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Myrnie Gifford, 1938

Coccidial granuloma = San Joaquin Valley Fever



Coccidioides in granuloma in mouse lung

Ashburn and Emmons 1942. Archives of Pathology 34:791-800.

1942

Chester W. Emmons
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Emmons and Ashburn, 1942
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C. W. EMMONS

/

/

/
. . . it may be primarily a disease of rodents . . . certain species of 
rodents constitute a natural reservoir of coccidioidomycosis . . . 

Emmons, 1943



Ecological studies of Coccidioides immitis.
Orda A. Plunkett and F. E. Swatek

In: Ajello, L. et al. 1957. Proc. Symp. Coccidioidomycosis.
Public Health Service Publication 575.

May 1954, outbreak with 5 UCLA anthropology students

Soil Samples from the midden -- positive.

80 burrow samples taken near the midden – all negative.

440 native rodents near the midden -- all negative.

Plunkett and Swatek, 1957
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Soil Human Host

Nguyen et al. 2013



Soil Human HostSaprophyte

Nguyen et al. 2013



ParasiteSoil Human HostSaprophyte

Nguyen et al. 2013
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Sharpton, Stajich et al. 2009, Comparative Genomics 

1890 1910 1920 1940 1960 1980 2000 2020



Evolution of Gene Family Size

Sharpton, Stajich et al. 2009. Genome Research 

Eurotiales - Plants

Onygenales – Animals?

Sordariomycetes - Plants

Sharpton, Stajich et al. 2009, Comparative Genomics 



Sharpton, Stajich et al. 2009. Genome Research 

Gene Family Reductions:

Genes coding enzymes
that digest plants

https://www.123rf.com/photo_27279678_dried-out-dead-plants-lying-in-a-dry-arid-desert-environment.html

Sharpton, Stajich et al. 2009, Comparative Genomics 



Sharpton, Stajich et al. 2009. Genome Research 

Gene Family Expansion:

Genes coding enzymes
that digest animals

Jonah Evans, Texas. Parks and Wildlife Department, http://www.inaturalist.org/photos/407437

Perognathus longimembris

Sharpton, Stajich et al. 2009, Comparative Genomics 



Wet protein in a dry desert

www.privemillenia.com

Rock Pocket Mouse

http://www.snipview.com/q/Rock%20pocket%20mouse
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Location Native Rodents Coccidioides Percentage

Val de las Palmas 40 3 7.5%

Catalán-Dibene et al. 2014, Meritxell Riquelme’s lab at CICESE in Ensenada, Baja California



Paris Lungs
26 September 2022

Paris Salazar-Hamm et al. 2022 from Don Nativig’s lab at the University of New Mexico



Paris Salazar-Hamm et al. 2022 from Don Nativig’s lab at the University of New Mexico

Lungs of 200 rodents in NM, AZ, CA, tested for Coccidioides.



Native rodents Coccidioides Percentage
San Joaquin Valley 40 4 10%

Paris Salazar-Hamm et al. 2022 from Don Nativig’s lab at the University of New Mexico

Lungs of 200 rodents in NM, AZ, CA, tested for Coccidioides.
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Location Burrows Coccidioides Percentage

Val de las Palmas 50 17 34%
San Jose de la Zorra 13 3 23%

Baptista-rosas et al. 2012, Meritxell Riquelme’s lab at CICESE in Ensenada, Baja California



2020

456 soil samples, 5 sites in Arizona

Kollath et al. 2020 in Bridget Barker’s lab at Northern Arizona University



Lake Mead

Flagstaff

Florence

Tom Mix

Tucson

Probability of Detecting Coccidioides
All Five Sites

Burrows Outside Burrows
5.7% 2.5%-12.5% 2.01% 0.5%-6.8%

p = 0.015

Kollath et al. 2020 in Bridget Barker’s lab at Northern Arizona University

Percentage of all samples 
with Coccidioides

Arizona 23%



238 soil samples from 5 sites with
monthly sampling over one year

Robert Wagner, Liliam Montoya, Jennifer R. Head, Simon Campo, Justin Remais, 
John W. Taylor. Manuscript 2023.

Coccidioides in undeveloped and  agricultural soils



Robert Wagner, Liliam Montoya, Jennifer R. Head, Simon Campo, Justin Remais, 
John W. Taylor. Manuscript 2023.

Rodent burrows in
undeveloped land
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Robert Wagner, Liliam Montoya, Jennifer R. Head, Simon Campo, Justin Remais, 
John W. Taylor. Manuscript 2023.
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Risk of coccidioidomycosis to workers.

Outbreaks (2 or more cases at the same time and place) reported for:

Highway construction workers – Caltrans loses $12M lawsuit

Solar Panel installers – Wilkin et al. 2015 EID, Laws et al. 2018 MMWR

Prisoners – Wheeler et al. 2015 EID, Plata v. Brown, SCOTUS, 2010

Prison workers – de Perio et al. 2015 EID



Risk of coccidioidomycosis to workers.

Outbreaks (2 or more cases at the same time and place) reported for:

Highway construction workers – Caltrans loses $12M lawsuit

Solar Panel installers – Wilkin et al. 2015 EID, Laws et al. 2018 MMWR

Prisoners – Wheeler et al. 2015 EID, Plata v. Brown, SCOTUS, 2010

Prison workers – de Perio et al. 2015 EID

All outbreaks are on undisturbed land.

No outbreaks reported for agricultural workers, 
~ 400,000 of whom work in the San Joaquin Valley
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Specific Crop Cases Controls Adjusted Odds Ratio
Carrots 14 5 2.9

Can Coccidioides be detected in agricultural land?

Self-reported dust exposure Cases Controls Adjusted Odds Ratio
Never or sometime 32 41 1, reference
Halftime or more 78 52 1.9



Lauer et al., 2020, International J Environmental Research and Public Health

5 samples from non-Agricultural land –

13 samples from Agricultural land –



Lauer et al., 2020, International J Environmental Research and Public Health

5 samples from non-Agricultural land – Coccidioides detected

13 samples from Agricultural land - Undetected



Robert Wagner, Liliam Montoya, Jennifer R. Head, Simon Campo, Justin Remais, 
John W. Taylor. Manuscript 2023.

Coccidioides in undeveloped and  agricultural soils

472 agricultural soil samples collected in
summers of 2016, 2017, 2018 and 2021.

238 undisturbed soil samples collected
monthly in 2017-2018,
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Agricultural workers are at risk for Valley Fever.

Coccidioides undetected in agricultural soils

Another source could be airborne Coccidioides spores.
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1001 samples

Wagner et al. 2022 Molecular Ecology

Land Soil Air
Undisturbed, 5 sites 238 175
Agricultural, KARE 498 90

The air mycobiome is decoupled from the soil mycobiome 
in the California San Joaquin Valley
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Do agricultural workers acquire Valley Fever from airborne spores?



Do agricultural workers acquire Valley Fever from airborne spores?

We don’t know.

We have not detected Coccidioides
in passively settled dust samples.

First Grand Challenge:
Effective air sampling for Coccidioides.
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Second Grand Challenge:
Transmission of Coccidioides among native rodents.
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