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SYSTEM AND METH OD TO PRED | CT THE GLOBAL SPREAD OF
I NFECTI QUS AGENTS VI A COWERCI AL ATR TRAVEL Fi el d of

wo b@shimient i on | 0001 ]| The present invention reCECAZ008000617

the field of nmedicine and public health. Specifically,
it involves predicting the spatial and tenporal spread
S¥ SHiMAND METHOD 10 PREDIE THIE GIOBAN SFRBAD OFe
t r aiNPECTEIO S AGENDS VI ABGOMMERGI AL, ATRTRAWAEL T on
100021 The relationshi p between human m gration and
Field dfltke Bple@ign Of | nfecti ous di seases has been wel |
document ed t hroughout human history. However, since
t he advent  of |ntercont|nental air travel in the 20th
[0001] éﬂﬁt meﬁenta“wa%%?l\/ée agesnto o dild ox prdigingg aaddpublic health.
t a
Spemfi@%‘? Vi gﬂ'to g@%dlawg th@%F%J[azgr;i{ij %rhﬁ(;rhlo r&ﬁl dgﬁ)}gl?ng}l fhfectious
agmﬁsnmbhéM@ﬂd“ﬁhnnﬂnmemhﬁyxmamqmprdslon i n gl oba
population has resulted in rising nunbers of people
travel fg acr oss greater distances in shorter and
Backgrqud, of t ?F ¥Pi ods. Presently, the global airline
transportation network carries nore than two billion

10002} PR SEREBAShIP BEWEBR humWRinhi@ratibs a8l AR@LprBdd bf Mectious diseases
transportati on network has created a nore

has bepm twellcdemyarented thopughiout hurhars histarp. ellowered, sincothe adjeor of

t,he raad otentiall er,ous
mrcof ] B 80 RA o PAT RUBFLS Sepmmine an
evolvirgvgbbili aihfhmeftr@lslﬁbﬁltloﬁ aetviTk ha®Binkeiddtth Meket theeWBAFRNGRIng
and spread of infectious diseases. During the past

demang doy moylhtm dacupeplt ani cnlagiosvinhelpbal nopplgtian hae aeshltedyin
rising @ﬂn@&g' EZ)E% Qrazef? 5&85& g %9‘[@} Qis %s 1n gleortleln an<? s§0rter time

vent I nterconti nen
periodsavitratendp, the gtdbel mldleZEHnbpd}einbhl mytwark eamleﬁﬁloicﬁthuh 606l billion

f d vi gate the gl obe has
passengiTy et pr LHR 6T o GAk RTSORES RSP\ hs g a more
intercoffde ivdriaan: tage 4R iIuNLd NEHPat {9 p aQd fo?rthémsgﬁead of

human infectious di seases. Moreove e phenonen
potentigil o darigevoas mfacficwopgentbut es to t he expan3| on of
ecol ogi cal niches for inportant infectious disease

[0003] ‘ﬁ&ﬁr‘%rls dg’rH(c):II?Str%fQ'es thg lc§\§’olﬁltr1](()jn opP glggaltfgagfs %Im%l?ltilng to emergence

and spread of infectious diseases. During the past century, global population growth has

surged, reaching an estimated 6.7 billion people worldwide in 2008. Since the advent of
intercontinental commercial aviation in the mid 20" century, the time required for an
individual to circumnavigate the globe has dropped precipitously, reaching less than 24
hours - shorter than the minimum incubation period for most human infectious diseases.
Moreover, the phenomenon of global warming contributes to the expansion of ecological
niches for important infectious disease vectors such as ticks and mosquitoes, which in
turn is conducive to the emergence and reemergence of infectious diseases in human
populations. Recognition of this “perfect storm” is growing, as documented in the 2007
World Health Report on Global Public Health Security in the 21 century. The report

indicates that since the 1970s, new infectious disease threats have emerged at an
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turn i s conducive to the energence and reenergence of
i nfectious di seases in human popul ati ons. Recognition
wo@booshi®gs? perfect stornt is growi ng, as docunePCEGARNN8/000617
the 2007 Wrld Health Report on d obal Public Health
Security in the 2 1st century. The report indicates
unprecedenteds raie eoft oree 09 70GE mwyeianf'@dt theus Indectimas eliscasesatrs now

d d ;
spread ARG EERPA, B Baser o YRSy S SEERBRL Tt L BuBuhrapr
Margaft GhapTBiecti g GRAg LA Wald Healle Drfasi@bnf han at any
t| me in human history” [quote from Dr. Margaret Chan,

Director General of the Wrld Health Organizati on&
10004] | Hsoanererrece e fYEh ok spYFrogoue JEspEay SYRgigms (SARS) and its

subseqﬁgﬁtp b8Pty G4 %rﬁé@i‘gﬁ) n%p&i:h tBS wiiRs SQ“@&Emnes on four

di ssem nation via commercia alrcrat t’o
contingosl provids] omefhitabie emﬂtmcre:etitas iptematided arrdr efert arli:tbleontmental

borderg%xlreggé}i}ef Qtpxgnae%zﬁ Bantp);ﬁ nat %:@éig(%l 1@?62%01&@26@%%2 i’g)(s:tg n}‘d{ge(r:gn 1|rmed
humanl d’bfs@scéﬂ Al AbRE Q§ﬁ§enzg QslosSARR: an‘aozﬁfr cﬁgﬁg? 1 Caﬂﬁ%@éﬁ§ that

of avian H5N1 i nfluenza across Asia an ave
an mﬂumZQ@dndmnc epvld behmmiaenti riflen énziatepdonkd spead ofikwthiag spores

Aft t he i.nt i onal read of .anthra
via the, (R Sty Rl ok e <Dl oS pulabl S8, Br dhiprabislease of
smallpﬁi@e\ﬁtﬂsahjaﬂ&do}i&fltl&m fefiseft hOpldem®. eaﬁ’ﬁetﬁgr %Hg\ﬁlaﬁﬁ’g( from
virus sparked additional fears of a pandem c

breachey jagjlsheratages harponriea clangeraes infbeicus qratlesgeharlmgt@npngn, or
naturaldcaatﬂge% ?ﬁltc%eﬂg;e §16 érlngrus rgg 1t el'glg o %r]‘rg cf%:t Ge bf))r gts ép gnwutltﬁ a vital

threat foahel Renlid aﬂdfe%ﬁdnah sé‘@ﬁiﬁ}t bﬁ tlhte %nﬁre\dhkﬂiatlbﬁdl eainiudityhe
health and econom c security of the entire
terna |onaI cormunlt | 0005| Despite the role of

10005] oREf dhgrolg\afagqnamersid ¥é“’%?é‘j°6ra5v%ﬁ‘il%1)fe"?}6?letfﬁé they prrgef of
emergﬁ% 11?1‘3@5(915 Qﬁ’sebggseﬁdvﬂgﬁ% ddﬁﬁ@%ﬁ)%al 5991‘%“ gﬁ)lr?afgoh B€twork and

obal airline transportati ofi netwo
its relatlehdtlp oo hobal Bcnllgmpbad pskliw hedlth M1rp$ueb<ltiremel§eahmlad to date.

remaj ns extre t o dat ere is
Yet t}ée\;? d%n gglaﬁ%ce g(g gé Th;lfagl 8 9\%% Eh t!ptgrnational and
interconflh&tfladprAAads ARGtibid BIERBS Wik 'Ucé‘tllr d&@ﬂ(ﬁﬁﬁ‘lal@tﬁy via commercial
i nfectious diseases will occur predom nantly via

air tray@ned éhaalth%utrnajemoawywﬂlandmhhme disrase mall spteadiars, toi a harge
eXtent’\pﬂxgj Eciilgtattbntbl S Ssﬁggpr 0(91I m%‘ip PLS?%@?%%@IY gfﬁ%é%%lg Blla(}(onSﬂlp was
identififedetétoeab| the r ehuturONghhild &Sy of passengers on the global airline
transportation network and the observed international spread of the SARS coronavirus in
2003. This association, observed during an outbreak that has been frequently dubbed a
“pandemic dress rehearsal”, inspired the development of further research converging
expertise in medicine, infectious diseases, statistics and mathematics, networks,
geography, and computer sciences. Consequently, an invention was needed to provide
governments, businesses, and other organizations with the information necessary to fully
appreciate their vulnerabilities in a highly interconnected and interdependent world.

More importantly, a need was identified to rapidly generate evidence-based strategic
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identified between the structure of and fl ow of
passengers o the global airline transportation network
w@nwstiirasnbser ved i nternational spread of the BAREA2008/000617
coronavirus in 2003. This association, observed during
an out break that has been frequently dubbed a
plans topaitidatritie dyks sissocwiteiawla dingeras glotad inféntiode distasp theedts, and
of. further ,research, converqi rtise in, nmedicine, .,
to do Pripadbnit waf SaRigen GlaEh M TEREh A Rul AqPRE BoBihe of
a giveRBhMR bKshy Peaigieapbint e cOMput er sci ences.
Consequently, an invention was needed to provide
governnent s, busi nesses, and ot her organi zations with
[0006] ¢ Kas ametiehed itk inyseeesiariartiadl yiayicoppigiply delfiiqneopajare of the

\ Ilisties in a highly interconnected and
above%%%@?é%g%%ﬂ%nt worl d. More inportantly, a need was
identified to rapidly generate evidence-based
Sumngiry af dgd Invenflon 77956-2pl ans to mitigate the risks

associ ated wi th dangerous gl obal infectious di sease

threats, .and to do so i.n a nper that i.s uniquel)
ooon  £h Giiet refidredi Brseife SUERalRG o Bhretetedtt o HASPORA,
assistsPer@itié§Rud heBitiedt stABY REGnfcnEdedRied! phblict héfh dr@iBitions,
I't is an object of this invention to partially or
corporgbois, @n oghef igkdupts |prefaet their vitak healitht dnd/ g o veomie rinfetastsdfrom

needs. Sunmary, of t tion | 0007] The invention,
elobal (R R GG M, PRy RISR R ais Qi3 s BHERNIGR tree
volum@% dBREFMIwids SofiinSerial ialiaB6n SULRtI@Sand hi@®datat et @8 intended
gover nnment agenci es, public health organizations,

purpogeo ph shaBFIsHAINg alman Mabiliy caspesspthet werld’s Haties. viApplying this
. th ar . i.Cint ts fromglob :
P i PSRN R B SO0, £l e o
infectipnoagasis likety wrkhdsyzenatavigehevglbbulailin trumspbeiviaenetwork. The
X C%FF%EF cial aviation statistics and microdata for the
science peRiRE dhe BYFIhasfts Origingdp EPidsMigjoigadrssARblepngq during the

world@fdeQaebrEdlEo PAR Y] &t&&&ﬁ%ﬁysi@%d}%ﬁﬂeﬂlmcﬁ siff ?efti'aaﬁtnil&f%ling.

the invention predicts how, 1nside or outside

outbreak setting, an infectious agent is likely to
[0008] dAddisionailyt, dig$ RORAehelpsolrganizdtions sleategiealhppepat if@mnticipated
. network. The sci.en behi nd, the invention.has its
infectigfiy e et W oo P JeasaaPcuialy Hlinisesees ©
suspedh€d belWoaiBrneed tHreak a®fthey ARSse, Rk Viddrktiv@niakdspbid t@RMspected or

mat hemat i cal sinmul ation nodeling. )
confirmed outbreaks as they evolve and as new information about them becomes
available. Although presently limited by the current speed in which commercial aviation
data can be accessed, the invention possesses real-time forecasting capabilities and can

respond to real-time data collection technology.

[0009] Operationally, DiaSPORA is designed to mitigate the risks associated with
national or international infectious diseases threats stemming from natural causes (e.g. an
influenza pandemic), bioterrorism (e.g. an intentional release of smallpox), laboratory
accidents (e.g. a biosafety level 4 laboratory breach), or other unforeseen circumstances.

Outbreaks may include those involving agents known to cause human infections (e.g.
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[0008| Additionally, D aSPORA hel ps organizations
strategically prepare for anticipated infectious
waele®easast hreats before they occur, devel op rapéTCA2008/000617
strategi c counterneasures to suspected or confirned
threats as they arise, and iteratively respond to
humarsm@pemae‘drlmb agontsi withe dieommtrrttahkcs case thueyneufektensaid. asian
t on out hem becanes avail ahl e. Al.t hough

ettt AT AR Fopnal e PR AT L5t o maiecahiects Sieh o

shoes 60BN ) Aind D¢ tAdnkRIHdAL R cgﬁﬂleﬁﬁal%?ﬁi%ﬁqg b#6rnavirus causing
i nvention possesses real -tine forecasti ng Capabl [ities

hoof agd anquilh diseass dn @nimrlp)e alinfactines azents ol ¢recct>nmmmcable and have

subsiah G5 B0 REalo) AROBY SCRSLEL SR Toiicss ot Thavy shareoiet Soncem.

DlaSPORtAe [rﬁﬂdfbmlimémpmﬂcc@lﬁridoﬁﬁiuwtﬁ)ﬁaﬁ&ismi@ﬁ%@tt 8f &H@HTbMsed risk-
f.rom natural causes (e an i nfluenza pandemn c),
mitigagon, ;Sirajegies Sﬂp\ak &gy dlrgﬁteqi nglgbﬁl]y@ dasallye|angdios atf travel itself, and

presen?e'aqu&ﬁfé)d’e AW BEQGYn- %‘%gents (e.g. a biosafety

l'evel 4 laboratory breach), or other unforeseen
ci rcunst ances. Qut breaks may include those invol ving
10010} affEningerkivowm dne aspesseohmpriaes d syfsent fmmmecﬁair@. trans@ission of an
. .11956-%human i nfluenza.viru nts h the . i
mfean‘bst BETH a2 AY G CORPTEN S r?Se?cfl?t%lP?é (@e latahpse gontaining air
passen?éhf {rehRiM ZRtaV ot UsD ira@ HeBlecd iR cﬁtnﬁtanga&sﬁﬁgt%hv&tl&n the air
omtes (i.e. inanimate objects such as shoes or

passenggiotray el ofatan ing lusieng: rfémBlpm}t efl flighis damrerigimtitiay itatdestination

cornavi r.us and mout h .di sease |
ctes, bl & FR1ARK s R P e s o el SRR crifher of
direct hewy-stop UlightafEdn@loripitbéities feddstiRatdndéies, Q&tﬁp%&qger traffic for
consequences_are those of greatest concern. SPORA

origin aph destiaten &itiser 4‘@a¢0r@ﬁﬂo®ﬂnﬁjfl§@ isampddonall mropaas@lgtr whvel

o, A SERBEEaE LML BB BV ERLER I 2 pi

mfecumgenememmufme pﬁmabﬂhey af indettion oﬂ a6 firfdi @ BudTRisQirftion city
0101 The inventiaon, .in one aspect, conprises a
from %ﬂ/é“gaé‘ﬁfhfag OTHR iyt VIR K raKelivie8d Qi STPORING ARGIBE iopErgtive to
produ&gaeﬂrtobéﬂ‘uﬁtyabff infdcBYR lof 1O RNV S Yestihatin %ﬁg %Fo?x‘??he 1n|a%1dual
dat abase contal ning air passenger trave
origin gityastel gibet tme basediogisaidangp.es and destination citi es
the air passenger travel data including: frequency of

ooy RO A ES, ERR AR bl s e
transmibshi dfahi ifecGdls f8nt Vid Ehekavef, comprising: a) retrieving air passenger
travel data for air travel between origin cities and destination cities from a database, said
air passenger travel data including: frequency of flights from origin cities to destination
cities, number of passengers traveling from origin cities to destination cities, number of
direct non-stop flights from origin cities to destination cities, total passenger traffic for
origin and destination cities, and corresponding date stamps for all air passenger travel
data; b) modeling probabilities for transmission of the infectious agent from an individual
origin city to an individual destination city over a specific time period, the modeling

based on the air passenger travel data; and c) generating a report of the probability of
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direct non-stop flights fromorigin cities to
destination cities, total passenger traffic for origin
w@easdedsi nati on cities, and correspondi ng dat BCEHCARWPS/000617
for all air passenger travel data; b) a nodeling
engi ne operative to map the air passenger travel data
infectigh tolff thehimdividuat téstinstiagatyt from thle irelividued otign ¢ityodaligl the yime
d0f i nfection of an individual destination city from an
'ndi vidual origin city via air travel; and c) a
reporting engine operative to produce a probability of
10012] | OfiRe tan@Tufhert iR ahtagésvidil Batd@Sbf BRL inQ8hifdnt Wilf HO %f)attem to
i ndividual origin city at a given tinme based on sa
those gpled[ gothg aﬂwgrOFTh\Ib%tprﬁngn detatechalesainpiont thereof, taken in
conjur&‘t’ig}?w ﬁletﬁe QCC%E{ g ﬂ gfdréRnggl ct I ng t he tr ansm SSI on Of
Rfects ous éb Peyia ary travel, conprising: a)
retrleV|ng ai r passenger travel data for air travel
Brief Desoriggionoofithe Drawingds and destination cities froma
dat abase, said air passenger travel data including:

frequency of, fli origin cities to destinatjon,
joor3) . £ E‘éfen‘%%‘reﬁ%‘rn%tg Efpa E%getnsmtrﬁét?alt iazj way GfexFmRJe enly, with
referefidet toQfe ta@ccﬂx‘?ﬁah?iﬁétdr%nfgst inewhich YR &lunfer déjfe'fé?ctt) like elements
non-stop flights fromorigin cities to destinat

wheregi'ti es, total passenger traffic for origin and
destlnation cities, and correspondi ng date stanps for

ggﬁ%llls gpgggug{gvel §§71H52b8?@g># ectious agent

frontan i ndividual origin city to an individua
dEigtiertSuamary by theviavendiof 3geinkdrg cbinpBnddey drﬂg)roéebﬁ:s
nDdeIing based on the air passenger travel data; and

[ rt. of the probablllt of 4
7%‘@% t%@?ﬁt B?Pga‘ ueﬁjetq FRiTMALe fapuatéen fi‘ﬁb‘t‘tty dm Eeypt (Figure

f 31@”]&311')‘ @nd Rthia¥ird lﬂ?éhtﬁ’r'hé thrﬂ)léh'c%Y)f ditfel B9 nBIlt‘l’rJLaEtje{EEUnlted States
period. |0012] O her and further a vantages and

f ansk Canada Ofiguied B: mightitak e sumbgdte arkap fareeotorhio detelspment
skilled in the art fromthe follow ng detailed

dﬁ%ﬁ{el A tW8Hd&J rrr?e%la reporg? Peé? ql&%é) g# sg&%&%@dﬁﬁ%lﬁeﬁ}gﬁd Health

npanyl ng draw ngs
DOagahirgsor ﬂmhdﬁhﬂlds@\dﬁﬁg tRtovtselof AR08 e&dk bed in
nnre detail, by may of exanple only, with reference to

e ac anyi n awi ngs, in which |like nunbers refer
g}ulfekg gg:g p,l@lg coorciM natgs for all 1,061 commercial airports operating

perio

1ntemational flights worldwide in 2003

Figure 6: International passenger volumes (i.e. arrivals and departures combined)

for all 1,061 commercial airports worldwide, 2003

Figure 7: International destinations accessible via direct non-stop flights departing

Hong Kong (n=60), and corresponding passenger volume, 2003

Figure 8: Confirmed international dissemination of SARS coronavirus to 23 cities

using convalescent serology and/or polymerase chain reaction assay, 2003
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wherein: Figure 1: d obal popul ation size and
mobility, 1850 to 2000 Figure 2: Summary of the

WO pwentdien' s primary conponents and processes FCTJUAZ08000617

Satellite images used to estinmate popul ation density
in Egypt (Figure 3A: left) and nmeasure nighttine
afiigirer dnehsigi 6ff @sfirmed SARIS&&S(I)I&Wi’ruthhp@thtiShEb es fc&ﬂa@l using
Canad Figure 3B: right) as a surrogate marker for
Seeals ‘i(?nﬂg‘?\‘i%lp%ﬁ%cﬁ?r I%? &%}Frés‘?i‘?h%ﬁa@\}ﬁ”o‘tss%ap% reports
pertaining to SARS and official Wrld Health
Orgar 701 PASbabllRY &) SARSSRRRGLINTbNG6d RRicS AR §nfnational
the 2003 out break Figure 5:° Geographic coordinates tor
atirpotts0®1 newhereefc flightsaiagpised ¢o opehairomdgiomy Konatlhersdtional
fmrghﬁ% 0\39” dwi de in 2003 Figure 6: International
pas ehger - vol unes (i.e. arrivals and departures
conmbi ned) for all 1,061 comercial airports worldw de,
2B dreFil guPeobabilitytedr HARSOMMor@EsH | 18940 ARic CORIS ShiRhfitional
via direct non-stop flights departing Hong Kong
(HEB; byarelums of B¥gBANeYPissengshgavalsdramall deimations, 2003
Figure 8. Confirmed international dissem nation of

CpJ. ' irf | j t. .
ooy et Nofs Arhef HonEx il DRl J9GEH inigy o
. arfsl corfeg@mdir2Ragiuude 8f SARSanpbttyti@f, 2001 f i r med SARS
coronavirus inmportation to 23 cities using

cpnval n rol o and/ or .pol.ynera ain reaction,
ERLT oG8t es SRS aauRe e SARS Trinpbr i otfies
t By PleSerek bl SSseMée dF diftbeiddrdtd®NAthtsAd dpRATE Frd?Y HAHBR®e Of
flights required to reach fromHong Kong I nternational

Airport, 2003 Figure 11: Probability of SARS

i igurer 4t d?fa&?%OBgo serieensbgt \emenstratiag nenajos nfinctagnsp Geftys and
b e I: . ger arrivals fromall
déénsaty}iqirﬁ%?ll§t gﬁrslz,dn%%%%g%ééﬁ?@nfg?ﬁ%‘ggsenger flows from

Hong Kong International Airport into Taiwan and

cbignes gonddia§POR@Nistredashof  deARGsiraggy taadlyon, cid@ddzation by

geographic location (Hong Kong) and direction of passenger flow (inbound)

Figure 16: DiaSPORA screenshot displaying cities with direct non-stop flights

arriving into Hong Kong in 2003, sorted by passenger volume

Figure 17: International locations with direct non-stop flights departing to Toronto

(n=120), and corresponding passenger departure volume, 2003

Figure 18: Four regional networks of cities within North America and the

Caribbean islands in 2003, defined using principle components (factor) analysis

Figure 19: DiaSPORA screenshot displaying hierarchical structure of Hong
Kong’s (inbound) regional network of cities in 2003, defined using graph theory

Figure 20: Hierarchical structure of Singapore’s regional network of cities in

2003, defined using graph theory, and cities with imported SARS
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Figure 13: Kapl an-Meier analysis displaying timng of
SARS inportation to cities by presence or absence of
walreoea19ison- stop flights departing from Hong Ke@myCA2008/000617

Figure 14: D aSPORA screenshot denonstrating maj or
functions (left) and anal ytic custom zation by
spewrd 2 BdSpatincrgrginty bEivgen esirblatedi SORORAt I cake &I bibderved

d stratln nal yi i tom zaji on by geographic
Sggg &Pogﬁﬂn de eyt agf passenger flow
(|nbound) Flgure 16: Di aSPORA screenshot displ ayi ng
CFigufs2mM RdteRief Sﬁéraﬂgg; cifdrRRerdsticd '@R@C? el cﬂ%léﬁﬁ% sé_xlgﬁgllty

Kong in 2003, sorted passenger vol unme Fi gure
| pacspesificinal SA&S@nm@lﬁ@om qdnpulng @i@ctfrcbthr@h@ps flights
departlng to Toronto (n=120), and cor respondi ng

%ﬁ?&ﬁ%e Te B@arl &&E%Pé/n%l ?)gfg&éee\% % lateﬁbléﬁ%%sl%g?eflg 3n%ﬂlaserved

tﬁAR@ampbhm dis1ngraee3 iwored: otdbxfehlﬂed using principle
conponents (factor) analysis Figure 19: D aSPORA

reen | ayi ng hi erarchical structure of Hong
W@‘ff‘s ‘t fﬂfﬁ'}h ; SF‘B@‘?@Haﬁouh@’F%PRtbé?akc?ﬁ PRRS; wa@%@g from

defkafg AndiseBd oﬁrﬁm’a& eoiys Ehd Hfs n%gat Vﬁﬁﬁ @{;I‘ﬁme&%l aviation

structure of Si ngapor e s reglona tres In
2003, defined using graph theory, and cities with

i Fqg@retiéb@ $mRsged insqtpy SeuthEasy ivsia feor figBpat4 al
congruence bet ween si nmul at ed SARS out br eak and

%%gg Elgure¥%§£&leggggggéuggPéggg %éﬁﬁ%ﬁg??%?@¢@mn

( Bﬁﬁ) Hpypven Hinspryay'| DED6s@ASdidsemiayindReh oRaaétial bt
SARS S|nulat|ons adoptlng sel ected threshol ds Figure

2 or rue ce betmeen S|nulated SARS
é‘cgﬂfeeg% r&?fg p&f EapmctEm §gugSi ng 2003
wor | dwi de out br eak Flgure 24: Results of sinmulated

reek Fav- B ERket OF MEARS FRL( agfdrr%rm%gstfm% kKA 1ﬂe 25

| ndonesi a on January 1st, 2006 and di ssem nati ng

commerci al avi ation Flgure 24A. Enl arged inset of
Detailed Reseriptionef thefinwentiongur e 24

[0014] As used herein, an “infectious agent” or “agent” refers to a living or non-living
entity such as a bacterium, virus, fungus, parasite, or prion that may result in active or
latent infection in humans or other animal or plant species. For the purposes of this
invention, attention is given to circumstances where infectious agents may be transported
via commercial aviation within the human body or externally on its surface (i.e. on
fomites or inanimate objects such as articles of clothing) and which carry potential health
and/or economic consequences to human populations. Hereinafter, these circumstances

are often referred to as “infectious disease threats”.

[0015] The inventive system and method presented herein comprises, in a preferred

embodiment, the components and processes shown in Figure 2. The invention, referred
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Figure 25: Results of sinulated four-week outbreak of
SARS originating fromCairo, Egypt on January 1st,
WQO®e/1eme2 di ssem nating via comercial avi ati oOPCTFHCy008/000617
25A. Enl arged inset of Western Europe fromfigure 25
Fi gure 25B: Enl arged inset of Mddle East and
to herbar sdlelystor Alsei darefaranef agDiaS PRR Nedoatdngslatbe partiapbi dmplete

of the Inventio 4]. As, used herein, an "infectious
fulfillggat gi-ong or “Q@%%{mje ?‘g%)é#‘%g pRyeetEsyi ng or non-1iving
entity such as a bacterium virus, fungus, parasite,
10016) OPrdAuLOR s§dikh aA@hetiRAebichdd RChickatOord AR Mnd rBhEEH fMess
i n humans or ot her ani ma[g or plant speci es. For t he
for anglytig gyierpses. hisierical.repareminemary antlewhersraviadalge.v@ture data on the

clrcu nec wher.e, i nfectjous ents my, be ,
archit C}%%sg%}rt?eec? %\tjilrea ggog) A g ﬁ%‘%ﬁ’%&%b% \RICEW#]F] e .ﬂI‘ﬁJ Rghvork’s
correspotiing corpieRtidl Alircyafioahd passendéd B6® dyharflics O he QPttkRSnRErates

i nani mte objects such as articles of clothi ng)dand
€

worldyilecqomungreipl potian dai fromaneliplersanises withnildovide data pertinent
o] opul af i . ei.pafter,, these
o ARIRELEYhopBHBRSR R I O, L AR o
econothic sgadicattecaThése OADIE]1 ihblade, e niot e 2ysiced @ ehformation
hod pr eser]qtﬁlgd herein conprises, in a preferred
t

about gﬁ%stbqwl}ts wgotﬁrﬁgﬁgqqfigeaéﬁ dn Jrseessbeses wiluthe potential to
evolvEhfiRis@diseabBén hitvemy bﬁ’c{‘thfogce Brtﬁggotegtia-l- oé%giggzékgported by
h e, as a )

erein, solely for ease of referen
humasonia exvpinadreis] piarttavel. Gontestupl etfernfatioh i dektivent t@theosigergénce

f. the follow ng objectives: |0016) Prqduce a .
andiof BioBaliah af seh eKF N RSP N BPal gy dpgjud: Jbpapydation
size, Idenditye! adaclefoBrdpRlcsandl ¥higomERAS @ondiltbRt Qb als tzﬁtétude,

contenporary and, where available, future data on
tempegatigngj aad thymadisf, iikdealthdare ingrastadtumi and mesources, iv) economic

tati e rk _and . the network's correspondi ng
growdh SRR SAR et Ralt ) PG BB R PR Gynan cs” The
systemintegrates worldw de commercial aviation data
[0017) f Pomiuoaibtsygtem @elmetndwbtiapidhr htthvcl@iraell adepiae tHode te §16bal
... the energence and/or propagation of infectious agents
alrllneo‘Fafﬁawz}t@nH@éWfﬂ 18,59 1512 B GiRce aad Barany dive enfiedientity
hereafé@l fefis! o 1aNChifiGorciBULiPok, Q‘?tg,r oL ! %&gvv#’ Oregional authority,
i nformati on about I nfectious agents kno to-cause
govergingd as@ponatibn maganizationser wintrindtivm theteeNtis ahtetconnected within
the global network at a selected point or period in time. Such information is derived
through analysis of data described above and used to characterize the entity’s

vulnerability to imported infectious agents via commercial aviation.

[0018] Produce a system and method to rapidly conduct mathematical simulations of
infectious disease outbreaks for the purposes of predicting the (spatiotemporal) spread of
the agent via the global airline transportation network. The system and method facilitates
a broad range of simulated conditions including those tailored, but not limited, to: i)
characteristics of known infectious agents as well as those previously unrecognized (i.e.

where characteristics such as the agent’s mode(s) of transmission, basic reproduction
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evol ve and cause disease in humans, and those with the
potential of being transported by humans via
weowsgrasal air travel. Contextual infornati onPCT/CA2008/000617
pertinent to the energence and/ or propagation of such
agents can also be integrated and may include: i)
numbp@ plmuhatntuhpmozls:tc dem bk teytimatnd); die woograghic CSQrdiria)e(s) where the
t ud
e TS L
€0 rh;ﬂfuf agdriiaaleld) € profkct B %@ﬁ%g, 'd}é}up?i‘ﬁg NAAefa %hm Bffation
geog
devel opnent, and v) ot m scel | aneous fact
Ofthe[aﬁglltﬂla Pryagcel airgplit em and met hod to rapidl y and
accurately define how the global airline .
t(g&§ I ' voI i ng W,t ...and. how
100191 el'p?/e%ﬁen%lﬂ ¢ 31? &H%{]t% ér%d& ergrg WPrl?g’fr npgf 0 Inspect the

archltwumfmf its global mpoednneatbdness piiat 18, theondt 6fYan drtidipaRalinfectious
gover nnent, cqQrporation, organization, or

dlseaséoi%%%;afny ofPSFBIR )COP&DWh@Pér*&SoHH@@t@dHW tohthg m@rtanon of
infect@u® B3dntd\Gh W K081 a"i’rhgg ltr%ﬁ%)ggtaﬁ(% Hét ithAfe L2 use a?néplrlcal

Such informatton is eriv roug ana YSI'S O
data, thesvalubed rabcmral atrdtegigedot mitidaar &(H ﬁEltsZ ef il@oRitigi poteRially

ents via
dangeroqﬁrﬁﬁf%%fo&lrs ag ttsa?1|a|8 ort e I1rn t];ﬁ?.evc %10 cetivehy eyadpated.
net hod to rapidly conduct mat herratl cal sinmulations of

[0020] 1 O%@Ed b Quistertliang as@hUtdpRAkS fi‘i’(anﬁe%rlp%rpﬂlsﬁﬁltwto protect its
predicting the (spatiotenporal) spread of t

health\ﬂnsl/w BeONgNue Hiterasts by rapidly dnsqi@mnaa lsmtegnetrwpphse ﬂ[hledemgned
t CI I | . at e v

o preS¥ ARRARRAROM BT 8F QA PR copmerrgt i

travel laimidst edﬁzthmpect)sd@h&Erﬁ'ﬁhﬁﬂ lo&fUré‘afR of known infecti ous

agents as well as those previously unrecogni zed (i.

h t he agent's node(s of
[0021] \/\:Eer ngqr%ﬁtagéglz%té Ccf p;grgggéotf 3 grﬁmewgrk fo;mger@t;g tg protect its

health-aA@1REEnontiB FMBRLE & rQﬁm@p&%\l@%m 1@& e | nx?lttég?z‘a}egg(}ﬂse plans

i i) geographic coordi nat
designgdetet pfeyertusheupte dorodelay) rthe rum1d>rtht1:oxb of pmes&febtlmdég)dfnt via

o SRR B0 s SHRIE BRI 6 ORI ) B

i nportation of the agent via comercial aircraft.

0022] | O3k a GyRaheand BYHLET BRFeraR! (RShreRenBFe FeE&tRtailored to the
framework for an entity to inspect the architecture of

conditiqng syrawnding aR anticpaieh susnseisd. o ¢anfirmed fectome sliscose thneat
and th@teblatddBdeflintendsRC £\Pecified entity. Reports are structured to evaluate

strategies directed at different levels, including at the global level (1.e. those outside the
entity’s defined boundaries such as enhanced surveillance at targeted international
locations), local level (i.e. those inside the entity’s defined boundaries such as risk-
appropriated health and human resource allocation), and travel itself (i.e. those in

between the global and local levels such as travel restrictions).

[0023] Referring to Figure 2, the primary components and processes involved in the

invention are shown in abstract. In Step 1, use of the invention is triggered in the
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di sease threat and consequently conprehend its
vul nerability to the inportation of infectious agents
woe@stiilasyl obal airline transportati on networ KPCEACARN08/000617
the use of enpirical data, the value of potentia
strategies to mtigate the risks of inporting
presenset fnan aifgtiogariseaseuthréat faausdadobys angentis capablecofbeng icatried
. Fr o travel will b bj ectivel y. eval.uated. [0020 .
mernE o e i, 25 LR F ety PoaliEeon e bion Gmites
(i.e. irdirRaE bbcts Quél AtsB6s drictoth@a) il ANUREn@FR fted worldwide
. interests by rapidly developing a strategic response
via ccﬁpxgﬁrctpéﬁvgqq@g. t f?yp@v%lngntgjicgrnjpg,pommidﬂy agriousepublic health
i ' [ | OUS ent _via co rcial ajr
andioy RO (el AT LS WRHE RO ol prRRERSUf st Value.

Threa{sOf2y nclrdeadigbraalsythhesie andcipeleBoshspetdd, 9 WeBfidned and which
%ranemork for an entity to protect its health and/or
stem LR TRl qpesy (St & ipflvensr @rRdegriol bisiemeyism -@tanviatentional

oY : S| t...disru
el P PRy os (AR PECE P P e, o
other goipneseei eircumstaricea v Basaisupremthie nfaarreaif itha thredt! aparhtoss §Othe
. }he ou{bne?k becones, avai |l abl e. || 0022] Create a system
nvention AT EIeRUYETY 87 gRerbecallsd B AS ve reports tail ored
to the conditions surroundi ng an antici pated,
[0024] SUBPRE DEOper@orsCoMhé vRAidNERESs LURatIsS KRG ol GREIFRAM, for
. .the declared self-interests of a specified entity.
this ingpfinn: vhagheheuses wotldwiletapmunertighteiason stptgice sindintieakled in

e i fif.erent i el udi at..t he gl obal |evel . .
addicl (SolefER pePFhdo S NThIGoE s BN B s s
microdaig hreastrentbdifie @eocesiveind RREe ahlykar get ed

international |ocations), local level (i.e. those
i pside the.entity's defjned boundaries such as
10025] %r?é?ﬁp#’omra ARy affe ATEPRIZEA 4N Hy MBANgTessstant with the intended

resporib(sP Cokdse l'i‘éspogéélg g%lglqﬂciq{Jdé I%réﬁér ng#og gn ?lﬁtg\?%?ed A AEMEED not

t he globa an . evel s" su
yet ogeamed,i wpidinglevelppid traRefe coumemicasiregus e dewlyhsuspected or

[, mary, conponent nd,pr.ocesses. i nvolved in the )
confintih o AL SRl dFVF RIS PReeic) spugiespeairisse oy opgeine

suspedt@l @Rt dodfirthéd (thie@IS. €dohtBreaE iterafively’ 490 oDV ES GG S1sCfew
an infectious disease threat caused by an agent

informagign beeomss apailable- carried internally within the human
body (as latent or active infection) or externally on

o TS, s e B O BT PGP BREGR B e
data are analyzed through a series of automated algorithms. These analyses involve
conducting i) network analyses that rigorously characterize connectivity and vulnerability
of an entity to global infectious disease threats and ii) mathematical simulations that
forecast how a specified infectious agent under defined conditions would likely

disseminate worldwide via commercial air travel.

(0027} In Step 5, a comprehensive report is generated examining potential strategies
aimed at mitigating the risks associated with an infectious disease threat of public health

and/or economic significance.
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via commercial aviation. Infectious agents carrying
potentially serious public health and/or economc
w@onseguences are those where the invention preol/daso0s/000617
its greatest value. Threats may include outbreaks that
are anticipated, suspected, or confirnmed and which
[0028] s Petentialovimategies riat camidsmsiopdyq client maf | indndathpsndiesdita) at: i)

the oY PREA S G flon it kPR e g bapadagies). ) e
“local ele@dl (el abcaticsyinBdeac Potentel PR dHMar E&ﬁﬁgriest), and iii)
ci rcunst ances. Based upon the nature of the threat,

travelo Baglht(be-s abflogapiens ripebgtween dhe glokadt andellgcabrlevels). A non-
d ' -aGt | on 0024),.1 ep 2, .
comEREFSEIH 601464 000 M, k05l b SRvaions e
Worldl ellellthp €tgafiegioh), cH) | gorparttidmli or | AAHENhPiberdMUfClhe business
houses worl dwi de commercial ayiation statistics and
commynyly (g8t PSURNGHIPIMPHHCY dnbifiRattonghcarppeationiest itbgovernment
QR HafbRfdPURe I FIRSFeaih! Gt Rei
agencmsg(?(?ldataa ar edeg%(ht%?’a@?cg% ?‘%{Etnp&%@gs’s%g&a&%&’ Ptl GF%(F%@%%M&’ or
muni@pe lepslsy. 10025] In Step 3, microdata are organized in
a manner consistent with the intended response(s).
These responses i nclude preparing for an
992912 PT T Bt hge %Vreé%r??/rt‘%’?gt ERGE! Fi5PEy e Brie sdsemapdimpthod
descri€d Gl RGmphika! 8@ OIRWRY SRR ADHRRel® @ng}‘[ﬁ%é/ described in
suspected or confirnmed threat, and/or rapidly
furthegdetall bpliowy strat egi ¢ count er measures to an ongoi ng
suspected or confirmed threat (e.g. outbreak)

[ LVl [ s and,as new information
ousor, BN P YR ARE G b G g o
pertaiiapmier the adlotay i aadine nraksoradah setstk OtHee tvop@Tst ¢ified)tandagiabal
. are analyzed through a series of automated al gorithns.
infectipys diseaspig@es i nvol ve conducting i) network anal yses
that rigorously characterize connectivity and
100311V Al fagiwakd Adpli¥atiin IGRWANLIDIYSPORA! i |
]di sease t hﬂrpgat s and ii ) mat hermfleca S %ﬁ%g%l?gﬁgactt’%?cess’
analyZeg pad simulhigvhe vepkiwidé epreach b€ dnfedions agents viender global airline
fined conditions would Iikely dissem nate worl dw de
tranSp\%lﬁ%tloé’onrﬁtrvé’?rgr al air travel. |0027] In Step 5, a
conprehensive report is generated exan ning potenti al

[0032] S Arfardab gitpat @allofed t@tounidrispedifinBfddious diskSe 85808 hitf Si¥tect the
with an infectious disease threat of public healt
declared interest(s) of potential clients in accordance with user-defined circumstances and

conditions.
GCD: Worldwide Commercial Aviation Data

[0033] Aviation statistics and microdata are primarily derived from the following five

organizations:
1. Airports Council International (ACI)

2. Official Airline Guide (OAG)
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and/ or econom c significance. - 10 - 77956-2[ 0028]
Potential strategies for consideration by a client nmay

WO p@BatEs: hose directed at: i) the "gl obal" | eR&l/CARN0E000617
at locations outside a potential client's defined
boundaries), ii) the "local" level (i.e. at |ocations

i nsB.de aMaoketing ileforroiticenatg Tdpdsi(MI® Thoundari es), and
iii) travel itself (i.e. at locations in between the

gl obal apd |ocal,leyvels). A nonc r ehensi i st of
ot ant i aPeTEReLARHEF dhmstr RRRE AROIERUA Tl th
organi zations (e.g. Wrld Health Organi zation), ii)
cor por at [iR@satiinaDCher AviatieOsgaafzatie (Iloushness
community (e.g. insurance conpanies, multinationa
corporations), or iii) government agencies (e.qg.

10034] fhyinigppasladRbice ARE Migagth dropbleoraRERined sqrrcreds cqpyereed
using I3 GIPSPYbLS! Bhich 3 WAL LRE! o LENAL fb-ardii8281e BABEHIobal
on the above-descri bed general steps, the inventive
airline styatspontaion netodd ade sdrardvenlizb eweildwiclo npopiudsiont mebility at a

follown i.n conponent.s ich are described in
specifipEpRifPt Gtoaih (BT dRPo TSGR Bee s PiedBd saTEBaR dlow
dynam{c¥aR) m@é’éﬁ%éd"&pgﬂa{%iyozfihé‘eaﬁi»gh%ﬂf& BRQRA Nirp&H phitt! A€ RofAhdys

" pertaining to the ‘global "airline transportation
bidirectienalordnd ey wovdlee sunidirdctignal afldwglaopmid immfleppingupolygons.

di sease . threats. [[0031] A software applicati,on known
Passene” BF SR o vy VS BT enEPEly AL i Wisona
varian@ @l 3628unt FoE kbl Patetnd & f WaridHiNdyd eA Sise@tle Ohe available data

i nfectious agents via the global airline

include histnsisel teanieaporasy vindiiutyre glat) omflighs srhegdylep wp toagneayeay in
t _ e .
avnds? B8 R R oo SR BRSSP nd

passenigér Ra60Ad@ Goveikhts w$ eomdrfdidleticaift amdmkengasseandand actual
conditions. GCD: Worl dwi de Commerci al Aviation Dﬁ%a ..
movemetRaf Pasngeisdhe-<HHNLBsNEE oSAPIFT HPBRCantaeashr { arel ity

of conflf&b M Dvibfi il G1doqhl 0 Hornlaf®n YnGHRiehBlis @R $ransit (i.e. those
simply connecting to another destination). All data include date stamps associated with
the data, the date stamps including time stamps, if available. Data are available at the
airport level thereby facilitating statistical calculations pertaining to any selected pair of
commercial airports worldwide at a specified point or period in time. In GCD, data can
be analyzed from the perspective of a commercial airport, municipality, airline, airline
alliance (e.g. SkyTeam, OneWorld, Star Alliance), or a specific route between any pair of

airports worldwide.
GCD: Population Demographics and Dynamics

[0035] Population demographics are typically obtained using census data. However,
there are challenges in using national census data when conducting analyses at the global
level. First, all countries worldwide do not perform censuses during the same year. For

some countries where military conflicts are underway, security concerns may have
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1. Airports Council International (AC) 2. Oficial
Airline Guide (OAG - \ \ - 779 5 6 -23. Marketing
wo nfosnrEs: on Data Tapes (M DT) 4. |nternati onaPCECARGORE00617
Transportation Association (I ATA) 5. International
Cvil Aviation Organization (1CAO [0034] Aviation
precludddad hstidrlahcemds fir somed dinge. f Sawond v tlaf atyelmal camnes data reflect
Sﬁurces J g)ver ed using | ATA rpor[{ codes P
arcas RS AP Gy B HE R Pt GRienTET HOCL: DY RULk i GPER gpgenihan
enodgdfqh@slr 1@ td NGl ROPRAIVAAb @Y BRhMRIckal 3ot BLARLRY pEsple
dwi de popul ation nobility at a specified point” or
“occume rth@ dpdca in andaaroumb oomohermal agpptinu rﬁjnfdb’c Hiet dedinitroms @b dities

assenger fl nam.cs a parate

and o7 BETRAR e pis Y RN Pl RAA 8PP ORI Gl n

a conslbtehic FREI0NO e, soRMdnBYhe db60¢ Vil edi sheslk itlena@le Jflserellite data
around mul ti-point polygons. Passenger flow dynam cs

to estimpie napPYlgtinksige prdidensity-dai |y, weekly, nonthly, and
seasonal variance to account for "natural" patterns of

10036] Vﬁéﬁeﬁpﬂ ot Migufs 3A'hRd 3B”‘ﬂ1egtd§8%c?¥eﬁél it ggéB? jﬁ[}%:ﬁﬁﬁtlon

cal contenporary uture dat
denSItﬁ axh Egyn;bte(kﬂ) pantl @3Bneightimic ambiacheasfodtiesDatthe Noethemdeern United

[ chedul ed no nts of co rci
States ami &aaﬁa (gﬁ’at DA %EH@?@F ageel&tﬂl to dgrivg SFlmplee ?aélpn size and

nightt@ARbEhA (vl {salskd 3 %eﬁﬂ@éﬁféﬂ &5 aS8@opate Elﬁ‘é}ké}cﬁ)y @konomic

novenments of passengers (1.e. distinhgui'shing occupied
develdpn_mm)yﬁ»c andelestealt @ogra‘ph@ mej.orlihese cﬁ‘tmmammtanm directly from the

. SRR N RER S PEBNTRE b T BRBERESAE e

collec®@%hdl ARLI R and Akéd é’sﬁh?utb Rfthe e edAbE s %iaﬂﬁﬂﬁmaﬁsfﬁ@deﬁ ed
with the data, the date stanps including tinme stanps,

if avail able. Data are available at the airport |evel
GCD:teanemiic Dgkelppmgnt ng stati stical cal cul ations

pertaining to any selected pair of comercial airports

[0037] %rg)gdug Qe@Mio nﬁg&ﬂ %C}%f 1'})/65% C?Q{'Hr ft CO‘BEHBﬁg isz%uhH er@?ergéhce of

ta can be an omt he perspect
previomsiyneneicagnizddr pofiettjousungaitpalri the, redndrgenee aJT rdnoma agents.

ST SEENGRINE S W AW CAE TN o
Indicators published by the World Bank, although these data are only reported at the
national level. There may be limitations to using such data, particularly for countries
where resources are not homogeneously distributed (e.g. developing countries such as
China and India). An alternative and potentially complementary approach to measuring
economic development at the city level involves the use of satellite data. Specifically, the
ambience or light intensity of cities when viewed from space at nighttime (as discussed
above with reference to Figure 3B) may be an important surrogate marker for economic
development. The hypothesis for the use of this surrogate marker being that “brighter”

cities are more developed and economically prosperous than those that are “darker”.

GCD: Healthcare Infrastructure
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GCD: Popul ati on Denographi cs and Dynam cs [ 0035]
Popul ati on denographics are typically obtai ned using
weersuwisnt a. However, there are chal |l enges i nPCBECAZ08/000617
nati onal census data when conducti ng anal yses at the
gl obal level. First, all countries worldw de do not
10038] pEinef abilityc @f susits t«ziudeteng thehpresenve ofeanr infEgious cagent within its

countries where nili.tar onfljcts ar derwa
boundges TS Gt sendipE koS anl o 55858 1 BPE L gengred 1o
other d1féd 9BRbe 6Q08HRed With fRAMY hvdiBbleIREWMNGre Afratth®ture and human
city-level, census data reflect areas where people
resoureess Betabeft thisoking de g saliaria esiitestes phéy morkeror Hpyeisieng and
regls‘[cté?cf3 rpllﬁgslec a%g?xgllrolg Fgfagétb(%l:&f gcg,tsl (in:fne(sﬁc %)é%%%\fv a?l%&&é:(? tJ) p\{l%hc
healthtd?e, &PAcaAnibe etsinad diond tigo RIS I‘&htnﬂbﬁ m@dtrso)pulalﬁbﬂ altdtiyncal
the definitions of cities and their_ boundaries
divisiqy ghthe WarkdaBamk. milevysges tsinge ftheseustatisties ﬁ@a@reJVéemW at the
a [
rion R PR Rk LSOl RS Ay e
populettmmessielfﬁﬁhe\emilmlnaigxm uagyand density. | 0036|
Referring to Figures 3A and 3B, they depict satellite

i mages of ulatlon density in Egypt (left) and
G(H)(gBY“HpﬁﬁPéﬁﬁ%“g ™nhce of cities in the Northeastern

United States and Canada (right). The inages are used

[0039] t l?hé'j Slﬁdrél&el%ﬁzé BRd 8qivaly o Qﬂﬁiaﬂylaﬁﬁnﬁbﬂ&ls%@gnt@ aghhiluéRed by
nmbi ence (which is used in the invention

enVIroslment;@ aerslitiensiceeh potempermiiaed lnmidipe| a8 ﬂﬁﬁvqe fSeé?h global data is
obtama& rﬁgog)% Sd a?AF:tg%gfa eﬁmr ! E:I%ﬁ[ﬁo-[ll?ce%qogé nltlﬁio%gt](gx%r@here infectious

onal

agentHhiphs pﬂﬁpér%n&d)ﬂbﬁaﬁtsh&kwwdo}@@ﬁm?mbm primary data are
coll ected and anal yzed and used as inputs in the
i nvention's mat hematical nopdels. GCD. Economic

GCD tHymaganson-Hygman knfestions A28Gel opnent may be rel at ed

to conditions favouring the energence of previously

(00401 UWlﬁFeOQﬁTéc%l%Qs antact AR geNtsryRiy AR Ar8eiresgfidaCoRbirrence
known agents. International econom c devel opnent data

worldwade, KECIdbriHli foeds iis atientindrird ngéwlelln&ﬁﬁemﬂ disenge dlaneass ghat carry

. _publi.shed, b he Wirl.d Bank a_ar
seron§ D6 Bl e on oo RV PR By B 5 el A PARH B ¥ fequen
basis td HcbipotA6 thet Mot HuRGntSiaCdimddba avzﬁ&btel @Ubrﬁfcﬁpatefd,) Kuspected, or

countri es
confirmed global infectious disease threats worldwide (e.g. human infections resulting

from H5N1 avian influenza) using a variety of reputable public and private sources.
GCD: Miscellaneous Data

[0041] Additional data sources can be added in the future to reflect new knowledge about
specific infectious diseases, conditions favouring their emergence or reemergence, and/or

factors associated with the local or global spread of such diseases.

[0042] By way of example, Figure 4 is a depiction of the number of media reports about

SARS published worldwide in English, French, Spanish, Chinese (traditional or
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where resources are not honogeneously distributed
(e.g. developing countries such as China and India).
wa\eooalitgsnat i ve and potentially conpl enentary BEPCaa®8000617
to measuring econom c devel opnment at the city | evel
i nvol ves the use of satellite data. Specifically, the
simplifiad), endapapesd omghty gneenisy tdpriog thé £0@%: owthernaky i Bwed dfitaomare
. S e ni ghtti as .di scussed above w reference
obtaing§ Ty el s ARRBES i Aeits Gt e AP ReEde Fgrees
includfEARNTbEpede YRIrRATBRL cazihBE WP ahd 8-l StrdREri bt ErodS B52Xountries
this surrogate marker being that "brighter" cities are
in 22 ¢iffeeentiengiages dnelnding oo Hian 4 20 gopmyopey ondatechagwavitsse The

ar.e Heal.t h
R ¥\

t hat "darker". GCD: are Infrastructuyye, i 13
figure 15, 98115 53801 s FEGH AN Hofer FAEF bt Vg b
Organ¥afi6@NTResedahré 0§edqb kRA1Sind gSdtiatibid BebwidnSacbe sl Bifbrémtion

revent it from spreading |ocall and/ or prevent it

. . P A 1. €
via the glababaiedly. effisinl teagek lvatones B@ﬁttx@s infered or amynendsd effects
j Ly - [ e h [ U
on huffeh e B Feh b BNE | F AL RS IBLAEP ol e o the
invent@&t isyine and®f methed nienbetter ofntieipasd dioan sraa¢id belegicikemeight be
. nurses, proportion of natiognal gross donmestjc product
influepged deninfacHass itess tieals ehd dpese whustments {o she dhiea the
modelf rom the Health, Nutrition and Popul ation statistical
di vi sion of the Wrld Bank. However, since these
statistics are only reported at the national |evel, an
Invension Phrpof diPnimeiplebe made that resources are all ocated
proportional to population size for cities within a
given country. -+ Environnent al ndi t.i.0 391
ones1 FHE IR e Y P, Bl S Sk o s
via cbhRedihlousiafige NisS deeanined | tienhe darblyiteetivé reMmantgddbal airline
conditions such as tenperature, humdity, and
transpgftafien gatwody @nd (fhe Hgsociigch Moy eBBRis | ¢fcRRSFINGRTSa0N dlr | diyough
. ir Ldent d % ' r
rigorols FK) S HE IR RHERRR bAGKERNE! SRS THERIHOFLE as o
“pandemdd depise athdarsalig,s suppch): ofHtimmpriaciglenbas bemmaderhodstratedoins the
Agent L@M% Wil e infectious di sease out breaks of
mann%f‘r‘*?‘?'ﬁtf €% are a conmon occurrence worl dwi de, GCD
will focus its attention on global infectious disease

Step 1:NO®@hSvérBYide @bMhercial aviation statistics and microdata during the course
of the international SARS outbreak

[0044] These microdata were obtained from the Official Airline Guide (OAG) and
facilitated an analysis of the architecture of the entire global airline transportation
network and the movement of scheduled passenger seats between virtually every
commercial airport worldwide in 2003. Since the overwhelming majority of SARS cases
that breached an international border did so via commercial aircraft departing from Hong
Kong’s International Airport, the analysis was centred upon the connectedness of Hong

Kong with the rest of the world.
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serious public health and/or econom c repercussions.
G&CD will be updated on a frequent basis to incorporate
wao b@sirogs2 current i nformation avail abl e on antPCT/patm@e/p00617
suspected, or confirmed gl obal infectious disease
threats worl dwi de (e.g. human infections resulting
[0045] f RefertiitgNio digare Snfil lirk'fm;tiﬁ):s ubé¢ pgograplac i @oydindtes of all 1,061

repyt abl e public .and sour
commp Aot 3 BTIas hghis SoBARIedael0Sour ces can
be added in the future to reflect new know edge about
[0046) SREfekhn Lol FikRFd 6,H8ispla$LASBA, vaGianl ihiiMBmafia:? BhdsBiper flows
their energence or reenergence, and/or factors
(arrivals sirk Hepasigras qomktlmﬁ@l) Inbéa(iB d@prg$e@t¢él aswalesa@ athregudimensional

represg%t%t?%f gfz trT]le%‘g @he e er op ple S rg% prréésrgag g g Lraph hlca;ly,éﬁﬁéoftware
develdpeb fbrsthBdnvetiba W @l8ignsd @@bmﬁexd&c@ pedtessop@arsillyze passenger
Chinese (traditional or - 14 - 779 5 6- 25|an|f|e£
arrivaband/ofslsnergere datadpsany appartaumr & @m srgcified PPOY 9T Beraski léékne
These data were obtained from Factiva, a database with
[0047] aﬁ%fe‘?ﬁrbéeﬂ) ufre t7h ﬂr}eﬂngsglqg a qﬁfyr@d 2N GE %éwﬁﬁ'gfﬁg if@mational
newspapgers, 7 ournal's, nagazi nes, ne an
passerigeansitreptosallf snxtmcil'ﬁez receivihg kiESCtlnon%ﬁ);ﬂﬂifghﬁsrfm Hong Kong in
| anguage ¢luding nore t 20 cont nuous
2003. ﬂﬁléeooua@)@an 1Yngﬁh Wag | @)&H@Ct 48 I&s%tr ¥t gotfﬂﬂ tloratings at
helght@flecﬂﬁéko&f gAlﬂg%R&@anoﬁ(Hhhﬁé tHeSBg duityedih® VOrld Heal th
Organi zati on ese data are used to exam ne
associ ations between access to information via the
Step 2j1(Giblstt detadled infofthatidinadn the aviernaaenal spyeddesf SRS t hei r
i nt ended or uni ntended effects on human travel
r
oossi TR XY e O Aiod S R RE Rl SRl f Sympmary data on

1mp01’0£lt probatda taseh PASAROW bf Beaimbee3aV,i 2008s THeghtathehowever, do
i nfl uenced. by |nfect|ous dlsease threats and force
not inghyida dpivERetion ¢ thaenmitierl drerl oF RRENGHAAatertajmiRgelor the mode of

dlagn&@?cfr Alh BF 12 ﬁw:bptgé%liselqﬁat NSRS biP Mrtdrorfil PRAST Bfling

on a princlp t he sprea eCtI ous agents
the outbraak: oﬁnreneseaacth pmpedes athe lffsllcd?ehg dﬂtalwmie bylldched from laboratories

and plier i abicnerod Ses HE B R GuR et PRpBRE SR e S A
it.

Thr ough

1. Port of departure and port of arrival, including intermediate stops;
2. Date of departure and date of arrival to aforementioned ports;

3. Mode of travel (i.e. air, land, sea);

4. Method of SARS diagnosis - epidemiological case definition,
polymerase chain reaction (PCR) assay, and/or convalescent serology
(i.e. presence of antibodies to the SARS coronavirus at least 28 days

after the onset of illness); and

5. Number of imported SARS cases and method of diagnosis for each.

- 16 - 779562
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ri gorous study of the 2003 worl dwi de out break of SARS
(often referred to as a "pandem c dress rehearsal"),

waepporasnf this principle has been denonst r at BCI/CA2008@00617

manner described below. Step 1. Cbtain worldw de
commercial aviation statistics and m crodata during
[0049] tR\aefemingrs)eFagm’e h& thig eiepiatibm nd] thEAREroatidnale addjec @044 |of all

confirig §ACRS <GHRdGT PENES U REE ArHPBien UFkaMeys fan g% pll

cases Wére ante%ﬁ%r s ﬁn&lfectl? Qra%gl'bbit@d 9‘1109&3 #onB K ddgP€International Airport.
transportati on ne and the novenent” of schedul ed

The inragationglespreahog Sb‘élS/\smalvltratvalafrbyl Hobhaot (&bxmaé rteilélhanbaatar

ovongRli 551d U 5TebEnde " Rite e R RR) et sapely

since BRr d@lvaflidt SARK ant6OPGBRG ahd aGuambAdu deqarddl BY hh@®Mfrom
Hong Kong's International Airport, the analysis was

Guanggdentr peeiingsorn tmémta@dngbtr@b reads abfsuplbnhadkaweg digkethor Hedirect
- 77956-2(0045| Referring to
amna%ﬁﬁ%y@ﬁ&%&%ﬁ%ﬁ%? 1?les t he geographi ¢ coordi nat es of
all 1,061 comrercial airports operating internationa

[0050] fRefglmhqg w0oFigine de this @GP AepicBOde) inRabiey loif RYnfiendd, dhiperted

t djspl |_obal e in internatjona
SARS ﬁ%%lé &?g’éirweéqa %\A%ﬂ%égrﬁ%%gésleg\%goa% aaavlﬁth%@ aseieptydydhe [‘dose-
responédOFect” BAWESE e clﬂ c&?@gf‘gﬂe rér\/@ﬁi gfrﬁﬁe gﬁ&éﬁgﬁét%?{gtvg%rk, its

representation o e wor too co
passenperefievd, end gleaqblsnmal inyensithef SARSWmpertateorel oped for this
invention is designed to rapidly extract, process and
) ze passenger arrival ure_.dat
step £RHEF: BP0 R g g BR PR B S Bl e
transpdrtafi®n neQRAK dncRﬂfeQibEérﬂ@d §iftedd SFWoRfifmed (or EERTARANRKE pRobable)
tail ored anal ysis, quantifying international passenger
cases Of AR to all sixty cities receiving direct non-stop
flights from Hong Kong in 2003. This "outbound"

o, S09L5 % PRI e 0L RSB LG

arriving itolnn Elakig I@&lgfjntzmaﬁ‘ohdl eﬁufpod'edhﬁldgetﬁe SARS dmbneainhMIlnbit‘]bethan
ernati gnal spread of S J0048] The Worl d Healt
a fO“chF’B’a‘HFrféi 6}?II<M§%%F§ %‘gﬁ IBRYEAUPRITEIBHYT tosqitisrapgUiEAg gne

flight Qhnection to reach. Not a single city worldwide which was (as of 2003) two or

more flight connections away from Hong Kong received an imported (confirmed or
probable) SARS case at any time during the course of the outbreak. These findings
strongly suggest that cities with direct non-stop flights to the epicentre of an infectious

disease outbreak carry a substantially heightened risk of disease importation.

[0052] Referring to Figure 11, it demonstrates that cities with the highest international
passenger arrival volumes worldwide had the greatest risk of SARS importation. For
example, cities receiving more than 10 million international passenger arrivals in 2003
had more than a one hundred fold increase in risk of importation than cities receiving

fewer than 1 million international passenger arrivals.
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I mported probable cases of SARS as of Decenber 3 1st |,
2003. These data, however, do not include infornation

wa@rooshe1suni ci pal | evel or information pertai nP@CAZ008/000617

t he node of diagnosis for each of the 142 inported
cases that crossed an international border during the
[0053] duifaregko Hgire €3 eiaedphiuatlp aigpdaystthe “dodelrosdonse dtationship

were collected fromlaboratories and public health
betweegq BasREsT dsRATHNE Héong Snweisolnteimationaybiptl e oEing into
Taiwarf 8%%h Othe S4Bt iatkd ﬁ@én%it?fofdgpﬁi§ q&?oﬁ%rp%tﬁs&(ﬁiwa{). Flight
arrival, 1ncluding I nternedi ate stops; 2. te o
conneatiepabttween ardnleiat €hok adrTaraén tod afecoerpbhi ongak mothhisthey
3. de.of travel (j,.e. air, land, sea); .4. Method of
almost GayeliSieL st BB Rs s SEohar sl L 10 o much
lesser QPrdETRIASEf SRR INCIRAENE Mth(tRER RS HRYhy B4R hat the intensity
conval escent serology (i.e. presence of antibodies to
of SARS emgpRsianoion maprtaimnaefl ¢thersinfezgodtaggentsh vall parmdleb psssenger

nov G B ETR B DR I S 2288 Pl

two inteafa€bhd AgpbAs focged e Baiptiling IdLBLiGhg.on of the
international trajectories of all confirmed SARS cases

durjng the 2003 outbreak denonstrates that nore than
[0054] JRpfsismeatol Figse d 3nir displrysea taplar-Meird plelc depyeting the time to

f . 'Sl i '
o O P 0 AT e
it ratBhIBte (I Manoharib bt Aning\INGARSamandi@ang shagly
, ' to Kuala Lunpu. I ' own e
influerbge b AR FPET RESE HECAEF 14 Pt oSS e SPoRisABY: e with
direct FYRBQGHNOBHACEHL BN Bk I&&%Q‘éb@aﬁgﬂﬁ’&&dpﬁm&”&@eé % a

mai nl and "Chi na) and as such, had no direct or 1ndirect
substanstblydastéronts thin ¢itisowihgsgclbyorastop cad@E0dnsRe¥ e showig oh this

Fi gure i epicts the iptensi.ty of .
figure [ @il Wi G Ee RS’ hdeselogo e Gt sgompn-cssentil
travel 1VEBAg QSR Mt Gansedoay HrHaee SRinMdSCrdY 1888han one week

"doseresponse effect" between the architecture of the

before ghe HHptteging”i afethe currsprdazit42onWikdlevibisks ah tassqgiatiopnig@emains
uncleaf [fAHEad ANy WAE ARARY V&Sl B RldThingeSh OBl RIS Slitbk or

was a random and unrelated association. Further research into the event will be required

to explore the intended and/or unintended effects of the advisory on actual travel

behaviours.
Step 4: Develop models to simulate and predict the spread of SARS

[0055] A deterministic (modified classical SEIR) mathematical simulation model using
ordinary differential equations (ODE) was developed to forecast the spread of SARS in
2003. Concurrently, a parallel stochastic (Markovian) model was developed to examine
the distribution of potential “realizations” of the worldwide outbreak of SARS. By
comparing results from both simulation models with the actual spread of SARS (as

identified in Step 2) the models can be validated. The mathematical model section
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Step 3 : Measure statistical associations between
characteristics of the global airline transportation
wmeirsorMsand t he observed spread of confirned ¥OF/CA2008/000617
confirmed and probabl e) cases of SARS. | 0051]
Referring to Figure 10, it denonstrates that cities
describail telav r(eader ntba Iktta{rmiﬁilsiicg MM sded rand \Stochabtio ividdeh gulikberglings)

| nt er nat i, onal ort t he SARS out hreak had
provided more Hifie fifiﬂcw opEF Hritiss B8 SIS RN IVeg o s vefatpe them,
and thesé\%?eé BP&cBtdafte bAWRLA ¥ Sndilertdtich By sinifitbd SAR O&Rbreak and
light connection to reach. Not a single city

events‘a@uhl@awbﬁemﬁﬁldvhngvﬁtﬁ qualsredf o 3H3) two or nore flight
connections away from Hong Kong recei ved an inported

. f Lrmed. Qr babl e) SARS case at any tine during
D'aspmgg‘c%ﬁ?eggl @Fscgwglogut break. These findings strongly
suggest that cities with direct non-stop flights to

[0056] me: @fivaenprototode ALWINALDIaSBOR Alivae as\&lmti lin ddiksrosaft Misual
substantially heightened risk of disea

Basic 6 pr% atlgr@ﬁon coust]y radesyvay HYo t\gsal dinsie M T (YB.NET). This
transmgﬁrfplgél éﬁi{o Pa'cflitﬁé s@éutrg fe?&i I?élﬂ@l%satccesls g&d é)ge]ﬁlg(én of

terna |ona passenger arrival vdl unes wor
the mV(eh&org viagthe ditemies kinod itSARSmiaynbe reqtitednurgdroly amdamigions notice.

cities receiving.nore than .10 mlli.on i nternati onal
A Vlﬂ\fﬁis@@tﬁw alsp ReUBItS PrraiHPT Hga INENHOR e PPErf Y Teedidleay of
where ftﬁ’é)ﬁaﬂenf&ﬁ@@ Qw‘hﬂ:hrﬂnﬁy Hale 'cﬂﬁ’s%ér%lb QfhpbA&ReCiht th€Smidst of an
receiving fewer thann1 mllion inter natl onal passenger

infectiousr discabs threat)l ahd- fagilieB& RicS0E8Yss Ref kayr dastpiarompkagsiamd diRnts.

The ndstly HRBILFT DidsHORR Bh et il be unaal fh S famte ottsy gisting

softwatd afpiatibRNdhchAas FANI® ARetidal \ahﬁngsﬂsﬁt@smammmmaﬁ&l Pitney
t he associated intensity of SARS i rtation into

Bowesifiaphto (GIS gt S%ﬁh@@){%ﬁd@@éﬁlﬁéé‘ﬂa pl(@ademation agysis),
T \ t :
ot MEGAONEL SRR (LRI, b PTIS operine

the im@hti@f. NBlidough sheusedf éfﬁc&nﬂpﬁd&eésﬁg%lgoxﬁiﬁ@& eaomdtivnsof analytic
consi stent with the underlying h&ﬁﬁphey s

procesmatanﬁ hégY%ﬁ‘P%fﬁng‘?yl’beOSm@rl ﬁifé‘P?lé’BYorP‘(i%? o¥ilathegpme
increa {Aglgﬁé}ﬁElehpgﬁﬁﬁddﬁHﬁltgaﬂl nﬁ%ﬁes‘f"' c]éllah@a[)éljplx in RRAGé A shorter

along an air traffic art |nt|scase air
periods$ p&fime ¢ Fhetewwdiwaro parkkKgesgnaniok éihied/mtb DisSRORA as needed.
international airports |ocated in Tai pei and

10057] @&Qrsr{n%nt%' Figure 14, it depicts a screenshot from an introductory screen of
DiaSPORA, demonstrating its ability to process and analyze microdata in accordance
with a user-defined point or period in time. Data available for processing and analysis
from GCD, as described above, include historic and contemporary commercial aviation
statistics and microdata, in addition to flight schedules microdata as far as one year into
the future. The time frame selected for this hypothetical analysis is January 1% to

December 31%, 2003.

[0058] Referring to Figure 15, it also depicts a screenshot from a geographic selection

screen of DiaSPORA, demonstrating its ability to process and analyze microdata in
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| 0054] Referring to Figure 13, it displays a
Kapl an- Mei er plot depicting the time to SARS
WO P18t on anong cities worl dw de by their PCT/CA2008/000617
connect edness to Hong Kong through air travel. The
figure denonstrates that the timng of SARS
accordangrowith tai wser-defmed tgeogrgphyic ilodatioe noeé dpdcjiﬁetdhﬁrection of flow. The
connect edness of citjes to Hon

Kon
analysigoeaty g RAPTS tocamy; ity pyeh o ¢ - §'¥t9p of pihghegganization.
Altho@h' Aot sR@wi ﬁpﬂlﬁ . H0RIPORREIHRGD daBP(QE bec: %lr%%%alytlc

at a substanti al faster rate than cities w thout
unit thaytshnot @n@%ﬁldpcaikymoecgu@ms(e gNe tmud tigakionalcorpriratidni gith dusigess

conve W80 BB TR RL IGERATE bt

directidl FofHURNGLONEG PHEY HHCRbbINdTBAN babdukd afthitt &6 (taﬁéij)ags@ﬁger
week before the "flattening” of the curve at

flows)wt the glpbad ajirding Aragspowietion nefwork are e@mdmlcahclreﬁns figure, the
selectécpzﬁla Ys e?&{r%ne%ﬁ? grﬁ)%ﬁﬁ‘cli la%hftgétl‘jﬁle a%dtfp W hte int %Q%%Pfagaes%engers

cour dom and unre

arrivir@siﬁmclﬂ@tglqmg.Further research |nto the event will be
required to explore the intended and/ or unintended
é S of the adV| sory on actual travel behaviours.

DiaSP: ]ég #¥Sispdel s to sinulate and predict the
spread of SARS [0055] A determ nistic (nodified

[0059] CF@@&M@er—@@ir@d HRLARMAEL 6ad s&'dﬁ@oﬁ@t‘tlgﬂs @Q@tbot@d p¥dforms a

ordinary differential equations (ODE) was devel oped to
rigorofip netavesk antrle&s pe elgtine theSpiRe s¢ mer@@ureanwhmhemgivyn eatity is
h st c Fl\/hrk was devel oped to

a n
come3 b of SR EAE TG SR BB lE 2l " real | vat i ons:
of the worl dWI de out break of SARS. By conpari ng

[0060] I EBst] tiBedtroonndadivity S& Bndl@tddoin wBEEebS the thbhidnbs Aehbe of stops
read of SARS (as identified in Step 2) the nodels
requirgdfp Bave) é’Fi"G‘é{l €dg1veth etmtlﬁe#mlﬂelﬁnﬁqﬁimtnggb% t"‘foélﬁ‘WldegSARS

outbreélg §§ 2@032‘3 Q}?E d’Qﬁ (cﬁ'f@g m&lhﬁfea?&%r e%ec‘{hlr&t %’;ge%}s to

St oéhas I Ngs) provi
be inviersejepldied & ns i“Qistamne’ bfas trheasamed etbsthetrhmt&t e);ﬁ sﬂlg}mv @ksded to

wanslqgdie B ST e NAET 8 1T 08 AN U ETBAHS! BUBISE AR afem-stop
conne@t‘i/&ﬁte&m?}fbﬂiﬁfdﬁrEctﬂbggﬂte&rﬁH&idﬁg rbQBre@y iR iRANIRS 0f20Q3 of an

CGener al SCri ptl on
infectious disease threat.

[0061] Referring to Figure 16, DiaSPORA performs an analysis of direct connectivity,
displaying inbound flows via non-stop flights into Hong Kong from all international
locations worldwide for the selected time frame of January 1% to December 31, 2003.
The data, which can be exported for further analysis, demonstrate that over 4.3 million
passengers arrived into Hong Kong from Taipei in 2003, accounting for 18.1% of all
international inbound volume. Half of all international inbound traffic into Hong Kong
was accounted for by six cities (i.e. Taipei, Bangkok, Singapore, Tokyo, Manila, and
Beijing). Data shown in this figure include total inbound passenger volume, percentage

of total inbound passenger volume, and cumulative percentage of inbound volume by
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| 0056| The software prototype known as D aSPORA was
devel oped in Mcrosoft Visual Basic 6.0 with mgration
w@osemiBYy underway into Visual Basic .NET (VBPEETA2008/000617
This transition is being perfornmed to facilitate
secure, tiered, renote access and operation of the
way of maerpﬂé dmwei/a rtdn&rbm;t(ﬁheretet\sd)nkqmrdrmaem pertaminghe connectivity,
~equi ntly hout notice. A virtual
centraj Ya?‘? %ag‘%%rrer?ﬁg‘ém%l 2{"6FdeDf the invention to
operate i t regardl ess of where they are | ocated (which
|0062] NRsubaME, 69Nsdyder @Q&rﬁpl’e”ﬁ%b&ﬁnQ Qirhilart 4R1y¥Isdst al@finRFhational
ectious” di sease threat) and facilitates guest
mboumi:ctreﬁ%: invp the\cigeef di omnt@akerr@naﬂm dlighsntfeom TIRE desiihgtions

devel o sof t d si ned to
world I 4P R hEbouEh o (PG flin of BBBRT RPRR fad, copontea!
represSASHdnk, (iFb@tdtdhi alit @Qﬁle&’tstcﬁﬁlectﬁﬁﬁ 1S/°dfﬁ€ibﬁl}aﬁﬁlmfﬂuhf¢§béd to
Bowes Maplnfo (G S and spatial analysis), Berkeley

clientgwydwsers &f thedorewigni cal anal ysis), and Mcrosoft Office
(presentation and cormunl catl on of results) rel evant

[0063] t ?ff‘c%ﬂgr a“dﬂgctt h@odn@&?\q . %&ﬁ%ﬁh 15{11% U¥&o Ofcomplementary

‘ent processing a gorlt aut ion
methodolapigt: rirgipde esmpenemml(fadvﬁ rapelyeistand |apph@hgnaple theory. These

technol o SPORA wi | | eco | ncreasi ngl y
approgeff] WP RS o Pea‘a dhicioege ead ’r‘FF‘"’dg‘g% 4 sHugPTe g 6‘6&‘1615{‘5 fach of
whlchséﬁ%ﬁlﬁﬁss@@é’f §B91‘iéc?16n Q)? '}ﬁ%?ﬂ’ys 119I:r05ﬁrfé%ted':di‘ﬁéér eF(er%Cx'é feea city
packages nmay be ad D aSPORA as needed. 57]

may rﬁefhaw |nng-5t0cp Hightsr @)nnﬂqtmgt itdbrsicdy g0 dhe epicentshof aﬂ nofigetious
uctory screen D aSPORA trati dts
discasfgultil” P BRaIbEE SHER iy S0 oA T acLEY i eAn
examinhtidh 6f tH8 8EopdadndNBetaRAidAl stiictireof @k hétwbHi® whiha particular
avai | abl e for processing and analysis from GCD, as

entity @esigy rasislgs slinsly avaluable|ligheomhewomineraiglite diﬂlglrbpgrsawght be to
aparn%lglgpﬁ'&é:c‘n% og%{ta%gm}g Stat istics and mcrodata, in

schedul es m crodata as far as one
year into the future The tinme franme selected for this
[0064] hRpfetries e Fligureal 8/ shis msp Merm}y Ahﬁéridaoidaetdhﬂbming?s principle

1st 003 0058] . Referri ur e
COmP%H?B é )gh"fll@@ﬁ’sf%}f “W‘Hnﬁlegwa@iﬁ l@éﬁ 1&6{“? Sﬁtworks have
been SheSffat AfbifhAFHERMedd8RNSS @kt NS 'Wést a@éﬂcﬂdEyEatspand Canada

process and analyze mcrodata in -
West qet@6tks2they or thahare defindd entinelg nmhbef:mdq:edowogolatmal boundaries or
consicie?zﬁ%tng.o ol g)gansl eC htelc?td q'l"foergrtltlo%as fstr(];Ag%\rM tlesht% the US Eastern
network than it does to other cities within Canada. Furthermore, cities within Mexico
and the Caribbean islands are so extensively linked to the United States and parts of

Canada that they share a common network.

[0065] Referring to Figure 19, the screenshot displays a list of cities belonging to Hong
Kong’s (inbound) city network. The figure indicates in the far right (“network™) column
that Hong Kong is the hierarchical “head” of global network 21 (55 networks have been
identified worldwide in 2003). While the first number indicates the network ID number,

subsequent numbers describe its hierarchical structure. In this example, Bangkok is
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anal ysis can be tailored to any entity such as
airport, city, state, or other organization. Although
woeissimasn in this figure, D aSPORA is al so capebCa208/000617
constructing an analytic unit that is not
geographically contiguous (e.g. a nultinational
nested detqyo Hahp dlong, twhileuShiags Rac édhr Bameic and ¥ iditmhaate parallel to

cities and co tri als al l ows the user
one art%hegea}néc?esgedd %\i’t @fgkpa wg%ﬁa{ey ftapag rﬁceesmegelow Koh
Samui aHQ%QHg ﬁ&@a@ﬁé’i’@&é RAe@{nB1 (RAWr h(t%@& REERSNDE L se%(ment of

on the global airline transport t|on net wor
the alrhn@trmpontaimmmemd)rk providés isapbitgutresuat fes sied satisgtebal data about

exarn t he inbaund archi ecture d, fl qw of

how vitiRiabRt SRARBECe bifGa SERPR iy G BE Scatisiy TRohgadet lobal
networll 2 2FHB30zh MRk btn At iffutd Aad]arétifecRY of SBE -Ai6Hal Nedine

ci rcunst ance and set of conditions, D aSPORA perforns
tranSp@'taﬁogone@WQrkn@t m@hkdlawaslygﬁdsartdocamebc’r described pt eetieus levels in

ectur i G en 1§k s connect ed

DanP%{sk g ngflr Fr%gv !raéqugl h{ea%l:)on net wor k.

[ 0060] Fi rst di rect connectivity is analyzed in terns
[0066] 0F1ghht€ 2m ni (ﬂﬂtmeﬂumh%f th&f seﬁlﬁﬁopﬁod'eﬁﬂ dédcitled doit Fipu@d 17 but is

given city-p As identified durlng] lhe
dlsplawglr gréW‘%IYSAﬁSS dgues @ngvsdhe chhlgal(ﬂrflvtegture of the network in

Whlch\éﬁhgﬁi R 'réslch < Ifng%g(?ys e)ﬁu%@?xllorb nEiged WS 5 Ifss R%n 5 eeﬁthf()@gﬁons

rs to ely related to its
where r&z“d&bwesi ccmﬁrni&d to hmdreemﬁmpbm&gfh}sam eAtiBoighmot demonstrated in

trapsl ocat at di st ance Thus, [ can qui ckly
this  spgeHe | 18 e,l V&F‘?"é@‘?‘l‘%ﬂ (‘PaJQr“Ynd% g&%g c%?ﬁ??ec‘t‘?sé% an
1ntemzﬁ?8n§lt Qor@ér \515‘ ‘ébl’hﬁﬁsﬂléfl &if Irh @M ared REGitie O BSthE fEYIbT 8 réflonal
line of fire" of an infectious disease threat.

netWOd@S@IﬁlgRb‘f mord sequesteréd lpgaonbdeldd.aSPORA per f orns an
anal ysis of direct connectivity, displaying inbound

D'aSIJan?&?ngﬁtﬁg {}c,‘ﬁtsolpl%liaén%hts into Hong Kong from al |

s worldw de for the sel ected
time frame of January 1st to Decenber 3 1st, 2003. The
[0067) d&tva, typéd oh matherbaticak mrdetsdhém béawr Hoellomdal ythé Sirst denved

denonstrate that over S mlli assengers.arri v
adoptinga deiggREI GBI ml?lkeﬁhe ﬁ?fozge‘gg %lgﬁfq ﬁﬁ@n%?r

;8 1% of. all i nter nati onal ! nbpund volume. Half of all
[0068] | DERTRMISRO Modd1D THRybE dfrfrhédel (IR dHIREdKRAA a classical SEIR

(Susceptible, Exposed, Infectious, and Removed) framework and adapted for the
purposes of this invention. The ordinary differential equation (ODE) below is applied to
model the transmission dynamics of an infectious agent within a given city, denoted by

subscript i

-7 77956-2



was accounted for by six cities (i.e. Taipei, Bangkok,
Si ngapore, Tokyo, Manila, and Beijing). Data shown in
wao biog/1f9182ur e i ncl ude total inbound passenger vRPCTIGR2008/000617
per cent age of total inbound passenger vol une, and
cumul ati ve percentage of inbound volume by - 2 0 -
d 77956- 2way_ of exahpl e, however nunerous other network
B;baFéHeﬁe%éﬁpeﬁ%agnrngw%@ connectivity, centrality, and
"connuq?lity are-additionally generated. | 0062] Figure
j{é?L_ngﬂﬁy_@[4§gggple, di spays a sim |l ar anal ysis of
dfa1T"ﬁh@grna i‘onal’ 1‘'nbound traffic into the city of
gqToronto via non-stop flights from 120 destinations
—Vpe o, de (il-2003. Through a conbi nati on of tabul ar
7ffornats and graphi cal representations, information
4 gbout ;a djyec nnectivity is efficiently
E{%bﬁhﬁ%fEh@%d %a?glients or users of the invention.
[ 0063] Second, indirect connectivity is analyzed using
two conpl enentary mnet hodol ogi es: principle conponents
where (If §¢égresenntat wras dandonpPilctdfatianagehtotyency pesed and 1/y;
approaches are used to define the scope and
represéit &1 mtddh @akatoh o G fbét R neford 24OV By deRRGR rQbvakii ch
enconpasses of a collection of hlghry i nt er connect ed
cities. For exanple, a city may not have non-stop .
100691 { TheyhE R medeleras swgsqauently medifigdite agepame fir commeaciak aip fravel
. .| . . n
5 berwed RGNS hARBAS CUlBIABN: oL oIERRRIQBLO B8 -
the scope and hierarchical structure of the network in
d whi ch a particu%zf entity wr-city resides sheds
& yalugbl e, |p ghts 8iti hoy yul beg it §™ pei ghbours”
dt‘?ﬁ gﬁ" E)Feuﬁ g agjba\:f’zt i cgf'§ﬁ+{gggi’?busg ggég‘e t hreat .
[0064] Referring to Figure=l8, thi-s’fhp-of-North
d Arericplidentifies us i nci gt mponents (factor)
5 Lo 9?%; ~f Sart fajfort WS‘%EM ﬁrﬁ@g Wil e the
~ networkK$ have been sopewhat arbiptrarily referred to as

1US East, US West,  Canada Eastrand Canada West

—mebveiEks. (Ehey )B4 3t ni e A Tnelrentirely
dii ndependent of geopét ti’cdl )0) ndérues or
consi derations. ForYexanple;fhe-city of Toronto has

d "stronger” ties D Eﬁg Us,Eas n pgtiwork than it does
E}E”:b?iEF'@ﬁfﬁé§f§[f "afada Uﬁt§9rnnre, cities

~within Mexico L J=1 j=1 §

Number of passengers flying from airport ¢ to airport j

My = " . :
1 Total number of passengers flving out of airport 4

{0070} It is anticipated that the analytic horizon of simulations conducted by the
invention will generally be in the order of weeks (with iterative simulations being
10  performed as new information pertaining to the infectious disease threat and/or
commercial aviation data become available). Consequently, the above equation can be

simplified to remove the susceptible compartment (i.e. which approximates the general
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and the Caribbean islands are so extensively linked to
the United States and parts of Canada that they share
w@2@emmmas2 net wor k. [ 0065] Referring to Figure ROI/CAR®S/000617
screenshot di splays a list of cities belonging to Hong
Kong's (inbound) city network. The figure indicates in
pOpulattlhe iving witljhta oity et woHlexpereke negligize chivmg Wt a |sh01t-m§1ge

BRI g o Rl e B

removéd gt 6 L{mﬂfmﬂyn&* aaile will e AEIMBIK rbiRivel ED@e total population
subsequent nunbers describe its hierarchical

acrosssilk gemparements dprng aeshertpinege Bangiin)i slhuspthe equatron can be
L7195 te n n
reduccl B0 s 5 GARRRRE o A Gl SREETuitler s
demande st deddedseysiBangilsakime-ur t hernore, Utapao is nested
bel ow Koh Samui and Luang Prabang bel ow Vi enti ane
Usi ng graph theory to exanrne a segnent of the airline
(jtrans ortation mprk (o] & s inportant visual cues
ht+ sthical ) dawalabo ﬁm/rEzvuI nerabl e or
sequestered a gkven |ocat+on is within the scope of
dthe br oader global net work. Al though not shown in this
—fj,qucep, Lherar T ey ur @ntpe gl obal airline
dt'f ansport at’i'on et work i lnu t'i - di mensi onal and can be
descri bed at vdrlous | eVel's in Di aSPORA (shown as
| ow- I evel, mddle-level, and high-level). | 00661
[0071] FSQMBQSt?cQVI'oﬁeld ?his"t?ﬁe b‘ﬁﬂnﬁ@elt\i}h% d%@@f%ﬁ&f raceeﬁmriee&e Idi §6htion
for Figure 17 but is displayed graphically. This
of poskibipurealizgdions stehemlngércan @hdinglé eaemsHi. ﬁe@spnceﬁcofnfmleus disease
e ore resj ded
threanft SR s o o WS BRPeGiess-anf BipPea APeebiually slarto the

&mplﬂﬁﬁ@ o 20Mparment Qefermimidict &rdiare difreéhtialeqidied (Q)DE‘,“ fodel

Al t hough not denonstrated in this specific exanp
abovet h8yovealvdtiaenibagowiegroes pf coth sitmdatiers ardiidyaldy, nlg e@ﬁbles an

estlman%aerfqﬁe g)%‘}%l){lﬂ? ??&p&?eﬁ{o&g@%ﬁg &?\6 N 1{y Brgde‘}/s lerel %H;gp%gd for

I'tre

spatloﬁel&qj’okeﬂ JorlebstiAP hpplRatoes tWhadsipaifiasntbriarde@ludbers of simulations
Di aSPORA;‘Nhthenatrcal Srnulatronz | 0067] . Twg types of
are pefgiRRctic ' @XFragpdwlee prsgeYef s e diRFBRgisaredel {ands 1 rgroximate

the “cAehi¢ge vALOBLAHNG %ee(fe%rﬂhlﬁgﬁ&mt)ﬁénemr k, while the

second uses a stochastic franmework

{0072] The process

X(t) = (El(t)’; Ii(t)pEn(t)’In(t)) t= 0
is defined as the Markov process that verifies the following assumptions. Forall j € T
we assume:
1. In atime interval of length £, a susceptible is infected in airport j ,1.e

(61, ?:1,5 ey €4, ’i-j, eeny En,in) - (81, ‘ih ey €5 + 1.‘2], cny €, ’in)
with probability

p(h) = ﬁj'ijh + O(h)
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[0068] Determ nistic Model: This type of nodel was
derived froma classical SEIR (Susceptible, Exposed,

wo ndogatd1gzs, and Renoved) framework and adapt ePICT/OA210R/@00617
pur poses of this invention. The ordinary differenti al
equation (CDE) below is applied to nodel the

2. tin ansmd issron ofliength bs resbven of af mftc;tcxllmdagm 1mmtpurtg)‘,ei.e.,
gi ven city, denot ed by subs 7956- 2
p {eg ‘-1’f"~*.€~7dq8,“1-’%1’ = f‘rlcek 1 f}){z dt Z1 -1 Sinér
Mithmpbéééh’ts the mean duration of the infectious

agent's |atency pepihd ﬁnﬁ éhH— c)(rie resents the nean
duration of infection beforé renova by death or

recover he SEI R nodel s .subse n

3. IBaTL Tt 2E Boeh r g b pe iR AV SEER it
@PPEs/-dfd i s shown bel ow (adaptations to the original
g ion, emr@le@I _Nu er of ..passengers f,lyin
?rg?ﬁlalr %rt 7""to al}rport ] %‘Totz nunber of A n)

Iéfﬁaél?lgtyflyl ng out of alrport i 5)0070] It is

anti ci pated that t d/gral gid;d Hoo(hon of sinul ations
conducted by the invention will generally be in the

4. %eurmeo {n Wi lﬁ' lc(n\@”tl} F& 2 a}l %%ﬁ(gse(y %d%vaHA] 8] L 59;?8%1 ?% Bnsferred to

on pertaining

|%‘F’8Ett’1ngﬁ’ét ’dffs?%ds)é ®“threat and/ or commercial avi atl on

(edatta-bepayre-auaiih ablf‘e)?ﬂ)eor{ﬁq?uentrf — g -abbve 1 s €ny Bn)
adidiapioBRbiGeN be sinplified to reane the suscepti bI e
conmpartnment (i.e |ch appr oxi the general - 23
- 77956- 2popul at i ol Wﬁﬁ;ktﬁg ' EP@\,I ty and will

eepellifercé . negl i gi bl e change wit hi n a short-range
simul ation) and the renoved conpartnment (i.e. since
5. tine tiro¢ Altermalrdfdengf hpeansmfaete&mh\adml nieampeet jdsiganserred to
|dim¢|[’t|;§)(“<p{|rh geat i, | | be negl igible rel agl Je to the
t ot al popul at acr,os. jpar nts{dur
(e h{} t-?éﬁ e s%ﬂm’r at’i 8n§‘ QJCC the%g%&atllon gggkarl €ns in)
redypebabity ts final si n’pl | fied form whi ch

significantly ease Cc ng demands and
chrﬁaE%fl mul at |%‘1ﬁf 3’?9;%6&) E+ fiE- nPE

6. In atime interval of length A, there is no change in the system, i.e.,
(E1,81, 0 €518y oy €y ) — (€1, 81, ., €5, 15, ooy €, )

with probability
p(h) =1~ fh +o(h)
where
f= Z (Bji; +jt5 + €5€5) + Z (mﬁej “-"m;kej)
Jj=1 jak=1> ks£j

The expected values in the model Ei f— ]E( Ei(f)) and ]_’,‘, = E( I i(t)) verify the
deterministic model. - '

[0073] Figure 21 represents output from a simulated outbreak of SARS originating in
Hong Kong on February 21*, 2003 and continuing over a 22 week period (designed to

parallel conditions surrounding the actual outbreak in 2003). Results from the
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=0l j=t/ . . _Lj+mm1l--nl 1j=LJIf=l |007I
Stochastic Mdel: This type of nbdel was devel oped to
we@x@silras: he di stribution of possible realizat P@IEA2008/000617
stemmng froma single event (i.e. a specific
i nfectious disease threat). Apart fromthe use of
inventidiaisk smdmstic: egsdstiont hedebdehning < ootelepf 3ad | symslativhgridemify

fied two-campartnment, deter nlstl or. di
cities BRERioRh Dot BiGAS] 1K PROEPOREIGI (p 00, & BymOgRH ARy
exceedifi® 99%5001‘1}%50(5?umﬁ FaRhSt Rt Hen :ih’&‘é{)sV\Jvl"i’ei{l E\/llzisyactﬁélly observed
enabl eS an estimation of the probability of

duringj thp GYARS ootbrdabr @hthegiimphatasi 19 highdsti rssknalies wddgwale, f6had
i.ot e ast i appl i cations. Wen
e‘thergﬁpgﬁ}?lf LY rﬁ}leflg%dgscﬂ?ﬁ%@gg 'of sinulations are

perfornmed, the "average" val ue observed in the

(0074] SFigah@ 22 istmieiets thendh 4 eccaivpr opdraBiL clidigcteristic QRO adlirve,
val ue derived fromthe determnistic nodel. [0072] The
the st(mh@ﬁy_cs@odqltS) disezimipayiqry any calibration E}?C(ﬁC}l’[lOl’lS/ W{th ygspegt to the
.S e e LKO S a rgfi
woro kAR, SAE WA EQUERE Sl bl 20 g
mmuldhloﬂe wittht a‘etuaa lcoxﬁinﬂedrﬁglﬂhs hmpmaatﬁms C@Btnn(hieﬁ had; 91 B¥esdneitivity
and 90 %%/fl |sz)gp?fr'101§y legp t’hfat tlfse qlm}llatlons are StOﬁh%tllC) (apgl { ygpresent

dlfferegf ?Qg?dlé k‘éal’lzﬁfd'x\)s Fa@m 1d e\bbﬁﬂ) o4siks acrgsAs 51?1717a%%ﬁs ?grgtt!é Eome

I me I nterval , recovery of an infe
extenti r}ébnetlxélmt in numjerq@s ﬂzirge scalc; spﬂtrahmmu@kmbs bf 8ARS( the)inverjtion

has unifogialie Gtoehiip G st oot H8e aPesitiSBinieshoidy S g avea

under thefourve (AUC) consistently ranging between 0.90 and 0.95.

[0075] Figure 23 depicts the temporal component of the invention’s spatiotemporal
simulation capabilities. Specifically, the figure demonstrates congruence between the
median week of simulated SARS importation with the actual week of SARS importation
observed during the outbreak. Use of more refined passenger flow data (if available)
during an outbreak (i.e. ideally over short time horizons such as a single day) would
likely further enhance temporal precision. Nonetheless, 61% and 83% of simulated
SARS importations (during the above simulation) landed within two and four weeks of

the observed week of SARS importation respectively.

[0076] Figure 24 and Figure 25 represent results from hypothetical, simulated SARS
outbreaks originating in Jakarta, Indonesia and Cairo, Egypt respectively on January 1%,
2006 with results observed until January 31%, 2006. The probability of importation is
depicted by the sizes of the circles overlying cities. For these figures, simulation
parameters from the previous SARS model remained unchanged with modification only
to the outbreak epicentre. The two figures demonstrate how differently an infectious

outbreak could unfold from different points of origin worldwide.
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J, ..., In) - (e-i, 2. . . .. -1, 4-1en.
in) with probability p(h) = eJe h + o{h) 4. In atine
w0 niogniyEB2 of | ength h , an exposed indivi dual PEI/CA2008/000617

airport j is transferred to airport k (with J)i-e.,

with probability 5. In a time interval of length / 7 ,
[0077] dviathededdad chadaldiin DdaBRORA can bparddified to reflent diféarers ppathogen
charactaelrigt?cgggqcﬁ §SWI _btaSE}C iéprO)d{i(:‘fi(% gm[n%{ar’, ilnélibatibré'qg(r:loh,i Enc{ii quoA(e of
transmisston® [Meal popilakioWifhdloRra88@ARhArhicY cBa alsd be thiloved {04l dbcal

of length /", , there is ndo change in the system
conditiong. Thyse by acgesping the wialjh ¢f data in GCE Dia$RORA~cap sjmuylatg the
dlsper%{oésﬁff%pgni 1?{)6)0';13\@ ?L%egxrtsg erogrlcx:ltag) yslgsf E%lgll i c{)wgne}r;cgélg%lrgort
worldwide ith ver@sbridnotiee End delivler Yeswiey withintthesp@tofhoumi sti c

nodel . [0073] Figure 21 represents output froma

si mul at ed out break of SARS originating in Hong Kong on
OUTPEEG; Rogential Seeparigioo3 and conti nuing over a 22 week

period (designed to parallel conditions surrounding

[0078] ;@\g w%? Ly @‘J;an%l&sk,’ Leak s&&aggﬁ%olvﬁfg%ﬂt&lﬁiaf {n%ﬁti'btlﬁ dil'sea%é threats

6- 2 nvention's stochastic sinulation node
are defaribadibelpvatd dembnstraite2lt®v shemnvantianmjghit dentsed yndért ieglsworld
. “&{edi cted to be at greatest risk of inportation (i.e.
CICUMaNEeSa si mul at ed probabil ity exceeding 90% . The
colum furthest to the right shows what was actually

[0079) OH§Péthedcal Scenario 1: After suffering massive and ongoing economic
damages from the local outbreak of SARS in 2003, the city of Toronto is looking to
develop a comprehensive preventive strategy to mitigate its risks and vulnerabilities to
global infectious disease threats. One component of that strategy entails an assessment of
how Toronto is interconnected within the global community of cities and what possible

strategies should be considered to protect its vital health and economic interests.

[0080] Hypothetical Response 1: As an initial step, passenger microdata are extracted
from GCD over a five year window (i.e. preceding four years in addition to future flight
schedules data going one year into the future). All analyses described below are

performed to identify time trends.

j0081] To assess direct connectivity, GCD microdata are analyzed to examine inbound
flights and passenger arrivals from all cities with commercial airports worldwide, sorted
by the number of stops required to reach Toronto and the volume of arriving international

passengers.

[0082] To assess indirect connectivity, principle components (factor) analysis is used to
identify the network of cities in which Toronto resides, while applied graph theory is
used to define the hierarchical structure of the network. These analyses are conducted

without consideration to geopolitical borders.
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during the SARS outbreak. O the sinulated 19 hi ghest
risk cities worldw de, 16 had either probable or
w@eoBilrarel SARS i nportation. |1 0074| Figure 22 PCT/CA2008/000617
sunmmari zes through a receiver operating characteristic
(ROC) curve, the stochastic nodel's discrimnation and
10083} calistorfaglotmh cepe o Whhticomgows miestrespaxtd, ldired;tt}eand indirectly,

s theny ey B A0 G SREE G A BT (RCHORGAGee (hats. For
exampfe0 Bitie§ MRAtcdAREhih R Hehddd PRNI Ak iRd&]zaaehr&k gtyﬁ’e affecting

sensitivity and 90.9% specificity. Gven that these
poultrysandidrdwinans wanl kst avohiderei ¢o p@mdl heeﬂinfemé mitsk dii.of. ff@‘rtéﬁposmble

S R NI CE T L) .

exist wcmldmmeb@u@qshc&f@e}owaine oS RVAtal risk MUlsiigl thd abdle f%ﬁ?s%/ork a
the invention has uniformy exceeded a 90% sensiti vi ty

list of high robosiigseroylH detapnemicd g ranked; inferans efrtbeir abidie to rgidly
| 0
detect %%éo%txlgg%ﬁ%‘fgﬁﬂﬁh‘? es@%% { eﬁtagl?dstp? P}R@ Mﬁ%or a 95 aé)?]‘%} ﬁ)‘éol'ﬁld be

estimarl byhmantify@iyf the scpesipakaldt ammmdn ®hcmutatioatly available using
{fes

SO S I T .
Thus, 'tE@S)O({etf LN o ghhl%fl]?lsﬁc%lﬂéé W&RY o c@ﬁ%&i'zﬁp &gb@ﬁte of

erve uring the outbreak. Use of nore re
intercopasseingsy Mthoﬁmrdlatbalo(chlf riskv &l thblegdergimce 0f) aannfwhdmsednkease

i, e. over hort i me_horizons such as a
threatép%&ca % Qe an K%ﬁpﬁn‘%ﬁﬂ%ﬂ‘é?a‘é]?ﬂ% 8% FBFEOr al
preci si on. Nonet hel ess, 61% and 83% of sinmul ated SARS

10084] | ARAGH alst ONT ok SHis s n%ghl@g ROVEti& Wohlatthe@ be lcaaldedd through
within two and four weeks of the observed week of SARS

mathematies ﬁmulmpnrses@w@tdevég yacl] 0b#se fcgiions 42 pplantRl picntre
under aéff.{?% eé{il?a‘? %d ﬁ&%P 8r§d1tf15n%mjubé %&Et\}r&gobe Sek%'at%g ?%aﬁéﬁg%y

S ori nesia an

posmbE@yrﬁtllateﬁSrBzﬂthleﬂ )H(QVevéﬂ ieutest Asdntior WMmldNbd Paid esivhcstation
observed until_ January 3 1lst, 2006. The probability of

eventsmﬁbﬂl@ RighsH prebabalify c SEEteBiF qoateaNgasures o prryeRy figTuph and/or
delay Wt ls¥i 8@ aﬁ?&gﬁ@d 1ﬁ%t1$\ﬁe%?se£§§Aﬂi§@§s v§+1mi'| i 'p?(gaé)sed at the

par aneters he previ ous remal n
mternamnhiateg'ekj (a2t he1gintdnéd satvedlananifor indedtioes alitchsasalknternational
mvestxggntciﬁpdtg{g?p%xggﬁd E:gr\ﬁro c pabehtles) oca? evef &eglohw dc% Ltflr?lgr? petslo rce

allocation, investment in local surge capacity) and/or at travel itself (e.g. consideration

for travel restrictions, heightened border screening).

[0085] Hypothetical Scenario 2: A terrorist organization has announced the release of
an undisclosed but highly communicable and lethal infectious agent at London’s
Heathrow airport 24 hours ago. During investigations to detect the presence of dangerous
infectious pathogens at Heathrow airport, cities around the world have been placed on
heightened alert by the World Health Organization and advised to watch carefully for

signs of a local infectious disease outbreak.
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out break could unfold fromdifferent points of origin
wor |l dw de. - 26 - 77956-2|0077] Mathematical nodels in
wWOr@SPCREe can be nodified to reflect differentP@HCAYEN00617
characteristics such as basic reproducti on nunber,
i ncubati on period, and node of transm ssion. Loca
[0086] Hypeth¢ticah Respormoe 2: dihes vhypivhrespeise acenatis ovdudd involvertbel swift

exract TRl chRFE O BP Rl cahY o AP S e o
the int€HtRREN f&llRe. OfSikbel fcBla® PhsseRf @ Cdakd HOADL Bbarsl dafliBrai¥y not be
city with a commercial airport worldw de with very

avallabéﬁaomuntﬁotOif cf@hadidecﬂenlamégerr ety t(andaipopdiblyt peungsp ad %ﬂheduled

tla enar 007
passen%e)gg r\,;vrl) urch t1ck Een gyaloast)?snvo 1('1 85’ a ces gn tSB)aéFMé(d passenger

seat ddtnfwegild @H%@ﬂlﬁ&ﬂ% dpplyed maarﬁcﬁes:@tﬁmbxe@l (helthavpréportion of
denonstrate how the invention m ght be used under

passenge ApatGeequpiad ycassngereks. [ 0079] Hypot hetical Scenario
1. After suffering massive and ongoi ng economnic

j0087] g??%qa%ofd{eﬁgﬁlt Q&nlaﬂ a ﬁytc?'fe@aﬁoﬂﬁ §AR§ith nco%ggﬁglai I?;l orts

Toronto is lTodking to evel' op a conprehensiv
would e esoetnd ibyeths tuatbeg pf tsmpmawagaﬂreanl Eendohskdealmdw Airport (this

vulnerabilities to glo i.nfectious dise threats
analysiyfan 06 ApURIs Jhe RO BBy 16 eaeRi L Gub SERa R iple
airport®fo REWHY RveMvBuld Helunh&lesARNGMH @Buth bpatsdder GbaPdblume.

community of cities and what possible strategi es

shoul d be considered to protect its vital health and
[0088] dYiwbations |1¢1\t0é‘r1@gtﬂse spreaBof thy pmtvweﬁfrd: and Ré@p@tmfé@ Infeciipus
an. ip ste assenger Xt r
agent Pt oP syl Koo SASGEAY GPAGERTHAL Y ERUGPT Y geiprve

probabyl@&ss Sof nm@dldattdno o daftérehtucitiet | ar@\liﬁd Slﬁ‘dﬁ gtbbee Fodlaghs kind of
oi ng one gear into the future). anal yses

SImulag@% anglyey chapeifrisics op Hierifegens %gemo%oﬁéq s Cstimpted; ysgpggas best
or worL;tO&%gf]sceiL rlgsﬁgﬁﬁ‘ngf BAEd oft qﬁ‘gﬁ‘%h‘}@ &Y th&qgﬁg%gﬁ&g %q%nored

re analyzed to examne In s an passeng
entirel@ Mlth\/ﬁhﬁlleftmsrhalltlhg ovtenathe \wnfedtiocas mgemtcﬁrat “landgiantamother city
wor | dwi de, sorte t he nunber, of stao red to

( S requi
G PECHMSRENDD. ST hbey SRR DOPRUTTRY 1AM (e gHard)
FurtheRASre C418 8 atyses would be tailored to the precise number of scheduled passenger

seats (and/or estimated passengers occupying those seats) that departed Heathrow airport
between the declared time of intentional release and subsequent announcement of the
release. This calculation could in fact be calculated with down to the minute precision
(assuming flights departed on time as scheduled). Consequently, cities on the “receiving”
end of flights from Heathrow could then undertake appropriate measures to respond
locally, in proportion to the estimated (simulated) degree of risk involved. Further use of
the invention would presumably occur if intentional release of the infectious agent was
verified and strategic control measures were sought to further disrupt or delay its spread

via commercial air travel.
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[0082] To assess indirect connectivity, principle
conponents (factor) analysis is used to identify the

woedsordsnf cities in which Toronto resides, wWiT/€A2008/000617

appl i ed graph theory is used to define the

hi erarchi cal structure of the network. These anal yses
10089) & sornowitht Giredhrvsictimoiot tocthe ®heldestibed at Scgmapd ntight &intail an

., barders. 7 77956-2100831 | ist of tgl oi)al iti ep

accidenfyl; o, igpEHeh RROASE! e etk SdbOHIFRCITS! andr
harboufiﬁ@ﬂa{rﬁg"él;dl% dnﬂe&i&u@?_ﬁth@ﬁéﬂsyat ed for anticipated,

suspected, or confirned infectious disease threats.

For exanple, cities |ocated within or near an HSN1
[0090] &pipethetich] Seemaziookit hlarak mudtiatiahdleorpaiefiquowith pperanerson 7

t,0
laboratory

i e BT RO L AP T AL SR EREC e

raises dOAOERIR) sevietH &8l DPeratibild i@Shé BomParshs bigasiahtedngl biewdire 4re
| abor atories exist would al so be considered | ocations
locatedgin kadencstacand Vagtnarys pregs tyhereapebecaky afdladylk invalving hugpns

) N 1 | o _ di

rave ofOORERE LIRS, SPH 5aR9 SENRRLSE,ARIENAT hRes, T

insureradirdctly egestions thé seaseationisembyrabihioubhod cugrestvahgea subbstantial

) ahiljty woul.d be estimated b uantifying the scope of

increash 43 B Ca P! HOFERNCE 5B PE 48 qr%egin?fgﬁs e 1Tk aregiggted. In
o . | > P )

esponE2ME TR R, M P AR TOPHIALRN o focl an

global defectmiusi diseasé threhisghwithi ghe oit¢rition o utedtife sttategivedpeaaticmal

conposi te. of .interconnectedness with Toronto ocal
redundfiRGR i} S Rsifefi Gonte HOTATS A AEE U MBS LR fre more
“sequestBic@@tand agryl Qa8veARddidtyd gk deBCdreAnd & @ERCEH tb Andintain
threat shoul'd one energe. |0084] A short |ist of

businespopaptingity at lhglodel favek the icotpesatiputegks ke pdeptify measures to
mtecte\éaelcggtn(lelg iltltgrregtggh mat hemat i cal sinul ati ons.
p o sl R K ng each of these |l ocations as a potenti al
epi centre under defined gl obal and | ocal conditions,
[0091] dHypushéticad Revwonsd 3b&hwatnagivadodld be icosdutrd)in peigildl fashion
sijul ated real.i zatjons. However reatest attentio
to Scerggigr by \WEh BAAcRUIDIQ HSIPIMET BB s Gy 9%%?@ fiedgfined.

For thiRF QRARId ithy ent%}rr FbEQI Ge COMPHSITEATMBSnd WhBfeEHRNorporation
di srupt, and/or delay the risk of anticipated
maintainsf #s thieadguadieseasd titat eqpesatinos | (debé piftepod edtiet b hdifferent

inte tional |evel . 0. hei,ght ened surveillance,fo
countripfl; AURSE AvrecRERte il HERP SENST B eV oA irel and
indirectl &doRfédtiaRty 28h ANt bO|detrmated! irt itRS )samk Of@hndre¥€IScenario 1.

(heal th and human resource ) )
Furthermore, sub-group analyses involving the most vital locations and operations could
be considered and simulations tailored to a number of “most-likely” scenarios. Analyses
could also be performed to coincide with peak business activity during a particular season
or time of year. Analyses would subsequently be conducted on a scheduled (or as

needed) basis to account for corporate expansion or restructuring and/or evolution of the

global airline transportation network with time.
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al l ocation, investnent in |ocal surge capacity) and/or
at travel itself (e.g. consideration for travel
w0 e®Bni1asi ons, hei ghtened border screening). |BOBEA2008/000617
Hypot heti cal Scenario 2 : A terrorist organization has
announced the rel ease of an undi scl osed but highly
[0092] @mwnndadﬂse thendedceiphian dfné eutsentls prgbmed atmbeshuient of the

5 R AR P W RO ion

and isPRithReasd ab tdeakikyuoiveabf ROIimit Cthé | iGSerdiol Uddihe ewé |felrm
have been placed on heightened alert by the Wr

disclospgaflt i itterpedi thasgaps oAk mucntipacbe limited aof hyah@fclmryptmrbut
i ocal infectious disease outbreak. - 2 8 -

bythe?%%ﬁ%¢§{%®§ [ Hypothetical Response 2 : This rapid
response scenario would involve the swift extraction
of flight schedules mcrodata from GCD at (and around)
the declared tinme of the intentional release. Since
actual passenger data from 24 hours earlier may not be
avai | abl e, counts of schedul ed passenger seats (and
possi bly counts of schedul ed passengers w th purchased
tickets if avail able) would be accessed. Schedul ed
passenger seat data would be nodified by applying |oad
factor estimates (i.e. the proportion of passenger
seats occupi ed by passengers). [00871 Like
Hypot heti cal Scenario 1, all cities worldw de with
commercial airports would be sorted by the nunber of
stops away from London's Heathrow Airport (this
anal ysis can be initiated at the airport |evel since
the aggregation of data fromnultiple airports to the
city level would be unnecessary) and counts of
passenger (seat) volune. [0088| Sinmulations involving
the spread of this unverified and unidentified
i nfectious agent out of Heathrow airport would be
conducted and exam ned by the relative probabilities
of inportation to different cities around the gl obe.
For this kind of simulation analysis, characteristics
of the infectious agent could be estimated using a
best or worst case scenario, presuned based on
intelligence or other information, or ignored entirely
with sinmulations halting when the infectious agent
first "lands" in another city

-31- 77956-2



(i.e. local transmssion within the "receiving"
popul ation woul d be ignored). Furthernore, al
w@an@BigsEs2 woul d be tailored to the preci se nunmper/Catoos/000617
schedul ed passenger seats (and/or estinated passengers
cu |ng those seats) that departed Heat hrow airport
vanl%&?ﬁﬁ n Sthe declared tine of intentional release and
subsequent announcenent of the release. This
1. cabswnatirgledi@iflgrdndmisivh dfan GabeitudtagehiWid &ir g to
the mnute precision (assunming flights departed on
compriginge as schedul ed). Cbnsequently cities on the
) g ' Id then
@Rl tai Bl L BHlrh AL LANGRR i GRY)
betweep roagnr ditienandaletteation kitient sail z(lspzfﬁsér@%ﬁdévdﬂ Ggﬁ@ﬁ:l@dmg I'S k
use  of the invention would

d. _Furt her

ffequef]&e/ @3 @ﬁéﬁ? fromcaisorigin ritieg i sashdastipgjaniesppumbpgy of
passengdi ﬁﬁ\‘}élﬁ’igsfro%g & o th?e,rs tf) 'sﬁﬁ daét aﬁBﬁ @1%%9'11% GRPLF (ﬂtect

neasures were soug t to furt I'srupt or dela
non-stapitightd fronasad omgineitads takaid tleslmhon eitizg tetal?ﬁ&ﬁﬁg@d 04F8 O Yor

simlar.scenario to the one descgri bed as
said Of@&ﬂgﬁa&f (%’Sﬂ?flj‘rﬂn Céﬁlﬁsa?frda CRresRAndingAats stamps fﬂréﬁtsﬁlér%q
passen$@lﬁ%gtdyay breach at a biosafety level 3 or 4
abor at ory har bouring dangerous infectious pathogens.
b0 e eddelifyp ongied ppeadtive@de meapi seidir paséraeyeavel Hath mathi saihl

. ti,on with n 7.cities arqund t
infeei §RSBENR BB RPRELTLP GRficlt FEF Lo dratorcit
from ai IV oridideilyRsaifiekralé &R concerns that several key
yeratlons in the conpany's organi zational structure
&)  ISPOEERERNLINE APSERSIE $9 Broduer aprebakility efriefstivhefisaid
SETRTo U Vi N hunan have be oi
individ REISEn Ry el QKR AR HATER  BEE APE aT OS4
map. energe. The insurer directly questlons t he
corporation's insurability and suggests that a
substantial increase in the cost of insurance may be
2. e QYHER olf@Lﬁﬁsi WReRth §aﬁc§5a?a%§1srﬂptdb&ﬂta?gneel fﬂonth 1ntervals
response, e corporation pursues-a rigorous analys
of its vulnerablllty to | ocal and global |nfect|ous
S th th entlo of .creating
3. ?111? 8% jt ng Fam ?aé‘g% e isd¥ QWG IR} 1SFs P8I yi ng
its V|taI operations to areas of the world that are
nore "sequestered" and carry a |ower predicted risk.
4. Hyre sy semioh glazm 4t whensipysaibmpdélingaingine uses deterministic modeling

techniques.

5. The system of claim 1, wherein said modeling engine uses stochastic modeling
techniques.
6. The system of claim 3, wherein said modeling engine operates iteratively to

produce updated maps in conjunction with updated data.
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busi ness continuity at the global |evel, the

corporation seeks to identify nmeasures to protect its
WE@e®nomis2 i nterests. [0091] Hypot heti cal RespoPGEC32008/000617

Thi's scenario would be conducted in a simlar fashion

Scenarjq .1, with excep n he ner. whi.gh.
7 e SRER Pl Jain). e e et b b e gy Sif iy
data 1nc‘ﬁﬂﬁx|1g’§ﬂegor thée of: rgcbhamwkad eRErdiRiaid] 386 aal h%&]ﬂ?édr@ﬂ@ta
where the corporation maintains its head quarters and
and said/mpdé¢lingpmgineiis igthel operativedp st yrsaidomnapsdms¢dhonlsdid eitent
data countries). Although nore conplex than a single
* location, the corporation's direct and indirect
connectivity can still be determned in the sane
manner as Scenario 1. Furthernore, sub-group anal yses
8.  Thesystammel ¢elpian hpshergintsald medeing spsing aperatse padp@far the
n ]
eSO S RO PO A LSSl g
total pak@ngertfabficiod shid d@ﬁtlﬂmbﬁi eitwridepgelakt dfusigiresisy. activity
during a particular season or tinme of year. Analyses
woul d subsequently be conducted on a scheduled (or as
o THERRI BPStan 1 RECA I Rl RERRPALRIRERARSLAN Bortof
the likehhmﬂscpfmakhhfeonoumgmtrdnte/mrtghsatd dmtmatloa&lty o?réﬁ%ﬁermd(tﬁ“gme.
1 This concludes the description of a presently
preferred enbodi nent of the invention. The foregoing
10.  ¥8SSYddh bPPalRS, RRECINRGERERBEGH A 1nE %ﬁerﬁﬂ:% ROBRARE a
ilTustration and is not I ntendéd exhaustive or
theoretical dutbreak offraid infestipusoageno t he pr eC| se f orm di scl osed.
It is intended the scope of the invention be limted
not by this description but by the clains that follow
11.  Thd system b1 8afin 2V BéreinSsafd mbd@gichgind -opérafe¥ $6 BrEd{@hn active
aEredlctlng transm ssion of an infectious agent via air
outbreakrodpaifl infeefipisiagétiy: a) a database, said database
contai ning air passenger travel dala for air travel
between origin cities and destination cities, said air
12. [gasspigebof tiaby ¢l wilakh daiicdassbapgfurfbeeaysediatts edchfdrighhtisy

fromsaid origin cities to said destination_citi.es,
and each fleptinatigh city with one or more airports, such that said associated airports are

used to represent said cities in said system.
13.  The system of claim 1, wherein said database further includes network
information for airports, such that each said airport is assigned to one or more airport

network and is assigned a position within each said airport network.

14.  The system of claim 13, wherein said modeling engine further uses said position

of said airport within said airport networks to determine probability of infection.

15.  The system of claim 1, wherein said given time is one month from the date the

infectious agent is detected.
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passengers traveling fromsaid origin cities to said
destination cities, nunber of direct non-stop flights
WO e@snsEB8r origin cities to said destination cPCT/€82008/000617

total passenger traffic for said origin and said
destination cities, and correspondi ng date stanps for
all said air passenger travel data; b) a nodeling

16, AMIsHRARPERI CWhOrCIRIPEveh Birke iDANS ROARIrdih Melar it 2

) Wth said infectious agent to determ ne probability of

infectiqusfagentiibdetesiedan i ndi vi dual destination city from an
individual origin city via air travel; and c) a
reporting engi ne operative to produce a probability of

17.  iMbegiteranfofairgal thrikeflinéivduml a fhegihidambhRtofiatning fedia
said individual origin city at a given tine based on

reports o past pfpctions agend exgnis and whergingseid modelingreagine Saither models
o - . - nonth «nt ervals. 3. Th
Y T

real -tine. 4. The systemof claim1, wherein said
del i ng engi ne yses determ ni sti.c nodeling .
18. @éﬁﬁfrtﬁﬂ]@z chhgn Ty hey wcludingra plpaping enginhepasativedaipgoduce a
' i : [ ' Lgues.
respo g B B Bt P SRR S RPN R ARG e
operates iteratively to produce updated maps in

nj unctian W updat ed. data, . 32 - 77956-27. The

£9. g&ﬁ?éﬁ%f"?ﬂa&f‘ﬁrgit‘,"’ﬁ?/{fﬁ‘é‘rsél%selﬁﬂe& ] abseSEoTRE i el and said
deMthrBRId6d dptintkAliGoatio A Br fdsp¥ndalAnd HﬁJ%Us‘fié RGil

qumnﬁﬁ?e of : ec&%bnic géta, én&?r%nnentél até'ghggﬁggF?ﬁr
local regpgnse glementsgn ddérgssdherdedtiong agangi ne is furt her

operative to nodify said naps based on said city data.

8. The systemof claim 1, wherein said nodeling engine

20.  Amersfstes ofolatiati8, WhkreinhQiduerdend 16¥el bf feg%ﬁnsé'is%h‘ﬁonal, and
required to connect said origin city with said

said respagse plan inshides dgntaficetion oblocpaensdayentrytandferitscanmingsef ar
travel fl€ehkdat i on city independent of origin city.

21. The system of claim 18, wherein said selected level of response is international,
and said response plan includes locations for issuance of travel advisories and locations

for flight restrictions.

22. The system of claim 18, wherein said selected level of response is international,
and said response plan includes identification of target locations for international
investment to ameliorate conditions in said target locations in order to increase the ability
of said target locations to minimize risk of infectious agent outbreaks, detect infectious

agent outbreaks and control infectious agent outbreaks.

23. A system for predicting transmission of an infectious agent via air travel,

comprising:
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9. The systemof claim1, wherein said reporting

engi ne further produces a report of the |ikelihood of
w@200d/11n8Ect i ous agent entering said destinatiPCI/CALOPS/000617

over a period of time. 10. The system of claim 1,

er ei.n sal engi ng o rat s to dict a
RS AL T 08 P PRFEGH NS GLlRE o 0¢ e
betweerS Y3418 MtRE afl aesmnlthﬁé@ lAid 2 ;ngaag@rl thaR Bl &ﬂ‘&in@ﬁxdmg
operates to predict an active outbreak of sa

frequenpnf)éﬂtglhmfsorag@dtorlgmﬁmtlme senylsdeetma@fm clt@smurnbewnér ei n
t abase further. assockates each.ori Ci toy
passengg&sctﬁavggg% 1o, Sakd ongip )(;m\msf sa| esgpat}ﬂﬂ,%tl%% gbrglb%r of dé (Eth
non-stop MRghtS fbkh SARBAEdIALRMESs & iaRDdiésﬁnﬁldh dis&didial p@@a@ﬁg&mfﬁc for
said cities in said system 13. The systen1of claim1,
said origpmeandspidglgptinagian sbigs.einfl gprrawoniling datsesanpis ppalk said air
pammn%ﬁ&g&ﬂﬁﬁ&pn for airports, such that each said airport
assigned to one or nore airport network and is
ap s hydelthgengirsd dpietdti vaitd map sma@h pasdedgaitravel datneitheaid.
14. The system of claim wherei n sai.d nodelin

infectiogh gpené tq datemune probabiliy of lﬁ%gﬁum ofrsapsk destinajiog; itigsiom an

t tworks to determne probability

lndwldlﬁltopigp‘ ?l‘g%%m%l Igﬁsyst emof claim1l, wherein said
0) & eapottingengse @peratoa toprbdun a prebatalite of Imafe ¢trdne:cftsamius

. agent. i s detected, 77956- 216. The sys
destinaGOiag He A ORGP VPO DB 4 0PRSS AR he
date the infectious agent is detected. 17. The system
of claim1, further including a nedi a database
24.  dbasystem pficlama 23, wepeintsgidafatabasst is updated atabrseagenib
events and wherein said nodeling engine further nodels
aid air passenger data according to projections
generated fromsaid nedia reports. 18. The system of
claim1, further including a planning engine operative
25.  {ihe pyssern obclaim g3 puhereingpidilatabaseds spdated m isrloiagi | ity
report and a selected |level of response. 19. The
systemof claim 18, wherein said selected |evel of
26.  Tasp@iar of slalm 3] wharaid sail idodedinpengi@e phasnletanministzs

opti | locations for response teans, drug stockpiles,
modeh%@cgt%ﬂ\éqs P g P

interva

27. The system of claim 23, wherein said modeling engine uses stochastic modeling
techniques.
28.  The system of claim 25, wherein said modeling engine operates iteratively to

produce updated maps in conjunction with updated data.

29.  The system of claim 25, wherein said database further includes city data, said city
data including one or more of: economic data, environmental data and health care data,
and said modeling engine is further operative to modify said maps based on said city

data.
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| ocal response elenents to address the infectious
agent. 20. The systemof claim 18, wherein said
w@edoeatas2 | evel of response is national, and sSBECTCA2008/000617

response plan includes identification of |ocations for

entry and exit scanning of air travel passengers. 21.

The system of claim 18, wherein said selected | evel of
30.  I'BRROASE dfSliMDE] Watlenald maddlingaingdine @ppats @nplagifor the

i ncl udes | ocations for issuance of travel advisories
numbeppfiflighicdensgrguiresito Ppmm said gHigin ety oYith caph saigidgstinatpr ity

f se

and tot@poeRe P itic AR D QbR Pl lacr e BT o ERRAY

i dentification of target Iocatlons for i nternationa

i nvest ment anel iorate conditions in said target
31 ey stenof CI?“BrQéeYV hersiny s3id eReRIng KRLiAE furthey pmdug%ﬁ gfeport

of the lglé:'i &dd tps%ﬂf fn@&ﬁoﬁsoaél}é{‘édﬁ&?g kB galefdeét[y e hw&ég%hod

rea det ect ctious agent out s ‘and
of imecontrol infectious agent outbreaks. 23. A systemfor
predicting transm ssion of an infectious agent via air
travel, conprising: . 3 4 . 77956-2a) a database, said

32. dﬁkas%éﬁ JTRMIRI B, Wil saRPHS8AHR enblR\dPlrafidtid pfeict @i I
travel between origin cities and destination C|t|es

theoretécal duthicak phsadirdestions agesit- dat a i ncl udi ng: frequency of
flights fromsaid origin cities to said destination
cities, nunber of passengers traveling fromsaid

33.  OTHeGdySte dficRSmiF, S@bRirl@sd mdalindengidel peratddUsBasdic@bn
di rect non-stop. fllghts fromsaid origin cities to

active gufbryaldef saidh itfedious pgangs, total passenger traffic for
said origin and said desti nati on cities, and
correspondi ng date stanps for all said air passenger
34, tThwgbtehaifalaiim)25a whiokal saddaalgise éurdee asbeides baid BeRin city
sai d air passenger travel data with said infectious
and ea%‘g%‘?ﬁln%tb)n&é‘tye‘?”?r‘r 117-4 ??r‘B‘EfS@PPP‘Fﬁf Sg¢h ‘ihﬁ‘f% 355prighed aigpeyts are

used t(ﬁﬁ?;e'sé}ﬁtsblg%tfés ih §aﬁd§§§éﬁlan individual origin city via

travel; and a reporting engine operative to
produce a probab|I|ty of infection of said

35. A system for predicting transmission of an infectious agent via air travel,
comprising:

a) a database, said database containing air passenger travel data for air travel
between origin cities and destination cities, said air passenger travel data including:
frequency of flights from said origin cities to said destination cities, number of
passengers traveling from said origin cities to said destination cities, number of direct
non-stop flights from said origin cities to said destination cities, total passenger traffic for
said origin and said destination cities, and corresponding date stamps for all said air
passenger travel data;

b) a modeling engine operative to map said air passenger travel data with said
infectious agent to determine probability of infection of an individual destination city

from said origin cities via air travel; and
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destination cities fromsaid individual origin city at
a given tine based on said map. 24. The system of

w@eb@smaAs wherein said database i s updated atPCT/CA2008/000617

three-nonth intervals. 25. The system of claim 23,

wher ei n sai d, dat abase is ypdated in real-tinme. 26. The

Sy ranrge eé’!gg}erHP?%‘{t‘f’ﬁ\A‘PePr@HHC%aaPré?b%B@ q%ﬁ@fte@f@ Healdses
individ@8tdR5iHaBbR tf ABRAGKd H9uih %gﬁe LOMESen ffre HRI&I &ysaﬁ@ﬁhg.f .

claim 23, erel n sal d nodel i ng engi ne uses stochastic

nodel i ng techni ques. 28. The system of cl ai m 25,

erein said, el i ng. engi ne .operates iteratively to

6. ARESTREn R aHB et CL AR ooy A RGN dar
intervaR9. The system of claim 25, wherein said database

further includes city data, said city data including
one or nore of: econom c data, environnmental data and

al th car.e, dat,a, and. sai deling,engine is further
37 SRRl EutRad 1hOSu AR Do SR LRal Bty et
- 35 - 77956-230. The system of claim25, wherein said
nodel i ng engi ne operates on data for the nunber of
38.  fliheghtersrod sglmééuwh@almwdc@ﬁ%w enging uges; dgteamanistic wi t h

. jd destination city and total passenger traffic
nmﬂehﬁggggéghggaid destination city independent of origin

city. 31. The systemof claim25, wherein said
reporting engine further produces a report of the . .
39.  |Tihesystamod cimda; whergmewid Badelngenging psessiorfagisdnodding
tec]m-qgl?gttination city over a period of time. 32. The system
claim 25, wherein said nodeling engine operates to
predict a theoretical outbreak of said infectious

ent. 33.. The stem of . ¢l aim 25, wherein said
0. RSy atshine Tupbraroeid BoNlig ceng prarls g e ak

produc®up@édimapd ﬁ%{mﬁ@g@nh -up&ﬂed dfig systemof claim 25,
wherei n sai d dat abase further associates said origin

city
41.  The system of claim 35, wherein said database further includes city data, said city
data including one or more of: economic data, environmental data and health care data,

and said modeling engine is further operative to modify said maps based on said city

data.

42.  The system of claim 35, wherein said modeling engine operates on data for the
number of flight stops required to connect each said origin city with said destination city

and total passenger traffic for said destination city independent of origin city.
43. The system of claim 35, wherein said reporting engine further produces a report

of the likelihood of said infectious agent entering said destination city over a period of

time.
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and each destination city with one or nore airports,
such that said associated airports are used to
woe@sesEst said cities in said system 35. A SPGI/E€ARd08/000617
predi cting transm ssion of an infectious agent via air
avel, c rising: a) a.datahase, said database.
4. JdRsEP g © ;lm%éagvéefﬁéveﬁaﬂf PR neRBReOFralEs 0 PWE%P |
theoretREf m%aQBf&ii@ixﬁé&ioﬁ%th@. destination cities, said air
passenger travel data including: frequency of flights
fromsaid origin cities to said destination cities,

nber, of passengers traveling.fromsaid origin.ities

45 dpesiremabelimacr o Rikmofdinssntsr Sarrissed REAC php
active Sultbi @Bk 5f §i@MfSRods 8fdn@li N cities to said destination
cities, total passenger traffic for said origin and

said destination cities, and correspondi ng date stanps

f.qr. al,l _said.ai nge e i B) I

O R L B L Y

and saidideRtirdidibal cityn fxeiitdne WS ndgesitpdre, deh elidvisaia apsootaeddi ditpoyts afe
infection of an individual destination city from said

used togieprgpent saidicies 4 saidpysteMavel ; and - 36 - 7795 6-2c¢) a
reporting engi ne operative to produce a probability of
infection of said individual destination city from

47. SAbybtan ifen predittingasarsigioyi ofan itfieoousaged vimais eaklrap.
36. The system of claim 35, wherein said database is

compriiigat ed at three-nonth intervals. 37. The system of

Ghal i Base, W8 H5hPast ’bAta I ARASRsdreLRERY Q8ka Y air travel
real-tinme. 38. The systemof claim35, wherein said
betweemuotigfin cigieenyl dustinm®s ctétsesand air passengepttevdl dgta including:

t echni.ques. 39.. The system of .cl.aim 35. wherein said
frequenggal S Sngi i raen S SRt (6 Bt e PERR Sucs.
passenfiés rh0&inRYPd 8 Rhidlorigirdifies6 saldhRE @i afiof itkks 'Mskeel BHdirect

engi ne operates iteratively to produce updated maps in
non-stefRjghtsdtdna saidiorigin gites te gaidalestination cities, total passenger traffic for

said origin and said destination cities, and corresponding date stamps for all said air
passenger travel data, with information in said database updated in real time;

b) a modeling engine operative to iteratively map said air passenger travel data
with said infectious agent to determine probability of infection of an individual
destination city from an individual origin city via air travel; and

¢) a reporting engine operative to produce a probability of infection of said
individual destination city from said individual origin city at the present time based on

said map.

48.  The system of claim 47, wherein said modeling engine uses deterministic

modeling techniques.

49.  The system of claim 47, wherein said modeling engine uses stochastic modeling

techniques.
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4 1. The system of claim 35, wherein said database
further includes city data, said city data including
wWo@r®sn1918br e of : econom ¢ data, environnmental PEIT/aA2008/000617

heal th care data, and said nodeling engine is further
operative to nodify said nmaps based on said city data.
42. The system of claim 35, wherein said nodeling

50. 9mé 's{r’ﬁerﬁ RECRLRI7 Oﬂhéi@ﬁ@safcfﬁatafﬁa% RiEREhcRfled éxiygc{htta %!uﬁl%%y
required to connect each said origin city wth said

data indeding na¢ PoMOLs ctfyecamdmmdzaa epassmngéal dataeeﬁfdl healktlprars dind,

stl ation cit ndependent of..ori. 43.. The
and said Geydgib e sict SRRERET It e Pudipet st alig B9
data. further pr oduces a report of the likelihood of said
i nfecti ous agent entering said destination city over a
period of time. - 37 - 7795 6- 244 The system of claim
sai r r
1. s sPaenBshag g SRRel AR FARIRE ERS Bhotk R Pl ]

numbeSySHllight B6psab@iifed3b coteet &iid oﬁ@hdltmvdﬂi daitbdestigition city and
operates_taq predict an active outbreak of said

total paspenget raffis fergieik desupationitdty dgdepepdest oLorigint8s, wher ein
sai d dat abase further associates each origin city and
said destination city with one or nore airports, such

52. tihatsysemdfakéndi7atvhereal sapbrepsrtiapg engine durtler pepiuessanteport
aid cities in said system 47, stem.fo

of the Il gt s Sasebhergngeid et e gart = peripdgt

time. travel, conprising: a) a database, said database
containing air passenger travel data for air travel
between origin cities and destination cities, sai d air

t | f ht
PGS SRR sl erru AR mo e s ARer e propid®
theoretmdmﬁbre@f(opé’eﬁ&ﬁﬁ‘gﬁfoﬁshgéﬂ(e' ing fromsaid origin cities

to said destination cities, nunber of direct non-stop
f||ghtS fromsaid origin cities to said destination

54. ?Szftfm Oq‘tc?éilm%s %%?x%ﬁ{ said %g&élﬁlrg:e%rgin%%g)gra%s '(5(9 kn[l:d?c[@ Qn
Sal estination’cities, and correspondl ng e stanps

active b@tbreak bf sedd thfédtious agent.

55. The system of claim 47, wherein said database further associates each origin city

and each destination city with one or more airports, such that said associated airports are

used to represent said cities in said system.

56. A method of predicting the transmission of an infectious agent via air travel,
comprising:

a) retrieving air passenger travel data for air travel between origin cities and
destination cities from a database, said air passenger travel data including: frequency of
flights from said origin cities to said destination cities, number of passengers traveling

from said origin cities to said destination cities, number of direct non-stop flights from
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passenger travel data, with information in said
dat abase updated in real tinme; b) a nodeling engine

wWo@p®BAldlsE to iteratively map said air passengeCT/CA2008/000617

data with said infectious agent to determ ne
t ob i nfection i n st.inati.on
said orfBiF 4 s Rt GAse. P gfendit Yol iedBhsfe Brigaa e
destinaB@6fl chiks,2inf @BRESPonging Agic@anRebRAll VAd bR pais@ﬁlg& @radel data;
probablllty of 'infection of said individual
de s1qdgling mb@blhvea‘ fop traesanigsiomel saidimidctions agent Gpmyanat
md1v1dufpl orprﬁnigﬁ}p%qaélrlg 19{1(@13? %es%na]teq%l cdté/ é’Er? éechﬁscnlemg ¥e°'rtlo‘°zf“s£5

modeliflg b&¥edionisaidi £ir pRRIgbN@avicb @i dides. 49. The system of
claim47, wherein said nopdeli 13 engi ne .uses stochasti.c

(% SN TERPAL §{ihs probabgity of o said i wighugl elgptgpation
city frcfh S vigSHEIHiRA M dabARAsepdggd her | ncl udes city
a, ain |ng ne or nore of:
econon1c data enV|ronnentaI data and health care
del i ng glne is further operative to
>7. .wﬁaﬂ?fig 30 s apid Saqdling figp aaf{ég?msrfs UCThe
system of claim 47, wherein said nodeling engine
operates on data for the nunber of flight stops
58.  rdgunetbod oiclgionite orhesein daid magiehng stey iswitedhasta d
destination city and total passenger traffic for said
destination city independent of origin city. 52. The

59.  SHRUREME] ofd1@nTH 6l ivhetdif k8H RirSRALEnE&RANET Bk RRGUME at
further produces a report of the Tikelihood of said

three-maifle 51t¢1o58ls. agent entering sai d destination city over a
period of tinme. 53. The system of claim47, wherein
sai d nodeling engine operates to predict a theoretica

60.  OlHehnerdbd of claia 86,iwHepeih isqid Sirg@ssthgerathvelldita BYpaed af real-
cl aim 47, wher ei n sai d nodel i ng engi ne operates to
time. predi ct an active outbreak of said infectious agent.

61.  The method of claim 60, wherein said modeling step is iterative.
62. The method of claim 56, wherein said modeling step is based on data for the
number of flight stops required to connect said origin city with said destination city and

total passenger volume for flights to said destination city independent of origin city.

63.  The method of claim 56, wherein said generating step generates a report of the

likelihood of said infectious agent entering said destination city over a period of time.

64.  The system of claim 56, wherein said modeling step produces probabilities for a

theoretical outbreak of said infectious agent.
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55. The system of claim47, wherein said database
further associates each origin city and each
waele®BiimEsi on city with one or nore airports, SPCHCARMEB/000617
said associated airports are used to represent said
ties in_.s svstem t hod of . predicti.ng the
5. AhasERrR el SR ACANn A BOTRg S ey proppbills oFan
active UPBTRAN Sf A mﬁ)ctlbﬁi ide@Vi ng air passenger travel data
for air travel between origin cities and destination
C|t|es from a database, said air passenger travel data
Cl ugh W9t cganal% é&{%h gf isagclrl] d%ﬁ‘@ﬁ,‘ssg fg“& A %aslogla s egch origin city
and eadhaﬁﬁ@mwl@h%lty Raitedrentd nidre Birpats seuhi tﬁat%aﬁll %L@%té&al&ﬁiﬂd are
destination cities, number of direct non-stop flights
used tofrepygsent spid citiey 7oHed PSHIOd- origin cities to said
destination cities, total passenger traffic for said
origin and said desti nati on cities, and correspondi ng
67. dakenshahgicldior 5@ mhessdn @hnaﬂata\msfennl@e indivdes @btwabak a; b)
npdel i ng progg%ithles r transn1SS|on of said
informatndler piaRAtsagpchthateaeh PIERATLIS ASHENSIP GRHOTIPLF AIPOHN
twork 3l Y HUBhe 8554 A IyRRinGall s Sipdh SAGEHL 1 ¢ i ne
neworperdllooig ?d Enggﬁ%ng Basedson g%ld ai r passenger
travel data; and c) generating a report of the

obabj cti.on. f s@j.d indi.vjdual . .
8. Gedroibnd BiFIem b PRI SHS ral0% HEBISHURT Bics st gysition of
said an%Hft'vﬂEm@ didl atrp&P8 nBOHRG0 detbrmiRerémbRH oPinfedtidhm 56,
wherein said nodeling step is determnistic. 58. The

met hod of claim56, wherein said nodeling step is

och 59. T tho of clai.m 56, rei
69. enbeg %f cézrun% > avq}eredn 1 | ifne er10 1sdoréetm\'\%rﬁ eﬁgo_n{] th%%'ﬁge the
infecud,ugtagémag aete@ed The net hod of cI a| m 56, wherein said
air passenger travel data is updated in real tine. 6

1. The nethod of claim 60, wherein said nDdeIing step

70, b SR bMainP, TSTELRGerlal M GecitNREEIR AR e

ing step I's ’based or t e nunber o
infectidusiagbiit istietpated.equi red to connect said origin city with
sai d destination city and
71.  The method of claim 56, further including retrieving media data from a media

database containing media reports of past infectious agent events and including said

media data as part of said modeling step.

72. The method of claim 56, further including steps of selecting a level of response to
the infectious agent and producing a response plan based on said probability report and

the selected level of response.
73. The method of claim 72, wherein said selected level of response is local, and said
response plan includes optimal locations for response teams, drug stockpiles, and other

local response elements to address the infectious agent.
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total passenger volune for flights to said destination
city independent of origin city. 63. The nethod of
w@Lb@smEs, wherein said generating step gener ap€ECa2008/000617
report of the |ikelihood of said infectious agent
entering said destination city over a period of tine.
64. The system of claimb56, wherein said nodeling step
74, PIRIMGRS & QRAPTD, ivHeRSn E@a sae&tb&few@ltdfqesl o4 B he@nalfand
said infectious agent. - 40 - 77956-265. The system of
said respoasaple’ incivdes elentifedtdnmd djrgjatmg; fot gprypar@tﬁmtesgannmg of air
travelé) ebabl lities for an active outbreak of said .
HiQetPous agent. 66. The method of claim56, wherein
sai d dat abase further associates each origin city and
each destination city with one or nore airports, such
75, {Hhetmehediotelaist 7 htvetrein spdseleciad kevakefdesnonseis irig@ational,
and s SR o e R s b Pl o tBie 18 B I PR D RS L B s
for flighhfodtesnsd sian dbom. ai rports, such that each said airport
is assigned to one or nore airport network and is
assi gned a position within each said airport network.
76. rﬁ Hfod5E 42 93 vGﬁe‘i’é]H‘sQZ’sePHE Bl o1k oﬂ?@ﬁ'ﬁ%aﬁ&&‘?
er uses sald position o sald airport within sard
and saﬂl remme pled wehides id&n’dﬁd:zmbmolﬁ eargetddxabiphs foy imsérnational
infectio 69. gwe net ho Ia|m56 wherein sa
investpeido gaFhiosate condijansgi lefeshfochisha gt rdthe Pieesshogticy
of saldQ%Qtt lobﬁlogﬂ@ﬁﬁrﬁgnze“)sk oFiste BRI A8erR loufth@ild) cﬁ:@ect R RS
said tinme period is two weeks fromthe date t
agent qutifreaktsi and sonigelnnfecsowetgentta@dbreaksl. The net hod of claim
56, further including retrieving nedia data froma
nmedi a dat abase contai ning nmedia reports of past
77. i1 AeeRd rédeitig 1BY @ahsniddioh bhal ticigusaied: Vigdiraradal a
as part said nodeling step. 72. The nethod of claim
comprisgg: further i ncludi ng steps of selecting a | evel of
|
5388850 o ok REH QPP AR BRI B B g | o
destin8heities drone ¥ dhtabisel @ddainpassenger travel data including: frequency of

flights from said origin cities to said destination cities, number of passengers traveling
from said origin cities to said destination cities, number of direct non-stop flights from
said origin cities to said destination cities, total passenger traffic for said origin and said
destination cities, and corresponding date stamps for all said air passenger travel data;

b) selecting an origin city;

¢) selecting a destination city;

d) modeling probabilities for transmission of said infectious agent from said
selected origin city to said selected destination city over a specific time period, said
modeling based on said air passenger travel data; and

e) generating a report of the probability of infection of said selected destination

city from said selected origin city during said time period.
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73. The nmethod of claim 72, wherein said sel ected
| evel of response is |ocal, and said response plan

w0 p@BadEs2 opti mal | ocations for response teansPCHCAZN08/000617
stockpil es, and other | ocal response elenents to

address the jnfectious agent. - 4 1 . 77956-274. The
78. nig%ﬁ’&a@fi of elaien oWhpR iy 8ichmeds!mesands delgrmisiatic. of
response is national, and said response plan includes
identification of |locations for entry and exit
79. sthamethpdaf chim 771 ehelecinpasbandeding. stéphs stbhiastiet hod  of
claim 72, wherein said selected | evel of response is
i nternational, and said response plan includes
80. | PRAkeRdd drelaith FTUANERITaid Sir¥SkeRAY irs®dl i8S i@ﬁ‘ﬁ%iated at
| ocations for flight routes to shut down. 76. The
three-menthgatevfals| ai m 72, wherein said sel ected | evel of
response is international, and said response plan
includes identification of target |ocations for
81. | MhefRaidddTalaim M7eshoRMH saldaid PRsérpentrdvd ARMIi§ hRfed iR real-
) said target locations in order to increase the ability
time. of said target |locations to minimnze risk of
i nfecti ous agent outbreaks, detect infectious agent
out breaks and control infectious agent outbreaks. 77.
82. AThetledrbdaif cRimd®]cvha@in gl mbadlHy st i0ftetivan
i nfectious agent via air travel, conprising: a)
retrieving air passenger travel data for air travel
b AL Gt ] _ At i o
5. araRR bR Sldin 7 e R s Baten e e e
numbéraedughtciops fredulitied id sorfnecnsagiboriRin citgivithchidi destitatios aitg and
destination cities, nu r .of . passengers trayeli.ng.
total PR 3ol fo FiEhes B destiSatioh e SrdamardsshoLrgingity
nunber of direct non-stop flights fromsaid origin

cities to said destination cities, total passenger
84. t ¢ miethoded chaind 7owheien sudigewiatind etepigentaen a cépiortesf,the

_— . di . for .all. said air. .
ikt of R PR Pler Phrins SGRPe Pl s Bie g efind pftimg,
selecting a destination city; d) nodeling

probabilities for transm ssion of said infectious.
85.  adbasystenyaf elaing 77, wherein said modeling step produces probabilities for a

theoretical outbreak of said infectious agent.

86.  The system of claim 77, wherein said modeling step produces probabilities for an

active outbreak of said infectious agent.
87.  The method of claim 77, wherein said database further associates each origin city
and each destination city with one or more airports, such that said associated airports are

used to represent said cities in said method.

88. A method of predicting the transmission of an infectious agent via air travel,

comprising:
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selected origin city to said selected destination city
over a specific tinme period, said nodeling based on

W@ a008/189182 passenger travel data; and e) gener apCTIgA2008/000617
report of the probability of infection of said

s%$ected destination C|&%fgéon1sal elected or.i.gin

ci® {FHRY ST PaTsangsr eV difadgr air rgyel betwrenorigipcitiqyand

d rﬁﬁbneﬁl frofl

S U N S T g S
flights frionh satlerigingitss gpsalé dettineharstities, n8MberTdfepanenpod traf/eling

cl.aim.77,..wherei,n s ai r. passenger .travel dat
from i oeih g G S efiof siisP TP gt BSabR ety rom
said dHgdi Etiéyio WEISEiRatRAlctidl fotd? @§§@ fraffic@i6ekaid @h%n‘ and said
updated in real tinme. 82. The nethod of claim38
destingien sitiss.card gorrewreniling deteaypmps for alf saidl gis paggngeTiavel data;
wherein said nodeling step is
ggégggagkﬁ%t §£%§E¥he nunber of flight stops required
t @) sdledimgtons @ir ehod¢ de€tiRatbdrt Mitivd;t h sai d destination city

and tot al assenger vol une for fllghts to said
dek imadshngprobabiities s Hapmaistion pf wid wifestions geenplrommaid
I
select@ghggat e tg s?igglalrzgte% }ﬂ@s‘?{%ﬁh#;h Elﬁ'ﬁ:éj gesg?&fipggétp%ﬁod said
modeﬂmg baded onSsagganpassamiger travg| daa;dandest ination city over a

iod of tine. 8 ystemaof claim77, wherein .
3 85t HEPat b s RuRULY B Weasion af id SHlfieq destnation
citiestfRBPERY '.sél@(lted)b‘xtlgﬁ%ﬁ!§ dﬁf‘mé &4id tihf2 Jf‘eﬁbﬂ.ou_s agent. 86. The
systemof claim?7 wherei n said nodeling step
produces probabllltles for an active outbreak of said
ect i ent., 87. The tho of clajm 77,. wherein
9. 16 i BaEtaRR a% Rl ST PRl et gty and
each destination city with one or nore airports, such
that said associated airports are used to represent
90. salihg mqthedbafl qlaimsgs. avherainsrid neBleling step Fogoabhstsr edi cti ng
the transm ssion of an infectious agent via air
travel, conprising:
91.  The method of claim 88, wherein said air passenger travel data is updated at

three-month intervals.

92.  The method of claim 88, wherein said air passenger travel data is updated in real-
time.
93.  The method of claim 92, wherein said modeling step is iterative.

94.  The method of claim 88, wherein said modeling step is based on data for the
number of flight stops required to connect said origin city with each said destination city
and total passenger volume for flights to each said destination city independent of origin

city.
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4 3 . 77956-2a) retrieving air passenger travel data
for air travel between origin cities and destination
WwW@RaBA9187 om a dat abase, said air passenger trBuvBCA@BA00617
i ncluding: frequency of flights fromsaid origin
cities to said destination cities, nunber of
95 pddis ErgRadoTilAmts myersin i SPUFTHiTiEGileP sqneTals argparhphithe
likeliSOALIFRAU PR cduds agSnt eﬂmgreaéﬁ sl B&EhatH 8t SRy b bEGH S
romsaid origincities to said destination cities,
time.t ot al passenger traffic for said origin and said
destination cities, and correspondi ng date stanps for
all said air passenger travel data; b) selecting an
96. OriH@ishsteinlof clafth 88EWAE el n\hiPMBA R Fprd@sdel Patbabilities for a
cities; dé model i ng probabilities for transm ssion of
theorgfiatioythieak pf said inderdious pgat sai d sel ected origin city
to said selected destination cities over a specific
time period, said nodeling based on said air passenger
97. trEealystemtoficlani®8evheriedadd mdgelingl egoprodades phebabilities for an
_probability of infection of said selected destination
activepytbregk pf e sdeddiosepgeed origin city during said tine
period. 89. The nethod of claim 88, wherein said
nodeling step is determnistic. 90. The nethod of
98. cl Hiehﬁh&Bod ohésie 88, saicteinualdldangasstfepghérassictatdsaatd aigi®city
1. The nethod of cJaim88, wherein said air, passenger
and epehysaid dephinatiqneciiy il aRe of MEIsARROHSTRAD that said, Sg?la‘sg arports
are uged&o %%%Ht Qfd Gligd M SR mydisgei n sai d air passenger
trave ata I1s updated 1n real tine. 93. The nethod of
claim92, wherein said nodeling step is iterative. 94.

Th t h f..clai 8, wherei I.d_.nmodel i t '
O P T
comprRifgonnect said origin city with each said destination

city and total passenger volune for flights to each
s o) detdesing pitpasengeritavelndiep ton @ariravel basvedi arigdn eijies and

destiréaéﬁg?ci’t?e%%go%lg ? g%t-ggagsﬁge%% ée)lg p%gs?r%gi}r?@eggmtaﬁgaﬁ&hg: ﬁ‘@dugncy of
flights from said origin cities to said destination cities, number of passengers traveling
from said origin cities to said destination cities, number of direct non-stop flights from
said origin cities to said destination cities, total passenger traffic for said origin and said
destination cities, and corresponding date stamps for all said air passenger travel data;

a) selecting one or more origin cities;

b) selecting a destination city;

d) modeling probabilities for transmission of said infectious agent from said
selected origin cities to said selected destination city over a specific time period, said
modeling based on said air passenger travel data; and

e) generating a report of the probability of infection of said selected destination

city from said selected origin cities during said time period.
100. The method of claim 99, wherein said modeling step is deterministic.

_45 - 77956-2



i kelihood of said infectious agent entering each said
destination city over a period of tinme. 96. The system
wo@Roosh#iigr 88, wherein said nodeling step produP€BCA2008/000617
probabilities for a theoretical outbreak of said
i nfectious agent. 97. The system of claim88, wherein
sai d nodeling step produces probabilities for an
101. aCFHeVrﬁetﬁéﬂ bF &gk 99 v%ﬁ:'réjn il %deﬁHé stef ftoch@&ic. The
hod of claim88, wherein said database further
aSSOC|ates said origin city and each said destination
re airports ai d
102. 3 o by SO o SV rdh G g AR bt B chmee
threeifortRidervglshod. 99. A nmethod of predicting the
transm ssion of an infectious agent via air travel,
conprising: a) retrieving air passenger travel data
f ' : stin
103. C?{}}egggtpzr)(io ﬁ}f” (gglggg%\ég‘g‘,gelg élilg i} g)%ggeng% S:[gan gle&rja? s\ giateg 1n re real-
time.i ncl udi ng: frequency of fllghts fron1sa|d or|g|n
cities to said destination cities, nunber of
passengers traveling fromsaid origin cities to said
104. deﬁ{e' M&hb POt Qhihi F63, Vﬂféfgﬂ?galmnogiklgﬁégte ResfRR 11 ghts
fromsaid origin cities to sal atlon cities,
total passenger traffic for said origin and said

t|n iti carre ndi n e stanps for
o Theatrthod P i B mgrte S50 aroRraseRs Burbit g feribe
numBéP of BBt ﬁbb@ﬂeﬂu&éd o&3nnd) e Bl AL driln @1t§d®§h'55‘1ﬁtde§’tﬁha‘uon city
city; d) nodeling probabilities for transm ssion of

and tefa] prspaviercrdlems forglghts fo sd destidate! @ty iederenilgitiof ofiginesty.
to said selected destination city over a specific tine
period, said nodeling based on said air passenger

106. t rEneahettlad af cland%e)w}&em k@it igBBeratineep ferRfatdshereport of the
rObabllltéﬁt i nfection of said sel ected destination
1

hkehgm%/off%atsirw sageBlcanedingrsaigl destinatioasity o praypesadepfitineee
peri od. 100. The nmet hod of claim 99, wherein said
nodel ing step is determnistic.

107.  The system of claim 99, wherein said modeling step produces probabilities for a

theoretical outbreak of said infectious agent.

108.  The system of claim 99, wherein said modeling step produces probabilities for an

active outbreak of said infectious agent.

109.  The method of claim 99, wherein said database further associates each origin city
and said destination city with one or more airports, such that said associated airports are
used to represent said cities in said method.

110. A method of predicting the transmission of an infectious agent via air travel,

comprising:
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4 5 . 77956-2101 . The nethod of claim99, wherein

said nodeling step is stochastic. 102. The nethod of
web@smas, wherein said air passenger travel de€EHCAS008/000617

updated at three-nonth intervals. 103. The nethod of

cl aj . ' i ' : Qs ...
3100 O {181 AIRIRET W S8 P e

and Wéseihetion da¢sdrorn delatabgses s air passergatiiavel. daldibcluding: frequency
thod of. claim., 99, wherein said nodeling step is .

of fl g jaid Qrigiy ey Reaid epldnatign citjes grmber aﬁgaﬁsgt&ﬁr%t@d/ehng
e ‘ SR i b caid dest i .

from S g B 0 mipth SREL HrR35 AL P

said deigin qia¢si tomaididestiniande peigsigotal pfssomgegirafficiforsaid @gin Thd said

nmet.hod .of claim99 .wherein sai nerating step )
destigaREY Giigs ald PURPPAARE TG SFmPe) 1on dL JUBAIrgArgRect travel data;

| nhealoSs: ASRAL proBARTHiE K op Bhtbni83dd SRdai PRetibYs LRI frém an
_ period of time. 107. The system of claim 99, wherein
indigidial omgiietityrig agtied vidnalglesieration sbabiaid mpddingdased on said air

asth%g%%ghcaETQ%}break of said infectious agent. 108.
PaSSTHIRS sys?en1o? claim99, wherein said nodeling step

pr oyl pERating @&RRIs| of thetSurear praBatilityl ofénfetkidy efakidohdivaiud]

i nfectious agent. 109. The nethod of claim99, wherein _
destipgtion eity Hpmsaidipdivibial erigip ety by demtive Pefogiance pt spichmgdeling
said destination city with one or nore airports, such
that said associated airports are used to represent
said cities in said nmethod. 110. A nethod of

predicting the transn ssjon, of .infectious agent via
115 e gt ijgcgwr {15, %?rem 3 mogffvl%é-t%}f deterpingyicng
current air passenger travel data for air travel
between origin cities and destination cities froma
112 datldb aisathodsefi cdhimi Il Opwberimgid modelalg stiept ia sionldstidi ng:
frequency of flights fromsaid origin cities to said
destination cities, nunber of passengers traveling
113f r aRe S@itigbdosti cBim 1ot Wﬁ&ehﬂsaﬁﬁﬂn@d&iﬂmf%‘été}ﬁ% b@ded©ntdaBStor the
nunber of direct non-stop flights fromsaid origin
numbiex plcilightstensirequitedtty aerriceisaid tigin city oith saiskdesénaiion city and

totaf ﬁa@gefniggr \to%mg’ ﬁ;rchigﬁtg % &i(?@éjstiﬁﬁo% city independent of origin city.

step

114.  The method of claim 110, wherein said generating step generates a report of the

likelihood of said infectious agent entering said destination city over a period of time.

115.  The system of claim 110, wherein said modeling step produces probabilities for a

theoretical outbreak of said infectious agent.

116.  The system of claim 110, wherein said modeling step produces probabilities for

an active outbreak of said infectious agent.
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destination cities, and correspondi ng date stanp s for
all said air passenger travel data; b) nodeling

W@ osamispr obabi lities for transm ssion of sai BICT/CA2008/000617

infectious agent from an individual origin city to an

sal al\éleﬁqfil%ﬁ%ja%?i#ﬁ’g o It %ﬁ% %‘?ﬂ iﬁa%ﬁgﬁgﬁlegg flgféfa ﬁ%c% origin

city B0 04dhSdeStindti08 cﬁ&' WiiNne R @RAB hirpdnks, Qlchithdieaidi A8bcRfted airports

sai d i ndi vidual destination city fromsaid individua

are weeidgo repedseyt seig qitiesriasidengieed. or mance of sai d nodel i ng
step. 111. The nethod of claim 110, wherein said
nodeling step is determnistic. 112. The met hod of
clai m 110, wherein said nodeling step is stochastic.
113. The nethod of claim 110, wherein said nodeling
step is based on data for the nunber of flight stops
required to connect said origin city with said
destination city and total passenger vol une for
flights to said destination city independent of origin
city. 114. The nethod of claim 110, wherein said
generating step generates a report of the Iikelihood
of said infectious agent entering said destination
city over a period of time. 115. The system of claim
110, wherein said nodeling step produces probabilities
for a theoretical outbreak of said infectious agent.
116. The system of claim 110, wherein said nodeling
step produces probabilities for an active outbreak of
said infectious agent. - 4 7 - 77956-2117. The net hod
of claim 110, wherein said database further associ ates
each origin city and each destination city with one or
nore airports, such that said associated airports are
used to represent said cities in said nethod. - 4 8 -
77956- 2
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