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WHO WE ARE

Biocomplexity Institute at the University of Virginia

= Using big data and simulations to understand massively
interactive systems and solve societal problems

= 20+ years of experience of developing and analyzing
infectious disease models for policy support

Supporting VDH on COVID-19 response from April 2020

Sustained contributions to CDC-coordinated Forecast and
Scenario Modeling Hubs for COVID-19

CSTE-funded site for Flu Forecasting (2021-22, 2022-23),
Outbreak Tools development (2023-24)
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Part of CDC’s Pathogen Genomics Centers of Excellence Members of the Network Systems Science & Advanced Computing Division
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e al https://nssac.github.io/covid-19/
ﬂ%% ' CSTE https://computational-epidemiology.org/data-tools
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SUPPORTING VDH COVID-19 RESPONSE

= Multi-pronged approach to support COVID-19 response o DO
in the Commonwealth of Virginia T houpos Vaccine

= |20+ weekly and biweekly briefings to policymakers and y e“\anc:,‘ o
health practitioners i stk G

= Leveraging real-time datasets and HPC software Phle — ‘%:"‘% Cefects
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CSTE OUTBREAK TOOLS PROJECT

= Project started in February 2023 A\ CST‘E

= Objective: Pilot test, evaluate, and deploy analytic tools
with identified partners from STLT health departments Funding Opportunity Announcement:

Development of forecast, analytic, and visualization tools to improve
outbreak response and support public health decision-making
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PROPOSED FRAMEWORK

Strengthening Public Health Informatics using NeXt-generation tools

Developer (UVA-BI)

Product requirements
(Phase 1)

Tool refinement
J (Phase 1)

Model Container (Docker Image)
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CATEGORICAL INDICATORS FOR EPIDEMICS

" What do we mean by categorical indicators?

= |ndicators of current level of activity (e.g., High, , Low)
= |ndicators of current trend in the activity (e.g., Surging, Plateau, Declining)

= Could be based on the raw time series or other derived quantities (e.g., R,)

= Why categorize!
= Useful summary of epidemic activity for situation assessment and prognosis

= Valuable for decision makers as well as public communication

= Challenges = Opportunities

= Various definitions and lack of standardization = Correlating aCross mu|tip|e signa|s

= Sensitivity to anomalies and dynamic range = Aggregating across scales
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EXAMPLES FROM INFLUENZA SURVEILLANCE

2022-23 Influenza season - Experimental targets

2022-23 Influenza Season Week 52 ending Dec 31, 2022

District of Columbia
N. Mariana Islands

Hawaii
~ v [ 'Y
° .s‘
“ V%
Sode s Alaska ' 5@&&
Virgin Islands

ILI Activity Level

- Very High

- High

D Moderate
=1

e
=

]
(] ] Minimal
-

— Insufficient Data

] |
T HEE b .
—_—
: N I N 5 I

_
HHS 4 E [ [ 1 ] [ | |
W

-large_increase

. |
_—
. I I O A L1 [ |
---- N N O R
- oK -
N N I O
HE . [ | |
-increase
—_—
HHS 3 ] | | | [ |
H
D S
- | [ |
B a—
; L T ] 1|

-stable

-decrease

-large_decrease

ILINet State Activity Indicator Map

Source: https://gis.cdc.gov/grasp/fluview/main.html

HHS hospitalizations trend indicators (FluSight 2022-23)
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https://github.com/cdcepi/Flusight-forecast-data/tree/master/data-experimental
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EXAMPLE FROM COVID-19: CASE SURVEILLANCE

Customized slope thresholds for category definitions

Weekly Case Rate Weekly Hosp Rate
Slope (per 100k) Slope (per 100k)

Description

7, y v, VIRGINIA
W Caelrgjecories  yDHz-

Declining Sustained decreases following a recent peak slope < -0.88/day slope < -0.07/day
Declini . . e
beciining: Sustaned decreases folowing Slow Growth Steady level with minimal trend up or down -0.88/day < slope < 0.42/day -0.07/day < slope < 0.07/day
recent peak Surging 5
: Steady level with minimal trend up or
dovn Sustained growth not rapid enough to be considered a Surge 0.42/day < slope < 2.45/day 0.07/day < slope < 0.21/day
: Sustained growth not rapid
lenough to be considered a Surge
in Surge: Currently experiencing sustained I n Su rge Cu rre ntly experiencing Sustained ra pid and significant growth 245/day < S|Ope 021/day < S|Ope

rapid growth and exceeds recent inflection
points

'»,' Number of health districts in each category

351 r w Rw U v W T v A
304
251
204
15
https://www.vdh.virginia.gov/coronavirus/see-the- 104 = Declining
numbers/covid- | 9-modeling/district-trajectory-map/ ) j - ;';’xim‘”th
[ In Surge
0L . ; . .
101\"0\’ 101\,,0‘5‘ 101\,,01 101\’,\,0 15511’0\’ 1011,0'5‘ 101,1,,0" ’Loﬁ,\, 1@3,0\ 101,5,0“


https://www.vdh.virginia.gov/coronavirus/see-the-numbers/covid-19-modeling/district-trajectory-map/
https://www.vdh.virginia.gov/coronavirus/see-the-numbers/covid-19-modeling/district-trajectory-map/

fi UNIVERSITYs/ VIRGINIA

BIOCOMPLEXITY INSTITUTE

EXAMPLES FROM COVID-19:WASTEWATER SURVEILLANCE
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MULTIVARIATE CATEGORY DEFINITIONS

COVID-19 Community Levels as of Jan 6, 2023

RE: ] : Red outline indicates county had 200 or

/

more cases per 100k in last week
ke | —— .
howe hotly N Pale color indicates either beds or
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Medium_both Dark color indicates both beds and
- occupancy set the level for this county
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Indicators Medium High
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[N
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Date Data from: CDC Data Tracker Portal



https://www.cdc.gov/coronavirus/2019-ncov/your-health/covid-by-county.html

MULTI-TIME SERIES ANALYTICS: COVID-19 IN VIRGINIA
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= Source data:

=" WW viral load by sewershed

= Cases mapped to sewershed catchment (from
line list)

= CLI% available per health district

|

Hospitalizations by health district (from state
level)

= Categorization:

= Obtain quintiles from entire time series (per
signal, location)

= Categorize to level 0 through 4
= Multi-timeseries analytics:
= Pairwise Spearman correlation

= % locations at various quintiles by signal
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BEYOND ANALYTICS: PHASE-INFORMED FORECASTING

Phase-informed model ensembles

1500000 -

Phase prediction using leading indicators
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TAXONOMY OF CATEGORIZATION RULES

= | evel-based categories
= Using equal-width intervals for the data range (e.g., ILINet Activity Indicator)

= Using quantiles of the data to inform category bins (e.g.,VDH COVID-19 wastewater surveillance)

" Trend-based categories
= Rate change over a fixed length window (HHS hospitalization trends)
= Rate change over automatically detected segments (VDH case trajectories)

= Percent change in activity over a fixed length window (CDC NWSS dashboard)

= Combined rules
How to decide on the

= PMulti-signal-based categories (e.g., CDC Community Levels) appropriate categorization for a

given signal or region!?
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PEpiTA: Phase-based Epidemic Timeseries Analyzer

Phase-based Epidemic Time-series Analyzer (PEpiTA)
Upload or choose a publicly-available time series for analysis
Perform standard preprocessing (e.g., interpolation, smoothing)
Choose among pre-defined rules for category extraction
Customize analytical parameters such as number of bins, range, trend windows

Download visualizations and analytical summaries



fi UNIVERSITYs/ VIRGINIA

BIOCOMPLEXITY INSTITUTE

PEpiTA - WORKFLOW

Analyze

/-\/\/ mma Pre-process Categorize Interpret

Source time series . .
Visualize

Forecast

Phase-based Epidemic Timeseries Analyzer (PEpiTA) ‘ \ e o o




PEpiTA - INTERFACE
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"  Browser-based interface using Django framework
®  Codebase in Python (using pandas, matplotlib)

= Setup for headless mode; Exploring installation options

https://github.com/NSSAC/PEpiTA

/Users/vsriniv/Documents/Research/Github/PEpiTA

(base) vsriniv@Srinivasans-MacBook-Pro PEpiTA % cd webdesign

(base) vsriniv@Srinivasans-MacBook-Pro webdesign % python manage.py runserver
Watching for file changes with StatReloader

Performing system checks...

System check identified no issues (@ silenced).

June 23, 2023 - 18:15:37

Django version 4.2.1, using settings 'webdesign.settings'
Starting development server at http://127.0.0.1:8000/
Quit the server with CONTROL-C.

PEpITA

Select csv type: @
O single-time series
O Multi-time series
Frequency

O paily O weekly

Upload csv file:

| Choose File | NO FILE CHOSEN
Click to upload

Data Preprocess methods: @
Fill Dates/Values

Smoothing

Data Categorize methods: €

Number of Bins:
O Level Based
O Trend Based

Custom Range

I UNIVERSITY; VIRGINIA

Phase-based Epidemic Time series Analyzer BIOCOMPLEXITY INSTITUTE

Phase-based Epidemic Time series Analyzer(PEpiTA) is an interactive tool for public health practitioners to extract insights from time

series data related to ongoing epidemic outbreaks.

Specifically, the tool will allow users to select a time series of epidemiological significance and extract categorical indicators of
activity over time. These categories could either be based on level of activity (e.g., quantile of wastewater viral load) or rate of
change (e.g., change in hospitalization rate). Such categorical indicators have been very useful for policymaking at state, federal,

and local levels during the COVID-19 response as well as for tracking seasonal influenza over the years.

The team at UVA-BI has developed and refined various such indicators in collaboration with Virginia Department of Health and US Centers
for Disease Control and Prevention for situation assessment as well as improved forecasting. Our goal is to build a pathogen-agnostic

platform for public health departments to adopt for tracking and responding to various outbreaks.

Steps to be followed:

1. Upload a publicly-available time series for analysis.

. Select the Data Preprocessing methods.

. Choose among pre-defined rules for category extraction.

. Customize analytical parameters such as number of bins, trend window widths.

uos W

. Click the run button to generate the graphs.
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ONGOING AND FUTURE WORK

" |ncorporating stakeholder feedback from VDH and other STLT agencies (like you!)
= Expanding categorization rules and making them FAIR
Findable, Accessible, Interoperable, and Reusable
= |nteroperability with other analytical tools (e.g., epiprocess, EpiNow?2)
= |mproved analytics and interactive visualizations

= Nowcasting and forecasting capabilities; Advanced multi-time series workflows

If you're interested in testing and providing feedback, please reach out to

srinivirinia.edu


mailto:srini@virginia.edu

