
Welcome!

We will start shortly.

cori.centerforhealthsecurity.org

Sign up here for 
updates and alerts 
from CORI.



Recording Reminder

This session will be recorded for 
educational purposes and made 
available following the meeting via 
email to participants and on our CoP 
website

Access our 
Community of 
Practice website 

here.



Confidentiality  Notice 
A brief note for any participants who 
may be members of the media: this 
presentation is intended to share 
academic and informational content. 
It is not considered on the record, 
and the material should not be 
quoted or attributed without prior 
permission from the presenters or 
institution



CORI Community of Practice Summer Series (Part 3): Measles Response 
in Action: State Outbreak Response, New Forecasting Tools, and Practical 
Resources For Your Jurisdiction
A Collaborative Partnership between the Center for Outbreak Response Innovation (CORI), 
STLTs, and InsightNet



Agenda

• Special Announcements 

• Comparative Guide to Measles Analytic & Modeling Tools

• Nowcasting During a Measles Outbreak 

• spatiAlert: A Shiny Application for Hotspot Analysis of Vaccination 
Coverage 

• Performance Improvement in Public Health: High Reliability 
Principles 
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Logistics

Please enter any 
questions in the chat for 

the duration of the 
meeting

If, during the discussion, 
you would like to speak 
you have the option to 

raise your hand to do so 
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Announcements

NEW: Peer Technical Assistance Request

Seeking CoP members that may have experience responding to 
measles outbreaks in Amish or Plain Communities.

• One of the CORI CoP members is looking to connect with other CoP members 
that may have experience responding to measles outbreaks in Amish or 
Plain Communities.

• Questions primarily focus on the best ways to communicate regarding vaccine 
hesitancy and operational planning for vaccine clinics 

• Email hfarrie1@jh.edu and ssoneja1@jh.edu if you would like to be connected 
and offer insight. 
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Announcements
Recruiting partner enrollment for the Outbreak Response 
Innovation Network (ORI-Net)!- Seeking New Partners
• ORI-Net aims to strengthen the evidence base for public health 

outbreak response. 

• Benefits include access to the latest modeling, analytic, and outbreak 
response tools, opportunities to conduct cutting-edge research and 
collaborate with peer health departments, travel to the annual 
InsightNet conference, and much more! 

• If you would like to be part of the network and provide early feedback 
on the initial partnership agreement, reach out!

• Contact hfarrie1@jh.edu or complete our interest form if you would 
like to learn more
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Submit the 
ORI-Net 

Interest Form

mailto:hfarrie1@jh.edu


Announcements
2026 Summer Series comes to a close… but there is more to come!

• Future Sessions
• Fall-Spring expect ad hoc sessions on emerging topics or late-breaking 

outbreaks

• Share your feedback!
• Contact Hfarrie1@jh.edu to if you would like to present on any projects that 

align with this topic of if you would like to recommend topics for future 
sessions 

9

mailto:Hfarrie1@jhu.edu


Comparative Guide to Measles Analytic 
Tools 



Comparative Guide to Measles Analytic Tools 

Midwest Analytics and Disease Modeling Center (MADMC)

Margo Wheatley, PhD
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Midwest Analytics and Disease Modeling Center 
(MADMC)
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Collaboration

Mission

• Ensure decision makers have the information and tools they need to make 

informed policy decisions during public health emergencies
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Motivation & Goals

• Challenge: “There is so much out there… and it's 
complicated…where do I even start? What tools should I use?”

• Goal: To create a high-level guide to help people begin to 
understand and access existing analytic tools for measles

• Target Audience: Primarily state & local public health

◦ Also: healthcare systems, academic research teams, and anyone new 
to analytic tools related to measles
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Walkthrough: Guide to Measles Analytic Tools

z.umn.edu/measles-tool-guide

http://z.umn.edu/measles-tool-guide
http://z.umn.edu/measles-tool-guide
http://z.umn.edu/measles-tool-guide
http://z.umn.edu/measles-tool-guide
http://z.umn.edu/measles-tool-guide


15

Collaborative Development Process

01. INITIATION

Identify a topic based on 
projects or needs

02. PREPARATION

Research & compile tools

03. DRAFTING

Write first draft and edit 
within MADMC team

04. TECHNICAL REVIEW

Request feedback from analytic experts 
(CDC, Insight Net) on technical content

05. STLT PARTNER FEEDBACK

Request feedback from public health 
partners on content, usefulness, etc.

06. DISSEMINATION

Finalize the guide and share with 
partners

07. MAINTENANCE

Maintain the guide: review and update 
annually
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Design Considerations
• Aim to be brief and approachable for new users

• Start with an overview: What and how it can be used in practice

• More detailed information on each approach

◦ Provide links to tools, data sources, and other resources

◦ Highlight key features of each and how they differ
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Challenges

Content

• What is the right technical level and type of information?

• Should all tools be included or only a recommended few?

Design

• Fitting content onto 1-3 pages & level of detail to include

Evaluation & Impact

• How to track reach, usefulness, and impact of resources like this?
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Guide to Flu Modeling Tools

z.umn.edu/flu-model-guide 

https://z.umn.edu/flu-model-guide
https://z.umn.edu/flu-model-guide
https://z.umn.edu/flu-model-guide
https://z.umn.edu/flu-model-guide
https://z.umn.edu/flu-model-guide


Contact 
Information:

Margo Wheatley |  jaco2580@umn.edu

MADMC  |  madmc@umn.edu  
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Links to Comparative Guides

z.umn.edu/
measles-tool-guide

z.umn.edu/
flu-model-guide

mailto:jaco2580@umn.edu
mailto:madmc@umn.edu


Nowcasting During a Measles Outbreak



Nowcasting during a measles outbreak

Dr Isobel Routledge (CTR)

Analytic Products Team, Inform Division

CDC Center for Forecasting and Outbreak Analytics (CFA)

17 July 2026

Community of Practice, Center for Outbreak Response Innovation

Center for Forecasting and Outbreak Analytics



What is nowcasting?

Access to accurate data in real-time facilitates rapid, evidence-based 
decision-making. However, disease surveillance systems are subject to 
delays. Nowcasting is an approach to account for reporting delays to 
produce more accurate estimates of real-time data.



Agenda

• Nowcasting as a tool for real-time monitoring of measles outbreaks

• Nowcasting during 2025-2026 measles outbreak in South Carolina

• Summary and GitHub repository tour



Nowcasting as a tool for real-time 
monitoring of measles outbreaks



Disease surveillance data supports real time monitoring 
and epidemiological analysis, but are subject to limitations

Epidemiological assessment
Focus is on data quality and detail

Real-time monitoring
Focus is on timeliness

• What is the burden of severe disease 
in my area right now?

• Is the epidemic increasing, decreasing, 
or not changing?

• What changes should I expect in the 
near future?

• Who is most at risk from severe disease?
• How fast do people progress through 

infection?
• What treatments or interventions are 

effective?
• Has disease severity changed?

Reporting delays and data revision are inevitable. Nowcasting and 
other modeling tools can support real-time situational awareness.



Reporting lags can make real-time data appear misleadingly 

low



Nowcasts adjust for delays to estimate current burden

What are they? Nowcasts  estimate current disease burden

Why are they 
useful? 

Nowcasts adjust for delays, such as in disease reporting, to improve 
situational awareness

Example inputs Surveillance data, disease reporting delays

• Nowcasts are most accurate for signals with stable, predictable reporting delays. 
• Reporting delays often are less stable and predictable early in a novel outbreak, when 

data collection systems are still being established. This poses challenges 
for nowcasting.



Due to 
reporting 

delay

Richard et al. 2024, http://dx.doi.org/10.15585/mmwr.mm7346a3

Comparing two report dates:
• Recent days show what 

appears to be a decline, due to 
reporting delay

• It takes several weeks for full 
backfill to be completed
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Nowcasts adjust for delays to estimate current burden

http://dx.doi.org/10.15585/mmwr.mm7346a3


Due to 
reporting 

delay

Richard et al. 2024, http://dx.doi.org/10.15585/mmwr.mm7346a3

Comparing two report dates:
• Recent days show what 

appears to be a decline, due to 
reporting delay

• It takes several weeks for full 
backfill to be completed

• A nowcast can correct the 
reporting delay to estimate 
current counts
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Nowcasts adjust for delays to estimate current burden

http://dx.doi.org/10.15585/mmwr.mm7346a3


Nowcasting allows real-time estimation of Rt

Rt <1 → each infectious person transmits to less than one other person
Rt >1 → each infectious person transmits to more than one other person
Rt =1 → each infectious person transmits to approximately one other person



Nowcasting allows real-time estimation of Rt

Rt <1 → each infectious person transmits to less than one other person
Rt >1 → each infectious person transmits to more than one other person
Rt =1 → each infectious person transmits to approximately one other person
Epidemic trend category reflects the probability that Rt >1

Probability Rt > 1

>90%

>75% to ≤90%

>25% to ≤75%

≥10% to ≤25%

<10%



By correcting for reporting delays, nowcasts allow us to 
estimate number of cases and trends in Rt before final data 
are available

Rash onset date

Cases

Predicted final
(nowcast, forecast)

Real-time data
(training)



With enough time, nowcasts can be evaluated against the 

final data

• Used weighted interval score (WIS) and 
prediction interval coverage

• WIS can be decomposed into penalties 
for overprediction, underprediction, 
dispersion

• For WIS, lower is better

• For prediction interval coverage, best to 
be close to the prediction interval used. 
E.g. 50% of values within 50% prediction 
interval

Final data

Predicted final
(nowcast, forecast)

Real-time data
(training)



Nowcasting during 2025-2026 measles 
outbreak in South Carolina



Large measles outbreaks are increasingly common in 
communities with low vaccination rates in the U.S.

• As of June 25, 2026, 2,134 confirmed measles cases were reported in the United States 
in 2026. 

• There have been 30 new outbreaks reported in 2026, and 93% of confirmed cases 
(1,982 of 2,134) are outbreak-associated.

• Between 2015 and 2024, the mean number of annual measles cases was 258.



In 2025/2026, South Carolina experienced a large measles 
outbreak

Measles Dashboard | South Carolina 
Department of Public Health

https://dph.sc.gov/diseases-conditions/infectious-diseases/measles-rubeola/measles-dashboard
https://dph.sc.gov/diseases-conditions/infectious-diseases/measles-rubeola/measles-dashboard


As expected, preliminary data appear to show declines in case 

counts. Nowcasts correct for this limitation to estimate more 

accurate real-time case counts.

Date of 

report



• Used EpiNow2 R package which jointly estimates infections and Rt

• Assumes that new infections will occur at rates determined by incubation 
period and generation interval

• Assumes ascertainment doesn’t change over time (reports sampled from 
negative binomial observation model of infections)

• Changes in Rt modeled with a daily random walk, allowing for rapid 
changes in behavior to be captured with the model

A renewal model was used to jointly nowcast infections 

and estimate Rt



A renewal model was used to jointly nowcast infections 

and estimate Rt



Nowcasts outperformed provisional cumulative case counts

Solid black line: cumulative 
case counts based on final 
reported data (3/17)

Solid colored line: 
cumulative case counts 
based on provisional data 
available at the time of 
nowcasting



Nowcasts outperformed provisional cumulative case counts

Solid black line: cumulative 
case counts based on final 
reported data (3/17)

Solid colored line: 
cumulative case counts 
based on provisional data 
available at the time of 
nowcasting

Dashed colored line 
and shaded area: 
nowcast 
(median cumulative 
predicted cases + 50% 
predictive interval)



Nowcasts outperformed provisional case counts, but 
underestimated during high growth period



Line list (LL) 
date

Reported cases 
in LL with rash 

onset*

Nowcast:
estimated 

case count as of LL
date

Current case 
count with rash 

onset
(3/17 LL)

Coverage of 
90% prediction 

interval for daily 
incidence

WIS

Overall
Under-

prediction
Over-

prediction Dispersion

12/23 153 168 (149-189) 185 100% 1.206 0.371 0.157 0.677

1/6 223 249 (226-275) 418 71.4% 7.624 6.757 0.086 0.782

1/13 383 432 (389-477) 611 57.1%
11.606 9.736 0.043 1.827

1/23 633 721 (658-791) 835 100% 6.346 2.857 0.429 3.06

1/30 785 842 (779-908) 901 100% 2.419 0.457 0.186 1.776

2/10 905 939 (882 - 1003) 945 100% 1.159 0.229 0.214 0.716

2/17 936 962 (902 - 1022) 975 92.9% 1.019 0.286 0.2 0.533

2/24 960 989 (932 - 1054) 966 100% 1.101 0.114 0.386 0.601

3/10 981 984 (925 – 1048) 985 100% 0.244 0.057 0.014 0.173

Nowcasts performed well, but underestimated during high growth 
period

*Number of cases in each line list that had non-missing rash onset date, were linked to current outbreak, and had rash onset date in September 2025 or after



Epidemic trend assessments from nowcasted data were 
accurate through the peak
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Epidemic trend assessments from nowcasted data were 
accurate through the peak, but were slow to detect a decline



Key components included:

• Banner with key metrics
• Time series of rash onsets
• Nowcasted reported cases, 

infections and Rt

• Nowcast validation results 
• Summaries of data quality
• Model configuration details for 

reproducibility  

Automated reports helped streamline updates
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Key components included:

• Banner with key metrics
• Time series of rash onsets
• Nowcasted reported cases, 

infections and Rt

• Nowcast validation results 
• Summaries of data quality
• Model configuration details for 

reproducibility  

Automated reports helped streamline updates



Perspectives from collaborators



• Nowcasting improved real-time situational awareness during an active 
measles outbreak response.

• Stability and completeness of reporting determined accuracy 
- Nowcasts were highly accurate when reporting delays were consistent and 

rash-onset data were complete. 
- Accuracy dropped temporarily in January when case counts surged and 

provisional data were less complete but still outperformed provisional 
counts alone.

Summary



Subscribe to our quarterly 
newsletter, the Forecast Broadcast, for 
forecasting and modeling updates.​

Want to stay connected with CFA?



For more information, contact CDC
1-800-CDC-INFO (232-4636)
TTY:  1-888-232-6348    www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily represent the official position 
of the Centers for Disease Control and Prevention.

Questions / Discussion

​contact.cfa@cdc.gov



spatiAlert: A Shiny Application for 
Hotspot Analysis of Vaccination 
Coverage 



D M A - P R I M E   |   S O U T H C A R O L I NA

spatiAlert
A Shiny Application for Hotspot Analysis of Vaccination Coverage

Emily Serman, Ph.D  •  Brian Witrick, Ph.D  •  Lior Rennert, Ph.D

eserman@clemson.edu



DMA-PRIME

Disease Modeling and Analytics to inform Outbreak 

Preparedness, Response, Intervention, Mitigation, 

and Elimination in South Carolina
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South Carolina Measle Outbreak 2025-26

https://dph.sc.gov/diseases-conditions/infectious-diseases/measles-rubeola/measles-dashboard

94% of cases 
in Spartanburg 

County
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South Carolina Measle Outbreak 2025-26

93.5% of cases 
were unvaccinated

90.2% of cases 
were in children 

<18

https://dph.sc.gov/diseases-conditions/infectious-diseases/measles-rubeola/measles-dashboard
58
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Getis-Ord Gi* Hotspot Analysis
A local spatial statistic for detecting statistically significant clusters of undervaccination

1

What It Identifies
Flags census tracts where the number of 
undervaccinated students is statistically 

significantly higher than would be expected 
compared to the rest of the state

2

55%
of the state's hotspot tracts (69 of 126 hotspot 

tracts) are in the Upstate. With the largest 
concentration in Spartanburg County (35 

hotspot tracts)
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Published in NEJM: A Spatial Link Between Hotspots and Exposure

Read the full paper: nejm.org/doi/full/10.1056/NEJMc2604004

29 of 30
publicly reported measles-exposed schools 

were located in or neighbored an undervaccination 
hotspot census tract (96.7%)

TAKEAWAY
Identified hotspot census tracts lined up with 

where exposures actually happened — turning a 
sprawling problem into a short, targeted list of 

areas for intervention.
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What’s inside spatiAlert
GitHub: https://github.com/DMA-PRIME/spatiAlert

1

Getting Started Guide

Step-by-step instructions for setting 
up and running the app

2

R Script

A single script that launches the app 
— no coding required

3

App Code Folder

All the code that powers spatiAlert, 
ready to run as-is

Runs entirely on your machine
Download and run spatiAlert locally — your data is never uploaded to an external server
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App Demo
spatiAlert

63



Performance Improvement in Public 
Health



Breathe



Performance Improvement
In Public Health

Part 2: High Reliability Principles – Reluctance to 
Simplify through Systematic Learning

A Community of Practice mini-series (cont.)

Fatima Ameaka, PharmD, MPH -  
Senior Analyst, CORI

The Center for Outbreak Response Innovation is supported through Cooperative 
Agreement NU38FT000004 between CDC’s Center for Forecasting and Outbreak 

Analytics and Johns Hopkins University’s Bloomberg School of Public Health.



What does it take to make 
outbreak response 
more effective and 
efficient?



Study Framework

• The Russian Doll 
Framework

Leadership 
commitment

HRO 
principles

Organizatio
nal 

capacities

Public 
Health 

implementati
on



Study Framework

• The Russian Doll 
Framework

Leadership 
commitment

HRO 
principles

Organizatio
nal 

capacities

Public 
Health 

implementati
on

1. System-
Level 

Perspective

2. Reluctance to 
Simplify

3. Sensitivity to 
Operations

4. Commitment to 
Resilience

5. Deference to 
expertise



Study Framework

• The Russian Doll 
Framework

Public 
Health 

adaptation

Organizational 

capacities

Continuous improvement, 
Systematic learning, 
Operational discipline, 
Risk communication 
Change management



Principle: Reluctance to Simplify

No single dashboard or model tells the whole story. 

HRO
• Resist easy explanations

• Look beyond surface causes

• Seek multiple perspectives

• Respect system complexity

Public Health Example
Measles outbreaks require 
understanding:

• Vaccination coverage

• Geographic clustering

• Reporting patterns

• Community characteristics

• Health system factors



Principle: Sensitivity to Operations

Transforms data into operational awareness

HRO
• Maintain awareness of 

frontline realities

• Detect weak signals early

• Monitor operations 
continuously

• Pay attention to what is 
happening now

SpartiAlert Example
Measles outbreaks require 
understanding:

• Vaccination coverage

• Geographic clustering

• Reporting patterns

• Community characteristics

• Health system factors



Organizational Capacity: Systematic Learning

Complex outbreaks require multiple analytic lenses

HRO

Instead 
of Asking

• Which 
tool is 
best?"

Ask:

• Which 
tool 
supports 
this 
decision?

Today’s Examples
• Comparative modeling guide

• Multiple analytic approaches

• Cross-jurisdictional learning

• Use of hotspot analysis



Applications to Today’s Sessions

Comparative Guide to 
Measles Analytic Tools

• Comparing tools, not 
defaulting to one

• Matching methods to 
specific questions

• Understanding 
strengths and 
limitations

spatiAlert Hotspot 
Analysis

• Looking beyond state 
averages

• Identifying localized 
vulnerability

• Understanding that 
risk is not evenly 
distributed

Nowcasting

Nowcasting helps 
restore situational 
awareness when:
• Reports are 

delayed
• Outbreak 

conditions are 
changing

• Decision-makers 
need information 
today



Opportunities for Public Health

• Shared evaluation of analytic tools

• Cross-jurisdictional learning

• Learning from routine surveillance, not only outbreaks, through Routine 
operational reviews

• Decision vs. information-focused dashboards

• Surveillance performance metrics

• 7-1-7 outbreak response performance improvement



HRO Capacities at Each 7-1-7 Phase

7-1-7 Interval HRO Principle Organizational Capacity What it looks like in 
Practice

Detect within 7 Days Sensitivity to Operations

(Understanding the system 
currently)

Systematic learning/
Operational Dscipline

Hotspot analysis and 
monitoring clusters of 
concern

(Spartialert
Notify within 1 day



HRO Capacities at Each 7-1-7 Phase

7-1-7 Interval HRO Principle Organizational Capacity What it looks like in 
Practice

Respond within 7 Days Reluctance to Simplify

(Understanding the system 
correctly.)

Systematic learning Nowcasting for situational 
awareness,

Choosing the right tools

Long-term response & 
Preparedness



Key Message

High reliability  Having More 
Data

Learning +Measurement+Action 
= performance improvement

Learn more



Materials

Learn more

What can Public Health learn 
from other Industries & 
outbreaks to improve 
outbreak response?

Answers from Foodborne Outbreaks 
and High-Risk industries such as 
Aviation & Healthcare 



cori.centerforhealthsecurity.org/

If you are a member 
of Big Cities Health 
Coalition, have 
worked with 717, 
or are interested in 
measuring an 
improvement project 
through Orinet, we 
would love to talk to 
you! 

Contact:
Fatima Ameaka
fameaka1@jh.edu

Thanks to:
Denise Cardo
Ivy Marilyn Acquaye
Sarah Firestone
Dani Kilani
Caitlin Rivers



Thank you. 

 

cori.centerforhealthsecurity.org/

Sign up here for 
updates and 
alerts from 
CORI.
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