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A one-dimensional scan statistic has been used to study disease clusters in time,1 
and a two-dimensional scan statistic has been proposed for spatial disease clusters.2 
Kulldorf et al3 have proposed extending the use of the scan statistic, defined by a 
cylindrical window with a circular geographic base and height corresponding to 
time, for time-space clustering. By assuming the number of disease cases within the 
scanning window to be Poisson distributed, confounders can be controlled through 
indirect standardisation. This statistic also accommodates the uneven distribution of 
most populations. Multiple testing can be resolved by Monte Carlo simulation. 
 
Blowfly strike is a major economic disease in Australian sheep flocks.4 Breech and 
body strike are the most important types of flystrike.5,6 Risk factors for breech strike 
include diarrhoea and urine soiling, and weaner sheep and ewes are therefore more 
susceptible.5-7 Management procedures (eg. mulesing, crutching, tail docking, 
intestinal parasites control) are used to reduce susceptibility.6,7 Body strike appears 
to be strongly determined by climatic factors.6 Body and breech strike data were 
used in this study to assess application of the scan statistic to detect time-space 
clustering whilst controlling the potential confounding of flock structure. 
 
Materials & Methods 
The following information was obtained from a survey of 32 producers located 
within two adjacent local government areas of southeastern Queensland: flock size 
and structure (number of lambs, wethers, ewes and rams) at the most recent shearing 
and number and type of flystrike cases occurring between August 1998 and May 
1999.8 Clustering of body strike and of breech strike was analysed using the scan 
statistic and a Poisson model.3 Scanning windows were limited to half the expected 
cases; clusters with either high or low rates of strike were included. Likelihood 
ratios were used to test statistical significance of clusters, their distribution under the 
null-hypothesis and P-value being obtained by Monte Carlo simulation (α=0.05). 
Secondary clusters were also identified by their likelihood ratio and whether they 
overlapped the primary cluster. Crude analyses were re-analysed adjusting for flock 
structure. All calculations were performed using SaTScan software version 2.1 
(http://dcp.nci.nih.gov/BB/SaTScan.html).9  
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Results 
Significant (P <0.01) clustering of body strike was detected in crude and adjusted 
analyses (log likelihood ratio 923 and 945, respectively) and the primary cluster was 
identified at the same location during March 1999 (relative risk 3.73 and 3.99, 
respectively). Significant (P <0.01) clustering of breech was detected between 
February and May 1999 in crude and adjusted analyses (log likelihood ratio 541 and 
475, respectively), but the primary cluster identified consisted of an additional 3 
flock when flock structure was controlled (Figure 1). The relative risk of this cluster 
(6.83) changed substantially when controlled for flock structure (relative risk 4.57). 

Figure 1. Crude (left) and flock structure adjusted clustering of breech strike in 
southeastern Queensland sheep flocks (u primary cluster; l secondary cluster). 
 
Discussion 
Investigation of time-space clustering of disease is potentially a powerful method of 
generating and testing hypotheses of disease causation. To fully examine time-space 
clustering objectively, the use of statistical tests is necessary.10 Global, focused and 
detection tests are available. Global procedures, such as Knox, Mantel and nearest 
neighbour tests and Barton’s method, test for clustering throughout the study area, 
but do not identify specific clusters. Focused methods are used when there is a 
prespecified point source. In contrast, cluster detection methods such as the scan 
statistic are able to identify and test the significance of specific clusters. The scan 
statistic can also adjust for the uneven population density present in almost all 
populations, analysis being conditioned on the total number of cases observed. In 
addition, cluster definition is flexible: it may be individuals or aggregated data (eg. 
herds, local government areas, postal codes, states). Use of the Poisson model 
allows control of any number of covariates, using indirect standardization. 
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Using the scan statistic, clustering of both body strike and breech strike was detected 
in the study area between August 1998 and May 1999. Results suggest that the 
structure of flocks needs to be taken into account when investigating breech strike: if 
flocks contain a greater proportion of weaner sheep and/or ewes, more cases of 
breech strike may be expected. Confounding identified in this study was substantial: 
estimated relative risk decreased by 33% after adjusting for flock structure. Failure 
to adjust for flock structure may therefore result in spurious clustering of disease 
being identified. 
 
Few examples of investigating the interaction of time and space in disease clustering 
exist in the veterinary literature.10 Reasons may include inappropriate study design, 
difficulty visualising and explaining the concept of time-space interaction, the 
implicit assumption of homogeneity of the population of interest in some 
techniques, lack of accessibility to suitable analytical software, and publication bias 
due to insufficient power of available analytical methods. Development of 
monitoring and surveillance systems in veterinary epidemiology are likely to 
increase the need for time-space analyses. The scan statistic appears to be a suitable 
technique for analysing such data sets for clustering. However, to fully explore such 
data sets whilst controlling confounding, enumeration of the population of interest is 
necessary. Collecting data on the population of interest and a range of potentially 
confounding factors will enable the greatest amount of information to be gained 
from monitoring and surveillance systems. 
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