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About BioMosaic

. Mexico

The US is currently made up of a diverse population with varied ther Foreign L
health outcomes and disease risk. Approximately 12% of the . §§ o | exlco o
US population is foreign-born, defined as being born abroad t—é j;ggggg 1 (41.9%)
and neither parent a US citizen. Known health disparities between g € 2,000,000 ]i Other Foreign Borm 2,016,657
US- and foreign-born populations are affected by differing rates ET:_ PSSOl | (59.:%)

i ' &  s00,000 4
of endemic disease, obesity, travel patterns, and infectious 3 500 00 1 . (] [T ————

disease exposure. The BioMosaic project aims to help public s mﬂommw )
health practitioners better understand and assist foreign-born z
populations through the use of interactive maps containing

demographic information as well as data on socio-economic
status, migration and infectious diseases.

@ Copyright 2011 Developed in collaboration with the (& Heo”‘hMOp

Centers for Disease Control and Prevention Globat Healthy, Local Tnformation
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0 Bio.Diaspora (St. Michael's Hospital, University of

Toronto)

= BioDiaspora provides an internet-based application that enhances
situational awareness of infectious disease threats in the world

= Uses geographic visualization to communicate geographic patterns and
trends and disseminate public health and travel information to the public

= Combines mapping technology, commerc:lal aviation data and real tlme
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o HealthMap (Children’s Hospital, Harvard University)

= HealthMap is an interactive website designed for use by public health
professional and others

= |tis publicly available and mines over 50,000 sites hourly 24/7

= The system extracts over 1,800 disease patters and categorizes them to
identify diseases that could potentially indicate a significant health event
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U.S. Foreign Born Picture

Who i1s Waldo?
Where’s Waldo?
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New England: African-born

African
Born Persons
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Countries Map Library ‘ﬁ-

Szanuc King County

2,000,000 -
B 100,001 and above

M 25.001 - 100,000 1 500,000
B 10,001 - 25,000
5001 - 10,000 1,000,000 -
2501 - 5000
1001 - 2500
501 - 1000
101 - 500 £ Foreign born
1 - 100

Zero
21 counties within view

King County, WA
Population : 1,858,788
Foreign Born Population :353,384
Canada 17,764

Whatcom County, WA

<

: SiSeattie
Population : 192,886 N
Foreign Born Population : 20,710 1

Canada 5,776

Beflovue

Snohomish County, WA
Population : 673,709
Foreign Born Population :85,621
Canada 5,485

Pierce County, WA
Population : 774,339
Foreign Born Population :68,238
Canada 3,838

Thurston County, WA
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i Legend

- Focuses on the characterization and response to international health events
esp. infectious diseases.

- Provides access to relevant contextual information in the country of origin,
global airline transportation data and at-risk foreign-born populations in U.S.

_ - Provides complex analytical capability
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How Can BioMosaic Help?

1. Surveillance
= Sort through event based surveillance from HealthMap or other sources

2. Evaluation of Source Conditions
= Measure human population around event source
= Assess environmental conditions (e.g. rainfall, temperature, animals etc.)
= Analyze deviations from historic averages

3.  Evaluation of transportation networks from event source into U.S.
= Analysis of flight schedule and capacity
= Analysis of passenger level flight data and final passenger destinations
4. Evaluation of conditions in the U.S.
= Map of risk areas
= Visualize distribution of foreign born — identify top counties of settlement
= Perform demographic analysis (English proficiency, education level etc.)

5. Analysis to determine where CDC intervention is needed

2
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m Centers for Disease Control and Prevention

Travelers' Health

Stay Heakthy & Safe

iness & Injury Abroad

Resources

Haiti
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1. Survelllance

Travelers' Health

# BIOMOSAIC —

calthy this flu season!
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3 outbreak in Jiangsu no deaths Cholera
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Nigeria
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Human Cases H7N9 Flu in China
N= 102 cases / 20 deaths (~20%)

@ Safari File Edit View History Bookmarks Window Help ] e = 4) &6 Sun 1:45 PM Martin Cetron Q

H7N9 map - Google Maps
’,hnps.f."maps.goog!e.(om,v‘maps,«'ms?msa:O&mmd=200073663810992252651.0004d96b6096833780d33&|e=UTF8&t=m&H=34.36157E.1
Apple Yahoo! Google Maps YouTube Wikipedia News (119)v Populary

¢ | (Q~ Maps of China H7N9

+You Search Images Maps Play YouTube News Gmail Drive Calendar More~

Google

Get directions My places

ol = 5 ) ial e - ) | { f ; Map
Save y 4y - A - ¢

' : ™ 14 S % ’ \ : Traffic
Explore making custom maps in an interactive tutorial. >\ : ; [ . : ¢ ;. X Rt .
H7N9 map 4 » ~ ; A2 i ] Northl

Human cases of H7N9 bird flu reported in China. . 3 Z : » p 05 = £ S0 Kor a Sealof Ja
As of 6pm April 21, there were a total of 101 - . et & X o~ P

confirmed cases, including 20 deaths and 11 who 2

have fully recovered.

Click on each balloon for more information on sl X P % v 3 ¥ 5 5 J g £ 2 ‘ S‘L‘,’! Korea
individual patients infected: blue, patients infected ' 3 ’ s : b SN N 7 4 A
with the H7N9 virus under treatment; red, those el %
infected with H7N9 who have died; yellow, those who
have fully recovered; and pink, those infected other
types of the Influenza A virus, including H1N1.

Map by the South China Moming Post. For SCMP's
H7N9 coverage, please visit
http://www.scmp.com/topics/h7n9-avian-flu .

L Eastl
China/Sea}
@ Minhang, Shanghai

@ Chuzhou, Anhui

Q Jiangning, Nanjing, Jiangsu

Q Shuyang, Sugian, Jiangsu

ODC
GoogleMaps https://maps.google.com/maps/ accessed April 21, 2013 o2
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Domestic Air Travel within China from Shanghai, Hangzhou, Nanjing, and Wuxi (April - June) BIOJ\RKTV?/&
DIASPORA

With Poultry Density

Beijin
1,352,172 passengers

Shenyang
208,981 passengers

Passenger Volumes

® 1,000-50,000

" @ 50,001 - 100,000
‘ 100,001 - 500,000

. > 500,000

Pouliry Density

Shenzhen
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o = 1 - ‘x -
' ; ) . : Guangzhou
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i Y ¥
o B g i X L
¥ “ ]
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Data Source: FAO 2007, IATA 2010



L&) Outbound:
I Inbound:

ﬁ| Port au Prince, Ouest, Haiti

| ShowFlightlines | | Clear Flight Lines |

Aruba Arub: 741 3h, 30m
Monitreal anad: 603 4h, 20m
Dominican Republic 45m
Dominican Republic 45m
Punta Cana Dominican Republic 442 2h, 45m
Faris France 9,579 8h, 50m
Pointe-a-Pitre | Guadeloupe 1,229 ,43m
Kingston J - 30m
Fort de France | Martinique 1,334 2h, 30m
Metherlands Antilles 1,037 , 40m
Panama City Panama 1,359 2h, 14m
Providenciales | Turks & Caicos Islands 384 45m
Miarmi United States 235 2h, 15m

Mew York ted 5t 2,876 4h, 15m

Fort Lauderda i L 1.262| 2h, 10m

Atlanta United 5t 2,323 3h, 22m
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Airports in Proximity of the Area of China Affected by H7N9 —
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Passenger Volumes to US & Canada from Shanghai, Hangzhou, Nanjing, and Wuxi (April - June) B@g\ﬁﬁ/

With Chinese-Born Population by County and Direct Flights from Shanghai

Vancouver [

V 16,664 passengers

San Francisco
20,653 passengers

los Angeles
27,204 passengers

Chinese-Born US Population
By County

B 1.000- 10,000
I 10,001 - 100,000
> 100,000

DIASPORA
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n
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| - | !
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X
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Data Source: IATA 2010, OAG 2012, US Census ACS 2006-2010
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Chinese Born in the US by County
American Community Survey (2006-2010)
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Select Variable:

Education by Birthplace (Population =25 Years) w
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Select Variable:

Individual Income in Past Year by Birthplace (Population =15 Years) v .
Age by Birthplace

Birthplace (Foreign-Born)

Education by Birthplace (Population 225 Years)

¥ear of Entry into US by Citizenship Status (Foreign-Bom) Individual Income in Past Year by Birthplace (Population =15 Years) v

Select Birth Countries:

Geographical Maobility in Past Year (Foreign-Borm)

Ability to Speak English (Individual}

Ability to Speak English by Language Spoken at Home

Ghana Greece

Ability to Speak English (Household)

Grenada Guatemala

4. Evaluation of Conditions in the U.S. 7

Guyana

i f P Iy &7 = JE—
Individual Income in Past Year by Birthplace (Population 215 Years) ACS Variable Name: FLACE OF BIRTH BY INDIVIDUAL INCOME IN THE PAST 12 MONTHS (IN

2010 INFLATION-ADJUSTED DOLLARS) IN THE UNITED STATES / PUERTO
RICO {Universe: Population 15 years and over )
ACS Table: 6010
Date: 2006-2010

Select Category:
|¥| Foreign-Bom | | US-Borm

Select Income Rangels):
$0 $1-5,999 $10,000-14,999

Search:

§15,000-24,99% / $25,000-34,95% $35,000-45,95%

£50,000-64,999 $65,000-74,999 §75,000+ |r-,-1'arri-Dadr: Florida 73,837 604 3.0z 14.33
| Broward Florida 61,379 11.86 3.54 11.91
Search . S -
! | Kings MNew York 58,051 B34 235 11.26
| Palm Beach | Florida 38,561 14.42 2497 748
Search:
= ) |QL.-:-er's Mew York 27,9586 2.64 127 543
County State Population County®e
| QOrange Florida 18,054 952 162 3.530
|Los Angeles | California | 355,522 4.6
| Essex New Jersey 15,515 75 199 3.01
|r-.-1'arr'i-DadE Florida 137134 6.9
|5Jﬁ‘c-lk Massachusetts 13,471 5.94 191 261
|-Cc:-nk Illinais 130,842 3.2
) | Nassau MNew York 12483 4,72 0.54 242
|QL.EEP5 Mew York 124948 ]
X _ |r-.-1'c|clesex Massachusetts 10,153 342 0.69 147
Harris Tewas 104483 35
|Kirgs New York 103712 53 | Union New Jersey 8670 .09 1.64 168
|-Drange California 50,685 38 |Rock|aﬂc MNew York 8,015 13,10 262 156
e . . a1 .
San Diego | California | 72,610 30 |Farfeld Connecticut 7,596 441 0.54 147
|-C ark Nevada | 72,089 a4 |5Jﬁ‘c-lk MNew York 7,281 371 D49 141
. __ - . 5 g
| Broward Florida | 68133 25 |Cc-| ier lerida £,630 931 2,09 129
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ldentifying Vulnerable FB Populations

FB Income

% of FB living at or below poverty line

AT
Legend

% of FB living below poverty line
Fbbelowpovertyline / FB

[ ] 0.o0o000000
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FB Education

% of FB above 25 with less than HS diploma

Legend
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less_than_high_school_graduate / foreign_born above 25yrs

[ o.00000000a
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4. Evaluation of Conditions in the U.S.

The Census estimated there were 478,477 Haitians living in 33
states (138 counties) and the District of Columbia

Florida (15 counties) and New York (14 counties) had 384,760
Haitians (79%)

Median income for Foreign Born in those counties was $26,121
compared to overall county median income of $30,969

In the counties with Haitians, there were 33,178,994 children
less than 18 living below poverty

Of the children living below poverty, 20% were living with 2
foreign born parents
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5. Analysis to Determine CDC Intervention

0 Increase the awareness of clinicians to
Identify cases

0 Perform targeted surveillance and screening
activities to selected communities based on
their demographics.

0 Provide medical treatment and pre-travel
consultation when applicable
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Haiti 2010-2012
Earthquake & Cholera Outbreak
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() ) iy '
.2 Qutbound: ﬁ Fort au Prince, Ouest, Haiti
) Inbound:

| ShowFlightlines | | Clear Flight Lines |

Aruba Arub: 741 3h, 30m
Monitreal anad: 603 4h, 20m
Dominican Republic 45m
Dominican Republic 45m
Punta Cana Dominican Republic 442 2h, 45m
Faris France 9,579 8h, 50m
Pointe-a-Pitre | Guadeloupe 1,229 ,43m
, 30m
Martinique 1,334 2h, 30m
Metherlands Antilles 1,037 , 40m
Panama City Panama 1,359 2h, 14m

Providenciales | Turks & Caicos Islands 384 45m

Miarmi United States 235 2h, 15m

Mew York ted 5t 2,876 4h, 15m

Fort Lauderda nited St 1262 2h, 10m

Atlanta United 5t 2,323 3h, 22m



0 In February 2012 DGMQ received a request from the states
asking where Haitians lived in the United States

0 DGMQ monitored reports of diseases in Haiti to determine what
may be introduced into Haiti or brought back to the states from

travelers to Haiti



WHO Emergency Committee for MERS-CoV

Analysis of Worldwide Commercial Air Travel Patterns from June - November 2012

Kamran Kahn et.al. |
"Potential for the International Spread of Middle ,
East Respiratory Syndrome in Association with f;__%%" RIOMOSAIC
Mass Gatherings in Saudi Arabia” + O

PLOS Currents Outbreaks: July 17, 2013
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Saudi Arabia: Historic Trends in International Passenger Traffic

X Hajj

2001

2002

2003

Source
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2005 2006 2007 2008
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Methods

Worldwide analysis of final city-level destinations of travelers
departing any domestic or international airport in Saudi Arabiaq,
Jordan, Qatar and UAE between June and November 2012 using
flight itinerary data from International Air Transport Association

Time frame corresponds to approximately one month before
Ramadan and one month after Hqjj (Eid-al-Adha) in 2013

Includes travelers on all commercial and scheduled charter flights
but not unscheduled charter flights (often used by Hajj pilgrims)

Hajj pilgrim volumes derived from Saudi estimates in published
literature and Ministry of Hajj national Muslim population estimates

World Bank Income Classification (2012) and World Bank estimates
of Healthcare Expenditures per Capita (2011) included as crude
surrogate markers of medical and public health capacity



Final Destinations of Air Travelers Departing Saudi Arabia, Jordan, Qatar &
UAE from June to November 2012 and Origins of Foreign Hajj Pilgrims
by World Bank Income Classification

Destinations of Air Travelers Origins of Foreign Hajj Pilgrims
(N=16.8 million) (N=1.75 million)

® Lowincome @« Lower-Middle Income @ Upper-Middie income @ HighIncome



Final Destinations of Air Travelers Departing Saudi Arabia, Jordan, Qatar,
UAE from June to November 2012, Estimated Hajj Pilgrims by Country,

250,000

200,000

150,000

Estimated Number of Pilgrims Performing Haijj, 2012

50,000
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o
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and National Healthcare Expenditures per Capita in 2011

" Indonesia ($95)
Pakistan ($30) India [$59)
() Turkey ($696)
N " lIran ($346)
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- ?} 3 g S . = —E\'
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0 500,000 1,000,000 1,500,000 2,000,000 2,500,000 3,000,000

Destinations of Air Travelers Departing MERS-CoV Source Countries, June to November 2012
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Global Passenger Volumes Departing Saudi Arabia
October - December 2010
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Passenger Volumes

B oo

Il 10.001 - 50,000

B 50.001 - 100,000

B 100,001 - 250,000
250,001 - 500,000
No date

Dok Source: ATA 2010



Final City Destinations of Air Travelers Departing Saudi Arabia, Jordan, Qatar,
and UAE from June to November 2012 & Estimated Hajj Pilgrims by Country

Passenger Volumes (2012)
o 1,001-5,000 <
O  5,001-10,000
O 10,001-50,000
() 50,001-250,000

() >250000

Number of Haijj Pilgrims {2012)
< 1,000

1,001-10,000
10,001-50,000
50,001-100,000

> 100,000

No dota available



Foreign-Born Population by County
Saudi Arabia
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Key FIndings

e Of dll travelers departing Saudi Arabia, Jordan, Qatar and UAE from
June to November 2012 on commercial flights

® 51.6% had final destinations in 8 countries

® 27.2% had final destinations in India, Pakistan or Bangladesh, more
than 10 times the air traveler volume to Indonesia

® 54.9% had final destinations in low or lower-middle income countries
e Of all Hajj pilgrims in 2012 an estimated

e 60.7% had final destinations in 8 countries

® 65.1% had final destinations in low or lower-middle income countries

® 400,000 originated from India, Pakistan or Bangladesh, nearly twice
the number of pilgrims from Indonesia (world's largest Muslim nation)



Beware IIIusmn of Knowledge

The greatest enemy of
knowledge is not ignorance,
itis theillusion of knowledge.

-Stephen Hawking



Value Simplicity

Any fool can make things bigger, more complex, and
more violent. It takes a touch of genius~and a lot of
courage~to move in the opposite direction.
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BioMosaic Web Application Demo




