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ENVIRONMENTAL CHANGE 
AND MALARIA RISK 

 Global and Local 
Implications 



ENVIRONMENTAL PROBLEMS 

• Air Quality 

• Pollution 

• Toxicity 

• Destruction of Ozone Layer – first global 
problem? 

• Destruction / Change of ecosystem 

• Population Expansion / Infrastructure 





MALARIA EPIDEMICS 

• Occurs in areas of unstable malaria 
transmission 

• When environmental conditions favourable 

   Host  

 

 

 Agent        Vector 







TEMPERATURE & MALARIA CASES 

http://www.biomedcentral.com/1471-2334/10/173/figure/F6?highres=y


TEMPERATURE & MALARIA CASES 

http://www.biomedcentral.com/1471-2334/10/173/figure/F7


Figure 4. Comparison of Martens and 

Birley-Lindsay models of predicted 

incidence for 

various average temperature values. 

Different values of gonotrophic-cycle 

survival are 

simulated 
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ENVIRONMENTAL CHANGE AND MALARIA 
EPIDEMICS: CONTRASTING IMPACTS 

           El Nino 

Heavy rainfall, flooding 

Tanzania 

↓ Cases (Lindsay et al 2000) 

Eastern Africa 

↑ Epidemics (WMO, 1999) 



Imalaria vs Environmental change 

• Historical Patterns: ↑ in cases / epidemics 
could not be explained by 

– ↑ in Temp 

– Climate change 

– (shanks et al 2000, 2002; Hay et al 2002) 



Studies: Rakotomanana et al 2010. 
Antananrivo, Madagascar 

• Methods 

– GIS for data integration on altitude, temp, rainfall, 
pop dens & surface area (rice field) 

– Entomological for species determination, breeding 
sites & infectivity (risk of transmission) 

– Incidence by PCR on dried blood spots & rapid 
tests for febrile school children 

• Results 

– PCR = 5.1%; An arabiensis; rice fields 

– Travel report related to P falciparum  



Rakotomanana et al 2010. 
Antananrivo, Madagascar 

• Conclusion: Environmental Factors 

– No direct relationship with incidence 

– Ensuring the suitability of vector development 

 



Macro vs Micro-scale  
The Need For Peridomestic Analysis 

• Macro-scale: global impact assessment 

• Micro-scale (Peridomestic):  

– Local assessment 

– Highlight major contribution of environmental 
features (EF) to malaria incidence (MI) 

– Stefani et al 2011:  multivariate peridomestic 
landscape characterisation that maximises chances 
of identifying relationships between EF & MI 

• Conclusion: environment-based predictive 
model of MI in neotropical rainforest area 





Hematophagy – 

the evolutionary 

brilliance of 

female 

mosquitoes to 

feed on the rich 

nutrient source 

of human blood 

is a critical link in 

the chain of 

events leading to 

the scourge of 

malaria.  



Distribution of spatial clustering trends of high and low EIR values for An. 
gambiae s.s, An. arabiensis and An. funestus. Note: Z score > 0 indicates a 
clustering trend of high EIR values (red dots) and Z score < 0 indicates a 
clustering trend of low EIR values (black dots). 





Comparisons of 
mean 
entomological 
and 
environmental 
measures by 
district.  
Mbogo et al 
2003. 



 
A temporal and spatial comparison of mean larval mosquito density (A, C; 
mean ± SE) and the proportion of sites containing An. farauti larvae (B, D).  
Bugoro et al. Malaria Journal 2011 10:262   



FAVOURABLE 

ENVIRONMENT 

BREEDING 

PLACES 



FAVOURABLE ENVIRONMENT 

BREEDING PLACES 



Anopheles vs Breeding Sites 

• Natural vs man made? 

• Why? 





RAINFALL & MALARIA CASES 

http://www.biomedcentral.com/1471-2334/10/173/figure/F8


Figure 6. Sensitivity of simulated incidence to variation in rain for 

17.5oS 25.0oE using ERA- 40 weather. Calculated rainfall is multiplied 

by a constant (0.8, 1, 1.2) for the entire simulation 



ASAR_IMP_1P 

images 

illustrating 

changes 

between January 

and July 2004. 

Difference 

between images 

acquired in 

January and July 

2004.  

Rakotomanana et 

al. BMC Infectious 

Diseases 2010 

10:173   doi:10.11

86/1471-2334-10-

173 

http://www.biomedcentral.com/1471-2334/10/173/figure/F3?highres=y


Table 1 

Linear correlations between initial environmental variables and P. vivax and P. falciparum incidences. 

P. vivax P. falciparum# 

Variable Pearson r P value Pearson r P value 

% bare soil# -0.17 0.381 -0.69 < 0.001** 

% secondary forest 0,00 0.999 -0.03 0.891 

% primary forest 0.08 0.688 0.54 0.003** 

% deep water 0.28 0.149 -0.39 0.043* 

% burned land# -0.24 0.218 -0.43 0.022* 

% low vegetation -0.09 0.665 0.06 0.761 

% medium 
vegetation# 

-0.05 0.783 0.24 0.227 

% high vegetation 0.17 0.396 0.68 < 0.001** 

% river banks/shallow 
water# 

0.30 0.124 -0.24 0.212 

No. of inhabited 
dwellings# 

-0.30 0.116 -0.60 0.001** 

Length of river 
banks# 

0.32 0.097 -0.44 0.018* 

Length of creeks# -0.06 0.771 0.48 0.01* 

Landscape divison 1 0.46 0.013* -0.10 0.601 

Landscape divison 2 0.49 0.008** 0.48 0.009** 

buffers radii = 100 m and 400 m for P. vivax and P. falciparum incidences, respectively.   

Stefani et al. International Journal of Health Geographics 2011 10:65    

http://www.ij-healthgeographics.com/about/access/
http://www.ij-healthgeographics.com/about/access/


 
Correlations between 
larval An. farauti 
presence and the 6 
environmental factors 
in the study streams: 
filamentous algae, 
emergent aquatic 
plants, current 
rainfall, rainfall lagged 
by one month, salinity 
and sun exposure. The 
factors with a pink 
top-panel were 
significantly 
associated with An. 
farauti presence  
Bugoro et al. Malaria 
Journal 2011 10:262   



 
A temporal and spatial 
comparison of the 
environmental factors 
recorded the study 
streams: filamentous 
algae (A, E; mean ± SE), 
emergent aquatic 
plants (B, F; mean ± 
SE), salinity (C, G; 
mean ± SE) and rainfall 
(D; monthly total).  
Bugoro et al. Malaria 
Journal 2011 10:262  
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http://www.pbs.org/


Tsunami 

Destruction 

of Aceh 

Province in 

Sumatra  

before 

after 



Changing Environment 
Post Tsunami 



POST – 

TSUNAMI 

 

? IMPACT ON 

MALARIA 



Tsunami and Imalaria 



Environmental Change 
Local Variations 

• Geographical characteristics 

– Highland 

– Valley 

• Land cover / Land Use 

– Bare highland 

– Marshes / Bushes 

– Agriculture 

• Infrastructure / Township 



Malaysia: New Epidemics 
Figure: three different epidemic scenarios 

  

   

  

Top: A 'true' epidemic, i.e. an infrequent event occurring in areas where the disease does not normally occur. This type of 
epidemic is often associated with warm dry regions. This type of epidemic may be cyclical in nature. 
 
Middle: An unusually high peak in transmission in areas where malaria is normally seasonal. This type of epidemic often 
happens in the highland fringes. These epidemics may also be cyclical in nature. 
 
Bottom: A 'resurgent outbreak' where neglect or breakdown in control allows malaria to try to return to its higher 'pre-control' 
level. May be associated with more complex emergency situations involving political instability and displaced populations. [14] 



Ecology & 
Landscape 
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Ecology & Landscape 

2012 1996 









Plasmodium knowlesi 
• Potentially life threatening 

• Misdiagnosed as P malariae until recently 

– Distinguished by nested PCR assays 

 

• Short 24-hour asexual life cycle 

 

   high parasitaemia 

 

   prompt treatment 



KNOWLESI MALARIA 
NEW OR UNRECOGNISED THREAT? 

Thin & thick films  

of a real patient 





http://www.malariajournal.com/about/access/

