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Abstract 
Apparent spatial disease clusters may stem from a combination of factors including 
transmission events between individuals, heterogeneous environmental influences, population 
clustering, and/or chance. 832 incidences of methicillin-resistant Staphylococcus aureus 
(MRSA) in the West Midlands (UK) were located to postcode-centroid level to test for evidence 
of community transmission. In an exploratory kernel estimation analysis, clustering effects due 
to local population density were visualized and assessed for significance by thresholding 
against ‘spatial nulls’ (based on the 97.5th percentile of 1000 age-stratified Poisson-process 
realisations with no a priori assumptions of spatial autocorrelation). This approach, combined 
with a spatial and spatio-temporal scan, was of particular value in identifying apparent 
outbreaks at nursing and residential care homes. An attempt to disaggregate the approach to 
postcodes caused notable accuracy problems in modelling expected MRSA occurrences, 
biasing the apparent significance of localised occurrences. Stochastically-simulated cases 
were therefore aggregated to Census Output Area centroids to mitigate the effects of spatial 
aggregation in the real data. Isolates of methicillin-sensitive Staphylococcus aureus (MSSA) 
from the same region and time period were used as controls in a ‘random labelling’ approach 
to investigate possible variation in testing intensity among family doctors and primary Health 
Centres. We demonstrate the combination of standard spatial epidemiological tools with more 
novel simulation techniques in an exploratory analysis which identified community MRSA 
clusters. In the absence of occupational/lifestyle data on patients, the assumption was made 
that an individual’s location and consequent risk is adequately represented by their residential 
postcode. The problems of this assumption are discussed. 
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1 Introduction 
A major issue for spatial cluster analysis in epidemiology is the generation of realistic nulls, 
often (at their simplest) based on homogeneous Poisson processes and heterogeneous 
determinants such as population density. The work reported here addressed spatial information 
available for Staphylococcus aureus isolates (MSSA, methicillin-sensitive S. aureus or MRSA, 
methicillin-resistant S. aureus) processed by a district general hospital in North Birmingham, 
UK, in the one-year period between 01/09/2004 and 31/08/2005. Asymptomatic MRSA 
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carriage is common but not well-researched (assumed to be ~1% in the general population). 
Important questions in the community epidemiology of MRSA are: 

a) Do reservoirs of infection exist outside hospitals and other health care setiings, and 
can they be identified? 
b) Can community transmission be distinguished from health care associated 
(‘nosocomial’) spread? 

This exploratory analysis addresses question a) directly. Ongoing molecular typing of the 
MRSA isolates will be the basis for explicit models to address question (b), with particular 
emphasis on ‘hyper-transmissible’ strains of MRSA. 

The samples covered a catchment area of 328.6 km2, containing 1244 UK Census Output 
Areas (referred to from here on as OAs). Within the study area, each OA contained a mean of 
301 people (s.d. ± 62.6). Home postcode was recorded for each patient, allowing a spatial 
registration to 1m-level postcode centroids from the All Fields Postcode Directory (Office of 
National Statistics, 2005). 11.5% of the original patient case records had incomplete postcodes 
and could not be spatially located; this was improved to 7.9% by telephone follow-up of the 
missing data. The population considered to be at risk (based on 2001 UK Census data) was 
374,883, and there were 832 geo-located cases of MRSA and 1864 geo-located cases of 
MSSA. UK unit postcode areas are nested within OAs (allowing easy mapping between the 
two) and so OA area is highly variable (mean area = 26.4 ha., s.d. ± 107.9 ha.). Where an 
individual had been tested more than once, the first isolate of MRSA and/or MSSA was used. 

Preliminary analysis identified patient age as the most important predisposing factor for 
MRSA/MSSA isolation (see Figure 1), and all analyses were stratified to 3 age groups: under 
65, 65-85 and over 85. The restriction of available population age data to OA-level 
necessitated a tradeoff between spatial resolution and verifiable demographics, and so for 
stochastic simulations, case data were aggregated to OAs, rather than postcodes.  
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Figure 1 Incidence of MRSA and MSSA by age group within the study. 
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2 Methods 
The last two decades have seen substantial work in the GIS arena on the robust statistical 
analysis of point patterns (e.g., Openshaw et al., 1987; Diggle and Chetwynd, 1991; Besag and 
Newell, 1991; Gattrell et al., 1996). This study used SATSCAN software to carry out spatial 
and spatio-temporal scan, (Kulldorff, 1997) and a combination of kernel density estimation 
with stochastically-simulated cases to identify and visualize spatial clusters. The stochastic 
simulations were generated by a python script which used a simple homogeneous Poisson 
process model, based on global susceptibilities in the 3 age groups (see Table 1) and 
population data from the UK 2001 Census. For each OA, Poisson probabilities were 
constructed for each age category, randomly sampled and the results summed to give whole 
number totals of expected cases which were assigned to the population centroid of the OA. 

Table 1 Data summary for the study, showing total within-bounds numbers of cases (‘No. cases’) and 
global incidence probability in the study area (‘IP’). Incidence probability was calculated by dividing the 
number of cases in this category by the total number of people in this age group in the 2001 Census (thus 

assuming a relatively static age structure within any one OA). 

Disease Age category Under 65 65 to 85 85 and over 

    

No. cases 1090 563 214 

 
MSSA 

IP 0.0034457 0.0109267 0.0303331 

    

No. cases 196 429 207 

 
MRSA 
 IP 0.0006196 0.008326 0.0293409 

 

A fixed quartic kernel was used to smooth each set of simulated, real or randomly labeled 
points, thus generating a population of surfaces with common resolution. The study bounds 
were used for edge-correction in this and all other analyses. In order to perform a one-sided 
test at p < 0.025 for significant aggregation of points we can generate a surface, cell by cell, 
from the 97.5th percentile of the values generated from kernel smoothing of sets of control 
points. Where the surface generated from the true case data exceeds these ‘pointwise tolerance 
contours’, the intensity for that cell can be considered significant. This general method (Kelsall 
and Diggle (1995)) combines the strengths of a spatially-distributed visualisation of pattern 
with a means of testing significance.  

Several functions are used to illustrate point pattern at different scales. Ripley’s K-function or 
reduced second-moment function (Ripley, 1981) describes the expected number of points 
within a distance h from a sample location. It is defined by  

λK(h) = E(number of events within distance h of an arbitrary event) (1) 

where λ is the intensity (mean number per unit area) of events. 
K-functions are smoothed by the fact that they measure cumulative point intensity at each lag 
distance; in contrast, the pair correlation function considers the instantaneous clustering of a 
point process at each particular scale. 

hhKhg π2/)(')( =  (2) 

where K’(h) is the derivative of the K-function described in (3), and g(h) tends to 1 at large h. 
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‘Random labelling’ was used to test the hypothesis that the probability of a label at any 
location (e.g., a positive test for MRSA) is equal for all points, and not dependent on the label 
status of neighbours (MRSA / MSSA). Here, numerous populations of labelled points are 
generated by randomly re-allocating the existing labels (without replacement) to the existing 
data locations, generating a K-function for the resulting point pattern each time. From these 
simulated K-functions, we can create a 95% confidence envelope, against which (Kcases – 
Kcontrols) can be plotted. Departure from the envelope implies that the case pattern is 
meaningful (i.e., more or less clustered than expected) at this scale. The spatstat and splancs 
(Rowlingson and Diggle, 1993) libraries for R (http://www.R-project.org, 2005) were used for 
kernel and k-function estimation and adapted for random labelling. Results were mapped using 
ArcMap 9.1. 

The major accuracy issues in this study are: 
• Spatial aggregation of data to the population centroids of postcodes and Census OAs. 

The local intensity of a point pattern is artificially boosted by the ‘snapping’ of 
surrounding points to a single centroid, implying sharper peaks of case frequency 
than actually occur. The stochastic simulations in this study mitigate this effect by 
simulating cases at the same aggregated centroids, ‘cooling’ and moderating the 
peaks caused by aggregation.  

• Home postcode was recorded for each patient, but no data on employment, hobbies 
or other risk factors. Generally, place of residence may be of limited value in 
estimating the risk of contracting active MRSA, although it will be demonstrated that 
there are some exceptions.  

3 Results 
When randomly labeled, the MRSA cases are significantly more clustered at distances of 0 to 
180m than could have occurred from a chance sampling of all data points. When stratified by 
age, however, this significant clustering is limited to the under-65 age group (Figure 2). 

 

 
Figure 2 Stratified random-labelling analysis with MRSA as cases and MSSA as controls. Envelopes 

shown are 95% confidence limits from 500 random labellings of the data. The departure of ‘K-cases-K-
controls’ from the envelope implies a significantly tighter clustering of MRSA cases at short distances than 

could have been caused by variable local sampling effort alone.  
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Across the study area as a whole, this implies that sparse and dense patterns of MRSA 
generally coincide with correspondingly sparse/dense patterns of MSSA except in the under-65 
age group, where MRSA is more clustered overall. However, given the low likelihood of an 
active MRSA infection going undiagnosed, it is not reasonable to interpret varying MRSA 
density as simply an artefact of overall sampling density. Rather it appears that, in general, 
MSSA sample density is being driven by incidence of MRSA infection, particularly among 
older people. Coupled with the fact that 15% of the MRSA-positive individuals had been re-
tested at some point, this implies pragmatic, structured medical followup in areas (and possibly 
in institutions) where percieved risk is high. 

When the pair-correlation function for all MRSA cases is plotted against 95% confidence 
limits generated from stochastic simulations (see Figure 3), it can be seen that the major 
significant departure from randomness is at very short range (0-200m). Much of the structure 
seen in the pair correlation function stems from the tesselation of the area to census OAs (i.e., 
small-scale repulsion between centroids causes the downspike at around 200m, and the 
minimum at 3.5 km corresponds to average radius of urban settlements within the area). 

 

 
Figure 3 Pair correlation functions for MRSA cases (solid line) and 95% confidence intervals generated 

from 1000 age-stratified stochastic simulations (dotted line). MRSA case clustering beyond the confidence 
envelope is most noticeable at extremely short distances (0-200 m). 

SATSCAN spatio-temporal scans with age as a categorical covariate (under 65, 65-85 and 
over 85) identified a number of significant clusters among the MRSA cases (see Figure 4). It is 
important to note that two of the highly significant clusters (p < 0.0001) consist of one or two 
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OAs where risk is strongly elevated, and that most of the cases contributing to these local 
peaks occur at postcodes where nursing homes are registered (see Figure 5). In fact, of the 8 
postcodes with the highest recorded MRSA rates, 7 had registered nursing homes. The cases 
highlighted in these areas are currently being investigated to assess whether they are 
healthcare-related. 

 

 

 
Figure 4 SATSCAN-generated spatio-temporal clusters for MRSA, with 3 age categories as covariates. 
The two very small clusters in Insets 1 and 2 consist of two OAs and one OA respectively. OA polygons 

whose centroids participate in significant clusters are coloured by local relative risk. NB: despite the 
choropleth display, spatial scan was performed on OA point centroids, not area-based data. 
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Figure 5 The localized clusters highlighted in Figure 4 can be seen to be dominated by cases at postcodes 

where nursing homes (marked with a star symbol) are registered. 

Pointwise tolerance contours based on a range of bandwidth kernels identified significant 
clusters of MRSA which broadly supported the results of the spatial scan, (see Figure 6 for an 
example). It can be seen that this approach visually highlights local rather than global clusters 
and that the selection of bandwidth is critical. For these reasons, an extension of the technique 
to adaptive, rather than fixed kernels is currently in progress. It is also hoped to follow the lead 
of Sabel et al. (2000) in extending this technique to space-time visualisations. 

Although the most notable clusters appear to be based around single postcodes, and possibly 
single nursing homes, in each case a high risk was observed in at least one neighbouring OA, 
and this is borne out by Moran’s I scores calculated with an adjacency matrix for OA 
polygons. The implication is that these extremely localised clusters may represent outbreaks at 
nursing homes, but may also be having some impact on the surrounding area, which should be 
further investigated. Molecular epidemiological typing will be of immense value in identifying 
transmission events at and around these locations. 

In order to help distinguish hospital and community infections, data is required on last date of 
hospital attendance. While not available for the cases shown here, this information is now 
being collected, and will be used to further stratify cases in future. 
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Figure 6 Significant clusters identified using pointwise tolerance contours from kernel density estimation 

broadly support the identification of clusters from spatial scan (shown here as circles), but are highly 
dependent on kernel bandwidth. The example here used a fixed quartic kernel with a bandwidth of 400m. 

4 Discussion 
This study found MRSA cases to be significantly more clustered in space than would be 
expected based on the underlying population and its age structure. The results of a spatial scan 
largely concurred with a stochastic kernel estimation technique in identifying a general trend 
for more cases to the south of the study area, and several small clusters of very localised cases. 

Throughout this study, it was apparent that local peaks could stem from the aggregation of 
dispersed cases to centroids of postcodes or OAs. Generation of comparably-snapped 
stochastic simulations allowed the significance of such artefacts to be assessed, demonstrating 
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that localised clusters exist whose intensity is over and above that generated by spatial 
aggregation. What is more, smaller clusters were actually dominated by multiple cases at 
specific single postcodes. 

The clustering identified here cannot be taken to prove genuine community transmission of 
MRSA, since it appears that many of the cases may actually be patients in smaller medical care 
institutions, such as nursing care and old age residential homes. No information was available 
on employment, lifestyle or other risk factors. An individual’s home postcode is, in general, a 
poor surrogate for this information in assessing the risk of contracting MRSA. In fact, it could 
be said that, due to their compromised health status, often resulting in limited mobility, long-
term residents of care homes are the people most likely to contract MRSA at their registered 
home postcode. However, despite its limits, this analysis has been of particular value in 
prioritising samples for molecular typing, based on apparent local outbreaks. The work has 
also highlighted additional data which should ideally be collected in future studies, and 
provides a valuable insight into the structure of the data, which can be used to select 
appropriate models for further work. 
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