Sample Data Sets and Data Input Form

To analyze your own data using FleXScan, you need to prepare at least three data files:
1) Coordinate File, 2) Matrix Definition File, and 3) Case File. The detailed structure of
each file is explained in the following section showing sample data files for Saitama

prefecture in Japan (automatically installed in your ‘sample’ folder).

@ Coordinate File (coo)
The coordinate file provides the geographic coordinates for each area. Coordinates
may be specified either using the standard ‘Cartesian coordinates’ system or in la-
titude and longitude.’ ‘Cartesian’ is the regular planar x,y-coordinate system. Each

line of the file represents an area name (or code) and its geographical location.

For the Cartesian coordinates system

» Format: <Areaname orcode> <X-coordinate> <Y-coordinate>

For the Latitude and Longitude coordinates system

» Format: <Areaname orcode> <Latitude> <Longitude>

Latitudes and longitudes should be entered as decimal numbers of degrees. You can

convert latitudes and longitudes expressed in degrees, minutes, and seconds to de-
cimal number of degrees by the following formula:

xx (degrees) yy (minutes) zz (seconds) — xx + yy/60 + zz/3600 (degrees).

When coordinates are specified in latitudes and longitudes, FleXScan calculates the
distance between two points on the surface of the spherical earth with a radius

given in the ‘Radius of Earth.’
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- File{F) Session(S) Tool (T) Help(H)

Timatays 2614416067 1393010444
{kawaeuchi 3580472222 1307272222
' 3585833333 1356486111
3500277778 1306319444

chichibu 3598861111 1290886111
tokorozawa 9579635669 1304710444
hannou 958828 1383311111
3 36126833333 1306052778

3624055556 1391926111
{higashimats: 3603958509 1394033523
3 ki 370277758
kasukabe 3507104444 1307568333
ama 3584072222 1394155556
3616044444 1305519444
3606277778 1395255566
3610444444 1302847222
3507416667 1395966667
3588055556 1396291667
3582222222 1398086111
3588777778 1307941667
366225 1396827778
3581444444 1306811111
3583277778 1393944444
3652361111 1397444444
3579416667 1395069444
3583333333 1395836111

DEH ¢
 Files | Analysis |

- Coordinate File:

[C:¥Program Files¥F|eXScany3 ) ¥sanp|e¥saitana-e.coo

- Coordinates: ’ @ Latitude/Longitude ¢ Cartesian

Matrix Definition File:

| e

Radius of Earth: 16370 km

|C:¥Progran Files¥F|eXScan¥3)¥sanple¥saitana-e.ntr

Case File ( observed # and expected # / population # ):

_| eal

|C:¥Progran Files¥F [eXScan¥3 ) ¥sanp | e¥heart-M. cas

‘ 1 Results File:

~ [c:¥Program Files¥F|eXScan)¥sanp le¥heart-H. out

. ~Comment|

3
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@ Matrix Definition File (mtr)

» Format: <Area name or code> <Area 1> <Area 2> ...

The first column of each line is the area name, which must be identical to that in
Coordinate File. The following columns specify the area name(s) that are adjacent to
(i.e., border on) the area described in the first column. For example, kawagoe, sayama,
iruma, niiza, and miyoshi areas are adjacent to tokorozawa (see row No.8 of the figure
below).
When Areal is adjacent to Area3 and Areab, the mtr file should be:

Areal Area3 Areab

Area2

Area3 Areal ...

Note that “Areal” also appears in the line of “Area3” in this case (and vice versa), and
the matrix must be symmetrical, otherwise an error occurs. The ‘Check symmetry’

tool in the File menu is available to check the symmetry of the matrix.

‘oomiva tokorozawa savama agen fujimi kamifukuokz sakado
gyvouda higashimats fukava fukiage namekawa oosoto kounan

kawaguchi  urawa mwatsuki souka koshigaya warabi toda hatogaya
urawa kawmaguchi ocomiva wwatsuki Yono warabi toda asaks
aomiya kawagoe  urawa weatsuki ageo YOno fujimi hasuda
gyouda kumagayas kazo harwu kounosu fukiage menuma kisai
chichibu naguri tokigawa  yokose minanc voshida okano arakawa
tokorozaws kawagoe — sayama ruma niiza miyoshi

harnou savams fruma hidaka MOroyama 0gose naguri tokigawa
tkazo gyouda haryu bk i kizai kitakawsbe ootone kurihashi
horijyo fukaya mizato-maclkodama kamigato  okabe

higashimatstkumagayas  sakado namekawa arashivama kawashima vyoshimi hatoyama

mateuki kawaguchi  uraws oomiya kasukabe koshigaya hasuda shiracka
kasukabe watsuki  koshieaya mivashito  shiracka  sugito matsubushi syouwa
kawagoe  tokarozaws hannou ruma hidaka
gyouda kazo
gyouda okegawa  kitamoto  fukiage yoshimi kisai kawazato
kumagaya honjvo menuma okabe kawamoto hanazono  vorii
kawagoe  oomiva okegawa  hasuda na kawachima
urava oomiva
kawaguchi koshigays yashio misato~shi  yoshikawa
kawaguchi  iwatsuki kasukabe souka yoshikawa matsubushi
kawaguchi  uraws toda

* ' 3.- ' '
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@ Case File (cas)
The frequency of disease in each area is described in Case File. The current version

of FleXScan can analyze two types of data.

® ‘observed number’ and ‘expected number,’

» Format: <Area name or code> <Observed no.> <Expected no.>

For this data, ‘Poisson model’ should be selected in the ‘Statistical model for

the analysis.

@ ‘observed number’ and ‘population,’

\4

Format: <Area name or code> <Observed no.> <Population >

For this data, ‘Binomial model’ should be selected in the ‘Statistical model’ for

the analysis.

The first column of each line is the area name, which must be identical to that in
the Coordinate File. The second column is the observed number of diseases, and the
third column is the expected number of diseases under the null hypothesis, or the

background population at risk in each area.

When you use the Poisson model, you need to calculate the expected number by
yourself, for example, in the same manner as standardized mortality ratio (SMR).
In kawagoe (see No.l row of the figure) there were 705 deaths and the
age-standardized expected number of deaths was 719.4 (i.e., SMR = 719.4 / 705 =
1.02).

But, if you do not need standardization (e.g., you are interested in the crude death
rate), you can analyze the case file of ‘observed number’ and ‘population’ using the

‘Poisson model.’

-10 -
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matsuki
kasukabe

savama

hanyu
kounosu

fukaya

SEE0

YOno

|souka

Nkoshigaya
warabi

toda

-

1082 0323630137
1002 1000
1016 1048503612
277 234 5469941
216 1940465484
678 6904276986
256 2180579216
208 168 8632612
185 167.2694394
higashimats1 241 205 4560955
248 264 3589744
424 3868613133
338 3480047477
233 1618085556
168 1751893939
335 2631575947
426 4311740831
225 1905165114
528 4128225176
648 5684210626
230 181.2450749
183 1776699029

7193877551
451 3504645041

Important Note:

All area names or codes and their order must be identical among ‘Coordi-

nate File,” ‘Matrix Definition File,” ‘Case File,” and ‘Population File’ (if ne-

cessary).

The area name or code cannot include a space character. Use an under

score or a hyphen in stead of a space character.

Good ...
Good ...
NG. ...

10001
New_York
New York

-11 -
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Editing your data set

The data files 1) to 3) can be edited using FleXScan data editor. Enter the file name and
click the ‘Edit’ button to execute the data editor. You can copy and paste your data from
other software such as MS-Excel. It may be convenient to input your data on MS-Excel

and copy and paste it to the FleXScan data editor.

1) Editing Coordinate File (coo).
» Input the area name and its latitude and longitude in each column.

» Ifx and y-coordinates are used, select ‘Cartesian’ on the ‘Files’ tab panel.
» ‘Save & return’ to finish editing data.

2) Editing Matrix Definition File (mtr).

» Coordinate File must be made before starting to edit Matrix Definition
File.

» Input the area name, which must be identical to that of Coordinate File. It
will be convenient to Copy & Paste all the area names from Coordinate File
to Matrix Definition File.

» Select an area name and execute ‘Edit — Area List,” then a list of area

names will appear in the order of distance from the selected area. Check

the check-box of areas that are adjacent to the selected area. By clicking
the ‘OK’ button, the checked areas will be automatically added to the ‘Ad-

jacent’ columns (see the figure below).

Area name {Connected IOonnected IOonnected IOonnected IGonnected Connected |Connected |Coni &
tokorozawa ikawagoe — sayama iruma niiza miyoshi
RO — moroyama ogose naguri tokigawa  yoke
ke tokorozawa kisai kitakawabe ocotone kurihashi  wasl
Check the kamisato  okabe
connected areas. R = =
[ — arashiyama kawashima yoshimi  hatoyama oosc
H¥ miyoshi ~ - :
i ooyi’ = kasukabe koshieaya hasuda shiraoka
v sayama b shiracka  sueito matsubushi syouwa
sl ¥, vuma iruma hidak.
¥ niiza aka
fujimi
B l;ﬁ(rimfukuoka fukiage yoshimi kisai kawazato  syouL
~ asaka okabe kawamoto hanazono  vorii
wakou hasuda ina kawashima
| v kawagoe
L_hannou
teurugashima misato-shi yoshikawa
hidaka ; -
yono e souka yoshikawa matsubushi
urawa
Conoao

-12-
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» The symmetry can be tested by executing ‘File — Check symmetry.’ If the
information is not symmetrical (e.g., Area3 is selected as an adjacent area
to Areal, but Areal is not selected as an adjacent area to Area3), an error

message will appear.

Supplementary technical information:
The Matrix Definition File is designed in a user-friendly format. FleXScan
will automatically convert it to a Connection Information Matrix File (mt0
file) and utilize it for the calculation. You can see the format of the mt0 file
using a text editor. Conversely, if you already have the area connection
data in the format of an mt0 file, it can be converted to an mtr file by ex-

ecuting “Tool — Matrix-file converter.’

3) Editing Case File (cas).
» Coordinate File must be made before starting to edit Case File.

» Case File can be edited in the same manner as Coordinate File.

-13-
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Parameters

You can change several parameters for the analysis on the ‘Analysis’ tab panel.

Statistical model

@ Poisson: for the data of the ‘observed number’ and the ‘expected number.’

@ Binomial: for the data of the ‘observed number’ and the ‘population.’

Statistic type

@ Original LLR:
The likelihood ratio statistic by Kulldorff, which has been used in the
previous FleXScan version 1 and version 2.

@ LLR with Restriction:
The restricted likelihood ratio statistic by Tango, with a preset para-
meter for restriction ‘Alpha’ (default is 0.2). This statistic avoids de-
tecting undesirably large clusters, and improves calculation time. See

the reference article for details.

¢  Scanning method
@ Flexible: flexible scan statistic by Tango and Takahashi
@ Circular: circular scan statistic by Kulldorff

The Maximum Spatial Cluster Size
The number of maximum spatial cluster size to scan. See the reference article

for details. If Original LLR is selected, recommended<=20. If LLR with Re-

striction is selected, there are no restrictions.

Random number:
The type of random number for Monte Carlo simulation
@ Multinomial: Total number of cases in whole area is fixed. It can be chosen
in either ‘Poisson’ or ‘Binomial’ model.

@ Poisson: Total number of cases is not fixed, and it can be chosen in ‘Pois-

son model’

@ Binomial: Total number of cases is not fixed, and it can be chosen in ‘Bi-

nomial model’

-14-
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e  Monte Carlo replications

The number of Monte Carlo replications to calculate a p-value for statistical
test. For example, if this number is set to 999, the p-value is calculated from

the simulated 999 plus 1 observed log-likelihood ratio values (999+1=1000 in
total).

e Seed of Random Number

The seed for generating random numbers in the Monte Carlo simulation.

¥ FleXscan

[ File (F) Session(S) Tool (T) Help (H)
D=8 g

| s Analysis |

Statistical model:  * Poisson " Binomial

Statistic type: % Original LLR " LLR with Restriction

| Scanning method: el Circular

|| The Maximum Spatial Cluster Size: 115 census areas (default=15)
| (Recommended<=20 for Original LLR, but there are no restrictions for LLR with Restriction)

| Random number:  Multinomial ¢~ Poisson

;‘, Monte Carlo replications {default=999): §999 - Seed of Random Number: !4586111

Also, on the ‘Files’ tab panel,

e Coordinates
The type of coordinates used by the coordinates file.

e Radius of Earth

Radius of Earth to calculate a distance between two sets of latitude and longi-

tude. It is approximately 6370 km in Japan.

-~ 15 -
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Fae(r—}: Session (5) Tool (1) Help (H)
D SE
[Files™] Analysis |

Input S
Coordinate File:

1 ] |

wwmmW§SMMmem:%mmm | Radusof Eath:  [6370  km

T T T

Matrix Defnition File:
|

Case File { observed # and expected #/ population # )
|

S e e I T D

~Qutput e
Results File:

-- Comment:|

AR 2

T

e T e o

—————

vvvvvvvvvvvv
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Software Licenses

¢ The FleXScan software may be used freely, with proper references to both the

software and the statistical methods papers. The suggested citations are:

» Tango T. and Takahashi K. A flexibly shaped spatial scan statistic for detecting
clusters. International Journal of Health Geographics 2005, 4:11.

» Takahashi K, Yokoyama T and Tango T. FleXScan v3.1: Software for the Flexi-
ble Scan Statistic. National Institute of Public Health, Japan, 2010.

Also for the spatial scan statistic with a restricted likelihood ratio,

» Tango T. A spatial scan statistic with a restricted likelihood ratio. Japanese
Journal of Biometrics 2008, 29:75-95.

Copyrights

©Copyright 2010 Takahashi K, Yokoyama T, Tango T. All rights reserved.

The FleXScan software is copyrighted by Kunihiko Takahashi, Tetsuji Yokoyama and
Toshiro Tango, National Institute of Public Health, Japan.

http://www.niph.go.jp/soshiki/gijutsu/index_e.html

.17 -
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International Biometric Society

A maximum scan score-type statistic based on Anscombe’s variance stabilization
transformation for disease clustering

Kunihiko Takahashi! and Toshiro Tango?

1 Department of Technology Assessment and Biostatistics, National Institute of Public Health,
Japan
2 Center for Medical Statistics, Japan

In spatial epidemiological studies, the circular spatial scan statistic proposed by Kulldorff and
Nagarwalla (1995) has been widely used along with SaTScan software for cluster detection
testing. Also, several different scan statistics for the test have been proposed to detect arbitrarily
shaped clusters which cannot be detected by the circular scan statistic. Many of these statistics
are based on maximizing the likelihood ratio statistic for each window Z. This likelihood ratio
statistic is derived from assuming a “hot-spot” model for the cluster, and a common relative
risk 0; = 6(Z) for i € Z is estimated as a Standardized Mortality/Morbidity Ratio (SMR) by
maximum likelihood estimation

On the other hand, one definition of clusters is given as “a geographically bounded group
of occurrences of sufficient size and concentration to be unlikely to have occurred by chance.”
Without any assumptions about the shape or form of the cluster, the most basic definition would
be “any area within the study region of significant elevated risk” (Lawson, 2006). This definition
allows us to consider not only the hot-spot models for clusters but also others. As a model,
we can define a cluster more generally having elevated risk 8; > 1.0 for each i within the
window Z, but they are not assumed equal. Recently, a discrete maximum scan score-type
statistic has been proposed by Glaz and Zhang (2006) for testing the null hypothesis that the
observations are independent and identically distributed according to a specified distribution,
against an alternative that the observations cluster within a window of unknown length on a one-
dimensional sequence. However, we cannot assume an identical distribution for the disease
clustering in this situation. The variance of observed cases in the individual region is influenced
by its expected counts 1, and they are considerably small for a rare disease. Also the typical
estimates of relative risk such as SMR have variance which is proportional to 1/u;, and thus
can yield large changes in the estimate with relatively small changes in expected value.

In this work, we propose a new scan statistic to detect clusters such as 6; > 1.0 for each
region within the cluster, which is based on a score test in a similar manner to Glaz and Zhang’s
discrete score-type statistic. To circumvent the influence of various p; for each region : within
the window, we will apply Anscombe(1948)'s variance stabilization transformation to the data in
our procedure. Monte Carlo studies show that the proposed scan statistic can detect clusters
more accurately than those based on the likelihood ratio.

References

Anscombe, F. J. (1948). The transformation of Poisson, binomial and negative-binomial data.
Biometrika 35, 246-254.

Glaz, J. and Zhang, Z. (2006). Maximum scan score-type statistics. Statistics & Probability
Letters 76, 1316-1322.

Kulldorff, M. and Nagarwalla, N. (1995). Spatial disease clusters: detection and inference.
Statistics in Medicine 14, 799-810.

Lawson, A. B. (2006). Statistical Methods in Spatial Epidemiology (2nd ed.). Chichester:
John Wiley & Sons, Ltd.

International Biometric Conference, Floripa, Brazil, 5-10 December 2010
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A Space—Time Scan Statistic for Detecting Emerging Outbreaks
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SUMMARY. As a major analytical method for outbreak detection, KulldorfP’s space—time scan statistic (2001, Journal of the
Royal Statistical Society, Series A 164, 61 72) has been implemented in many syndromic surveillance systems. Since, however,
it is based on circular windows in space, it has difficulty correctly detecting actual noncircular clusters. Takahashi et al. (2008,
International Journal of Health Geographics 7, 14) proposed a flexible space time scan statistic with the capability of detecting
noncircular areas. It seems to us, however, that the detection of the most likely cluster defined in these space time scan
statistics is not the same as the detection of localized emerging disease outbreaks because the former compares the observed
number of cases with the conditional expected number of cases. In this article, we propose a new space time scan statistic
which compares the observed number of cases with the unconditional expected number of cases, takes a time-to-time variation
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1. Introduction

Since the World Trade Center attacks of September 11,
2001, the anthrax-laden letters that followed in October
2001, and the severe acute respiratory syndrome outbreak
in 2002, there has been considerable interest in developing
syndromic surveillance systems that would be used for early
detection of disease outbreak and prevention of widespread
morbidity and mortality (for example, Lazarus et al., 2002;
Lombardo et al., 2003; Mostashari et al., 2003; Platt et al,
2003; Heffernan et al., 2004). Early detection of disease out-
breaks enables public health officials to implement disease
control and prevention measures at the earliest possible time.
Over the last decade, many statistical methods have been
directed at detecting changes or aberrations in public health
surveillance time-series data (Sonesson and Bock, 2003). How-
ever, in light of the perceived threat of bioterrorism and newly
emerging infectious diseases, there has been a spate of recent
interest in the development of geographic surveillance systems
that can detect localized changes in spatial patterns of disease
(Lawson and Kleinman, 2005). Above all, Kulldorff (2001)’s
space-time scan statistic and Kulldorff et al. (2005)’s space-
time permutation scan statistic have been implemented in
many syndromic surveillance systems along with the SaTScan
software (Kulldorfi and Information Management Services,
Inc., 2009). Because this approach is based on circular win-
dows in space, it has difficulty correctly detecting actual non-
circular clusters. To detect noncircular spatial clusters, Patil
and Taillie (2004), Duczmal and Assungio (2004), Tango and
Takahashi (2005), Assungio et al. (2006) and Kulldorff et al.
{2006) have proposed different spatial scan statistics. Regard-
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ing extension to a space time scan statistic, Takahashi et al.
(2008) proposed a space time scan statistic with the capa-
bility of detecting noncircular areas using a flexible spatial
window devised by Tango and Takahashi (2005), which is im-
plemented in the FleXScan software (Takahashi, Yokoyama,
and Tango, 2009).

When using these space time scan statistics for surveil-
lance, Kleinman et al. (2005) showed the importance of
adjusting for naturally occurring temporal trends and geo-
graphical patterns. To accomplish this, they applied Klein-
man, Lazarus, and Platt (2004)’s approach based on a logistic
regression model with adjustment for not only fixed tempo-
ral effects such as a month, a day-of-week, or a linear trend
over past years but also random regional effects. The model
is fitted using data from a predefined baseline period such
as over the past 1 year. Kleinman (2005) extended his idea
to a Poisson regression model with regional random-effects.
These model-based approaches have been used to calculate
the expected number of cases for a given surveillance day in a
given region when applying the space time scan statistics. It
seems to us, however, that the most likely cluster, and any sec-
ondary clusters detected by these space time scan statistics,
are not always appropriate for the purpose of detection of lo-
calized emerging disease outbreaks. Zhou and Lawson (2008),
on the other hand, considered the application of Bayesian
spatial modeling with a vector exponentially weighted mov-
ing average method.

In this article, we propose a new space time scan statistic
which (i) compares the observed number of cases with the un-
conditional expected number of cases, (i) takes a time-to-time
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variation of Poisson mean into account and (iii) implements
an outbreak model to capture localized emerging disease
outbreaks more timely and correctly. The propesed space
time scan statistics are illustrated with data from weekly
surveillance of the number of absentees in primary schools in
Kitakyushu-shi, Japan, 2006.

2. Methods

Consider the situation where an entire study area is divided
into m regions (for example, counties, zip-codes, enumeration
districts) with each region periodically reporting the number
of cases ni; (for region i at time #) of a disease or syndrome
under study. Because we are only interested in detecting out-
breaks that are alive (active) at the current time ¢p, we only
consider outbreaks that are present in the following T time
intervals or temporal windows:

Iu:[tp—u-l—l,tp],u=1,...,T, (1)

where T is a prespecified mazimum temporal length of the
cluster or outbreak. In the next subsection, we will briefly
review the existing space time scan statistics to summarize
the basic ideas and underlying assumptions behind these scan
statistics.

2.1 Eristing Space-Time Scan Statistics

As practically available space time scan statistics, we will
consider Kulldorff {2001)’s scan statistic and Takahashi et al.
(2008)’s scan statistic. In this article, we will consider only
the Poisson model in which the observed number of cases in
region i at time t is independently distributed according to

N;; ~ Poisson(f;:ptis ), )

where N;; denote the random variable for n;;, 6;; denote the
unknown relative risk in region 4 at time t, and p;; denote the
conditional expected number of cases such that

m T m T
YD =) ma=n )
i=1 t=1 i=1 t=1
If we can apply Kleinman et al. {2004)’s approach to adjust
for naturally occurring temporal trends and geographical vari-
ations, we can obtain the adjusted expected number of cases
egf'). In this case, the conditional expected value is calculated
as

Hit = ——71 (4)

Both space time scan statistics assume that the relative risk
has the following hot-spot model:

BW) =aw, if(t)eW=2ZxI,
i = . (5)
G(W*®) = Gou, Otherwise,

where W¢ denotes all the domains except for Wand Z is a
spatial window. Kulldorff’s space-time scan statistic uses a
eylindrical domain with a circular window while Takahashi et
al.’s space time scan statistic uses a prismatic domain with
an arbitrarily shaped spatial window Z. We will omit here the
details of the scanning methods. Under the model (5), both
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space time scan statistics consider the following hypotheses

for each of all possible sets of domains W = Z x I,:
Hy : Gin = Gout,

H @ @in > %out- (6)

Ther, the space time scan statistic A is the conditional max-
imum likelihood ratio over all possible domains W

~ nw)\" "’ (n-n(W))""‘W)
AT (mm) n = u(W)
n(W) _ n—n(W)
o (#(W) > n—u(W)) : @

where I() is the indicator function, n() and u() denotes the
observed number of cases and the expected number of cases
within the specified domain, respectively, i.e.,

n(W) = 2 i, w(W)= Z it - (8)

(i,t)eW (i,t)ew

The domain W* = Z* x I« for which the conditional likeli-
hood ratio is maximized identifies the Most Likely Cluster
(MLC). Monte Carlo hypothesis testing (Dwass, 1957) is re-
quired to obtain the null distribution of A and the Monte
Carlo simulated p-value. There also may be secondary clus-
ters that do not overlap with MLC, which may be of great
interest. The p-value of the secondary clusters is obtained by
comparing the likelihood of secondary clusters with that of
MLC in Monte Calro simulated data.

However, there seems to be at least three reasons why Kull-
dorff’s and Takahashi et al.’s space—time scan statistics are
not appropriate for syndromic surveillance. (i) “Why can’t
the conditional expected number of cases y (3) or (4) be used
for detecting emerging disease outbreaks ?” To see how inade-
quate it is, let us consider the study area comprising three re-
gions with the observed number of cases n = (5,5, 5) and the
expected number of cases e = (1,1,1)’ unconditionally cal-
culated using data from the prespecified baseline period. By
emerging disease outbreaks we usually mean a significant in-
creasing trend in the observed number of cases, starting from
an unknown time point. In this example, we can see a clear
increase in counts in all regions. However, if we apply the
conditional expectation (4) then we have p = (5,5,5)', indi-
cating no increase at all. (ii) Kulldorff’s and Takahashi et al.’s
space time scan statistics consider the hot-spot model (6) for
emerging disease outbreaks. The temporal pattern of emerg-
ing disease outbreaks, however, usually has a gradual or steep
increase in the number of cases under study in the initial stage.
The hot-spot pattern is a special case of temporal patterns
of emerging disease outbreaks. Therefore, they are expected
to be less powerful in detecting such outbreak patterns. (iii)
When we were analyzing data from weekly surveillance on the
number of absentees for each primary school in Kitakyushu,
Japan (to be illustrated later), we often observed nonnegli-
gible random week-to-week variation of the Poisson mean or
temporal overdispersion. It is well known that, without tak-
ing this type of overdispersion, if any, into account, the false
alarm rate increases in the field of statistical process control
(Montgomery, 1991). These observations have motivated us
to develop a new space time scan statistic to be described in
the next subsection.
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2.2 A New Space—Time Scan Statistic
9.2.1 Temporal overdispersion. We will assume that, under
the null hypothesis of no outbreaks, the number of cases N;; in
region i (i = 1,...,m) at some surveillance time ¢ follows an
independent negative binomial distribution N B(uit, ¢it) by
taking the possibility of nonnegligible time-to-time variation
of Poisson mean or temporal overdispersion, into account
Hy: Ny ~ NB(Mity¢it)» (9)

where the negative binomial distribution used here is given

by

Pr{Ni; = nis | e, $it }

_ T(de +7a) ( Pit )d’“ ( Uit )"” (10)
T(pit) mae! \ die + e Gir + Hat
and
E(Ny) = e, Var(Ni) = pa +pd i = pawe. (11)
The temporal overdispersion is given by
wig = 14 e/ dis (12)

and ¢;; denote the parameter regulating overdispersion. Need-
less to say, if we do not observe any overdispersion in region
i, then we have only to set ¢;; = 00 or wy; = 1.

2.2.2 How to estimate (i, ¢;;). The expected number of
cases pi: and the parameter ¢;; should be estimated us-
ing data from a predefined baseline period. If we can use
the surveillance data reported for several years in the past,
then we can apply an appropriate negative binomial regres-
sion model within the framework of generalized linear mixed
models (for example, see Hardin and Hilbe, 2007; Hilbe, 2007)

log B(Yie) = 3 aues by +bis Y ~ NB(uiy |, 47), (13)

=1

where Y;; denotes a random variable for the observed counts
data y;; in the predefined baseline period, &;:; denotes the
value of covariate 7 such as a month, a day-of-week, and so
on; b; denotes a random regional effects independently nor-
mally distributed with mean 0; and ¢;; is usually set constant
over time, i.e., ¢ix = ¢;. This model is an extension of gen-
eralized linear mixed models used by Kleinman et al. (2004)
and Kleinman (2005). The independence assumption among
the b; is made for ease of application, the same reason used by
Kleinman et al. (2004). Using this regression model, we can
set pie = Ay and i = " ).

However, if the surveillance system starts in the recent past
as in the case of our example illustrated later, we cannot adopt
the above-stated regression approach. In this case, we can use
a so-called moving average method. This says that the null
expected number of cases y;; is assumed to be constant during
the baseline period defined such as {¢ — 1,t — 2,...t — B} with
baseline length B. Then these two parameters can be simply
estimated using baseline mean ;. and baseline variance s by
the moment method, i.e.,

A (Y)

pit = By = Yi. (14)
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¢ =87 =< si-w

, ifs2>
' (15)

o0, otherwise.

92.2.3 An outbreak model Under the above-stated situa-
tion, the alternative hypothesis is given by

Hy: Nig ~ NB(Bipit, dis ), (16)

where {(u:1, ¢::) are known and 6;; denote the unknown rel-
ative risk in region i at surveillance time ¢t We propose the
following outbreak model to capture localized emerging disease
outbreaks:

BT+ Bw(t—t, +u), H(@EHeW=2xI,

it — . (17)
1, otherwise,

where kh(7) denote the relative risk at ¢t = t, — u and the initial

slope of emerging disease outbreak which starts just after the

time point ¢, — u within the domain Wis

aeit _ i
{W} t=tp —u - ‘BW g (T)

and h(.) denotes any monotonically increasing function with
h(r) =1 and the first and second differentials A'(.) and h"(.)
are assumed to be finite. Then, the above-stated hypothesis
testing is simply reduced to the following hypothesis testing
over all possible sets of domains W = Z x I,

(18)

Hy: 0w =0, Hy:fw >0.
Under the outbreak model (17), the likelihood is
L(B| pit, bitr tp, us t)
_ HH I;E‘bit + ﬂn) ( Pit )m'/ ( Ot i )n”
(fie) Ml \ Wit + Ot pia Git + Biefhi

i€Z tely

» T{¢iz + mir) ( dit but ( it e
T(pir) mae! \ ie + pat Gir + tat

(i,8)ew e

(19)

(20
Then, as with Kulldorff’s space-time scan statistics, we can
construct a likelihood ratio test for testing the null hypothe-
sis Hy : fw = 0 against Hy : Bw > 0. However, the likelihood
ratio test statistic requires the functional form h(.) and the
maximum likelihood estimator for By . Therefore, we will de-
rive here an efficient score test that does not depend on the
functional form k(.) and does not require the maximum like-
lihood estimator for By, which is asymptotically equivalent
to the likelihood ratio test. The efficient score test statistic
for the null hypothesis Hy: fw =0 is

S = sup
ZeZ, 1gusT
Z Z(nn — e )t — Ty + u)/wie
% ieZ tely, NN(O,l).
DD palt =ty ) fwi (21)
i€Z tely

The derivation of the efficient score test is given in the Ap-
pendix. Needless to say, if the Poisson distribution can be



