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Abstract
Background: Tuberculosis (TB) has reemerged as a global public health epidemic in recent years.
Although evaluating local disease clusters leads to effective prevention and control of TB, there are
few, if any, spatiotemporal comparisons for epidemic diseases.
Methods: TB cases among residents in Fukuoka Prefecture between 1999 and 2004 (n = 9,119)
were geocoded at the census tract level (n = 109) based on residence at the time of diagnosis. The
spatial and space-time scan statistics were then used to identify clusters of census tracts with
elevated proportions of TB cases.
Results: In the purely spatial analyses, the most likely clusters were in the Chikuho coal mining
area (in 1999, 2002, 2003, 2004), the Kita-Kyushu industrial area (in 2000), and the Fukuoka urban
area (in 2001). In the space-time analysis, the most likely cluster was the Kita-Kyushu industrial area
(in 2000). The north part of Fukuoka Prefecture was the most likely to have a cluster with a
significantly high occurrence of TB.
Conclusion: The spatial and space-time scan statistics are effective ways of describing circular
disease clusters. Since, in reality, infectious diseases might form other cluster types, the
effectiveness of the method may be limited under actual practice. The sophistication of the
analytical methodology, however, is a topic for future study.

Background
Tuberculosis (TB) has reemerged as a global public health
epidemic in recent years. TB remains a serious public
health problem among certain patient populations, and is
prevalent in many urban areas. The World Health Organization estimates that approximately nine million individuals will develop active TB disease and more than two
million will die from TB [1,2]. The global burden of TB
remains enormous, and will likely rank high among public health problems in the coming decades [3-5].

Although TB cases in Japan had decreased in number until
1996, the prevalence suddenly began to increase between
1997 and 1999. After a 4-year rise, the TB prevalence again
began to decrease in 2000. Since that time, about 30,000
TB cases have been reported annually. In 2004, 29,736
cases were reported [6] (23.3 cases per 100,000 individuals). The incidence rate of TB is generally higher in metropolitan areas than in rural areas. For example, the
incidence in Osaka (61.8) is 5.9 times higher than the
incidence in Nagano (10.4), and the incidence in Tokyo
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(34.7) is 3.3 times higher than in Nagano. For international comparison, the incidence rate in Japan (23.3) is
5.1 times higher than in Sweden (4.6), 4.4 times than in
Australia (5.3), and 4.8 times than in the United States
(4.9). Therefore, TB remains a major infectious disease in
Japan.
The TB incidence in Fukuoka Prefecture, located on
Kyushu Island, is higher than the national average, and is
42nd (6th worst) among the country's 47 prefectures. In
2004, 1,295 cases were reported [7] (25.6 cases per
100,000 individuals). Since 2000, the TB incidence in the
prefecture has decreased. Population-based studies have
reported numerous human factors that are related to genotype clustering in TB, including younger age, nationality,
black race, male sex, positive respiratory acid-fast bacilli
smear, acquired immunodeficiency syndrome (AIDS),
human immunodeficiency virus (HIV) infection, homelessness, drug and alcohol abuse, and failure to identify
contacts [8]. We can safely conclude that individuals who
live in these fragile conditions generally have an elevated
risk of TB infection [9-11]. Until the 1970s, several coal
mines operated in Fukuoka Prefecture, and in these coal
mining areas, TB was prevalent [12]. The incidence of
pneumoconiosis and COPD, which result from the working conditions in coal mines [13-17], has been on the
decline since the closure of the coal mines. In addition,
environmental control in those areas has been stringent.
Consequently, TB, COPD, and pneumoconiosis appear,
at least superficially, to have been suppressed. However,
the prevalence of TB is higher in the coal mining area than
in the rest of Fukuoka Prefecture, although for technical
reasons, it was difficult to determine where and when the
prevalence was high before the advent of spatial, temporal, and space-time scan statistics.
Public health officials are often required to evaluate local
disease cluster alarms. After the case definition is established, officials try to determine whether the cluster
occurred by chance. A high number of disease cases might
be due to a common elevated risk factor of limited geographical or temporal extension. In this case, a more thorough investigation is warranted to identify risk factors. It
is not statistically suitable to simply compare the standardized disease incidence rate within the cluster area and
time frame with the rate observed in a larger geographic
area and time frame. In this type of comparison, the spatial and temporal boundaries of the cluster are defined
from an observed set of cases, which produces a preselection bias in the statistical analysis. Moreover, any geographical region always contains high-rate areas that occur
by chance alone. If every cluster of cases found to be statistically significant, according to such a procedure, were
to be investigated thoroughly, public health officials
would investigate mostly random data.

http://www.biomedcentral.com/1471-2334/7/26

Spatial, temporal, and space-time scan statistics are now
commonly used to detect and evaluate disease clusters
[18-21] for a variety of diseases, including cancer [22,23],
Creutzfeldt-Jakob disease [24], granulocytic ehrlichiosis
[25], sclerosis [26], and diabetes [27]. SaTScan software
analyzes spatial, temporal, and space-time data using spatial, temporal, or space-time scan statistics [28-30]. SaTScan™ is a trademark of Martin Kulldorff. The SaTScan™
software was developed under the joint auspices of Martin
Kulldorff, the National Cancer Institute and Farzad Mostashari at the New York City Department of Health and
Mental Hygiene. The space-time scan statistic is useful for
determining which cluster alarms merit further investigation and which clusters are likely to be occurring by
chance [31]. In this study, we used this state-of-the-art statistic to identify where and when the prevalence of TB is
high in Fukuoka Prefecture. Given the properties of TB,
any single case represents a sentinel event warranting public intervention. However, in the case of TB, it is necessary
to know which cluster alarms merit further investigation
and which clusters are likely to have occurred by chance.
In other words, the ability to detect disease outbreaks is
important for local and national health departments to
minimize morbidity and mortality through timely implementation of disease prevention and control measures.
Because the statistic meets these needs completely, results
that are effective and practical for public health officials
are expected from this study.

Methods
Data sources
Relevant data for Fukuoka Prefecture, which is southwest
of Tokyo, Japan (Fig. 1) were used in the study. Specifically, tests for spatial randomness were applied to six different geographic data sets (Table 1). Demographic data
were compiled for each of the 109 Fukuoka Prefecture
census tracts from the Japan Census. Data on TB cases in
Fukuoka Prefecture were obtained from the TB surveillance system, which monitors TB events among the
roughly five million residents in Fukuoka Prefecture.
Addresses were matched to towns for 9,119 TB cases from
1999 to 2004. All cases were geocoded to latitude and longitude coordinates. We used 109 different geographic TB
data sets for the spatial scan statistic, in each year. Finally,
this study using the TB surveillance data was approved by
the Fukuoka Prefecture Environmental Health Research
Advancement Committee (ethics committee) on December 17, 2004 (Reference Number: 16-1803).
Data analysis
The spatial scan statistic was developed to test for geographical clusters and to identify their approximate location [20]. The number of events, i.e., incident cases, may
be assumed to have either a Poisson or Bernoulli distribution. Depending on the availability of data, the spatial
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Table 1: Summary of the data sets

Data type

Ages

Geographic area

Spatial resolution

Locations (n)

Year

Total cases(n)

Male cases(n)

Female cases(n)

Incidence
Incidence
Incidence
Incidence
Incidence
Incidence

All
All
All
All
All
All

Fukuoka, Japan
Fukuoka, Japan
Fukuoka, Japan
Fukuoka, Japan
Fukuoka, Japan
Fukuoka, Japan

Towns
Towns
Towns
Towns
Towns
Towns

109
109
109
109
109
109

1999
2000
2001
2002
2003
2004

1,845
1,613
1,553
1,415
1,398
1,295

1,156
1,050
993
899
829
806

689
563
560
516
569
489

Source. Fukuoka Prefectural Government: Statistics of TB 2005 in Fukuoka Prefecture.

scan statistic can be used for either aggregated data, such
as census areas, or with precise geographical coordinates,
where each 'census area' contains only one person at risk.
The spatial scan statistic imposes a circular window on the
map, and lets the center of the circle move over the area,
so that the window includes different sets of neighboring
census areas at different positions. If the window contains
the centroid of a census area, that entire area is included
in the window. For each circle centroid, the radius of the
circular window varies from 0 to a maximum radius, so
the window never includes more than 50% of the total
population at risk. In this way, the circular window is flexible in both location and size. The method creates a very
large number of distinct circular windows, each containing a different set of neighboring areas, and each possibly
containing a cluster of events [21].
Using the total number of cases in the region, the scan statistic tests the null hypothesis, complete spatial randomness, against the alternative hypothesis, which is that the
probability of a case being inside the zone is greater than
it than being outside of the zone. Since the scan statistic is
likelihood-based, the most likely zones can be selected
and tested for statistical significance. Because we are evaluating a huge number of outbreak locations, sizes, and
durations, we need to adjust for multiple testing. Since we
do not have population-at-risk data, this cannot be
achieved via standard methods of scan statistics. Instead,
we must create a large number of random permutations
on the spatial and temporal attributes of each case in the
data set. That is, we shuffle the times and assign them to
the original set of case locations, ensuring that both the
spatial and temporal marginals remain unchanged. Then,
the most likely cluster is calculated for each simulated
data set in exactly the same way as for the real data. To estimate distributions for the test statistic, the spatial scan statistic uses the Monte Carlo method and assigns cases to
individuals in the population randomly, and recalculates
the test statistic. Only a small number of all possible zones
(potential clusters) are tested, to minimize multiple testing and false positives. In each of the likely clusters, the
output includes a listing of geographic subdivisions, num-

bers of observed and expected cases, population, relative
risk (RR), and p-value. The scan test imposes a circular
zone and calculates a rate within that zone. Areas of
below-average risk within that zone will be declared a
cluster constituent, provided their low rate is offset by
high-rate areas within the circular zone. Thus, the scan statistic is prone to false-positives.
If a purely spatial analysis is performed for an extensive
time period, it is more difficult to detect recently emerging
clusters. To resolve this problem, a purely spatial analysis
based on data from only the last few years can be performed. One problem, however, is determining the
appropriate number of years to include. If too few years
are analyzed, low-to-moderate excess risk that is present
for a considerable length of time could be missed. If too
many years are analyzed, the analysis might have insufficient power to detect a very recent high-excess-risk cluster.
One solution might be the use of a space-time scan statistic.
Instead of a circular window in two dimensions, the
space-time scan statistic uses a cylindrical window in three
dimensions. The base of the cylinder represents space (as
in the purely spatial scan statistic), and the height represents time. The cylinder is flexible in both its circular geographical base and its starting date, which are
independent of one other. As in the purely spatial scan
statistic, the likelihood ratio test statistic is constructed
using a computational algorithm for calculating the likelihood for each window in three dimensions, rather than
in two dimensions.
Spatial scan statistic (SaTScan) was used to identify clusters of census tracts in Fukuoka Prefecture. SaTScan identifies a cluster at any location of any size up to a maximum
size, and minimizes the problem of multiple statistical
tests. Scanning was also set to search only for areas with
high proportions of TB. No geographic overlap was used
as a default setting, so secondary clusters would not overlap the most significant cluster. In order to scan for small
to large clusters, the maximum cluster size was set to 50%
of the total population at risk. To ensure sufficient statis-
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Figure 1of Fukuoka Prefecture on Kyushu, southwest of Tokyo, Japan
Location
Location of Fukuoka Prefecture on Kyushu, southwest of Tokyo, Japan.

tical power, the number of Monte Carlo replications was
set to 999, and clusters with statistical significance of p <
0.05 were reported.
Since the spatial scan statistic (SaTScan) has been widely
applied to various diseases, we applied the method, utilizing a circle as the base for the scanning cylinder, to the

data for Fukuoka Prefecture. A less geographically compact cluster provides less power to detect the disease. All
the clusters detected were approximately circular. In reality, however, infectious diseases might frequently assume
other cluster types, and more complicated clusters, such as
oval clusters, are more realistic. We were aware of this
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methodological limitation and sought to exercise caution
when interpreting the results.

the northern area, and (2) a local cluster was detected in
2000.

Results

Second, as mentioned, the two types of analysis identified
the most likely cluster in the north of Fukuoka Prefecture
in 2000. After 2000, no likely cluster was detected. This
result was consistent with national trends [6,32,33]. After
38 years of steady decline, a sudden jump in the number
of new cases in Japan was reported in 1997 [6,32,33]. The
morbidity rate also increased for the first time in 43 years
[6,34,35]. Faced with the resurgence of TB, the Ministry of
Health and Welfare declared a state of emergency in 1999.
To bring TB under control, the Ministry of Health and
Welfare worked together with related public sectors,
including local governments and organizations. Strategies
included educating the public about the dangers of TB as
a re-emergent epidemic; implementing countermeasures,
such as medical examinations regulated by the Tuberculosis Prevention Law; monitoring TB carefully; and promoting special anti-tuberculosis programs [6,32,36,37].
Beginning in 2000, the number of TB cases in Japan began
to decrease again [6,32,33]. Again, since our finding was
in line with a national trend, it was suggested that the
decline in cases was consistent with the efforts of the policies implemented in Fukuoka Prefecture.

Before reporting the results, we refer to the meaning of
background risk for TB. Even in a society without known
risk factors for TB, some TB cases (i.e., the expected
number) are observed. The TB clusters are calculated
based on the expected numbers. Since the absence of
background risk does not necessarily indicate the absence
of disease, we must again be careful in interpreting the
results.
The results of the purely spatial analysis of TB data from
1999 to 2004 are shown in Tables 2 and 3, and in Figures
2 and 3. The most likely significant clusters for a high
occurrence of TB are listed in Table 2, and depicted on the
map in Figure 2. For the purely spatial analyses, the most
likely cluster was detected for each year. The most likely
cluster had 138 observed cases in 1999, when 96.9 were
expected theoretically (RR = 1.46, p = 0.013); 437 vs.
333.8 cases (RR = 1.42, p = 0.001) in 2000; 135 vs. 97.6
cases (RR = 1.42, p = 0.045) in 2001; 193 vs. 117.9 cases
(RR = 1.74, p = 0.001) in 2002; 106 vs. 55.7 cases (RR =
1.98, p = 0.001) in 2003; and 100 vs. 55.1 cases (RR =
1.88, p = 0.002) in 2004. The most likely clusters were the
Chikuho coal mining area (in 1999, 2002, 2003, 2004),
Kita-Kyushu industrial area (in 2000), and Fukuoka urban
areas (in 2001). We also detected several secondary clusters, which were not significant.
Next, we tested the space-time analysis of the TB data from
1999 to 2004. The most likely significant clusters for a
high occurrence of TB are listed in Table 3, and depicted
on the map in Figure 3. In the 1999–2004 data, the most
likely cluster had 354 cases, when 287.8 were theoretically
expected (RR = 1.23, p = 0.015) in 2000. In the 2000–
2004 data, the most likely cluster had 354 cases when
282.1 were theoretically expected (RR = 1.26, p = 0.001)
in 2000. We also detected several secondary clusters,
which were not significant.

Discussion
In this study, two different methods were used to analyze
TB cases, using minimal assumptions about the spatiotemporal characteristics of TB clusters. Several notable
points can be drawn from the findings. First, there was
partial concurrence between the two methods with respect
to the results of the analyses. Specifically, the space-time
analysis reported an excess incidence of TB in the northern
part of Fukuoka in the year 2000 cluster (Fig. 3), and the
purely spatial analysis also reported an excess incidence of
TB in the same area in 2000 (Fig. 2). This finding and the
statistical power of the two analyses strongly suggests that
(1) a local cluster, not explainable by chance, existed in

Third, in the two types of analysis, the most likely clusters
consisted of the Chikuho coal mining area (in 1999,
2002, 2003, 2004), Kita-Kyushu industrial area (in 2000),
and Fukuoka urban area (in 2001). Backed by the neighboring Chikuho coal mines and harbors, the Kita-Kyushu
industrial area originated in 1901. In recent years, however, heavy industry has moved to neighboring countries,
where labor is inexpensive. Concomitantly, the economy
of the Kita-Kyushu industrial area has deteriorated in the
last ten years. Several studies have already reported that
the socioeconomic situation in an area influences the incidence of TB in that area [38-47]. Again, since the KitaKyushu area was included in the two types of analysis, our
finding was consistent with these previous findings.
Fourth, we detected the most likely cluster in the Chikuho
coal mining area (in 1999, 2002, 2003, 2004). Several
studies have already reported that TB, pneumoconiosis,
and COPD, which result from the working conditions in
coal mines, were prevalent in the coal mining area [1217]. Our findings agree with those findings.
We need to mention the practical implications of our
findings. If a disease atlas was always complemented with
a test for the detection of clusters, public health officials
could better prioritize the regions in which thorough
investigations should be conducted, while minimizing
the time taken to detect genuine abnormalities. To detect
disease clusters, the public-health community has histori-
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Table 2: The mostly likely clusters of TB cases detected using the purely spatial analysis

Data Years

Cluster Areas(n)

Observed Cases

Expected Cases

Relative Risk

p-value

1999
2000
2001
2002
2003
2004

11
16
2
20
10
12

138
437
135
193
106
100

96.9
333.8
97.6
117.9
55.7
55.1

1.46
1.42
1.42
1.74
1.98
1.88

0.013
0.001
0.045
0.001
0.001
0.002

cally relied on the watchful eyes of physicians and other
health-care workers, who report individual cases, or clusters of cases, of particular diseases to health-care and other
authorities. However, the increasing availability of surveillance data raises the possibility of disease cluster detection, and subsequent intervention, if suitable analytic
methods are found. To delineate spatial clusters, the
space-time scan statistic has the distinct advantage of providing statistical significance, providing a more objective
basis for identifying clusters. The method can be an
important tool for public health officials and is applicable
to the detection of clusters of other diseases.

for the scanning cylinder in this study, other scanning
window shapes also exist [28], and circular scan statistics
can detect noncircular cluster areas [48]. The sophistication of the analytical methodology, however, is a topic for
future study.

Conclusion
In summary, using data from 1999 to 2004, we used the
space-time scan statistic to examine clusters of TB in Fukuoka Prefecture, Japan. The most likely significant cluster
for a high occurrence of TB was identified in the north part
of Fukuoka Prefecture. Since the efficacy of TB control
measures in specific areas could be evaluated by reviewing
the control measures and a longitudinal change in TB
prevalence, the space-time scan statistic can contribute to
health program evaluation. Although the method used
here could help prioritize the assignment and investigation of diseases, the applicability of our methodology
might be limited. We need to develop more sophisticated
analytical methodology for future studies.

Our study had several limitations. First, we analyzed a
short period of time (i.e., 6 years, from 1999 to 2004).
Additional analyses are needed to evaluate the spatial and
temporal changes in the pattern of TB using data for a
longer study period, or more detailed incidence data
(monthly, weekly, or daily). Second, since the study was
based on the assumption of circular spatial scanning windows and space-time cylinders, the centroid of each cluster location (i.e., administrative districts such as cities,
towns, and villages) is not necessarily included in the cluster circle (Figs. 2 and 3). As a matter of fact, it is almost
impossible for an actual administrative area with complicated geographical boundaries to be included in the
detected circular cluster. This is another limitation of our
methodology. If more advanced methods with more flexible scanning window shapes were used, the centroids of
each area might be included in the cluster. Additional
methodological research is necessary to relax the circular
and cylinder assumptions. Third, the geographical boundary of the detected cluster is not necessarily the boundary
of the true cluster. Although we used a circle as the base
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Table 3: The mostly likely clusters of TB cases detected using the space-time analysis

Data Years

Cluster Areas(n)

Cluster Years

Observed Cases

Expected Cases

Relative Risk

p-value

1999–2004
2000–2004
2001–2004
2002–2004
2003–2004

13
13
4
1
4

2000
2000
2001
2002
2004

354
354
216
8
20

287.8
282.1
178.3
3.1
12.5

1.23
1.26
1.21
2.58
1.60

0.015
0.001
0.400
0.696
0.568
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Figure 2 of the detected clusters of TB cases from 1999 to 2004, based on a purely spatial analysis
Locations
Locations of the detected clusters of TB cases from 1999 to 2004, based on a purely spatial analysis.
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Locations
Figure 3 of the detected clusters of TB cases, using historical data from 1999 to 2004, based on the space-time analysis
Locations of the detected clusters of TB cases, using historical data from 1999 to 2004, based on the space-time analysis.

References
1.

2.
3.

Dye C, Watt CJ, Bleed DM, Hosseini SM, Raviglione MC: Evolution
of tuberculosis control and prospects for reducing tuberculosis incidence, prevalence, and deaths globally. JAMA 2005,
293:2767-2775.
Blumberg HM, Leonard MK Jr, Jasmer RM: Update on the treatment of tuberculosis and latent tuberculosis infection. JAMA
2005, 293:2776-2784.
Dye C, Scheele S, Dolin P, Pathania V, Raviglione MC: Consensus
statement. Global burden of tuberculosis: estimated inci-

4.
5.

6.

dence, prevalence, and mortality by country. WHO Global
Surveillance and Monitoring Project. JAMA 1999, 282:677-686.
Lopez AD, Murray CC: The global burden of disease, 1990–
2020. Nat Med 1998, 4:1241-1243.
Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ: Global
and regional burden of disease and risk factors, 2001: systematic analysis of population health data. Lancet 2006,
367:1747-1757.
Japan Anti-Tuberculosis Association: Statistics of TB 2005 in Japan
Japan Anti-Tuberculosis Association; 2005.

Page 8 of 9
(page number not for citation purposes)

BMC Infectious Diseases 2007, 7:26

7.
8.

9.

10.

11.
12.

13.
14.
15.

16.

17.
18.
19.
20.
21.
22.

23.

24.

25.
26.

27.
28.
29.
30.

Fukuoka Prefectural Government: Statistics of TB 2005 in Fukuoka Prefecture Fukuoka Prefectural Government; 2005.
Driver CR, Macaraig M, McElroy PD, Clark C, Munsiff SS, Kreiswirth
B, Driscoll J, Zhao B: Which patients' factors predict the rate of
growth of Mycobacterium tuberculosis clusters in an urban
community? Am J Epidemiol 2006, 164:21-31.
Barnes PF, Yang Z, Preston-Martin S, Pogoda JM, Jones BE, Otaya M,
Eisenach KD, Knowles L, Harvey S, Cave MD: Patterns of tuberculosis transmission in Central Los Angeles. JAMA 1997,
278:1159-1163.
Geng E, Kreiswirth B, Driver C, Li J, Burzynski J, DellaLatta P, LaPaz
A, Schluger NW: Changes in the transmission of tuberculosis
in New York City from 1990 to 1999. N Engl J Med 2002,
346:1453-1458.
Barnes PF, el-Hajj H, Preston-Martin S, Cave MD, Jones BE, Otaya M,
Pogoda J, Eisenach KD: Transmission of tuberculosis among the
urban homeless. JAMA 1996, 275:305-307.
Mosquera JA, Rodrigo L, Gonzalvez F: The evolution of pulmonary tuberculosis in coal miners in Asturias, northern Spain.
An attempt to reduce the rate over a 15-year period, 1971–
1985. Eur J Epidemiol 1994, 10:291-297.
Attfield MD: Longitudinal decline in FEV1 in United States
coalminers. Thorax 1985, 40:132-137.
Marine WM, Gurr D, Jacobsen M: Clinically important respiratory effects of dust exposure and smoking in British coal
miners. Am Rev Respir Dis 1988, 137:106-112.
Soutar C, Campbell S, Gurr D, Lloyd M, Love R, Cowie H, Cowie A,
Seaton A: Important deficits of lung function in three modern
colliery populations. Relations with dust exposure. Am Rev
Respir Dis 1993, 147:797-803.
Oxman AD, Muir DC, Shannon HS, Stock SR, Hnizdo E, Lange HJ:
Occupational dust exposure and chronic obstructive pulmonary disease. A systematic overview of the evidence. Am Rev
Respir Dis 1993, 148:38-48.
Coggon D, Newman Taylor A: Coal mining and chronic obstructive pulmonary disease: a review of the evidence. Thorax 1998,
53:398-407.
Wallenstein S: A test for detection of clustering over time. Am
J Epidemiol 1980, 111:367-372.
Weinstock MA: A generalised scan statistic test for the detection of clusters. Int J Epidemiol 1981, 10:289-293.
Kulldorff M: A spatial scan statistic. Communications in Statistics –
Theory and Methods 1997, 26:1481-1496.
Kulldorff M: Prospective time-periodic geographical disease
surveillance using a scan statistic. J R Stat Soc Ser 2001,
A164:61-72.
Michelozzi P, Capon A, Kirchmayer U, Forastiere F, Biggeri A, Barca
A, Perucci CA: Adult and childhood leukemia near a highpower radio station in Rome, Italy. Am J Epidemiol 2002,
155:1096-1103.
Viel JF, Arveux P, Baverel J, Cahn JY: Soft-tissue sarcoma and nonHodgkin's lymphoma clusters around a municipal solid
waste incinerator with high dioxin emission levels. Am J Epidemiol 2000, 152:13-19.
Cousens S, Smith PG, Ward H, Everington D, Knight RS, Zeidler M,
Stewart G, Smith-Bathgate EA, Macleod MA, Mackenzie J, Will RG:
Geographical distribution of variant Creutzfeldt-Jakob disease in Great Britain, 1994–2000. Lancet 2001, 357:1002-1007.
Chaput EK, Meek JI, Heimer R: Spatial analysis of human granulocytic ehrlichiosis near Lyme, Connecticut. Emerg Infect Dis
2002, 8:943-948.
Sabel CE, Boyle PJ, Loytonen M, Gatrell AC, Jokelainen M, Flowerdew
R, Maasilta P: Spatial clustering of amyotrophic lateral sclerosis in Finland at place of birth and place of death. Am J Epidemiol 2003, 157:898-905.
Green C, Hoppa RD, Young TK, Blanchard JF: Geographic analysis
of diabetes prevalence in an urban area. Soc Sci Med 2003,
57:551-560.
Kulldorff M, Information Management Services, Inc: Software for
the spatial and space-time scan statistics. 2006 [http://
www.satscan.org/].
Kulldorff M, Nagarwalla N: Spatial disease clusters: detection
and inference. Stat Med 1995, 14:799-810.
Kulldorff M, Heffernan R, Hartman J, Assuncao R, Mostashari F: A
space-time permutation scan statistic for disease outbreak
detection. PLoS Med 2005, 2:e59.

http://www.biomedcentral.com/1471-2334/7/26

31.

32.
33.
34.

35.

36.
37.
38.
39.

40.
41.
42.
43.

44.
45.
46.
47.
48.

Kulldorff M, Athas WF, Feurer EJ, Miller BA, Key CR: Evaluating
cluster alarms: a space-time scan statistic and brain cancer
in Los Alamos, New Mexico. Am J Public Health 1998,
88:1377-1380.
Ushio M: Amendment of tuberculosis prevention law and
prospect of tuberculosis control program. Kekkaku 2005,
80:541-546.
Hamada M, Urabe K, Moroi Y, Miyazaki M, Furue M: Epidemiology
of cutaneous tuberculosis in Japan: a retrospective study
from 1906 to 2002. Int J Dermatol 2004, 43:727-731.
Yoshinaga K, Une H: Contributions of mortality changes by age
group and selected causes of death to the increase in Japanese life expectancy at birth from 1950 to 2000. Eur J Epidemiol
2005, 20:49-57.
Nakaji S, Parodi S, Fontana V, Umeda T, Suzuki K, Sakamoto J, Fukuda
S, Wada S, Sugawara K: Seasonal changes in mortality rates
from main causes of death in Japan (1970–1999). Eur J Epidemiol 2004, 19:905-913.
Nakazawa Y: Development of a tuberculosis information management system in Kanagawa Prefecture. Kekkaku 2005,
80:75-79.
Tada Y, Ohmori M, Ito K, Fujiu M: Tuberculosis control in Kawasaki City–promoting the DOT program. Kekkaku 2004,
79:17-24.
Ray TK, Sharma N, Singh MM, Ingle GK: Economic burden of
tuberculosis in patients attending DOT centres in Delhi. J
Commun Dis 2005, 37:93-98.
Rajeswari R, Balasubramanian R, Muniyandi M, Geetharamani S,
Thresa X, Venkatesan P: Socio-economic impact of tuberculosis
on patients and family in India. Int J Tuberc Lung Dis 1999,
3:869-877.
Shaheen R, Subhan F, Tahir F: Epidemiology of genital tuberculosis in infertile population. J Pak Med Assoc 2006, 56:306-309.
Zhang T, Liu X, Bromley H, Tang S: Perceptions of tuberculosis
and health seeking behaviour in rural Inner Mongolia, China.
Health Policy 2006 Jun 2006, 23:.
Shetty N, Shemko M, Vaz M, D'Souza G: An epidemiological evaluation of risk factors for tuberculosis in South India: a
matched case control study. Int J Tuberc Lung Dis 2006, 10:80-86.
Mishra P, Hansen EH, Sabroe S, Kafle KK: Socio-economic status
and adherence to tuberculosis treatment: a case-control
study in a district of Nepal. Int J Tuberc Lung Dis 2005,
9:1134-1139.
Ponticiello A, Sturkenboom MC, Simonetti A, Ortolani R, Malerba M,
Sanduzzi A: Deprivation, immigration and tuberculosis incidence in Naples, 1996–2000. Eur J Epidemiol 2005, 20:729-734.
Liu JJ, Yao HY, Liu EY: Analysis of factors affecting the epidemiology of tuberculosis in China. Int J Tuberc Lung Dis 2005,
9:450-454.
Erkoc R, Dogan E, Sayarlioglu H, Etlik O, Topal C, Calka F, Uzun K:
Tuberculosis in dialysis patients, single centre experience
from an endemic area. Int J Clin Pract 2004, 58:1115-1117.
Vargas MH, Furuya ME, Perez-Guzman C: Effect of altitude on the
frequency of pulmonary tuberculosis. Int J Tuberc Lung Dis 2004,
8:1321-1324.
Kulldorff M, Zhang Z, Hartman J, Heffernan R, Huang L, Mostashari F:
Benchmark data and power calculations for evaluating disease outbreak detection methods. MMWR Morb Mortal Wkly
Rep 53 2004:144-151.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2334/7/26/prepub

Page 9 of 9
(page number not for citation purposes)

