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Aim: 
To introduce methods for exploring clustering in spatial data, with a specific focus on point data and use of the spatial scan statistic. 

Content
This lecture provides an introduction to methods for exploring clustering in different types of spatial data. Topics include:

· Types of spatial data and cluster analyses
· First- and second-order properties
· Stationary and Isotropy
· Overview of spatial point processes & hypothesis testing
· Global measures of clustering 
· Moran’s I, Ripley’s K function
· Local measures of clustering
· Local Moran’s, scan statistics


Datasets:
This seminar will use two different datasets:
· Malaria case event data and population controls from northern Namibia
· Malaria point prevalence data at the village level from The Gambia.


Software and key packages:
· R: sp (data management), spatstat (point patterns); splancs (Spatial and Space-Time Point Pattern Analysis); smacpod (statistical methods for the analysis of case-control point data); ape(Analyses of Phylogenetics and Evolution); pgirmess (Data Analysis in Ecology)
· SatScan:  space-time scan statistic


Key readings

Pullan, R. L., H. J. Sturrock, et al. (2012). "Spatial parasite ecology and epidemiology: a review of methods and applications." Parasitology 139(14): 1870-1887.
Pfeiffer DU, Robinson TP, Stevenson M, Stevens KB, Rogers DJ & Clements ACA (2008). Spatial Analysis in Epidemiology. Chapters 4 & 5. Oxford University Press, Oxford, UK.

Other good resources 
Waller LA, Gotway CA (2004) Applied Spatial Statistics for Public Health Data. John Wiley & Sons, Hoboken, New Jersey.  (available to borrow )


Examples presented in seminar
Wanjala, C. L., J. Waitumbi, et al. (2011). "Identification of malaria transmission and epidemic hotspots in the western Kenya highlands: its application to malaria epidemic prediction." Parasit Vectors 4: 81.

Selection of research applications (try to read 2 or 3 or find applications in a disease that particularly interest you)

Bejon, P., T. N. Williams, et al. (2014). "A micro-epidemiological analysis of febrile malaria in Coastal Kenya showing hotspots within hotspots." Elife 3: e02130.
Brooker S, Clarke S, Njagi JK, Polack S, Mugo B, Estambale B, Muchiri E, Magnussen P & Cox J (2004). Spatial clustering of malaria and associated risk factors during an epidemic in a highland area of western Kenya. Tropical Medicine and International Health 9: 757-766. 
Fevre EM, Coleman PG, Odiit M, et al. (2001). The origins of a new Trypanosoma brucei rhodesiense sleeping sickness outbreak in eastern Uganda. Lancet 358: 625-628.
Huillard d'Aignaux J, Cousens SN, Delasnerie-Laupretre N, Brandel JP, Salomon D, Laplanche JL, Hauw JJ & Alperovitch A (2002). Analysis of the geographical distribution of sporadic Creutzfeldt-Jakob disease in France between 1992 and 1998. International Journal of Epidemiology 31: 490-495.
Gaudart J, Poudiougou B, Dicko A, et al. (2006). Space-time clustering of childhood malaria at the household level: a dynamic cohort in a Mali village. BMC Public Health 6: 286.
Kulldorff M, Athas WF, Feuer EJ, Miller BA & Key CR (1998). Evaluating cluster alarms:  A Space-Time Scan Statistic and Brain Cancer in Los Alamos, New Mexico. American Journal of Public Health 88, 1377-1380.
Kulldorff M & Nagarwalla N (1995). Spatial disease clusters: Detection and inference. Statistics in Medicine 14, 799-819.
Odoi A, Martin SW, Michel P, et al. (2004). Investigation of clusters of giardiasis using GIS and a spatial scan statistic. Int J Health Geogr  3: 11.
Mosha, J. F., H. J. Sturrock, et al. (2014). "Hot spot or not: a comparison of spatial statistical methods to predict prospective malaria infections." Malar J 13: 53.
Ngowi HA, Kassuku AA, Carabin H, et al. (2010). Spatial clustering of porcine cysticercosis in Mbulu district, northern Tanzania. PLoS Negl Trop Dis 4: e652.
Peterson I, Borrell LN, El-Sadr W, et al. (2009). A temporal-spatial analysis of malaria transmission in Adama, Ethiopia. Am J Trop Med Hyg 81: 944-949.
Sissoko, M. S., L. L. van den Hoogen, et al. (2015). "Spatial Patterns of Plasmodium falciparum Clinical Incidence, Asymptomatic Parasite Carriage and Anopheles Density in Two Villages in Mali." Am J Trop Med Hyg 93(4): 790-797.
Washington CH, Radday J, Streit TG, et al. (2004). Spatial clustering of filarial transmission before and after a Mass Drug Administration in a setting of low infection prevalence. Filaria J 3: 3.






