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that what is not working properly is the maximum likelihood method, not the proposed methods
to find the arbitrarily shaped most likely cluster. I would like to cast one vote for Assungao et
al.

Instead of using the penalized likelihood ratio, we proposed a restricted likelihood ratio
Ar(Z) which makes the spatial scan statistic scan only the region with elevated risk at o) level.
This simple modification is based not only on the fact that there could be a situation where the
likelihood ratio increases when a window absorbed an adjacent region with relative risk less than
1.0 but also on a natural idea that the regions with non-elevated risk should not be included in
the most likely cluster. The circular spatial scan statistic based on the proposed likelihood ratio
was, via Monte Carlo simulations, shown to have good ability to identify the whole of, or a part
of, the true cluster assumed in the simulation more correctly than Kulldorff’s circular spatial scan
statistic by choosing value of a1 appropriately. In contrast, an undesirable property of Kulldorff’s
circular spatial scan statistic was reconfirmed. Namely, it was shown to have relatively high usual
power but to tend to detect the MLC much larger than expected from the data. When applied
to a non-circular cluster, the supports of the bivariate power distribution P(l,s) of Kulldorff’s
circular spatial scan statistic were scattered over a wide range of points (l,5). On the contrary,
the proposed circular spatial scan statistic was shown to have the bivariate power distribution
concentrated on confined several points.

Regarding the choice of a;, our simulation study suggests that, when we use ap = 0.05, 1)
a; = 0.10 ~ 0.20 to detect small clusters with a sharpe increase in risk, 2) a; = 0.20 ~ 0.30 to
detect small to middle-sized clusters with a moderate increase in risk and 3) «; = 0.30 ~ 0.40 to
detect larger clusters with a slight increase in risk. These results further suggest that we may set
ay = 0.20 as a default. We think that these criteria could be a rough but helpful guidance to the
choice of ;. Since our Monte Carlo simulations have been based on a relatively small number of
cluster models and sample sizes, the results observed here may not be representative. However, as
we have examined typical sets of cluster models, we do not expect drastically different conclusions
to be derived for other situations not examined here, although we need a further simulation study
for more detailed investigtions.

Furthermore, we assumed here only one hot-spot cluster and did not consider the case of
multiple clusters. Therefore, we need a further simulation study to examine the performance of
the proposed circular spatial scan statistic. However, we think the relative performance of the
proposed circular spatial scan statistic in contrast with Kulldorff’s circular spatial scan statistic
will not change very much even for the case of multiple clusters. Our appoach may be applied to
a space-time disease cluster detection and a prospective disease and/or syndromic surveillance
(Kulldorff, 2001; Lawson and Kleinman, 2005), in which available data (n;,&;) are replaced by
(nie,&i¢) within the region i and time period t and the spatial windows are replaced by the
cylinders.
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As the primary purpose of this paper is to compare the performance of Kulldorff’s circular
spatial scan statistic with the circular spatial scan statistic based on the restricted likelihood
ratio, we did not investigate the peformance of other non-circular spatial scan statistics with the
restricted likelihood ratio. The circular spé.tial scan statistic based on the restricted likelihood
ratio was shown to eliminate undersirable properties associated with the ordinary likelihood ratio
test statistic and to have better performance than Kulldorff’s circular spatial scan statistic in
all the cluster models considered. This finding may suggest that if other spatial scan statistics
for detecting arbitrary shaped clusters adopt the proposed likelihood ratio, their performance
would be expected to be improved. Judging from my experience of using both circular and non-
circular spatial scan statistics based on the ordinary likelihood ratio, circular and non-circular
spatial scan statistics are complementary tools that each have their strengths and should be
used together. However, we do not have any information on the relative performance among
circular and non-circular spatial scan statistics with the proposed likelihood ratio. Therefore, to
answer the practical question how to use the spatial scan statistics proposed so far, we need a

comparative simulation study under a wide range of cluster models.
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Abstract

For data analysis in spatial epidemiology. it is important first to observe the geographical distribution of a disease within a
population. Disease map is an useful tool to show the distribution. In this paper. we consider maps which show the relative
risks in small arcas, including the Standardized Mortality Ratio (SMR). Next we discuss the disease clustering, and the
clustering test using scan statistics. Some softwares are also introduced. Data of gallbladder cancer deaths in Niigata,

Yamagata and Fukushima prefectures is used to illustrate the analysis.
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4.1 Disease Mapping System
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HEOERS X EREOREDZODDY 7RI 27 TH
5. ZOVTZHTIE, EFRR, WEETHR, Thiz=
KEHRBHOF—FZBWLT () SMR, (ii) EBSMR,
(iii) Tango MEMHERE, (iv) Kulldorff @ MilERE D
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Abstract

Health disparities have received growing attention in recent years from research community. Regional differences are one
of problems that discase maps describe. We analyzed regional differences on dental caries in Japanese 3-year-old children.
First, we collected caries prevalence for each municipality. Variations in caries prevalence in municipalities with small
populations became smaller after being adjusted by the empirical Bayes estimation model. Disease map of caries prevalence
showed marked geographical differences. Then we search for the cause of the differences. In ecological study, result of
multiple linear regression analysis showed significant associations of caries prevalence with sociodemographic
characteristics. Associations between dental health related indices and caries prevalence were none or small. Finally, we
conducted a cross-sectional study to determine the community contextual effect on dmft (total number of decayed, missing
and filled teeth) among 3-year-old children. Results of a multilevel regression analysis on 3301 children from 39

TO80-8575 il iy X B M 4- |
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municipalities showed that variance in dmft both individual and community level occurred significantly after adjusting for
individual level variables. Community level indices related to social cohesion and access to grocery stores showed significant
associations with dmft after adjusting for community level income. There are statistically significant effects of social context
on dmft in municipalities in Japan. These results suggested that caries differences were unfair because the differences were
consequence of an unjust distribution of the underlying social determinants of health. In order to reduce dental caries

disparities, effective public health interventions might be required in Japan.

Keywords: caries, disease map. empirical Bayes estimation, health inequality, multilevel analysis
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Syndromic Surveillance Using a Cluster Detection Test
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RENCHBEEHEESEPMRER T I LERRERBE LCSWTHEHERYE TH D, HBE, KEAZETIIEMNL
BT —5 ZMOEBREY— XA AMERINTED, TOMITETOMEFIEE LT eylindrical scan statistic & %
OV 7 b7 x7 SalScan RIEKHAZINTVS, FRTR, TOEIRAFr Y RICE T H—R1 7 ROFHIC
D2WT@wU% W< oMY —RA I AF—FEbE W EAMIZOLTHRNT S,
F—O—F: MERYF—NATLR, AFvMEHR EREME SEORE
Abstract
Early detection of disease outbreaks enables public health oflcials to implement disease control and prevention measures at
the earliest possible time. A time periodic geographical disease surveillance system based on a cylindrical space-time scan
statistic has been used extensively for disease surveillance along with the SaTScan software. In this paper. we discuss a
syndromic surveillance method based on the prospective space-time scan statistic. Some surveillance data are used to

illustrate the method with real data.

Keywords: syndromic surveillance, scan statistic, disease clustering, clustering test
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20047 AU AIZBEDRAEWICEDNN1F700 X
LDOFRE, 2002FIZHETHED, ETO®RMENHILAI -
Ty /= SARS (Severe Acute Respiratory Syndromes; 8
SEBMEIFARAERE) OFE, I SICRIEOFHET > 7))
I HFOMRNARKTT ONF3Ivy) OBekE, &
T4 OREEHEN TR MENAHEL TETWS, £
DIz, TOXITBBRITH L THRERL S Z EH R
B - NRWGE LOBRBELMEODEDE o TER",
BICIIHE, RKEPLITERY — X152
(Syndromic Surveillance) /N A FH —X o1 5 > 2
(Biosurveillance) & XIIhaHHY—X1 5 22HMEL
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WD #MAMERIZIE> Tna, bAEICB W T H G
HWEFBRO—RELT, TONECTR, SEalnfEk
MELINTETVD, BEMATHRBEERFROTEEEZL
RS EATLHZLEAME LY —RA F o A0OEBEM
FEPEICEES TETVS, FIIBKTENIATOU
ZhENBELEZMVBERTHY, ERICEKETIE
200129 HFINNADTFODRELFEWS DD —XR1 5
YAYVATLANEBLH2BHEATDODh TV, flRd,
Wachington, DC [Z851F % ESSENCE (the Early Notification
of Community-Based Epidemics system) % New York (245
1% NYC-DOHMH (the New York City Deoartment of Health
and Mental Hygine) system 72 EA33 %, GT4E, [R5
H—A T A%E (the International Society for Disease
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Surveillance (ISDS)) @ * fif ¥ % £ & (Syndromic
Surveillance Conference) B ETH, H—XA1 7 AIZH
THRAIBHEE - HRTbhTns Y,
DRMEIIBT BT —NRA TR ETKED CDC (The
Centers for Desease Control and Prevention; % T B B
trF—) THUTFOLSIZEHZN TS,

N

the ongoing, systematic collection, analysis, and
interpretention of health data essential to the planning,
implementation, and evaluation of public health
practice, closely integrated with the timely
dissemination of these data to those who need to know.
The final link of the surveillance chain is the
application of these data to prevention and control. A
surveillance system includes a functional capacity for
data collection. analysis, and dissemination linked to

blic health 5. (Thacker, 1994)
kpu ic health programs acker, >

ZOEBRDODEIIZ, —RITH—XAT T ADHERIIFD
F—=2 OIS CAFLMGERESH, BEMICIETF
Bieznahro—LEXETAELTREZNSDOTH
5. L Uiz bhW it mEngdl 2 17
TZEIhk3Y. NMAF0UXLDL S ITRRENLER
OFAEZRATH01213, B S EEOEROFER
MEREHL THE, BERIENORRIZHERMIZE
FLEREG, ThBNERERI Y FNICBE>TWAHEERS
ZEMTED, BBAAERICE > TILER TR,
BELQVWHOT, | HTHRENRRAINNTAESIZHG
BRERBOLILHN, —BNIZIZ, HEMICRALS R
SER - ERNDEARNSHEEZTHENLLBZVLHDHE
W, Z0ES3BF—Fhs TN ERANICRET A
W, W<DOMDOFEMNHWLGNS. HERFEOHSAICHT
HAZREREZBVET, FOLEERETEZED0
Process Control*Charts 72 E[3{CEZMBHDTHS. Fi=,
MR 22 L BB T 500 ks LT, SERtEs
HETL2FEREbERAZIS,

I THEREMMEOME (disease clustering test) 13,
FOEEH—XA 7 AOMBEIZEATETHD, Zhs
O OBBELZFHEOVEDER>TWS, FEAE, &
HHIBIC BV TERNARRENFEEL = EI hERIT
H=Hizid, BE,sSsEMMICEN TN S8R 2
Wi R R R OMITFEIFIATE S, BEx
NiFEROBENEE RSN S2EE I TAEZNES
At HHREMIZIEPL ThhE, FITRshOHENRE
ELEEEAOCNEERS T FIVERSE, ZOBE, KW
EREOBREZITO Z & THEM (cluster) DFEAHET
x5, —F, HHARHAICHBTAZEM CFm) MAEROE
it oRaHZIZZEMERE ChERIE) oTFiEIA
wushad, ZORIFTH, $38CBNT, FALTY

L% B HSHKHHAOEZNITEML TN
MEIMBHETHIENTES, BMTHEROAED
FIE & R I A O RE 179 Cluter Detection Test
(CDT) EEMTHH, & <IZKulldorff IZ & % spatial
scan statistic®” ZRWaHikE, FOTF I Ur—3ar
V7 h7xF “SaTScan” [3EMEZEOWMRICBNTIAS
FIZNhTWwa, LUK Kulldorff @4 ik D B S
ELTHHROMBZEI E<RETERVLMERS
h, Fhua%BLAAEEL T Duczmal and Assungdo”,
Patil and Taillie”, Tango and Takahashi'’, Assungdo et
al.", KulldorfTef al. "2 E VW DO DO HEAHRE SN T
T,

T, "1A70) X LORER ERRNZERE RN
BATAH2Y—XIFAOQAMELTIE, ThA [Loh
5) BELEMN TEZT) BELAED, R - B
OWAOBRHNEEEALZS. ZORMOHIT, RO
M - BMIERIME (space-time clustering) OBEZFIML
el OMRERENT A, BHER A TEBORT
IZEIFH TE AR TIRES N TLWAFHEEIE< W, £2
T Kulldor{T" 13 722 ) 8 MM O B 0 7= 8 @ spatial scan
statistic [ FRMME ORH b S0 2220 - R A+ v >
#at ik (space-time scan statistic) Z#EEL 7= ZOHik
WCEDRENTHERN WD) TEZT) BEL=0OhZE
WL . F03KTH cluster 2RTET S EAAIRE S
2%, EETZ7 AN HOW OO —RA1 S AT AT A
IZIRCOFENRD AN eh, BABrHfThbh T,
X522 D% B &L T Takahashi et al'” IZ & % flexible
space-lime scan statistic bIESINTWS. FWmTiE, =
15 @ space-time scan statistic IZ X 2BWEIZELZH T,
B Z O ADTHOBTIZDONWTRE 5.

2 BIMEMALARMEHR

HOEMBIZTBOLWTHEL TRAESh 27— hH, F0
FEAEOEMEZBRET 3201013, FEEMEORE R
FIHTES. Z-HENLEREDFRRICRET 5201
(3250 - R R ORERESFIRTE S, —EMiz
SOAEIBLECESN T o ERMDI - - (BE
D) FMEERBLTWAZ LiCks. DEDEAMSE
(retrospective) M HiKETHS, LinlL, "144AFoU X
LhOBEOBEMROL DB —NA F 22BN E L MiT
IZBWLTH, TTICRGLAAEMEORRXIDS, LA
A THRMNTWAENE, BEREHSBHZH T
ThZ2WER<KER -RAETHLENEETHS. Tk
W Kulldorff™ Tid, MRS ESAR TEETWS25
A% — (alive cluster) | Z[RE ¥ 2 #ijMZ= (prospective)
DOHEERBELTVS, ZORFICE->T, MLz
WT, FSCRI>TVLRENTHKOREN ILoh
SEETWAON 2BHTEZENTES. 20D
PN T AOBATIE, (BMNIZELT EVWMET
EME (FALER I BErE 1 ERE) T/IFT S
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EMRHDENLZDOTHS.

EZAT, —MMZHEEEOREEORFEREES L
T, pEM0.05001BEDEERA VR ZEMEN,. L
ML, HE DY —RA S ATBVT5% DHEBETRZ
BEWH T &L, 1/0.05=20TIEEFE208IC | (IOEET
BEZIoTHbAERENRVWEWLS ZEIIRS. ZO0LSIC
OOHICIHOEELDBHTHS End>HM%
Recurrence Interval (RI) &Ws "™, FoEAMS, BH
Thbhay—~<A1 7AW TIE, FOFEHOHE
LT BEIFCIRNOBELIDSKEEHS
(RI1=365H) 2T 2 p = 1/365 = 0.00270 D & DD M
L THWSNSZEDHS AYIOT—Y Thh
W, VEMOS2MFI#EEEREE LT p = 1/50 = 0.0272 EH1
WYTHASD.,

ks, BEEBOERI -&NIZ () ERICERI
BRIV IR, () RERTO0IC R A W s I AT I AT i W
i, THhHEILEMBEZNSTHAD. TEBEMORE
Bl i, LWotAREL LR HReCEBOMIRAL
MoThZ&hEbELSNLD, 0L MM
LD 2 BT 700 E=Y ) 2 b —NXT T AT
Lo THELMETH M, ZORNOREDICH %M
B LU <IEZEM - BERERE oREET AR A el EE &
5,

3 Y—ARAS5ADEHD Cluster Detection
Test

Feflf s —y =@ LB/l smT 2 Sk s
L TidRsEEMEOREENFIHTES, —4 T, 4—~
17 AZHRMELRERE, TORERRE EHIZHEEM
WORENERELALD. £ T Kulldorff™ 3¥E@METD
FREMME ORETH S spatial circular scan statistic [ZFf
Mo F — & & A+ 7= cylindrical space-time scan statistic
(SaTScan) #IBHEL =

Wk, @ T O MR G A% m O region (T [AH]
#, counties, zip codes 72 &) IZAaMIZNTWASbD &L,
Hregion IZHMLT, B Y, Y+ 1Y, +2 -~ YV,0F—
INFEHETHETH, ZoMgHEBIzENT, [V, Y]
OFFE TITEMAEEL 2V, DE D EBMITER N
ENTVSHEVWI ZEMRBERERD, CORERKTO
HETIE, (MEOBEJITHIT D case DE (BBIEO
Nig MEBEANIT ST I HAFFAE g, @ Poisson 4070

N, ~ Poisson (u;;)

RS EL, TOBPEE n, &T5, L, uy,ldilt
EDNDICHHAT L4, £/21340E - FlieE 0T RZH
WL HGBKETS 22T, HADH—R1F22R
BHME LMo, TR R %S 7 cluster DB
wE X DHIMEMA L U T prospective space-time figHi %
EAB. DFED, B VL,07— 75135 N7 BB TR

ZfTW, 73 A5 —OKE [s,8] ELTHIZI= VbR
HEMOAEEZD. ZNIZE->TRIEZNE S A Y —
OB [s. Yo] &725% alive cluster 12733, 3510,
R s BRI A Vs T HIFEE< ALK ATHS
EHEIND, TIT, EBIZT—FIE [V, V)] 02T
ZHWSDA, BAERSIIHSMA Y, (Vs TEARD
LgThHsd, &R, [0 &LT

[Y;=T+1, B[, —-T+2, 1.], . [Yi—1, Y5].[Y; V>l
OWTFNMLTHDE I cluster ZBLET 2 &iIT 5,

Z D HEAS prospective scan i (R 1) THH, ZDLE
@ T % maximum temporal length &5,

1 prospective space-time BiFOEXE

EBITZyk=1,2.~ , K) % region i nSiEWVNEIC,
HEZED LB region MG 58G5ET 5. HELE
DJEFRILE D region OREA 1 AL (T AT HH# 38 O P
ix&) THobTbDETS ZZTKRTFOHEDT
$ < maximum geographical length & 4 5, Z @ & &
cylindrical scan statistic Tid, %

Z,={Zy|1<i<m. 1 <k<K}
BLUEma %
Y={Y,—s+..¥5] |1<s< T}

ELEZREG W= ZXVho08EKELEZIHERD
window W ## A 5.

LL, ZoHEEEA RO EMAERD window 72
FEFEATWDRED, ¥ ETO circular scan R4k, JEM
ROHIRZ [FET D Z LIk, £ T Takahashi e
al."13 spatial flexible scan i35} % window Z € Z,% K
EZ D% AEEO window % scan 35 Z & THMROH
I @ space-time @ BT A3 W BE & 72 B flexible space-lime
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scan IEERELR. F 9 region i ZHRLELT/I HEZS
AIMHIEVEIC KBEOMEN SR8 7, 2FED 5.
ZDZenb, i%8H HELTWIERTEEGRZER,
TOEE Z,E2EXD. DED ZyORTiEZFATERED
region NSRS HELELOMN,BHEETHE, Kz

Z,=Zap | 1 Si<m. 1 <k<K. 1 <j<j,)

ETBHW=Z, XYhoDEHRLIED window WEEZD,

ZZTwindow WiIZBIT2EMEENW) &L .F0D
BEIEZ (W), 512 WHtcluster Tzl & Z O MR
BEE (W) ET5. cluster DEEOREELT

WREREZ - EIN(W)) =u(W) for "We W
FMAEHR : EINW)) > u(W) for*Wew

##%Z, window Whicluster 2250 Y EFEOHETOD
XEEZLW LU . REERFODBELTORER LT
5. RER#KTR

n(W) n(W)

) |Gw) )

1 (EDfh)

A(W)=( (n (W) >u (W)

EEX

A=A (W*) = max X (W)
wew

DEDITHMAXEER A* % & 5 window W* % most likely
cluster(MLC) & L, Zh % cluster DIE#HEE LS. ZZT,
Z O MLC AYEaHINICH B RN 2 5 D0 E 5 h Ol
MUBE LD TOEORERERRDOS L TO maxye,, A (W)
DafEF- THEEZRSA, —AMIZIE Monte Carlo
FEEFAL TEEMITRDE p iz L > TEOREM R
HENS TOBFEAREANE, W HAHEML cluster
Eixh, ToHK, TOMMICERSERL TR SHE
TES.

4 KB Massachusetts MEEBD Y -1 5>
AF—#

Z @ 5 — # | Harvard Vanguard Medical Associate IZ
IoTHHZNTVSFT—FT, zipcode ZEIZEEDHS
NEBTFHRERCEE L THEAEF N "' SaTScan
ZFRAL THEARAMNITDATWS, ZZ TIi320054 8

A OWEH385%EE (respiratory) QR4 IZDWT, Kulldorfl

@ cylindrical scan 7 (SaTScan) & Takahashi ef al. @ flexible
scan i (FleXScan) IZX > THtiZ2fro/ WTICRIA
Liz5—4%, NI A-2BIUTFOEBDTHS.
=g 2
20054 8 BIZHVF 5 respiratory DFE4E

Massachusetts MHEERIZ&H D m = 385D zip codes H* 5
25HE
- it

EHTEF )L © Poisson 7))

20054E 8 A 7 A 5308 £ Thg A

scan 9% window @ EMMIZBITABAE (Maximum

geographical length) : K = 20 area

scan ¥ % window @ & A B ] (Maximum temporal

length) : T=7H

Monte Carlo >3 2 L —2 3 > DRI : 999

H S HW T 5 recurrence interval 1 6 » ALLE (F

2bhB p<0.0054)
8, MEENEREBRICBT 8% 1 £ E0F—
RV, #Y, FRUMCLER, B, BAREOER
HiEEIhEBOZFIAL TS,

ZOMIIZE-T, SHRA~ I5SHORITIZBVTH

BAofEfrmiHaIhns (H2). £F8ARABIZBLT,
SaTScan, FleXScan &® RI=2.74E (p =0.001) D EHA
BHE N, SaTScan IZBLTIHIBME A ST 8
AllHE~RAO2HMIZEMRRAEEZ L — 54,
FleXScan T2 12X & 2 SR RIE S N, Mo/
FEEINHEARZo T (K3 #6E). 8 AI13H,
14HIZHBWTIE SaTScan X120 & [6) Uil % [ E L /=45,
EFhSORIBE<AHREI AL —7A,
FleXScan TR 13X 5 22 5 BAEMBEMREZN
7=. 8 HISHTREhFhAEEbREE I I
FTORMOBMAMRZ >/~ (SaTScan T 5 H M,
FleXScan Ti3 6 HM). Z® & & FleXScan T3 #fihg
MELDLUZEL =41 SaTScan Tl ERUE O &L DK
FRIERI AN

5 AAMBTANERREBEICLDITY -4
v A

KIZ, NERORIERERIZE DY — XA T > AT
IZoWTHMET >, 07— 1320064 18 MRk
AMTHADI132/0 %88 (£ REH52,1894) 1220 T, &
AR ChVEROKERIZR<408) [2F0HORE
HEEHNBMETNAEDOTHS. CZTREICEYEDRER
WAoo 4~9 A8 (188) D/NFEREHITFL xR
MEHRNEBOR—271 > (MBREHR L THL,
100H1EMN S5 128 LK A00 % THRERKZT-o 7~ Wi
IZH FleXScan (maximum length: K =15, T=2) &L,
FOHEBHOHEEL TP <0.02 (RIS 14) R0
TO#E, NBISHXTOM (10A11H, 18H, 25H,
1A 1 B, 8H, 158) TiRAELEMIBRHZNEL-
7. LAL, NIAR2BIZHABRREHOEMSHBE S,
FOH, ZABFDIZH20B ETO S EMIZH 70 HEMN
MEHohkE (1, F3). HiCI2A20HIZBWTIZE
DRI OERHIE A X WFIBIZ /2> TW AR TAE X
hi-.
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