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Model 
paramete

r

Description of 
parameter

Example control that 
modifies parameter

m ratio of mosquitoes to 
humans

Larvicides/insecticides

b transmission efficiency 
from mosquito to human

c transmission efficiency 
from human to mosquito

a biting rate Bed nets

r human recovery rate Treatment (ex: 
Chloroquine)

g mosquito death rate Insecticides/ITNs

n extrinsic incubation 
period

*modified version of the Ross-

Macdonald model for an 

isolated patch

S = Susceptible Human

I = Infected Human

N = S + I

Two-Patch Malaria Metapopulation Model

Elasticity Analysis

 Goals:

• Determine what control measures will be most effective in reducing R0

• Determine which patch should be targeted

 Interpretation of elasticity      :

• Changing parameter p by 1% will result in an        percent change in R0.
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The Basic Reproduction Number R0

General Conclusions

 R0 depends on k12 , k21 . 

 R0 is always bounded between R01 , R02

As a consequence of human movement, persistence of disease can 

occur in patch 1 even if R01 < 1.

Therefore, regions with low malaria transmission should help control 

malaria in connected regions with higher malaria endemicity.

Elasticity Analysis

 If n  < 1/g (average mosquito lifespan), control measures should be 

targeted towards reducing the mosquito biting rate a.  

 If n > 1/g, control measures targeting g will be more effective.  

 For patches with similar g, control measures that reduce g should be 

applied to patch i, where kij > kji.  

 If kij = kji , then control should be applied to the patch with the higher 

mosquito death rate.

Conclusions

R01>1>R02, k12=.001

Elasticity Results for Connected Patches

 Figs. 2, 3: In this case, R0 is 

most sensitive to g.

• When 0 < k21 < .039 and  k12

= 0.001, control efforts should 

target g in patch 1.

• When k12 > 0.039, control efforts 

should target g in patch 2.
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Figure 2
R0 : average number of infections 

resulting from an infectious 

individual in a fully susceptible 

population.

If R0 >1, disease persists.  If R0 <1, 

disease goes extinct.

R0i is the reproduction number for an 

unconnected patch i. 

kij is the mirgation rate from patch j

to patch i.

Conclusions about R0

 R0 is bounded by R01 and R02

 If k12 >> k21, then R0 closer to 

R01 than to R02

 If R01 >1, R02 <1, k* exists such 

that

• R0 >1 if k21 < k*

• R0 <1 if k21 > k*

Though R01 > R02, control efforts 

should be targeted at patch 2 when k21 > 0.039.

Figure 3

Most models of malaria focus on a single, homogeneous population.  In reality, 

human movement connects environments with potentially different malaria 

transmission characteristics.  To address this problem, we: 

• considered a simple malaria metapopulation model incorporating two patches 

with different degrees of transmission, connected by human movement.  

• Derived an expression (R0) determining persistence or extinction of the disease

• Performed elasticity analysis of R0 to determine which patch will be the better 

target for control measures, and within that patch, what type of control measure 

should be implemented. 

Our results can help inform which region to target and what type of control measure 

to implement for the greatest success.  We can extend this model and methods 

used to address the question, “is malaria elimination in Hispaniola feasible?”.

Motivation

Hispaniola is a popular target for malaria elimination: malaria prevalence is fairly low, 

importation of cases onto the island is rare, and the parasite endemic to Hispaniola is still 

susceptible to Chloroquine. However, because transmission is highly heterogeneous across 

the island, determining where to allocate limited resources is critical to efficiently reducing 

malaria burden. 

Introduction
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