.Y‘\—T’/\ :QW ‘Y A)Lmz L% G)"é A\"\Y f;"ﬁ‘ 63}3}:&.‘,@‘ ‘_;M’"s z.l?.bﬂ

Olrb il 40 ‘505')3&5.0::0 A 3851 8 Whos L )

Y Juslows! 336 b gF (Sige e ¢ Cawgis pS e ol oo 0l (S agw e ¢ (05 ye g

Ol cohan (ST p she okl (Zlotgy aS83ls (65 5) ookl 5 s 5beT 05,8 5 815 8 Slacs ey 63Ldobe Dl 5 50 (65 gkl Slislil”

Ol e b s (S sle ol (3 pmnrkal 09,8 5 Uoim gean 51 (6 8y 5 (sl £l Dot 35 m (65 pmnrky 3l

Ol e g g (S5 p ke o831 ety odSCi15 ¢85 k) 03,8 ¢ a3 ST il

Ol 0,8 (K o gke o815 ciBhs 53 hin 0oy T 0dStin 3 eBh 53 (53l obn Sl 5 o 055 o) goankylslol

Ol e Sy 5eT 5 0leys et Sl S5 Slacs o S e 35 o s Slagssloz skl

Ol ki clins S (S ke o315 ¢ S5y oSl 5LT s (5 gkl 03,5 (Ol S s 1 i go ool il g Sliiond 3550 6055 gk} Sl

s S Gy FOWAVAVYS sy O il 5 me il 058 Cilig saSah Olhes S5 pole Biils 15 (oS era e bliw s
ma.karami@umsha.ac.ir

WV 1oy QV/FI7 1080 55 6o 5

sog—os il sacuslyl cninte 3 (S Lokl 5 wns sl b 4 plieas Gl 5 (5095 RAS ( Solal i Slal g doaiie
5 OleSe sloosls (g5, (b 2iS gla by, (ot sl Olejen jobar Ls 4o dguzme jlews alpasillas ol codls slaplls
S, Slos byl Bua b 35 asdllas ol ailos )57 pladl onss (g3lwariaes slaosls sl 5o Sl ol )l 0,50, 5l colatwl b
ol 0als pladl w0als (gilwariiaes lab 59, ATY sleay Slulil jo soST5 goamme oy ;63!

dlyg, 0d iyl 5 lae laosls 5l ooliiwl b onds (g3lwarciians glolab aiS (5 o515 gaame o ,o8l o Slae 15 yog,
o) b gl as Ll jloslatnl b o o8l ol 0, Ses 050 5 oLl | AYAR LAYAY gl Sl b (S5 40 S'9SCinn
ad bl STy s p) mhe g pleican ;s Glacans (L35 lads

(FY =0F) ao,0 20 Hlaadsl Alold b ws,s 00 ond (gilwand slaplab olulils 1o o515 gaamme 1,68 Comlus gl
syban s (dgmplSimdan (el Sl el Sglite suld (giluand Gl 895 5 JSB w0jluil ay a0 )9Sl (ol 0 Shes 392
o b sl @iS lo B oads (giluarcdans slaools (sliw  Gltb g9,5 (HBly 53, (e Slojilold (5iaS cagie
59 39,V Y/AY

o3 S5 893 5 5,5 8l L sloluib (ALulis 5 w15 gamo w5 gt o Slae iy aalllas ol a1 15 S s
sgp Cigns <SS 5310l 5 Vo 5,98 b sloglui Lulid 15 o350 o5 oyl Shec L

Olnl jlotmdans by, (o515 oo iyl (liab dS by, oS pe ool pllas gulS 5 5lg

400

[ Downloaded from journals.tums.ac.ir on 2024-07-01 ]

é)l.uo 05)_? 9o o U‘?"(SA ).u ‘) cS.».A)..\.o.w g./uﬁlj.a Lng'nLLu
oz 5l (b 8 il g pg ain wiile (b sloools
&g 0, Slos oy (ol b 0,5 (gaidind s yde g I8 5l e
3Ot 3l Glejen solaiul 9,5 o Sojin Cudlie slapllas
Ngy S Slyeesd Gl Glr Seeg e Culle slaplls

03,5 55 o a5 anlib aiS sl by, b lapis oSl dagslass
(hyy (renbaslil WS e )8 S s Sl slasb,
sibes Lol Glaaslp JyuS e slapi 5! 51 solaiyl
Cuodlye plls igas (sl (0) ol T oST5 Egarme Sl

¥ Cumulative Sums (CUSUM)

9 g Sl lon 4 plinay gy 9 (w095 iS¢ Solal
sloplla 5 segee cllagy Glacoslgl (e 1 (S g lab
ol oo mly cudlie slapllas Cosgamms 4 az gl bl Codls
lolis o1 Sy o ipte 85 Senjdinn ol o plls calay
w ) T . = .
) Sy il pllss 1 0l slags oy J 508 9 6 Sl
laaslis qodle il (gl 45 05,8 Ciogs ab1,T3elS (63,509,
@ ooy boolas g98y loy o Grlem sla el Koo L g
Pl & cons sk Sryw g pllea ololis Glp o
5 oolaiwl 3,90 @L».o V) cawlons ‘_,’.‘>‘)Jo ‘@b h.n.»ﬁ‘)ac

"The center for diseases control and prevention(CDC)


https://journals.tums.ac.ir/irje/article-1-5065-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-07-01 ]

J‘)K—A—ﬁ}uﬁ;/r.

hglie 5 9,Slos (oledyyl po 4SSl L g Wb S oy ool
loyen jsbay wilide slaazls I (lib @S sla b,
9 40008 (650 (Gylowm So S opl g 958l ailes S oolanul
(il g el STy GRS S92y b oS Sl 1STs L
Sledas 153 puslys 53 (5095 S 10 Bes slacde 93> Lo
Sobew sl s Bl pllas )18 55 cnl 51OY) 09,00
Slr il Sl olojle oyl (n Fae 5l (o Sy
O ool olons ol 52U e 5 Sye Ll g Bis
S 2 950 3 Shae dulie Ban b pol> Aallas (s ao
2 S ilodnddes 9,805, 5l eslitul b (o515 ggezme Lk
b SE e 4y eidie BaD )55 o)lge 2Bl sleesly sl
oyl 53,5 s o b oolel 5o YYAR B AYAY cla Lo
ol 4y azgi g sl Sols ) slagylabs 850 g ojlusl (IS

slons b 6 lem JUl Slisy

LT
sgoflj.‘f Egozno uL.xL: LY w—'i-.{)ﬂ‘ 0, Sles axdlas Q—.i‘ 590
@ (AHly slaools sliw powal ilwans slaglab s,

Lesloads Sbdj)l g oy 25 2

SB 9y g3l Sly oolaiwl 350 3310 Ao
Olib Laus”

Slge sloosls (55, (o515 ggerme Lk 2iS oKl
ar g sl 0 0390) ] (S s 4y S pSe il B0 Lbyl5S
6 SySie o)lse 6,545 slaesls ol> Aalllas laal 4
5 G @ly AYAL B ATAY bl b S
Gl 8y S 5 s 4 ead glml laplab 4 (59954l
Slygty ood ol wdle s o3 51 s 90 FATF ol Laools
Bl s Ganl b e oo 5 (S5 nliglsSle gul>
Pl e zohe o 5l @il Ojgon a5 wlaesile
Gl il ©lis 25Ty slags lom S e 350 4 el

sleads

519 SWodld Slun » UL (8 lwdumds
el sl ooliil 5550 0509, (owlidhs, @ 4z b
(Silodedanss 350y, sk iS5 gl hy; 9 Sles
aw 1) S gHlen S a0 Gl e Bang s dal
sleools @y lalab pl (e g oS 2l sl Sglaie e

5 oSl ggezme slop ol 5l (6,80 e L (CDC) BioSense
cod |y pydie 003l ‘\@Lo.s bads oold 39 S e uSile
I, ESSENCE cudl e plly 5SGlacyl> oSiils 4 o)l cudlye
99 5 0aloly (slaeiy oSN 5l oolaiwl b op o ctn Codl e (6l
o, Slos Gcolf] (FN-Y ) cwl 00,5 glalely, Ko hg,
ol ot sl cgline Lyl 1o Seon i bl slaplls
SrSpeeas o plla ja llas Gl 51 Ml &5 555k &
JoU (b5l gy cnl 58S (o0 SS jlada (o) By, 85050
28 bl sy letos ISl ekl S slo sy 5 W55
S e pald 1) Gl yld o gl 08 58 g s
el g s ol bty & o8 slbadlas mbs
Slgeed 2l ool oyl g a5 W)l Gly S5
(A=) asl asls 1) o Sles o o )lg0 don o

ol 5o o ol slagi sl o Slas )| slagts,
Sl 2 0)See (ledy)l o9y Jold oS join Zdl e
eyl o Sompin Eo3le slaplls 5l Jol> T adly slaesls
5 ooad sileted dns gbeesh sles n oSk
Jdods sty giludmdans bg, wbad | giluand SIS
g Alise Ll pd 50 0o )s8l oS (o) 2 Ol 5 6 g Slans]
Slls Oy A Cemd wglyy Sl YL laz e il g
ST R (APA T I I BN ARRUSVON Y B e PR W -5 PP DO
s olsb sS Glaei sl o Shee bt slagasle
5 Oopplad (3 slolate wo)s ( Fhy ol Jolo
O ) ol TSy s ) s

Sdlye pllas g3lalely sl p3Y Aoy (ol wald 4 x5 b
55000 oDl 5 VYA Lo ,3lsl 51 oyl 5o ey
4 Slage Oylis Sl g 988 e sl 4 Lo ely cl o
ol Aalls gl e A5 @ T itlagy llallie 3
pll ,525 5 ol alie 5iSb gy 09,8 (il (ol 2 o8
i 3 ,Shee (Dled)l g Dokl wgslaloly e 5o il onis
S ploaddllae og walss Sk jleas ;525 )0 0ad ol
GBS L oad (sl 0505, 5 dis 4o Sy
Lo Slen G55 Gl 5 ly Lo slaplib ol

" The Exponentially Weighted Moving Average(EWMA)

"Real data testing

’ Semi- synthetic simulation

: Fully synthetic simulation

® Area under the Receiver Operating Characteristic (ROC) curve

#
International Health Regulations


https://journals.tums.ac.ir/irje/article-1-5065-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-07-01 ]

YV Olab S 53 w815 g garme o2 )5S0 5 Shas oLt

REIR I IR BN IES Y TS TSN
8ly o el apbe ey osls o Jlgie § SosS ol
b 1) Sl 050 e 5l Bliamil ged (o515 Egame o )oKl
@ Ogbae o)lge slass Sl allys) )l S Ghgy Gpl o S e
(Y YF) 0 05 5 g d 5l oolicial b S5 s

(Vabsls y:CUSUM= Max (0, CUSUM,_; + Y, - 6/2)

ol o as

(=1,2,...,n) it 59, oleosalin oloss Yt

Cowl 00l ooplive polie jlze I =il O

G 59y 85kl (g =1 loj 50 00 jg polaas CUSUME-1
]

Y olee jl eoliiul b ailbiw] pmaw lgieas (Ju8 oYU o>
Wil o] 5l 55,5 CUSUME Jlaie oS S yg0 10 9 g o0 33l 0
20,8 oo Pl Ll Jlaia

(Yaolw ): Upper Control Limit=UCL=p+hx o

ol goae h glaosalive Lae Bl G oSk L ] yo a5
VY ifgomme 10 Canlodd potd VIO L ol asdllas () o a5 col
b S Sl gy sl b ol
Wlosd (5,l05aL s Caond ;5 CUSUMI2 b CUSUMI (slagl
Sly sl Gloy slooyss 5 5 albiwl sl (28,5 5l o L
A gy (b (90 slajs, 50) leesalie Sile o)l
5headdllas ol o Lo, o80l (9051 (slp Dglite Gloj (sl
Lulyd )0 So w4 SeSie &ljg) 80l 15 9)lse bt
2 IYAZ s AYAD bl b ,pSaen oolaig, 5 Jgore

.C«w‘c.}.‘.ﬁ:é)j"ﬁ ‘)5425

Sa> 9 Sllbl o gy (odls w3ld g s
ANz g Slagl

S5y Okl i8S slapm )5 sasl slassly 5l o2 sl
Slaas Jdoay L35 slalaie ool dez 1 s slacols
3925 5 e oSl ol 5l colswl 44 gy o slo B ,8 jin il
il RS sl isy 0903l 5l Gt iy slastl Jlezs!
auld ol A wal Bis g glulld el ol slagl
oo ol 303l slp 45 (sysbar )l ol (B3le sty
3)lge pl> slrosls gloay ool (Eiloy o polie 3l ST
Bd> 9 deL».w dLQé)Saj) Sl ool u.i}ﬂ L J}i..we
03,5 Koo slr o ol (ulid gy 4 0)lal b pdyaizgs slasSll
AYO-YP) Conl oas

BAYAY ol b S5 s 4y SsSn o g 805 L5315 st
5 o i S s o & w3958 Ll i 0938l 1TAY
L sS40 logsimio wd et Grdey 655402 8900 b
Sis gloslagg, 5T 5 sszse Ll & prest Ceblf Gas
el Cowddy 5 Sglite e du 5l )l HeiS 0 Sy Lab
gle 5l S Glon (Hly slags S ane e gl Feb)
LSS olom snFaen V0 4 bape la e 35290
sl 784 «(AF-TY) 0s2g0 mbe 10 sgiws 5 oolanl
Slp g oad 515 alyg, o] slaesls as” YY B VF ol
slosls  a lab  @iS e, o Slee Sl
S L] S s 8D 5,1E 3 lge B0 B3I 0 i
S Gl Ml sl T e gy
1§ bom (nl Cudlye ol (slaosls

295 50 SE e Ay Gaplab 4 by e 6 pTaer e
3 09 Seeebe o p3 sk syee 95 ol IVAR JLojo
ol o yiawd 50 ] laosls a5 s 0 8,90 S g Sl
A gl el
5,99 9 JX& il b (6 pFden Jotie )50 1 (g5lua Y
1glite il

5 S Jliml slaplab e Giis 5l pleebl
o dalllas ool )0 ga5l 3550 (sl sl o Shee L)
95099) V¥ 8)99 1000 Yoo, V8y90 b sl 9,50 ¥ (6 S 40
Jedor baplab 51 Sose al ilwaned 059, VY555 L oy9e ¥
& b @led sbsjl (s obojl Jold wglisie slag e s
5 Gl (2285 05,50085 5 walite JSi g o3l a5l (eSS
Fojlala) 0,90 WV 55l 9590 o Jolao ool slagliibs
EIRYNTEINTNE SPIE X SN SNEE RN
30 el 00l 00938 S s Ay S oS M50 Bal h3ls oo
Bas b olab 55, AVY ol ol aie aw 1 colainl b ggemne
YOV 5 bplab olobil ;o oglite slapi ;s o )Slos bl
S50 i, 3 Slas Giomiw Baa b lib Slaz) g0 55,
slodls gg; bk e sleyy, iS00 ogesl
BAYAY el Jlos b S5 s 4y <S55 3,150 805 L5315 st
A8 ol YYAR
Olib s 95

&lyg, 80 5,138 0 lge soosls 5l oolaiwl b asdllas oyl jo
iy o o515 game iz 8 Shae (S5 4y S S
gkl gllis s wcebad g liSaL CUSUM


https://journals.tums.ac.ir/irje/article-1-5065-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-07-01 ]

J)KAJA}JA)S/Y‘V

LSS b gt o8 I 5 Shae dunlia (1 st Jpi2)
el g o Sles Sole Sy sy e ) eslail
o &S yeb 4wl gy ;K0 b awslis ;o CUSUM 6
sl (3D Cl: < [OF—+ 1Y) L 108 b s bigypo siio

logluils loli 3 (T35 gpamo lagiz, Sl 5 Shae bt
gle 5l 485 olab 5, ToF Jold daglab glyl SiSaa
slaglsb ol poad (giludndians (Lib 59, VTV w92ge
Gilwans bbb 55, YAC g YWAR Jloyo (lpl o S pubolog,
Ol 5oy ATV 5 alulis o o (IS 0 ,Shesly cglice wous
QLS gy (il & Gysbar sl oad (giluand aes
L CUSUM 8 o2 550 cons (s3lurtens slaoloi 05,5 5o ol
S olade o YL .l (£80 Cl: YY-AY)g aopo YA ol
5 Aoy AY Ll CQUSUM 4 oo oS0l 4 by
& basye SIS lo s e o ieS ool (/20 €l AT-2))
5 (L8O Cl: -VY) asye VY i 4 CUSUM 4 o )65
YY L «CUSUM 8 o oSl &y bogy o L3S caie wuoyo iy
STy G kel daolie gly ol (£A0 €l \Y-YYV) § oo yo
5 Lolsb gl ollid o lapi, Sl (I 0 )Sdes 4 bgips
Vooslad logad jo oad (gilwand slaplab o5 5 olulid
25 e YL 0sdie ons &5 jsblen .l sk 03yl
ool elgil lolis s ons oy glagy s8Il (ol T, e
S I 5 sl (R0 Cl: +[0F=+[9F) o+ 03U s IS & 50
Alpoad ileand laglsb 098 ;5 alulid lp jlade ()l
() o )leds J3gas) sl (30 €l VY= JAY) + VY L

oo e 4 (arlh jleee Slizl 5 (1 Sle Voo)led Joor
oLt 1y aplib gyl 51 Sy sl a5 gpama slop 550
€975 Bly 39y o Sloj Aold (n S chawgie jobay amd o
Ok i loj B oads (gluardians slaosls gl » olab
Sloj Ahold oty Seal o) VAT dagy ;501 5l eg 57 ol sl
b & i s ol b il Lt ey b sk, o
(Y o )las Jgaz) 351 59, VEIOY Lawssie

5 oS ey Silr Jil Silr il ol dnlis ol
Eome Slapi oSl o Sloe (o9 plin & (a3 LS polie o yidn
ol 008 o 5 ¥ 0Ly jlogad 10 ale g dx> logad o 0SS

Ol LAl i 5981 8 os b1 8559

ol o oS15 gaame lab @iS slap ;58 o, Sles
bl o azls 5l oolatwl b onds g jlwaddes oy lab
6L®M 9 uolS G‘L..A Qo yo u_:olf )|M o o s‘;fs
Jloyo ol jo Sy bols 7 slaplsb wszge ailio 5l a8 S
‘5‘); Sl °"\:’.‘>]§ ‘_’u)bf W) 6)Lwdw 6L®‘JL:.:J0 9 \YAQ
P soe) Sy pomie ) a6l o Slee dg i
A oolawl RSN 0 ULM.L:! dols b olfo.b ‘(ed.S}.,S ;Sj.m

ool (als 5l ek )8l ogelind b))l ln
sylabiul) Glab gg,8 Bly 55, o Aol i ) lab aiS
Jas Vel s 85 151 ileg L 33, i 5 (3l
Oogplima (ST juled Gl pimren b soliiul S o
ol iyl ead g jluaddns sloplab gyl gl olab @S
4 pi)osl o 4 bgye dlie g 4 oge nl p g9l ool
005 s i 00 (g lwddde lab g4l SIS

sl

Sloarls (G (o515 gsezma lapn )il (IS 0 Shes mls

9 ubls GO..A RN u.:bLf )‘M Qo yo c‘;fj GMLO
el 00l ools uLm.a \ O)Lo.»:J J5A> o @Loiw)o 6L®M
S b 0ald )b JelS jebay S P9 Cead ,0 a5 yobolen
CUSUM 12 L CUSUM 1 o Lois 5l « o515 gg0mme slapy o5l 5l
Ayl Fglite i Sliwl obw G o 4 Casl ool (513560
5 008 (§ldndans b 55, ATY (5 lapi 580 ol 51 G 50

o)l Jou ;3 &5 jsbles wilowd 03g03] (Ll (g 5, YOV
sl 09,8 cnl 5o Glab LS by, p el wlesl oaal )
ol (130 €l FY-0F) 5 woys 0 Cowle> L CUSUM 8
AV Ll CUSUM 4 2,68l a0 bgype Sy jlade (YL
5 o,
w5508 OIS (sl fokn ke o yiaS el (/3D Cl AY-21)
Aoy o mb g (240 €l A-1Y) so )0 VYl 4 CUSUM 4
FF-OT) 5 doys B¢ b CUSUM 8 3y o0 s gy o OIS ik
Wale pleiCun ;o Cod (e Cawloads ools lad (£0CH:

Comd yaS 5 CUSUM 2 o5y o8l & Lgye VY. iy
Cosl IPA L il CUSUM 8 oy S0l &y bigyo sie sgloicns,

\
Timeliness of detection


https://journals.tums.ac.ir/irje/article-1-5065-fa.html

VY7 Olab iS55 w815 g garms o2 )5S0 5 Shes oLl

[ Downloaded from journals.tums.ac.ir on 2024-07-01 ]

BE L;QS\J; CM L;L;:(..:ujﬁ\eu .bfja @L‘“ Sy 6&%4};):5&.&.\.;)) g;_)':Lg J‘.L.iu\ Loy ‘uS/}J ;C,:waLﬂ;-—\ 0)\.«3 d}-\’:

0l G 3 lwandians laplab C\f\ JPE L

ity o

Cato ladm ;5 S (L)BS i ()3l laia 1) L (1) Comlon r:win
e
Ve \R3 A A\
/AN YN CUSUM 1
(Ve -v) OA=\v) A+ =AY) ry-y1\"
av Vo AO Yy
VA AR CUSUM 2
(Ve -18) (4 -1) (A4 =AY) (F1-Y)
v YA AY v
VY Y/ CUSUM 3
=) (Y -\Y) (AY =VV) (& =Y¢)
\an \Y AV YV
783 Y/vA CUSUM 4
v =vy) QALY QY -AY) Y+ =YE)
04 Yo Ar £)
Ve Y/ 0 CUSUM 5
Ay -o) (Yo —\o) (A6 =VO0) (L8 -YV)
0¢ Yo Vo £
VY V/AE CUSUM 6
(oV -0+) ¥+ —14) (AY =V+) (6 —£Y)
B 1\ AY v
il YA CUSUM 7
=) Yy -\Y) (AY =VA) (& =Y¢)
0 \% A 0
LA V/AO CUSUM 8
(ov —£7) (Y YY) (YA =1V) (08 —£V)
) YA AY A
Ve YAV CUSUM 9
(¢ —oA) Yy -\Y) (AY =VV) €y -y
0¢ Yo Vo £
VY V/AE CUSUM 10
(ov —0+) ¥+ =) (A =V+) 0+ —£Y)
oV Y1 \43 Ay
VY Ve CUSUM 11
(\+ —0¢) XY -Y) (V4 -\) (1 -t)
1o YA AY Yo
VA% Va8 CUSUM 12
(\4 1Y) (YF 1Y) AV =VV) (FA =TV)

s e OLES |y des 3 40 Slisebsl Aol i, s slasl”


https://journals.tums.ac.ir/irje/article-1-5065-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-07-01 ]

O,en 5 oS/ TE

Olab G;;i:io & edd Silwandans Sladlab Sluld 55 ST ¢ e VQUQ‘ Jaﬁftf\uw_ oot le slas Ol sl 5 o Sle = ¥ ojled J g

ol (Gilwans aolab Ol pl 53 S slaglab C.l;.a slas 8 5 sbolab Laolab J$ (":iJ}Q‘
S se
S Ol ol ol S Sl ! ke S Ol ol Sl Sbre Ol sl Sl
0/8Y AY \Y/08 YA/YA \Y/vo YV/AO VYV /g VENY CUSUM 1
YaV) AOA VT/YY Vo A Y/ YYV/44 VAR \Y/AL CUSUM 2
0/0A ARY \Y/VY YA/Q Y Y/AN YY/YY VXY VE/1) CUSUM 3
0/0) AJoY VV/AQ YW/AN \Y/AA YY/YY VA/8Y V614 CUSUM 4
oY AOO AR YA/AT VY/VA Yy/v VV/EY Ve CUSUM 5
oY Ao+ \Y/AY YA/Q Y/ YY/Y0 ARVAY: Vi/0V CUSUM 6
0/0A ARY \Y/VY YA/Q VY/AQ YY/Y4 ARTARY \E7AR CUSUM 7
0/00 ALY \Y/00 VA/LY VYA YV/0A VV/80 VE/eY CUSUM 8
o/ev WYat Am \V/oY \Y/VA YY/\o VA/YY VE/0Y CUSUM 9
oY Ao+ \Y/AY YA/Q Y/ YY/YO0 Vo Vi/0V CUSUM 10
oMt YAy VWY Y4/ VY/AA YY/EA V1Y Ve/t8 CUSUM 11
0/ Yat\ \Y/AQ YA/A \Y/4. YY/¥VE V\/Y0 VE/Y CUSUM 12
=
2]
2@
Zo
22
Do
o o
C; T T T T T C> T T T T T
0.00 025 050 075 1.00 0.00 025 050 0.75 1.00
1-Specificity 1-Specificity

——— CUSUM5, AUC= 05875
— CUSUM?7, AUC= 05768

——— CUSUM 1, AUC= 0.5587
——— CUSUM 6, AUC= 0.5986
—— CUSUM 8, AUC=0.5606 ~——— CUSUM 9, AUC= 0.587

CUSUM 10, AUC= 0.5984 CUSUM 11, AUC=0.572
——— CUSUM 12, AUC= 05618 ———— CUSUM 2, AUC= 05649
— CUSUM3,AUC=0578  ——— CUSUM 4, AUC= 05586
Reference

)

CUSUM 1, AUC= 0.6742
CUSUM 3, AUC= 0.7264
CUSUM 5, AUC= 0.7468
CUSUM 7, AUC= 0.7264
CUSUM 9, AUC= 0.7421

——— CUSUM 11, AUC= 0.7525

Reference

CUSUM 2, AUC=0.703
CUSUM 4, AUC= 0.6853
CUSUM 6, AUC=0.7797
CUSUM 8, AUC= 0.7564
CUSUM 10, AUC= 0.7797
CUSUM 12, AUC= 0.6936

()

() st (S3loned SaOlib 53,8 15 5 () LOLab ¢l ol 3 a1 5 ¢ ez slant s S L o STy oie =) 5)led Jls 50


https://journals.tums.ac.ir/irje/article-1-5065-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-07-01 ]

YO/ Slab 225 55 eS15 ¢ sare ﬁ)ﬁlsjﬁaﬁdlc&j)l

I

[ cusuMm 1
[ cusum3
[ ] cusums

CUSUM 7

[ cusumo

[ cusum 11

[ cusum2
[ 1 cusum4
[ cusume
CUSUM 8
[ ] cusum1io
[ 1 cusumiz

ol (gilwandidas slaolab C\f\ sl s LSl § yomes V'—ﬁ)jﬁ\ NEpY rkf.;a 4 etls Glass s ses = Y ol s sl

J osf ol kit 3 oaST5 gpame s oSk gy
5 S5 lagn dslllae s b sl &l ol ool i oLl
Sl 55l (YY) il e

) g 3l eslaiul b bae oSl IS o Slas dlie b
» S5 g oyl e @b Sk S, s
2l b badl cpl ol ool giluwans sboplab slulis
dallas b g cenl loren (VY) Ll Sen g 2o ,SL dslllas
et s o s 0 Slee a5 (V) il Sen 5 9S>
BV e 3 S el Glgenl wuS e Lo |, aidl
gl B> g bools oz Siley o @mls Slyenls
&S b @ dul Jhes g GeuSe Adllas o pdazy
#)omgwam)oﬁéméu}b)muuj
..}9.3 03 4.:3;

3 eolaiwl b cyogpelndy a5l laeiy oSl o Sloe duslae
5 5S> dsdllas s b dalab ais ogpllea asls
Jo ade slaje, BT 8,55 s o o 4 (F0) il Ken
I I K e QWIESH R
sl o Sles ol ogplfinn 5 LiS ol 4 ey
sl g (o051 Egazme

&

S
Cdle slapllas g bk aiS sy b, 2L 85l g9l

Aoy« Shy awles gboasls Al Lid S jun
Sy Ok A5 gy g el 4 g D3 lajlase
olab 4 a4 ol 5 bosls oaS 4y aSly s ool
Sl pols dalllas claaidly ol aily 55 oid ololid
FS el b slaglal olulid )0 lapi jo8l gy o Slas
il 5 0538l ool lyen (YV-T9) alice gloasilias b |
ey & @laglsb olulid )3 Loty oSl cuslio 8 Sles
,o oyl L Kl isgs ouls adlsl laosls 4y ouls (g 5lwas
SrSden sova JSi aS cul olaglab | aiwsl cass
Slogimie o9y o)l alolh oy g Jige slagse bag]
Culle plls 5l ad 5y slaplsb o plewr xS
Adlhae ,o a4l ol sasSanl olul o AYA Jluys S5
03938 laglab (s pFaes (o JSO ) onl 5l cl y2l>
@S oeplliea jasld 0 e o08 cdsdlae glaosls «
S5 5 S Aallle gl b e 3l s aplil
gl Sledea (YY) (il )Ken 5 Sy dalllas 55 5 (V)
on Yk sbealals 5 baglab Sl 35 SesSi g
5 Ssrye gl Gl a8 Ty bkl o gpFaee e
@b @ lal eSS cdle plla Gl a5 laplab


https://journals.tums.ac.ir/irje/article-1-5065-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-07-01 ]

J‘)&Aﬁ}dﬁ;/r-\

dalllas bl dnlie aons (o ojlo 1) lul jeiS Ll o S5

odds il adlllae cpl 30 gzl b aiS o S Jlao | ol
Jols coolaiwl 050 glaosls 6,y aal> Sl b ol

Jradi 4 bosls u‘)bfu"*’ \.\.».3")3 9 L""Q" 4 obs}é‘ ‘SLQUL.J_IQ
23,5 ool laaall 555 b glts uglio lSal b 05 o

S 5 4oxas

sl 0,Slos a5 0,5 (S Al iz Olgio0 IS seba
slplab  olubs o eslatul 850 leb  auS

S o bowl adlas u;‘ 50 oolatul 590 LSL‘”ui’ﬁ) @I)Lf

255 Oygo wiles grasdlas Ko b auslie o (obesbs

3'0)455)2’?5

Golost 3 Cesdlye ol LIS wleess glae,l 5l iy

e g 2oy 55 GBI Clir (5,5 5 j5i8 50 S5 pm
A SeSine dad 538 5 lae gosls Zl il jo (5 500 Wil
U L W VOVt USRI €0

1. Chen H, Zeng D, Yan P. Infectious Disease Informatics
Syndromic Surveillance for Public Health and Bio Defense. 1st
ed. New York: Springer Science and Business Media; 2010.

2.Zeng D, Chen H, Chavez C, lober WB, Thurmond MC.
Infectious Disease Informatics and Biosurveillance. 1st ed. New
York: Springer Science and Business Media; 2011.

3.CDC. Framework for evaluating public health surveillance
systems for early detection of outbreaks: recommendations
from the CDC working group. . MMWR 2004; 53(RR-5).

4. Henning KJ. What is Syndromic Surveillance? In: Syndromic
Surveillance: Reports from a National Conference, 2003.
MMWR. 2004; 53: 7-11.

5. Wagner MM, Moore AW, Aryel RM, eds. Handbook of
Biosurveillance. 1st ed. Oxford: Elsevier Academic Press; 2006.

6. Lombardo J, Burhom H, Elbert E, Magruder S, Lewis S, Loschen
W, et al. A systems overview of the Electronic Surveillance
System for the Early Notification of Community-Based
Epidemics (ESSENCE II). J Urban Health. 2003; 80: 32-42.

7.Bradley CA, Rolka H, Walker D, Loonsk J. BioSense:
implementation of a National Early Event Detection and
Situational Awareness System. MMWR Morb Mortal Wkly
Rep. 2005; 54: 11-9.

8. Aamodt G, Samuelsen SO, Skrondal A. A simulation study of
three methods for detecting disease clusters. Int J Health
Geogr. 2006; 5: 15.

9. Siegrist D, Pavlin J. Bio-ALIRT biosurveillance detection
algorithm evaluation. MMWR Morb Mortal Wkly Rep. 2004;
53:152-8.

sl ) Olgie pol> dalllhs igd Ll o5 K41 5
A b lab aiS By, S Gilie glacdl I Glesen
5 ey Al gl sbml gl sline Sloj laoygo (285
2 09 0,5 o)Ll 0y oSI (n polie 4 (litws )3
3 osliiwl b Lo )81 o Slae (SIS Gioled & (lgicee <o
Odpplaad (a3l (SIS ales 15 g STy (e )
25 o)Ll ale 5 az loged 5l eslaiul b daglab ais
slrosls 5l pdazrg slagsl g (Labd slasy) Sd> 5 lulis
sl (8ly sbplsb 5l esliul 5 et )8l G5l Sl
00 (5l Bro slaglib (s, ez )5S (ygel 4 LS|
(V9) Sl cloanlllas o5 ol yil> dalllas g8 Llis S0
)l e L sleidene e plejes jsbar s o
lazd 5 e pleab w28 la s
OS5 nl @ Gl g pol ddlhae slacusguze 8)1)s

Lol 5l 08y ieb 5l axlllas oyl ) 4z )51 aS 55 o,Lal
5 o8l slarlib Sible a8 coul oad Mg oud sslil

S35 el Olgees g il olnl 528 0 eBllSee
sl 03l gy |y S gylon il glaplib das
S boalie gbadlae Ko wiles (pizes
Sl Slaplab a5 aslllas cpl slaosls «(gjluatians
5 col badllhe o L Sglie wlond alsl o 4 oad

&

10. Kleinman KP, Abrams A, Mandl K, Platt R. Simulation for
assessing statistical methods of biologic terrorism surveillance.
MMWR Morb Mortal Wkly Rep. 2005; 54: 101-8.

11. Buckeridge DL, Burkom H, Campbell M, Hogan WR, Moore
AW. Algorithms for rapid outbreak detection: a research
synthesis. J Biomed Inform. 2005; 38: 99-113.

12. World Health Organisation. Measles. 2011; Available
from:
http://www.who.int /immunization/topics/measles /en/index.h
tml.

13. Wolfson LJ, Strebel PM, Gacic-Dobo M, Hoekstra EJ,
McFarland JW, Hersh BS. Has the 2005 measles mortality
reduction goal been achieved? A natural history modelling
study. Lancet. 2007; 369: 191-200.

14.Sahni V, Naus M, Preston E, Kidd C, Miller L, Guy C, et al.
Health Care Worker (HCW) Exposures in Hospitals During a
Measles Outbreak.  Canadion Public Health Association
Conference; June 18 to 22nd, 2011.

15. Sugerman DE, Barskey AE, Delea MG, Ortega-Sanchez IR,
Bi D, Ralston KJ, et al. Measles outbreak in a highly
vaccinated population, San Diego, 2008: role of the
intentionally undervaccinated. Pediatrics. 2010; 125: 747-55.

16. Marinova L, Kojouharova M, Mihneva Z. An ongoing measles
outbreak in Bulgaria, 2009. Euro Surveill. 2009;14.

17.Gupta SN, Gupta N. Two Highly Immunized Hilly Areas
versus Double Measles Outbreak Investigations in District
Kangra, Himachal Pradesh, India, in 2006. J Glob Infect Dis.
2009; 1: 14-20.


https://journals.tums.ac.ir/irje/article-1-5065-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-07-01 ]

YV Olab iS55 w815 ¢ garms o )5S0 5 Shas oLl

18.Seguliev Z, Duric P, Petrovic V, Stefanovic S, Cosic G,
Hrnjakovic IC, et al. Current measles outbreak in Serbia: a
preliminary report. Euro Surveill. 2007 ;12: EO70315 2.

19. Filia A, Barale A, Malaspina S, Montu D, Zito S, Muscat M, et
al. A cluster of measles cases in northern ltaly: a preliminary
report. Euro Surveill. 2007; 12: 3318.

20. Yeung LF, Lurie P, Dayan G, Eduardo E, Britz PH, Redd SB,
et al. A limited measles outbreak in a highly vaccinated US
boarding school. Pediatrics. 2005; 116: 1287-91.

21.Rooney JA, Milton DJ, Hackler RL, Harris JH, Reynolds D,
Tanner M, et al. The largest outbreak of measles in the United
States during 1999: imported measles and pockets of
susceptibility. J Infect Dis. 2004; 189: 78-80.

22.Lofgren JP, Cochran V, Abbott O, Woernle C. Measles
Outbreak Associated with an Imported Case in an
Infant,Alabama, 2002. MMWR. 2004; 53: 30- 3.

23.van den Hof S, Meffre CM, Conyn-van Spaendonck MA,
Woonink F, de Melker HE, van Binnendijk RS. Measles
outbreak in a community with very low vaccine coverage, the
Netherlands. Emerg Infect Dis. 2001; 7: 593-7.

24.Page ES. Continuous Inspection Schemes. Biometrika. 1954;
41:100-15.

25. Karami M, Soori H, Mehrabi Y, Haghdoost AA, Gouya MM.

Detecting and removing the explainable patterns of the daily
counts of suspected cases of measles as a prediagnostic data
source in Iran. Iranian Journal of Epidemiology; 2012.

26.Karami M. Evaluating the performance of outbreak
detection algorithms in surveillance systems using semi-
synthetic approach [PhD thesis]. Tehran: Shahid Beheshti
University of Medical Sciences; 2012.

27.Wang L, Ramoni MF, Mandl KD, Sebastiani P. Factors
affecting automated syndromic surveillance. Artif Intell Med.
2005; 34: 269-78.

28.Hutwagner L, Browne T, Seeman GM, Fleischaver AT.
Comparing aberration detection methods with simulated
data. Emerg Infect Dis. 2005; 11: 314-6.

29.Reis BY, Mandl KD. Time series modeling for syndromic
surveillance. BMC Med Inform Decis Mak. 2003; 3: 2.

30. Jackson ML, Baer A, Painter |, Duchin J. A simulation study
comparing aberration detection algorithms for syndromic
surveillance. BMC Med Inform Decis Mak. 2007; 7: 6.

31. Hutwagner LC, Thompson WW, Seeman GM, Treadwell T. A
simulation model for assessing aberration detection methods
used in public health surveillance for systems with limited
baselines. Stat Med. 2005; 24: 543-50.


https://journals.tums.ac.ir/irje/article-1-5065-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-07-01 ]

Iranian Journal of Epidemiology 2013; 9(2): 29-38.

Evaluating the Performance of an Outbreak-

Detection Algorithms using Semi-Synthetic
Approach: Cumulative Sum Algorithm
Karami M1, Soori H2, Mehrabi Y3, Haghdoost AA4, Gouya MM5, Esmailnasab N¢

1- Assistant Professor of Epidemiology, Research Center for Modeling of Noncommunicable Diseasesand Department of Biostatistics &
Epidemiology, School of Public Health, Hamadan University of Medical Sciences, Hamadan, Iran

2- Professor of Epidemiology, Safety Promotion and Injury Prevention Research Center, Faculty of Public Health, Shahid Beheshti University
of Medical Sciences, Tehran, Iran

3- Professor of Biostatistics, Faculty of Public Health, Shahid Beheshti University of Medical Sciences, Tehran, Iran

4- Professor of Epidemiology and Biostatistics, Research Centre of Modeling in Health, Institute of futures studies in health, Kerman
University of Medical Sciences, Kerman, Iran

5- Director General, Center for Disease Control, Ministry of Health & Medical Education, Tehran, Iran

6- Associate Professor of Epidemiology, Department of Epidemiology and Biostatistics, Kurdistan University of Medical Sciences, Kurdistan, Iran
Corresponding author: Karami M., ma.karami@umsha.ac.ir

Background & Objectives: Timely response to emerging diseases and outbreaks are a major public health and
health systems priority. There are few published studies that evaluate the performance of cumulative sum (CUSUM)
on identical data using semi- synthetic simulation approach. This study was undertaken to determine the
performance of the CUSUM in timely detection of 831 days of simulated outbreaks.

Methods: We evaluated the performances of the CUSUM as an outbreak detection method on simulated
outbreaks injected to daily counts of suspected cases of measles as baseline data in Iran between 21 March 2008
till 20 March 2011. Data obtained from the Iranian national surveillance system. The performance of algorithms
was evaluated using sensitivity, false alarm rate, likelihood ratios and Area under the Receiver Operating
Characteristic (ROC) curve.

Results: Generally the sensitivity of the CUSUM algorithm in detecting simulated outbreaks was 50%
(95% CI: 47- 54). The corresponding values are disaggregated according to outbreak size, shape and duration.
The CUSUM algorithm detected the half of outbreaks after 13.84 days on average.

Conclusion: We concluded that CUSUM algorithm performed good in detection of large outbreaks with short
periods and poorly in detecting long period outbreaks, particularly those simulated outbreaks that did not begin

with a surge of cases.
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