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ABSTRACT

This paper focuses on multiple visualization teghes for mapping pandemics with respect to spaddiare. With
the use of maps and other statistical informat#olink between the spread of Influenza A(HLN1) atdrnational
air travel follows from the Bio.Diaspora Projecfl.[Zhe study area for this project focuses on Ndktherica,
specifically Canada and the United States. Howeher spread of the disease is worldwide. Worldwideads, as
well as trends in the Western Hemisphere were takanconsideration. The methodology behind thisjgut is
complex as the geographic region examined is WASth data coming from a variety of sources multiple
assumptions were made. The assumptions used lekiffiet@nt visualization techniques.
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INTRODUCTION

The spatial and temporal dimensions play an imporale when dealing with pandemics. Influenza A{H)
is no exception. Cases of Influenza A(H1N1) duniegorting periods were defined as people with kfza-Like-
lliness (ILI) with symptoms of a temperature of IB@&nd a cough or sore throat [1]. Confirmed cadésfluenza
A(H1IN1) had two components which included a reaetireverse transcription polymerase chain readfion
PCR) and a viral culture [1].

On March 18, 2009, the Mexican government started trackingnarease in severe respiratory illnesses [1].
This increase in illnesses led to testing, whichficomed that a new strain of influenza was presemflexico. This
strain is referred to as Influenza A(H1N1) or H1kt short. In mid April, the US and Canada bothrtgtd
reporting cases of the Influenza A(H1N1) virus. &pril 29", 2009, World Health Organization (WHO) declared a
Phﬂ?se 5 Pandemic. The peak pandemic phase, a @tRealemic, was declared for Influenza A(H1N1) onel
117, 20009.

The World Health Organization (WHO) increases asgemic phase ranking based on spread and noitgever
of the disease. There are 6 pandemic phases falldyea post-peak and post-pandemic categorizatfon.
breakdown of the pandemic levels and their desoriptare shown in Table 1.
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Table 1: World Health Organization Pandemic LevelsBreakdown

Pandemic Description

Phase

Phase 1 A circulating virus in animals has no reported harmases

Phase 2 A circulating virus in animals has caused humagadtibn

Phase 3 A small cluster of people in a community-level aeilk contract the infection but has
not resulted in human-to-human transmission.

Phase 4 As well as animal-to-human transmission, humanttoin transmission has occurred.

Phase 5 Human-to-human spread of the virus in a minimur@d obuntries in a WHO Region.
Declared on April 29th, 2009

Phase 6 Criteria in Phase 5 and a community level outbieak least one other country in a

different WHO Region. Declared on June 11th, 2009
Post-Peak Phas Countries with adequate surveillance have diseagdd drop below peak values.

Post-Pandemic Influenza disease levels return to normally obsgseasonal levels.
Phase

Dr. Margaret Chan, Director General of the WHOeaskd a statement on Juné', 12009 about the pandemic
decision. In Dr. Chan’s address she stated: “Glgpale have good reason to believe that this pancleah least in
its early days, will be of moderate severity. As kiow from experience, severity can vary, dependingnany
factors, from one country to another.” [1].

GIS Modelling

The geospatial modelling of a pandemic virus alldarstrends involving location to emerge througtatap-
temporal visualization. The modelling of the outidén this report focuses on the number of cunngatiases over
time. Since Influenza A(H1N1) is a pandemic of made severity, the number of deaths was not siganifienough
at the time of data collection to create a vis@ion model. The importance of visualizing the temof cases is
to aid in determining the clusters of cases. Vigadbn shows differences in severity and variagidrased on
geographic region.

The recently published Bio.Diaspora project, byMichael’s Hospital in Toronto, Canada, involveduraes
of international air travel and the spread of lafima A(H5N1), also known as avian flu. This profecused mostly
on case counts in quarters and international flggtiterns between countries [2]. The project sp=dij looked at
number of cases nationally, as well as pig denpitpulation, economic standing and healthcare fad}. The St.
Michael’s project was used as an outline to theassh presented here, with an emphasis on the ayglugrscale of
analysis. Less significance was placed on othesreat factors because of the small variation ofdiacin Canada
and the US at a national level.

The Time Factor

In this model of Influenza A(H1N1), the virus wamsiis early stages. Time as a factor played a afuele in
monitoring the virus. Eventually, the speed at \whiwe virus circulated, forced WHO to change ifsonéing
standards on Influenza A(H1N1) [1].

It is obvious that over time the cumulative numbkcases will always be increasing. The concethdsrate at
which the number of cases is increasing. Also, Withlack of statistics on recovered patients itripossible to tell
at any given time how many people are infected tthvirus.

A number of factors could be integrated into a nhdaokelnfluenza A(HLN1). Some examples of the fastthat
could be related to the spread of an infectiousatis include age, sex, medical history, populatiensity, and
economic conditions. However, these particulardiectvill not be discussed in this paper.

Objectives

The area of focus of the research presented héimiied to North and Central America at a natioleafel due
to time, quantity of data and analysis constrailmsCanada and the United States of America, po&irand state
breakdown is provided for analysis also. In additi©@anada has a geographic breakdown by Distriatthié\reas
(DHAs) and the US has a county level breakdownasies. The varying levels of scale provided an msigto
significant locations in cluster$his paper attempts to address the question ofGtBvcan be used for modelling,
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tracking, and visualization of reported InfluenzHAN1) cases. The specific objectives of this redeare to: a)
Visually report HIN1 cases, b) Show the dispersibH1N1 cases over time.

METHODOLOGY

Data Collection

The methodology for the data collection and analgéiinfluenza A(HLN1) required many different
methods and exceptions in order to produce accreatsts.

Spatial data collection consisted of cumulativeecasimbers, locations and dates. Data was collefcted
multiple levels of government throughout North adntral America. The original data was collecteahfrthe
World Health Organization (WHO) which provided casmunts for countries worldwide [1]. This data vihen
segregated to highlight Canada, the US, Mexicoahdr Central American countries. The Pan Amerldaalth
Organization (PAHO) is a member of the WHO Regithet focuses on North, South and Central Amergja [
This provided accurate case counts for countriesuihout North and Central America.

Within Canada and the US, federal government agsrmllected state and provincial case counts.Cérere
for Disease Control (CDC), in the US, provided aechreakdown at the state lej#]. The Public Health Agency
of Canada (PHAC) provided a breakdown for the proes and territories in Canada [5] .The final sesror data
collection were from provincial and state governimegalth departmen{$-56]. In terms of time accurate data, a
delay in case numbers was noticeable for WHO reporalues. The delay occurs because each levelvefigment
has a subset of geographic regions reporting #thit. process of reporting is shown in Figure 1.

[ World Health Organization ]

(WHO)
f Pan Americas Health
L Organization
I 1
Centre for Disease Control] [Public Health Agency of Cana}ia
\
State Health Authorities ] [ Provincial Authorities ]

\o

| Local Health Authorities J | District Health Authorities

Figure 1. Reporting Agencies Structure.

Other spatial data that was collected related fufation, size and income. This data was extrafttad ESRI
Data & Maps 9 and ESRI Data & Maps 9.3. All geodpiagata were in vector form, as either polygonpaints. A
more detailed description of how geographic infaifiorais provided in section 4.

Non-spatial data consisted of news reports andfibge referring to populations of infected indivials,
reporting periods, pandemic phase updates and gg®@n a vaccine. These updates came from thealsgata
sources listed above, as well as news agenciesasuthe Canadian Associated Press, Canadian Tiele@sline,
as well as online professional networking datasesirsuch as the LinkedIN HIN1 Alliance Group.

Data Analysis

In order to understand the spread of Influenza ANH), geographic visual trends were analyzed. Was
done using geospatial data provided.

The use of statistical analysis included invesiigathe mean, variance, standard deviation, ramgeNormal
QQ (Quantile-Quantile) plots. This analysis was ptated on the national level in North and Centrahekica,
including state and provincial analysis for the B8 Canada. This level of analysis was also donareas of
interest, which will be discussed in further detaiResults.

The visualization of variables is represented gicglly in a variety of charts and graphs. The gapbic
visualization is discussed in further detail in @soalization.
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Data that is affected by factors requires assumptid maintain a level of consistency for resulti.time
series data must be represented using a uniquertime. With an assortment of agencies reportirsg caumbers,
reporting periods varied. To rectify this probledates were chosen for reporting periods based ameekly
schedule, unless otherwise noted. The data tHatlfedest to the end date of the week period, withgassing the
reporting period end date, was used to represanibek. If there was no reported date providetiimithe week,
another set of assumptions were required. The g#8ums used for areas that did not have valuestimea period
are the “No Data Assumption”, “Interpolation Datasimption” and “Homogeneous Data Assumption” “NatdD
Assumption” was used if data was not availabledmpecific time period. This geographic area wasgasd a
value of -1. Data would be visually excluded in gephic representations. More on this will be désad in
Geovisualization. “Interpolation Data Assumptiomas only used if a reporting period before andradtenissing
reported period had values. When interpolatingrtiean between the two reporting periods was useel.nfddian
date was used as the reporting day to determiné mparting period the data was specified for.

Homogeneous Data Assumption

“Homogeneous Data Assumption” assigned a const@oevo all geographic districts in a region. Aseault
the use of this assumption would be if a staterditiprovide a county breakdown of cases, the statmt was
assigned to all counties. Misleading results caruqctherefore, a visualization technique needbealeveloped.
Again, this will be discussed in section 4. A sultem of the “Homogeneous Data Assumption” is timastrict
Data Assumption”

District Data Assumption

“District Data Assumption” is a subset of the Horangous Data Assumption. The assumption was used to
assign values when cases were reported for dssinstead of counties or DHAs. In all areas whestridts were
reported, the breakdown by county or DHAs was awdl. For example, if a state is split into NoSiouth, East
and West districts, all states within the Northtrii$ are assigned the same case value. The stad#énoesota
divided its counties into 8 regions, which is ithaded in Figure 3. Figure 3 shows the 8 regionkliminesota which
were quantified by regional case numbers.

Figure 3. District Data Assumption Minnesota Regions assigm@tiogeneous values within the Region.

GEOVISUALIZATION

Background

Geo-temporal visualization is the process of exlgi different spatial and attribute data sources f
constructing time-series visual models for speaiographic phenomena. All visualization techngjadopted in
this project were using ESRI ArcGIS and MicrosofcEl. Visualizations were created over time usiogtmuous
streaming and animated maps.

Geovisualization was used as the preferred methiodrfalysis as a lack of trends appeared in notiaskata.
In the early stages of Influenza A(H1N1), resultsrevsparse in terms of population, size, density @sonomic
standing. This led to the realization that the gapbic location must bear some weight in diseaseasp Other
geographic trends might emerge with large pubbmdit systems, international airports or by proinio each
other over time. The factor of time was also coeed when using geovisualization and the effedttthe has on
cumulative number of cases in an area.

In this project, cases were represented in polyigom for a country, state, province, county or DH2anada
and the United States of America provided a couwmtyPDHA breakdown. Central American countries, sash
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Mexico and Puerto Rico, are represented as polygdthscase values for the whole country. Apart frbfaxico,
the breakdown remained at the country level bec#useoverall size and number of cases in Centrakrgan
countries are relatively small in comparison to &#a Mexico and the US.

Significance

This report summarizes an effort addressing a @n&pent that devastates humanity worldwide. Theead
the project is complicated and addresses multipteycaphic breakdowns, while integrates large amotidata.

While examining the data related to Influenza A ) cases, many problems arose. The spatial eafahe
project, although viewed at the county and DHA lggeuld be shown in an even smaller extent. In yra@as in
Canada the district health area is still rathegdathis makes it difficult to geographically redithe source of spread
in an area. With an improved spatial extent, casag be represented as smaller vector features.eTleasures
could include a smaller polygon or point form. Thisuld lead to improved accuracy of locating thetoe of HIN1
spread within a region. This research has an ismamount of factors that could affect the spréaxtors such as
population, age, sex, medical history, and envireminplay a vital role in the spread of HIN1.

Finally, the spread of infectious disease doesdigtriminate. Although we can quantify factors tipat an
individual at risk, it does not exclude the restta# population from coming in contact with theedise. An account
for randomness should be taken into consideratisrwell as the exclusion of outliers. Not everyecadl be able
to be explained by factors outlined by a statiticadel.

RESULTS

Worldwide

In March 2009, the Mexican government noticed ardase in severe respiratory illnesses. The rdasepjra
illness was identified as a new strain of influgnmaown as Influenza A(H1N1). Cases then spreatth¢oUnited
States of America and Canada. The worldwide cutimelamumber of cases is represented as an incgeésiction
over time. Although the cumulative death toll isiaaoreasing function over time as well, the peragatof deaths
from H1N1 is a decreasing function. An increaseafurrences of the virus does not imply an incréadance of
death in this case. The increase in cumulativescaseld be categorized into three periods. In #réyalays of the
virus, the rate at which people were contracting\thius was low. The rate continued to increasth@ennext two
periods. Finally, in the US, Mexico and Canadaarat given time in the study period, at least 55%lbfeported
cases were located in the three countries mentioned

On June 14, 2009, a Phase 6 Pandemic was declared by the \HZhase 6 Pandemic is defined as a virus
that is circulating in at least 3 countries in 2 @HRegions. It has been speculated by many thattH® delayed
in declaring a Phase 6 Pandemic, since it is ptéserver 70 countries worldwide [1].

North America

The virus has had a strong presence in North AmeFoom the first recognition of HIN1, North Amexibas
accounted for more than 75% of all cases in theAuaaricas WHO Region and over 55% worldwide. Cormgar
North, Central and SoutAmerica, a vast majority of cases were in North Ange North American cumulative
cases and percentage of deaths showed the sameldgesied as at the worldwide level. This shouldrteaitive as
the majority of cases were in North America. The raf increase followed a similar trend when coregato the
worldwide data, except during the intermediate guriwhich showed a decrease in the rate of spigaid.could
possibly be due to awareness level at the time.d¥ew after this period, a Pandemic Phase 6 wéasdcabhich
produced an increase in case volumes.

A look into Central America showed that and theadgenerally followed a similar pattern as the wartte
data. This included the rate increase analysis;eftewy the number of cases is much smaller in CleAtraerica
when compared to North America and the world.

Canada

The HIN1 virus was first recognized in Mexico andclly spread to the US and Canada. This is an ins&e
concern for Canada. As most transfers of the dés@aye human-to-human contact, an analysis of heeple
move between the countries must be examined.

Canada has six major access points for interndtain&ravel: Toronto, Vancouver, Montreal, CalgaBttawa,
and Halifax (Figure 4). When flying into these gBanadian access points, 54.6% of internationaltrairel
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originated from the US and Mexico. Canada’s sielinational entry points and their volume of passendrom
North and Central America, categorized by direct mdirect flights, are shown in Table 2. It is atwvs from Table
2 that the number of cumulative HIN1 cases cormedpdo the volume of North and Central Americarectirand
indirect flights. An exception to this pattern isncouver. The change over time in cumulative cimeSanada, by
DHAs is represented in Figure 5.
An odd note about Canada is that over time, thegm¢age of death increased during the study pefibis

increase in deaths is unexplainable at this time @uprivacy issues concerning those infected with virus.
However, factors that may contribute to the incedaghe number of deaths are age, sex, heritalgeation.

Table 2: Canada’s 6 International Entry Points andVolumes of Traffic

CITY H1N1 CASES NA DIRECT NA INDIRECT | CA DIRECT CA INDIRECT
(July 2009)

Toronto 1494 2,341,415 782,3%4 535,240 173,832
Montreal 1096 726,978 511,553 176,275 135,951
Calgary 415 480,956 458,216 49,83 96,903
Ottawa 348 160,508 315,436 17,371 40,217
Halifax 177 63,072 157,233 17,283 16,754
Vancouver 81 1,117,78f 723,007 62,495 131,715

Canadian Major Points of Entry

Northern Canada

Figure 4. Canadian Major Points of Entry.
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Legend - Case Counts

0-50 31-108 101-250 251-500 301-1000 1600+
Figure 5.: Canadian Cumulative Cases by District Health Area.

United States of America

The United States of America shares a border lite Mexico and Canada. Considering the majoritgases
were present in these three North American cous)ttiee geographic proximity to Canada and Mexia ¢ause for
concern. The percentage of death in the US is twobed. The death rate continually decreased Matjl 15", 2009,
and then increased to approximately half the lefethe percentage of deaths in the early stages.ifitrease
continues as time passes but never reaches tlad ek value.

When looking at cumulative case counts in the U8 top 10 states for high case volumes had oved t88es
for the last 3 reporting periods available. The fdp states with HIN1 cases are: Wisconsin, TexXaspis,
California, New York, Florida, Pennsylvania, Contieat, New Jersey and Massachusetts. Another riegoperiod
for the week of July 17-24 was available, howevers only represented visually, as many governnaodies
recently decided to stop recording case talliebld'd shows the top 10 states and the cumulatise alues for the
available reporting periods in June and July. Agosttation of the 50 states and the District of Walbia’s
cumulative case counts is shown in Figures 6.
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Table 3: Top 10 States with HLN1 Cases and correspding case counts

STATE JULY 17 JULY 10 JULY 2 JUNE 25 JUNE 19
Wisconsin 6031 6031 5861 4273 3008
Texas 4975 4463 3991 2981 2519
Illinois 3357 3259 3166 2875 2526
California 3161 2461 1985 1492 1245
New York 2670 2582 2499 2272 1300
Florida 2188 1781 1302 941 562
Pennsylvania 1914 1794 1748 1483 942
Connecticut 1581 1364 1247 877 767
New Jersey 1350 1289 1159 899 603
Massachusetts 1343 1328 1308 1287 1270

= | Legend
Case Counts
[ Jo-sm
[ 501 - 1000
I 1001 - 2500
I z501 - 2000
| s

Figure 6. United States of America Cumulative Cases by State.

The Bio.Diaspora project [2], examined major transentres and avian flu, and identified the Top 20
International Transit Centres worldwide. Of thel@&rnational Transit Centres, 7 are located, staes, within the
continental US. These 7 transit centres are Newk,Yétlanta, Chicago, Miami, Houston, Los Angelesdan
Dallas/Fort Worth. These airports are listed in [€ah with the number of passengers arriving ireary The data
presented forces the question: does the existenar imternational transit centre affect the numblecases in the
county that the airport is located in?

In the US, a breakdown of the county cases wayaedl An analysis was done for all states but fedum the
10 states listed above. The county case courluirihted in Figure 7. In Figure 7, the “No Datasdsiption” was
used in order to visualize an accurate case breakdo should be noted that all the Internationedrisit Centres in
the US, except for Atlanta, are located in the I0pstates for cumulative HLIN1 cases. More spedificdne HIN1
cases are located in the top 6 states. When exagnihe location of the airports at the county etérbecomes
obvious, that in general, the county that has tiglhdst number of cases within the state is wheeeaiihport is
geographically located. Also, the amount of casag@hses as the distance from the airport incredbescounty
views of the International Transit Centres with H1bbses are exemplified in Figures 8-11. As eanfientioned,
Atlanta’s airport does not follow the trend of setye presented. Additionally, Florida, which is wieeMiami
International Airport is located, did not provideaunty breakdown of HIN1 cases.
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Table 4: 7 International Airports (with ranking) in the US that belong to the Top 20 Worldwide Transit

Centres
AIRPORT RANK OF INT. STATE # OF H1IN1 # OF
TRANSIT CASES 07.17.09 PASSENGE
CENTRE RS
New York (John F. Kennedy 6 New York 2670 13,288,444
Atlanta 7 Georgia 174 1,260,044
Chicago (Chicago O’'Hare) 8 lllinois 3357 2,773,816
Miami 13 Florida 2188 5,279,146
Houston 14 Texas 4975 1,543,176
Los Angeles 17 California 3161 6,513,855
Dallas/Fort Worth 20 Texas 4975 Not Available

Note: Passenger volumes do not included traffic between Canada and the US.

Miami International

¥ IntAirports

Figure 7. United States of America Cumulative Cases by Caunty

Figure 8. Chicago, lllinois Figure 9. Los Angeles, California Figure 10.Houston, Texas
Chicago O’Hare Intl. Airport (L.A. Intl. Airpay Houston Intercontinental

Finally, the 4 states that compose the bottom@top 10 with HIN1 cases are Pennsylvania, Cormectilew
Jersey and Massachusetts. The State of Massachukétinot provide a county breakdown on H1N1 cases.
Pennsylvania, Connecticut, and New Jersey are ahogeographical proximity compared to other stae®ss the
US. Visually, for the State of New Jersey, the ¢mswith the highest cumulative case counts agectiunties that
are the closest in proximity to the State of NewR/@&lIso, the counties in New Jersey are geogralyiadjacent
to New York City, where John F. Kennedy Internagibiirport is located. An overall view of Pennsyhia,
Connecticut, New Jersey and New York is provideHigure 12.
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<ennedy-International

J=.John F Kennedy International

oo B

Figure 11.Dallas/Fort Worth, Texas Figure 12.Pennsylvania, Connecticut, New Jersey
Dallas/Fort Worth International Airport and New PkaCounty Breakdown

It would seem that in the early stages, the looatib an international airport contributes to themter of
Influenza A(H1IN1) cases a county has. Numerousrdtetors contribute to the spread of an infectidisease,
which could include the population density of trmusty where the airport is located. Examining tlopydation
density of all counties and number of cases coeddl lto another relationship of spread. Howevethaistate and
provincial level, the relationship between popuwlatidensity and number of cumulative cases is laclsimong
statistical evidence.

CONCLUSION & RECOMMENDATIONS

When dealing with a project that concerns a pomia safety, many improvements can be made tceass
the accuracy of information presented. The neeft 8t this research is a geographic breakdown smaller scale,
such as by postal code, which would increase tlweiracy of areas with outbreaks. This informations wept
available for this project and would require a higbel of security clearance. Dealing with neaexact locations of
infected individuals raises privacy issues, whialstrbe addressed.

Other areas that could be pursued with modellifigciious diseases would be regression modellingliomate,
population, density, age and sex of infected, v@umh various types of traffic and social economieasures.
Although, some of this has been done by the Bisfnaa Projecf2] on a worldwide scaleghe same research has
not been performed at a more regional level atghésent time. In terms of reporting many improvetaeould be
made in order to produce more accurate resultseeTlmain problems from reporting cases arose dufieg
collection of data for this report. The problemslirded inconsistent reporting periods, lack of réipg and double
counting errors. Firstly, inconsistent reportingipgs made analyzing and comparing data a diffiagk. In order
to deal with this problem, data had to be streagdlimto week-long periods. This led to possiblemaacies, as a
week could contain a mixture of data from the beijig and end of the week. Secondly, the lack od dahilable in
some states and provinces did not allow for anglgsall. This could amount to a serious problemrifiajor area of
infection is not identified. In order to correcigterror, government policy changes mandating tagpmould be
essential. Finally, many geographic regions stoppembrding case counts as a fear of double couriting
population that is always on the move. This wasagomissue with the aboriginal population in North€anada. If
a computer-based system was in place regionaltyipeially and nationally to record patient dataen double
counting would be eradicated. However, this modifam would be costly to all levels of governmentianay not
be feasible at the present time. Nevertheless,rogress in the field of monitoring and preventimdectious
diseases, advanced computer reporting is a negestsar
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