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Il. ISDS and Analytic Solutions for Real-Time Biosurveillance

The International Society for Disease Surveillance (ISDS) is a 501©(3) organization with a mission to
advance the science and practice of health surveillance worldwide. In health surveillance we include the
overlapping fields of public health surveillance, animal health surveillance, zoonotic disease surveillance,
and surveillance of the environment to monitor health threats and provide situational awareness. ISDS
advances its mission through a broad portfolio of activities involving multi-stakeholder collaborations to
provide capacity-building assistance to members and the surveillance community worldwide; actively
shape national and international health surveillance policy; and expand our global surveillance
Community of Practice (CoP).

ISDS fills the need for a practical forum and coordinating mechanism for collaboration among
subject matter experts (SMEs) from stakeholder groups that may normally not interact but who, when
brought together, enable innovative approaches to problems and solutions that are not possible by any
one group alone. The objective of the Analytic Solutions for Real-Time Biosurveillance project is to
advance analytic capabilities in real-time biosurveillance (BSV) by expediting next-generation solutions
to currently intractable problems through focused consultancies that join end-user problem owners
from civilian and military public health agencies with solution developers in academia, industry, and
government. This approach helps to clarify key gaps in surveillance capabilities and to develop the
requirements for knowledge management, algorithms, models, visualizations, and other solutions to
address these gaps. For more information about this project, see:
http://www.syndromic.org/cop/analytic-solutions/isds-consultancies




lll. The Boston Use Case

Julia Gunn and Margaret Reid from the Boston Public Health Commission (http://www.bphc.org/)
co-submitted a use-case to ISDS for consideration as a consultancy (Appendix A). The ISDS Analytic
Solutions Advisory Group (ASAG), consisting of SMEs in surveillance practice, research, and policy
reviewed the case and found the problem well suited for a consultancy format. Drs. Howard Burkom
and lan Painter providing expertise on technical matters and SMEs. ISDS provided overall project
management and event coordination.

Problem Description

Asthma exacerbation can be triggered by a number of environmental factors and respiratory viral
infections. Asthma control plans are essential in preventing exacerbation. An early warning of increased
atmospheric/environmental risk would enable public health agencies to alert asthmatic patients and
providers. These alerts would also include prevention messaging and allow asthmatics to ensure that
their plans are up to date. BPHC seeks analytic methods for forecasting conditions that are associated
with asthma exacerbations. The forecast should consider the impact of respiratory infections (rhinovirus,
influenza), temperature extremes, anomalous air quality measurements, and pollen. Available data
sources are emergency department visit records, weather data, air quality data, and pollen counts.

Regarding the type of solution sought, the prediction calculations and alerting communications
must be available at a minimum on a daily basis without impacting other routine processing operations.
The stratification of predictions by geography and by demographic factors should be as fine as the data
will support. Electronic near real time data feeds are required. The analytical processes must be
automated. The model and system needs to support continuous model training.

IV. Agenda

In light of the problem description and the preliminary solution requirements, the goals of this
consultancy were to:

1. Identify a practical model to forecast environmental conditions that are likely to result in asthma
exacerbations;

2. Define systems requirements to automate the processing notifications of issues (environmental
and technical).

3. Communicate environmental conditions and actions to a variety of stakeholders at different
levels of the socio-ecological model.

Socio-Ecological Model

Public Policy national,
state, local laws and
regulations

Organizational
organizations, social
institutions




For meeting notes and presentation slides, see Appendices B — L.

\ Consultancy Day 1: March 30, 2016

9:00 | Meet and Greet with Continental Breakfast
10:00 | Welcome to the BPHC
Monica Valdes Lupi, Executive Director, BPHC
10:15 | Welcome to the Consultancy — Introductions
Laura Streichert, ISDS
10:45 | Use Case Goals and Requirements
Julia Gunn, BPHC
11:00 | The Asthma Problem in Boston
Margaret Reid, Director, Division of Healthy Homes and Community Supports, BPHC
¢ What is the BPHC program?
¢  What are the factors that make asthma worse and may cause asthma?
e If we could anticipate events, what would we like to know?
*  How would we use this information?
Moderated Group Discussion
12:00 | Lunch Provided
12:45 | Syndromic Surveillance for Asthma
Julia Gunn, BPHC
* Boston’s Syndromic surveillance system
*  What makes it particularly useful? (ex: near real time info)
* Examples of how we use it for asthma
* Summary of data features:
= Date range of benchmark set
= Number of hospitals and total records
= Relevant data fields
=  Summary of syndrome classification
= Age distributions
Moderated Group Discussion
1:45 Environmental Data Sources
Steve Babin, JHU/APL, moderator
Haig Iskenderian, MIT Lincoln Laboratory, presenter
Ivanka Stajner, NOAA, presenter
* Relationship to exacerbations, availability and timeliness, quality, coverage and
resolution (time and space)
¢ Weather: temperature, solar radiation, precipitation
e Air Quality: Ozone, PM2.5, Sulfur Dioxide
¢ Pollen, mold, allergens
e Other environmental risk factors?
¢ How to combine with healthcare-seeking data
Moderated Group Discussion
2:45 Coffee Break




3:00 Modeling Approaches
Howard Burkom, JHU/APL, moderator, presenter
Rosalind Eggo, London School of Hygiene and Tropical Medicine, presenter
Kathy Ensor, Rice University, presenter
Anna Buczak, JHU/APL, presenter
Jon Levy, Boston University School of Public Health, presenter
e Basic concept
e Past applications
* Advantages, disadvantages, obstacles for exacerbation risk modeling in City of
Boston with available data
Moderated Group Discussion
4:30 Group Discussion
Determining utility, practicality, cost, timeliness, availability, and relevance.
e How can it be brought to bear on asthma? Are there other criteria?
e Are there data sources that meet the criteria that we have not yet
considered?
4:45 Wrap-Up and Plan for Day 2
5:00 Adjourn
6:30 Group Dinner — Teranga Restaurant, 1746 Washington St, Boston, MA 02118
Percentage of ED Visits for Respiratory Distress
Syndrome in Patients < 18 Years of Age
2] 2 7.7
“5 8
57 6:3 6.4 6.0
a 6 53 5.2
S5 4 3.8 44
% 4 3.2 3.2 3:5 2.9 3.1 m2013
g 2 I I 2014
S
R
0
13-Sep 20-Sep 27-Sep 4-Oct 11-Oct 18-Oct 25-Oct

Week Ending




\ Consultancy Day 2: March 31, 2016

8:00 Continental Breakfast

8:30 | Recap of Day 1 and Goals for Day 2
Julia Gunn, BPHC

9:00 | Translating the Model
Margaret Reid, BPHC
¢ What is the utility of models for decision-making at different levels?
*  How would we communicate information to different audiences?
¢ How will information be communicated to and used by different stakeholders?

Moderated Group Discussion

9:30 | Operationalizing the Model

Julia Gunn, BPHC, moderator

George Mathew, MIT Lincoln Laboratory, presenter
Karen Stark, Digital Infuzion, presenter

e How do we operationalize a model into an automated system?
e System architecture
¢ Informatics including what the output would look like
e Privacy and security requirements
e Performance metrics
¢ Automated updating of the model
Moderated Group Discussion
10:30 | Break
10:45 | Moderated Group Discussion
Julia Gunn, BPHC
* What do we need to build and what would it take?
(e.g., money, time, technology)
* Are there available resources?

¢ BPHC data request procedures
e Other Uses
e Future Considerations

12:00 | Next Steps and Closing

Laura Streichert, ISDS

12:15 | Working Lunch

Meeting Hotwash and Open Discussion
1:30 Adjourn




V. Evaluation Results

Fourteen participants completed the online survey. The respondents described their primary
position as: Local PH practitioner (1); State PH practitioner (1); CDC or other federal public health agency
representative (1); other federal agency (e.g. NOAA); Academic researcher (8); Other (2), who identified
themselves as an Epidemiologist and pediatrician and a researcher and developer in an FFRDC.

A pre-consultancy call was held in preparation for the in-person meeting. The purpose of the pre-
consultancy call was to review the context and goals of the meeting, summarize the problem, present
the agenda, identify SME presenters, discuss consultancy logistics, and answer any participant questions.
All respondents indicated “neutral” or “agree” in regards to achieving the goals of the pre-consultancy
call, as seen in the table below. In the evaluation of the pre-consultancy call 53.85% of participants
agreed that the pre-consultancy call clarified the purpose and the goals of the consultancy.

Strongly Disagree Neutral Agree Strongly Did not Total Weighted
Disagree Agree attend Average
call
The pre-consultancy call clarified the purpose and goals of 0.00% 7.69% 0.00% 53.85% 15.38% 23.08%
the consultancy 0 1 0 7 2 3 13 4.00
——
The consultancy agenda was clearly presented during the 0.00% 0.00% 0.00% § 46.15% 30.77% 23.08%
pre-consultancy call 0 0 0 6 4 3 13 4.40
—
The pre-consultancy call clarified any questions you had 0.00% 7.69% 23.08% 38.46% 7.69% 23.08%
about the consultancy 0 1 3 5 1 3 13 3.60
——
The pre-consultancy call resolved any concerns 0.00% 15.38% 15.38% § 23.08% 23.08% 23.08%
regarding logistics of the consultancy 0 2 2 3 3 3 13 3.70
| felt fully prepared for the consultancy after attending the 0.00% 7.69% 38.46% 30.77% 0.00% 23.08%
pre-consultancy call. 0 1 5 4 0 3 13 3.30




When evaluating how well the consultancy objectives were met during the meeting, the
participants deemed all of the objectives to be “partially” or “fully” met, as seen in the table below. 75%
of participants indicated that the objectives of “describing the asthma problem in Boston” and
“understanding the features and availability of environmental data sources,” were fully met.

Objective not = Objective Objective Not present for Total
met at all partially met  fully met the discussion

To describe the potential value of being able to model risk factors that 0.00% 41.67% 50.00% 8.33%
exacerbate asthma in Boston. 0 5 6 1 12

To describe the asthma problem in Boston 0.00% 16.67% 75.00% 8.33%
0 2 9 1 12

To describe how Boston Public Health Commission would use the information if 8.33% 58.33% 33.33% 0.00%
they could anticipate factors that trigger asthma attacks. 1 7 4 0 12

To describe the patterns of syndromic surveillance for asthma surveillance in 0.00% 41.67% 58.33% 0.00%
Boston. 0 5 7 0 12

To understand the features and availability of environmental data sources (e.g., 0.00% 25.00% 75.00% 0.00%
weather, particulate data) 0 3 9 0 12

To present results of a sample of models for asthma surveillance. 0.00% 25.00% 66.67% 8.33%
0 3 8 1 12

To describe strategies for translating a model for asthma. 0.00% 50.00% 41.67% 8.33%
0 6 5 1 12

S—

To describe functional requirements for operationalizing a model in Boston. 0.00% 50.00% 41.67% 8.33%
0 6 5 1 12

To provide a a greater understanding of how the consultancy work fits into the 16.67% 58.33% 16.67% 8.33%
long term goals of the Biosurveillance Ecosystem (BSVE). 2 7 2 1 12

A—

One of the primary functions of ISDS and the Boston consultancy is to bring together SMEs from
different fields and mechanize multi-stakeholder collaborations. After attending the consultancy, 83% of
participants indicated that they would contact another consultancy attendee; 42% of participants are
interested in requesting syndromic surveillance data from the BPHC; and 75% of participants responded
that they would look into the data sources presented at the meeting.

Open-ended responses to— What did you gain from attending this consultancy?—included:

Limited understanding of asthma problem in Boston

Appreciation for asthma problem in Boston

Better understanding of models

The role of colds in asthma

Very interesting information from a variety of engaging presenters

Excellent ideas for implementation for Houston.

Better understanding of existing data sources -Path forward to better utilize BPHC syndromic
data

| very much enjoyed learning from and listening to the diverse talks and appreciating the
complexity of this project.

Open-ended responses to— What worked well during the consultancy? — included:

Ample time for free discussion during and after talks

A good group

Most of it - meeting flowed well and content was compelling

It was a great (somewhat eclectic) group of scientist and well-organized program.
Experts were willing to share their work and opinion

10



| appreciated the small group size and the engaging dialogue that represented different points
of view. If there had been time, perhaps some additional discussion on other "warning system"
structures, design, that may also work to help address BPHC's needs would have been
interesting (e.g., additional audience, spatial, and temporal considerations).

Open-ended responses to— What would you change in the consultancy? — included:

Dinner location

Not much - maybe more time for structured group discussion or directed case work would have
helped yield specific deliverables

At little bit more insight as to what role "a consultancy" plays.

| would start the meeting with norms/ground rules. At one point, one of the attendees was not
being considerate of a speaker. | think this would have been limited or even avoided if we had a
set of ground rules about communication, listening, etc.

VI. Next Steps

42% of respondents expressed interest in getting access to BPHC data.

75% of participants expressed interest in the presented data sources.

21 participants indicated interest in working collaboratively on a manuscript to submit to OJPHI.
Follow up calls are being scheduled.

Explore opportunities for funding for model development.

11



Appendix A: Use Case

Public Health Practice Problem Definition

Models for Risk of Asthma Exacerbations in Urban Environments
CONTACT INFORMATION

Submitter name: Julia Gunn

Jurisdiction or affiliation: Boston Public Health Commission (BPHC)
Phone: 617-534-5606

Email: jsunn@bphc.org

Margaret Reid, Boston Public Health

Co-submitters and affiliations: ..
Commission

PROBLEM DESCRIPTION

Summarize the problem:

Asthma exacerbation can be triggered by a number of environmental factors and respiratory viral
infections. Asthma control plans are essential in preventing exacerbation. An early warning of
increased atmospheric/environmental risk would enable public health agencies to alert asthmatic
patients and providers. These alerts would also include prevention messaging and allow asthmatics to
ensure that their plans are up to date. BPHC seeks analytic methods for forecasting conditions that
are associated with asthma exacerbations. The forecast should consider the impact of respiratory
infections (rhinovirus, influenza), temperature extremes, anomalous air quality measurements, and
pollen. Available data sources are emergency department visit records, weather data, air quality data,
and pollen counts.

SOLUTION REQUIREMENTS

Describe the type of solution you are seeking (e.g., anomaly detection, signal validation, data
quality characterization):

The prediction calculations and alerting communications must be available at a minimum on a daily
basis without impacting other routine processing operations. The stratification of predictions by
geography and by demographic factors should be as fine as the data will support. Electronic near real
time data feeds are required. The analytical processes must be automated. The model and system
needs to support continuous model training.

Describe what type of solution would enable you to implement it in your practice setting (e.g., Do
you need an algorithm? Do you need code? If you need code, does it have to be written in any
particular programming language?).

* Analytic program — must be supported by SqL, will consider SAS or R

* Integration into existing health department surveillance systems

* Exporting outputs (neighborhood; city map) — heat map

* Automated alerting

* Continuous model training (code, IT systems)

Describe who will use the solution. For example, how many users will there be and what level of
skill do the users have? Are the users all within a single jurisdiction/organization?

The BPHC asthma program in the Division of Healthy Homes and Community Supports would be the
end user of the system. The number of BPHC end users is anticipated to be less than five. Automated
alerting of an aberration to the asthma program staff would be beneficial. The output would be
messaged to the asthma community using other communication systems.

12



Note any other constraints:
Information is processed every day

VALIDATION
Does a gold standard exist with which to validate the proposed solutions?

[ ] Goldstandard exists within the provided data set (e.g., an outbreak signal nested within
baseline data)
[] Goldstandard exists in a separate data set, which can be provided to the workgroup (e.g.,
laboratory data to validate ED data)
[] Goldstandard exists but cannot be furnished
x Gold standard does not exist
INPUT DATA
List the minimum data elements that can be provided to address the problem:
* Syndromic surveillance ED visits 2008-2015 (Asthma and ILI syndrome)
* Weather data (available on line)
* Pollen data (available on line)
* Air quality data (available on line)
How much historical data can be provided? 8 years




Appendix B: Summary of Notes
(See presentation slides in Appendices below)

Use Case Goals and Requirements

The Problem

* Asthma
o Asthma exacerbations are common and numerous.
o Current interventions focus on individual actions.

* Boston
o Diverse neighborhoods with varying distributions of children, racial and ethnic makeup, and
commonly used languages.
o Health inequities disproportionately affect certain groups within Boston.
* Data
o BPHC has ED reports for the past 8 years.
o Looking for appropriate environmental data streams to bring into the model.

The Goals

* Identify a practical model to forecast environmental conditions that are likely to result in asthma
exacerbations.

* Define systems requirements to automate the processing notifications of issues (environmental and
technical).

* Communicate environmental conditions and actions to a variety of stakeholders at different levels:

Policy

Community

Organizational

Interpersonal

Individual

O O O O O

Requirements

* Data streams: electronic, near real time (24 hours), Boston specific

* Model: automated processes, daily outputs, ideally in SQL but will consider SAS or R.

* System: auto notification, multiple data stream inputs, private and secure to protect health
information.

Environmental Data Sources
Haig Iskenderian, MIT Lincoln Laboratory
Ivanka Stajner, NOAA

There are numerous environmental data sources at the local and national level, with varying quality.
* Local
o Hourly and sub-hourly reports are good for analysis of real time weather and tracking weather
changes within an individual day:
= ASOS (Automated Surface Observing Program)
= CWAOP (Citizen Weather Observation Program)
o Daily weather summaries are good for historical data and when changes within the day are
unimportant:
=  COOP (National Weather Service (NWS) Cooperative Observer Program).
=  CoCoRaHS (Community Collaborative Rain, Hail, and Snow Network).

14



* National

Air Quality: http://airquality.weather.gov/

Dust, ozone, and smoke: ftp://tgftp.nws.noaa.gov/SL.us008001/ST.opnl/DF.gr2/DC.ndgd/GT.aq/
PM2.5: http://para.nomads.ncep.noaa.gov/pub/data/nccf/com/agm/para/

Historical data available on request.

(6]
(6]
(6]
(6]

Weather prediction models differ in resolution and require different computer involvement.
* 3km model forecasting out to 15 hours, 24 times per day.

¢ 12km model that forecasts out to 84 hours, 4 times per day.

* For aneighborhood model you will need a fine model (1km or 3km).

Modeling Approaches

A discrete event simulation model of pediatric asthma exacerbations:
Jonathan Levy, Boston University School of Public Health
* Discrete event simulation (DES) is a systems science approach involving modeling of a complex
systems that evolves over time and is used for many health policy analyses.
* OQverarching idea: examine the effects of small changes in exposure on asthma health care
utilization outcomes, where observational studies are underpowered.
* Pollution sources:
o NO2,PM2.5, and Mold
*  Model application:
o Simulate a large number of children to detect potentially small changes in outcomes and costs.
o Evaluate/validate outputs from baseline simulation.
o Apply model to approximate benefits and costs of alternative intervention strategies.

Epidemics of the “common cold” and the dynamics of sever asthma exacerbation:
Rosalind Eggo, London School of Hygiene and Tropical Medicine
* Linking virus transmission to asthma:
o Need to know virus prevalence to determine how at risk the population is; data at a large scale are
not available from surveys or samples.
o Use a model of realistic respiratory virus transmission to infer prevalence.
* Conclusions:
o Common cold transmission model provides a harmonious explanation for the patterns of severe
asthma exacerbations seen in Texas.
o Prevalence of infection is a shifting baseline of risk to the population driven by contact patterns of
children in school.
o Variation in school calendars can alter the risk baseline in a strongly non-linear way.

Disease Prediction
Anna Buczak, JHU-APL

* Goal: create a capability that transforms how decision makers predict the incidence of infectious
disease, enabling them to reduce morbidity and save lives through effective mitigation efforts.
* Predicting Infectious disease Scalable Method (PRISM):
o Provides a novel disease prediction method
=  Predictions performed for several diseases: dengue and malaria.
= Prediction of peak location for influenza.
o Flexible, scalable methodology:

15



= Predictions are at various geographical resolutions: province, district, region, county.
* Method of analogues for influenza successfully predicts (4 weeks out):
o Incidence at peak
o Total number of cases

Toward Asthma Air Aware Day Alert for Houston, TX
Kathy Ensor, Rice University

* Objectives:
o Identify the most severe days
o Make school nurses aware of pollution and its potential impact
o Do no overwhelm the already overwhelmed system
¢ Approach:
o Employed case-crossover design + conditional logistic regression to determine the risk from
multiple pollutants.
o Concentration response was used to identify concentration levels suitable to employ warning.
o Created a model to predict the high-risk days based on pollution.
¢ Asthma Warning System Pilot:
o Model uses simple inputs:
= NO2 levels observed from 9pm to 2am the night before
= 8 hours maximum ozone level for the day before
= Forecast of weather (apparent temperature, cloud cover, and precipitation for the day of
o Alertisissued between 5 and 6am via e-mail to school nurses.
o The nurses would then prepare accordingly if a warning was given.

Bayesian Network Approaches
Howard Burkom, JHU-APL

* Concept: Population-based Bayes Networks
o Method of combining information from the monitored population.
o Not Bayesian statistics in the sense of hierarchical modeling, fixed/random effects (could
incorporate).
o Not an agent-based Bayesian model representing every individual as a separate node with
properties.

Translating the Model

Feasibility:
* Data streams for the model need to be identified and prioritized based on the target populations in
Boston.

o Can we use syndromic data to find the most important stressors in clusters of high-risk groups?

Impact:
* Reduce racial and ethnic disparities in ED and hospitalizations.
* Reduce geographic disparities.

Intervention Levels:
* Policy/System
o Alerting school nurses

16



o Alert policy could follow extreme cold/heat alerts in Boston
o Cross-institution communication is central to addressing this problem
¢ Community
o Communication targets based on language and location
* Organizational
o Focus around school-based intervention with nurses?
Interpersonal
Individual

Operationalizing the Model

Operationalizing Models
George Mathew, MIT Lincoln Laboratory

Milestones:
Requirements gathering
Architecting
Project plan: how to implement
Resource Allocation: getting human capital and funding from all of the agencies
Development/Integration
Piloting
Production
System Usage Issue Tracking
System Refactoring/Models Refactoring
Upgrades

Approaches:
Incremental: go for the low hanging fruit
Full Scale Implementation

Themes and Next Steps

Themes:

* Form policy changes across the socio-ecological model.
* Build on partnerships and inter-agency communications.
* Alerting people without actions will create panic.

* Using data will create the immediate actions that need to be taken and will inform staffing policies

(e.g. school nurses).
* Simple data streams, no more than 6 input variables.
* Model sustainability.

Next Steps:

* Funding: CDC, BSVE, R21, NIH, NSF

* Share data with developers

* Create special session about the model at 2016 ISDS conference.
* Formulate an incremental model

17



Appendix C: Forecasting Boston Slides

Forecasting Asthma: Boston Use Case

]
The problem: Asthma

« Asthma and exacerbations are common
« Multiple triggers

e Viral illness (Influenza, RSV)

= Air quality

= Pollen

= Many others
« Current efforts have focused on individual interventions
« Early warning

= Notify health providers, patients

= Prevention messages
« Policy considerations
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Goals

« Identify a practical model to forecast
environmental conditions that are likely to result
in asthma exacerbations

« Define system requirements to automate the
processing and notification of issues
(environmental and technical)

Information age: Systems approach

« Increasing availability of electronic data
« Near real time data

= Climate

= Health care

= Air quality
« Technology to operate analytical systems
» Communication systems for response

4/7/16
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Requirements

* Automated processes (every day)

+ Function in SqL, will consider SAS or R
. P nws

» Daily outputs

System

* Autonotification

+ BPHC program staff of environmental problems

+ Technical staff of system failure

* Output communicated to other systems
* Multiple data streams with differing data structure
+ Privacy/security - protected health information

Practical Model

« There is no gold standard
« Time sensitive for response
« Reasonable processing time

19



Appendix D: The Asthma Problem in Boston

4/7/16

The Asthma Problem in Boston
International Society for Disease Surveillance Consultancy
March 30-31, 2016

Boston Public Health Commission

Margaret Reid, RN MPA
Director; Division of Healthy Homes and Community Supports
Boston Public Health Commission

Presentation Objectives

To inform subsequent conversations through
providing:
— Boston asthma data on trends, overall burden and
disproportionately burdened populations
— Introduction to asthma and outdoor
environmental factors
— BPHC asthma program description
— Thoughts on communication strategies and a
framework for applying models

Health Inequiti i by Boston
Race/Ethnici
Indicator ’vm( 1‘ /Bbniclty
| Astan | Biack | tatino | white
28 119 119 118
Asthma (Percent of Adults) 2013 [“_Z“” [9_4_12"’“ (s.e-lzun [9.5-1:/"2]
‘Asthma Emergency Department | 0o s 27 "

Visits (per 1,000 residents)

Diabetes Hospitalizations

(per 1,000 residents) 2012 06 39 23 14

3;:‘:?55,553‘:':;.aemq 2012 n<5 395 239 143
o b ettonmy 0 | g012 | 4. 136 99 90
&T;gfﬁsfﬁf{g;ﬁ;ﬁ:{sl 2012 | 446 1559 802 1449
Hypertension (Percentofadus)| 2013 | OFR | 3ET0G) | 020503 | (167200)
273% | 162%

33.0% X
Obesity (Percent of adults) 13 | (53%) | o968 | 2aisie)| 39184

bl represents rates based on counts of ateast 20.

Asthma ED Visits* by Age, FY2004-FY2013

FY | Ages0-2|Ages3.5| Ages 617 |Ages 18-44] Ages 45-64| Ages 65+
2004 369.0 | 3347 | 1766 896 1216 669
2005 2993 | 2946 | 1616 86.7 1127 614
2006 3468 | 3440 1724 84.1 102.0 617
2007 3239 | 3285 | 1506 819 974 571
2008 3517 | 3882 1669 86.9 1059 66.1
2009 279.9 | 3159 | 1457 811 1127 64.0
2010 2786 | 3220 | 1493 79.2 103.7 60.7
2011 1967 | 2717 | 1418 728 104.7 634
2012 1804 | 2660 | 1489 66.1 100.1 58.0
2013 2034 | 2939 | 1474 72.7 103.6 69.6

No
% Change Significant
20042013+ | a7 | 16 a7 2 10 Trend

ke i bth £ s s heslsion o

Asthma Hospitalizations* by Age, FY2004-FY2013

By Ages0-2 Ages3-5| Ages6-17 |Ages 18-44 Agesd5-64 | Ages 65+
2004 808 | 62.7 346 9 0 384
2005 6 50 [ 3TT 97 0 37
2006 103, T 08 93 59 5
2007 570 3 398 96 5 a9
2008 128 934 | 420 99 1 a1
2009 43|89 i 106 9 16

38 s 5.1 a1
200 95 33 7T
9.0 7 3 E5)
360 5 x 320
No No No
Significant Significant | Significant
Trend ET) Trend Trend

Asthma ED Visits

Asthma ED Visits by Race/Ethnicity,
Ages 3-5, FY2008-FY2013

007 - s
600.0
§ smo
$ om0l
8 2888 3016
§ amo
S 2084
g 200.0 1489 132.7
100.0 152.1 %50
oo | e
2008 2009 2010 2011 2012 2013
i wack At ~SWhts

Rtalstons v e B 5. 309y 3 AP AR
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Appendix E: Syndromic Surveillance Slides

ABCD Wead Start

Other Outdoor Air Factors

= Cold Air
= Temperature Variation
= Pollens and Mold

Outdoor Pollutants

= Extensive evidence of the relationship
between outdoor air factors and asthma
exacerbations.
—Ozone
—Carbon Monoxide
— Sulfur Dioxide
— Nitrogen Dioxide
— Particulate Matter
— Environmental Tobacco Smoke

Current Communication Strategies
* YouTube

* Radlo/TV/BusTalls (when funding Is avaliable)

Thrundertorm-related ashmy what happers g why
G. D'Araea, C Witals, M. D'Amuata, L Cecehil, G Uccard], A Moling, A
Vasrella, A. Sandarzl, C Masaans and

L Azred-Mascara, D236

* ™ ™ athma describen an ob d In scute
bronch v . e of thy wa In
the ocal wicnity

*  Thunderstorms e & risk for asthma attacks In patents suffering
from polen dlengy.

*  Thunderstorm asthma occur a3 & raul of thunderyioem relation o
the followng:
= Mgt humicky
- ak polen

*  Belrg outdoon during & thunderstorms has e potsntisl to seversly
m&hm:nuh-

Who/How to Communicate?
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Syndromic Surveillance: Boston

Syndromic Surveillance Reporting
Regulations

« BPHC Board of Health regulation first passed in
2004 requires:
. dH::mml emergency departments to report syndrombe

« Informaticn to be sent includes:
* Vidt dute
* Usicuae patnt idert ifer (HIPAA-complant)
= Agw, gender, and race ehrocity
2p code of primary neddencs
o - complaint (Within 24 hours)
* ICD-g) 30 codes when svaiiabie (Pt thoes)
* Daposdtion
+ Dally clectromic transfer

Boston Syndromic Surveillance System
+ Devel i for the De ic National
mvmn:mt July 20::» e N
+ Chief complaints are categorized into various

groups
+ Analyzed for increased activity, significant
events, or situation awareness

Chief Complaint Dictionary

i

B e
_—

e —— - R d - -
| comgs |

———

Chief Complaints

!w

EMT-P to Standardize Data
Nateral beaypoge procsaing program
Created by the Univescty of North Carclizas
Uben Perl, Juawa, and the Natiorad Inatitete of Health's Unifed
Madical Langrage Spoten()

S0, Setwt Wegrwon Sarwos Package

BT e
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EMT-P and UMLS: The Boston Experience

+ Training — Not all terms map
» Hd = dialysis
» scd = sickle cell discase
» poc = out of control
« Ome to Many (EMT-P)
» Boston - Many to One
+ Terms with multiple meanings
» OD: Overdose vs Right eye
» ST: Sore throat vs Sinus tachycardia
» Context matters

FEVIR, VOMNMITING, BOOY PAIN Doy pals fever voraRing
VD Aarrhes razom vocelt

MR Aarrhea razem rocelt
THROWING U7 veariag

NALSEA VOMTTING DIARIIFA Aarrhes razom vornlt

ARD abéorzing pakn Clarmes sraesis

Impact

+ Decrease processing time
+ Fewer unique terms
* Original (unaltered chief complaints): 22, 748
unique words.
* Standardized: 14,893 unique words
+ Facilitates identification of new terms — Ongoing
language evolution
* Standardization

* Evolving health care problems (STEMI)
* Evolving care (Narcan)

ILI Syndrome Definition
CDC Definyiton
1o vezza-Hos (Tee:

Fover (3350 F [37.8* CJ, oesd or aquivalent) ~AND- Coagh sod/or sore
theoat (I the abesncs of & known cases)

: !

EIHC S Deficit
111 Narrow: Fla or (Fever” and ("Cosgh™ OR “Sore threat”™ )

azve -Tee T ey
-tea - T Gy it
weea -rwe e ]
e _Teve —c

-—te e g

S wwre "
- Wl -

e Wl S—e
et - s Wi

- -y -y
Py tad -y

P e ad a3y

< e aa

- e

Flu Wheezing

1 1

ILI Asthma
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Regions associated with Boston emergency
department visits: February-march, 2016

I

Al 64313
Boston 34627 (54%)
Massachusetts [Exduding Boston) 26,461 (41%)
New England/ New York 1,635 (3%)
Other US 84 1%)
Unicnows 758 (1%)

Day of the week effect
Number of
-
Sunday 116
Menday in
Tuesday 118
Wednesday 113
Thuesday 103
Friday 106
Cotn vdu “nas

Biosurveillance Challenges

+ Limited laboratory testing

+ No case definition

+ No reporting requirement

+ Bridge asthma and infectious disease
surveillance

Enterovirus D68 (EV-D68)
+ One of more than 100 non-polio
enteroviruses

+ 2014, national outhreak associated with
severe i discase
« Children with asthma were at high risk

« Supportive treatment only

Porvestags of §D Vit for Arthens
Sacrame e Peserts < L8 rean o Age

FITPTLA

- 4 -

-
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Percentage of Asthma Syndrome Visits:
<18 Year Olds: 2013 vs. 2014

.
Ay pley ey ey 40w wOm RO
Wi Lty

.-.—b:.—.an--.

r
]

Do Sywdrwms bn Pabbasin « & Vs of Age
- -
-
.-
-
'-
l: - s -
1- e
-
<
. . .
R WA A AR e e e

Influenza, 2012-2013

PR L ETEYY
] ]
;
t
}s
i
{ ]
| ,

Pt G, —r
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The never ending flu seazon: 2013-2014
bt s v B b e

-t e —— o
-

Influenza 2014-2015

Number of visits for Boston residents:
2008-2015

« Asthma

* All: 22 827

* 18 years of age and younger: 14,978
«ILI

e All: 21,227

* 18 years of age and younger: 10,823

Asthma and ILI Syndrome Vizits: Boston 2008-2015

[osp— - ——
- i f -
. /s ‘\e | '} -
[ l A =

“1 I -
'"g | l’ ﬂ ] }L I =
A AR R
QT T R e LT

Asthma Syndrome Visits: Boston 2008-2015

Peroent asthma and IL| syndrome vizits, 18 years
of age and younger: Boston 2008-2015
_—-
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Percent asthma and ILI syndrome vizits, greater
than 18 years of age: Boston 2008-2015

- - .
) i
. i T | 1 — |
-1 A -
A

| I Ul | I
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R TR R
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Appendix F: Weather Observations and Forecasts Slides

Topics
* What kind of weath tion Ic in the Bocto
area?
. ~ Surface cheervations

Weather Observations and Forecasts - Gridded sudace data
= Nemerical westher model forecasts
= Thenderstorm forecasts

Haig Iskenderian * General weather tactors of conoemn:
30 March 2016 :mw&z
- Precipiiation
[F] LINCOLN LABORATORY
RN AR ATORY
Surface Weather Observations Surface Weather Observations
* Houwrty and cub-hourly reporic * Dally weather cummariec
- Good for s of real-tm: and weather - Good for Mstorical analysis of westher when changes withis & day
changes within a day are not lmportant
- ASOS very good quality, CWOP varying quality - COOP good quality data, CoCollaHS varying quality
. i
;L 0 —— SO T——
T pea kB v mAle e s e el W s -,
— VAT e R ]

LUNCTEX LAMIATORY

LUNCTEX LAMIATORY

LINOOEN LABMISATORY

LINCCEN LABMISATORY
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Numerical Weather Forecasts
Differences In Hortzontal Resolution

4 Mour Temperstare Porecast with 3 km Madel’ © Har Temparaturs Porecest Wi €3 ki Mode’
T RS SE p

un&:':‘-._':...ﬂ.'-—._mu.‘&'ﬂ‘_.
fempermnare, husddtty, winds, precipiaden,

LINOOEN LABIATORY
——— — | st

LINOOEN LABIATORY
——— — | st

SONSETED WRAAMD IVBTALLAYOAR
TN THE CON S us

LINOOEN LAMMATORY
— | ——

LINOOEN LAMMATORY
——— — |t s

0-8 Hour Thunderstorm Forecast for the
Federal Aviation Administration

Comiine mastiple radees knlo vingle rade scene

rer e

LINOOEN LAMMATORY

LINOOEN LABIATORY
——— ——

——— ——
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IE[ Summary

. of ather cbcarvations exict
~ Sub-dally vs. dally
- Varying dets quaity
- MADIS quality controls asd archives many serface observaions

* Obcervationc can be o oreats 2 conts
anatyclc fleid

* Numerical weather modelc uce cbearvations fo prediot weather
oconditicne
= Varying grid resclution, updates, foreces! ength

* Thunderctorm forecacis biend radar precipitation tracking and
numerical modeic

LINCCEN LAMMATORY

LINCOEN LABMIMATORY
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Appendix G: NOAA/National Weather Service Air Quality and Weather Predictions

2 -
NOAA/National Weather Service

o) Overview @!

A 4

Background on air quality (AQ) predictions

N o et o [T ]

09

0s 4 i i t 1 — i a
s ThRMS  ToV01S  SM0a01S WS dews s

. . - Predictions and verification for:
Air Quality and B
= - PRs
Weather Predictions - smore
* Duzt
Ivanka Stajner = Access to AQ predictions
with the air quality prediction implementation team = Weather vaniables:
and Eric Rogers *  Predictons
*  Tools
* Archive
+  vermcaton
Boaton March 30,2018 .
<tae, . . -
@ Background @ @ National Air Quality Forecast Capability @
- Capabilities as of 3/2016 -
+ Ongolng Implementation of NOAANWE Mational Alr Quaiity (AQ) Porecast Capabiity 5
B e T TS U N e Froveind o sty o b pecpe ok
+ Expomure 1o fne pertculete metter and cooow poliution leeds (0 preceture desths
5’?‘" 1 e US (Scence 2008 mosctly updeied i 100 000 desthx; Fern, Predicton Capabites:
" Rasha Sambiaions Suels poce ok Geaiky T Mo Beamoassces | [ Qpenena: SN
Sevcke neSomaice
Ount over CONUS
) %“:&'— and Pl particulete matter (PM2 &
Testing of improvements.
Qzane
Sevcke
mes
. p— =
Qzone predictions - & PM2.5 predictions -

FrediBe R @ 4 | B e v CONGE
P v -t

—— —

e

N g A 4
————
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@ Verification (NE CONUS) P
Newthmant.

Ooane Phagest -4, 2945 PMDS iy 2
wane oy "pebyin

&

A 4

Wk bk Cug il o Bk b

Canadian wildfire smoke
Intrusion info CONUS was
captured wel In NOAA's smoke
predictions

& &
o Access to AQ predictions @
Mm“““
D et aad
Cursent grib fies are svailable o
powst GPAOP GROC AT 4y

Historical dete cam be requastad ot the following lisk:

E; YOy=STADONEACTm L2

W.unrﬂz:na' MO hasters As e regeet s

For PH2A:
Curmct g e o el Mt cech

@ Smoke predictions § :

i paams m O -
MERCES s i

HYBALIT b Bt
mw”l -

e,

e o s -

T
AELLRED -

e
Ubed iy Srten R ot
-———a

\ N e T
B Vertical Deal (Mcrograsandl Tes b ni s N ) B
(b o 34 208 & A -y
le-l Dl.ltd m 0-\4:-— « Devenped satete
Hoomw o

NCEP Weather Model
predictions, verification, useful links

material provided by Eric Rogers (NCEP/EMC)
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Mesoscale Branch Models @,
, NAM nests, RAP, HRRR, Hiresw =

SANE RSN TRE S | O TP T I PR AT S

10 g b, e S, o v s g et s s gt W E P AN P Mt BV hrrn. e e g

@ Example NAM predictions vs
observations

@ NAM predictions vs analysis @

peecipration
predictins
for 3.5 days

AT,
f' {J l

111
I
"
"

MR l

@Model predictions next to staﬁons@

l.gd‘lﬂlrﬂ
w:ﬂwmm .
HRRR, Hiresw, OFS (3-hourty) iy
Data avallable on NCEP fip servers L 8 1 PR
(breken out by station ID), e.g. « 57 )
- fipuMipped acep.nosd.goviputy
SataleccOcomman ipredinam.
2018031 4 foske, 11 227

- MW&QW

mmm&mu 3
Netecgram web pages for NAM and

RAP data at E

- MPWWW 6 C AR N0 GO b+

nmbinamneteograms s

- MLPIWWW G C AR N0 GO e

nmbirucnetecgramsd a2

e

o

@ Example NAM meteogram @
V— (PP Rp—p— T
-m% Pordictins oo NAM fur 3.3 dare o Lagas lomrasd sad
pampentér R mg
S pptoe, e ————— e -
_“ne e nu e e e are bl g
] "" e ——
g
et ey o | e o i W e VT
BEEE -
- T g
S | T e ST
e 2
G . H =
W, kg AR R ae W e
w——.
=
snandiags tem -l
T
TR e o e -
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S

Tools and archive @l

. GRIB2 tools: -lfwww.nco.ncep.noaa.govipmb/
docs/gnib2/ htp gov

. BUFKIT software to decodel:

BUFR station

data: http:/iwdtb.noaa. govit: UFKIT/

index.php

archive: http:iinomads._ncdc.noaa.gov/

— ouam for the st year)

"M AN 138
preciciors srce 2000,

£ NAM

@ Verification

« Historical peecipitation skill scores for NCEP models:

« ReslSime NAM, GF S, RAP time series (last 10-30
days) verification va upper-air and surface data st

Resl-Sme HIRESW va NAM nests time series
verfication (Last 10-30 duys| va spper-sitserfuce duts
-

i e

. near-aurtace (2 T
Wind) OF S and NAM statistics

rearsic ver Nl

RH, 10-m »:t
Dec 2010-present ‘L/ e
L

1o B
@ NAM vs GFS Surface Temperature RMSE and @, @ NAM vs GFS Surface Dew Point T
Bias error (deg C) statistics : Northeast warm = MSEandBiasenu(( C) statistics: :
season (1 May-30 Sep 2015) Northeast warm season (1 Sep 2015)
wl Furdre: w2 :" - ;.wl“‘ 01 NAY - 20 560 2018, NEO HFC Dovw Poie, Rumire ul,‘ur.:.-n:::“ul,nl MAY - 20 S 201 NEC
o e ' Oy LT m | PMEE T A
! ',.‘ e | = t S
| ; | = uny
£ i ! H :'
- .::.., O FF T YRR R LIAI IR
2 ' =
B ! 3 1= -
- | { [

NAM vs GFS Surface (10-m) Vector Wind RMSE @

" and Speed Bias error (m/s) statistics
warm

: Northeast
season (1 May-30 Sep 2015)

REC Vecsor Wind, Fumess | 137, FORCR e ALL, OF MAY - 30 56P 3218, NEC

PR——

L)
e poaiom |
EEVAp—
7 Y wamonen

@mkmum(leﬁ)vsamuAMnest(rigm@,

74 WP A AR PCTT MAD BT W e 2006 T8 W COMSAOM M4 O IS OKT 1 W 00
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@ Summary @l

= NOAA National Weather Service produces
operational predictions of:

wind,...)

= Examples and links were provided for:
Rea-time predictions

Archive

Tools

Vertication

BACKUP

@Ammmst(top)vsﬂkmwwn)@

Fipame provicnd by e M Oumer

Ozone (North East)

%(ﬂqqmmcwsm -

October 2015 - 13 March 2016)

SFC Tompaeaara, Aunare: 132, Fomams o ALL 91 OCT - 12MAR 2018, NEC

aom .
ot e g
P M -
RMvELS - - -
- EELT T
e v 7

T

e Cwarmes s

—

RERN

TR

%
K

THiEiiii

-t

E

%BGSN@:MPMTW

i

Bias error (deg C) statistics : Northeast CONUS™=
cool season (1 2015 - 13 March 2016)

SEC Don Pore Rrere 122 Fomcas How AL 29 OCT - 12 MAR o8, NeC

Eeal o o s

RVCE

A y

v
O MrERRRAmeV MY ERRm TR
'
’
v -

A -
e em - -
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@mvssnsmfu 1u)vmmmms5£@
peed Bias emror (m/s) stati Northeast C! b
cool season (1 October 2015 — 13 March 2016)

SFC vacar Wing, Ramioss 132, Forecast Hoer ALL, @8 OCT - 13 NAR 3ne, NEC
el WIOEN
11 waae pon o

-s »
-

L

36



A discrete event simulation model of
pediatric asthma exacerbations

FProfessor of Environmentsl Health,
Boston University School of Public Health

Analytic Soksions for Real-Time Blosurveliance
Modeis for Risk of Asthma Exacerbations in Urban Environments
March 30-31, 2016

Environmental asthma policy model

» Developed by our group under an R21 from NIH

¥ Applied to case study of energy

upgrade in multifamily housing (HUD)

» Currently being linked with electronic medical

record data to parameterize model and

characternize feedback loops

# Overarching idea: Examine the effects of
small changes in exposure on asthma health
care utilization outcomes, where
observational studies are underpowered

Pollution sources

» NO,: gas stove use, use of gas oven for
supplemental heating in winter, outdoors

 PM, .- cooking, environmental tobacco smoke
(ETS). outdoors

# Humidity (mold): cooking, breathing, showering,
dishwasher

Appendix H: A Discrete Event Simulation Model of Pediatric Asthma Exacerbation Slides

Discrete event simulation (DES)

» A systems science approach involving modeling
of a complex system that evolves over time
given changes in state variables that occur at
defined points in time
— Accounts for multipie Individual attributes
— Captures Inferactions and non-linear effects
— Keeps track of prior history

 Used for many health policy analyses:

— Schizophrenia, malaria, cardiovascular disease,
breast cancer, depression, end-stage liver disease,
peptic uicer disease

Project overview

Model application

1. Simulate a large number of children to detect

potentially small changes in outcomes and
costs

2. Evaluatelvalidate outputs from baseline
simulation

. Apply model to approximate benefits and costs
of altemative intervention strategies
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Peomcent hargs In pbwmw corvowrmtms cupand re bl o

Linkage to prospective surveillance

» Simulation model with appropriate stressors
(e.g., respiratory infections, temperature, air
quality) could characterize how daily changes
influence outcomes of interest

» Model could be programmed to identify
characteristics of high-risk days
- In general
— Reiated to stressors of Interest
— Modifiable subset

¥ Stressor forecasting could be linked to model
outputs to characterize likely high-risk days

]

v g 1o

Pomunt homge bn bafth oo

What would you need?

' Ability to forecast stressors and behaviors

i Epidemiological evidence connecting stressors
with outcomes (directly or indirectly)

+ Model with dynamic/seasonal behavior

i Strategy for regular updating and calibration of
model
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Limitations

Limited literature linking stressors to lung
function, lung function to ocutcomes

Challenge to characterize behavioral responses
Simplified medication assignment

Need to characterize detailed multivariate
attributes of individuals to provide realistic model
outputs
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Appendix I: Epidemic of the “Common Cold” and the Dynamics of Severe Asthma Exacerbation Slides

MIDAS SETR N
Epidemics of the “common cold” and

the dynamics of severe asthma
exacerbation

RM Eggo, JG Scott, AP Galvani & LA Meyers

reggo@khtm.ac.uk

nton Publc Meslth Commisson - March 2018

OTEXAS i @y

Virus infection is linked to asthma
exacerbations

— I

Athey S Owe
- p—

T

o Pt A Tomd Pasires fue Vires

1010
Children admitted for wheezing
Percentage higher with newer detection techniques

Heyrarn ot 3l AD 2004

Asthma exacerbations are associated
with the school calendar

Tharksgrarg Sprg Sreak

Schod Starts Chetatmany'NY School Enchy
Rl TR Y T A
230
520 - /\_M
2
§04
S " rrTTT T T T T T
! sgesssgregs?

Linking virus transmission to asthma

* Need to know virus prevalence to determine
how at risk the population is
— Data at a large scale are not available from surveys
or samples
* Use a model of realistic respiratory virus
transmission to infer prevalence

Respiratory virus transmission model

Respiratory virus transmission model

Contact patterns
governad by

o?\ mbing matrix
yaRy. e

Child  Ada
Popatstion (=" ) a

\ Aan oy @y

>)
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Respiratory virus transmission model

Respiratory virus transmission model

prevalence per 1,000
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Child: 5-18 years old
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At different times of year the dominant

2006
2004

2005+
2006
2007+
2006
2009

Model Fit —— contributing factor changes
i“ ‘.M'.W'vi'd'_l'd"“.'d.“d'.“d,
! e ~
;: M E: " m\ ;‘f‘ Wll*\\
L || B e,
Colds per year Shift in start date of school
g "% :% 1 o A
g [ :; '.> Wy " a8 y
| emmem= | || A
& M | oem [ ™ Fo W A e Ao se O3 N On
g (W * - we o a e E 1 model sirutation \
B o §
}

ba Fo W Mg Vay M0 M A Sep 0o Wy Dw

Conclusions

= Common cold transmission model provides a
harmonious explanation for the patterns of severe
asthma exacerbations seen in Texas

= Prevalence of infection is a shifting baseline of risk
to the population driven by contact patterns of
children in school

= Variation in school calendars can alter the risk
baseline in a strongly non-iinear way
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What if kids are just allergic to school?
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Prediction without colds effect: child
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Prediction without colds effect: adult
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Appendix J: Disease Prediction

- a b
Disease Prediction
- PR Hr ) Mothod (PRIZM)
> Mathod description
» Dengue in Pesu
March 30, 2016 » Dengue in Philippines
I1SDS Consultancy - Boston > Muloria In Souih Korea
= Prodioting Influenza
> PRISM for predicting peak kecation
= Conolusions
Anna L Buczak, PhD '
Anna.buczak@huapledu JOHRS HOPKING
443-T78-0350 Faplpniliplirhd v

PRISM Overview

Disease Prediction Challenges

- P -] disease Method (PRISM)| - o..m. of historical data (~447 08)
- messy
+ PRISN is a novel data mining method (ased on Fuzzy .
Assoslation Rule Mining) to peedict diseass cutbrasks, ﬁ‘—— m’ NG 94000 of 48 fhat doin 10 & hosd protien
+ Tha method looks it a karge amount of data found in ~ W 100 vartables thers are sbout 2510 possitle rbes with 6
various prodicior varlables, ©.g.. rainfall tempaerature, _—— ‘antscadenls
Qe indices, past = W 100 vartublas thers are sbout 1.1°1 0% pasitie combinations of
+ Tha proof of concept in Paru with dengee was N
promising, Wading o the extension of the mathod for « PRedicsng Infectious disease Scalabie Method (PRISM) - a novel method
dongue In the PRilppines and for malaria prodictien in » Not agert-bused -
Kares. R T Tiring ) to sebermtiicaiy food e 1o e o, Y
GOAL: Crwaie n St how - Does posibie
makers pradict the of diseats, ] ~ Dows sot ke sy sisuspiions sbout fhe sufes that are 1o be edracted,
Tham 10 reduce morbidity and save Bves threugh effective -—-n-.-u-'-"--—--mm e
mitigation efforts,
WU Aged T e, d A S—" B e
DL =a. om0
Wm:&.— oL a-
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:';:::: Pragictlon Seasirl Pasf Ceses '
Fuzzy Asseciation i\:unu frxed | c '
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Prediction Methodology Predicfion Resulfs: Dengue in Peru

1 n 2 — 3 * Prediotion 4-7 weeks Into P Provences

Vb 1 ey future, 4 wooke af a time
b * Prediotion done at dictrict
- level for cix Loreto dictricts
* Rescits” &

[}
® Persnd -
= - 6 - B2

Model HBullder Prediction Generator

part of the method: caes FARM % bulld 3 Predicion Model Actomaticaly eavracts
-u;m—.-uumumn“a;mm ~d

3 MA: t waakly) pradictions are abtalned by running the Pradiction Mode on rew data
once s

Visualization of Results for Philippines

Prediction Results: Dengue in Philippines

+ Seccessful extension of the method 1o a

+ Tested on 40 and 11 provinces '
- Prediction one week o & time, 4 weeks iio t : = -
the futurs (Tod) ' & /‘ l/
- Model can be optimized o sy of the -
rrmtrics ju.g. PPV or Sensstvey] ) /
- PPVSOTTE, NPY-0.342, .
- Denattviy=0.517, Spacificty=0 574

i — — = - - =
- o . S——

Prediction of Malaria in Korea Screenshot- Prediction of Malaria in Korea
- Extension of the mathod to & = -

Afereni dasess and 8 Bfwrent : % -

coustry .

» B raars . F
- Model Bulicer appled to South :

Kores

- Pradictions performed ot & reglon
lewsl |84 reglona)
= Pradiction two weeks of & Srw, 73
wesics o e Rture (T+7_Tel)
- Pradictions hawe thees levels:
» Lowo B2 cames
S
o Mgrc 17 o mare o
> Mumber of Cates Frecicid s T N : s .
MOF RGAR Kk T TO Wt . . .
Poachccn pard
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Influenza

= Analycic of the milltary

Influsrza-ike-llinecs (LD
Inoidence with the goal of
prediotion of:

> Weeks of peak IU incidence

> Incidence rale ot peak
> Total nember of cases

Determination of Peak Location (1)

= Definiion of peak i comewhat ambiguous
* Four peak detection aigortthene P

hddence

- |

LY ; |
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Detfermination of Peak Locafion (2)

- Best ssll some peaks
» Telecon with Matt Biggersta® fom COC 1o discuss peak location
= Final algorithe: aigorithm 3 with some modiications:
> Mosly ore Desk per ssescn
> Ve x pesk's vakus was within 2% of B valos of e highest pesk Sor 8 ghven
mmamon B wes a0ec 58 8 pesk D cwecorme pobleTs Wi feporing

Predictor Variables

« Past Miltary Infloenca Be Mnesses (L1) data (AFHSC)
* Rate of IL) reported (CDC)
* Rate of positive Lab tests for Flu (CDC)
= P&l Mortality Rate (CDC)
* Rate of hospitalzation due % Iafluesza (COC)
* Rainfall (NASA)
« Temperatose (NOAA)
* Relative humidity - derived from temper sture and Dew Point
> Ratio of fwe partisl pressurs of weter vapor In the slr-weier miztore © the
satursted vapor presaure of water
* Specific hamidity - dertved hom lemperature and pressure
» Ratio of weler vapor io dry sir in & particeler mass
= Atmosgheric preasure (NOAA)
= Dew Paint (NOAA)
> Tempersturs beiow which the weter vapor In & volurme of harmdd «ir of &
ghven conatant barometric precsure will condenas o liguld water o he
same rate st which & svaporsiss
= Most predictor virlables are used with time stamps 7-1, ... T-12

Resuits

» Data divided into:
> Tralsing set- S27/2008-T3 12011
> Fine-tening set: 12010 to 7312011
> Testing set: &T2011 fo V42018
= Prediction performed for Ted_T+8 (3 wesks) ot & Sme
= Two appe for . '
> Bulld theee clesaifiers: one for predicting & pesk ot Ted, one for TeS
and cne for T+8. Outputs of the classifiers fused by an OR
statement: IF (Prodicted_Pesk_T+4 OR Prodicted_Pask_T+5 OR
Prodicted_Pesk_T+8) THEN Predicted_Peak_4_6.
> One classier is trained that prodicts & pesk 4-8 weeks oot

Famion a3e come ae oB42e
One chosefer 1 asoee csem2 sy osTe
One chosler 2 asms coons 0 s ogoe

Al Baczak, B Sougiee £ Guwen, L Vool SV Bable, L P Chastlen. Proadicion of Paska. of Sesscesl
FlarCa 0 MG fealr s D | Acmpied d pultdcaton by

dgy duTe Nt

= APL developed a set of for dsease

- a nowel dines.

. for seversd Sangue and malels
« Prediction of pask location for Influsncs
- Flaxibie, scalatie methodciogy
+ Pradictions sre 43 wesks out
. e ot varioss province,
> Mathod of snalogues for fluenca sucosssfully predicts (4 wesk s out):
+ Incidences rets ot pesk
+ Totsl nurnber of cases
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JOHNS HOPKINS

APPLIED PHYSICS LABORATORY

Method of Analogues

* Method of Anslogees uses past time sequences of values 5o predict
future sequences of values
1 Pt feshiger Prriler

Prediction Metrics

. p should be Bl
N o St are correct: (TP+TNY
(TP TNFP+FN)
> Positive Pradictve Vakse (FFV) of paeiihe
that are cuttweaks: TPATP+FP)
> Negative Predictive Vislos (NPY): el taguiivn pradical
that are non<cutbresks TNATNFN)
» Sensithin of TPITPFN).
s o y ™
)
> False Alarm Rate: of
FPIFReTN)
I i () P Rt 49,
i o T e
i v

48



Appendix K: Towards Asthma Air Aware Day Alert for Houston, TX Slides

Our example e-mail to school nurses

T N

SN Dy Aiwm

Toward
ASTHMA AIR AWARE DAY Objectiues: dentify the most Today Is -:‘wﬂ%ﬂ Asthma Alr
Alert for Houston, TX suvere days wware Day
* Make norses awane
Uomen L o, P02 of palution and its —
Katherine (Kathy] B. Erace, PR O, mu

Fice Urivarsity + Donot gt
the already
overwheimed
System
Approach

e e L e

» Nuxz deal =
* We have sevees] Erategies anderway 32 addracs thit aue - taking o actoune S0
the dyramic szatal and wrpon | itrucure
[
« Mok,
* Concentration neporms wis used 1o identify concentration lew b witable
20 employ waming.
* Creuted & moded 20 predict the high risk deys besed on pollusion.

Case-crossover Design

* In the case-comcver deaign, sech individus| sxperiencing = bealth svent weves
a3 s or her own relerence.

* Indivicush act m el own control. Provides 8 puseds cane-control deign for
cowrvatcna | ituden.
* Amblert sir poluion Is sued = 8 proxy for perscnsd exposare.

* Concestrafions st similar times when the study Individusl Is not saperiencing the
teaith evert arw the reference concentration.

* The refe - with the

atthe Srre » (smie for spatisd dfferencey

- loghtc e iy o mtimats e
of pollution relative risk of the hesith svert while

controliing for confonding fecton.

Study Characteristics

* Data from the Fire EMS call dutubene
* The working axssiment was asthme snd treatment adminbbened was
nedulzed

* There werw n = 11,754 cases from 2004-2011
-m-uuamnwswnumu
primary rescon for treatment.

Icdertifies
* Polusion data wers obtained from the Tecn O of &
Qualty (TCEQ)

* Hourly data from 55 ceone, 15 NOZ, 9 €O, 9 PM2.S, and B S0 monkons in

hmmmm&

* The dudly sverage vdows of ceone, NO2, CO, PM2LS |, and SO2 wers
calculatid scrow moniton.
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EMS-treated asthea
attacks and pallution
monitors ia Houston,
Texas (2004-2011)

A Case for School

Houston counts
Nurses
Joenl e | eeta) | eetaed | ESRETETS
Amrbsance trested o " DI I e
porany )_vEe " VORI "
exacertatiom —
= g . TEME e we
children. i M Ives WA 0
) o ) xw o
School sure I " VR RN »
e tormeton N m Shoeiae D e ™
e rato Tial M NUN ~
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)0 " DMWY e "
e un T N -
-t P OREYEE ANAL O e e
P s o vl [POTPE—
e e et L O
- e e R R T S
b A venm - b
abytsed e - ) TR
o -
P - » l }
un - ~ "
e -
by 53" ) 4
' p y -
. ‘:,:.- ~ — . +
e " } . .
e .
l . . ' ¢
- |
t ¢
w4 -
-
O
s tanmnen

50



[
S
EA

oy
™
00 109305
RAS LA Ny

o

m
o8 (1 W00
supaan)

01 o1 a4
in i wan,
1t 1115 e “rime
Bolalor 1A mid © ek

Aggregate pollution findings
* Qrore and NOZ concestrations 2i3 In June and July as do the number of INS

* Jaly bas the lownt frequency of deys when the macimum sight hour sversge
concestration of coone met or exceeded TG parts per billon st & montor.

* Thene lower crone concestrations In Jurne snd Auly colncide with high dally rein
fraquency In thews months.

*C betwwen daly of sk and

Ingicate the between dally poliutants wers

Between NOZ and 0O |r = 0.74) followed by NO2 and SO2 (r = 0.57), by COand
S02 (r = 0.56), dally PM2LS and ccone |r = 0.42). The correlation between czone
= NOZ was [r =023}

¢ Ll W e tn e
TG e Liay M- 0 ';nmor-o.u;. betwwen & ard wan foe
N — Asthma Warning System Pilot
N AV Vst -
et nadmpdiama — « Following this research, a pilot study was designed and implemented
s s (08 L i i wsing a predictive Model 10 Create 3 warsing for Aurses is the
i . - 3 Housten Independent Schood District.
i . >~ g i * The goal is somethisg SIMPLE. Our simple model uses
‘ - . * NO2 brvws cluseved fom Som 5 2em the night befor
o SN e e B * B hour mucdmem cone el for the dey befors
~ - * Formoat of weather cloud cower, for
e . | pragr
: ¢« & ¢ LI * Alert b lmsed between 5 and Gam vis s-mall %0 school nenes
[ * The surses would thes prepare accordingly if a warning was given.
< Air Quality Monitors
‘ Example of Spatial Correlation
: .
| a S s 096 081 070 |
m,ﬁ i 083 072

e
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Limitations — so many....but

* Otnervationsd study with blaws

* EMS baned ~ & not = x whole and S b sapecially true
for mthma bet #ty cur gosl of EMS calls for sxthma.

* We ran our models on the RODS data snd ety W b o

Zone simiber sradyuis salng sdmisions dats for Texes Children's Hospited.

* NMuli-politant modeling for scste bealth imgect b problermatic and we are
addreming this haue further.

* Stathtical methoch can be improved, ot not sere we will get better knowledge

: ol BACK T CMA-CTOGOV W At Berages
* Model formcmt for warning deys - ower pradicts bigh risk days, Bet not sewemely.
Further, the ower maybe
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Appendix L: Bayesian Network Approaches Slides

ISDS Consultancy on
Predictive Capability for Asthma
Exacerbations in Boston:
Modeling Session
Bayesian Network Approaches

Howard Burkom
Johns Hopkins Applied Physics Laboratory

Htp:/ fwww nblniesh DGR pat
AMIA Song Syreg Proc, J00GER-R.
Deteeting Astbvmse brscerbatiom in o Pt
Ervrgoncy Dopartuwer Usdng o Boyeclan Netnark

Thonsd | Smbors VIILNES ", Dot Arwmds MIL PAD
B L T [ pa——
Nanhatih L mrmnts Madbad € omter, Saivi iy, I8

rou —re. - qebe

oy by

Dt bz Asthvms. Erscerbatiom in o Polairic
Ervrgoncs Dopartawer Uddng » Boywlen Netnark
Dhansd | Sy ML AP, Dominds Aremds ML PAD Y

Zarsgle Decactior Pecfarrance Reudts

_“/ Babde 3 Ot o s, ot fnd
-~ b

WORE NI RS WA RS e AT ws s
e

Faguoe £ ROC curvm St Sl Boryonian st

Fusion Capability Designed to Answer:

= How would an experienced health monitor make

investigation decisions given the luxury of examining
all data sources every day?

= How can the principal information supporting these

decisions be p ted most conveniently?

= What follow-up data details would this monitor find

most helpful in deciding whether and how to
investigate?

Concept: Population-based Bayes

Networks

* Method of combining Information from the monitored
popuation

— Algorithm results from muitiple data streams of varying
relevance (not raw data)

— More than 3 nule set: an analytic umbrelia that can also
Inchude report-based results, Incomplete data updates,
other multivariate methods

* Not Bayesian statistics In the sense of hierarchical modeling,
fived/random effects (could Incorporate)

* Not an agent-based Bay model repr g every
Individual as a separate node with properties

A Bayesian Belief Network for Muray Valley encephaleis

vins sk assessment In Western Ausaralla
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Statistics

Birwnh Artwde
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An integrated approach for fusion
of environmental and buman health data
for disense survelllunce
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