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Abstract
Background: Giardia is the most frequently identified intestinal parasite in North America.
Although information on geographical distribution of giardiasis is critical in identifying communities
at high risk, little has been done in this area. Therefore, the objective of this study was to investigate
the geographical and temporal distribution of human giardiasis in Ontario in order to identify
possible high risk areas and seasons. Two spatial scales of analyses and two disease measures were
used with a view to identifying the best of each in assessing geographical patterns of giardiasis in
Ontario. Global Moran's I and Moran Local Indicators of Spatial Associations were used to test for
evidence of global and local spatial clustering, respectively.

Results: There were seasonal patterns with summer peaks and a significant (P < 0.001) decreasing
temporal trend. Significant (P < 0.05) global spatial clustering of high rates was observed at the
Census Sub-division spatial scale but not at the Census Division scale. The Census Sub-division
scale was a better scale of analyses but required spatial empirical Bayesian smoothing of the rates.
A number of areas with significant local clustering of giardiasis rates were identified.

Conclusions: The study identified spatial and temporal patterns in giardiasis distribution. This
information is important in guiding decisions on disease control strategies. The study also showed
that there is benefit in performing spatial analyses at more than one spatial scale to assess
geographical patterns in disease distribution and that smoothing of disease rates for mapping in
small areas enhances visualization of spatial patterns.

Background
Giardia lamblia, a flagellated enteric protozoan parasite, is
the etiologic agent of human giardiasis whose infection

may result in asymptomatic cyst passage, acute diarrhea or
chronic disease accompanied with malabsorption and
weight loss [1]. The parasite is a common cause of both
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endemic and epidemic disease worldwide and is the most
frequently identified intestinal parasite in the United
States and Canada [2–4]. However, there are information
gaps that need to be addressed to better assist in the devel-
opment of policy guidelines specific for these infections.
For instance, few studies have assessed the geographical
and temporal distribution of giardiasis with a view to
identifying high risk areas and seasons. This information
is important in guiding decisions on resource allocation
for disease control purposes.

When performing investigations of spatial disease pat-
terns, two questions usually arise: what is the appropriate
spatial scale (areal unit) to use in order to identify existing
spatial patterns [5,6]; and what is the best disease meas-
ure? [7–11]. In relation to the best spatial scale, it has been
reported that spatial patterns in disease distribution may
change with a change of the spatial scale of analysis, a
phenomenon called the Modifiable Areal Unit Problem
(MAUP) [5]. The presence of the MAUP makes it neces-
sary to perform spatial analyses at more than one areal
unit to minimize its effects. In the current study, all spatial
analyses were performed at two spatial scales to alleviate
this problem and to identify the appropriate spatial scale
to use for mapping giardiasis in Ontario, Canada.

Regarding the disease measure to use for mapping, stand-
ardized Mortality or Morbidity Ratios have often been
used in disease maps [12,13]. However, when investigat-
ing diseases patterns in relatively small areas, use of these
measures have certain limitations. Since regional disease
rates have a non-constant population base, it implies that
mapping and statistical comparisons of rates with very dif-
ferent variances have to be done. Rates arising from areas
of low population usually have higher variances and are
therefore more unstable than those from areas with high
population [7]. Often, these low population areas repre-
sent rural communities that occupy large geographical
extents. Consequently, the rates from these areas draw
undue visual impression while being the least reliable due
to higher variances [14]. In this study, we used spatial
empirical Bayesian smoothed rates to alleviate or mini-
mize this limitation of standardized rates.

With the above issues in mind, the objectives of this study
were to: (a) describe the geographical and temporal distri-
bution of giardiasis cases reported to a surveillance system
in Ontario in order to identify areas with unusually high
rates; (b) identify the appropriate spatial scale for giardia-
sis mapping in Ontario. The paper reports on both tempo-
ral and spatial patterns of giardiasis distribution in
Ontario as well as results of the investigation of evidence
of spatial clustering of the disease. Results of investiga-
tions of the best spatial scale and disease measure for
mapping are also presented.

Methods
Data Collection and manipulation
The study was conducted in southern Ontario, an area
that included approximately 10 million people. All spatial
analyses were performed at the census division (CD) (n =
40) and the census sub-divisions (CSDs) (n = 644) spatial
scales. Data on giardiasis cases reported from January
1990 to December 1998 were extracted from the Reporta-
ble Disease Information Systems surveillance database
[15]. Cases of giardiasis in the database were defined as
persons with clinically compatible signs and symptoms
and either with an epidemiological link to two or more
laboratory confirmed cases, or demonstrating tropho-
zoites or cysts in stool or small bowel specimen. Diagnos-
tic test used was microscopic examination of stool
samples.

The personal identifiers of the patients were deleted
before the database was released to the investigators.
However, the postal code (PC) of residence of the each of
the cases was available and was used as the spatial loca-
tion identifier of the cases. Analyses were first performed
with all cases (22,496). Those cases whose risk settings
were either hospital (43 cases), local camping (607), vaca-
tion (49) or travel (4,766) were then excluded, since their
sources of infection likely were outside their respective
places of residence, and the analyses repeated to assess
their impact on the results.

A Postal Code Conversion File (PCCF) was obtained from
Statistics Canada [16]. This file contained all valid PCs
and the latitudes and longitudes of their centroides. The
PCCF was merged to the disease file using the PC identi-
fier to aid mapping of the spatial distribution of giardiasis
cases. The 1991 Canadian census data [17] supplied the
standard population distribution for direct standardiza-
tion of rates, whereas the 1996 Canadian census [18] pro-
vided the denominator data for calculation of area specific
disease rates.

Statistical Analyses
Creation of spatial weights, rate standardization and smoothing, and 
temporal analyses
Since the results of spatial analyses are dependent on the
spatial weights used, a number of different row standard-
ized weights (boundary, adjusted boundary, and inverse
distance spatial weights) were created at both the CD and
CSD spatial scales in ArcView GIS [19] and SpaceStat soft-
ware [20].

Direct age and sex standardized rates (STDRATES) were
computed in STATA [21]. The standardized rates were
expressed as the number of cases per 100,000 person-
years. Spatial empirical Bayesian (SEB) smoothing was
performed at the CSD spatial resolution using inverse
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distance weights in SpaceStat [20]. The CSDs were consid-
ered as small areas because most of them had 20 or fewer
giardiasis cases [22]. Using SEB smoothing, disease rates
from low population areas located in regions with no evi-
dence of spatial patterns, are shrunk towards the global
mean [7,9]. However, in regions of the map where there
exists clear evidence of spatial patterns in disease rates, the
less reliable estimates are drawn towards a local rather
than a global mean [9]. Therefore the resulting SEB esti-
mators represent a compromise between the overall mean
rate, and the local mean of the rates of the nearby areas.
The method also uses information from the entire map to
make estimates of the rates in areas with missing data.

Temporal patterns were displayed by plotting monthly
giardiasis rates against month using Microsoft Excel 2000
[23]. Temporal trend was assessed using an ordinary least
squares regression model with log of giardiasis rates as the
outcome and months as the predictor variable.

Computation of measures of spatial clustering
Moran's I was calculated as:

where N is the number of areas (CDs or CSDs), wij is the
element in the spatial weights matrix corresponding to the
observation pair i, j, xi and xj are observations for areas i
and j with mean u, and So = ΣiΣj wij. Since the weights were
row-standardized implying that each row sums to 1, So =
N. Both global Moran's I and Moran Local Indicators of
Spatial Association (LISA) were computed for giardiasis
rates and their statistical significance tested using 999
Monte Carlo permutations. A spatial correlogram for each
of the rates was also computed at the CSD spatial scale
using the inverse distance spatial weights. Hat matrix and
Cook's D values were calculated and mapped to identify
areas with high leverage and undue influence on the glo-
bal Moran's I values, respectively. All computations were
performed in SpaceStat [20].

Cartographic displays
All cartographic manipulations and displays were done in
ArcView GIS [19]. Jenk's optimization classification
method was used for determining the critical intervals for
mapping of the STDRATES in the choropleth maps. To
ease comparisons of the distribution of the STDRATES
with the SEB rates, the class intervals of SEB rates were
made to match those of the STDRATES maps. Evidence of
local clustering of rates was assessed using Moran scatter-
plots and Moran significance maps.

Results
Temporal distribution
The average number of cases per month was 1.97(± 0.51).
There were seasonal patterns in the distribution of giardia-
sis rates with highest peaks in the late summer to early fall.
The apparent winter peak in the distribution of giardiasis
rates disappeared when a 3-month moving average was
computed. There was also a significant (P < 0.001)
monthly decrease of 0.005% in the rate of giardiasis (Fig-
ure 1). The numerical data for Figure 1 has been presented
as a table in the Appendix [see Additional file 1].

Spatial distribution
The annual median standardized rate at the CD scale was
2.3 cases/100,000 person-years (range: 0.3 – 3.56). A map
of the study area showing the geographical distribution of
the 40 CDs is presented in Figure 2 and the description
(names) of the CD codes are shown in Table 1. The distri-
bution of age and sex standardized rates at the CD spatial
scale is presented Figures 3. Visually, there were high rates
(2.81 – 3.56 per 100,000 person-years) in the areas sur-
rounding Georgian Bay and in the counties of Perth, Vic-
toria and Lanark (Figure 3).

The spatial distribution of STDRATES at the CSD spatial
scale revealed possible clustering of high rates in the areas
of Waterloo and Wellington counties and in the areas sur-
rounding Georgian Bay. There were a number of CSDs
with no reported giardiasis cases (Figure 4). In compari-
son, the SEB smoothed rates produced more distinct pat-
terns of disease distribution making the potential cluster
around Wellington and Waterloo counties, those areas to
the south and south-eastern borders of Georgian Bay and
the areas in eastern Ontario more evident visually (Figures
4 and 5). Most of the areas that had missing (zero rate)
values in the STDRATES map had SEB rate estimates.

Measures of spatial clustering of giardiasis rates
Using both boundary and inverse distance weights, there
was non-significant (P > 0.05) global spatial auto-correla-
tion of giardiasis rates at the CD spatial resolution (Table
2). However, the results of a global measure of spatial
auto-correlation may have been influenced by areas that
had high leverage Cook's D values. These CDs were Parry
Sound District, Nipissing District county, Middlesex and
Halton Regional Municipality. Some counties had signifi-
cant Moran LISA values (Figure 6). For instance, Welling-
ton country (LISA Moran P = 0.032), Durham Regional
Municipality (P = 0.027) and Oxford county (P = 0.037)
had significant positive local spatial auto-correlation. All
the counties surrounding Georgian Bay, except Simcoe
county, were high rate areas surrounded by other high rate
areas (high-high).
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The global Moran test of spatial auto-correlations at the
CSD spatial scale using both boundary and inverse dis-
tance weights were highly significant (P < 0.001). The
results of the tests for spatial auto-correlation using
inverse distance weights at the CSD spatial scale are
shown in Table 3. Significant clustering was observed at
only lag 1 in the case of STDRATE, but for both lags 1 and
2 in the case of SEB42 (SEB with distance band 0–42 Arc
Distance Units (ADU)) and SEB180 (SEB with distance
band 0–180 ADU) (Table 4). Significant values of local
Moran's I indicating clustering of high rates were much
more evident in the SEB map than STDRATE map (Figures
7 and 8). The visual cluster around the Waterloo Regional
Municipality was non-significant. However, significant
clustering of high rates were observed in the CSDs in the
west and, to a lesser extent, east of Georgian Bay (Figure
7). Significant clustering of high rates (high-high) were
also observed in Toronto Metropolitan Municipality
when all the cases were included in the analysis. However,
this clustering disappeared when cases whose risk setting
was traveling, camping or local vacation were excluded
from the analysis (Figure not presented).

Discussion
Geographical and temporal patterns of giardiasis 
distribution
The decreasing temporal trend observed in giardiasis dis-
tribution could be attributed to better control measures
and/or improvement in the quality and/or source of
drinking water over the years. The seasonal patterns with
highest rates in the summer and early fall have also been
reported in other studies [2,24,25] and coincide with
increased outdoor activities (camping and swimming).
Although there seemed to be winter peaks these disap-
peared when a 3-month moving average was calculated
implying that these peaks may not be important in con-
trary to results of other studies [26]. The reason for the dif-
ference is not clear but may be related to geographical and
seasonal variations in cyst contamination of watersheds
due to geographical and seasonal differences in patterns
of human activity in watersheds.

Although the pattern of high rates in areas surrounding
Georgian Bay was visually evident at both the CD and
CSD spatial scales it was non-significant at the CD spatial
scale, possibly due to edge effect [27,28]. However, a few
CSDs in this region had significant clustering of high rates

Monthly distribution of giardiasis rates in southern OntarioFigure 1
Monthly distribution of giardiasis rates in southern Ontario. A plot of the monthly rates of giardiasis against time in months. 
The blue line, with diamond-shaped marks, is the age and sex standardized giardiasis rates. The red line, with triangle marks, is 
the 3-month moving average of the giardiasis rates. The black straight line is the trend line.
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and it was the influence of these CSDs that resulted in the
pattern of seemingly high rates at the CD spatial scale. The
reason for significant high rate clustering at the CSD spa-
tial scale in areas bordering Georgian Bay could be attrib-
uted to increased recreational activities in contaminated
water bodies, increased prevalence of infected beavers in
these areas or more use of drinking water from surface
sources without proper treatment. More detailed studies
would need to be carried out to clarify this.

The apparent visual cluster of high rates in the CSDs in
Wellington and Waterloo counties was non-significant
implying that subjective visual impression of spatial pat-
terns in maps may be misleading. Similar observations
have been reported by Walter [29]. Therefore, investiga-

tions should always use both visual and statistical tests to
draw conclusions on spatial patterns.

Smoothing of rates for mapping
Smoothing of disease rates for mapping is recommended
in situations where disease mapping is done in small areas
[7,30,31]. In this study a small area was defined as any
area with less than 20 cases of giardiasis [22]. Smoothing
the rates in these situations was necessary because the
rates resulting from these small areas were usually unsta-
ble (had high variances) and therefore small variations in
the number of cases resulted in dramatic changes in dis-
ease rates. It was not necessary to perform smoothing at
the CD spatial scale because none of the CDs fitted Cuzick

Distribution of counties or census division (CDs) of Southern OntarioFigure 2
Distribution of counties or census division (CDs) of Southern Ontario. A map of southern Ontario showing the distribution of 
the counties or Census Divisions in the study area. The numbers in the figure represent the unique county identification num-
bers (codes). The descriptions (names) of the Census Division codes are presented in Table 1.
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and Elliott's [22] definition of a small area and therefore
their rates were more stable.

Spatial empirical Bayesian smoothing of disease rates was
chosen because it utilizes three kinds of information to
estimate an area's disease rate: (a) the observed disease
events in an area; (b) prior information on the variability
of disease rates in the overall map, and (c) information on
the disease rates in an area's neighbors since geographi-
cally close areas tend to have similar rates of disease [32].
It is worth noting that the standardized rates (STDRATES)
ignore both the variability of rates over the entire map and
the spatial relationship among neighboring areas
[9,30,33]. In areas where there was no apparent local pat-
tern, an area's rate was shrunk towards the global mean.

Consistent with recommendations by Clayton and Kaldor
[34], the SEB method smoothed the standardized rates
such that in areas where there was a clear evidence of spa-
tial pattern in disease rates, the less reliable estimates were
drawn towards a local mean rather than a global one so
that after smoothing, the resulting estimators represent a
compromise between the overall mean rate, and the local
mean of the rates of the nearby areas. This ensures that the
final rate estimate is consistent with Tobler's Law (First
law of Geography), which states that, 'everything is related
to everything else but near things are more related than
distant things' [32]. Overall, the SEB smoothing resulted
in estimates that were close to the standardized rates when
the number of disease events and/or the population at risk
in an area were/was large. When the number of disease

Distribution of standardized unsmoothed giardiasis rates at Census Division Spatial Scale in southern OntarioFigure 3
Distribution of standardized unsmoothed giardiasis rates at Census Division Spatial Scale in southern Ontario. The map shows 
the distribution of age and sex standardized unsmoothed giardiasis rates at the Census Division spatial scale. The light colored 
areas had the lowest giardiasis rates while the dark areas had the highest rates.
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events and/or the population at risk were/was low, prior
information on the overall map dominated, thereby
shrinking standardized rates towards the overall mean
rate. For instance, application of SEB smoothing of the
rates from the CSDs in the north of the study area and bor-
dering Nipissing District resulted in shrinking of the rates
towards the higher rates of their neighbors.

Standardized rates were sufficient for the CD spatial scale
since they were not subject to sampling variation that was
encountered at the CSD spatial scale [9,30,33]. In this
study, the problem of sampling variation at the CSD spa-
tial scale was aggravated by the fact that areas with low
population counts occurred in rural areas occupying large
geographical extents, thereby making their visual impact
disproportionate. The SEB smoother was important in

reducing this undue 'interest' or attention on these outly-
ing observations.

Choice of spatial scale of analysis
Due to the fact that the spatial patterns of disease distribu-
tion may change depending on the spatial scale used for
mapping, a phenomenon known as the Modifiable Areal
Unit Problem (MAUP), all analyses were done at both the
CD and CSD in order to identify the appropriate scale for
giardiasis mapping. The term MAUP arises from the fact
that areal units are not natural but arbitrary constructs
that may not necessarily have a relationship with disease
distribution [5]. Due to the MAUP there were differences
in observed spatial patterns between CD and CSD spatial
scales which was quite evident in the areas surrounding
Georgian Bay where very high rates in a few CSDs resulted

Distribution of standardized unsmoothed giardiasis rates at Census Sub-division Spatial Scale in southern OntarioFigure 4
Distribution of standardized unsmoothed giardiasis rates at Census Sub-division Spatial Scale in southern Ontario. The dark 
areas represent areas with highest rates while the light colored areas had the lowest rates.

L. Ontario

L. Erie

L. Huron

G
eorgian

Bay

Annual incidence per 100,000 person-years
0
0 - 1.36
1.36 - 2.32
2.32 - 3.92
3.92 - 30.981000100200Kilometers

N

EW

S

Page 7 of 13
(page number not for citation purposes)



International Journal of Health Geographics 2003, 2 http://www.ij-healthgeographics.com/content/2/1/5
in high rates of giardiasis for the entire CD in which the
high rate CSDs were located. It is therefore not surprising
that the results of spatial distribution at the two spatial
scales were different; most notable was the rate in Nipiss-
ing. Other workers have also reported obtaining different
results at different spatial scales [6]. This issue has impor-
tant implications in resource allocation for disease control
since it would complicate decisions as to the exact areas
that are at higher risk and therefore need more attention
[35]. Analyses at the CD spatial scale resulted in the loss
of spatial variability induced by the aggregation process.
Other authors have reported similar observations [36].
Therefore the CSD seems to be the more appropriate of
the two spatial scales since it achieves a better compro-
mise between detail (resolution) and rate stability condi-
tional on appropriate rate smoothing.

Clustering of giardiasis in Ontario
None of the global tests of spatial auto-correlation was
significant at the CD spatial scale. However, the global
Moran's I may be biased by the fact that the measure is
based on an integrated analysis of all data which may not
be optimal for the study of rate variations in particular
local areas. Therefore, disease excess that was limited to
one or two regions may not have a significant impact on
the overall measure. Walter [29] reports that unless there
exists a sufficient level of regional variation in the disease
rate, Moran's I statistic may have limited power. We
believe this was the case in this study and therefore, LISA
measures are more informative in these cases.

The fact that when the cases infected during traveling and
vacation were included in the analysis, Toronto Metropol-

Distribution of spatial empirical Bayesian smoothed giardiasis rates at Census Sub-division in Southern OntarioFigure 5
Distribution of spatial empirical Bayesian smoothed giardiasis rates at Census Sub-division in Southern Ontario. The dark areas 
represent areas with the highest rates while the light colored areas are those with the lowest rates.
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itan Municipality became a high rate cluster is an indica-
tion that most of the cases in this area got infection
elsewhere. Most of the CSDs that had significant local
clustering of high rates were in more rural areas possibly
due to lower quality of drinking water supply in these
areas [37]. These areas are also prime vacation sites for
people from Toronto.

Although the SEB rates enhanced visualization of spatial
patterns, the tests of significance resulting from them
should be interpreted with caution because they may have
a large artefactual component resulting from smoothing
[30]. This is evidenced by the fact that all the SEB rates had
consistently larger Moran's I values than the STDRATES.
Therefore they should only be used for visualization of
possible spatial patterns and not for statistical testing of
the presence of spatial clustering.

A limitation of the LISA methods is their failure to correct
for multiple comparisons while testing for clustering.
Some authors have proposed that when using a signifi-

cance level of 0.05 and no correction factor for multiple
comparisons, up to 5% of the areas are identified by ran-
dom chance variation [38]. However, Rothman [39]
argues that no adjustments are needed for multiple com-
parisons since reducing type I error increases type II error
thereby reducing the power to detect true statistically sig-
nificant differences. To our knowledge, there seems to be
no consensus on how to adjust for the multiple compari-
sons when using this kind of methodology [40].

Conclusions
The study has shown visual and statistical evidence of spa-
tial clustering as well as seasonal patterns and decreasing
temporal trend in the distribution of giardiasis rates in
Ontario. The study also showed that the CSD spatial scale
was a more appropriate scale than the CD for mapping
giardiasis rates in Ontario. However, mapping at the CSD
spatial scale requires SEB smoothing. The information
obtained from this study is useful in guiding decisions in
resource allocation to control the illness and in guiding
future studies. Further epidemiological investigations to

Moran scatterplot and LISA maps of giardiasis rates at the Census Division spatial scaleFigure 6
Moran scatterplot and LISA maps of giardiasis rates at the Census Division spatial scale. The map on the left represents the dis-
tribution of local Moran's I values, at the Census Sub-division spatial scale, of giardiasis rates in southern Ontario. This map 
shows the four types of spatial association observed in the data (i.e. high-high, low-low, high-low, low-high). These four types of 
spatial association constitute two forms of spatial autocorrelation: positive and negative spatial associations. Positive spatial 
associations (i.e. association between similar values) are observed in areas marked high-high (i.e. high rate in an area sur-
rounded by high values of the weighted average rate of the neighboring areas), and low-low (low rate in an area surrounded by 
low values of the weighted average rate of the neighboring areas). There were also two forms of negative spatial associations 
(i.e. association between dissimilar values); high-low (high rate in an area surrounded by low values of the weighted average 
rate of the neighboring areas), and low-high (low rate in an area surrounded by high values of the weighted average rate of the 
neighboring areas). The areas shaded in red had positive spatial autocorrelation while those shaded in blue had negative spatial 
autocorrelation of giardiasis rates. The map on the right shows the distribution of significant Moran Local Indicators of Spatial 
Association (LISA) at the Census Division spatial scale. Significant negative spatial association is shown in blue while significant 
positive association is colored red. Areas that had non-significant LISA values are blank (no color shading).
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LISA maps of STDRATES and SEBRATES at the Census Sub-division spatial scaleFigure 7
LISA maps of STDRATES and SEBRATES at the Census Sub-division spatial scale. The map on the left shows the four types of 
significant spatial association observed for the standardized unsmoothed rates (STDRATES). The four types are: (i) high-high 
(high rate in an area surrounded by high values of the weighted average rate of the neighboring areas), (ii) low-low (low rate in 
an area surrounded by low values of the weighted average rate of the neighboring areas), (iii) high-low (high rate in an area sur-
rounded by low values of the weighted average rate of the neighboring areas), and (iv) low-high (low rate in an area sur-
rounded by high values of the weighted average rate of the neighboring areas). The map on the right shows the distribution of 
the above mentioned four types of spatial association observed for the spatial empirical Bayesian smoothed rates (SEBRATES). 
In both maps the areas shaded in red had significant positive spatial autocorrelation while those shaded in blue had significant 
negative spatial autocorrelation of giardiasis rates. There was stronger spatial association on the map on the right (i.e. for spa-
tial empirical Bayesian smoothed rates). This suggests that the smoothed rates should only be used for visual comparison of 
spatial patterns and not for statistical analyses since the smoothing may lead to some artefactual effects on the tests for spatial 
autocorrelation of the rates.

Moran significance maps of giardiasis rates at Census Sub-division spatial scaleFigure 8
Moran significance maps of giardiasis rates at Census Sub-division spatial scale. The map on the left shows the distribution of 
Moran's I significance levels of tests of spatial autocorrelation on standardized giardiasis rates at the Census Sub-division spatial 
scale while the one on the right shows distribution of the significance levels of the spatial empirical Bayesian giardiasis rates. 
The different colour shading represent different significance levels.
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Table 1: Description (names) of the Census Division Codes in southern Ontario

Census Division Code Census Division Name

1 Stormont, Dundas and Glengarry United Counties
2 Prescott and Russell United Counties
6 Ottawa-Carleton Regional Municipality
7 Leeds and Grenville United Counties
9 Lanark County
10 Frontenac County
11 Lennox and Addington County
12 Hastings County
13 Prince Edward County
14 Northumberland County
15 Peterborough County
16 Victoria County
18 Durham Regional Municipality
19 York Regional Municipality
20 Toronto Metropolitan Municipality
21 Peel Regional Municipality
22 Dufferin County
23 Wellington County
24 Halton Regional Municipality
25 Hamilton-Wentworth Regional Municipality
26 Niagara Regional Municipality
28 Haldimand-Norfolk Regional Municipality
29 Brant County
30 Waterloo Regional Municipality
31 Perth County
32 Oxford County
34 Elgin County
36 Kent County
37 Essex County
38 Lambton County
39 Middlesex County
40 Huron County
41 Bruce County
42 Grey County
43 Simcoe County
44 Muskoka District Municipality
46 Haliburton County
47 Renfrew County
48 Nipissing District
49 Parry Sound District

Table 2: Tests of spatial autocorrelation of giardiasis rates at the census division spatial scale.

Disease Measure Moran's I1 (P-Value)

STD Rates2(1990–92) -0.090 (0.262)
STD Rates (1993–95) -0.045 (0.492)
STD Rates (1996–98) -0.035 (0.538)
STD Rates (All Years) -0.089 (0.286)

1 Inverse distance spatial weight with band width of 0–180 great distance units used for computations 2 Age and sex standardized rates
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investigate risk factors responsible for the observed pat-
terns would provide more information to guide decisions
on control strategies.
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