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• Systemic fungal disease of humans and animals1,2
– Coccidioides immitis and Coccidioides posadasii
– Soil-borne, dimorphic fungi
– Humans, dogs, horses, camelids, marine mammals
– Other domestic animals, wildlife

Background
Coccidioidomycosis

Arthrospores – Infectious Mature spherule – Non-infectious



• Mexico, parts Central and South America
• Southwestern United States

– AZ, TX, CA; also NM, UT, NV
– San Joaquin Valley (“Valley fever”)
– Phoenix and Tucson hyperendemic

• Lower Sonoran life zone
– Hot summers
– Low elevation
– Semi-arid to arid soil

Background
Epidemiology

Ref 2
4



The “Dust Devil”
– Dust storms, haboobs, earthquakes, heavy rains, 

construction, agriculture, other soil disturbance

Credit: A Weaver, UC Berkeley
Credit: D Pappagianis, UC Davis

Climate cycling
“Grow and Blow” phenomenon

Background
Epidemiology



• Severe disease/dissemination
– Adults 60+
– Males
– Pregnancy
– Diabetes
– HIV/AIDS
– Organ transplant recipients
– Pharmacologic immunosuppression
– African Americans and Filipinos

• Genetic variations in CLEC7A and 
PLCG2 genes4

• Encode DECTIN-1 and PLCγ2
• Fungal β-glucan pattern recognition

Background
Epidemiology



Background
Epidemiology

Ref 3

Credit: A Weaver, UC Berkeley

“Grow and Blow”
Refs 5, 6

Peak Valley fever 
incidence

Peak Valley fever 
incidence



Background
Impact of  Climate Change

Time 
Period

Cost

2005-2019 $3.9B/yr

End 21st 
century

$18.5B/yr

Refs 7, 8



Background
Human Surveillance

Ref 9

Ref 10

• One of only two 
nationally notifiable 
fungal diseases

• Reportable to local 
health jurisdictions 
in 26 states 
(including KS) and 
District of Columbia



Background
Human Surveillance

Average annual incidence (per 100,000), 2011-2017 (CDC)
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Background
Dogs as a Model

Ref 3
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Background
Dogs as a Model

• 220,240 human cases; significant differences in risk between males and females only apparent 
between 19 and 80 (OR 1.8, P < 0.00001)

• 82961 male dogs, 80390 female dogs, 2000-2020
• 99 male dog cases, 60 female dog cases (OR 1.6, P = 0.0041); risk abolished for male neutered dogs

Ref 11



Background
Diagnosis

HistopathologyCytology Serology (immunodiffusion)

Serology (lateral flow immunoassay) Serology (complement fixation)Serology (EIA)



Background
Dogs as Sentinels

Ref 12



Background

July 1999 – December 2009
Seroprevalence 2,547/5,871 (43%)

Ref 13. Gautam R, et al. Zoonoses Public Health 2013;60:174-181



Background
Dogs as Sentinels

• Acute disease, three unrelated people from SE WA, no travel
– 2010: 12-year-old boy with pneumonia, biked, dug in canyon
– 2010: 15-year-old boy with knee cellulitis after ATV crash
– 2011: 58-year-old man with pneumonia, construction excavator

Ref 14



Background
Dogs as Sentinels

“The international scientific community turned 
its attention to coccidioidomycosis in Brazil 
after an outbreak…
In August 1991, three individuals and eight of 
their dogs who went on an armadillo hunt 
developed severe pneumonia; three dogs died 
a few days later”

Ref 15



ConclusionsHypothesis and Study Goals

• Serosurveillance efforts in dogs will provide insight into the 
epidemiology of coccidioidomycosis in humans

• Spatial analysis of serologic test data will correlate with that 
found for humans and reveal emerging regions of endemicity

• The inter-annual and seasonal pattern of seroreactivity in dogs 
will match those known for people

• Inter- and intra-annual variation in seroreactivity will correlate 
with climatic variables

• Overarching goal: demonstrate value of dogs as a sentinel 



ConclusionsLearning Objectives

• Develop an in-depth understanding regarding epidemiology of 
coccidioidomycosis

• Understand value and limitations of surveillance efforts
• Learn how software platforms (R, Excel) can be used to analyze a 

large set of health data
• Know steps required to manipulate data and create maps in 

ArcGIS Pro
• Interpret results to inform public health interventions
• Refine writing and oral presentation skills



ConclusionsMethods

• Gathered ‘big’ serologic data
– 7 different laboratories
– January 2012 to August 2023
– AGID, IgM and IgG, positive and negative; EIA accepted
– Initially CA, AZ, OR, WA, NV, NM, UT, and TX; then all U.S. states
– Dog ID, age, breed, sex, owner/practice zip code, county, state, test 

date (month, year), lab number, test result
• Data clean-up (R) 

– Raw 2,141,055 visits
– Removed non-dogs, serially tested dogs, non-serologic data
– Final 887,764 dogs
– Harmonized location data



Methods
Statistical Analysis

• Risk factors: breed, body size, sex, age
– Breed categories

• Closely-related breeds (n = 155)
• Behavior-associated groups (n = 53)
• American Kennel Club (AKC) breed 

groups (n = 9) (e.g., working, sporting, 
herding, mixed breed, hound, toy)

• AKC breed size groupings (n = 5)
– Sex categories

• MI, FI, MN, FS, MU, FU
– Age by year (continuous), groups
– Chi square test (GraphPad Prism), 

unpaired t-test (Excel)
Ref 16



Methods
Statistical Analysis

• Examined total tests, test positivity, incidence/10,000 households – annual and seasonal
• Inter-annual and monthly/seasonal incidence compared with human data for CA and AZ

– CA Department of Public Health (monthly county-level) and CA Department of Finance
– AZ Department of Health Services (annual county-level; dog data aggregated)
– Pearson’s correlation coefficient (R)

• Spatial analysis (ArcGIS Pro)
– Data joined with county shapefiles (US Census Bureau)
– Choropleth mapping (tests, prevalence, incidence)

• USA Albers Equal Area Conic projection
– Spatial autocorrelation

• Moran’s I
– Hot spot analysis

• Getis Ord-Gi*, fixed distance band method



Results
Laboratories

4452, 0.5%

685260, 77.2%

121864, 
13.7%

1226, 
0.1%

2221, 0.3%

61484, 6.9%
11257, 1.3%

Proportion of Samples by Laboratory, 2012-2023 (n = 887,764)

Lab1 Lab2 Lab3 Lab4 Lab5 Lab6 Lab7

Test positivity 330,959/887,764 (37.3%)
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Results
Individual Breed Analysis: 682,078 dogs (77%)

Reference group greyhounds, 1340/3589, prevalence 37.3% 



Results
American Kennel Club Size Group Analysis: 568,997 dogs (64%) 

Reference group Giant dogs 
(14087/36832, prevalence 
38.2%) 



Results
Sex Analysis: 804,426 (91%)

Reference group 
intact male dogs 
(16668/27548, 
prevalence 37.7%) 



Results
Age Analysis: 667,279 (75%)

Distribution of age categories for dogs tested for 
Coccidioides spp. 2012-2023

Comparison of age distributions in dogs 
seronegative and seropositive for 
Coccidioides spp. antibodies

P < 0.0001

Reference group dogs 8 to 10 years of age (47239/125123, prevalence 37.8%) 



Results
Total Tests and %Test Positivity Maps

Tests 5.3% counties

Tests 20.5% counties

Cases 3.3% counties

Cases 13.4% counties

Test positivity



Results
Overall Test Positivity, 2012-2023

Reference group AZ, 248987/717930, test positivity 34.7%; all P values < 0.0001 

With 95% CI



Results
Incidence Curves, 2012-2023

• AZ incidence rates 80 to 100-fold 
higher than CA, 100- to 1000-
fold other SW states 

• 2018 peak in AZ, CA, TX

• Incidence rates in NV and NM 
exceeded CA 2019-2023

• Rates in WA, OR, UT, TX low



Results
Dog vs. Human Incidence Curves, 2012-2023



Results
Incidence Maps 

(Annual)

Gautam et al. 2013
34

Arizona (87.1)
Nevada (0.78)
California (0.67) 
New Mexico (0.53)
Montana (0.35)
Texas (0.34)
Oregon (0.29)

Utah (0.26)

Colorado (0.26)
Washington (0.20)
Wyoming (0.19)
Idaho (0.17)

Remaining:
0.007 (AL) to 0.09 (KS) 

Overall Incidence:



Results
Dog vs. Human Incidence Maps, 2012-2023

La Paz County population 16,557 (Maricopa 4.6 million)
Largest city, Parker, 3,417 people
Cases from Parker listed as Mohave county

La Paz County



Results
Hot Spot Analysis, 2012-2023

Spatial autocorrelation 
(Moran’s I), p < 0.0001



Results
Seasonal Incidence Curves, 2012-2023

AZ and CA shown with interquartile ranges
Wide variation in annual incidence

AZ CA CO AZ CA

NV NM OR

TX
UT WA



Results
Seasonal Incidence Curves Dog vs Human, AZ

Comrie et al. Environ Health Perspect 2005;113:688-692 (ref 5)
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Results
Seasonal Incidence Curves Dog vs Human, AZ

Weaver and Kolivras. Ecohealth 2018;15:840-852 (ref 6)
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Conclusions

• Capture and analysis of almost all serologic test results
• High overall prevalence of seroreactivity
• Test numbers and % counties testing increased between 2012 and 2023
• Signalment risk factors

– Medium and large dogs
– Small breed protective, except terriers
– Specific breed predispositions
– Age 1 to 8 years
– Intact female status protective
– Highlight value of dogs as model



Conclusions

• Dog incidence and spatial data correlated with human data
– Including hot spots in CA, TX, AZ, NM, NV

• Incidence in AZ at least 80 to 100-fold greater than other states
• Possible fungal presence in new regions in OR, WA, ID, MT, CO, TX
• Increased incidence in existing regions

– Climate niche model may be an underestimate
• Monthly incidence curves followed precipitation patterns

41



Limitations

• Dogs are not humans 
• Dog travel
• All cases not captured

– Especially 2012 and 2023
• Spatial and temporal variations in dog ownership

– Imperfect denominator
• Incubation period in dogs vs. humans?

– ‘lag’ effect
• Variability in location granularity
• Inter-laboratory variation in test results
• Effect of increased testing
• Predictive value of positive test results



Next Steps

• Further spatiotemporal analysis (R and ArcGIS Pro), lag model
– Temperature, precipitation, drought cycling, soil pH, soil moisture, dust 

exposure 
– Land cover/land use
– Zip code level studies

• Incorporation of AVMA pet ownership data
• Spatial interpolation studies

– Predictive model incorporating climate and dog data
• Active surveillance efforts in new emerging regions

– Non-traveled dogs



MPH Applied Practice Experience
Foundational Competency Attainment



MPH Applied Practice Experience
Emphasis Area Competency Attainment
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MPH Applied Practice Experience
Products

• Master and cleaned datasheets
• Over 40 ArcGIS Pro-generated maps
• Test positivity and incidence curves
• Conference abstract 
• Applied Practice Experience and Integrated Learning Experience reports
• Paper for submission to Lancet Planetary Health (in preparation)
• Oral presentations

– Remais-Barker collaborative research group (July 11 2023, one hour)
– Anivive Life Sciences and University of Arizona Center for Valley Fever (August 21 2023, 30 minutes)
– American Veterinary Medical Association leadership and data scientists (August 28 2023, 30 minutes)
– Centers for Disease Control and Prevention endemic mycoses group quarterly meeting for state 

partners (October 24 2023, 48 nationwide public health participants)
– Final defense presentation



Methods
Statistical Analysis

• Inter-annual and monthly/seasonal incidence
– Compared with human data for AZ and CA

• CA Department of Public Health (monthly county-level) and CA 
Department of Finance

• AZ Department of Health Services (annual county-level; dog data 
aggregated)

• Pearson’s correlation coefficient (R)

• Spatial analysis (ArcGIS Pro, USA Albers Equal Area Conic)
– Data joined with county shapefiles (US Census Bureau)
– Choropleth mapping (tests, test positivity, incidence)
– Spatial autocorrelation (Moran’s I)
– Hot spot analysis (Getis Ord-Gi*, fixed distance band method)



Results
Behavior Group Breed Analysis

Reference group Jack Russell Terriers (2820/7562, prevalence 37.3%) 



Results
AKC Breed Group Analysis

Reference group Herding 
group (32080/83291, 
prevalence 38.5%) 



Results
Raw and Smoothed Test Positivity Curves, 2012-2023

P < 0.0001

Test positivity stable in AZ (mean 35%), declining in CA since 2018 (75% to 25%), mean 50%

With 95% CI



Results
Seasonal Test Positivity Curves, 2012-2023



County Total Tests for Antibodies to Coccidioides spp., 2012-2023



County Test Positivity of  Seroreactivity to Coccidioides spp., 2012-2023



County Incidence of  Seroreactivity to Coccidioides spp., 2012-2023


