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Surveillance (ISDS)) @ * i ¥ % 2 i@ (Syndromic
Surveillance Conference) 2 ETH, H—+1 75 A ITH
THRAREE - NarfTbhTng .
DNEMEICIBIZT—RA1F X EIZKED CDC (The
Centers for Desease Control and Prevention; ##5 T-B5 & BB
=) TRUATFTOXSIZEREN TS,

\

(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

\\pub[ic health programs. (Thacker, 1994) )

ZOE/BOL I, —BIZH—RA1 5 ADEBIIED
F—HOIUE R, YATFLAMSHREH, BEMIZRT
BiZ0a rO—-VETEARBL TEHNEINZHDOTH
5, L Lo n TRt ¥ BB ad 2
T EIZRBY, "MF4Fo0U) XLADKS ICEBRAILER
ORAEZRR TS0, HEMSBE#EOAER DR AR
MEREML THE, BEESEEORRICHAAEENIZE
PLAERE, FThBREERS/FILICR->TUWHEERD
ZEMTES, bBEAAEKBITE - TIEE TlEiahizh
BEXLZVWHOT, | #TLEENERTNNTE B IZ0HE
MBLEZHOLHDH, —RETIE, BEACEAZES R
SEAR - BB BREETOEMLLAnbDHE
W, ZOLIRF—Fhe T EKECRHT S
B, WOMDOFENANGNS., HEHFTEOHSICBT
H2FERMEBVET, TOoELLERNT SO0
Process Control Charts 72 iz fREBMNEHDTH S, Fi-,
Mg e L HRBET 2700 kL L TIE, SRtiE%
WETHAFEREGBEHIND.

T HEMREMMEOBE (discase clustering test) 13,
EFOEEY N1 ADOHECHEATRETHD, Zho
OFTOBERFZEODEDER>TWVS. EAE &
HSHRIZBOWTRENTESENEEL =hEShEmHT
SHi=wizid, HEMSEMMICBREh 287 —5 %2/
WA S R R R O T FEASFIH T E 5, Bl
N/BEROBBENEHMNEEZ N 2HEIC X TARENTS
M, HOEMICEPLTLIE, T THEHOTHHR
HELREEASHEBEER/FIVERS. TORE, %W
BRI OREZTTO T L THEM (cluster) OFEMNHET
5D, —FH, HHHCBITSEM CER) MEROE
Bt omahz I MERSE ERERYE) ORI FikH
Wohad, COMITIR H3BEIZBNLT, FELTW

WG FECRE) HHKHEADEZnITEMLTVS
MEIMEHETHIENTES. RMTHEMOAGED
HIE & REF I S M O B B 1T 5 Cluter Detection Test
CDT) BHEATHD, & <iZ Kulldorff iZ & % spatial
scan statistic*” ZHWAHkE, FO7 SUr— 3>
Y7 b x7 "SaTScan” i3ZEMBEFEOHARICBNTILES
FIZh T3, LA LUERIA, Kulldorff @4k B R
ELTHHROMEEZI E<FETERNVI EAERH=
N, Th2HBLAEHESEL T Duczmal and Assungdo”,
Patil and Taillie”. Tango and Takahashi'”, Assungio ef
al.'"’, KulldorfT et al. P iz EW DD HEMMEREIOTE
T3,

ST, "1A70UXLDRERERENERE MY
HATHH-—RA I A0HMELTE, £hat ThDh
51 BELEM, TEZT) BELLMN, ZEMA0 - RS
OmAORHAEREL 25, ZOHMNOEDIZ, RHOSE
M - BEMIEME (space-time clustering) O BiE ZFIH L
TeHENV DOPBEIN T WA, BE M THEO M
IZHFHTESHTRESI A TLASFERRIEL V. £
T Kulldorff™ 1328 M #£ fi ¥ O B 5 0 /= 8 @ spatial scan
statistic IZFF I EMEORHEH IO /M - B2+ + >
#al B (space-time scan statistic) Z#E L/, ZOKHiE
WEDRBNOEEN WD) EZT) BELEOME
BHL ., Z0 3 KT cluster ZRIETH I EANHES
5. EBEZAVIOW DOMOY—XRLFUAT AT A
CiRZoFEFIID AN Ssh, BaiisfrbhTna,
E5IZZDH%K & LT Takahashi et al'" iz & % flexible
space-time scan statistic HIRIN TS, £JWTIX, =
15 @ space-lime scan statistic IZ X HBEIZHESZH T,
B=RA T ADEDDFITIZONT@ME D,

2 BAIMEMALAMAMERR

HHEMPUZBLTRHEL TRBIZhF—ons, 20
FAOEBEEBRHT 501213, BMEMEOBREEH
FIHATE S, £-ENLEMEBRFICRET S0
13250 - FEEREOREZESAATE S, —BHIZZh
SOAEIIBECHSN T o MMOH-- GAE
D) EfMEERBLTVWSZ LIRS, DEDEAME
(retrospective) O AHETHS. L, N1A5o00 X
LDBEDEEOD LS a—No1 52 2% & U=t
IZHNTIE, TTEESELEEMEORRLDS, LA
Bl THEVWTWAHEMZ, RBER S, SR E &3
FHEWERRBR - AETHZLEMEBRTHS, 70/
¥ Kulldorff™ T3, MthismzaAl (EE28TWWS2S
A% — (alive cluster) | Z[FE]E T DA £ (prospective)
DHEERERELTWS, ZOMTIcE->T, WMHESICZH
WT, FTCRI>TLIERNEFRKOFEELN Thoh
HEETWEDDR] ZBHTZZEMNTES. FOD
H—NRA 7 AOHRNTIE, (BMIZELT) EVHET
EME (FAEER | ECEHEE I RARE) CRIFTSC
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ENRDHENLSDTH S,

LIAT, MMM EOAREOHERESL
TiZ, pEA005R001BEDMER NS Z EHMEWL, L
ML, BEDH—NRA5ATBVT5% OHETRE
BLWS T &I, 1/0.05=20TRFE20HIZ | BOHE T
BroTbHFRERNBVENVNIZERRS, ZDXSIC
TOCHIL IAMOHMELIDLHTHS] Enwd Mz
Recurrence Interval (RD) W5 ™. Fo&ZEA,S, BAH
fFbhad—_1 >3 22B0nTR, T0EEKHOHE
L LT BFEIECIFNOHELIOLGHKZRS
(RI=365H) 2T 5 p=1/365= 000270 DEDDHR
HLLTHLWANZZ 0D HABEMOT—FThh
W, 1 ER OS2 E RS LT p = 1/50 = 0.0272 EH
WYTHASI.

b, BAEEBOEFII AT () ZHICERTD
BRI, () RERIAYIC FE AR AR RRATIY ALITIE L
B, THAHIENBEETNETHAS. EEBREHORE
Rz Ziz, WoltARELKE HRaiTioBEOMs L
MoTWK T EREDBEASNLS. ZOXSRTHNG
END 2 BRI ZDDEZSFY T bY—RT 5 AL
EOTHERMETHSH, ZOEHNOEDIZHERER
#, LU <3z - BEfMtoRERZ EAEMRIRES
%5,

3 B—ARASADMHD Cluster Detection
Test

R/ 7 — Y 2B L oS B2 RIS 5 Hike
L CIIFsEME O BEEsfIATE S, — 4T, ¥—N
1T AZHMELERE, TORERNE & DITTHE
MORENBEEE/RS. £ 2T Kulldorft" 13F @ LT
PR OBE T3 5 spatial circular scan statistic (ZF§
M@ 5 — 4% % Ah 7= cylindrical space-time scan statistic
(SaTScan) ZEERL -

W, BTET SRR G A% m B region (HTXAET
#, counties, zip codes 72 &) IZH@IEh TWabDEL,
HregiontZH LT, BE Y, Y, +1,Y,+2,, V,OF—
FMFEETHLET S ZodgEgizBWT, [V, V)]
ORFRTIIEMSEEL DY, DX D ERNICERIER
ENTVREENIZENRERRESRD. ZORERKRD
HETHER, (MEDOBFRJITHIT 5 case DE (BAED
Nig MSE T MST IZ IR 1y @ Poisson 4446

N,; ~ Poisson (u,,)

ZHED &L, TOBMEE n, &5, 2720, u,id i
ROANZHHIT DA, itk - EMEOHTREN
BLMGFBNKETSD, 22T, AXOY—RT1 TR
ZHRELERITOY, MATRAE S AT cluster D&
wEZ DM EMI E LT prospective space-time fRHT %
EAD DED, R Y,0F—F 0G50 BB TRIT

W, ¥ RAY—0OFM [s.8] ELTHEIZI=Y&R
ZEMOAEERS. ZHIZX->TREESNAIFAY—
O [, V2] &725 alive cluster 12725, 5642, 3
SR s DRIFEA Ve FThiZEB<ANREATSS
LIFEhB. FITC, EBICFT—R [V.V,] 02T
EHVWED, BERSISLIRN Y, (e TR
LgTHs, &EZX, [0 &LT

L}"g_T+]. }"QJ-[}’E_T+2- Yg]- o -[Yg_ 1; Yg].[YJ. Yg]
OVWTNMATHDE DM cluster ZRLET Z &z 5.

ZDSFEA prospective scan % (B 1) THH, Zo&E
@ T % maximum temporal length &5,

00 0

Bl 1 prospective space-time AR ME

E ST Zyk=1,2, , K) % region i M SIAWVNEIZ, §
HEZSD LD region DO RDE/LETS. ELAE
D EREILE O region DRFEA | 51 (T H] A8 O R E
iz &) THobTbDETS ZTCRKRTHEDHT
# < maximum geographical length & ¥ %, Z @ & &
cylindrical scan statistic T, K%

Z,=Z;|1<i<m. 1 <k<K}
Biumx %
y:{[YE_S’LYE]‘ISSST}

ELE2EES W= Z XY o0EHLES5MERD
window W £ X 5,

LaL, ZoFEIEESAMROCEHERD window /2
FEEZ TS, Y ETO circular scan FHE, JEM
WO % FET 5 L3Rz, £ 2T Takahashi ef
al.""1& spatial flexible scan 12317 % window Z € Z,%Ji&
MiZH DEMEO window % scan T5 Z & TIHEMROH
3% @ space-time @ 4T AW HE & 73 5 flexible space-time
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scan HEERE L. ET region i ZHLELTiBHESR
AIMBIEVNEZ K EOMENSR58E Z, 2ED S,
ZDZs, i #8H HELTHWIHETEEEEZR,
TOREK Z,2EXL. DFEN Zy 0P TiZZATRED
region MERASHEL 2B DN, HH2ETHE, EmHE

Z,={Zyp1<ism 1 <k<K, 1<j<j,

ETHDW=Z, XYPoDHEFELIED window WEEZ S,

Z ZTwindow WIZBI5BUEENW) &L . £D
BMEZ 2 (W), E52 Whtcluster Tzl & Z DM
MEZE (W) ET5, cluster DEEOMEEL T

WEERFR EWNW)) =u(W) for "Wew
MR EWNW)) > u(W) for*wew

#E %, window Walcluster 25 R U EHROHETO
XEZLW) L REEROBLTOLEZ L LT
5. KRR

(W) (™)
e G

1 (D)

A(H0=( (W)= (W)

EEZ

AY= A (W?*) = max L (W)
wew

DEIIZBAREER A% &5 window W™ % most likely
cluster(MLC) & L, Zh# cluster DIEFEEADS. Z 2

Z O MLC AT AIC A R - 2 & D £ 5 A O il
MUEE IS, DI DRBIEHRD S & TO maxye,y A (W)
Oafizl->THEEZRSN, —AYIZIE Monte Carlo
FEFAAL TEMEMITRDE p iz > TEORESE R
MHahs ToBRGEREENE W AHER cluster
Lizh, ToOHE, FOHMICERIERL Thk & HE
TE5.

4 K[E Massachusetts MEEDH —~X4 5
AF—%

Z @ 5 — & {% Harvard Vanguard Medical Associate |2
FoTHHZNTWSF—¥T, zipcode ZEIZEEDS
NEETRRERCERE L THEAEEEN 'S SaTScan
ZRALTEABANITDRTWS, Z 2 TIiX2005% 8
H ORISR (respiratory) OR4IZDWT, Kulldorff
@ cylindrical scan % (SaTScan) & Takahashi ef al. @ flexible
scan i% (FleXScan) 12k > TRHiZfTo7/. MTIZHA
Lic5F—%, R A-FBLUTFOEBDTH .

« F—

20054 8 HiZH1T D respiratory DFEE

Massachusetts M¥ERIZ 3 % m = 385D zip codes I 5
25K
« AT -

AHTET)) © Poisson E5))

20054E 8 A 7 HA530H £ T HEH

scan % window @EMEIZBIFT BB AE (Maximum

geographical length) : K = 20 area

scan 3 % window @ i K B ] (Maximum temporal

length) : T=7H

Monte Carlo &2 2 L —3 a3 > OEE : 999

A & CH M9 S recurrence interval 1 6 » HELE (F

2hHB p<0.0054)
feds, WMEEBMIRANSEICBI28% 1 S0 EL0F—
FER, 3, FRLUAICHES, A BAREOEE
HlEZhZHOZFHL TS,

ZOFFIZE-T, SARZA~ ISHOEKIZBWLTH

BEREMIBREZHA (H2). FF8ARRAIZBNVT,
SaTScan, FleXScan & & RI=2.74E (p =0.001) DR A
B EN/ SaTScan 2B WWTITI8HE S HHE T 8
AlIIlH~RAO2HMIcEMHARAEZ N — 4,
FleXScan TIX 128X 7 5 2 SRR ATRIE &0, Mibic [
EEhHEARZ - T (HRZHE). 8 HI3H,
14BIZH LT SaTScan (X121 & [/ U Hilgk % [ 5E L 7277,
ThoORIBE<AB LRS- —H
FleXScan TIRI3MIK 625G BaEHEAFRE S h
7z. 8 HISH TR EThThaEAERENRE I N/
FOEMBMOBM AR - /= (SaTScan Tl 5 A M.
FleXScan Ti2 6 HM). Z® & & FleXScan Ti3 M
MELLLEIL A8 SaTScan Tl HE MO 2 (L O K
TRREBgEhiaho /.

5 dLAMTTHRNERREBHICLEZY—~AS
¥R

Kz, MEBRORFERERICE DY —NA1 252 AWM
DoWTERHNZT & ZOF—# 1320065 18 MR AL
NMHT RO I32/0 58 (EREES2,1894) 2DWT, &
WAKER (MEROWRERIZER<408) ITFOHDRE
HEASRESNAZDOTHS, ZZTIREICHMI D RSN
WWHTEmol4~9 A (188) @ /R 9 KR i
BEHENERONR—2 571> (MHREE) &L THYL,
I0OABNS128 £ K40 £ THEAMTZT> 7~ WM
121X FleXScan (maximum length: K =15, T=2) &L,
FORBHEQOHEELELT) <0.02 (RI=14) #HT-
TORE, 1NAISHETOMN (108118, 188, 250,
1A 1 H, 8H, 15H) TRAEzEHIBHZh2,-
. LU, 1AR2HCHBARFEHOEM BN,
FOH, ZRABHOI2ZA208 £ TO 5AMICHA D B
MEHSHhE (F1, E3). #HICI2A20HICBWTIRE
O RJEOEBHIE AN X WIEHIZ /> TH SR A
- & [y st

J. Natl. Inst. Public Health, 57 (2): 2008



126 PR AL DR E 2 O TR RER Y — N A T 2 ARt

Aug. 12
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SaTScan

FleXScan
Cluster period: Aug.11-12

RI=2.7 years (p = 0.001)
No. of cases: 51, RR: 2.25
No. of zip codes: 18

Cluster period: Aug.11-12
RI=2.7 years (p = 0.001)
No. of cases: 42, RR: 3.37
No. of zip codes 12

Aug. 13 / 14

)

N I 3 (d'}\ Y (é%\\
5 [ A\
LR TS . v,
&N A A Lt A 4
rdgtal '}‘\? b i Eﬁ b Aetal —!"!‘% ?‘*‘/‘(m";
Y § mi’u?.: f“ ;1\,‘ AL com v Q!&'I«t f‘ 3’13""""’&" ).
*ﬂ ‘\r‘ f"‘"hn. ‘:J R 9}4' .
v S s p
d-“JJ—:t'—” ,}djﬂﬁr
SaTScan

FleXScan
Cluster period: Aug.11-13 / 11-14
RI=333 days (p = 0.003) / 250 days (p = 0.004
No. of cases: 46 / 49, RR: 3.08 / 2.89
No. of zip codes 13

Cluster period: Aug.11-13 / 11-14
RI=91 days (p = 0.011) / 30 days (p = 0.033)
No. of cases: 55 / 59, RR:2.31/2.19
No. of zip codes: 18
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Aug. 15

SaTScan
Cluster period: Aug.11-15
RI=200 days (p = 0.005)
No. of cases: 82, RR: 2.00
No. of zip codes: 18

FleXScan
Cluster period: Aug.10-15
RI1=1.4 years (p = 0.002)

No. of cases: 72, RR: 2.40
No. of zip codes 12

B 2 : Massachusetts M[C$51TS respiratory OREDEHR

~11/16 11/22

1115-22

11/29 12/06
) 3 ., D126
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:'". '_'." . o2
. o D126 -6,
12/13 12/20
g om 155 |k 2 & S
T e e’
o ‘-'i."-".-."' .:::' ) 2 -,-:.;-.--_.'.‘ -‘-._-1‘ K .
S o S ¥
T @213 .

3 AEAMTHNERREY —SA S ATREENESIS RS
(108~ 12R). ARNEROBEFEEZERDT.

1 AAAMBTANEBRRERICE DY —~<1 5 ABFOER
(10 ~ 12D &E)

MHTH  B% clusterperiod  cases expectd p-value
11A22H 13& 11815~22H 283 191.4 0.001
11A29H 118 11822 ~29H 238 164.9 0.001
1ZH6H 9% 12H6 ~6H 141 84.5 0.002

7 12A6 ~ 6H 84 45.8 0.006
12H13H 1% 12H6 ~ 13H 305 2254 0.001
1082 12A 6 ~ 130 203 142.3 0.006
12208 28 12A13~20H 80 443 0.012

HHEAh, LORITRRXEROANSOBRNTHD, +
DOREBENBATHENDIIRETE 2L, Lil, B
BB SN/ 2o O L UM TN O E S IE 3 T ok
BREOFEE (M4) ERERDE, ZOEREMNIEH
BLTWABZEMIMNA, ZORBIEREBEDO LD
THoOTiRiWh EHRHZNH S,

25, | BUBOBFICBWTIR HURE THEARE
firBlanic chidqr > 70 Hoififficks b0
EHEME NS,

6 A5 RABFICHITHBIR

MEtENIZEBEREME RIS N ABAE TS, —x
AFARBNTIRVS DOMhOFEENLEERD, &1
HEITRRELIIZ, p<0.05EB>-bDMNESICHE
ELTEASZERET, TOF—FIWHULERIZESE
EZBHIEIRS. TINHEMOBORON, AL

J. Natl. Inst. Publie Health, 57 (2): 2008



128 EREME OBRE 2 AL RiE Y — X1 T > AR
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—— BRERE
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I I o ~ o I O O Of O OO OC OF
B4 ﬂhﬂmﬁsﬁﬂﬁtké477»17?&&*&“&0

RAWEN

DHDEONTEFDI I FINOFERHOHMIGE > TL 5
Pl s 2~

F/e, HizABEEATANEEVHIT TR, &2
12, &iFEDH EF U < Massachusettu (2313 T20054 8
Riz%#% (Rash) OREZMBITLIRER P <0.0054&72>
FHOTHD. ZOMH Tl SaTScan, FleXScan & H[d]
C#EENBSN, 8HT7H~ I0BOMT, 1 BT zp
code ZUMEEIN, TOABHEIVWTHHHELDOT
Hol (p=0.001). ZZThs (ZORENBZFELEITISAH
2HTHD, EIMEI0EETHETWE LBRZhE
HTHS. LhL, Z0REELKDSL, BA7HD
AT, 8H2HA~7H®6 AMARIEZH, < O@H
M7 TH- KRIZSHTHORIT THEMMEINR
HEhih, TCCRAESNEIVSAF—IZ8A2H~8
HO7HMTEANRZ 7T#H0EETHS. DFED, §8AS
BiZid Z OMIX THRAEFEEIIRE TN Z & HEAaHh
5. 51z, 9H, 10HICE, HMEBNEMRLCTHDIZ
bROST, BAEIMALTHS. 2D 0BG, 8

B7HOMTTHRILENEZ7 A7 3L T
Witizhwa, SH~ IVHOEBRZ Ay —RThiFE
BEICZsBVwWEEZISNL S,

-, RESNEZ7 5 A5 —OWE#E GEM, BT, 1M
7E) ZBEL, OV FAY—NEYICHEEEEIME
IMERNTHALENSS, FAEEAEL-EROME
GHBITIZBHENEL) DEEOA X Md ol E,
RAZBRMSENS, Zhi3#iHEE T T3k, B%
PEYE, REER TH T8k E Ththodw
MENF—LAER>TRNHENZREDBDTH 5.

51T, EAMTT RO ERRERERICLSHMITT
i, BEOHERREOMHIZE, Bh2MbTERRE
DF—Ih e lMRHEN2ETTHD, FOREER
FTREETEARL, DLAZ0FHRTHRIHX - £/
BT TAAREMBETVBOTIERWLA, [ERIREEORE
EBAEELTHWADTIARWD] LS SBEVLRHAEDT
HoT, EBOY—XAM 25 ALELTIE, RESZHFD
FROFMMEZLBFIZITHO LT, TOERAKEHMNLE
ERBETHAD. Lhl, EENICEN LTS TH
ShORFEEEERKOFEEZVWERELBDHFHTEIVOE
HTR, CONERREBRIZEEZHY—R1IFADAMT
HHEEALND,

OB UDITRAREL ST, HE, H—RITF2AD
EOOMERAELA->TETWS. FOMHFEELT
EREZIIBTAFHRRAERARY - ER>TWS, H—
NAFAZHNELEFEOBARDESICEATNS S
ERRABTHAS. LhL, BLLBLUDITERELS
I2, B—AT T2 AORMIMITFELZTTIARL, 57—
FOIUEN SR, THhEITDATA, TSITHERET
ERONICEADHLESH S, DAEIZBWLTH ARG
EHOUDEDELTINGEDH - T ANETETH
ERREICB-oTLB:EZON S,

# 2 : Detected outbreaks of Rash based on daily syndromic surveillance data in eastern Massachusetts

during August 1-30, 2005.

Day 7ip codes cluster period cases expectd R.I (p-value)
Aug.07 01951 Aug.02-07 7 0.0427 2 7years (0.001)
Aug.08 01951 Aug.02-08 7 0.0545 2 7years (0.001)
Aug.09 01951 Aug.03-09 6 0.0545 2 7years (0.001)
Aug. 10 01951 Aug.04-10 5 0.0545 2. 7years (0.001)
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Abstract

T'he utility of the elementary school absentee surveillance in the health-crisis-management was explained. As a surveillance
system. it is necessary to dissolve interscholastic difference of the elementary school enrollment and the absence situation that
exists daily to use the absence situation. To dissolve this difference, we introduced the idea of standardized absentee ratio.
The outbreak of the health crisis in the region that actually occurred was able to be detected by using this method at the early
stage. Moreover, at the early stage, the space cluster was found to the absence situation of the influenza fashion period by
using GIS. The purpose of surveillance in a health- crisis-management is to obtain the chance to cause the preventive action
to control the expansion of crisis. We consider that the elementary school absentee surveillance is useful for detect at the carly
stage of the health-crisis-situation. Moreover, we consider that the utility of surveillance rises further because it applies
spatial-time scan statistic.
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A Scan Statistic based on Anscombe’s Variance Stabilization
Transformation

Kunihiko Takahashi, Toshiro Tango

Department of Technology Assessment and Biostatistics
National Institute of Public Health, Japan

OBJECTIVE
This paper proposes a new scan statistic which
detects disease clusters more accurately than that
based on the likelihood ratio.

BACKGROUND

The circular spatial scan statistic proposed by
Kulldorff and Nagarwalla [1] has been widely used
along with SaTScan software for cluster detection.
To detect arbitrarily shaped clusters which cannot
be detected by the circular scan statistic, Ducz-
mal and Assuncdo [2] and Tango and Takahashi
[3] have proposed different scan statistics. All of
these tests are based on maximizing the likelihood
ratio statistic A(Z) for each window Z. However,
Tango and Takahashi (3] have shown examples in
which Duczmal and Assungao’s procedure detected
quite large and peculiar shaped clusters that had
the largest likelihood ratio A among the three scan
statistics applied. It cast a doubt on the validity of
the model selection based on maximizing A(Z).

METHODS

One of reasons for detecting undesirable clusters
is that A(Z) is derived only from the observed num-
ber of cases n(Z) and the expected number u(Z)
under the null hypothesis Hy of no clustering. A(Z)
ignores the variability of the relative risks of regions
included in Z. Then we propose an alternative scan
statistic that can take such variability into account.

Assume that, under Hy, the observed number
of cases X; is a Poisson random variable with ex-
pected value y; in each region ¢ = 1,2,...,m.
Then, let us apply Anscombel4]'s variance stabi-
lization transformation:

Y = 2y/X; + (3/8) — 24/ + (1/8),

where E(Y;) = 0 and Var(Y;) = 1 under Hy. For
any Z, let y(Z) and §(Z°) be the means of y; within
Z and outside, respectively. Then, we propose a
new scan statistic 1" as

T = max{§(Z) - §(Z°) /(U Z)) + (1/1(Z°))},

where [() denotes the number of regions included
therein. The window Z* which attains the maxi-
mum 7' is defined as the most likely cluster (MLC).
In the same manner as Kulldorff's scan statistic,
Monte Carlo testing is required for the distribution
of T" under Hy.

RESULTS

Several scenarios of simulation were used to il-
lustrate the proposed test statistic 7' with scanning
methods of the circular [1] and the flexible [3]. The
bivariate power distribution proposed by [3] shows
that T has shorter tails and, consequently, better
ability of pinpointing the assumed hot-spot cluster
compared with the likelihood ratio.

CONCLUSIONS
The proposed scan statistic can detect disease
clusters more accurately than that based on the
likelihood ratio.

REFERENCES
[1] Kulldorff M, Nagarwalla N. Spatial disease clusters: de-
tection and inference. Statistics in Medicine 1995; 14:799-
810.
|2] Duczmal L, Assungiao R. A simulated annealing strategy
for the detection of arbitrarily shaped spatial clusters. Com-
putational Statistics & Data Analysis 2004; 45:269-286.
[3] Tango T, Takahashi T. A flexibly shaped spatial scan
statistic for detecting clusters. [International Journal of
Health Geographics 2005; 4:11.

[4] Anscombe F. J. The transformation of Poisson, binomial
and negative-binomial data. Biometrika 1948; 35:246-254.

Table. Bivariate power distributions P(l. s) x 1000 of the likelihood ratio statistic X and the proposed statistic T using the flexible
scanning method (K = 15) for the hot-spot cluster A with s* = 3 regions, where [ is the length of significant MLC, s is the
number of regions identified out of the assumed true cluster (see details [3]). Total number of cases is set to be 500 in the entire
m = 113 regions (total number of population is 19,803,618), and relative risk in the hot-spot is set to be 3.0. Nominal a-lebel is
set as 0.05 and 1000 trials are carried out. Lines of s = 0, 1, 2 whose all the cells have zero power are not shown. The mark “*"

is the powers of accurate detection.

likelihood ratio statistic A (traditional power = 1000/1000)

Length ! | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 | Total
Include s =3 | =468 179 123 86 78 40 19 5 2 0 0 0 0 1000
proposed statistic T (traditional power = 1000/1000)
Length ! | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 | Total
Include s =37 201 73 18 9 5 4 0 0 0 0 0 0 0 1000

Advances in Disease Surveillance 2007:4:116



A Spatial Scan Statistic Scanning Only the Regions
with Elevated Risk

Toshiro Tango

Department of Technology Assessment and Biostatistics
National Institute of Public Health, Japan

OBJECTIVE
To propose a new spatial scan statistic that has
higher ability of pinpointing the true cluster.

BACKGROUND
The spatial scan statistic proposed by Kulldorff[1]
has been applied to a wide variety of epidemiolog-
ical studies and also to disease surveillance for the
detection of disease clusters along with SaTScan
software. However, it does not seem to be well rec-
ognized that maximizing the likelihood ratio tends
to detect the most likely cluster much larger than
the true cluster by swallowing neighbouring regions
with non-elevated risk, Tango and Takahashi|2]
have shown such typcial examples which casted a
doubt on the validity of the model selection based
on maximizing the likelihood ratio.

METHODS
To avoid such undesirable phenomena, we propose
the following modified likelihood ratio test statistic
by taking individual region’s risk into account:

n(Z) n—n(Z)
Ar(Z) = sup ("(ﬂ) (—"_"(Z))

ZcZ E(Z) n — E(z)
n(Z) n-—n(Z) .
! (é(Z) =8 _g(z)) gf(p, < ay)

where where n() and £() denote the random num-
ber of cases and the null expected number of cases
within the specified window Z, respectively, p; is
the p-value for the i-th region’s risk and a, is the
pre-specified individual region’s significance level.
Individual region’s significance level o is set equal
to the significance level oy for detecting MLC.

RESULTS
The proposed circular spatial scan statistic was,
via Monte Carlo simulations, shown to have quite
high ability of pinpointing the true circular cluster
assumed in the simulation (ex., see Table 1).

CONCLUSIONS
Our result suggests that, if other spatial scan
statistics for detecting arbitrary shaped clusters
adopt the proposed likelihood ratio test statistic,
their performance is expected to be improved.

REFERENCES )
[1] Kulldorff M. A spatial scan statistic. Communi-
cations in Statistics: Theory and Methods 1997; 26,
1481-1496.

[2] Tango T, Takahashi T, A flexibly shaped spatial
scan statistic for detecting clusters. International Jour-
nal of Health Geographies 2005; 4:11.

Table 1. Simulated bivariate power distributions P(, s) x 1000 of Kulldorff’s circular spatial scan statistic and the
proposed circular spatial scan statistic for the hot-spot circular cluster A = {14, 15,20} with length [ = 3 and relative
risk # = 3.0 that was assumed in the areas of Tokvo Metropolis and Kanagawa prefecture in Japan (113 regions).
Total number of cases was set as 235. Two kinds of a-levels were set as ap = a1 = 0.05 and 1000 trials were carried

out. The power of accurate detection (I = s = 3) was indicated by

Kulldorff's circular scan

“ "

* .,

Proposed circular scan

Length Include s Length Include s
l hot-spot regions ! hot-spot regions
0 1 2 3 g 2 2 3

L TL © L1 ©
210 0 0 2|1 0 0
310 0 0 =*672 310 0 0 =845
410 0 0 147 410 0 0 38
510 0 0 38
610 0 0O 26

7-10 |0 0 O 15

11-20 {0 0 0 50

2147 |0 0 O 14

Total |1 0 0 962 Tatal ['2 @ 0O 883

usual power=(.963

usual power=0.885

Advances in Disease Surveillance 2007;4:117



A Comparison of SaTScan and FleXScan for Outbreak Detection
and Monitoring
— An Application to Data of Absentees in Primary School -

Kunihiko Takahashi, Toshiro Tango

Department of Technology Assessment and Biostatistics
National Institute of Public Health, Japan

OBJECTIVE
This paper describes a comparison between two
statistics — SaTScan and FleXScan, applying to a
data of absentees in primary school in Japan.

BACKGROUND

Early detection of disease outbreaks enables pub-
lic health officials to implement disease control and
prevention measures at the earliest possible time, A
time periodic geographical disease surveillance sys-
tem based on a cylindrical space-time scan statistic
proposed Kulldorff(2001) has been used extensively
for disease surveillance along with the SaTScan
software. Recently, Takahashi et al.(2008) pro-
posed a flexibly shaped space-time scan statistic
(“FleXScan” hereafter) to detect arbitrarily shaped
disease outbreaks, and the statistic is well suited
for detecting and monitoring disease outbreaks in
irregularly shaped areas. They have suggested that
we may use both statistics for disease outbreak de-
tection, but for different purposes. Then it is im-
portant to know their performances.

In many cities such as New York City, Boston,
real-time, geographic, early outbreak detection sys-
tem have been implemented, and the SaTScan is
used for the analysis. On the other hand, in Japan,
there is not yet such a system which includes sta-
tistical analysis using cluster detection tests, and
its implementation is demanded now.

METHODS

We applied a prospective space-time analysis using
the SaTScan and the FleXScan to a surveillance
data of number of absentees in primary school in
Kita-kyushu, Japan. The data came from weekly
surveillance of the absentees on every Wednesday in
132 primary schools in Kita-kyushu, during April
2006 to March 2007. Total number of school chil-
dren was 52,189, We set K = 15 as the maximum
length of the geographical window, and the max-
imum temporal length to be T = 2 weeks. The
expected number (baseline) of absentees were cal-
culated as the averages during April to September
for each school, and the analysis started from Oc-
tober 11. The number of replications for the Monte
Carlo procedure was set to B = 999 and its signif-
icance level was set to p < 0.02 corresponding to
the recurrence interval of 50 weeks, i.e., 1 year.

RESULTS

For the analysis during October 11 to November 15,
both tests did not detect any signals. On Novem-
ber 22, both tests detected a cluster of 2 weeks
(i.e., from November 15 to 22) with p = 0.001. The
SaTScan detected a circular cluster of 11 schools,
on the other hand, the FleXScan detected a non-
circular cluster of 13 schools. The secondary cluster
was not detected on the day. From November 22
to December 13, significant clusters were detected
by both tests. Their results were similar but de-
tected areas were slightly different. On December
20, both tests detected the same cluster, which was
a small cluster of only 2 schools.

At the same periods, an outbreak of infectious
enteritis has been observed in the area from a sen-
tinel medical system, which consists of some hos-
pitals and clinics. It seems that the outbreak was
detected by our analysis of absentees in school.

800
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0

CONCLUSIONS
The FleXScan is well suited for detecting and moni-
toring disease outbreaks. And the data of absentees
in primary school is useful for detecting outbreaks.
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A New Space-Time Scan Statistic for Timely Outbreak Detection
Taking Overdispersion Into Account

Toshiro Tango and Kunihiko Takahashi

Department of Technology Assessment and Biostalistics
National Institute of Public Health, Japan

OBJECTIVE
To propose a new space-time scan statistic taking
overdispersion into account for accurate and timely
detection of disease outbreaks.
BACKGROUND

As a major analytical method for outbreak de-
tection, a software SaTScan of Kulldorff’s space-
time scan statistic (2001) has been implemented in
many syndromic surveillance systems. Since it is
based on circular windows in space, it cannot de-
tect non-circular areas. Takahashi et al. (2008)
proposed a flexible space-time scan statistic with
capability of detecting non-circular areas, which is
implemented in a software FleXScan. It seems to
us, however, that the detection of Most Likely Clus-
ter defined in these space-time scan statistics are
not always appropriate for the purpose of timely
detection of a localized disease outbreak. Fur-
thermore, these scan statistics fail to take over-
dispersion into account and thus the rate of error-
neous false alarm will increase.

METHODS

We assumme that, under the null hypothesis of no
outbreaks, the number of cases N;(t) in the re-
glond (4= 1; viwy ,m) at time ¢ is a Negative Bino-
mial random variable NB(u;(t), ¢;(t)) where the
expected baseline covariate-adjusted values p;(t)
and the over-dispersion parameter ¢;(t) can be es-
timated from the baseline data. Since we are only
interested in detecting outbreaks that are alive (ac-
tive) at the current time ¢ p, we only consider ‘alive’
outbreaks that are present in the following 7" time
intervals: I, = [tp — u,tp]. u=0,..7T—1 where
T is a pre-specified maximum temporal length of
the outbreak. In this situation, we shall propose
the following outbreak model:

N.m~{ NB(O (Opi(t). 61(0)),

ifieZandtel,
otherwise

NB(Oout()pa(t), 0:(t)),

where it is assumed that

Hy 1 Ow(t) = Ooue(t) =1

H] : B‘iﬂ-(t) > Bout.(t) =1
where the relative risk #;,(t) could be exponen-
tially increasing in time under Hy: 6,,(f) =

exp (;’i uﬁ';‘—J'l) , for t, —u <t < t,. The spa-

tial window Z, time interval [, and the slope B for

which the likelihood ratio is maximized identifies
the Most Likely Outbreak.

APPLICATION
We applied two kinds of the proposed space-time
scan statistic, one with Kulldorff’s circular win-
dow and the other with Tango and Takahashi's
non-circular window, to data from weekly surveil-
lance of the absentees in 132 primary school in
Kita kyushu shi, during April 2006 to March 2007,
Japan. The primary purpose of the application is
(a) the timely detection of the Most Likely Out-
break of the absentee during the influenza season
(December to February) and (b) the comparison
with the results from existing two space-time scans,
SaTScan and FleXScan. Total number of school
childrens were 52.189. DBaseline period was con-
sidered to be from April to September 2006 and
the analysis period was from October to February
2007. Maximum temporal length was set as T = 2.

RESULTS AND CONCLUSIONS
Detailed results will be presented at the confer-
ence. These results suggest that the proposed
space-time scan statistic is better suited for ac-
curate and timely detection of disease outbreaks
compared with existing space-time scan statistics.
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Cluster Detection Comparison in Syndromic Surveillance
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OBJECTIVE
To use the New York City Department of Health and
Mental Hygiene's (NYC DOHMH) emergency de-
partment (ED) syndromic surveillance data to evalu-
ate FleXScan's flexible scan statistic and compare it
to results from the SaTScan circular scan. A second
objective is to improve cluster detection in by im-
proving geographic characteristics of the input files.
BACKGROUND
The NYC DOHMH collects data daily from 50 of 61
(82%) EDs in NYC representing 94% of all ED visits
(avg daily visits ~10,000). The information collected
includes the date and time of visit, age, sex, home zip
code and chief complaint of each patient. Observa-
tions are assigned to syndromes based on the chief
complaint field and are analyzed using SaTScan to
identify statistically significant clusters of syndromes
at the zip code and hospital level [1]. SaTScan em-
ploys a circular spatial scan statistic and clusters that
are not circular in nature may be more difficult to
detect. FlexScan employs a flexible scan statistic
using an adjacency matrix design [2][3].
METHODS
Counts of syndrome visits were aggregated at the zip
code level for 2005. FleXScan’s flexible scan and
SaTScan’s circular scan were analyzed by comparing
the most likely cluster (primary cluster) identified;
the secondary clusters identified; location and area of
identified cluster; P-value and relative risk. Both pro-
jected and unprojected coordinate systems were used
to identify sensitivity in clusters to changes in meas-
urement and coordinate systems. Improving the
FleXScan matrix file provided a method for capturing
area connectivity where bridges, tunnels, or subway
lines existed between them. This was not possible to
do in SaTScan. ZIP code area centroids were
weighted to reflect the underlying population distri-
bution of the areas. Both FleXScan and SaTScan
were run again using the reweighted centroids.
RESULTS

FleXScan and SaTScan both detected similar, over-
lapping areas in three of the time periods investi-
gated. Non-circular clusters with a high relative risk
were detected by FleXScan's flexible scan, but this
was not detected by SaTScan (Figure 1). However,
known clusters were detected at a more significant p-
value by SaTScan than FleXScan (p=0.002 vs.
p=0.179). Weighting ZIP code centroids based on

population and improving the connectivity matrix
changed results; over a one week period p-values
increased 50% of the time, decreased 36% of the
time, and stayed the same 14% of the time when
weighted centroids were employed. The differences
were most prominent where unweighted centroids
had not been representative of underlying population
distributions in the areas.
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Figure 1 — Circular scan significant cluster (orange) and flexible
scan significant cluster (red). Relative risk is also shown.,
CONCLUSIONS
Flexible and circular scans are complementary tools
that each have their strengths and should be used to-
gether. SaTScan provides a useful method for detect-
ing clusters more circular in nature; FleXScan is one
approach to better identify non-circular clusters by
employing a flexible spatial scan statistic. Used to-
gether they may provide the best alternative to char-

acterizing an outbreak.

Updating and improving the quality of area centroid
files through population weighting, and the creation
of accurate matrix files may improve the accuracy of
syndromic surveillance. Additional analyses should
be conducted to provide a statistical basis to compari-
sons between the methods. A second comparison
between other confirmed outbreaks will attempt to
identify the sensitivity and specificity of each under
different circumstances.
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