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Evolution of the Guide

Overview of the Guide

✓syndromic surveillance—history, applications

✓methods to monitor extreme heat

Agenda

1. identify data sources
2. design system architecture
3. define heat syndrome
4. define alerting rules
5. integrate health outcomes and weather 



Agenda

Case Studies 
from Pilot 

Communities

2. architecture

3. heat syndrome

5. health outcomes + weather



Introduction



Source: https://www.cdc.gov/climateandhealth/effects/



The Guide

A Guide for Syndromic Surveillance for 
Heat-Related Health Outcomes in 

North America 
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A Primer on Syndromic Surveillance



Public Health Surveillance

Source: ISDS, 2007

Traditional Surveillance Syndromic Surveillance
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reports, laboratory reports

pre-diagnostic data (e.g., 
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records)
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days to weeks
immediate (real time) to hourly 
or daily (near-real time) 
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individual cases or clusters of 
cases, monitor reportable 
diseases

excess or unusual case counts; 
bioterrorism; influenza; asthma
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telephone/fax transfer of 
records, paper files 

automated electronic data 
transfer



Timeline of Syndromic Surveillance

Source: KM, 2016



0

100

200

300

400

500

600

700

800

900

G
o

o
gl

e
 S

ch
o

la
r 

se
ar

ch
 r

e
su

lt
s

0

20

40

60

80

100

120

140

160

N
u

m
b

e
r 

o
f 

p
u

b
lic

at
io

n
s

*

Source: KM, 2016



Applications of Syndromic Surveillance

Non-Clinical Data Sources: Clinical Data Sources:

social media shares (Twitter, Facebook) nurse advice telephone line 

web searches (symptom, topic) school nurse electronic records

over-the-counter drug sales poison control telephone calls

sales of health-related items (fans, air 
conditioners) 

primary care electronic medical records

work or school absenteeism emergency department triage records

ambulance dispatch data laboratory test requisitions, results

zoonotic disease surveillance data prescription drug sales

Source: ISDS, 2007
outpatient admissions records



Current Environmental Applications
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Source: Matt Roach, 2016



Assessing Heat Vulnerable Populations

Source: Assessing Health Vulnerability to Climate Change: A Guide for Health Departments (Manangan, 2015)

1. define areas and timelines of interest, gather data for climate exposure 
(temperature, humidity, precipitation) and health outcomes (HRI, 
injuries, chronic diseases)

2. identify risk factors for health outcomes (demographic, environmental 
factors)

mild discomfort

mild sunburn, cramps

syncope, heat exhaustion
death

heat stroke
exposure



Heat Vulnerable Populations

Source: Kenny, 2010; Kravenchenko, 2013; Voogt, 2004; Health Canada, 2011, 2012

• geographically-isolated

• infants, young children

• newcomers and transients

• older adults

• outdoor labourers (farmers, 

construction workers)

• people accustomed to 

normally cool climates

• people taking medications

• people who are physically 

active (athletes)

• people with chronic health 

conditions

• physically disabled people

• socially-disadvantaged 

people (homeless, living 

alone) 

• materially-disadvantaged 

people (low income, low 

quality housing) 

• urban residents (urban heat 

island effect)



Assessing Heat Vulnerable Populations

Source: Assessing Health Vulnerability to Climate Change: A Guide for Health Departments (Manangan, 2015)

3. collate health outcomes, risk factors to smallest possible geographical 
unit

4. assess population’s adaptive capacity (system’s ability to cope with 
and/or reduce the health risk)—financial resources, health 
infrastructure, adaptive policy

5. assess vulnerability using both quantitative (spatial regression analysis) 
and qualitative (analysis of the quality of resources available)



What can Syndromic Surveillance do?

✓evidence of health impacts (real time)

✓evidence of health impacts for vulnerable populations (real time)

✓data to determine local heat thresholds

✓data to validate local heat thresholds

✓assist in the allocation of public health resources (real time)

✓evaluate communication methods



Methods for Syndromic Surveillance



1. Data Source Identification 

Source: Bassil and Cole, 2010

1. Suitability (sensitivity vs. specificity)

2. Availability (privacy, transfer)

3. Timeliness (real time)

4. Quality 



2. System Architecture

Source: KM, 2016



CASE STUDY



3. Heat Syndrome Definition

• pre-diagnostic data is processed and classified into 
medically-relevant syndromes 

• records are analyzed and classified using a statistical 
syndrome classifier, natural language processing

• classifier depends on data:

✓ free-text chief complaints vs. pre-diagnostic codes

• classifier is “trained” with large datasets to determine 
accuracy



CASE STUDY

Michigan Syndromic 
Surveillance System 

(MSSS)Michigan Department of 
Health and Human Services

dehydration, dehydrated, dehydrate, dehydrat, dehydraton, heat, 

heatstroke, overheating, overheated, heating, heated, sun, sunburn, 

sunburnt, sunburned, hyperthermia, sunstroke, heat rash, heat 

exhaustion, heat stroke, over heated, heat exposure, heat related, 

heat exhaust, over heating, heat cramps, heat illness, heat issues, 

heat bumps, sun burn, sun poisoning, sun burned, sun blisters, sun 

reaction, heat syncope, heat fatigue



4. Alerting Rules

Source: KM, 2016

How to identify unusual clusters?

✓ basic “eyeball” of data (must be very familiar with 
data)

✓ statistical deviation from baselines (for example, 120 days) 

✓ statistical deviation from baselines (same timeframes in previous 
years or from previous events—historical baseline) 

✓ algorithms based on (for example) cumulative sum (CuSum)



4. Alerting Rules

Source: KM, 2014



4. Alerting Rules

Source: ISDS, 2007



4. Alerting Rules

An alert and/or severity can:

✓ identify vulnerable populations or areas

✓ locate vulnerable populations (resources) 

✓ evaluate effectiveness of risk communication strategies

✓ evaluate severity of health response to heat event

Absence of an alert during an extreme heat event can: 

✓ evaluate the sensitivity of warning protocols

✓ evaluate thresholds, education, and communication 
strategies



5. Integrating Health Outcomes & Weather Info

Ideal Syndromic Surveillance to Monitor Extreme Heat:

✓map-based representation of meteorological conditions, including real-time 
measures, alerts, and forecasts

✓ geospatial description of heat-vulnerable populations 

✓map-based population health status indicators, such as air quality parameters, 
forecasts for extreme heat events 

✓map-based health 
outcome indicators to: 

Source: Toutant, 2011

1. support situational awareness for launching 
public health action

2. retrospective evaluation of health impacts 
of extreme heat





Conclusions



Lessons Learned

• identification of data sources, and 
careful collection of data sources are 
key first step

• working systems can be built without
electronic medical records with 
active surveillance techniques

• collected data can be used identify 
vulnerable populations and/or 
vulnerable geographic regions



Lessons Learned

• occupational exposure  develop messaging 
strategies in coordination with employers, 
workers and occupational health authorities

• alert fatigue should be considered, especially 
in hot climates

• messaging coordinated with aberration 
detection to improve uptake and reduce risks



Lessons Learned

• RODS-based systems with fixed 
methods for syndrome definitions 
can be modified to accommodate 
greater numbers of syndromes 

• use creative statistical methods to 
establish baselines for sporadic 
seasonal events (extreme heat in 
northern climates)



Next Steps

✓education and training are key to 
technology uptake and adoption of 
syndromic surveillance tool

✓methods to determine health, 
weather indicators (or a combined 
metric) 

✓statistical relationships between heat and health to improve 
heat response plans and emergency protocols
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