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SYSTEM AND METHCD TO PREDI CT THE GLOBAL SPREAD OF

| NFECTI QUS A GENTS VI A COWERCI AL AIR TRAVEL Field of
the Invention [00011 The present invention relates to
the field of nedicine and publlc health. 5

Ficld féfl f ent| on 100021 The reI ati onshl p betwen human
e ¢ %1'?"(9?1 004 the spread of infectious diseases has
been wel |l docunented throughout human history.

{oooqumvaeselﬁl pventidie raisdiéenh ffe it LPtAEAGAL :ﬂﬁ”gﬁﬂﬂ Altfealth,

travel in the 20th century, a nassive, continu

Specifiggllih di inyolyasl peedisting rﬁlge gpatibbéndaterpionsd spread o6 dnman |mﬁact10us
et t he rid s surging

agentggfavmé K(Pﬂa‘%d% al 13??} tﬂﬂnr%ehv Ki\‘o an explosion in

gl obal popul ation has resulted in rising nunbers of
Backpempideoftithahedentignacr oss greater di stances in shorter

and shorter tine periods. Presently, the gl obal

ortathon networ k carries myre t

gmf)tbmlgr@g?n %Fhee%pf%é of |1%f§gpous diseases

has bdéd WeleddduaitaRrar thetl ﬁ)ls!?) 1 sthcdQhE advent of
i nt erconnected worl has a ‘evol ved’into a mgj

intercontiaiumital aﬁlbtra‘tdh én she éﬁﬂi mhturp,oa @mEsEise,| gontimmgxslyoenqaandmg and

a ents OOO ure | m)nst tes
evoivil BEH AP GPRpton Betgotk B Fneret i e e Shwuging
demandh dors pobiity. OdenBtfu%HﬂPth!@ eﬂplaaaﬁeﬁ g%ﬂhfb% RRSfsulted in

century, global population growth sur

rising, BhArH §f RRORE travelinggacsoss grpaten d}ﬁtap@@ i showter| m Bertentime

peiod eSS WRSuRRAGA Bk A O EITR By

: passeﬁgnrs aer ydand Whibbuthe globalCaiflineramep@aition nbvaak bhecidasd a more

d cipitously, reaching |ess than 24 hours -
mtm&ﬂ%*?%%@r woridn it fes s ﬁmh% dutpad imHOp SRSt oy thepspread of
potenhmw&ﬂge{ﬁgmMﬁugh%&t PeR el\/breover t he phenomenon

| obal warm ng c s to the expansion of
ecologlcal 25 niches for inportant infectious di sease
10003}y, dtigunesl demonsirstes ithekevolutibnmfsgiohal dators wbntubumug tot emergence

t he ce .and ree enc
and spiEd PGS UBbEE PR PR s L boT B o TBypes
surgedf rehdhiissg Apestinetdd 6.7 Gillibn pSoIQé Wotla@Fideds 2@083 URENOE Bfb ddvent of
t he 20? Wrld Health eport EIGObal Public Health

intercapRRgnfa yworpnergial pvigtionef theym gaguny 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 ISBN 978 92 4
156344 4. Thereport indicates that since the 1970s, new infectious disease threats have
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156344 4. The report indicates that since the 1970s,

new i nfectious di sease threats have _ 1 77956-2 '., -

-------------- energed at an unprecedent ed rate of

one or nore per year and that "Infectious di seases

are now spreadi ng geographically nmuch faster than at
emergeqd, at fmmnprepeﬁmm% e gg one or pwa@p@r yerr and that "lofgctjarediseases

are g bneable i Bao bR, o Btk Tyl ally 3 g histony? oot

fromTUMar 28T Haa! Dirvctoy Geliepal®f ﬁ%}ld &edlth Oegan$zation].
subsequent di ssenmi nation via comercial aircraft to

v e T i et o SRS ) i

subsé Rl g%@% ff'i‘(gtf"lwa b&'h‘ﬁﬁéréla?raﬁ‘r y g"ﬁi‘béoﬁm t&? four

rea ecti ous di seases. con
contthmrmdat méﬁmbleanvﬂdﬁm@ that Imltenmammdrmiseml mtamhtmental

boragh e el pEreRblis, the e of iRfRetiusidhits: BRVEARS, confirmed

_humépédéééjopﬁw@{]mm)ﬁnﬁﬁéﬂzﬁfacx%@s Wisth drideAfith hade Rlii&Bncerns that

postal service in 2001, specul ation over the
an inflyergatnapdemnicceniddbedmatinens et fren the mteinugn% pﬂfﬁ%b@lf anthrax spores
a C
via tﬁ(? gjr%ﬁtecg %@Eltesrﬁosﬁi 8%%0153& ?‘%pec%léﬁxg Jgﬁxgg)tnaﬂ%lease of
smallpokecinisO ssarpal Badtosal fehst 6f ho;smﬂﬁmxdar Whaherr atiginating from
causes, out breaks of energi ng di seases with pandem ¢

breaghiss it lebaratopips hafheueng dangerpus dnfeetious (Rathogans ipleRoRsM, of
natof36 GHAE uBEEHS b pfleild @scidtd fvin AIERIE POGAR consityte o vital

threah to the healtteandacomgmic se@irity bEthk @ntitelistesationd codimunity.
energing infectious diseases, know edge of the gl obal
[ i ne transpostation rk and i.ts r.el.at hi
o0osf Dt e SBROFE b hindebid] hion, B0 ewipS nEReIE tof o Rapy! of
emeﬂgiﬂg fdtibes dadases, ka&Me&%‘beéﬁhh ldbdl ﬂﬂﬂfeﬁ:rén@pcﬁ'tbﬁﬁﬁ $letwork and
that in today' s worl he i nternati onal

its relpfeaskiprip; gl@bﬂl aecusity aad poblic hedf rmaens(jﬁ::@més liggited to date.
l
Yot QGG 1T SIREP. el A" Ghils VgL B¢ WekestRl and

- intersqutiv@nkabEgread of Miféqioge diseades Mill qReadpretahinantly\siapcammhercial

., of princjnpl a.remarkaply predictable r Iati nshi

air el ol et (o SERISSRGE SHICR MG sc 410698 oYill SREFaR) By Br @ large
r [

et PR s 4 T B RE S ?@ﬂalﬁ%ti?%ﬁ?k%ﬂzﬁ?ﬁ%‘gk "opuopgip was

1den% betweznather stsudture @D@Ad fTow sofapassengeirs am, t}mbgk}’oabdlrhne

o AP P BT RS AL P b O Snias
200 eYRik GRIR Bt oRS ofstved %ﬁnﬁ@%ﬁ%ﬁﬂee&%é{ﬁiz@'ﬂé% 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 worid.

More importantly, a need was identified to rapidly generate evidence-based strategic
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expertise in nedicine, infectious diseases, statistics
and mat hemati cs, networks, geography, and conputer
sci ences. Consequently, an invention was needed to
provi de governnents, businesses, and ot her

organi zations with the informati on necessary to fully

- plans tapptigae Hdtegriskh essociatedrvetiadrngetoue gldbal iafdetigld disease threats, and

o do 1 SRR GH°E el IO EERE e 6 Bl ez on
a givereMiHEACAyRPEAHShbial Bdinke. -2 Plans to mtigate the

ri sks associ ated with dangerous gl obal infectious
di sease threats, and to do so in a manner that is

~ jooos} Jhiscameabyeat af thiy syentionith @agially od compl¢tely Adfily oap et more of the

o inth of a given client at any specified point
amwepﬁﬁﬁ§%%hﬂ%8%06l It is an object of this invention to

partially or conpletely fulfill one or nore of the 5
Summaby vEthednyewtbed needs. Sunmary of the Invention 100071
The invention, referred to herein, solely for ease of
reference, as.Di aSP . AasSists entifies such
00071 fhs ggf?n%%trs@rfegcw??ﬁ%niﬁ% EFB%, Ot Eon a3 IASPORA,
assistsQAnB@Bd 3@ ANSities, GO LBV ARt ANMcRE NAIb1EHRYPS oRfa8{-86dns,
their vital heal'th and/or econonic interests from 10
corporgfiaisabnd ather grayps peitect dbeir vitaldaxakh abillaSPoRemC igeress from
extract, ..process. apd ze l.arge . vol unes of
global e i1 8 finy aPas A Rt of Facty Rt iicenth wplvas apee
voluméDbf tigldwilie Regtherdlall PEsROObtaifiak agidemictbdla HSBR intended
mobiljty across the world's cities. Aﬁﬁ;ytﬂg this ]
purposengl chagpsterizing fumany mebilibn asrass)ithe svaillis citiesi dApplying this
: [ Jt br. | NG :q@n__ i t] I
inormlip 48, BRI phord Hobl, P or B, b eOR bl an
infectibuscapepoistikelyan disseminate. vid the glabad airlerCciearspiitatidntnbevork. The

. ipvention has . its origins.in epidem.ological |essons
scienct befip Hledam%@nﬁfré its o eing i GRidEmiolpeient 1e3ponsdsesned during the

worldWRlk Wit AN YR S neBRFK FRADEEBInk GRlthedhdRdhBlinAtion modeling.
nmodel i ng. ~ 100081 Additionally, D aSPORA hel ps

organi zations strateﬁ%cally prepare for anticipated
[0008) | Addisipnallys Dap TUARA helps onganizngipoy stratdisallyquenare Hewatigpated
- ot L AD] I i e Sires to..s cted or ,
e AL RO G088 g SR s o

suspectels po eanfirnegluthpend asl tipy 2isec and iife@ﬂe@ufd@%@iﬂkt‘o assptdiey or
evol ve and as ﬂeMIinfornation about them becones

confirggd, | QuipFaKs AF Tl GHOINF eddnes e itprention ehnut thier ebpeomes
avﬂlaﬁ@.e%%bggm%géﬁtmméfﬁ e QB BPed ﬂ%}?le‘rr;g&ngl%rcial aviation

accessed;, ention possesses real -
data crpbe easssadg theajnatntiont possessasdrealatime 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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respond to real-tinme data collection technol ogy.
100091 Operationally, D aSPORA is designed to mtigate
the risks associated with 25 national or
i nternational infectious diseases threats stenmm ng
fromnatural causes (e.g. an influenza pandem c),
humarbindinenzaovinsin {genty . wittn thicngeeritiab ratause lhaasag ivfctions (e.g. avian
infl snal. | QO)% | abor at or acci dents ;Fg(g a biosafety
in ueng\yéqu )1 apd(pr agents, albq\./agégh\)lye o fq;'p r 1.gﬂp@}1@§§é}bjec’[§ such as
shoes 6t £16 8 B3 -tranSPHrRAGAK §orﬁﬁ§érdfiﬂcdlv%%nt(%g§1§céxﬂé\%m§' ddfsing
agents nown to cause human infections .g. -3-
hoof anq axg:lp diseassrin ianinhaisin Zafoctipussgensghat are woinuhivable and have
ot.enti.al, tao cause human infections (e.g. ayian
substafFTHNE hebfh BBYSF RiPERe sBerriteriRn e Ao O Bpisfpncem.
DiaSPORA hﬁﬁsféhnﬁem%iﬁ@ﬂ' ARt SmRRiiBA ldRiSiEda 88t oSHRGS O based risk-
.. clothing) and be transported via commrercial aviation
mitigafign girajsgtesr hal iareu direetod i glgballyo decadlyd amdiot hat dirsehsseifn and
[ . f Lous agents that are conmmuni cabl e and
prescnﬁégvfgp shdgléat%gﬁt?%g cvsﬁ%‘ﬁﬁ]a “Keal t h and/ or economic
consequences are those of greatest concern. D aSPORA
[0010] t Fleeniafertiva, mrmerasgat, cangristsaidtanOfor $addicting it@ndnBbn OF an
inf .evidence-based risk- mtigation strategies that are
infectigs, AGanE yi%, ALY COmBEiRINgy 2) dndgtahasat the rdpiabpsd cestining air
g n ; L deratj.on. Ci S 0n- rs .
pssenf A SRENNS ! B8, BOSIAET 140210 SRR e a
passenggrstravel fdata prebufiing: i frgyutnansfriflghitofronf ofigin difles to destination
.. infectious agent via aLr travel, conprising: a) a
cities, R A PeStREST AT b Ese OB IS IcHipS 4P FestpaUdbAger, mumber of
direct hérdvieh Mgkt foM oAb difie/R) dRBhARACIRES, Wi %éngér A0 for
.. destination cities, the air passenger travel data
origin japd dewingden titierad capriskpdiidinghdate Staomps dot glil mirgiassengert vavel

. [lest.] i ities..nunber of passengers trayvel.ing.
data; 28 chAMin i) QRRqry 8 Floncloe G BREFEET daya drtngith the
infecticlisrzgent wakRtcsingie tht b@dubility 6Min@dctifh BF &h ildPAdd destination city

dest.| ngtl on gities, total passe;ger traffic for 15 )
from a5 individugl Prigar Cith afie GiF Brvelesnd s swpertingpergiin gpetatiee to

produﬁﬁgﬁﬁaﬁiﬁgn(gﬁ nfRiibn Bf‘%l?eeﬂﬁ?{%dﬁrfag g‘éﬁ%xaﬁ&?% % grg%ré ﬁ‘& Jpdividual

i ng ne operative e alr

“origin ¢itaatal giviet tmebeded bhsaidimdect i ous agent to determi ne

the probability of infection of an individual
(0011] dﬁst i.natj.on ¢it froman individual origin city via

ait thaveP hc I PBEG ¢ SHRPTIHYi hePBpet af wecdiging the
B R4 e SR Y e
travel data g)rgaprvtéqrye{ betweernedgingiticsaind destinatibn oities Tioe a database, said
air pas%)érhg?%%% ga{aﬁgaﬂcﬁhgzefrecﬁlség%g tof ﬂ%g%rt'g)ﬁi)glec?rig?n cl %elg ?cg dgsftination
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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transm ssion of an infectious agent via air travel,
conprising: a) retrieving air passenger travel data
for air travel between origin cities and destination
cities froma database, said air passenger travel
data i ncluding: frequency of flights fromorigin
infection of g® indivitbet desdibatom @ feorh itlesindividia origih qigseng efetime
traveling fromorigin cities to destination cities,
hunber of direct non-stop flights fromorigin citi es
to destination cities, total passenger traffic for

10012] OOtlﬁt lan@rfdnﬂasddlvaﬁhg&fhrﬂl fch@Fos @f”ﬁ'le GRULRDR Q)Psﬁ' b4 &t to
nps. for all air passenger travel data;

those ﬁk’élﬁébinl ithe agt from i rfglrlﬁ"smgoﬁlet@rﬂedt Idesqrmtlentth@uef alglem in
{i”fi‘ﬂ in city to an individual
conju’{&glg i nattb%%éc\é!nﬁgggyl{}%g g%em fic tinme period, the
nodel i ng 30 based on the air passenger travel dat a;
Brief BagtriptiogaiffehaDragingsr eport of the probability of - 4
77956-2 infection of the individual destination city

T T (A XA, S
refered@ab U acimpahifink ¥ SnbO rin"\d/ljnl:h lm%e %B%(aﬁ%fefr Qo, 11kE LWnents,

skilled in the art fromthe fol l'owi ng
wheredéscri ption thereof, taken in 5 conjunction with the
acconmpanyi ng drawi ngs. Bri ef Description of the

RIS B RSP HP R R CosrLs ed,

to the acconpanyi ng draw ngs in which i ke nunbers

r Bigere X Sulrinkary of thedmichtion eheinriry corforfehGUhg ploceidesbal
popul ati on size and nobili ty, 1850 to 2000 EI gure 2:

B LoSalllinres Disd T st PRI RPoRs e Ser peFigure
p@&“ﬂeﬁB bR n8ARE h}gh'ttﬁnggﬂhﬁien$é: bPLitEs 11‘1’319t3rtﬂe:§§t{qI Ghitkd States

msasure ni ghtti me anbi ence of cities 1 n northeaster
Uiidt (eanadn Hilgere 3Bn dglid nad aurtegagrmerkeBfor ecgrtuin)ic dsveﬂnpment
surrogate marker for econom c devel opnent 15 Figure 4:

oI PR RSB RISAR S 20890 wapd gleatn
_ dQrgangatidretraval ndvdsafes Hhﬁn@ﬂﬁ%oﬁmé lbf €RK200B Guifbesak:
Ceographic coordinates for all 1,061 comerci al

g%irégr%r g:S G%g gerE&%L nc%orciir?a{tgsr Poall't Ellli) q ?861f cl:cirr?rrr}géla\f\%grlpgrvys %?)erla‘gng

international flights worldwide in 2003

perlod

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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Figure 6: International passenger volunes (i.e.

arrivals and departures conbined) 20 for all 1,061
commercial airports worldw de, 2003 Figure 7:

I nternational destinations accessible via direct
non-stop flights departing Hong Kong (n=60), and
CRigiRSPAnRhAY FRoaaRtel SKRISWHRona¢ S ifh&@thidn § 23 cities using
Confirmed international dissem nation of SARS
ceryplgsqentiserelagyandion padymergsd ¢hgirrsactignessan20&%r ol ogy
and/ or polynerase chain reaction assay, 2003 _ 5 _
717ig§1@' ?0:':?%{{21&1@' ofE £RE! pé)gtfati&? n[BI Ll gitl%'smz\\);%th international
corfonavirus I nportationto crties using
cairpoats ésc ewhbaesfolliphys modiret tp edaghef@an eHatpakong ¢aeinational
Q§SQ%6:§BSS Figure 10: Probability of SARS inportation
t0"B ies with international airports by nunber

of flights required to reach from Hong Kong

| FibBreN @l ORSMabilidy AT i ibh Qy' itiebr btk
o?%SARS I mport a;%i( ?rt; ?%RSGICI)I?@ ?@Pg% qui %#%ﬁltegr‘ﬁg? iq%t%g Honal
almeoist &y, vadyme of internatfonahpassenger amiahls fiass alh destinations, 2003
arrivals fromall destinations, 2003 Figure 12:

Ngerp.f ng, K | nfernational. Air.port. .
RRARTEE S hESTAR Sohe ieran PR ah AirgaleBR Taiwan
| apasotrebpondingd0ilhith@e 6f YURS idhdortited, appivei er anal ysi s
di splaying timng of SARS inportation to cities by
pr.esence_or ahsence of ~direct, non-stop flights .
d]Eelﬁ’é’ieF]i hé@h&ﬁ\(@@h@%ﬁ&smgag timing ofp ABP@Rportation to cities

e S LR RPN R i Lphs R

Fi gure 15: Di aSPORA screenshot denonstrating analytic
ckigexsnil 2atioPPORA sGeersbefr dpmbusttatingt ingjor (foctiprigo(ight) and

irection.of ,passe . flo i nbound) Figure 16:
%h% St&@ﬁ@é’ﬁgﬁgfp%ﬁlﬁ%ﬁ%? H@gvya(ti es wWth direct
non-stop flights arriving into Hong Kong in 2003,

skigtied 16y INaSBOR@Escreonshor deh@ukating ahfly8¢ Nabiogfiddtion by
| ocat i gns wth direct non-stop flights departi_ng to
oo

TEe8rAPaIC lesatipa hlong Kenglandairsstion pipassenseniyey (inbound)

departure vol unme, 2003 20 Figure 18: Four regiona

NEEUR k& Dfaslpbme%r%ﬂsg&gdig%lé#ipﬁe ds Gith el H@n—thp flights

Cari bbean islands in 2003, using princip
conpogentodiqrizdeony in 2803 speted 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 19: D aSPORA screenshot displaying hierarchica
structure of Hong Kong's (inbound) regional network

of cities in 2003, defined using graph theory Figure
20: Hierarchical structure of Singapore's regiona
network of cities in 25 2003, defined using graph

t Rigorey21: Bpatiali dongmuentd betiw@po sinellatSANRA RSP outh/deGmad observed

Figure 21: Spatial _.congruence between sinmul ated SARS
RS dmRoignal0 200 aHisiderpSURIEs [ on dur i ng 2003
wor | dwi de out break Figure 22: Receiver operating
CRRLACIBRe2tiveS GEafertll; ENBuYE Apldy ¥t ¥nsitjvi
and speci fi cli tyoé)f SARS s%érru a{téalot)}ﬁg gdopfg:aﬁsg}agﬁgé%é{lselgww
t dndesphaificisy 6f $ARS st ationFadppting sekeoted threstoddsbet ween

si mul at ed SARS out break and observed SARS inportation

dgir | 2003 wor |l dwi de out break. Figqu . Resylts, of
R O pAl s Gt B QiR S SRS qutieal i lprved
JBARStimportatidariging 2003 dafdaide chiireak006 and
di ssem nating via comrercial aviation Figure 24A:
%I argf i nset qf Soqutheast Asia fromfigure 24 10

igeel D SResplls of singpted ifpur weekg ontbipak vof SA RV topiginaking ffrom
S Lol . < Gai _ o
Po0a G Rgh bR InleRTL, 2906 G Gk Rliniihe JALHR ek B syjaion
25A. Enl arged inset of Wstern Europe fromfigure 25
Friguree2425 BnlaEgrdanspt of BowtbeasoAsiv frbolh Sgirad4 and
Nort heast Africa fromfigure 25 Detailed Description

of- e~d. N4, | -..100141- . herei n, an
Phighticas: RS BF simugpied Toipde githreak 3 SARS Fiagiaipe Hom
NO#ird, iBgypitbn Jaktiark V1 * 52006 28 dess@alihefd WllcoMintddSal £54104S
parasite, or prion that may result in active or

latent_ infection in humans or other animal or plant
Fletitesn Egfarainist op eebru Puront dor AgEAGS on,
attention is given to circunstances where infectious
a I : j i &lg: AV
R Ml Y And R s Aratt i (B 29
(i.e. on 20 fomtes or inaninmate objects such as
Detailgd Deserinfiayr ofthemyengipnand whi ch carry potential health
and/ or econom ¢ consequences to human popul ati ons.

i
ace

' 1 hese i t - ten ref .
v 5 A o S50 AT P GRar Bl B 5 g

entity swbheast 2 bactaysh evina) Ginpes, yethsite coepri@ithae il Fesult in active or
conprises, ina prgfer r.ed ) )
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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enbodi nent, the conponents and processes shown in

Figure 2. The invention, referred 77956-2 to herein,

solely for ease of reference, as Di aSPORA,

contenplates partial or conplete fulfillnment of one

or nore of the follow ng objectives: 100161 Produce a
to herﬁi}(@ belalyafoel et dTOC i@l ONEDiaSPORK, ehithripiated ?é’rﬁhlz@r &ishlete

enot el y access_ for anal ytic_ purposes, historical

fulﬁll@@m@@aé pRmprawithe fHlovingokipetiviee, future data on the

5 architecture of the entire global airline

t r rk S.COrT
0016]  BRRBOCA S A d Tl e Rfed An Bl bR A FERORf s
for anamt: QoS i sadrél, mteh@mai? agdwherel @bﬂ@le afuteé dgtatod the

e SO s.with worl dw de data pertlnent

architgcii @FLP@%BWC g1kl iR ERERAton BFIMORk G Sies network's
corres?&ﬁ:gﬁé cQhmBrRd1 iafrc ?ﬁainggpﬁ%q?élf ﬂmﬁ?l QS 5“14h? @ggtlf-rﬁ eSrates

e data wll inc not b restric
worldwrd‘ecnomarcml @atainolata frorhenulhplwomgemwsh mmld@datzaplaﬁnent
i s, those I he potent evol ve
to the ciRARRec harl T B bedainn retn CetionS oS f PHOL,realt and/or

econoP@ eighiftkn@f Wﬁésﬁgdét& A8 Qﬁélh@éj BRY nol WEBRSTi¥ed to, information
commercial air travel. Contextual infornation

about afeetiovs mgents I@Ihwnetnmagsmdleeasanmm@mam dba:g:amtb rtho potsutidh to

evolveagﬁln{a?lf : fgﬁgea%!e 1P h&%@ésﬁéﬁ?m?{}logeedgﬁglg%n%%gl nc% eln*é;i i)a}lSported by

hummnmaro@ﬂﬂmézal aig eidell | OBstestuSINindSmAkibh tpéftenil B the emergence
nperature, and humdity, iii) healthcare

and/or. HPP%’@P% of sicd agsatsrcen @Wd@§ntegwecbmmﬁy éncligeo i) popatation
o} nt ot.Her n ct or,s.

stee, (0N PR gemRBEotilos? 1) n i Ron " BONBUORG PRy atiuce,

tempesedwrey and [bymaidifyi, i) ﬂmwit(l‘tcb& gifmb@hl ctur@i diﬂdh R&ources, w)d e(rzlonomlc
tra ortati on network |s evol vi wth tinme, an ow

gmw%ﬁvpé‘%\fi[?ﬁmé’m P ‘Q V\@‘F&’PWGI NGRS 3‘%9 refers to a
commercial airport, city, state, country, regional

[6017] aPHOd0Ed & systed HRAVREMBEND rafi@lyPRIdRhAfbicl9TRARE 2RW BB olobal
or conbipation thereof) is interconnected wthin r?

airlincqransportationsixorktis gvelingcvidu tipei and bow pey igircEni qutity (‘r‘entlt)'”

ch.elnf or derjved .thr S|sofda
herea%gs%rf %rge{g ggtg\élg]&aeﬁ alugi e OIS? ¢ t}’]’arsgag‘?ge???%y H&ES ’é’ﬁ? “ty’
govenuuém,ecr(ﬁpcbrhmw ol garii IO { @denﬂ‘ﬁﬁﬁiohﬁliéreég a8 Er&eﬁébﬁqected within
100181 Produce a system and

rci avi ati on
the 2 RETar % BT ScaTEh/t PFiSR e dhich iprmeamis dstived
thr Sahdigst di 0 e h f
e o MR A REEI PHRE AN S0l o SBHE AP I gy
vulnergbilityt thdmgbueshinferiiohs agentsnanepomeaial aniatiet.wor k. The
system and nethod facilitates

[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: 1)
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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a broad range of sinulated conditions including those
tailored, but not limted, to: i) characteristics of
known i nfectious agents as well as those previously
unrecogni zed (i.e. where characteristics such as the
agent's node(s) of transm ssion, basic reproduction _
numb@, incUF8io6 r2riod mleecan baewbaitédnii perdgehhit éborcﬁﬁa(te(@ﬁwhere the
i fecrSSt i mat ed) ii% geogr hi@ coordi nate(s) where the .
infectiofs B8Pt i SURSERY GreCaniEmed (B cPeoPreRsah RRYAE ProRseBiing, and iii)
eogr, i in@" i Cs ;
B o b Pying T Bsiublile, sPAERLRE Mippporgion
of the gg¢rd yiarpgmmpesciphgdmoratat i on  of the agent via conmerci al
aircraft. 5 100191 Create a system and nethod to

p C fr work for an entity to. inspect. the,
o011 PERRHEE st SRFMR{ba B et i it B B ey g dnspectahe
architdcngre ofteplobil iaRradRhéctdddaisqftidr ¥ BRI DS 2 Li6ARRed HiERus
. and consequently conprehend its vulnerability to the
diseasg t b4 genguentht semprehisndidsnvenebilihée ghobimiportation of

: Al hd : i: k. Wth,the. use of . .
infectBhe hochf i AR3R0K B REbS R b Pid i B ot empiyical
data, thiet vdat ef toeentinks kisatodied npaniighie GOtEIksi ¢ In¥poking potentially
d danﬂﬁious I nf ect.ious agents via commercial air %ravel
angeiup figrboys perals Yo Fymugial girdepveh wdbipobiycsizely exalugtedem
and method to produce a framework for an entity to
[0020] PCRARCE systeéin ah® #lcitbd2ddhrBiu RGP RAE G olkNEE raﬁsé‘htcltap%. protect its
rapi dly devel oping a strategic response plan eS|gnea
healthagd/er espapmic iatesestsby, rapidlyldéajopinea strapepi¢ sdspane planatesigned
Lok estl ous t.vi.a commercial .air. travel ,amdst a_ .
to prel Gl b M ol iRpBOTE B b iigtions 55 044 ormessig air
travel &nﬁi&ﬁiﬂm&i@em tiochnfiemed eatyraka framework for an
entity to protect its health and/or economc
interests by rapidly developing iterative strategic )
[0021] r@%?ﬂ?fr% %stﬂﬂéﬁ%‘? mgthoidgaeadoduse sy Bgmeworkgios en satityoto pretealyits
health ah8/ok BRAHAL iR I ' | quuBRrcl g
ea. air 0t ravel as ér;reeév?v;' Pﬁ? Ebdrlﬁl‘gs% gﬂ%@ﬁ?%?%ﬁﬁé{r g’g’%hré%% nse fi'lans
designedit tor prekerie clismes, awaddlgbltes impoORARL Gf emt enfectinst Avnt via

comn B3y e S B S bR o L

suspected, or confirned infectious di sease threat and

10022} t Geader bptan aneldethtd & esiteratefcotpediRadild e6hofRithiidred to the

d_Re?orts ar e structured to evaluate strategies
conditipny spRrpding 3 dqtisingtad, sespertsd, orrontinnerindections digeadeahreat
and thk @é&hreli seBinde ' t entity' s defined

boun aries Ifslulc::bﬁﬁgosfoag gﬁgegd& ?&:‘vg{lep?%sn%rg Sgrtuc{ﬂlﬁ?dglé)t Sigluate
strategigstdirentad iab ddferent domts, ordyding acthb glabablevél (i.e. tHobds@side the

. ,iq;%de t.he ntity'ﬁ defined pboundaries such as risk _

entity’s defineéd boundanes such as enhanced surveillance at targeted internationat
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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25 appropriated health and human resource allocation),

and travel itself (i.e. those in between the gl obal

and | ocal |evels such as travel restrictions). 10023]

Referring to Figure 2, the primary conponents and

processes involved in the invention are shown in
presergb stirac infedtiouSidésgast, thikme calisell e b \eg&it @Pabls I bBTL Eated
. i ,1 tygg < ?‘ - 7@95}(;-2 presence of an_infectious )
interngffys within the, humen bgdw (s Inleniaer agiva infeelinmios extertpdiyrm fomites
e i j tad I i thi as latent . .
G O R 38 o R RGN BRD fBon Faviae
via camragrcishtariatibh e dnfecioshagmtss boesng porheially Beowdnshiblic health

amﬂoﬁons%ﬁuentI%ﬁgransggated ﬁorldmdde .via commercia

AV PR FORPHIMERSEF Bifsthagsetbere dh myeitipngapeides ds pipatest value.

Threa@ahdyo1iglude Ruttsedk@ahithird aghid 4C ;
eaar e )?hose V\,f?er‘é t he _ti nvent | gﬁ@%%&%g@g, Pfg%?g%tg%hwh

stem fyen getural Tiapsest(s.gnayy influshzalpansletnlin) e blotertdnat @I an intentional

LGl suspect e ot confir and ich tem
releas 0 LENBRAF oo RSBEE Fnt  arr Pt B 2 g fiiwpicey Breach, or
other bifoteetdnofitcumMstaicss. BhsedNiRAthORature bEIRAG SRS perators of the
) smal | pox), | aboratory accidents (i.e. a biosafety
Inventjop Ak¢ elgct;vgbb@rmgcr@]g'é:gﬂm intgygctiont her unf or eseen

ci rcunst ances. Based upon the nature of the threat,

0 r ' ' [ ectively or .
o024 253 P8 o URTLR0 B B Bcincay o
this ingpeiolat whia':hdfousc?sfe\_zvbnlxliz\ieﬁdb ifcomnaﬁﬁﬁsa(iﬂidilagtatsﬁaﬁ \;\a%c_i mri]crodata in

... deve ed specifica or . this jnvention, ic

additi o BEL otF rinsnt Byreiobel infecsigh, diseate sbeseisst Desne s step,
microdsL4:0 drattd Nfor ﬁﬂﬂéﬁr@%ﬁ%ﬂsé%algﬁg.a pertinent to

gl obal infectious disease threatS. During this step,

m crodata are extracted for processing and further
10025) glRaPigR | . micsodatr0 251 onganiged pn 3, mawar cnbmbiateat evitr theninzsaded

[ j ith the . ntended  response(s).
resorfo P TRISRRGRR AL S R RRET L o
yet ocamtréd; i rppikliyd deval@ihg tshategiasoun®irmeddkesO s Ur ﬁ@%y HBPR D or

y

deyel opi n trategi ¢ countermeasures to a ne

°°“ﬁ“§€f¥ g&&%)‘e&g?{?’f %&lﬁ'i &P@@Pﬂ& lEategia fappiermensings yfo an ongoing
cHtv et QB it iGy C 0..a

suspe B8} @BhfMTned ﬂﬁ&zﬁ_gie%é d&#ﬁ%g&?ﬁ%}éﬂgg? i

ngoi n
suspected or confi ot Br e‘é(%& i as new

informptiexn bacones gvailablet evol ves and as new 20 information
becones avail able. 100261 In Step 4, |arge vol unes of

G [ viation.nm crodata and ot her  pertinent )
ooz S 8, BB NeT 1981R L OLSE R 190K e
data aml galyzeh throngh @S eried A HEsindt el AlgéfthnsONdteld Bthivsks involve

network anal yses that rigorously characterize
condugting ok aypag/ﬁﬁ; thaf nigoreusiy ¢hayacterize 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.

10027} 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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of an entity to global infectious disease threats and
ii) mathematical sinulations that 25 forecast how a
speci fied infectious agent under defined conditions
woul d |ikely dissem nate worldwi de via comercial air
travel. 100271 In Step 5, a conprehensive report is

[0028] gPatesitl attatexiastori cagsifebest bk chbhiahegiRfude dhd®dirdtied at: i)

~Mmtigating the risks associated with an infectious

the “glgbalzdeve! (i ahlocaions auisids mpeirnitel cliend salefipebbomierics), i) the

“Jocal® 1& 11.€ AR cationd i sYgegégfogerﬁigpgﬁéntgo& %ﬁ]lgh y ﬁéa%%g)e%lngsiii)
for consideration %y a client nay i°nci ude those

travel ditsetfc (ied att fochfionst e beghednathe lpibal ahil. BealaleveRy.at iA0nfn-

comprSH T B b e b p SOt o5) 0 e g

WorldPHehh | BkgdntaBBY), SiidebigotftioRs I RhtedS henBRd bﬁ' the business
travel itself (i1.e.” at "l ocations in between the gl obal

commypity bgalnsimenes sympaniaso mubticsiopalettepeniiens),i @t iipfgovernment

potential cliepts inegl.ude:. i) major puhlic health, |
agencify (E8i ?%?%Lé‘%fe ?eg.P“%lmﬂFa“ngﬁ eScftg%ﬁFrfgtﬁt%F/pfovmah or
municfal ROES.i ons or other menbers of the business

community (e.g. insurance conpanies, mnultinational

corporations), or ijiB‘?l government agencies (e.g.
10029} \Based o theeptowedesapibipd igeneralasteps, dbe ievicativer systesa @nd | method

. ingial i ci_pal | wnd 00291 . .
ssci A GHBL 1AL 0 Tt G phBAELE) yoldh LR0RR o i

further det@hbélow: syst em and met hod descri bed herein
conprises the follow ng main conponents which are

d ri N furt tai.l pel ow.. 100301 A d qgbal
(0030} 0315@8@@{1&%%%%#16@%%@3 g‘ﬂ%ﬁ‘?ﬂﬁﬁﬁ"&%‘r FREmPCraR B BiuEs data
pertairfifgl t6 Uhs! bR blind @hh@oRthiiéh herdie @koRahd aididd D%{ld lobal
transportation network, the world''s cities, ané g o@a?

infectiggs dipgase threals di sease threats. [00311 A software
application known as D aSPORA, designed to rapidly

ext , ifulate t. rl dw de
s X685 BEIEER ko BNSL RPN BT Rablfy SRR
analyzey amd piontlate ithe woettiwitdekspréAA03Rihfébtibi apen@d tatthe tddda® matine

to counter specific infectious disease threats and
tramp?)‘i?%’(oé‘é’(et‘f?{g' 20 declared interest(s) of potenti al

cli"énts in accordance wth user-defined circunstances
[0032] 2Adinab ORPht thiled to counter specific infectious disease threats and protect the

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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GCD: Wor | dwi de Commerci al Aviation Data [ 00331
Avi ation statistics and mcrodata are primarily
derived fromthe followng five organizations: 25 1.
Airports Council International (ACI) 2. Oficial
Airline Guide (OAG | 1 - 77956-2 3. Marketing
| nfor mat parkelaé trfdaRARNMtPTIpd (MIDigr nati onal Airline
Transportation Association (I'ATA) 5. International
Cvil Aviation Oganization (I CAO 100341 Aviation
Stabi st | berasiional St ! Ensrosiiom Assicitiemdkt} Ahed
sources are converged 5 using |ATA airport codes,
whigh in . ed . j - heqanheni tecture of
theSgl op bR LRt ol AN, n
characterize worl dw de population nobility at a

10034] Speatidn eatispos mid microdata frdmi the aforemerntivnod neliradschre converged

. bound architecture and passe r flow . dynamc
using Il 4k et Slssrshieh y» By er l?%eag%ggfge%%sgmbéﬁ%é@rpf the global
airline %dm@?éﬁati@ﬁ' ASwBIKE al@chatbRYise vb('n‘fjddv{iiﬁg ltﬂo?yﬁﬁh_on aRgbilBY at a

i nvol ve unidirectional flow around nulti-point

specifigbpgigbersperivd iPtigwe dglzrunfllapd/odthoand eshidectira hsd passerger Sdw
dai | e

f Kkl |y, d | i
dynamigS S iReashtec S Faodny TR el ro RRS B3RS Rbar 4 RS iPys

bidirectibf®, dnfie ndyaihablee waliRctibt| 168& Biowh@r htdl-point polygons.
contenporary, and future data on flight schedul es up
Passengey Bew dpmamidsrare alppamessuradafos dah wa&ly,nmgmhm iapd sgasonal
vaﬁancséctgeaqg$1%g fi %?ﬁrﬁaﬁt’ i}fzﬁérpg 8%&&351?& %trtﬁ{sq{r}le %‘ed ?vailable data
passenger “seat's, actual novements of commerci a
includahistorizhl, candmpaasenadriuasaiata anflight tehrbuldd upoy emenkar in
of passengers_ (i.e. distinguishing occupied from,
advancgg d3aig 1 dyfornpationyen sheduied grovemanis of cammgigialiaigraft and
T . . o )
pesnf E550MR S Es bP LRI A3, CATMBALSNRLS sy o el
moventkast ofiyasscopgrs (i [didiageishing loacipidbfremsitaam seas)s oBhicanajdrity

ith ,the.d h . St i | udi ti t ,
of confibdrilal ivigfohitatsl nd M RmiiRon ol peiRnidhs in FEnst GayGose

simply! doBh&ielta Ghbthérddstifiatfndt A3t 48R inchleWateadthBP$ associated with
pertaining to any sel ected pair of 20 conmerci al

the datai theodate ssapps dvileiingtimg stgraps, fif eckilgblientDate apredvadlgblierat the
- t,L 8. . b 4 ftr.omthe ' .
sirport P P AR Bl S AR KE Rt RN A liged i of

commértcial hifgortsalslidwite atd bperified fotntQr poliyd @atine e \WTD ddata can

Star Alliance), or a_specific route between any pair, .
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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~ precluded mnations! ¢ansn

airports worl dwi de. GCD: Popul ati on Denographi cs and
Dynam cs 25 100351 Popul ati on denographics are
typi cally obtai ned using census data. However, there
are chal l enges in using national census data when
conducting an ses at the global Ilevel. First, al

Sdgw deme msotSegend, ot ﬂlectetysluseéscmtsm dagp telflect

Eor Qe count.
weas GATF 450 e en B EBAE PP 0B of S pgnitan
period -of Zheiy GiBfebeds. fEw Petpledive A@IndORAMmMESTS HEpdR ARy people
time. Second, at the city-level, census data reflect

“occupyy dhgssrae ibarseupred pesmeisiabaiperty- Kewdlysthe defnifines of cities
and thci(lg S%uﬁ%% %Jg h pga'ﬁ{(] Qagagﬁ% rglg%mg qg&’i‘fﬁcu?tetolrﬁeasgre csty i op%l‘ﬁ{mn in

a consizeeny fagkiop! ©ne’ somaumb the hbowpehatienges aﬂtdllﬁﬂ‘@lﬂ@d of satellite data
comTerC| al air CL: Finally, the definitions of
to estirppte pgpulgtiopsize n§Sndari es are hi ghly variabl e
making it difficult to nmeasure city population in a
t n :
3] D g s PLand- 20, 28 Uil it 1GR3 ) population
densitye it Egyrt dlefiv pod 18 )ormghitinme amtderge ms wit;es 111 ﬂ&?lﬁdrtlﬁaﬁtem Umiged

States ?“odAE rgaglﬁﬁp%tﬁfoﬂﬁ dwga%g? %r?;e ade tégi)e;ﬁ.%/e % Elt s Qgﬁgp{ﬁa %gn 51ze and

nighttiffeCHiiEnte (WRRIHER GRedPIn Gk tihRatibM aé B%uh«!@grz&@ Bsike® B economic
United 10 States and Canada érlght) he i mages are

development) tfer deelegied capppipphis et B fﬁﬁ@lfﬁtlmﬁﬁs siome dirpgtly from the
U.S. I\rlqzltglﬂalt @5@ é‘%& n&&nc%ﬁﬁérﬁ:hﬁ&dﬁmﬁ&?gl n w Qr% tlhgverln L Y3 are
a surroga nmar Ke econom ¢ eve t%l?mV
collecta¢ hed hredygd agd apdl .5 igpesin tHhisentesld ﬁ&ﬂl@ﬁlaﬁ@mﬁlodels
directly fromthe U S. National Cceanic and
nosp he |c Admi ni stration where the prinary data are
GCD: "Pgﬂ"é YelePmen yzed and used as inputs in the
i nvention's mat hematical nodels. 15 GCD: Econom c
[0037) DEMRbAITEALICHALAT InadRNeRta 6 RUATIANERAYVoIRE BE chRtdhedof
to conditions favouring the energence of previously
previously ebwrgenenéagd; Hifeeiious uageaget sther reemergeaedre gm@n odgents.

o RO RGPS o LI ORR) MBI L TSR

Indicau puislivied kbydthh éwsgdi |BhnBasikhough ltﬂirfsa gialtat ﬂeﬁ(ﬁllﬂ a&@rtaﬂ et the
. on reporte t e 20 natigna eve Ther e
nation} le¥ el TFHS 7% ﬁlﬁ@tagefb*hmdmg syslrdati gAY GOt chintres

where GR4HAcs &Fe n¥h ﬁ&ﬁoééﬁ%@ﬁﬁf agumu%ewget g *masgﬁgoeggh%es such as

di stributed (e.g. developli ng cou ies s
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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China and India). An alternative and potentially
conpl enentary approach to neasuring economc
devel opnent at the city level involves the use of
satellite data. Specifically, the anbience or I|ight
intensity of cities when viewed from space at

10038] riilghsbilitye of ascithi sx dswedthizSprabonwe ofi drhinfeftiens mgentt within its

Fi 3B). b 0 t ant t K f
boundged B ERT 140U SFNRE (ORRL HRPHSE HEEARDE ft o i mgsaPpeed to
other ditMsSmaybé 888t 8 AR AR NGl healtich@NhB8hstruckird kfPhuman

are nore devel oped and économ cally prosperous than
resourtdso sPata et thisr land dagkeational exOinatedend thecumeer of physicians and

.. Infrastructure -13- 77956-2 100381.The abjl it a .
regiseif DIE dPBUEOR i) PHIBDENESH OB i PRRLE Lo public
healtho¥rd, ndt8) ich® beRSHAIAGT FOR tHr VAN, Nutrifiom ahé Popadiintg statistical

~__locally, and/or prevent it from being exported to
divisiapt plethecWorldsBanky Hewsvgoesinge depsqi statisiiescare| qplyyenorigp|ad the

. | ty,hear e i nf. I _ e :
naonfR "SRR k8 WP SR S PRUGT TR o
populabidy Size ifangtienditiin hedvestcdtmgy.nur ses, proportion of

national gross donmestic product allocated to public

heal t hcare, etc.). can be obtained fromthe Health,
GCD \gnyiropggatah Gopdiions: i on statistical division of the

Worl d Bank. However, since these statistics are only

[0039] " EROLH LA iélstibdohd alitP BRVIrhBNE LI idBctfns WpRit AR iMMignclEby
made that resources are allocated proportional to

enviropmputahtdnditicsis suchf s tewperatise, urtidity, and aliswdec Sugit glgbal tata is

obtain%gﬁp'g‘b 5 gf\é%‘lét? ino Se%%ﬁén%q?%o@ﬁc%gft& g&?ﬁaéaﬁpgtiozﬂslwhere infectious

agents igBEPloobts aAGENESatAkE nkwWcbologiesihibhes. envi r onment al
conditions such as tenperature, humdity, and

altitude. Such global data is obtained froma variety
GCD:Jlumapiang negnumasJofectious Agemfnt i fy | ocati ons where

i nfectious agents m ght prosper and/or establish new

(0040] SORHiRIInERtiolN 8RERe obbrEiHR: ofHIRRARAIN@E aHbRRAon occurrence
I nfectious Agents 100401 Whil e i nfectious disease

worldwideh GEIk svill ffoossr ijs attensionlom globaldnfeotionsndisrsge ihreais ghat carry

. worl.dw d will focus its at (e} n gl I
seriouy il Sl oi7s ooy Btprebistorl (S0 R0 LB pRER R 3 reguen
basis RERbSPpoRRHRImEE RUABAIGHIRRelS1 8¥iRbR. onGelicidated, h@pected, or
updated on a frequent basis to_incorporate the nost .
confirmgd rglolal iinfeeiions: dienssa tarata mroaldynde 8- dpaneiatections resulting

o FARRSER P SR R b ks
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.

100421 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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from H5NL avi an i nfluenza) using a variety of

reput abl e public and private sources. GCD:

M scel | aneous Data 100411 Additional data sources can
be added in the future to reflect new know edge about
specific infectious di seases, conditions favouring

sitiRfiéd) COEYHARGE A arlyCBVEH 8P 8ring e/ 03 obbbrbACt Phdse data were
associated with the’l ocal or global spread of such

obfainesh et Fpogvr1a Bytabasy with eacaess| to, mpregthae 10,0Q0 media sources

. jction of the n r of di.a r.epor a t .
infiRinE ok ¥ Rrs P Ribastige: B e IRER Raltiron? I countries
inQi different(lbhigdpés, @ithldins moreltflan VP&BtidusisyPipdated dpwswires. The
Japanese on any given day during the 2003 qut break.
fignie sdsoodapistsutice timing af meagors travel Rdvisotias, isgied diagsWorld Health
Oi/égfz%%a OfRl Qatl B Suskd ?oneﬁ&)xi?eoﬁsﬁﬁoﬂs BAWET Becess to Ci]nforvmf;ltion
Imcludi ng newspapers, journals, nagazi neés, news an
via dlsh globalanadis, gifisial travel kdRisedesnund Grir intenda! o dfisterddd effects
| anguages, . | ncl udi n re,.th 20 copti nyousl, .
og, Sa@%gl%\é%}ws Hromdwide; gﬁﬂ% ]1%.‘-18%9 Eﬂ@mﬁatage iiftggrated into the
inVértiveg 0" | SRhitiBae! 0G5 | ight b
i L@y ¥m (B mAh Sl 6 IR il BV 6l ehRidls dlight be
inflvensed dtyi infiestions wiseaseathosatss ando forpd edjusitrients tovihe datre and/or the
ﬁl qbal medi a, official travel advisories, and their
m ﬁ?‘ended or uni ntended effects on hunman travel
behavi ours worl dwi de. The | essons | earned are
Invehéien Riest of Principle | nventive sytem and nethod to
better anticipate how travel behaviours m ght be 10
i nfluenced by infectious disease fhreats and, fqrce .
(0843} | Sherippentiongs epfad URORYP &PHPIB{? é‘ﬁ‘b‘g% sprepc pBFRIsCHRUS agents
iBr 8 hmefcidr hAgd éﬁﬂnh i edh'ﬁ?c' t@b! Lghadairl;
VIupon a rg:?ajlfn%\ﬁ%:kg{ ?ﬁi‘%mt e e-sﬁp}%gagl\éo?fl n et{l:lt%i gﬁsﬁgg%‘n?% atrme
transportadionenetivatk and dhé essotisted enevaments] obpassergers on it. Through

iR i 2008 oHrdRde Tk of SARSOHR R o

“pabdentior Qe réhleQRA10}) SsuppdttYof Qhist ﬂﬁlc?;qg:‘haWeEﬂV&egﬁm_strated in the

out break of SARS (often referred to as a "pandemc
mgnies descahedhbeay ) | support of this principle has been
denonstrated in the manner described bel ow. Step 1:

| s@&éb}g’awﬁm& %msfc&i'am%%sﬁp%%&;&aaa ARG the course

Cro uring the course
ofSARGitenatiorahRARS outbreak

e |tnternati on

{0044] These microdata were obtainec_l from the Official Airline Guide (www.oag.com)
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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[ 00441 These m crodata were obtained fromthe Ofici al
Airline GQuide (ww. oag.com) and facilitated an

anal ysis of the architecture of the entire gl obal
airline transportation network and the novenent of
schedul ed passenger seats between virtually every

10045] CREREB{G & Kiifo6! invidentfitylehd Red@fshic Jobfndidieof all 1,061
overwhel mng nmajority of SARS cases 25 that breached

commgggial ArpRrtrAncERENe ipematenalifichivworldwidsimed®.al aircraft
departing fromHong Kong's International Airport, the

a ' t:
o R B S SRR RS b v
(arrivdloarkd depaetufes dombirddhin 200SS répreseared @l @pitksclnmotthredldmémonal
of all 061 rcial airports oper
repres iAok e Ry Wik Bosriplen e nﬁeszefs rpisaty, the software
i I
devfEA S5k By S i A, PP kR P
arrivalhd&r tdeparture datbiforedy aimpo@@RB at awpspesidied edinaer par@kisn time.
a three dinensional 5 representation of the world.

001 Jpieanect £RRe el Pt el S RUE AR 65 fun e Smptonal
passerigePVsludheay tallagtty cRed ¢&eiin d@ﬂﬁec@'ﬂ@h Y#p Highs e Hong Kong in
arrival and/or departure data for any alrport-pair at

2003. gnltis paxitiougd” popksis owap eonderted te j identify 1gmattil locations at
helghtgﬁézdleﬁsrk ol}%Alﬁ%Elt‘lﬁ'Ha%oz d}.lll‘l{L% Oﬁoﬁgtb%‘sag tailored

g passenger vol une
to aII Sixty cities receiving direct non-stop flights
Step X Collettaiechild rgfoimatibd oGRS interhattonabsprddwi®ARSal ysi s
was conducted to identify potential |ocations at

f . SARS t at he 2003
00451 o s N Pty Oseanizafinn o FREY 1 Bt ol Simo dose on
importetR6Btd @éb@é of BAR@dasoéf %@%b%p 8#8Dhodhe ’I‘ﬁ@&e' &tz{‘%l\ﬂeher, do

Organi zation (WHO has published nati onal sunmmary dat a
not inpyde nnfpnnatmm Pribb abmwwéé@@l of IrfpRBtias mﬁamxgetnﬁm mode of

315, e_dat &4 15. not..
Aiagn S Y AT Sh BT STSRR PAE Eiretd g TR BHiphftghtes during
the oufitedlal Fortgsdatehi igpdrag eh®folldinagN sk svebdéoiRaeh fﬂfm taberamnes
142 inported cases that crossed an international

and pyldicthenithiagangiys atomad giegleksder cachimperedipiohable fas SESARS:

the followi ng data were coll ected fromlaboratorles

and publ i B9 GAE | AnoNad iR E@ihte®
i mpor'ted proﬁpct)e#)e case lojﬁﬁ\%ARS il Porlt 0 eparetu
and port of arrival, including internediate stops; 20

2. Date dﬂatdeﬁdmum addlattaaf@rmval & afoventengioned ports;
af orenenti oned 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.
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3. Mode of travel (i.e. air, land, sea); 4. Method of
SARS di agnosi s - epidem ol ogi cal case definition,

pol ynmerase chain reaction (PCR) assay, and/or

conval escent serology (i.e. presence of antibodies to
~the SARS coronavirus at |east 28 days 25 after the

10049] Gefaatingto; Fignee $) ; thisndemction abehe ontemp@mletaajms of all

conﬁm%@é&i%}@ Egﬁper ot %tht%fzogh 3}%&2@ de%rﬁonst?aggéqthatt mére tg?n (%2 o% all

cases wert eiroatly onaldirectly aahdodatsl ﬁﬁmal-lbng K@ﬂ@’lsriﬁ’&%aﬁﬁﬁﬁ Alrport
casesg%un n $e 2003 out break denobnstrates that

The inemgtiongiospstadapl SARSswe %Frévthr(ggthlghhgp (Chigp)y @C{Jﬂafnbaatar
(Mong&{ég%h %gﬂ]dcu Mgr eMLglREE} @\/I{é'l L shbdP éﬂarate]y

I nternation ravel rom
since tHehdratval( Ghi $YaRSt mtd)l Iehitoa adrdr %mﬁgsﬂhng Od)dcal)redirhjr land (from

Guans GR0 ARSI ot R ot B Sushreded oo Do Bdec

connecEHRNIEN PN KoME b9diPy | and (from Guangdong province
in mai nl and Chrna) and as such, had no direct or

indirect connections with Kong by air. 100501
[0050] Refaring dg Kigury §yihds gnap ﬂf:mctnﬁge detpisitysoft h@ﬁmneé,ngnmqrted

RS ,cas "
SARS §isrERBiA TRy 0P OTHER. oy SRS Bt iRt Wiy 1 dose-
responsedﬂ&ét” beewgange aghiteatire dfahyvgRBall igind RGN Betdork, its
global airline transportation network, its

passen%% Biid the gbfervedipteniy oY Baparistiensi ty of SARS

inportation. Step 3: Measure statistical associations

Step 3VNMRER GHAGRAGT ﬁis’oéf‘ah&?s Qtf:thte? ¢ %rgpt@hstg:' sTof B £ global airline

transportation network and the observed sprea
transpogtetién netwdrk @1d the nbservesldspeaad of cadfabied Xor @Emuascbmiﬁrobable)
100511 Referring to Figure 10, it denonstrates
caseso?ﬁ SCiti es Wth direct non-stop flights arriving
from Hong Kong International Airport during the SARS

[0051] mfdmﬁgko IRiguRe01 6 it ld@mongiralt@dr thitr kel withChieRs %anstoi;kﬂ@ﬁts
nfirmed SARS inportation relative to citie

arnvmg g HongKepg Intematignal Admar durig ﬂ}eOSA]éﬁ@ntbrqqgthad more than
a forty %lﬂ 9ﬁ(§e£h& YiskBE LShrAiRd ‘ﬁ?&fgéqln‘{@ta{} e%tw%qg Lhhiek Y%u%n@z&e

[1ght connections awa rece
flight eannacupn ¢ eghch.c dNftiar simgle azrty vmrlnha&hd arhlcﬁ% ((aa%é 2603 )any or

N he outbreak.. These fi ndi ngs
more ﬂl!gﬁecodn%%ctlo%sta%aycg'g{ns le-lo ong recelve(? an 1mporte§ (con mneg 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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strongly suggest that cities with direct non-stop
flights to the epicentre of an infectious disease
out break carry a substantially hei ghtened risk of
di sease inportation. 100521 Referring to Figure 11, it
denonstrates that cities with the highest
[0053) iRufaringtid (Highre PL ipgaphlegly displdyy ahe Vddsorespona! | relatiolship
had t he Igr(ﬁat est risk of SARS inportation. For L
betweeg, BAFHTEETSc AEREUNG diQng, Kiege solnierpaiignah chippary japdh armiving into
swan R [ . AW Sk 3. had .opre oy
Vaive, R0 186 LSRRI SORPGR, O SARE, Tl R2 impoFailR®  Fight
connectinpobetaeeromaitianl Chink esd Tadedanvamigare fsexvewhathanique in that they

amost iR OpL P AR ene) B0E 19 ens s, SRy oo Eppaen

lesser dddfee) dTRR- IR0 N \SisisteBl Rith SRy RSIWEEMheREIRE BRSh R nsity
departing ng Kong's International "Afport and

of SARS imnportajionroo iImfertaiimn ofi athertihisciousoagentsp will prehsl passapiger

ARS | rt-ation i.n,e Tai wan. [El i ght nnecti on .,
flows 82 AP R e ™ hontieh lcam SRBE KGR Teivans
two intefiatitieal BltpbiiocAtb®in Daipdinms KaeKGhasi vel y pass through

Hong Kong (Macau is alternatively used to a nuch
| esser d This figure_is consistent with the

00541 dering: 1 Ry oL hot SsniR: & Kol Mele g) depictaarte time 1o

SARS ffRlaih ook Bt AL el BAElcchii Hol Kong through
air travel.afffhiedigure dempnstratdéshihat thagamingiof SARS fimpohstionewss beongly
A Ko nd Tai wan's Wwo, i nternational airports | ocated,

influenCey (g rcson Bt cushel B PIGORDISRE Dhafier SHERGCEDY. Fsargth
direct %%—st'of) HisBR! Ading £aR! H&ié\/ﬁoﬁ% r@é&@@eddﬁnzév&ﬁ’fgﬁ%kg%agés”ﬁ a

0 SARS'inportation anmong ciTies wor e by their
substans i deterdatedban Gtietowishew such mesigh corsiertignsaNelt shafbreon this

figur rates that the tim of . SARS .
figure |5 (P8 R IRRLAE ARy SVRrr R SRt ol mon-essentil
travel ROHORE KeMpedd Gharpldbh€ $rdvinddORUmMARGdAThiA4 less than one week

Specjfically, cities wth direct non-stop flights

before dhe ("atieginey’ o the survRaH glay d2ei Wade ithip d¢ ee @SsopRE0R. 6 semains

_g?clealgfuf élﬁe Jtﬁ/isﬂ‘f g%@ Eﬁdsﬁil} ﬁ}%t%z l.ioeﬁgicﬂﬁsx%g&ﬁ ‘ri‘lghn&d.tu%%eg)‘cf ﬂ}(ﬂl %‘B&e&k or

“such non-s connec _ _
was a japddém ahd gnodated WEGribtiany eFurddy resedrgh dv deadvengwilhbe required

estrictjo f | non-essential _travel to Hong Kong
to exolie it ahlsler BBy | OB e n e, Rl 1ok AP O SEavR] Gyl
behavitggk before the "flattening" of the curve at day 42.

Wiile this is an association, it remains unclear if

the advisory was causally related to the change in the
Step 4cBeiveder wpdelhto smuipteand pedipggthaapread pEBABMH and

unrel at ed associ ation. Further research into the event

[0055] Vi, ldleteﬂﬁirﬁs%ﬁ%ﬁo%gﬁed 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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to explore the intended and/or unintended effects of

the advi sory on actual travel behaviours. Step 4:

Devel op nodels to sinulate and predict the spread of

SARS 100551 A determnistic (nodified classical SEIR)

mat hemati cal sinul ation nodel using 25 ordinary
describeld fHeRive ftrdat tiso Detarmindst{cOPRdelvasd Genchhspeldotiel fubrleadings)

the spread of SARS i 200 ncurrently rall el
providesg B’é’ﬁl::’é‘f‘?e@ﬂ’(‘i?éi"lkﬁiﬂnéﬁ)m disyihe sta%%@vﬁﬁ%lwqﬁvglﬁawg#@m
and thd rgﬂ St EonPthRR Wkwhat £ Hia'tlﬂnan[:zﬁ diZfat ANSAR S foutth&ak and

worl dw de out break of SARS. By nparing results from
events partdllysebsetvad dmmg'rthd@hlﬁ)rwlqdf 2083, act ual spread of SARS

(as identified in Step 2) the nodels can be

t hemati cal nodel section -18- 77956-2

D'aSPégJS%d(?ﬂ'é’Ealb‘g S50PHBRder the Deterninistic Mdel and

St ochastic Model sub-headings) provide a nore
(0056} IThedOftivared@sREypRtknoWNals DIASPORACHSs ddvaRpsd ﬁpM:cchstﬂi Vidal

i n developi.ng them and the degree_of concordanc
Basic @ witemigratien parstiycadepva mie é? 181l Bages NET KN&NEQM This

s B pBR Sl O ROINAS, L TRl BB o0 o
the mvpntuximtuyphae knemet skscelitsasRGRAy haseqiiéed hegeady and Mithoosedtice.

Basic 6.0 with mgration currently underwa
A virtydh Rtigres, 2o meeiis RESFalopi0 %‘1‘3 IveRfien tq pRGTater i dpgardess of

where Wgn&eﬁﬁéitéﬁ (®hich %ﬁya‘iih{ré Eﬁ:ﬁsﬁle?zﬁ)qéj Efportdngé "?ﬁi’thé &8 Sof an
ess and operation of i nvention via
infectidustdiseasst thsdahcadifaglitases gwast doecss émkayehcmogemldeys andctlients.

The nefili MY EIoBEE bYRROKA Sattihisrimit B Bialed §iRPePl Hredexiging

softwaﬂfth gpflichlie)s Qch AP GAlgE (ét‘ﬂﬁ;ttﬁﬁl Hﬁéf]?sﬁ@V ESRAN&HAHE adtde Pitney

i nportance in the m dst of ectious di sease
BowestlY{pplafo (%ﬂdamamlt wwlsgl}%@kelaﬁ dadonpa(mathymaticel snadysis),
and M %E’(SOﬁﬂ)g (ﬂes%ﬂglt? %%a?%vgil Q\ﬁg Igﬁp% Peratmg

tware w e eS| 0|nera er exi st ng

the invemtﬁctmvaﬂ&oaglpdhbw bf)ﬁﬁcmucjilroaﬁssﬁgﬁdgohtl&ﬁi ahto&tau@alof analytic
ana[g}@i g& ESRI ArcA@S and Pit 15 Bowes Mapl n I
procesyegy \SBERTES ol PIRIer SSIRAIPE) FHERIRA. will become

,,“mcreasﬁﬁ@§ hanBbaca ﬁ)@ﬁ&ﬁ‘lﬁ' e hlgl?c@fj anﬂ?t?O ﬁt & gﬁd?@:r and shorter .

(presentation and conmmuni catio results evant
periods of taper Betiregsofimiaee pavkagrsinuay. beTaddedgito DMPQB@ o$ needed.
ef ficient processi ng al gori thnms, automation of

[0057] 619 I LG %E’Cﬁ-b&ﬁ pIcts 9 WA CHEN %r%ml th ?n%rg%l%ctory screen of

t'ech ogy becorne
D1iaSPORA, demonstratmg 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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increasingly efficient at producing the highest

gquality output in shorter and shorter 20 periods of

time. Future software packages may be added into

Di aSPORA as needed. 100571 Referring to Figure 14, it

depicts a screenshot froman introductory screen of
accord@h@SHIRA us€tledermed loddgdrighit Icafibh hid YpebFicBdReTsh Wbw. The

anal yze mcrodata in accordance wth a user-defined
analysisotant beotailpred to any renityeuchDest 2irpoviaicitabitates or ofhencxgenizatipn.
Althot%ﬂq}oﬁ‘%vx% n 1s fg %P@ﬁf&dg’:‘iﬁ Qgeﬁ)le (\)/ﬁo olnf;tgllcrt]]%lg%g analytic

I'C an Mt eHporary comfer

unit that Rtros gec!@a]ﬂﬁ\dillﬁﬂ RhAgas (e.ka ﬁﬂﬁidah@ﬂaltc@rﬁolratﬂﬁtwnh business
schedul es mi_crodata as far _as one year into

centreg gerassedistapiecitiphind equpiriase| SRR oral wikbvfwtbetuﬁettpcsalect 2

S, [+
dlrecn?lggé% Fg:%agrsrr]slaﬂg&{ %ﬁe Bﬂé@ zir@,eS BP&[ {é%:itcgqg%d passenger
flows)smr the nddted afrhmmans@eagmmphémroﬁe brecdat Gdilantlsﬂir elenthisf figure, the
g aSPCRA, deno str (9 ﬁs abl|lé¥lt rocess and
select 78 FHEH5S E'ami grgmtepiige g0o Tigw rglsFiopglingssgngers
arriving%ﬁtbl-@cﬁf _geographic | ocation and specified
irection flow. The analysis can be tailored to
entity such as airport, city, state, or other

DmSP&}I{A

niNgearbkAnalygis hough not shown in this figure,
Di aSPORA is al so capabl e of constructing an anal ytic

t hj c uo
oo otk SRRl Y SO LB s s o
rlgorowhﬂ%rld Bﬁdlﬁﬁi & defigs tirnghecigd) Bichite®hre iR WIRPRAgiobS entity is
user to select a direction for the
Conne%f W&i 1 W@e‘ gl trpmaratiamBcty0tound architecture
(and passenger flows) on the global airline

[0060] tF@fﬁ S@iRdct %Eﬁr%tl{f‘ﬁ} Y@éﬁ%l)azreﬁ iR W rndsAGNhk Qﬁ#nuﬁl!nﬂ_ il gf stops

figure, the selected analysis exam nes the inboun
requireh ohiravst b@tﬂ@ela ﬁcgl’f'Etmw;sepalr nsridentified aluripg sizewgddwide SARS

oubreffs b 800375 ot 3 WSRO 08 Br e on v (e pent to

be mveeel@vl Ifcla@ddisto ii}. SRR D As ablred by the QAHST BE ENEHK needed to
anal ysi s to define the precise architecture in which

translogpigdhateflistange’. sThusom sy caawipllyidentifieifdy isidénectly tilei men- stop
connedt{cal %Qg{ L@t 1'ngﬂecﬂ§t Q’Péﬁﬁ cgmgc@%hs Eéd'u?r%d)( ﬁx BE%ine of fire” of an
Zed Th ter neo e m Ni um

connect'| VI ty I's
infectinuntiezasofhrettops 15 required to travel between a given
city-pair. As identified during the worldw de SARS

R R T S
displaying inbound flows via non-stop flights into Hong Kong from all intemational
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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be inversely related to its "distance", as neasured by

the nunber of flights needed to translocate that

"di stance". Thus, a city can quickly identify if it is

directly (i.e. non-stop connections exist) or

indirectly (flight connections required) in the "line
way ofofxafmipteg howeveamumzious ofhec neousk ghsertes pdrtageng td @d6ddivity,

Referring to..Fiqure,.16 perfornms an anal ysi s
centralf, G <o rgHteE POHTGaDGRBHRASY g | nbound 1 ows. vi &

non-stop flights into Hong Kong fromall internationa
[0v62| | Kigakd OMShyveidydud eeanddé, dibsaysed siatiRg ahhiWSis fotadiBin®mational

January 1St to_ Decenber 31St, 2003. The data, which
inboundatiaffie Bpdhe ey fofr Toipntchata aﬁwssﬂ@u Hightse froms d 2 tdestingsions

world PE" i B0 || 1ABWAD PISISANGER. BF TS DR KR

represéntdtibhRainf@natioh nbowtnd diredt Wilnedtiaitl iokffididntly communicated to
i nternafional inbound traffic into Hong Kong was
clientsgr usgrmeblreigyenign-si x cities (i.e. Taipei, Bangkok,
Si ngapore, Tokyo, Manila, and Beijing) Data shown in
0063 {$tcnd,| gmaﬁeétncédﬁﬁsctmyal is! NBRAKAL PaRER Vewﬁememm—y
percentage of total inbound passenger vo ume
methodqugxbatpmlelmmc@nmmg’e (Edctarh boalyisis wod aap;ﬂleli)grglﬂﬂheory These

approagfce i st (BPn€ R Ras R CHRMECIRY FRPTIR of pttpiy cach of

which %ﬁé’orﬁlﬁﬁm%ﬂ d &olledfién aﬂﬂighlyoiﬁ@érb%nG@tB@ Eﬁie@d Fol Q%Zp’lle a city
ure 17, by way of exanple, dispays a simlar

may ngh gwﬂsn@n -8#Pp aﬂhghﬁs [ROBRGFAINE Gh directih o thedenieemtre | of amindectious
dlseasé Iaﬁttb? r?ié%/ b\%{] QE%QP&HFQI Wgﬂloﬁs %%ﬁﬁ&%hﬁl%ﬁﬁg&%&%qus An

examigivhi ofdhé srvpefand &hiﬁﬂ&]ﬂhlcfilmtmﬁﬁe aﬁdleg{e&pdihkdﬁ|whlch a particular
rese tatlons q g rmation about a dire
t &8

entity %E‘We@ﬁﬁ &Y theds xalughle lighign Jow mwbkdfséawtgabow wyght be to
a parti@ilatRflcBo@ dikdaSe inR4gnt i on. 100631 Second, i ndirect
connectivity is analyzed using two conplenentary
met hodol ogi es: principle conponents (factor) analysis.
[0064] aReferingl toeHigwre Jis, ttinieon@p ofr%s‘eh Arnerigp pdendidies sismgeprinciple

compahfl LG 5 GRS AL SEEE' P

' been mnehuhgh habitkrtle rr@ﬁﬂe@fbdj @6l US Basts UFWesg @ipie Eadl E@l’dt aanada

not have non-stop flights connectlng it directl

West lteéw?fllfé: Bpy tfaetase 6¢ﬁr§ﬁl enﬂfe&: mdgpendeny; of ggerolitige moela@arws or
con&dgfgt]oﬂ?ngﬁlr l@sthg\”cfgﬂ Y "I*o} t@‘i‘@s R dg%élk“ tf@%oq | Ca]?'é%ﬁ:m

nlnatl of t e scope h|erar
netwosk thagtiu d@sab athmf aité¢sweitkini Ganatia.c lFuahfmTctrc caifiesr 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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15 entity or city resides sheds val uable Iight on how

vul nerable its "nei ghbours"” mght be to a particul ar

i nfectious disease threat. 100641 Referring to Figure

18, this map of North Anerica identifies using

principle conponents (factor) analysis, four mgjor
nested rhetomd Hoag @ongi tvhils .Chillid Rait KeyhrSiovwl) ksd W@éﬂﬁan&@t@rparaile] to

sorrevVngt arbltrarl ly referred to as_US East,
ted abrdovcabngkolbo Ksthermerenbitapso tsw@yterinberl%tKoh

f

Samui 2hE L 4eld 9“? Beldi e AAE P OBHE Hrarh i A0 RPblif8h segrment of

the airliie tforspmtaioh astwak pongdes'inmpbeant tvisubherelsnEstatisical data about
etwork than jt does to other cjties wthi nada.

how VQBF%?%%F@%@@. LEVER {qratioR sk ithin %acoaoﬁ@?égera‘?rsﬁgarglobal

networkS| AMSuB G0 Ah&¥h QHsﬂhYse utel K ArdelitR bPihe %lo%taﬁtaﬁ'ﬁne

and parts of Canada that they share a conmon networ Kk
transm.ifEM@t)O@B&orRerfs enulltlrrgmensmm@mné @9, be Hlescsibechengidus levels in

DiaSPURAF sfiAl R lov e mi e T5E SR BBR%SHh cates in Che

far right (" netvvork) colum that Hong Kong is the

[0066] Fighed QDI i€ alerivb® adingOfhe aglea prodedsvldskriBeld (GSFipatenT Kaut is
have heen identified wor|dw de in 2003). Wile the
displayed,grephicatiye ' Thin figers:shews e Histanetice! arshifgetiyesy of the network in

e de S c
which SYRBEFHE Tk Q4 o8 T8 B S SRyt by gcation
where SaRSedtad@infinmbd trghategen ihpdred@yi £n gA Rajugh kohdSacasirated in

and_Vientiane are parallel to. one anqgther and nested
this - speqiioy %@H@i%k ther pvEREHBINgG, MASY o of < SARSt 685t RB N N
mterna%%ﬁhl' bAig Vit BHmEr R ARt %Wdéé Fr{l&h@é"@c th&dp o BEiRRdional

theory to exam ne a segnent of alrline
netwoitky srespg itheampmrseqetstoveddopatons delowi. npor t ant  vi sual cues

and statistical data about 5 how vul nerabl e or

ed a ocatlonls wi thin the scope of

DlaSP%ﬁgXbﬁ% é?até‘fagg '8P%rk Al t hough not shown in

this figure, the architecture of the global airline

10067) t Twosppest af meuthenedtioal knddsisnhdve bcﬁnrrdaemelapaalm alnd fesanddapred
descri bed, at various leve|ls in s own as

 adoptipggdetgrRinistigfiggenoripiile t ﬁaaem Hegs @\?810}135 ork.

Figure 20 is derived using the sane process described

10068] fnateﬁnangﬁc Mod¥t Thig tygd oflinsdef¥d BERBDIfRRL IayelasEmaﬁ SEIR
gure shows the hlerarchlcal architecture of

(Suscemréblm rikpoped, vﬁﬂf@hog,ngrabd%@nq@d) deaangwork 0@s! adapted for the

erpore. | es ., wWth e
purporehof BSLIRES or et Mab s Rntio L SRR ERT fop P BARNGS Snptied to
modelAhé hanghission AeMMIosbf at defedtibus agent within a given city, denoted by

subscript &

927 779562
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this specific exanple, the overwhelmng majority of
SARS cases crossing an international border via
commercial air travel landed in cities at the top of
their regional 15 network, sparing the nore
sequestered | ocati ons bel ow. D aSPORA: Mat hemati cal
d Sinul ations 100671 Two types of mathenatical nodels
Tt&ﬁ@-ﬁbéeﬁf?devé oped d;She first derived adopting a
@ deterninistic ftdmework, while the second uses a
d _tggj“ugsﬁi c frameyark. 100681 Deterninistic Mdel: This
Jqt typ io??rﬁaé@i vﬁé!‘gﬂeri ved froma classical SEIR 20
(Suscepii bl e, Exposed, Infectious, and Renoved)
— frampBprk(dnd~gdapted for the purposes of this
dtinvention. The ordi nary differential equation (CDE)

d elovai ] pgli to nodel the transm ssion dynam cs
p 3= an iiT}f( 11601 agent within a given city, denoted by
subscript r -22- 77956-2 dt si=~i+Uz Iliq - ~ Si li -
di5i d S1dtE =3i Nt - (di+ti)E ' dtli =iE -

where (/] reprédents tHe mednRluratidnle® the ifflitiotis WpordRs MBRELpdriodEnd 1 Q/;
represents the nmean duration of the infectious agent’
represehBR¥al Blirafh 8 hfeblioh befoRPIRRAAL Sy ddath SERLVARY. at i on
of infection before renoval by deat’h or recovery.
100691 The SEIR nodel was subsequently nodified to
10069] dde MR mexdel vamsnbsenuintlyimodified i accausdbomeanmeicial el travel

betweeggﬁga% ?183 PsosWé\s’gﬁJF%\«é@?g&Btti(?&sitg L gnogirtlaq %ql?z{tljogiageagrcleid’): n

ntdare circled):r ---------A AT
nn dtSt =11i. + vwRi - diSi:+t mti§ - u,nSS
d j=1j=1 ------- % A g \l-43ee o d SiliE
o idi : 5 5ol
-Ef—fb,- =1l; + ;R; — 13,—{72 — diSi§+ ; mzSj —~ ; mijLS,;E
CI S I :” ...... ; x.'..:-.'.'.'.'.'.'.‘_'.'.'.'.'.'.’.'.'_'.'t;_;-‘-'.'_'.'.'.'.'.-.‘.'. """""""""
—F; = Bi—=t — (ds + ) Bl BB - EE,
5= 05 ot B S = 3
d :”_..._'_;';::'.'_‘_:::Z:'.:'_ZT.'.'.Z'.'_'L:}i:'.‘.‘.:'.:::'_:: """""
| Zﬁ[i = g8 — (d; + ’l’i}fig‘{“ . m’.;ifj - ;m{ﬂg .
d o ) :.'__‘.‘.-.;.;-.‘..‘..'--'.'.'.'.'.'_'.'.'.'_'::.‘.'.'.";;l_‘.'::_':_'.'_'.'.’__
s T . u— . . .E B b — . R
=l (di + Vz)Rz::“F 21 mi R; ZI: it
RS o s
m Number of passengers flying from airport ¢ to airport j

Total number of passengers flying out of airport 2

joo70] 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
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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i dtE =Q ~(di+Ei .)Ei +~njiE-~mEE j=1 j=1 d n

n dtli —E|E| - (di. +7"i) i+ ?1) - ?2i4ilij 1
dtl12i="; li-(di+vi.)Ri+ M R-~.nmx J=1l--------
-------- j=z--------- Number of passengers flying from

airport i to airport j Total nunber of passengers

populatibiy linhgovithinh ciy bpdill exgdiRéblndgligiite afinke ithiretlsHobatange
t.he anal ytic horl zon of sinulations conduct ed by th
simulafipmleandl; thdr apraved GeRBIENSRf (be spee thtopl gambeo ivpeaiogs who are

removécl’mfihg £ tu%l‘rﬁltnptg QrSdeT @i %f[}]%ﬁ?ﬁ%e reliRelf BB FHopiiatibn

ofrmation pertaining to ctious disease
across tallir aat;pamblrm dmmgm rshba-lra@el sitnutatiodpt é‘hhaahmquation can be

vai | Con en he above equati on can be
reduced; Ry 1 F ireh st R Hibigh ol l) 5 CSRpAPPRERT Rycessing
demanll@h&fd&%rs&xéuﬂﬁlaﬁén LiRe, gener aI -23- 77956-2

tion l'iving wthin a city and will experience
negl i gi ble change within a short-range sinulation)
4 and the renovedrconpartngnt (i.e. since the total
— Buebgyl; of sgars sn% gm mfved due to immunity or
dt death will be f I|g|JbIe elative to the total
popul ation acrgss al | cgnpartmants during a

ort-pange f7i pn) the equation can be 5
af éd’ué’eﬁg g Eﬁéf IS glllrléd form which
S|gn|f|cantly éakes conput er proceSS|ng demands and
decreases sinmulation tine. d -Ex 8,7, - s;E, + nEf

(0071] ;Sﬁg‘czl%zlsiticﬂl)delzzlhiis ?ylpe ocl‘ Modd w%‘g idelfélggeﬁl 8 exarhine Thé disfribution
of possible realizations stemming from a single event (i.e. a specific infectious disease
threat). Apart from the use of Markov processes, the model is conceptually similar to the
simplified two-compartment, deterministic ordinary differential equation (ODE) model
above. By evaluating the outcomes of each simulation individually, it enables an
estimation of the probability of importation for any given city and is well adapted for

spatiotemporal forecasting applications. When significantly large numbers of simulations

are performed the “average” value observed in the stochasuc model tends to approximate

the “calculated” value derived from the deterrmmstlc model

[0072] The process

X(t) == (Ea(t), Lu(t), ., Bn(t), In(t)), 20
is defined as the Markov process that verifies the following assumptions. Forall 7 = 7
we assume:
1. Inatime interval of length /2, a susceptible is infected in airpbrt J ,1.e

(81, ?;1, ey €55 i—j, ey Eﬂ,‘iﬂ) — (81, il, - €y + 1.‘13, very Epy iﬂ)
with probability

p(h) = B;ih + o(h)

-4 - 77956-2




10

15

20

25

30

35

dt I i=1i j=i 100711 Stochastic Mdel: This type of
nodel was devel oped to exam ne the distribution of
possi bl e realizations stemring froma single event
(i.e. aspecific infectious disease 10 threat). Apart
fromthe use of Markov processes, the nodel is
2 é@h@gmm*awaj/ oflenithah., tegowdme of#mpiféctddaddividual in airport 3,
& C rrpart d te c;ordi ary dif f erent I
eq a ({ ﬁ% m)dgr‘ z(télB Voevariiadi ngft hés’“i
ﬂ@_ﬁy each si nmul at| on individually, it enables

an estl mation of phk) p&@{%aphl-ytg(}gf i nportation for

any given city and is well” adapted for spatl oterrporal

o e

Job%erved in the stochastic nodel tends to
rixi. mad;es s thee, cal cub diegdl, val ap —ddriiyed If r.ore f lig
g?taer nbrylstljc model . 100721 The process '{({t) {El{t), )
Wi robability e ey e )yt ? 0 is defined as the
Mar kov process t hap{iegr+f4 &g/ t-lheD& )Iovvl ng
assunptions. For all j EI 20 we assune: 1. In as

tIh Q‘%nﬁéﬁht%%)’aﬁ‘ bf R heﬁg%:bfiboiecﬁmﬁﬂr?&ﬁgkf Emp%rt' id t?in‘éfeh%ﬂ to
S B kA ity LTy
{epﬂ@babﬁ sy 285, B ) @ téhsfj(ﬁm:o( -hS; -214% 77%#3 Bs b s Bn)
awitt prebatilisr val of length h, recov_e_ry of an infected
i ndi vi dua: nl) n_al rpo(rh} . ’m;;;,egil c iy ..., | eJ , eInJ, , 20
\Kbtﬂld?ébfgblllty p(h) =, yjii:h + o(h) 5 3. In atine

interval of length h., an ex osed i ndi vi dual devel ops
5. tlhe tisiotereal jof lengthy b@m@ indectgd 1@d1v1c(\@!1_1n girport, j is tramsfertedl to

aiport ¥ (with ket j)ier ..., e5 - 1, ij +1, .7., en, in)
{1,815 s €42 845 weny @y Ty oy €ny B ) — (€1, 015 e €585 — 1, @i+ 1, s 00, 80)
with probability

p(Rh) = mish 4 o(h)
forall k= 7.

6. In atime interval of length A, there is no change in the system, i.c.,

(61,‘313 . ej;:ij; ey By ?"n) —* (81, .'1:1} N T ?:j, vory Epy ’in)

with probability
p(h) =1~ fh+o(h)
where
f= Z (Bji; + 585 + €5€5) + Z (m L‘E’J +mije;)
j=1 Fk=1, k#j

The expected values in the model E = }E( E: (t)) and I = ]E( I (ﬁ)) verify the

deterministic model.

[0073] Figure 21 represents output from a simulated outbreak of SARS originating in
151.

Hong Kong on February 217, 2003 and continuing over a 22 week period {designed to

parallel conditions surrounding the actual outbreak in 2003). Resulis from the
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with probability 10 p(h) = slejh + o(h) 4. In a tine
interval of length h, an exposed individual in airport

j is transferred to airport k (with kr j) i.e., (el7
ilr ..., e, ij, ..., ek, ik; .., en, in) - (el,

il,..., e -1, ij,..., ek +1, ik) r emin) 15 wth

inventipntsbﬂbd:ﬂahmcy sipfuidtion ihbﬂcle'{rhnmng (ehYotalf of 250 Isnkulﬁuias) Sdentify
a tinme interval of ie ., an infecte
Pt

cities Prﬁeﬁcmddﬁqa‘?e A ergptegforsk pqrfaéwgf(éﬁw taosmzt@)atad PEoRpility
exceedind %%;1 Krhel c)dlurﬁn ﬁn(‘.l?és{ i the r1 tedho v;hat wafhzs%.!all% K)B}Trved

enr wth probability p
duringkiie S2RGoutbreak. t(i)frﬂiemxmmatﬂdl l%hxghwgtsk ditiest Werldwids, hiohad

. ch elril
cither §10bAgs of fonfitmed SARSmpor@fign. (T ' oL 2- . en i

Wi th probability p(h) =1 - fh + o(h) 30 where nn f
{0074} EFlgiu?d 23 sti‘rn?ﬂahizes"‘i@n?(ﬁig)] a+reEel@8igl$1%raﬁ‘r[E3d{é§9az:}ensuZ ﬂ_lOC) curve,

7 The expected val ues 1 n the nodel

the st@b@@tmydeéﬁoﬁlf@mlﬂatm o thv@mnf we@Wéatlm@t\@ﬂmﬁpgqm@ the
worio b 1905AT G BAnlREE BRI P W, RS0 R gt

sxmulaﬁﬁnsi:ﬁflﬁh Watuptl 2hrElrmed FAR S Hﬁp@ﬂﬂiohﬁltthél tnoeEhadi9 B 3voneakitivity
and 98 9‘%: %gec(lf?gts; n(%i%elg othat these simulations are stochastic (and represent
different possible realizations of a single event), results across simulations vary to some
extent. Nonetheless, in numerous large-scale spatial simulations of SARS, the invention
has uniformly exceeded a 90% sensitivity and 90% specificity threshold, with an area

under the curve (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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paral l el conditions surrounding the actual outbreak in
2003). Results fromthe -25- 77956-2 invention's
stochastic simulation nodel (running a total of 250
simulations) identify <cities predicted to be at
greatest risk of inportation (i.e. with a sinulated
10077} Maﬂmﬂv&itichlt modalx aeBZSRORIOe4n beTimednﬁeﬂ toreffedt diffesht pathogen
t he

he, t shows what ,was act Iy opserved uri.n
charactegies, Elbraéakaswofenrﬂ@cgpw ﬁfftgweg?ﬂqqd adcppfle of

transmidQbh AVHOR poﬁ@laﬁ@rﬁ facRr$ bﬂJ‘@ﬁnaﬂ{l&b@!ﬁl discPbe ﬁﬂﬂlfeﬁrtgﬁgmgﬁgéﬂ

I mportation: 41 Figure 22 sunmari zes through

conditipresc elhuesy b)omemmg@e oveatthetf datasn iGCRROBBSPORA egn Srtnlul;ite the
. st oc ic model's discripination.and.calibration

dispersof FsEo ALeRHoLh 3885elbm 6 S Wi o HR GE R e
worldvBde wiRSery\WA6 n6BEA d&qvéﬁﬁwnssmﬁﬁ ﬂ@etsbﬁ'z afithuepnduct ed

simulati ons with actual confirnmed SARS i nportations,

t he nodel had 91.3% sensitivity 10 and 90. 9%
OUTPYHJe Fotengial Seenaripen t hat these simul ations are

stochastic (and represent different possible

f f t;

{0078) B%/a\lv%l)g?flégﬁgﬁbegr%/ ?eviﬁcgg@sq}éitﬁgﬂmg pBﬁ%ﬂél ﬁfe estgstﬁslease threats
are desotibet belew! tardpnanciadte bopath dhvasition Inaighbes usdd SRS real-werld
invention has uniformy exceeded a 90% sensitivity
Circums{aare8 0o, speci ficity threshold, with an area under the
curve (AUC) consistently rangi ng between 0.90 and

(0079] Qypothekival Wbeadribi GUTANeE3 sRRING! fakdioe taﬁﬂp@hgémg economic

conponent of the invention's S(?atl ot enpor al

damagesy fmnnaiﬂﬂﬁ dacal apyateaki of 84RSSedPd3, dka £y Of Herqrite iy éookmg to
develog I% Rile it reh%tngi&%(y\%nﬁfé? NG ?at%é; Wf?ﬁlg(a%e]tsag%a'l% ﬁgra ities to

global RS ousPieédsatiirodts. Ohs esmpehenitios thak stlare9 @hﬁtl@a:kassb&meﬁf of
nore refined passetger flow data (if avaj,l able

how Tergpionis iafreopRasiedarithip; the glababegmpunity; et cigly agd F"lhﬁ‘ePOSSIble
& vaavn rther
e B B O Y e M o B et 306
of si mul at ed SARS i mportations (during the above
[0080] Jfypdtheticah Responsed : vhs & mitalotemm oiassgmger weiekodaigfare elgacted

- from QR SR VE Fearin L REHEL AR FoER AR Bt AhBR fine

schedulP@ith gidiiga lone Sjeat! liath ethe SARSE). OLAID rafnalyseso Hé@iibad ibapw are
Jakarta, I ndonesia and Cairo, Egypt respectively on
Perfon?}%hi?dﬂ‘;‘llt@ilme tpends006 with results observed until

January 31", 2006. The probability of inportation is
10081] To assess direct connecttvity, 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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depicted by the sizes of the circles overlying cities.
For these figures, sinulation paraneters fromthe
previ ous SARS nodel renmi ned unchanged with
nodi fication only to the outbreak epicentre. The two
figures denonstrate how differently an infectious
10083) QuUlikirof alotabuitids tovbicH TokdHid tH théR centecd] dirscti9fan@rihdiiedtly,
i wor | dwi de. -26- 77956-2 100771 Mat hematical nodels in
is then pyvlupieskiorcanticpatedpelispecer. 05 coplinmedtinfectious dippass Hreaby efor
hac. Cen . : ’ .
exampfiy BB |QRhlel i 3 er HAR) B ERERIEh oBIbr O TREE affecting
poultrypmpsl hivnans fvaclddesoasiderey repuse 8 hephteabd aislbé.et fir ltlgr dsible

to actual |ocal , conditions, Thus, by accessi the |
onset ofign ipifpepra paRdEMIG)- ,Wlﬁﬁ_a&ﬁm@éﬁh Giprairiievel Rdatratories
excist WLRPREDOBorRlde Rl bEfIRAL of BLGAL AUS BERDYR: AL Flwork, a
city wt W de

a commercial alrport —wor wth very
list of bigbrisk nitidsorowd de gehdrated ané satked imidrios oftther glphty tofrapidly

detee BB O R R e BRI P R TR Bl S e
estimated b9 GhhRHFindi tBE 8P b he€AhSandHuthl 88k dRe odaRY QV4ilaBle using
denonstrate how the invention m ght be used under

contemperary kgalth, Nugitiinr endrBopirlatian stagdirell dag fourndhe Morld Bank,

enari 0. 1: Aftaer .sufferj. nassive d_pngoin .

Thus, 355 AR foh of dleHghs TG vEREF o0 BHEd 81 huaposite of
intercoRfdtedntdiewith tTor@tto, TRE ANtk fo8 tho ekk@niof de\eeeibud disease

conprehensi ve preventive strategy to mtigate its
threat, m&galaﬁdltv {0 Aetedisng rasperd o thiga Iq errectraretss

di sease threats. One conponent of that strategy

e . ] 5
s S Saplt 35308 ot Utk VAN B b v
mathemaitalbiatulponsi Konsidstingtagi efstheteolocalidns as enpitegiad dpicentre

under B3 ot A oo AL SRR bR FHRL o s

possibRASHGBEE redNz8H A AN Er, QidatedCitR tion WOTdEe Dy &Y indortation
five year window (i.e. preceding four years in_

events aith th bighes prohabildy £ Sirgiegic.countsmpraguiceto praventgdismpt. epdor

delay )ghr :E'isg ni0 aﬁt?cq]?z{té% l{{'%?’?oc}é‘nhs%l@ l %?e%%st %@o%‘f 'b%egli?%%e%\.’rvgt the

O perforne tinme trends. 1

internatisfigiSkvell (&t haghtas suvéijlandeCr ninfdctdad disatiesamadryatiuthal

. to exam ne i1 nbound flights and passenger arrijvals

investaers in AFYCEqn Mckoaioh cHBRHEESh gl“&"?’?}oﬁh%m\/\ﬁ}q Riraneresource

allocatRA ifstalht D BocREREL cHac %)Oaﬁléreﬁlﬂ'é{\/%pitgé?f [E8nsideration
Toronto and the volune "of drriving I nternati onal

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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passengers. 25 [00821 To assess indirect connectivity,
princi ple conponents (factor) analysis is used to
identify the network of cities in which Toronto
resides, while applied graph theory is wused to define
the hierarchical structure of the network. These

[0086] dhyployiseivabResppasclRcThi rapidirbspohsccansirtewatliddnvdlee the swift

e G S it 0 0 A o
the intéiibRAL delea@NdSiniabRGT g%yscngé dhfAeitor VA WAk €€ardief may not be

_anticipated, suspected, or confirned infectious
availabl, swagts vfirsebedvledFpassemgeangshts, (anidt pessiblpcatetd of tsbheduled

or_near_a | . avi.an . enza out br ea n
passenyy BER mrEheiUkRY RGP Ioh SRR s e e OB sled apasgmeer
seat dat:d wROREbA nitRli At B afplyireKiohd fRetof Sdtimdi® @RS #ePpRpbrtion of
onset of an influenza pandem c). Likew se, cities in
passengeh isedts prcunigH dy passengars)d | aboratories exist would al so
be considered | ocations of elevated risk. Using the

Y, r i - hi i:SK Gl i d,.
oos7) T30 By pORERNAT Soenhio, 1. 1y Shiel MR vl ofRptRityCaifons
would bapbdéd/ by db¢ aainbandf sops hohy drom Moaddn’e keathrew asieport (this
threat, should one energe. This ability ul d be X
aalysig $¢1 e iH 16 3 thgrftPOgH lagelisinse | %a%greganﬁe?a@tdﬁtaafg@nﬁﬁwaﬁle
airpon{g)gﬁﬁi@ye&vwaha ¥e ﬁ%ﬁ?écks%ﬁtyﬁ ahi® b heslEF p_%es%hsém%daa%] me.

;" Nutrition and Popufation statistical data from
the World Bank. Thus, the definition of a high-risk
[0088] Simplagonpinivalving ther spread of thas vovgsdsidt andofinidentified infectious

inte ect edness W Toront o, .l ocal ri.sk,f.or ,t he, ..
agent ik 5F SRANEEH ARERE mhIq BEO R Eed S prdiRea (R, e Fetprive
probabilftiek i 41y irhporéi@ibaClo diftbréSEiaad atdnd har gldbe.s Povlikis okigd of
energe. 100841 A short list_ of Toronto's

simulation) giebists. phaspeteritics ekthaéufeetiq agens eowddiesatmated Beipa grpest
or wor%tscaggg&ﬁ% 'gﬁ@slunﬁﬂ ik 1)19 ThiellibéHee 'é)g Qtlel! gniﬁg'g%llio?]lg 81' %%Fed

ocations ds a potential epicéntr under
entirely hothadimalatiohobating ouen ttho ndectimns agdnd festkKlmmis? dn brother city

X eval uated f.or its. many . possj bl e sinulated .

Ge. Iocsl) froupmsrion WORBVAPS GiecariBe BORUAIPoroRld e pignored).

Furthe 4z, A10arjaNREJ a1l BR taifdteNtcSthivpledist REmBESIBSheduled passenger
probability. Strategic counterneasures to prevent,

seats (afiddr gptimmatgd grssengededeoppying thesslkeass) thattdephrpesk Henthrow airport

betweeh TEFRLRHS) e R Beb ] ekl T L BRREP Rieplelf of the

releasel Mfids thloulatich QA8 & fadt bk eaRalatcdNalth dbBvas tienlindt® precision
det ecti on and control%gﬁggbilities), | ocal |eve
£

(assumyngeRights dspRrtad AREDG 8% ed)a Copesgiprty, citisy 8 theeecei ving”
end oﬂcg%g#s dﬁ'HﬁlgﬁegtﬁR)@\P bbdl @BS/ RherBlke! dRYSPriate! f@hdurdLtdP respond

eration
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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15

20

25

for travel restrictions, heightened border screening).
100851 Hypothetical Scenario 2: A terrorist
or gani zati on has announced the rel ease of 25 an
undi scl osed but highly comruni cabl e and | et hal
i nfectious agent at London's Heathrow airport 24
10089} PAO$HSevARO sintdk IsBéhatiBUE Thd 8 d&QBAbdPaISiREH0 RNRight entail an
presence of dangerous infectious pathogens at
accidentad oot ingontiinp b daborateryt ibesack rayum doiesaéetyiolevel hagme 4bdabaratory
alert by the Wrld Health
harbou%gg%a%lg%rg)ﬁ %E“é‘%b‘gggﬁg% B¢ to watch careful | y for signs
of a local infectious disease outbreak. -28- 77956-2
[0090) l:I?@BﬂﬂetlbylmﬁehathSalA Regpmnkinational Bbsoraaiph dvitessatms in 7
cenario would involve the swift extraction of flight
cities ag%é &{w €008} 18 TBRFATIAE filsRFERmiEstion’s( lalﬁ%raa%em@l)acrt hdhe insurer
raises Cg &:ln?slr ﬁ’:lgt §e'v%l Qéy d‘;ggllgtl Iﬂtlﬁ é g% zat1§h5‘lc§fructur%are
tual passenger rom urs ea
Iocated dudnllaizkia, andoUrdtmrmf arsashwﬂede etmtlpmslesem@ HﬁM exatrslv(@nhhmans

 have b%ﬂss' bl ntS of sc | ed. g()l assen ers W th

M{esltl B @rg |82 pi %uﬂ)a@ FRC PRy ugyge.  The
insurer %%@@lﬁ“ hﬁ&tl@ﬁ@%ﬁ:ﬂ&ﬁboraﬁgﬁ"% 1ﬁ|ﬁ{r%?ol}ﬁﬁrum Q% BRdiihd: o0 ¥tantial

applying load factor estimates (i.e. proportion of
lncreaS@asﬁwng@t of ¢ mme@uqm b@jnbyrqsaysbméwese) nsliﬁ()@@?l‘mmgmcé In
S 1
responset ARG EPaftn PRETEG it el SE4° Bk g Pentond

global Hifepbudbseatd HMPeAONCOm the Haghtib®WIALERRIG stcdtédis opkfitional
anal ysi s _can be |n|t|ated at the airport |evel since

redundangies g rdiyersifng dts vital prerabiannin afcps of dhe p@rlﬂsthatoarr: Haore

el WY S SBA MRS RRET Ay BRBLRE Il i

businesk tendpiigask tie glbba lensletld ca@gomtion yoékderot idehefy measures to
i.nfectiqus aégent out of Heathrow airport would be
protect #8 REAROMEG EHB ®xani ned by the relative probabilities

of inportation to different cities around the gl obe.

[6091] EﬁfpoiﬁﬁtﬁaKR%oﬁge A5TRik Rdnatid WouRNE ¥ohidSeted in a similar fashion
characteristics of the infectious agent coul d be

to Scenggeilant@argspting tg the sramneringhich theasatitt efdniceest is defined.
r d..ha t eI I | rmt |
For thlg ra%lglgl%,r teh g’rﬁﬂ | Y e\.}l& Is(rérglog llog%]tlo a Fgr tgg c ?po{rﬁﬂon

maintaihmfleac&lbaﬂqaaﬂ@e ndndf ivital opbxafi@his (i!en andiffhﬁlht (mﬁie,s n( idiferent
Jocal transmission within the "receiving" ul atjon
countrlwg

ulAdthough giue sapplexphian A smgls: Woatgn, ﬂéFn%ﬂr?%fé Ol lﬂlractbaéld

indirect %bhﬂycﬁgit); Qzaghﬁllp MheC 'dét%n‘ﬂfgg@ 6h ffe s&hedhhiid, RAS §€

seats /or estinmated passengers occupying t
Furthermm $)1bighaq> aehaet morohiéa the avostivitggdotations and operatlons could
be considered and simulations tatlored 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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bet ween the declared time of intentional rel ease and
subsequent announcenent of the release. This
calculation could in fact be calculated with down to
the m nute precision (assum ng flights departed on

' schedul Cons quentl cities on th
0092 ‘Thghe éPmlwge 31@ Sﬁlflptfcm Q 1 PRSPy cPsethToy cRmET chf the
d r
inventifi The B8 oIR8 foR JAF Rt Byl ed ERARE furpdsq OE Bhifarion
and is rnog kinfendal vwede Edetdibre oase dimit tthe ihveusod ito nhwpuetcuhe form

sl ATl ot B STl 885 B S ion b

bytheéﬁﬁ%%%ﬁ%ﬁbﬂ@&e sought to further dlsrupt or delay its
spread via commercial air travel. -29- 77956-2 100891

A sonewhat simlar scenario to the one described as
Scenario 2 mght entail an accidental or intentiona
| aboratory breach at a biosafety level 3 or 4
| aboratory harbouring dangerous infectious pathogens.
100901 Hypothetical Scenario 3: A large nultinationa
corporation with operations in 7 5 cities around the
globe is renewing its organi zation's insurance
contract. The insurer raises concerns that severa
key operations in the conpany's organi zati ona
structure are |ocated in Indonesia and Vi etnam areas
wher e out breaks of H5NL invol ving humans have been
ongoi ng and where it is feared an influenza pandem c
may enmerge. The insurer directly questions the
corporation's insurability and suggests that a
substantial 10 increase in the cost of insurance may
be in order unless these risks are mtigated. In
response, the corporation pursues a rigorous analysis
of its vulnerability to | ocal and gl obal infectious
di sease threats, with the intention of creating
strategi c operational redundancies and diversifying
its vital operations to areas of the world that are
nore "sequestered" and carry a |lower predicted risk.
By creating a strategy to maintain 15 business

..cont.i nui.t.y. .at...t he.global. |l evel,. the corporation seeks
to identify neasures to protect its economc
i nterests. 100911 Hypot hetical Response 3: This
scenario would be conducted in a simlar fashion to
Scenario 1, with exception to the manner in which the
"entity" of interest is defined. For this analysis,
the entity woul d be conprised of |ocations where the
cor poration
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20 maintains its headquarters and vital operations
(i.e. 7 different cities in different countries).
Al t hough nore conplex than a single |ocation, the
corporation's direct and indirect connectivity can
still be determned in the sane manner as Scenario 1.
Whdtis ¢lhievedas:e, sub- group anal yses invol ving the nost
vitaI Iocations and operations could be considered
ti s tailored to a nu r of "most-likely
o enSyele R iRy loR SR bR af of SheeHevTRsenbYRed e
com@ﬁhﬁg]de wi th peak business activity during a

particular season or time of year. Analyses woul d
sulsse dﬁebﬁsb,wahbd%ahawlmnmg air passienghutievel(data fasair travel

sis.t.o . ac oun far..corporate . .ex i.on
bero SRR TR i SRR Bt Srig p RS VBRI P
freqhérmpy Db Blightd froA st 1kcl%§ # shid'Rstinafion cifiéd3mbed 60921
This concl udes the description of a presentl

PassgRgareirsling fRoptsaiforigiB citien do saidy d@sﬁpatm cmwenmab@g)é; diget

£ p
nonfAEpAiphs KoM AR ot Geds £5 B4 Bekuhion e PR 33Refler raffic or
sa1dtom1 gl anidtsatdndestimationtoites, 4nd dohesmnémgslatefsmmps far Altbadd eid.

IS |ri ended the scope of the invention be limted

pass‘qggeri_t,r};w? et description but 5 by the clai ms t hat

foI j em

for pr eér eﬁﬂ% engg? Sﬁvﬁ?&ﬁb@;xﬁ ﬁlli h |f(§%§c§%€%if&w a
individnaltdestiration ciy frpm ai individup! arigiacip ameur tseanehb)dm’amhag said air

ous 00k SR T BRSO RN Fart SobaiePhend ifion e
saidARRSEAZEY eﬁtraﬁél Blodiiding onb ef HididWlaps ditRsHiQRE Yocafiodd foght s

from sai in cities to said destination cities,
dlssmmpn@fsalqo ingesgentandel ing fromsaid origin

o AR oo i i

outhdek it m aidiindividuili destinatioh aity ﬁaﬁﬁ@m}mﬂwﬁdmi biiginfeity overa filked
orl and sajd destinati n citie and ,correspondi ng
Sagh mapy Pf%‘i‘?&d ysaid m@kﬂwmﬁaw dat a;
b) a m)del i ng engi ne operative to determ ne
_ probability of infection of an individual destination _
2. ci tEpefsysemad claidily wiesmin sard drtabasé isypdated aii threerraergh inggrvals.
mappi ng said air

3. The system of claim 1, wherein said database is updated in real-time.

4, The system of claim 1, wherein said modeling engine uses deterministic modeling

techniques.

5. The system of claim 1, wherein said modeling engine uses stochastic modeling

techniques.
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passenger travel data wth the probability of

ener gence, propagation and infection for said

i nfecti ous agent and produci ng one or nore maps of

times and | ocations for dissem nation of said

i nfectious agent; and c) a reporting engi ne operative
6 t 'thosystdm:@f Giaiprhbﬂte’réin baid megdeling émpinesprodurkevpdated maps in

' tb i di ti nat t
conjur{i P mitted B Y vy Srreing kad mapping ahd pddite hid o
updateamawﬂemeévw%wﬁoamu@%gl@del ing engine. 2. The

systemof claim’l, wherein said database is updated at
three-nonth intervals. 3. The system of cl alml

[ e s' .dat ahase is dated. i.n re tine,

- O Sfear S sl MRSTn b HRERHE SyhiRget b ey
data nﬁﬁidﬂ{g’@rfbl diinmdre @Q@bﬂdﬂﬂc dhﬁ.[CéHiﬁn%Hﬁféntaﬁdatér 881 IsiRh eare dhta,

claim1, wherein said nodeling engine uses stochastic
and saitomedeling engiae infugtheroperagpre ty moddy 9aid mapp bassd on s sity
data. €l @i M3, wherein said nodeling engine produces updated

maps in conjunction with updated data by iteratively

repeati ng sal d rrappl ng and addi ng said updated data

n recei sai d nmodel i engi, ne. e system
eovaem gt e m é*(h?r%?@g aéadggﬁ%@l@m%ﬁatﬁ %%ﬂd@gnber of
flight sfbfayreqé}ai totBhiect b4id ori %g 'vﬂﬂ-l 4l B8 RRRn fty 4R fotdf
econom ¢ data, environ nt data and health care
passengat tafficfockaibdastinaivel mturgn@pgmdwt oforigim titer operative
to nodify said maps based on said city data. 8. The
systemof claim1, wherein said nodeling engine uses

9. dFhésystim bH@aid Merdh saill Iré;ﬁﬁﬁngSé%aﬁe Usetimbpstodied over

connect said origin city with said destination city
differen timedxesipds todfyshapeeduce amogt gfghe Hlalihoadef Saﬁblﬂ'lf@ﬁo'éﬁ ggpnt
enten%&?@&&ﬁﬁ%odl élté{ o%?é ﬁe&dd‘é’ftm?e The system of claim 1,
rern sal engi ne"uses maps produced over
- different tine perlods to further produce a report of

t likeli ood f said i ous agent enteri a
d &8¢ PYFIER Bhe E‘i“ti/) %hﬁé?méala ‘{?EH%FH&I feperaies “ﬂ%‘e‘gg ft“é&
feald I

data fﬁsﬁaﬁgﬁfé%%‘ése%@?%%ﬁ PR Rl Btn L P R R R g
predict a theoretical outbreak of said inf ect| ous

11. ghew system of claim 1, wherein said modeling engine operates using current, real-

world data for said infectious agent to predict an active outbreak of said infectious agent.

12. The system of claim 1, 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.
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. . ..
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11. The systemof claim 1, wherein said nodeling
engine operates using current, real- world data for
said infectious agent to predict an active outbreak of
said infectious agent. 12. The system of claim1l,
wherei n sai d database further associates each origin

ity ' ' '] i- 2 . .
PP DBRGr AL, DAL ol ot R0 SlendP il sald poyition
of sid sipperteithinsaiddirpbitineBvdrks waletersijstprobabil &y ol hdection.
system of claim1l, wherein said database further
i ncludes network information for airports, such that
152ch TRakiddh bPQhim L SwRSh AR Ve tBAEIs Ve Hnfh AbhARKE date the
network "and 1s assigned a position wthin each said
irdfectivos agembiswlstdeted- 33- 77956-2 '!. 14. The system of
claim 13, wherein said nodeling engine further uses
said position of said airport within said airport
16t WITh& Systéin BEEI8TMT NehaEiaka divdntinhé isitivh SfdekPfomthe date the
.The systemof claim1, wherein said given time is one
infegtions pgeptistdetecttdt e the infectious agent is detected.
16. The systemof claim1l, wherein said giventine is
two weeks fromthe date the infectious agent is
10et eqhedysted of dlien $yRitthen idEludingiathedia databiabe Coritaifing dhotigh

a nedia dat abase containing nedia reports of past
renorts of past nfelions agspbaYentsand wipeeeia said madeling enging dyrther models

s&id gjr?ﬁ.lssfeﬂéért&ﬁ{a ARS8 1o ??d'gcti%hgi F%%?a?&f‘ﬂ&ﬁ sglgﬁi;i‘glé? reports.

acco ng-to projectron ener a rom sal
reports. 18. The systemof claim1, further including

 1Fafi Bhaesten aF e e Por e P R e P A combine

14625 RARSRT, 4al SntWnhiorR @l e RRS ol RSHAEEreSpdnSS BRR SRR Maps
based on said probability report and a selected | evel

pofduce s pespense plandhasethen sajd probalitityceporhrands selénteddievel 94 regponse.
sel ected | evel of response is |local, and said
response plan includes optinmal |ocations for response

18eamThe dydien S clainpit B BSheraifdaidisbREted IRePOf regRRSIS Gocal, and said
el enents to address _the infectious agent. 20. The

respanseplay ingludes aptignal igcatiensfos rpsponse feams edrug stpekpilss, and other
' [ : ' onse plan includes

A ROSe bl 1 e o el B e

scanning of air travel passengers. 21. The system of

| ai m 18, wh ' [ I I | of i,
2?)n? Ie ggy%fﬁg%% ella{]m ?g,l vgrhesi‘gin%gitd%(glect%g ?evePof rfesEBp% gg @%ahgnal, and

said response plan includes identification of locations for entry and exit scanning of air

travel passengers.
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

-34- 77956-2




and sai d response plan includes |ocations for issuance
of travel advisories and |ocations for flight
restrictions. 22. The system of claim 18, wherein said
sel ected | evel of response is international, and said
response plan includes identification of target
investrhéit & ameltorateconditionsiatshidnarget-13datioRy Bxdrd et to increase the ability
investnment to aneliorate conditions ipn said tar.get.
of said|tyygah lpeptions tp Piniwizems i0§mf%c$1§as pgrat %EI@% ge*&?* 13§Ftb°us
.qn 1, LT sk of infectious agent
&&nﬂ%ﬁ?ﬁ%@;bg’ 56?3@?&?%§Eg?ﬁgﬁg“&§§ent out br eaks and
control infectious agent outbreaks. 23. A systemfor
predicti.ng tr.ansm ssion, of .an.infectious agent vja air
23, (A YR OrhupiFiing ransission of 30 AN ZEGTY VIRAIE
(mnqn%gggajning air passenger travel data for air travel

ween origin cities and destination cities, said air
prasslatabase, said dathbasaconthiniig aii prgsengér teayigbdrty faspirtraveht s

from.sai.d orjgi ities to.said destinati i ties.
betwegpt gy Eips i Eslinion it H Phoerein (8l s fighidfie
frequeidyt S ght® 198 shidlegdih Ritick @said Béstifiationbiial mihbeliof ect

non-stop flights fromsaid origin cities to said, .
passengers fapelingdrom seifl @sigin Gliey to said dEstgation pifies, numpgk of dingely

| o 9 - - . 4w

mon-at§5 1 ] o3 bl 19 il Dok i Vo R B Ao
said origin andreaié¢ destipatorgtities, apkcatdspending dhi¢ stampmfor all said air

probabj Lity of infection of said destination cities
passengprotﬁz.}vg d?tﬁji vidual origin city via air travel by

MR Okl 33 el bperd 89S M RImidePredabilfty 8f Wifddhioh BEsaid

probabi I Ty of energence, propagation and infection
- destingtiom citiesifcbm afh ewlivides otigiarityanaiaip travkl by mppping seid aifor e

maps_of ,tine nd catigns for dissem nati.qQn sal d
passenfiRr et gttt WEAY Brob il H¥Ercuiee BroR BRI o Bk

said irifébti@ﬁ@ﬁ%éﬁ?axﬁi Fro@RaRd did o MR Aidps botimegandtoedtions for
outbreak in said destination cities fromsaid

disserniptiop; of gaid infertépus agentiandver a fixed time period based
0 4 - | | 24 .. The
DS RpOITE Bt SUEE(E brafll s FRAGHIAPHA 1% it
__outbreak irt fniddestination citie feorn a4id indGdudllveighysityerment fizbdiime p8riod

~ wherein sai d dajabase i § updated in real-tine.
based on saig maps produce(} by sa?e? moﬁehunpg engl%e.

24.  The system of claim 23, wherein said database is updated at three-month

intervals.

25.  The system of claim 23, wherein said database is updated in real-time.

26.  The system of claim 23, wherein said modeling engine uses deterministic

modeling techniques.
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26. The system of claim 23, wherein said nodeling
engi ne uses determnistic nodeling techniques. _35-
77956-2 27. The system of claim 23, wherein said
nodel i ng engi ne uses stochastic nodeling techniques.
28. The system of claim 25, wherein said nodeling

27. dhgispernPE LR 23, wisréihisyidInyodeling piglikioRs bpciaktcimodging
in conjunction with updated data. 29. The system of

techniquessj m 25, wherein said database further includes ci ty
data, said city data including one or nore of.
econom ¢ data, environnmental data and health care

28. (dae aystemloﬂcl‘aﬂil as olketinnaidenglclieg esgihelopdistes iopatialy toe

sai d maps based on id city data. 30. The
Pmducgwfo ?dla Pscmacp%ua@l 0 BRI rogel | ng engi ne

operates on data for the nunber of flight stops
- required to connect said origin city with each said
29.  ddetsysiamiodnlaoh 2§, wwdntsaidaiatqbasasfaxtgqnndu@dsfcity datey sagcheity

.. sai.d destinatign city.independent

aata ining GBS bt Agte & exonpbis G, Brdromacata) obla st Brdily i
and saifl WddeBhg BRgREUHG BSriteer GRRRA e toqﬁodlﬂ@-aid aps Hwaﬁmpéamsat;d

i nfecti ous agent entering each said destination city
data. over a period of tine. 32. The system of claim 25,

wherein sai d nodeling engine operates to predict a

t heoretical outbreak of said infectious agent. 33. The
30.  Ihetsesemiof ¢laih 16 Abhershanil mModdling engite b eﬁaemgam for the

operates to predict an active outbreak of, s

numbey %ﬁfélehii e ragired to ganneqtaidgrgia fity i |eavhﬁaz%<?esm Gty
{ d
and totFefsoiBHARAAE s AL ilo SRBRAIGH RS indlobndthl o8 sk Ly, 20

that said associated airports are used to represent
idcities in_sai ste 35. A sys for

eSS B R et enartie Fadts Des orieces e senart

of the ﬁm}isd,d of GRIREcRbI e&%ntm%%'é@i Sm@hesﬁn%@&@%ﬁm $péribd

dat abase contai ning alr passenger travel data for a| r
of timet r avel

32.  The system of claim 25, wherein said modeling engine operates to predict a

theoretical outbreak of said infectious agent.

33.  The system of claim 25, wherein said modeling engine operates to predict an

active outbreak of said infectious agent.
34.  The system of claim 25, wherein said database further associates said 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.

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

comprising:
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between origin cities and destination cities, said air
passenger travel data including: frequency of flights
fromsaid origin cities to said destination cities,
nunber of passengers traveling fromsaid origin
cities to said destination cities, nunber of direct
no®-&datgbase, isgiddstabassreoateining)dir pissenser fravel defa dor air travel

i nat i b L .1 0t a r traffi |.d
w5500 BB, ARGt B Sl
frequbat ¢ oSflighRSrde baid blighdditiesab kaid dagmeAGEEitits, avmberddt a;

b) a nodeling engi ne operative to map said air .
passgfigsrsdrayeling frameridpsign gitientosgiddestingtion crtissguen of digeet
o5 PR GBI o ol A8l ol ol o
said briginaind saiddestjnationi efies, tand goreesponding gate atampe férallamdic e

a probability of infection of said individual
passenger TR P& ity fromsaid origin cities at a given

ti i L1242 .

un DT TRAGG I dhefFRRe ol sol L Sir URbLTE Bivd] o dhaid
infedtiotie ageat o deddtmimhprobstslityrof aifecticai afia fndivideal diestinatipmicity

at abase | dat ed in real -tinme. 38. The system of

d S u
from sauf ori s citiep At favsh #9odel i ng engi ne uses
detps RipbidlgiehginBR@eratiPtol REdRE @ PpRsbabiily of idectys besRidf
. claim35, wherein said nodeling engine uses stochastic
individepd destipation el fromessid origin qities alypcgivan tisne besgd an 39id map.
wherei n said nodeling engine operates iteratively to
produce updated maps in conjunction with updated data
36. by The eyskinh weLlyint 8P eelidrelg ssididdtabaseppupiated  tiaesimogthsai d
. updated data when received by said nodeling engine.
interyals. The system of claim 35, wherein said database
further includes city data, said city data including
one or nore of. econom c data, environnmental data and
37. hedht kystan ef diatna 35 -8ierein 8l Glabise.is apdhteiain dealigied. | ng
engine is further operative to nodify said maps based
on said city data. 42. The system of claim 35,
38. WheahgisPs&RbE RS 85, WekrSiA hid oAy Sfdife hRE dblAninisabEr
of flight stops required to connect each said origin
- modgling/teghniguesai d destination city and total _

39.  The system of claim 35, wherein said modeling engine uses stochastic modeling

techniques.

40.  The system of claim 37, wherein said modeling engine operates iteratively to
produce updated maps in conjunction with updated data by iteratively repeating said
mapping and adding said updated data when received by said modeling engine.

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,
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passenger traffic for said destination city
i ndependent of origin city. 43. The system of claim
35, wherein said reporting engine uses maps produced
over different time periods to further produce a
report of the |ikelihood of said infectious agent
and saiglmedqling esging ivstheraperative &9 mpdify said mape bissd opfaidicity.
data 44. The system of claim 35, wherein said nodeling
" engi ne operates using theoretical data for said
i nfectious agent to predict a theoretical outbreak of
sai d infectious_agent. 45. The system of cl ai m 35,
42, \hies wistersed daifpife Whetrinsid medeling enstng uses drge fog theammber
. ; : Cl: 1 0. predi
of Righ BRI LRANS Ll cxpRidla GRRRTE SRR B0 oo
passengystrafiic dbr saldadestiddionwite ilepernizhtofttaigibeisye f urt her
associ ates each origin city and said destination city
with one or nore airports, such that said associ ated
: ; |
4. TAOYslom, B Qo 75 Nl SR1 R tna et s o over
differenhfimetpietiods tadrtiver praduaé a répostwd|the likabibpod ef saiyt infectious agent
. dat apas sai d dat abase .contai ning air passenger
entenqgr%’vgﬁ?esﬁ'g?tg’nf%w OYEr a PEIRIAT Gt ween origin cities and
destination cities, said air passenger travel data
i ncluding: frequency of flights fromsaid origin ]
44.  cThe sstempobalaim 3 sihiercin said modelingengingrapsratesfusing theoretical

datn SRERTAAE G BT o, RSPl FrbBoofld e Byl

fromsaid origin cities to said destination cities,
t ot al %?r?senger traffic for said origin and said

45, (&he syt efclaim 3% avhermigsaié modsiingenging QpsratesISHIBRATER)
real it OB 5 A It AP T HRRL g i Pl ool DB G

agent.a nodel i ng engi ne operative to determ ne probability
of infection of an individual destination city from
an individual origin city via air travel by

46. | TR ¥steebclait® PR vitidriRbdd htabRR TR ASsokiafey @hetH gn city
with the probability of energence, propagation and

~ and saidhdestination dityrwidhons drnere mirperss, sedvthataad 4ssasinted aitposta are
r r s,.of. tinxes .and | ocations for dissem nation
medtgf@ggﬁt%%%% lgﬁglﬁgé%tﬁ?’: and c) a reporting engi ne

operative to produce a probability report for an

i nfection
47. 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, with information in said database updated in real time;
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out break in said individual destination city fromsaid
individual origin city at the present tinme based on
said maps produced by said nodeling engine. 48. The
system of claim 47, wherein said nodeling engi ne uses
determ nistic nodeling techniques. 49. The system of
dl) ainmdéling wiEneoperatbiedo detdehing grobabjlifyeoflisfestien ofdnast i c
. . .dmodel i.n t echni ques.,. 50. . The system.of claim 47
individgRdestiition cfiy AR aRvilal g e Ml B ettt o ¢
mappirg dad aif’ﬁ&s@edg]@ﬁrﬁkf@l B&ta QR 188 prIBLILIRS of eﬁfé?éh%é,gxﬂﬁgﬁion
~environnmental data and health care data,” and said
and infedtitel fonspidindeatious agent andprodegieg ond aranare maps of fimesandd
. maps based on said, ci.ty data. 51. The systemof claim
locauoﬁ%g’r\%‘?@?’é’inﬁtl%?%%‘&gcﬁﬂﬁs a@ﬁ_ﬂﬁ’ ﬁ’é‘iluses data for the
Yy aeortit erfdinedderdtive i prodtet 4 Brdbitaligasmecior aRidection
origin.city wwth sajid destination city and total
outbreglaisaidjadividuak destingtion cityitipmitasd joditidushogipyrity at the present
- ' Lol N..C system of claim
nmebéfg&‘a&g%?gﬂﬁhsggqa%{:éﬁcgﬁ o?a?clur{}éd%ln er?éﬂlg'ses maps produced
over different tinme periods to further produce a

report of the |jkelihopod,of jdinfectio agent
48. e’ﬁl"e‘-"ﬂf’tﬁ@ @&P"é‘md"ézs{” &t %5‘1‘110’85‘93‘?31“6\?881“5 uﬁ“ér‘ﬁ%&‘“ﬂ?“ﬁ nme.
deling ¢ system of claim47, wherein said nodeling
mode egg?cﬁgﬁgperat es using theoretical data for said

infectious agent to predict a theoretical outbreak of

id inf . <39- .77956-2 54. The s .
4o, cfte s SRR 985 mdmpid R g doe sl Re B HEREE
technigés.; ent, real-world data for said infectious agent to

predi ct an active outbreak of said infectious agent.
55. The system of claim47, wherein said database

50. gﬁi.{ J}?Je{n%?fsc?a%@ﬁ %uh?ﬁe%‘sa% 48hEhs€ Rilrther ﬁl@ﬁd@?&@r data, said city
estrnation city’w one or nore alrports, such’'that
data inSRidthgaie @e inftire of: @béreit data) éviroaenthldategpiddrealth caaidata,
cities in said system 56. A nethod,.of ggedi cting the
and sad pdgling engine & fugther opeettive fumodide faid (ags hased op Sy city
data, CONPrising: a) retrieving air passenger travel data
for air travel between origin cities and

51.  The system of claim 47, wherein said modeling engine uses data for the number
of flight stops required to connect said origin city with said destination city and total

passenger traffic for said destination city independent of origin city.

52.  The system of claim 47, wherein said reporting engine uses maps produced over
different time periods to further produce a report of the likelihood of said infectious agent
entering said destination city over a period of time.

53.  The system of claim 47, wherein said modeling engine operates using theoretical

data for said infectious agent to predict a theoretical outbreak of said infectious agent.
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destination cities froma database, said air passenger

travel data including: frequency of flights fromsaid

origin cities to said destination cities, nunber of

passengers traveling fromsaid origin cities to said

destination cities, nunber of direct non-stop flights
54. fThnnyl stomi chtlnilingﬁmwh'fm;e.irﬁﬁfid mosaincg efigine iopatategnsing t:mmd' t,

t assenger .traffic for, said origin and, sal, ]
real-we&%tﬁ forisaid le‘feﬁi@@, aggpido prrdict ap aﬁmer@tbfsakeofssa@ﬁﬂ%ctﬁw
agent. @l | said air passenger travel data; b) nodeling

probabilities for transm ssion of said infectious

agent froman individual origin city to an individua

stinati city oyer. a specific.tjme period, said .
5. Pty avi Hn e il Gl gt eSS ok Jpiin civ
and cablRd@tinhtidh difySvif GRAL thérk YirPérts, SHENHRANGR asBIcRRGDAFORS are
and infection for said infectious agent and producing
used toofepregent spidrcitiosamsaidsystémmes and | ocati ons for

di ssem nation of said infectious agent; and c)
generating a report of the probability of infection

56.  OAlhitieaofiplediaiti the ehndntlskién ofiShiedBdisQigesti iy aif ravel,
said individual origin city during said specific tine
COMPIEIL od based on said maps produced by said nodeling

- et af HasibeAdthy ) dofl B} ik Hdvel 3RGEh Beigfl dtics ana
destinationicities Grom database ssai dainpabednigegtrateb fath inchidheh dietjaency of

. 59. The nmet hod of ¢laim56, wherein,said air passenger
flights o, @413 gEER Gies io saigd 3@8%@0& Higs nﬁwhmﬁmssgfl&% Gavelipg_
fom sARERER, o 30 SRR S P 815 op By
said orffgin cities hoshidiestihation diigs, tolted pessangeaitrd fiiofve sdid griginepd said

desinlf e oS S SR 2 S T s
viahoddlig probRBilitied for HaRsmhREibROf Qfid ﬁif&iﬁﬁh@% M6k &in N

. .. .said nodeling step incorporates data for .ee nunber,
individyral erigiggity $a apindivadial destinatipncaityrruer a spacificimeperiad; sapd
it ' | Ak i ' t | une

modelfle bAotft 1naSighs B84 b atipheer Bfel dofh it BRTRIANAR Y6,

emergeridepropagatiyn aﬁnﬁinfél'dﬂi@nlf@tdaﬁﬁnfﬁgticlhszd@nfﬁld pgbtﬁcﬁigmm@'r d
generating step _uses nmaps produced .qver . different

more ARSeOf iges 3ad thceh@&fgf distemihatiopat ssigneRiowsPREN Hod of
S& fdnbAliRLh PR AU Probability of infection outbreak in said individual

destination city from said individual origin city during said specific time period based on

said maps produced by said modeling step.

57.  The method of claim 56, wherein said modeling step is deterministic.

58,  The method of claim 56, wherein said modeling step is stochastic,

59.  The method of claim 56, wherein said air passenger travel data is updated at

three-month intervals.
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entering said destination city over a period of tine.
64. The system of claimb56, wherein said nodeling step
uses theoretical data for said infectious agent to
produce probabilities for a theoretical outbreak of
said infectious agent. 65. The system of cl ai m 56,
wherein said nodeling step uses current, real-world
data for said infectjous agent to produce .
60.pr obhemethofl of clep S6,whereinsaidsin nssseagerdraveldatp is updated in real-
timenfectious agent. 66. The nethod of claim56, wherein
Sai d dat abase further associates each origin city and
each destination city with one or nore airports, such
that said associated airports are used to represent

61.sai dhemefhed of playn 68, whasrsissaidgnodeling step tsigratiye, by Heratively

: j 0. sal : f rqiig!
rop g AR i AR R i oA SRR U0 St
recevedissi gned to one or nore airport network and is

assigned a position within each said airport network.
-41- 77956-2 68. The nethod of claim67, wherein said

62 Modeht BRRHHUP clath FSB?&fhéi%ﬁSsaﬁﬁthdﬁﬁg isfct) HroforatePdla for the
airport within said airport networks to determne

nupberiightisipps Fequired 1 eapncctsaid oTigin aitytwidiseod destiaptiarsaty and
o5 St TR ke BB O B A il

clai m56, wherein said tine period is two weeks from
the date the infectious agent is detected. 71. The
63 et ABamsthod|oficlim$6, whereineseid graprating giep uses meaps Repdused qyer

[ », e |.
g b R R R
enterinlg saidl déstinatforpaityt ovef a periall ofititad.i ng step. 72. The
nmet hod of claimb56, further including steps of
selecting a | evel of response to the infectious agent

and ' ; : ; el :
64and 1RE gﬁt&gggcﬁmﬁ §8 Rk Ein @51@%5@(311{%@?(?}? RidthdoRG bt data for said

national , I nternational |eve ectious di sease
infeetyms ngent thapraduéet frolsahilitiaydprsa thaoreti¢d ontbraak tof gaifl énfedtious
of response. 73. The nethod of claim 72, wherein said
8 ected | evel of response is local, and said

65.  The system of claim 56, wherein said modeling step uses current, real-world data
for said infectious agent to produce probabilities for an active outbreak of said infectious

agent.

66.  The method of claim 56, 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.
67.  The method of claim 56, 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.
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response plan includes optinmal |ocations for response
teans, drug stockpiles, and other | ocal response

el enents to address the infectious agent. 74. The

met hod of claim 72, wherein said selected | evel of
response is national, and said response plan includes
identification of |ocations for entry and exit

anni.n f.air _ travel SS ers. 75 The nethod, of
68. éﬁﬁm ,oofﬁ?éme%‘vvilaqea? b eotdbesip 7 USES itjog of
said airP&tt KA 4R ﬁbqﬂ Aodlid! dét@x%ﬁﬁé‘?l%b%iﬁ{} dfffebifiGs

ocations for issuance of travel advisories and
| ocations for flight routes to shut down. -42-
956-.2 16...The nmethod.of clajm 72 erein said,
00 THRBEID sl 35 Vel b e phiRLPoh matliT ESh InE RS g
infectidus 9@ $€ddbbodetl. | ncl udes identification of target
| ocations for international investnent to aneliorate
conditions in said target |ocations in order to
| . . .
0. TRERERNE SRS, Wntroi il pbAbES b 3Rl 863 thedge the
infectiousfageritiiodedectayent out br eaks and control infectious
agent outbreaks. 77. A nethod of predicting the
transm ssion of an infectious agent via air travel,
71, AYERAURIICE cldhh 65 RirkRY tidthd B&%ﬁglﬂ&f' G413 Yokn &alkdi
for air tracve bét ween oglldg%%remtl S ar% destinati gn
databasei continifg media rejairalod pest infactibuaiageny evedngelintiudinglsaidat a

. kncludipg: frequency of flights fromsaid origin
media ‘#? P%M%%ﬁ%gﬁ%ﬁmi on cities, number of
passengers traveling fromsaid origin cities to said
destination cities, nunber of direct non-stop flights

72.  {Themrethord of abaingi6s fiother axludingsiens of selesting 4 level of respense to
. traffi [ [ el d '

the infis B a8 S G AAPR bsforsBhleB By BB Eh EIRE n el opd,

internatibhal $avetinféctiopadis@nR@ fispbsadelz vaidi @id maps Al the sélewediavel

origin city; c) selecting a destination city; d)

f®¥el i ng probabilities for transm ssion of said

i nfectious agent fromsaid selected origin city to

sai d selected destination city over a specific tine

73.  péheinvethodsel daimT edtierajn srd edeader Iewgl wif ngspensieds kical, and said

rosponf SR R eS S S B o e 65 BB, anc oter
local résPhiReleledtthis A8 Qkredd e RifOL RS AgertNe OF

of resp

74.  The method of claim 72, wherein said selected level of response is national, and
said response plan includes identification of locations for entry and exit scanning of air

travel passengers.

75.  The method of claim 72, wherein said selected level of response is international,
and said response plan includes locations for issuance of travel advisories and locations

for flight routes to shut down.
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nore maps of tinmes and |ocations for dissem nation of
said infectious agent; and e) generating a report of
the probability of infection outbreak in said selected
destination city fromsaid selected origin city during
said tinme period based on said maps produced by said
76. ﬂﬂndehdt!ntgl aftcbgim 728 whiietn suixd tedattail leed] af resﬁdxse whetesiational,
lin i s. deter 'nis&) The .net hod
and seid < ppae e An e e digps ST eRRERtloy | o
investu®it toldlfel{BR4tE @ohdiiorts!iR k& Z&get"l@&h@h&‘msiﬁ‘éiéil t§inlcrdASSHe Bgiﬁy
travel data is updated at “three-nmonth intervals. -
of said Yaftgaao@hsns tomme miskl obinfertiaiisagent owbreaks, detect |n@fe@tnqus
SS tra ata is. u d inreal- tinme. 82.
agmﬂc@ﬂgmﬁggﬂ% 8#3 U338 mﬁﬂ@&% S:sai d nodeling step is
iterative, by iteratively repeating said mapping
u3|n sai d updat ed data and addi ng sai d updated data
7. awihod @redwngsl@ trapsaisyionis @n anfeetions ageny Viagitraich
d nodel i ng step incorporates data for the nunber
comprlgi?gflight stops required to connect said origin city
\i) tdtrievinglaidl padsenprt: travel dafayfopdititratad betweposgingities und une
for fli hts o .said destlnatlon city independent of
destinagpp gitis %P %abaseﬁﬁel A IRERFNEST tEqVE) ‘i/ﬂt#?d r Bpqpeacy of

fights #BHES bﬁ%ﬁiﬁﬁgtﬁ%ﬁ‘iﬁﬁﬁgﬁa&{%@% filniet S pash Sfﬁr filleline
from saad |odg1rm‘imstto oaid das;;matlon cities mmm@yes@ dllredietmnl-su@n flightsdrany
eripo me, 85 | m.77

said or{gig it P ey Btntion ics: Bis! AlSerary e don Gy GriRid Andpaid

destma‘ﬁ@h Jitiek,Hn@ %bfr@éﬂ)‘éné’iﬁg Qhtelstaniis e Psal] SPpisdriget ﬁ&vefl ﬂﬁtaﬂ
heoretical outbreak of said infectious agent . :

T eelestingsm wigintiti;m 77, wherein sai d nodel i ng st ep
world data for said infectious

aégglte&f ap‘geS%nLFrct%%:ﬂtg’oabl lities for an active outbreak

af) nsatieing pioBabilifietstor 6gMMtissid of shittinfRtibnchgeiit fedmisaid 77,
wher ei n sai d dat abase further associates,each.o %i n

selectedofigin gitydo saidrelseisd drsinplon eity §venp SPPCHflime PR
modelifl bR o m@fﬁl{k daitPdir BsEhgRP RAGdI A5G it the BrobabififyPof

emergence, propagation and infection for said infectious agent and pr_qduping one or
more maps of times and locations for dissemination of said infectious agent; and

¢) generating a report of the probability of infection outbreak in said selected
destination city from said selected origin city during said time period based on said maps

produced by said modeling step.
78.  The method of claim 77, wherein said modeling step is deterministic.
79.  The method of claim 77, wherein said modeling step is stochastic.

80.  The method of claim 77, wherein said air passenger travel data is updated at

three-month intervals.
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used to represent said cities in said nethod. 88. A
nmet hod of predicting the transm ssion of an infectious
agent via air travel, conprising: -44- 77956-2 a)
retrieving air passenger travel data for air travel
between origin cities and destination cities froma
dat abase, said air passenger travel data including:

s fromsaid origin cjties to said
81. dt@ﬁ’tq‘i“ﬂg?a eﬁcleﬁne lr’Jésw iR B asfpaﬁsggg%%@@?@aﬁweﬁat?ém real-
time, fromsaid origin cities to said destination cities,

nunber of direct non-stop flights from said origin
cities to said destination cities, total passenger

t affi sai g, or.J gi.n and saj.d dest. i on
82 eifod S Al Rt tiefein sl skl o ¥ leilyenhy ferstively
repeat?f%&tﬁ%@{plﬂgﬁﬁﬁ‘r@ safiPipiatedBhta>A0908inp Saidl! P&itbd}ﬂaﬂa Whed
ecting one or nore destination cities
deling probabilities for transm ssion of sald
i nfectious agent fromsaid selected origincity to
sai d selected destination cities over a specific tine
83. pPthd Mmethod af cain 0T alhdigin RadesbdelingBpP iﬂwrgﬁ)ﬁtéls duitd for the

pa er travel data with the I‘Obabl|lé
numb%ﬁiﬁg@g gteps fsuized i cosRec s d PHEBCIY ¥t S i%srlaatwn city and
o S L8306l 10 1 6 C8FinlpegBl B 45
i nfectious agent and e) generating a report of the

p obabj | i t ecti,on Qqutbreak in said selecte
el Bholgim  Bov e SRR RGP ﬁEPﬁP’adW% over
diffe éﬁHHn@ eriéd. J gd
B R R e R T Ry
enteringrardedastisation cityowbi spersdayf tinge. det ermi ni stic.  90. The
nmet hod of claim 88, wherein said nodeling step is
stochastic. 91. The method of claim 88, wherein said

85. alke HBRaLUdiin TR WHerdhRbad hvdelRtbadt@rhuset thebfbtiesl-daaifobsaid
intervals. 92. The nethod of claima88, wherein sajid

infectigpy agsattodmerice probabilitiga fox sitheasgyiral eufbreak pEsaid infectigus

agent. +93. The nethod of claim92, wherein said nodeling step
is iterative, by iteratively repeating said mapping

using sai d updated data and adding said updated data

recev

\Mi]’l?e system of claim 77, wherein said modeling step uses current, real-world data
for said infectious agent to produce 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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received. -45- 77956-2 ',... 94. The nethod of claim
88, wherein said nodeling step incorporates data for
the nunber of flight stops required to connect said
origin city wwth each said destination city and total
passenger volunme for flights to each said destination
ca)trgtrievide pirpdssehger traveli dgtanfor air trgvel BBtweth erigmtcitod and

s o S S SR e ASE  GPRfny o
flights"RIRPEdid BfiginRRidsitd §lidl B8R a®dn 8L nluRb&UpRen 9L RAveling

entering each said destination City over a period of
from sgidrpzigirogtiesTosaidydestination cities, ey ofdimctbion-step Hights from

.. podel.ing st ses theoreti.cal dat r. said . . .
said off i St B St feshton' S i SRy Refef 1o priggn and said
destindtioa@itRis] &7 copreigonaiml dafe sSahsh fonhlesdid ol passagpRPtraved data;

- The system of claim88, wherein said nbdeling step

URsslepting @neriginey;- wor | d data for said infectious

y%ﬂec%r?%(ﬁ{eg)q%&eﬁ%gg&“ﬂi' s for an active outbreak

sal ctious agen The net hod of cl ai m 88,
wianedealing prababiiditiadb fis erahsmistien ofsddiifatioss ghdfranisgidn

city. and each said destinatjon city w,th one qr_ nore
selected; qrigit #18) tossa@ﬁe{%ﬁ@a_dgmﬂa% sidiet aved Sa?qlé%vling petpd, stided
modeﬁr% HaSd¥ Sl 1&?%1% fir bhdsenge? radiél QI?E%MG gﬁ%ﬂbiﬁtm hod

0 predl cti g e transmssion of an I nfectious agent
emergencs, piopagatian ghd infectiop forssaifginfegliowsstgenteanid pyodaicing one or

ass er travel. data.for .air travel between oriain
more f3F% G 4ot 4 St bl dheseriortiog U ST N S Bl i g
a¢) geRAAG RN Y Rfpot'oTVIR) prebdbalitly ¢ infedtivg ouforeMu REY selected
flights fromsaid origin cities to said destination

destingtjonj cities frampaie sdectpdhergingiiy duringisedd timg peripdbased pa said
ol Ik j.d destination cities, nunber of
maps@{O?gég?b%g%{dgﬁ%&ﬁﬁf@?%ﬁfs from said origin cities to
said destination cities, total passenger traffic for

sajd origin and _said destinafjion cities, and,
89. cﬁ?@gwsﬁa?ﬂgnﬂéiewl&raﬁﬁ@dﬂm&e Pg steR iselrmingsis enger
travel data; a) selecting one or nore origin cities;

b) selecting a destination city;
90.  The method of claim 88, wherein said modeling step is stochastic.

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, by iteratively

repeating said mapping using said updated data and adding said updated data when

received.
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-46- 77956-2 d) nodeling probabilities for

transm ssion of said infectious agent from said
selected origin cities to said selected destination
city over a specific tine period, said nodeling based
on mapping said air passenger travel data with the

94. [Ihelmdhdd éficlain 88 MbeaanNeRd mddaRpandy iBCorpOtds rd&adbt me
fo s id infectious agent  and producing one, or

numb 1281 stensrequiEed do corieet Bisongin cily yg@@%&%ﬂ%&ﬂﬁ% Gty
and toth ¥eSGehlp h {DIFHE R 1 @B AT B AorPy brlenGént b Grigin

city. destlnatlon city fromsaid selected origin cities
during said tine period based on said maps produced
by sai d nodeling step. 100. The nethod of claim 99,

95.  VHRRIFoEN daifilEiE R LA ebiferdl B FREShS prodithd othe
met hod of claim99, whereiR said nodeling step Is
different timtperiads to g@Rratah ecponiaidi litelibbed of 88! inflctiows agesti d

air er.tr dat a. i dated at three-nonth
entenngﬁ?tgf qstiesg]iﬁ?n %é’vﬁ%‘? R‘?ﬁ?ds‘}#’g?eal m 99, wherein said
air passenger travel data is updated in real- tine.

104. The nethod of claim 103, wherein said nodeling
96.  skhesystemiof glaimiSBewherpin satst medsliag pepruseictheoratical data for said

infeor RABENT0 YIS ARRIAAOT R Bl fem el Ml Thfbotion

agent. 99 wherei n said nodeling step incorporates data for

the nunber of flight stops required to connect each

said origin city with said destination city and total

r t
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over different tinme periods to generate a report of
the |ikelihood of said infectious agent entering said
destination city over a period of tine. -47- 77956-2
107. The system of claim 99, wherein said nodeling
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1ol
are used to represent said cities in said method.

agent.

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

a) refrieving 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
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;
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108. The system of claim 99, wherein said nodeling
step uses current, real-wrld data for said

i nfecti ous agent to produce probabilities for an
active outbreak of said infectious agent. 109. The
nmet hod _of claim 99, wherein said database further

Lungrrobahihties byjiransarission efisaidgnications sgem fomwenidi t v
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alrports are use O represent sard crties in sal
modeling bisad on hidppink sakd dioghsedngpr tedlict tath evithhke probatsligyEi on
of an infectious atgen via. air travel, _conprising: a)
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destinafign S1E¥ Famsaid selacled 58y il Giring SBid RePelogiPased o s8if o
mapspgﬁﬁkwgyg@@ngjdgﬁ@gssteﬁjunber of direct non-stop flights
from said origin cities to said destination cities,
total passenger traffic for said origin and said
' i I1d f [r ondi n. . st.anp s for
100, RO ALl S SneRe i R OB S OBl
current probabilities for transm ssion of said
infectjous. agent froman_ indiyidual,K origin city to an
101. i%‘?’da‘?fg‘i’f @@&%W #3id ynodelingsterig slochastipased on
mappi ng said air passenger travel data with the
probability of energence, propagation and infection
102. fIde msethel ofndlaint 99 wheredre seid ain pagsengbn chvel datads opdatadrat
thr "ﬁﬁig@f tinmes and | ocations for dissemnation of said
co-my 9¥UE agent: and c) generating reports of the
current probability of infection outbreak in said
i ndi vi dual destination city from said individual
103.  oihiegnethed efclaip 9% evhareiy sai air passauger fravdl dagds wpdated in real-
retrieval step and nodeling step using updated data
fromsaid retrieval step. 111. The nethod of claim
110, wherein said nodeling step is determnistic. -48-
77956-2 112. The nethod of claim 110, wherein said,
104, theanethed of dlaim L03s whereinssaid modaling stepds feratives bynteratively
: . o« 5,31 : - or
repeatipg Soid AR RlE i spid Rl B ShEQuuRE BhR Ap RPN 0
receivadr i gin city with said destination city and total
passenger volune for flights to said destination city
i ndependent of origin city.

105. The method of claim 99, wherein said modeling step incorporates data for the

time.

number of flight stops required to connect each said origin city with said destination city

and total passenger volume for flights to said destination city independent of origin city.
106. The method of claim 99, wherein said generating step uses maps produced over

different time periods to generate a report of the likelihood of said infectious agent

entering said destination city over a period of time.

- 47 - 779562




114. The nethod of claim 110, wherein said generating
step uses maps produced over different tinme periods
to generate a report of the |ikelihood of said
i nfectious agent entering said destination city over
a period of tine. 115. The system of claim 110,

107. \ihersgitemsdichim98ewherginshishmodating step asestthembticdbdata farsaid

infectiqifagenss pRRob b ax iy oEa MoTerd IS of s iR ectiots.
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uses current, real-world data for said infectious
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for saidiif@itibus fdehytodiediRehotabiities firia@ Actvd outhveilofwaR i@dfectious
nore airports, such that said associated airports are
agent. ysed to represent said cities in said method. -49-
77956- 2

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:

a) retrieving current air passenger trave! 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
said origin cities to said destination cities, total passenger traffic for said origin and said

_destination cities, and corresponding date stamp s for all said air passenger travel data;

b) modeling current probabilities for transmission of said infectious agent from an
individual origin city to an individual destination city, said modeling based on mapping
said air passenger travel data with the probability of emergence, propagation and
infection for said infectious agent and producing one or more maps of times and locations
for dissemination of said infectious agent; and

c) generating reports of the current probability of infection outbreak in said
individual destination cify from said individual origin city by iterative performance of

said retrieval step and modeling step using updated data from said retrieval step.

111. The method of claim 110, wherein said modeling step is deterministic.
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112.  The method of claim 110, wherein said modeling step is stochastic.

113.  The method of claim 110, wherein said modeling step incorporates 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.

114. The method of claim 110, wherein said generating step uses maps produced over
different time periods to generate 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 uses theoretical data for said
infectious agent to produce probabilities for a theoretical outbreak of said infectious

agent,

116. The system of claim 110, wherein said modeling step uses current, real-world data
for said infectious agent to produce probabilities for an active outbreak of said infectious

agent.
117. The method of claim 110, wherein said database further associates each origin

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

are used to represent said cities in said method.
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