Spatial Auto-Logistic Regression Modeling of
South Central Skunk Variant Rabies In
the Four Corners States
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Health department warns of rabid
skunks in Durango
® @

Video shows sickened animal near 11th Street and East
Second Avenue

By Mary Shinn City & health reporter
Friday, Nov. 3, 2017 5:45 PM Updated: Friday, Nov. 3, 2017 8:36 PM
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SC Skunk Grey Fox
Confirmed Suspect Confirmed Suspect

Department of Public
Health & Environment




Department of Public
Health & Environment




| Specimen Distance to Bordering State ' Specimen Distance to Bordering State
State |Arizona Colorado/New Mexico Utah = State |Arizonal Colorado|New Mexico Utah

AZ

Mear
feature ~

Input
feature

v

» COLORADO
Department of Public
5 Health & Environment




Variant Distance from Urban Areas*

Confirmed SC Skunk Variant (N=95): Median 2.8 Miles/Mean 11.5 Miles
Confirmed AZ Gray Fox Variant (N=45): Median 19.4 Miles/Mean 22.5 Miles

There is a statistical difference between the rabies variants and their
proximity to urban areas (*census tracts >=1,000 per SOMI)

Two-Talled Mann-Whitney U: Kolmogorov-Smirnoff:
U=4947 Z = -5.6243, P <.00001 D=0.43, P <0.001
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SC Skunk Variant Presence by County,
2013-2017
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AZ Gray Fox Variant Presence by County,
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Convex-Hull Boundaries

“The convex hull of a set Q of points is the
smallest convex polygon P for which each

point in Q is either on the boundary of P or
In its interior.”

I.e. drawing a bounding box around all the
points

@ QOriginal points
Convex hull {v.hully
— Concave hull (FAQ algorithm)
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Convex Hull Variant Distribution, 2013-2017
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Convex Hull Variant Distribution, 2013-2017
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Search Radius

Kernel Density

“The Kernel Density tool calculates the density of
features in a neighborhood around those features. It

can be calculated for both point and line features.

Possible uses include finding density of houses, crime
reports, or roads or utility lines influencing a town or
wildlife habitat.” - ESRI

I.e. making an estimated smooth surface of RABV+
specimen density based on our specimen points
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http://pro.arcgis.com/en/pro-app/tool-reference/spatial-analyst/kernel-density.htm

Variant Count Kernel Density (SC Skunk)
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Hot Spot Detection (Getis Ord Gi*), (SC Skunk)

[ | Hot Spot - 90% Confidence
] Hot Spot - 93% Confidence

B Hot Spot - 99% Confidence
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Hot Spot Detection (Getis Ord Gi*), (AZ Gray

[ | Hot Spot - 90% Confidence
] Hot Spot - 93% Confidence

B Hot Spot - 99% Confidence
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sy Partial Least Squares
‘Regression

Assumes randomly selected sites, S|tes are
closed to changes in occupan Cy
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Autologistic Regression Model

exp (,B{] + frzy ; + ... +rAuto cnv.!-_)

Pi(yi=1p0,pr) = — o~
(y |.BG ﬂ :I 1+ exp { Bo + Bz F + ...+ rAuto cov; }

The predicted result P; denotes the probability of an event occurring for every
geographic unit. x is independent variables. Autocov iIs the autocovariate

variable. B and r are the coefficients of variables in the equation. i is the index of the
geographical units.
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Landscape Epidemiology of Disease

Palitical, social
and economic

Regional environmental context N

Variability Land cover
Seasonal variablity Landscape attributes:
Exceplional evenis
(floods, draughts, .|
Climate change
[lemperabure shifts)

Vegetation cover, suriace moisiure, topography, soll types...

Transmission pah
thiough the envinonment’ 5

Species’ habitat

" Spatial cordiguration e
l Reseryoir habitat | 2 1. —

Habitat connectivity l.:3 )

Vector Habitat

Reservair | vector :paﬂn-.'
tempaoral dynamics Hosts - pathogens dynamics
Seasonal abundance — Ampification of natural ransmission cycle Preventive measures,

Concentraton l:.? :' Host-vecior contact rate vector control, survedlance
Deasion ! . Alsisk activities

Disease transmission
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Skunk Species Ranges: Four Corners

(Geographic Range)
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Fox Species Ranges In the Four Corners

(Geographic Range)
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Where is th » Among Wildlife
Terrestrie yecies Ranges?

Moffat

ecies (2013-2017)
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Distributions of Model Covariates

Kernel Density of Four Corners Average TEMP
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Model Covariate Descriptives
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Model Covariate Correlations (Spearman)

MTS
NLCD
DEM

SLOPE
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ST
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Elevation (DEM) and Temperature are
highly inversely correlated (-0.81)

# Species and Temperature are
Inversely correlated (-0.58)

Slope and Mountains are positively
correlated (0.5) (only???)

Precipitation and Vegetation Index
(EVI) are somewhat positively
correlated (0.54)
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Model Covariates: Variance Inflation Factor (VIF)

Variable VIF

Precipitation
Temperature

EVI
Elevation

Slope

Road Distance
Population

Species

Water Distance !

VeI M WAGCEY 2.3
NLCD

Variance Inflation Factor (VIF) is a
test for multicollinearity

It estimates how the variance of a
regresston coefficient is inflated due
to multicollinearity in the model.

Rough subjective guide:

1: not correlated

1-5: somewhat correlated

5-10: highly correlated

Above 10: Do Not Use

Omitting Temp, Elevation, & NLCD
out of caution
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K'Variant+ Specimen (Cases)

';-.":*‘-"Q.“*'Ra'ndqrnly selected Fishnet Hex
Grid Centroids (Controls)
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Modeling of Spatial Relationships

Inverse Distance Weighting with 5 mile neighborhood threshold

lirnit af
nieighbiorhood

Range: 0.5 - 1.5 miles,
up to 5 square miles
(breeding season)

k;
E wiij
j=1
ki
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V=

Autocov; =
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Bootstrap the Skunk Autologistic Regression Model

Variable Estimate |Standard Error|{95% Cl High[95% CI Low
(Intercept) 11.26 1.51 -7.96 -13.93
Enhanced Vegetation Index 0.002 0.00 0.0034 0.0014
Dist. From Roads -0.001 0.00
No. RABV+ Species 0.678 0.11

Bootstrap Samples Bootstrap Statistics

Statistic 1¥

s

Statistic 2¥

L

Statiatic 3*

s

Bootstrap Distribution

Human Population 0.001 0.00 0.000 0.0005
Mountainous (cat) -0.670 0.32 -0.049 -1.25
Precipitation (mm) 0.004 0.00 0.0064 0.0024
Slope -0.257 0.64 -0.3811 -0.1471
Autocovariate (0-1) 1322.81 270.42 1878 837

* A Monte Carlo method applied to modeling

» Subsets your sample into multiple smaller randoem samples, runs model on it
* Creates “estimates of your estimates™

o Helps cortect model overfitting _

» Hundreds to thousands of sub-sampling iterations; | chose 1000

« Had 14 instances (1.4%) of times where perfect separation

COLORADO

Department of Public
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Skunk Spatial Stepwise Modeling Results

Variable
(Intercept)
Enhanced Vegetation Index
Dist. From Roads (meters)
No. RABV+ Species

Human Population (per person)
Mountainous (cat)
Precipitation (mm)

Slope (%)
Autocovariate

-11.2661
0.002342
-0.00014
0.677989
0.000121
-0.67041
0.004184
-0.25729
1322.814

1.310747
0.000333
0.000023
0.109112
0.0000368
0.299421
0.000955
0.062597
275.9775

Estimate Standard Error Z-value P value

<0.0001
<0.0001
<0.0001
<0.0001
<0.01
<0.05
<0.0001
<0.001
<0.001

Non-Spatial Model | Spatial Model
589.09

McFadden’s Pseudo R2 0.52
Chi Square (X?) 571.09
ROC 0.94

exp (,Bu + p1xy; + ... +rAuto mv.i-_)
1+ exp {:.Bn + przy ; + ... +rAuto cov;)

P (y; = 1|5, B,7) =

COLORADO

Department of Public
Health & Environment

Autocovariate is high due to the scale of unit, small sample size, and high clustering of RABV+ specimens



Skunk Spatial Model: Odds

Variable Odds 95% High 95% Low

Enhanced Vegetation Index 1.00
Dist. From Roads (meters) 1.00
No. RABV+ Species 1.97
Human Population (person) 1.00
Mountainous (cat) 0.51
Precipitation (mm) 1.00

Slope (%) 0.77

COLORADO
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Skunk Spatial Stepwise Modeling Diagnostics

Residuals vs Fitted Normal Q-Q

Residuals
Std. deviance resid.

1

-9 0
Predicted values Theoretical Quantiles

Scale-Location Residuals vs Leverage

IStd. deviance resid|
Std. Pearson resid.

Cook's distance

002 004 006 008 0710
-15 -10 -5 0
Leverage
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- SC Skunk Variant

High Risk

Departrhenf of Public
Health & Environment




= -

OLORADO

.rf_':"

Department of Public
Health & Environment



e A ¢ .
i .
S

riant, Cot ed & Suspect

Health & Environment




&

onfirmed & Suspect

Department of Public
Health & Environment




=2

Confirmed & Suspect

Health & Environment




Department of Public
Health & Environment




Percent of RABV+ Terrestrial Wildlife Specimens
All Variants, Colorado, 2013-2017
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D% _ . '
E:;. 1% . 5.8 ! Low Risk - High Risk

[159%-17.8%
[117.9% - 35.2%

[353% - 72%

B 72.1% - 100% QCL
*Excludes Untested Submitted Specimens and Rodents A
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Rabies Risk vs. Colorado Rabid Skunks (2018)

2013-2017 Predicted Skunk Rabies Risk
at 2018 Skunk Locations
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Estimating Colorado Skunk Density

* MacPherson et. Al (2011) found a
direct relationship between
roadkill counts of rabbits and live
trap population count methods in
the UK

« Rather than a population
estimates, road kill surveys are
used to estimate an indexed
abundance.

e Calculate Road kill rate per 1,000
miles

USING THE DEAD TO MONITOR THE LIVING: CAN ROAD KILL
COUNTS DETECT TRENDS IN MAMMAL ABUNDANCE?

GEORGE, L. - MACPHERSON, ] — BALMFORTH, Z. —BRIGHT, P. W'
Egﬁam Hill, Egham, Sur
(phone: +44(0) 1784 443772; fax:
(Received 18° October 2010; accepted 14" February 2011)

Abstract. Counts of animal corpses resulting from road traffic collisions can give useful information on
changes in animal abundance if ther correlation between the population density of the species in
neighbouring habitats and the nurnbcr of road observed. Collection of data on md.rnm.ﬂ road

) mfagus CHAIC n!usl as an mplc
relal l’lbh'l]] between thc nu.rnbt_rb of rdbbn road casualties and the numbers |

Outdoor News Minnesota Wisconsin  MicH

e e —

Roadkills are good indicators of
w1ld11fe populations

b Saeve Pollick
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Estimating Colorado Skunk Density

« CDOT roadkill reports for foxes P—
and skunks (2013-2017) | '”"-'522:2:;}_\ SO o i

\M-...

* Mile post -> Lat Long provided
by Jeff Peterson (CDOT)

« Roadkills reported by region;
reporting done by work crews

Regional data quality
and reporting variation; no
formal training by staff; efforts
not uniform across CDOT
regions
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Skunk Roadkills, CDOT, 2013-2017
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P High: 0.03 e
o Skunk Rab
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* Assessed by Colorado Dept. of Transportation road clean up crews; excludes ‘unknown’ 5 Health & Environment



Rabies Risk vs. Dog Vaccine Requirements (2015)

‘ SC Skunk Variant, Confirmed & Suspect

Dog Vaccination Required?

Counties Counties Requiring.Dog:Rabies Vaccination
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Rabies Risk vs. Cat Vaccine Requirements (2015)

‘ SC-Skunk Variant, Confirmed & Suspect
Legend

oo Yaceination Required Counties Requiring Cat Rabies
=;:es Vaccination are darkened/grayed
: . out. Those visible do not.

I:l No Response

Cities

O Yes CDPHE
@ No &
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