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• Introducing SaTScan to leadership

• Template for cluster reporting

• Newly available SaTScan features

• Aligning the analysis with the public 
health purpose
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Outline



Introducing SaTScan to 
leadership



• Static maps show data at one 
geographic resolution and one 
temporal resolution

• SaTScan can quickly find areas 
emerging with the most unusually high 
% positivity, by scanning:
• All different areas of the City
• Across areas of many different sizes
• Over varying time periods
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https://www1.nyc.gov/site/doh/covid/covid-19-data.page#7day

How do we support geographic resource allocation 
for COVID-19?

https://www1.nyc.gov/site/doh/covid/covid-19-data.page#7day
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No artificial 
spatial 
boundaries

• Detects clusters that:

• Cross ZIP Code Tabulation Area (ZCTA) 
boundaries

• Are smaller than one ZCTA

• Encompass some or all of >1 ZCTA

• More robust than maps of census tract-level 
% positivity
• Census tract-level data are sparse/unstable

• Need to group and regroup adjacent census 
tracts together in many combinations to 
precisely detect clusters

• Precisely support targeted, hyperlocal 
response
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Data 
aggregated to 
census tract 
resolution, 
for spatial 
precision



Rapidly detected 
increased transmission 
in [area]. 

This increase is 
missed/delayed when 
aggregating to ZCTA-
level.



No artificial 
temporal 
boundaries

• Detects clusters that are emerging:

• Rapidly, taking as few as 7 days to emerge

• More slowly, taking as long as 21 days to 
emerge

• Any other length of time in between

• More robust than displaying static 1-week or 
2-week periods

• Precisely identify date when an area began 
increasing
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No bias from 
testing uptake

• Outcome is % positivity
• Adjusting the expected case count based on the 

number of persons tested

• Detects emerging clusters regardless of 
whether testing uptake in that area or citywide 
is high, low, increasing, or decreasing

• More robust than analyzing case counts or 
case rates, which cannot distinguish increases 
in testing from increases in transmission
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Identifies areas 
of highest 
concern without 
arbitrary % 
positivity 
thresholds

• More robust than mapping % positivity at 
breakpoints (e.g., >2%, >5%, >10%, etc.)

• Detects the most concerning emerging clusters 
regardless of whether citywide transmission is:
• Increasing

• Steady 

• Decreasing

• Adjusts for citywide temporal trends
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Can identify 
areas newly 
emerging, even 
if not yet higher 
than citywide % 
positivity

• Detects areas with relative increases from 
baseline, regardless of whether % positivity in 
the past in that area was:
• Low

• Medium 

• High

• More robust than mapping % positivity for a 
single time period, because SaTScan considers 
change in % positivity over time

• Option to adjust for purely spatial variation
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Template for 
cluster reporting



Not intended for public distribution

Data are preliminary and subject to change

Surveillance and Epidemiology Branch

New York City Department of Health and Mental Hygiene

SaTScan cluster of increasing COVID-19 percent positivity,

centered in [neighborhood name]

[Date prepared]

Produced by Surveillance and Epidemiology Branch, NYC DOHMH, [date prepared]



Cluster summary: [Neighborhood name of cluster center | Borough]

PCR percent positivity

• In cluster:

• Citywide for week ending [date]:

Testing rate per 100,000 for week ending [date]

• In cluster:

• In key ZCTAs in cluster:

• In ZCTAs around cluster:

• Citywide:

Primary language(s) spoken at home in cluster area:

Notes: 

Both ZCTA and SaTScan signal borders are artificial lines used to delineate areas of higher risk, but not meant to be interpreted that persons who live just outside the border are not at similar risk.

The cluster area only accounts for persons who seek testing at labs that report to DOHMH. Persons tested by point of care testing where providers are not reporting would not be reflected.

Summary characteristics of patients in clusters

▪ Age (median, range): 

▪ Sex distribution:

▪ Race/ethnicity distribution:

▪ Symptomatic: % (vs. % citywide for week ending [date])

Cluster details

• Specimen collection date range of cluster: 

• Number of cases in cluster:

Key ZCTAs in clusters: [list]

[Map inset of census 

tracts in cluster area 

highlighted in yellow, 

overlaid on ZCTA 

boundaries]

Data are preliminary and subject to changeProduced by Surveillance and Epidemiology Branch, NYC DOHMH
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Week ending

Key modZCTAs in cluster

Other areas in borough

Areas in local early warning signals

Data are preliminary and subject to change

Data for 

most recent 

week are 

incomplete

Data exclude: residents of long-term care and correctional facilities; persons with 

addresses at long-term care or correctional facilities but who not residents.

Produced by Surveillance and Epidemiology Branch, NYC DOHMH

PCR Percent Positivity

Key ZCTAs in clusters: [list]

Week ending

Areas in local 

early warning 

signal

Other areas in 

borough

Key ZCTAs in 

cluster

[insert 

percent 

positivities]



Newly available 
SaTScan features



• Funded by CDC Foundation, CDC ELC CARES 
(grant NU50CK000517-01-09), Alfred P. Sloan 
Foundation, and Open Society Foundations. 
Managed by the Fund for Public Health in New 
York City

• Enhancements already available:
• v.9.7: new spatial and temporal trend 

adjustment options

• v.10.0 beta:

• detect clusters along a distance 
matrix/network (accommodate irregular 
geographies)

• cluster drilldown

18

SaTScan 
Enhancement 
Project



New spatial and temporal 
trend adjustment options
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Enhancement 1



Adjust for 
purely 
temporal 
trends

• If test % positivity is increasing in NYC overall, 
detect areas where the increase is more than 
citywide average increase

• If test % positivity is decreasing in NYC overall, 
detect areas where the decrease is less than 
citywide average decrease

• Temporal adjustments:
• Log-linear

• Log-quadratic

• Nonparametric
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Temporal Trend Adjustment Options



Appropriate temporal trend adjustment 
depends on observed trend during study period

Log-linear trend adjustment 
was appropriate in NYC 
during summer 2020

22
https://www1.nyc.gov/site/doh/covid/covid-19-data-trends.page#pcr

https://www1.nyc.gov/site/doh/covid/covid-19-data-trends.page#pcr


Log-quadratic trend 
adjustment was 
appropriate during fall
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https://www1.nyc.gov/site/doh/covid/covid-19-data.page#test

Appropriate temporal trend adjustment 
depends on observed trend during study period

https://www1.nyc.gov/site/doh/covid/covid-19-data.page#test


Recent trends more 
complex → switched to 
nonparametric trend 
adjustment

24
https://www1.nyc.gov/site/doh/covid/covid-19-data.page#test

Appropriate temporal trend adjustment 
depends on observed trend during study period

https://www1.nyc.gov/site/doh/covid/covid-19-data.page#test


Option to adjust 
for purely spatial 
variation

• To detect areas with relative increases 
from baseline, even if still lower than 
the citywide average

• Will not detect areas with consistently 
high percent positivity

• Spatial adjustment: nonparametric, 
with spatial stratified randomization 
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New: Simultaneous Nonparametric Temporal and Spatial Adjustments



Detect clusters along a 
locations network
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Enhancement 2



• R code to generate a census 
tract relationship file based on 
shared vertices using FIPS 
codes as inputs, with options:
• To add connectivity via bridges

• To exclude unpopulated areas

github.com/gmculp/satscan_R_functions

28

manual

https://github.com/gmculp/satscan_R_functions


Locations Network

29

• Defines a network 

connection between 

2 locations

• Euclidean distance is 

obtained from 

coordinates file



Which spatial resolution(s) might 
you use for SaTScan analyses:

- Census tract
- ZIP Code
- ZIP Code Tabulation Area
- County
- Other

?

30

Poll Question

Type answer in chat
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For illustration only – not real cluster! 

• Without specifying a 
locations network, clusters 
can be unsatisfying for 
public health action:
• Geographically large

• Span unpopulated areas 
and bodies of water

• Extend outside jurisdiction

• It is possible (but not 
necessary) to fine-tune 
using locations network
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For illustration only – not real clusters! 

• By instead searching along 
a network and using 
Euclidean distance from 
coordinates file, clusters 
can be more precise

• Detectable without 
specifying locations 
network, but cluster 
extent less precise —
makes a difference mainly 
when clusters involve 
irregular geographies
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Cluster drilldown
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Enhancement 3
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Drilldown: Setup



Drilldown: Output



For illustration only – not real cluster! 

• Clusters can be 
unsatisfying for 
public health action:
• Geographically large

• Span unpopulated 
areas and bodies of 
water

• Extend outside 
jurisdiction

• Risk could be 
uniformly high across 
cluster, but is it?



For illustration only – not real clusters! 

First-level drilldown 
focuses to areas of 
highest concern 
within larger cluster



For illustration only – not real clusters! 

Second-level 
drilldown further 
focuses areas of 
concern



• Temporal and spatial adjustments for 
Bernoulli (0/1) model

• Software interface for prospective surveillance

• Automated outbreak alert notices

• Descriptive outbreak investigation tools (e.g., 
patient linelists)

• Support weekly prospective analysis using 
data with daily resolution

• Etc.

• Suggestions welcome for new enhancements

39

Pending 
SaTScan 
software 
enhancements 
for COVID-19



Aligning the analysis with 
the public health purpose



How do I detect newly emerging hotspots?

41

• Methods in preprint, apply purely temporal and purely spatial adjustments

• Use longer minimum and maximum temporal cluster sizes (e.g., 7–21 days) to 
identify sustained increases

https://doi.org/10.1101/2020.07.18.20156901
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How do I use clusters to search for 
epidemiologic linkages?

43

• Methods in preprint, apply purely temporal and purely spatial adjustments

• Use shorter minimum and maximum temporal cluster sizes (e.g., 3–7 days) 
to identify quickly emerging clusters

• Interview patients in clusters to collect and compare potential common 
exposures
• Proof-of-concept: a surveillance investigator determined two patients in a cluster had 

attended the same gathering
• Ultimately low-yield: NYC DOHMH discontinued reactively interviewing cluster 

patients for linkages and instead used clusters to proactively target resources and 
communications

• Similar methods could be used to prioritize areas to collect specimens for 
whole-genome sequencing, to search for variants with increased 
transmissibility

https://doi.org/10.1101/2020.07.18.20156901


How do I force clusters to be geographically smaller?

44

• Arbitrary/not generally recommended: impose a maximum spatial cluster size

• Use new v.10.0 beta features: specify a locations network; drilldown

• Impose a minimum relative risk



How do I support geographic resource 
allocation when transmission is widespread?

45

• Apply purely temporal but not purely spatial adjustments to include areas 
with sustained increases

• Use longer minimum and maximum temporal cluster sizes (e.g., 14–21 days)
• Require percent positivity in most recent week to be 1.5X citywide

• Generate “microclusters” by imposing minimum relative risk (e.g., 2.0)

• Impose minimum number of cases (e.g., 20) to avoid directing resources to 
areas with few detected cases

• Switch from cluster-level to borough-level summaries

• Given inequitable COVID-19 burden, there are always clusters; helps to focus 
resources where currently most needed



How do I detect clusters using both PCR and antigen tests?
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• Prepare separate case and population files for each test type

• Analyze multiple data sets, adjusting for test type



How do I prioritize clusters?

47

• Percent positivity

• Relative risk

• Case count

• Epidemic curve trajectory

• Radius

• Demographics

• Persistence: how quickly can resources be reallocated?

• Less important: statistical significance



How do I notice when a lab stops sending SARS-
CoV-2 reports, overall or for one test type?
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doi: 10.1097/PHH.0000000000000969 

https://journals.lww.com/jphmp/Abstract/2020/11000/Detecting_Drop_offs_in_Electronic_Laboratory.11.aspx


• Preprint: Detecting Emerging COVID-19 Community Outbreaks at High Spatiotemporal 
Resolution — New York City, June–July 2020
• Corresponding author: Sharon Greene (sgreene4@health.nyc.gov) 

• Code for automating prospective SaTScan analyses for COVID-19 in batch mode and 
outputting cluster summaries and visualizations
• In SAS, NYC DOHMH: github.com/CityOfNewYork/communicable-disease-surveillance-nycdohmh

• For questions: Eric Peterson (epeterson@health.nyc.gov) and Alison Levin-Rector 
(alevinrector@health.nyc.gov)

• In R, Cook County DPH: github.com/kb230557/rsatscan-cluster-detection-covid

• Updating rsatscan
• For suggestions and testing, contact Gretchen Culp (gculp@health.nyc.gov)

• Evaluate SaTScan version 10 beta release
• Instructions for download on Basecamp

• For Basecamp access: Maria Patselikos (mpatselikos@cste.org), Scott Troppy 
(scott.troppy@state.ma.us), or Ricardo Contreras (ricontreras@ph.lacounty.gov)

• Code to generate network locations file: github.com/gmculp/satscan_R_functions 49

SaTScan Resources for COVID-19 (and other Diseases)
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https://doi.org/10.1101/2020.07.18.20156901
mailto:sgreene4@health.nyc.gov
https://github.com/CityOfNewYork/communicable-disease-surveillance-nycdohmh
mailto:epeterson@health.nyc.gov
mailto:alevinrector@health.nyc.gov
https://github.com/kb230557/rsatscan-cluster-detection-covid
https://cran.r-project.org/web/packages/rsatscan/index.html
mailto:gculp@health.nyc.gov
https://3.basecamp.com/3164497/buckets/5305845/vaults/731918389
https://3.basecamp.com/3164497/projects/5305845
mailto:mpatselikos@cste.org
mailto:scott.troppy@state.ma.us
mailto:ricontreras@ph.lacounty.gov
https://github.com/gmculp/satscan_R_functions
https://www.satscan.org/


Extra Slide
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When should I apply purely spatial adjustments?
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Current period: % positivity in cluster area
Low Medium High

Baseline 

period: % 

positivity in 

cluster area

Low

not of 

interest

to detect: must apply 

purely spatial adjustment

generally detectable 

regardless of purely 

spatial adjustment Medium not of interest, stable

High not of interest, declining to detect: must not

apply purely spatial 

adjustment

• Want to detect areas newly emerging with relative increases from baseline, even 
if still lower than average citywide? Apply spatial adjustment.

vs.

• Want to detect areas currently with highest transmission, even if stable (not 
necessarily newly emerging)? Do not apply spatial adjustment.


