoes in 11
islands (NukuHiva, UaPou,Ua
Huka, Hiva Oa, Tahiti, Moorea,
Huahine, Raiatea, Bora Bora,
Rurutu and Manihi ) in the French
Polynesia.

The ZIKV, first discovered in 1947 in the Zika
forest in Uganda is an arbovirus of the
flaviviridae family and has been endemic to
Africa and Southeast Asia since its discovery.
As shown in Figure 1, this vector-borne disease
can be transmitted to humans by infected
Aedes mosquito bites, sexual contact, or blood
transfusions.

Figure 1:  Zika means of transmission [1].
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The population flow in these compartments was governed by the set of 
differential Equations shown below. A discretized version of these equations was 
implemented to study the transmission dynamics.

• SIRS (Susceptible-Infected-Removed-
Susceptible) model for the human 
population 

• SIR (Susceptible-Infected-Removed) 
model for the vector population in the 
region. 

A directed graph (interaction graph) was generated to simulate the movement of 
people from one island to another either via flights or ferries.

U = Ua-Pou
B = Bora Bora
K = Ua Huka
R = Raiatea
T = Tahiti
H = Hiva Oa
E = Rurutu
N = Nuka-Hiva
L = Manihi
M = Moorea
I = Huahine

Figure 2:  French Polynesia islands [2]

Table 3: Duration of the Zika outbreak following 
Scenario 2.

Experiments

We studied variations in the duration of outbreak using two scenarios with 

changes in the location of the index case, number of mosquitoes per human, and 

the chances of reinfection in humans under different immunological assumptions: 

• In Scenario 1, the islands were treated as closed entities and the outbreak duration 

was noted for each island independently.

• In Scenario 2, one island was chosen as the seed island randomly and the spread of 

the disease from the seed island to others was studied. The interaction between the 

islands was governed by air/ferry passengers.

Conclusion

(a) (b)

The results obtained from this study were comparable with the actual Zika
outbreak in 2013 assuming 0% chances of reinfection, 3 mosquitoes per person 
and Tahiti (most populated island) as the seed island . The errors can be explained 
by the lack of data available as 80% of the Zika cases go unreported and the 
concurrent Dengue outbreak in the country which skewed the numbers. The 
proposed model can be used to study transmission dynamics of any vector borne
disease in areas across the world by altering the disease parameters, demographic 
data, and the interaction graph. The variation of vector population with 
temperature may need to be studied to simulate the vector population 
realistically.
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