
From: Kevin McCarthy <kjmacpa@sbcglobal.net> 
To: "p66-railspur-comments@co.slo.ca.us" 
            <p66-railspur-comments@co.slo.ca.us> 
Cc: "jim@jimirving.com" <jim@jimirving.com>, "bgibson@co.slo.ca.us" 
            <bgibson@co.slo.ca.us>, "ktopping@calpoly.edu" 
            <ktopping@calpoly.edu>, "ahill@co.slo.ca.us" 
            <ahill@co.slo.ca.us>, "frenchbicycles@gmail.com" 
            <frenchbicycles@gmail.com>, "darnold@co.slo.ca.us" 
            <darnold@co.slo.ca.us>, "elcarroll@co.slo.ca.us" 
            <elcarroll@co.slo.ca.us>, "fmecham@co.slo.ca.us" 
            <fmecham@co.slo.ca.us>, "rhedges@co.slo.ca.us" 
            <rhedges@co.slo.ca.us>, "boardofsups@co.slo.ca.us" 
            <boardofsups@co.slo.ca.us>, "cray@co.slo.ca.us" 
            <cray@co.slo.ca.us>, "lreynolds151@gmail.com" 
            <lreynolds151@gmail.com>, "stolpman@hotmail.com" 
            <stolpman@hotmail.com> 
Date: 11/23/2014 10:52 AM 
Subject: p66 Railspur Comment: Valley Fever 
 
 
Dear Mr. Wilson: 
      I have reviewed the Phillips Refinery REIR information and feel that there is 
an important epidemiological issue that has not been addressed, namely, Valley Fever, 
or Coccidioidomycosis. 
 
      I have been a practicing physician assistant in San Luis Obispo County for 30 
years and have seen a number of cases of "cocci" and am aware of an increase in cases 
over the last few years.  I have confirmed this with the SLO Public Health Department 
epidemiologist and herein  have included numerous links to pertinent articles, 
including the SLO Public Health Dept. dedicated "cocci" web page. 
 
     Coccidioidomycosis, "Valley Fever," is a fungus that is spread by way of spores 
that become airborne when soil is disrupted. Most cases of the disease are limited 
only to the lungs and cause pneumonia-like symptoms that eventually clear.  However, 
the disease may "disseminate" and cause widespread organ involvement and possible 
death. There are certain higher risk groups depending on age, sex and ethnicity. 
 
     Specifically, I am concerned about the volume of soil that stands to be 
disturbed during construction of the proposed "rail spur" at the P-66 refinery. 
Referencing pages 4.3-35 -4.3-41 in the REIR, I cannot find any specific 
quantification of yardage of dirt that stands to be disrupted during grading, 
construction and berm building, but I imagine it would be substantial.  Moreover, my 
understanding is that the predominant direction of wind flow during daytime hours is 
toward populated areas of the Mesa and greater NIpomo, which would tend to put those 
areas at potential risk of exposure to "cocci."  Additionally, the workers on site, 
both construction workers and permanent workers at the refinery would be exposed 
depending on ambient conditions.  I do not know if the fugitive dust emission 
mitigation plan is adequate to protect these individuals.  The REIR  states that with 
mitigation measures, such as soil dampening, there would be  "61% fugitive dust 
control," but I do not find any specific information suggesting that the threat of 
"cocci" infection was taken into account or addressed. 
Moreover, climatic conditions such as rainfall, especially after a period of drought 
causes "cocci" spores to germinate, bringing up the question of whether dampening 
soil might actually aggravate a potential problem. 
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    Additional articles that I have included speak to the increase in cases of 
"cocci" associated with the recent construction of the solar plant in California 
Valley as well as an increase in cases involving workers at Camp Roberts during 
construction in 2010. 
 
   Thank you for your time and for the opportunity for me to comment on this proposed 
project. 
 
 
San Luis Obispo Public Health Epidemiologic Profile of Cocci: 
http://www.slocounty.ca.gov/Assets/PH/Epidemiology/Epi+Profile+of+Cocci.pdf 
 
SLO Public Health Dept Cocci site: 
http://www.slocounty.ca.gov/health/publichealth/commdisease/Cocci_in_SLO_County.htm 
 
SLO Public Health Power Point link re Cocci: 
 
San Luis Obispo County Health Commission Presentation, April 2007 
 
Camp Roberts outbreak: Epidemiology and Infection (2010) 138:507-511 Cambridge 
University Press 
 
Calif Dept of Public Health Recommendations re Cocci: 
http://www.slocounty.ca.gov/Assets/PH/Epidemiology/Cocci+Recomendations.pdf 
 
LA Times article re Solar Farm workers sickened: 
http://articles.latimes.com/2013/may/01/local/la-me-ln-valley-fever-solar-sites-
20130501 
 
Recommendations re Cocci exposure protection for workers: 
http://www.cdph.ca.gov/programs/ohb/Documents/OccCocci.pdf 
 
Climate factors influencing Cocci: 
http://www.ehponline.org/members/2005/7786/7786.html 
 
 
Sincerely, 
 
Kevin J. McCarthy, PA-C 
Physician Assistant-Certified 
Student Health Center 
Cal Poly University 
#1 Grand Ave. 
San Luis Obispo, CA 
93407 
756-6039 (work) 
481-5618 (home) 
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Introduction 
 

This report is an Epidemiologic Profile of Coccidioidomycosis (Valley Fever, or “cocci”), in San 

Luis Obispo County (SLO County), California. Coccidioidomycosis is endemic in San Luis 

Obispo County, and since 2005, an average of 128 cases have been reported each year to County 

residents. It is estimated that between 30-60% of all residents in an endemic area are exposed to 

the Coccidioidomycosis fungus, thus potentially exposing between 8 1,000 and 162,000 residents 

of San Luis Obispo County to the disease. Although 60% of those infected show little or no 

symptoms, of those who are diagnosed from symptoms, more than 40% need to be hospitalized. 

With the average cost of a Cocci hospital stay averaging almost $50,000, the importance of 

diagnosing and treating the disease early cannot be overstated. 

 

This report covers reported Coccidioidomycosis cases in SLO County during the period 1996 to 

2012. The report attempts to describe “cocci” in terms of its occurrence, transmission and 

impact. The goal in providing this information is to help community-based organizations, 

planners, and policy-makers in evaluating programs and policies involving Coccidioidomycosis 

for the county and to increase the community’s general awareness of the impact of 

Coccidioidomycosis in San Luis Obispo County. 

 

 

 

 

Data Sources and Limitations 

 

When viewing this report, please keep in mind the following: 

 

1. The data represents those Coccidioidomycosis cases reported to the San Luis Obispo 

County Public Health Department by private physicians, laboratories, and State 

Institutions. It is not considered reflective of the total number of cases of 

Coccidioidomycosis, as there are undetected and unreported cases in the county. The data 

only reflects current reporting practices. 

 

2. Due to confidentiality issues, when a category of persons being reported would result in a 

small number of cases, categories were collapsed to protect confidentiality. For example, 

some racial categories were collapsed to “Other” in figures. This condensation of data is 

done to protect confidentiality only, and is not meant to show any greater or lesser 

significance placed on any demographic or geographic group.  

 

3. The data corresponds to cases reported between the years 1996-2012. However, the 

majority of cases were reported between the years 2002-2012. In 2010, labs were 

mandated by the state to report positive “cocci” cases to county public health 

departments. Before the mandate, Coccidioidomycosis cases were reported by clinical 

providers alone. Thus, increases in Coccidioidomycosis rates subsequent to the changes 
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made in 2010 did not necessarily reflect an increase in transmission of the fungus, but are 

more likely related to changes in reporting. 

 

4. When geocoding cases to determine rates by zip code tract and census tract, results 

varied. Some cases geocoded by zip code were unable to be placed due to use of PO 

boxes. When PO boxes were in rural communities with large zip code areas, they were 

assigned to the enclosing community zip code. For example, for a case with a Shandon 

PO box, the case would be able to be assigned to the encompassing zip code surrounding 

Shandon. For large cities with multiple possibilities, they were excluded from the 

analysis. In geocoding to census tracts, some addresses were unavailable. In rural 

communities, where a zip code was available, and entirely contained within a census 

tract, the location was randomly placed in the census tract. Thus, rural rates have a lower 

error rate. Urban cases had a higher exclusion rate, which could have impacted urban 

rates per 100,000. However, with higher population rates in urban areas, this may not 

have had a significant impact. 

 

San Luis Obispo County Overview 

 

Located 200 miles north of Los Angeles and approximately 230 miles south of San Francisco, 

San Luis Obispo County is on the Central Coast of California. SLO County covers 3,316 square 

miles and, according to the California Department of Finance 2010 Census estimates
1
, had a 

population of 269,637 in 2010, with 81% living in an urban area and 19% residing in a rural 

area. The population from 2000 to 2010 rose 9.3%.  

 

The land area, according to the 2010 Census, is 3,299 square miles
2
. SLO County is primarily an 

agricultural area, devoting 61.6% of the land to farming. The population density according to the 

2012 census is an average of 82 people per square mile.  

 

According to the 2010 Census, the San Luis Obispo population is comprised of a variety of 

races. The majority (82.6%) of the San Luis Obispo residents identify as White. Additionally, 

2.1% identify as Black or African American, 3.2% as Asian, 3.8% as two or more races, 7.3% 

other races, 0.1% Native Hawaiian and other Pacific Islander and 0.9% American Indian and 

Alaska Native. The median age of residents is 39 years old. Persons over 65 years of age make 

up 15.2% of the population, 61.4% of individuals are between 20 and 64 years old, and 4.9% are 

under 5 years old
1
.  

 

The 2010 Census reports a nearly equal gender distribution in SLO County, with 51% of the 

population male and 49% female
1
. More than three-fourths of the San Luis Obispo population 

identify as White
1
.  

 

There are currently two local correctional facilities in SLO County: the California Men’s Colony 

near San Luis Obispo and the Atascadero State Hospital in Atascadero. Prior to 2008, a third 

facility, the El Paso de Robles Youth Correctional Facility in Paso Robles, operated in the North 

County, but has since been closed. These correctional facilities were and remain strictly male-

only. 
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Valley Fever Background 

 

Valley Fever (Coccidioidomycosis or “cocci”) is an infection caused by a fungus, Coccidioides. 

The fungus inhabits soil and dirt in arid climates—areas with sparse rainfall and high 

temperatures—typical to the southwestern United States and northwestern Mexico. “Cocci” is 

especially prevalent in Arizona and California. Coccidioides predominantly affects the lungs, 

producing flu-like symptoms. In most cases, symptoms resolve themselves; however, severe 

forms of the illness can be fatal. The map below shows the endemic regions of the United States, 

which includes San Luis Obispo County. There have been an estimated 150,000 infections in the 

endemic areas each year
4
.  

 

 
Figure 1. Valley Fever-Endemic Regions in the United States

3
. 

 

Valley Fever is contracted by breathing in dust containing a form of the Coccidioides fungus, 

called spores, which are too small to see. When soil housing Coccidioides, is disturbed, the 

fungal spores, called arthrospores, become airborne and can be inhaled by people or animals. 

Anyone who lives, works or travels in an area with Valley Fever is susceptible to infection. 

When a spore is inhaled, it transforms into a larger, multi-cellular structure, called a spherule, 

which continues to grow until it bursts, releasing more spores, called endospores, that grow into 

more spherules. Although the soil form of fungal spore can infect people and animals, the 

spherule form of the fungus cannot, and thus Valley Fever is not contagious between people or 

animals infected with the disease.  

 

Almost two thirds of infected individuals exhibit no symptoms, experience only mild symptoms, 

and/or do not receive treatment. The remaining 40% of people show symptoms that closely 

resemble that of the flu or pneumonia, including fatigue, cough, chest pain, fever, rash, 

headache, and joint aches. In 1-2 percent of cases, the disease spreads, or disseminates, to other 

parts of the body, usually the skin. The disseminated infection can affect meninges, soft tissues, 

joints and bones. Although Valley Fever is generally a self-resolving infection, a small 

percentage of cases, less than 1%, are fatal. Due to lack of funding, a vaccine has not yet been 

developed for Valley Fever, but typically, Coccidioidomycosis is treatable with antifungal 

medications.  
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Coccidioidomycosis in San Luis Obispo County Correctional Facilities 

 

There are currently two local correctional facilities operating in San Luis Obispo County: the 

California Men’s Colony near San Luis Obispo, and the Atascadero State Hospital in 

Atascadero. Prior to 2008, a third facility, the El Paso de Robles Youth Correctional Facility in 

Paso Robles operated in the North County, but was closed. Valley Fever cases that occur in 

institutions are generally not reflective of community cases. To help highlight the differences, 

case occurring in institutions and cases occurring in the community are broken out separately.  

 

Figure 2.1. Percentage Coccidioides Reported in Community vs. Correctional  

Facility Cases in SLO County, 1996-2012. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Race and Ethnicity in institutionalized cases 

 

The San Luis Obispo correctional facilities house inmates of diverse racial backgrounds. One 

third of SLO County correctional facility Coccidioidomycosis cases reported are from African 

American inmates, while nearly another third is attributed to Hispanic inmates. White cases 

account for twenty-nine percent of “cocci” cases. Ten percent of SLO County institutional cases 

fall under “other,” which corresponds to races including: Native American, Native Hawaiian or 

other Pacific Islander, mixed race, unreported or other. 
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Figure 2.2. Institutionalized Race Demographics for Coccidioidomycosis  

in SLO County from 1996-2012. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Age in institutionalized cases 

 

 

The State correctional facilities in San Luis Obispo house inmates of a variety of age groups. 

Nearly three-quarters of Coccidioidomycosis cases reported between 1996-2012 were within the 

ages of 25-54. The percentage of correctional “cocci” cases attributed to inmates 65 years or 

older was minimal. There were no “cocci” cases in correctional facilities for persons ages 0-14.  
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Figure 2.3. Institutionalized Age Demographics for Coccidioidomycosis 

in SLO County from 1996-2012. 

 

 
 

 

Summary for Correctional Cases 

 

The San Luis Obispo State correctional facilities house a diverse population of inmates. Between 

the years 1996-2012, a total of 1,460 Coccidioidomycosis cases were reported to the San Luis 

Obispo County Public Health Department, of which 284 came from institutions. No San Luis 

Obispo County correctional facility cases were reported in the year 1998. It is not believed that 

there were no occurrences of “cocci” at correctional facilities in 1998; there is a possibility that 

the SLO County facilities did not have the time to report cases that year. Nearly twenty percent 

of all Coccidioidomycosis cases reported in the County of San Luis Obispo were accounted for 

by local correctional facilities. Additionally, one third of SLO County correctional facility 

Coccidioidomycosis cases reported were attributed to African American inmates and nearly 

another third were attributed to Hispanic inmates. The age range that had the highest number of 

reported Coccidioidomycosis cases were inmates between 35-44 years old. Valley Fever cases 

occur more frequently in two San Joaquin Valley prisons: Avenal and Pleasant Valley state 

prisons. About two-thirds of Valley Fever cases identified among California’s state prisoners 

from 2008 to 2012 occurred in Pleasant Valley and Avenal state prisons
5
. These prisons, which 

hold a combined 8,100 inmates are approximately 10 miles apart and 75 miles northeast of San 

Luis Obispo and 175 miles southeast of San Francisco. Inmates that are deemed more susceptible 

to Coccidioidomycosis, including those with a higher risk of disseminated “cocci” or have 

depressed immune systems such as those who are HIV-positive or undergoing chemotherapy are 

sometimes transferred to SLO correctional facilities. Therefore, case counts in San Luis Obispo 

County could be inflated. Inmates could have become infected at their previous correctional 

facility, and then diagnosed during their tenure in San Luis Obispo County facilities.  
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Coccidioidomycosis in the San Luis Obispo County Community 

 

Race demographics in community cases of Valley Fever 

 

The San Luis Obispo community population is comprised of a variety of races. According to the 

2010 census, 82.6% of the San Luis Obispo residents identified as White. Additionally, 2.1% 

identified as Black or African American, 3.2% as Asian, 3.8% as two or more races, 7.3% other 

races, 0.1% Native Hawaiian and other Pacific Islander and 0.9% American Indian and Alaska 

Native
1
. Between the years 1996-2012, nearly seventy-five percent of Coccidioidomycosis cases 

in the San Luis Obispo community were attributed to White persons, fifteen percent to Hispanic 

individuals, and the remaining nine percent to Black, Asian and “other.” 

 

 

Figure 3.1. San Luis Obispo County Community  

Coccidioidomycosis Cases by Race. 
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Age demographics in community cases of Valley Fever 

 

San Luis Obispo County is home to individuals of all ages. Between the years 1996-2012, 

Coccidioidomycosis case rates in the San Luis Obispo County community were highest among 

those aged 41-60. Incidence rates dropped significantly for persons ages 0-10 and above 80 years 

of age.  

 

Community Valley Fever by Age 

 
 

Figure 3.2. Rate of Coccidioidomycosis in SLO County Community by Age.  

Valley Fever cases per 100,000 by age. 
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Gender demographics in community cases of Valley Fever 

 

Based on the 2010 Census, San Luis Obispo’s gender distribution showed a population that was 

51.2% male and 48.8% female
1
. Between 1996-2012, males showed a higher number of reported 

cases of Coccidioidomycosis than females in the community. Male Coccidioidomycosis cases 

made up 65% of community cases during that 17-year period. One possible explanation for this 

is that males typically are employed in outside job categories such as construction and 

agriculture more than females. 

 
Figure 3.3. Valley Fever rates by gender in SLO County, 1996-2012 

 

 

The number of Valley Fever cases by gender varied significantly between 1996-2012. There 

were consistently more male cases reported than female cases, approximately twice as many 

each year. There were increases in reported cases around 2004 and again in 2010, when labs 

were mandated to report “cocci” cases.  

 
Figure 3.4. Coccidioidomycosis Cases by Gender per Year in SLO County Community. 
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Year of diagnosis in community cases of Valley Fever 
 

Between the years 1996-2012, there was an increasing trend in the number of reported Valley 

Fever cases per year. In 2010, the number of cases of Valley Fever reported increased, 

corresponding to the implementation of the State mandate requiring labs to report 

Coccidioidomycosis cases. Additionally, between the years 2002 to 2007 there was a steady 

increase in reported “cocci” cases in the San Luis Obispo community. This trend was consistent 

with a Statewide increase in cases for that time period. Figure 3.5 shows the number of cases of 

Cocci reported by year.  

 

 
Figure 3.5. SLO County Community Coccidioidomycosis Cases Reported by Year. 

 

 

Summary of Community Cases 

 

From 1996-2012, San Luis Obispo reported 1176 Valley Fever cases among the community, 

81% of all cases reported in the county. Coccidioidomycosis rates were highest in the 

community among persons between 41-60 years of age. Additionally, roughly three-quarters of 

“cocci” cases in the San Luis Obispo community were attributed to White individuals, fifteen 

percent of cases identified as Hispanic, and the remaining nine percent of cases specified the 

races: Black, Asian and “other.” Although roughly half of the San Luis Obispo population was 

male (51.2%), nearly two-thirds (65%) of Valley Fever community cases that were reported 

between 1996-2012 were attributed to males. Over the seventeen-year span, the number of 

Valley Fever cases in males was nearly twice that of female cases every year. The number of 

reported Coccidioidomycosis cases in the San Luis Obispo community increased over the years 

1996-2012. In 2010, the state mandated that labs report positive “cocci” cases, which 

corresponds to the sharp increase of cases that year.   
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Coccidioidomycosis in San Luis Obispo County 

 

Institutions vs. Community 

 

With the presence of two current institutions housing inmates in the San Luis Obispo County, it 

is important to look at both community and institutional populations separately, as demographics 

differ between the two populations. The entire institutional population is male in San Luis 

Obispo and a higher percentage of inmates are African American and Hispanic compared to the 

community. Between the years 1996-2012, there were approximately 45 Valley Fever cases per 

10,000 persons reported among the San Luis Obispo community, and 10 per 10,000 persons 

reported in correctional facilities. 

 

 
Figure 4.1:  Coccidioidomycosis Rates per 10,000 in SLO County  

Community vs. Correctional Facilities 1996-2012. 
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In San Luis Obispo County between 2002-2012, the majority of Valley Fever cases were 

reported in 2011 and 2012, the years following the 2010 state mandate for labs to report “cocci” 

cases. Additionally, the race that had the highest incidence of “cocci” between that 17-year 

period in SLO County was the White population, followed by the Hispanic population.  

Figure 4.2. Coccidioidomycosis by Race per year in SLO County,  

Community and Correctional. “Cocci” by race, year in SLO County. 

 
 

 

 

San Luis Obispo vs. California 

 

The California State Valley Fever statistics vary from the SLO County Data. The main 

distinction is the general upward trend in cases in California. In San Luis Obispo County, yearly 

change, while the general trend is increasing, some years show dramatic peaks. These differences 

are likely due to the small population size of SLO County compared to the state as a whole. 

Small changes in the SLO rate of incidence would show a large graphical change, whereas the 

same change in a larger population would hardly change the graph. The number of California 

state-reported cases has steadily risen since 1996 and an increasing trend in SLO County has 

been shown as well. Coccidioidomycosis became lab reportable in 2010, helping to explain some 

of the increase in Valley Fever cases after that year. 
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Year of Valley Fever Onset, SLO County vs. California, 2001-2012 

 
Figure 4.3. Year of Valley Fever Onset, SLO County vs. California, 2001-2012

6
. 

 

 

 

Weather 

Between 1996-2012, summer months in San Luis Obispo County consistently experienced less 

than one inch of rainfall. The combination of the lack of rain and warmer temperatures in the 

summer provided an ideal climate for the spread of Coccidioides. Coccidiodes multiplies in the 

soil during the rainy season, but during the dry, windy season, can become airborne, thus 

increasing the chance a spore will be inhaled. In drought years, the fungus remains dormant, and 

does not multiply in the soil. When a period of drought is followed by rainfall, a spike in cases is 

generally seen. In SLO County, the majority of onset occurred in the later part of the year, after 

the summer months with the lowest amount of rainfall.  
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Date of Onset vs. Rainfall SLO County, 1996-2012 

 
 

Figure 4.4. Date of Onset vs. Rainfall SLO County, 1996-2012. Average monthly rainfall vs. 

date of onset for “cocci” in SLO County. The average inches of rainfall per month in San Luis 

Obispo, CA was compared to the number of cases  per month
7
.  

 

 

 

 

Season/Month 

 

For purposes of seasonal comparison, each season will be defined by a three month period of 

time. December, January, and February are winter; March, April, and May are spring; June, July, 

and August are summer; and September, October, and November are fall. The fall season shows 

the greatest number of cases. The number of cases begin rising in the fall, and peak in October, 

and then declines in the winter. Because there is often a delay in diagnosis of Valley fever, the 

increased reporting of cases in the fall can indicate that individuals diagnosed with 

Coccidioidomycosis contracted it in the previous summer months. Symptoms do not arise 

immediately, if at all, so the reported date of onset for the disease is generally weeks or months 

after infection. In addition to the slow onset of symptoms, there can be a delay in correctly 

diagnosing Valley Fever in a patient. Valley Fever is not widely recognized, leading doctors to 

sometimes falsely diagnose the disease and further delay accurate diagnosis. 
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Figure 4.5. Date of Diagnosis Statistics for Coccidioidomycosis  

in SLO County for Community and Correctional. 

 

 
 

Regional rates of infection 

 Reported cases, and rates per 100,000 persons vary in San Luis Obispo County by region. 

On the following page, a map of San Luis Obispo County is shown, with crude case rates per 

100,000 persons calculated for zip codes in the County. Age adjusted rates are unable to be 

calculated due to lack of age breakdown data for Zip Code Tract Areas (ZCTAs) from the 

Census. Population size for each zip code was obtained from the 2010 US Census ZCTAs. Of the 

757 community cases identified between 2007 and 2012, only 7 had no address data that allowed 

for placement in a zip code. Rates in the northeast region of the County were highest, with the 

southeast also showing elevated rates. The coastal regions had lower rates overall. 
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On the following pages, age-adjusted rates by census tract are shown for San Luis Obispo 

County for the years 2009-2012. Greater detail of North County and South County follow. 
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The map above shows greater detail of the SLO, coastal and South County regions. Here, CMC 

is the high rate census tract shown to the north of SLO. The City boundaries help illustrate how 

many census tracts can be in a city, but very few comprise the more rural portions of the County. 
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The map above shows the greater detail of the North County and coastal regions. It also shows 

the eastern portion of Paso Robles with higher rates of Cocci than the western portion. The 

explanation for this is unknown. 
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Conclusion 
 

Valley Fever has important medical, demographic, and financial implications for the 

state. According to the University of Arizona Valley Fever Center for Excellence, most cases of 

Valley Fever are so mild that over 60% of those infected with the fungus exhibit no symptoms or 

experience flu-like symptoms and do not seek medical attention. Common Valley Fever 

symptoms are not unique to the disease and so it can be easily misdiagnosed. Identifying 

Coccidioidomycosis as the cause of illness requires specific laboratory testing
8
.  

Although no specific age, sex or gender is more at risk for developing Valley Fever, 

certain demographics have a higher risk of the infection spreading to other parts of the body 

(dissemination). Men have a higher rate of dissemination than do women. Additionally, studies 

have shown that the rate of dissemination in African Americans and Filipinos is higher than the 

rest of the U.S. population. Other persons that have an increased risk of disseminated 

Coccidioidomycosis are those with immune system deficiencies such as patients with diabetes, 

pregnancy, Hodgkin’s disease or are positive for HIV
9
.  

Caused by inhaling fungal spores, Coccidioidomycosis costs the state prison system 

about $23 million annually in inmate health care. Additionally, a class action lawsuit has been 

opened on behalf of current and former inmates who contracted the disease while in prison
10

. On 

the map of age-adjusted rates by census tract, CMC is represented by its own census tract, and 

shows up as a high rate region within the lower rate region surrounding San Luis Obispo. 

 In 2013, an outbreak of Valley Fever resulted in over 50 cases of Coccidioidomycosis 

among workers at two solar power construction sites in San Luis Obispo County. Valley Fever 

illnesses occurred among workers building the solar farms in the eastern portion of the County 

known as California Valley
11

. A similar construction-related outbreak at Camp Roberts in 2007 

resulted in over 90% of the work crew becoming infected with Valley Fever. Workplace 

exposure may be more prevalent than thought, and have implications for workplace safety and 

prevention in outdoor industry. 

There is currently no vaccine for Valley Fever, and the only prevention is to avoid 

inhaling dust or dirt. The risk of infection can be lessened by staying indoors on very windy days 

when dust or dirt are visible in the air. Anyone who lives in or visits an endemic area is at risk 

for contracting Valley Fever. There is no evidence that suggests any particular group of people is 

more or less at risk for disease.  
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ORIGINAL ARTICLE

Occupational Coccidioidomycosis in California
Outbreak Investigation, Respirator Recommendations, and Surveillance Findings

Rupali Das, MD, MPH, Jennifer McNary, MPH, CIH, Kathleen Fitzsimmons, MPH, Dina Dobraca, MPH,
Kate Cummings, MPH, Janet Mohle-Boetani, MD, MPH, Charlotte Wheeler, MD, MPH, Ann McDowell, MPH,

Yulia Iossifova, MD, PhD, Rachel Bailey, DO, MPH, Kathleen Kreiss, MD, and Barbara Materna, PhD, CIH

Objective: To describe the investigation of a 2007 occupational coccid-
ioidomycosis outbreak in California, recommend prevention measures, and
assess statewide disease burden. Methods: We evaluated the worksite, ob-
served work practices, interviewed the workers and employer, reviewed
medical records, provided prevention recommendations including risk-based
respirator selection, and analyzed statewide workers’ compensation claims.
Results: Ten of 12 workers developed acute pulmonary coccidioidomycosis;
none used respiratory protection. We recommended engineering, work prac-
tice, and administrative controls, powered air-purifying respirator use, and
medical care. Occupational coccidioidomycosis incidence nearly quadrupled
in California from 2000 to 2006, with the highest rates in construction and
agricultural workers. Conclusions: Construction workers are at risk for oc-
cupational coccidioidomycosis. The high attack rate in this outbreak was
due to lack of awareness, rainfall patterns, soil disruption, and failure to
use appropriate controls. Multiple risk-based measures are needed to control
occupational coccidioidomycosis in endemic areas.

C occidioidomycosis, also known as Valley Fever, is a recog-
nized occupational illness. The Centers for Disease Control

and Prevention1 considers workers engaged in soil-disrupting activ-
ities, including military personnel participating in training exercises
in endemic areas, to be populations at risk for the disease. Pub-
lished studies2–6 have documented occupational disease clusters in
endemic areas among military personnel, anthropologists, and ar-
chaeologists. Increased disease incidence has been reported among
agricultural workers in endemic areas.7 In nonendemic areas, work-
related cases of disease have been reported in various occupations,
including laboratory and hospital personnel.7–11 Coccidioidomyco-
sis may cause disability lasting from days to months.4

Coccidioidomycosis is caused by the inhalation of airborne
fungal spores from either of the two soil-dwelling Coccidioides
species: C. immitis, native to California, and C. posadasii, found
outside California. The fungus is endemic to certain semiarid ar-
eas of California, Arizona, New Mexico, Nevada, and Texas, and of
Central and South Americas.12 In the United States, the southern San
Joaquin Valley and southern Arizona have the highest endemicity.13

Infection in endemic areas is the result of inhalation of spores follow-
ing soil disruption. Coccidioidomycosis can be a severe illness and
result in disability due to pulmonary involvement and disseminated
disease; however, most infections are asymptomatic. Influenza-like
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illness is the most common clinical presentation. Infection generally
imparts immunity to reinfection, although rare cases of reinfection
have been reported.14–17

State and local health departments involved in investigating
previous outbreaks of coccidioidomycosis at endemic sites, and the
National Institute for Occupational Safety and Health (NIOSH) guid-
ance document regarding control of airborne fungal infectious agents
such as Histoplasma capsulatum spores,2,18 recommend wearing a
NIOSH-approved, fit-tested respirator at least as protective as a half-
mask respirator with a NIOSH-certified N95 particulate filter when
engaged in soil-disturbing activities in endemic areas. Nevertheless,
consistent state and federal standards for preventing occupational
coccidioidomycosis, including respirator use guidelines, are lack-
ing. Although California’s recently enacted Aerosol Transmissible
Diseases Standard is the first regulation designed to protect work-
ers from aerosol-transmitted infectious diseases in the workplace, it
does not apply to Coccidioides outside the laboratory setting.19

Despite a considerable volume of literature documenting coc-
cidioidomycosis as an occupational risk, outbreaks continue to oc-
cur among workers. In November 2007, the San Luis Obispo County
Health Department requested the assistance of the California Depart-
ment of Public Health (CDPH) in evaluating a suspected cluster of
coccidioidal pneumonia in a construction crew at the Camp Roberts
military base. This National Guard training site is located on the bor-
der of San Luis Obispo and Monterey counties. CDPH jointly investi-
gated the cluster with county staff, evaluated factors that contributed
to disease, and made recommendations to prevent future occupa-
tional exposures at this worksite. The epidemic curve, descriptive
epidemiology, clinical aspects, and laboratory data from this inves-
tigation have been described and are consistent with the disease due
to a single-point-source exposure that occurred at the Camp Roberts
construction site.20 In this article, we describe the occupational as-
pects of the investigation, present an analysis of statewide claims
for occupational coccidioidomycosis, and discuss recommendations
for protection of workers, including risk-based respirator-selection
decisions.

METHODS
Worksite Investigation

CDPH industrial hygiene, epidemiology, and medical staff
visited the construction site, interviewed workers, and reviewed
medical records. During the site visit, staff observed work prac-
tices, including personal protective equipment used, and interviewed
personnel at the military base. Workers were interviewed over the
telephone; the survey instrument utilized for the construction crew
included work activities and protective measures used at the out-
break worksite.20 Demographic characteristics of this crew, medical
history, and signs and symptoms have been described.20 Dust levels
were not measured at the excavation site and distance from the trench
was deemed to be an unreliable method of determining the risk of
dust exposure as workers did not remain in any single location for
the duration of their work.
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Workplace Recommendations
CDPH provided worksite-specific health and safety recom-

mendations and initial respiratory protection recommendations to the
involved employers and workers. Immediately after the cases were
reported, we recommended that the crew use half-mask particulate
respirators when digging in soil at Camp Roberts. C. immitis spores
are approximately 5 μm in diameter4 and adhere to soil particles of a
wide size range, which are effectively captured by NIOSH-certified
respirator filters. When the high attack rate for this outbreak became
apparent, we revised our recommendations by applying a risk-based
approach to respirator selection.

We used a simplified exponential dose–response relationship
to estimate the spore dose received by workers at this pipeline con-
struction site.21 We assumed it takes one spore to result in C. immitis
infection: Infection risk = 1 − exp (−D), where D is the expected
dose in the alveolar region.22–24 The dose D is a product of several
factors including the spore concentration in ambient air:

D = C × B × T × days × f

C, average spore concentration in air (no./m3); B, inhalation
rate (m3/hr); T, number of hours per day; days, number of days
exposed; f, spore deposition fraction in alveolar region.

Finally, we utilized the Federal Occupational Safety and
Health Administration’s assigned protection factors (APFs) for res-
pirators to estimate the reduction in infection risk provided by each
type of respirator.25 We assumed that the use of respirators would
reduce the average spore concentration (and thereby dose) by a factor
determined by the APF.

Workers’ Compensation Data
To assess the statewide burden of occupational coccid-

ioidomycosis, we analyzed data from the Workers’ Compen-
sation Information System, an electronic administrative claims
database maintained by the California Department of Industrial Re-
lations. A surveillance case definition was developed by which a
coccidioidomycosis-related claim was identified if the date of injury
was between January 2000 and December 2007, and the claim had an
International Classification of Diseases, 9th edition, code for coccid-
ioidomycosis (114 to 114.5 and 114.9) and/or had an injury descrip-
tion with key words indicating exposure to C. immitis. Occupation
was coded according to the Census 2000 Index of Occupations.26

Industry was coded according to the 2002 North American Indus-
try Classification System and organized into 2002 Census Industrial
Classifications using a crosswalk produced by the Bureau of La-
bor Statistics for the Current Population Survey.27 Claim rates by
industry and occupation were calculated for California workers 16
years and older, using estimates of employed civilian population
from the 2003 Current Population Survey (midpoint of the time
interval examined).27 The California mining industry population
was not listed by Bureau of Labor Statistics due its small labor
force base. An estimate was calculated by multiplying the percent
of California workers in the mining industry by the total estimate
of the California-employed civilian population as reported in the
2003 Current Population Survey.27 Claim rates were not calculated
for industries with less than five claims filed from 2000 to 2007.
For rate estimates, 95% confidence intervals were calculated using
Byar approximation.28 All calculations and statistical analysis were
conducted using SAS version 9.1 (SAS, Inc, Cary, NC) or Microsoft
Excel 2003 (Microsoft, Redmond, WA).

RESULTS

Workplace Investigation
In October 2007, a civilian construction crew excavated a

1200-ft long trench to replace a water pipe at Camp Roberts, a
California National Guard military base owned by the US Army in

San Luis Obispo County, California. The original pipe, located 20 to
50 ft from the replacement pipe, had failed in January 2006, leaking
its full contents across the hillside to the flatlands below.

Ten of the 12 crew members developed clinical symptoms
consistent with acute pulmonary coccidioidomycosis (attack rate
83%).20 Eight had serologically confirmed disease; seven had ab-
normalities on chest radiograph; and one developed disseminated
disease. One worker, without evidence of clinical infection more
than 40 days after the outbreak, was diagnosed with coccidioidomy-
cosis in March 2008, following his return to work at the outbreak site
in February 2008. The 10 ill crew members sought care from at least
21 physicians and lost a total of at least 1660 hours of work. One
worker was assigned to light duty for 160 hours, and two workers
were on disability 5 months after the outbreak was detected, the last
time the authors had contact with affected crew members.

The 12-member crew worked four 10-hour days per week with
some variations over a 10-day period in the East Garrison of Camp
Roberts. The crew consisted of two pipe layers, three laborers, three
earth-moving equipment operators (using excavator, backhoe, and
skid steer), one water truck operator, one dump truck operator, and
two supervisors. During interviews, the crew reported that they all
worked in the same location, excavating the trench, installing the
pipe, packing the excavated soil back around the pipe, and back-
filling the trench. The trench (1200-ft long × 4-ft wide × 2- to 5-ft
deep) was excavated mechanically and was compacted and backfilled
both mechanically and manually. The soil was wetted with water to
decrease airborne dust levels and to ensure proper soil compaction
around the pipe. When sand was encountered, the crew began inten-
sive wetting using two hoses; however, the sandy soil mostly repelled
the water.

Of eight workers who reported their perception of the dust
level on the “dustiest” day, two reported low dust, two reported mod-
erate dust, and four reported high dust levels. While the company
had access to at least one excavator with air conditioning, the crew
was not using that excavator at the time of the outbreak at this loca-
tion. In addition, the crew always used equipment with the windows
open, thus bypassing any dust filtration that the enclosed cab could
have provided. Although N95 filtering facepiece respirators were
available, workers were not specifically advised by the employer to
wear them at this site, and none did so. None of the workers reported
having received training on prevention of coccidioidomycosis and
before the outbreak, none were aware of a risk of coccidioidal infec-
tion at this worksite

The outbreak site was an exposed, west-facing hillside with
extensive rodent burrows and where cattle grazed until 6 months
before the outbreak. Area rainfall was twice the 30-year average
during the winter of 2004-2005, normal in the winter of 2005-2006,
and lower than expected in the winter of 2006-2007. The 600,000
gallons of water that leaked from the water tank onto the outbreak
site in January 2006 greatly increased the water present at the site
during the winter of 2005-2006. In addition, the rains during the
winter of 2005-2006 extended into April and May, which was later
in the season than usual.

During the course of investigating this outbreak, the San Luis
Obispo County Health Department notified CDPH of a military
instructor at Camp Roberts who was also confirmed to have coc-
cidioidomycosis on the basis of symptoms, chest radiography, and
serologic testing (Figure 1). The instructor was not associated with
the construction crew but did work in the same general geographical
region; illness was diagnosed during the same time period as those
considered part of this outbreak (December 2007).

Workplace Recommendations
CDPH made several recommendations for minimizing expo-

sure and risk of future infection at this construction site (Table 1).
These multiple controls were intended to be used simultaneously,

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

C© 2012 American College of Occupational and Environmental Medicine 565



Das et al JOEM � Volume 54, Number 5, May 2012

FIGURE 1. Clinical details of military instructor diagnosed with coccidioidomycosis at Camp Roberts.

since any single exposure control method would not have been suffi-
ciently protective to minimize exposure and reduce the risk of infec-
tion to an acceptable level. These included using high-efficiency par-
ticulate air (HEPA) filtered air-conditioned enclosed cabs on heavy
equipment and training workers on ways to prevent exposure, such
as the proper use of construction equipment, wearing respiratory
protection, and controlling dust at the source by continually wetting
the soil. Additional recommendations included improving the Injury
and Illness Prevention Program, which is mandatory for all Cali-
fornia employers, and the medical surveillance program to identify
illness prevention strategies, and improve prompt access to medical
care for all work-related illnesses and injuries.29

Respirator Selection
On the basis of an attack rate for this outbreak of 83%, the

expected dose to the alveolar region, D, is calculated as follows:

Infection risk = 1 − exp (−D)
0.83 = 1 − exp (−D)
exp (−D) = 0.17
D = −ln (0.17) = 1.77 spore
The risk reduction afforded by two different types of respira-

tors was assessed. The effect of wearing a respirator is to reduce the
inhaled concentration, which in turn reduces the expected inhaled
dose (D in the risk equation given earlier). Earlier in this article, we
showed that the expected dose is a product of the spore concentra-
tion in air, the duration of exposure, the volumetric breathing rate
of the worker, and the fraction of inhaled spores that deposit in the
pulmonary region.

Negative-pressure half-mask air-purifying respirators
equipped with N95, N100, or P100 filters have an APF = 10 and
would reduce the average spore concentration (C in the equation
given earlier) to one tenth of the ambient concentration. Tight-fitting,
full-facepiece powered air-purifying respirators (PAPRs) (and some
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TABLE 1. Recommendations Provided by California Department of Public Health to San Luis Obispo
County Construction Site Employer to Minimize Dust Exposure and Risk of Coccidioides Infection

Type of Control Principle Components

Engineering and work
practices

Control dust at source or isolate
worker from exposure

• Continuous soil wetting
• Heavy equipment: HEPA-filtered air-conditioned enclosed

cabs with 2-way radios
• Wash equipment before movement off-site

Administrative Increase hazard awareness and
knowledge of safe work practices

• Train workers and supervisors:
◦ Distribution
◦ Symptoms and signs
◦ Effective controls, including proper use of equipment

Implement comprehensive illness
prevention program

• Injury and Illness Prevention Plan*

Personal protective
equipment and
hygiene practices

Prevent inhalation exposure • Respirators when digging or working near earth-moving
machinery:
◦ Half-mask or full-face respirator with particulate filter†
◦ Powered air-purifying respirator with particulate filter‡
◦ Respirator training, fit-testing, and medical clearance

• Lockers, coveralls, and change clothing at worksite

Medical care Disease recognition and prompt,
appropriate treatment

• Contract with local medical clinics
◦ Protocol for evaluation, follow-up, and treatment
◦ Prompt care

• Physician training

*California Code of Regulations, Title 8, Section 3203. Injury and Illness Prevention Program. Available at: http://www.dir.ca.gov/Title8/3203.
html.

†Initial recommendation made before completion of investigation.
‡Risk-based recommendation based on attack rate in this incident.

helmet/hood PAPRs) with high-efficiency particulate filters have an
APF = 1000 and would reduce the average spore concentration to
1/1000 of the ambient air concentration. This information served as
the basis for issuing revised recommendations for the appropriate
type of respiratory protection in this endemic area. In a similar
high-risk worksite, the use of a PAPR (APF = 1000) with HEPA
filters would be estimated to reduce the infection risk to 0.17%,
whereas a half-mask air-purifying respirator (APF = 10) with
HEPA filters would reduce the risk to 16% (Table 2). As a result,
we issued an updated recommendation to wear PAPRs (APF =
1000) equipped with HEPA filters when engaging in soil-disrupting
activities at this site.

Workers’ Compensation Data
During the 8-year period 2000 to 2007, 461 unique coccid-

ioidomycosis claims were identified, and the average annual claim
rate was 0.35 per 100,000 workers. Median claimant age was 41
years (range, 18 to 70 years). More than 78% of claimants (n =
360) were male. The largest group of claimants worked in service
occupations (n = 133), although the highest claim rates occurred
in the occupational categories of farming, fishing, and forestry, and
construction and extraction (Table 3). The number and rate of occu-
pational coccidioidomycosis cases nearly quadrupled from 2000 to
2006, but this increase was not sustained in 2007 (Figure 2).

When we categorized workers’ compensation data by industry,
as opposed to occupation, we obtained slightly different results. From
2000 to 2007, the public administration industry had the highest
number of claims due to coccidioidomycosis, whereas the mining,
quarrying, and oil and gas extraction industry had far fewer claims
but the highest rate (Table 4).

DISCUSSION
The disease outbreak among construction workers described

in this article and the analysis of workers’ compensation claims
data illustrate that, despite known risk factors, occupational coccid-

TABLE 2. Calculated Risk of Coccidioidal Infection
Based on Type of Respirator Used

Respirator Type

Assigned
Protection

Factor
Infection
Risk (%)*

Half-Mask Respirator
(elastomeric or filtering
facepiece N95)

10 16

Powered Air-Purifying
Respirator

1000† 0.17

*Risk of infection at construction site with exposure scenario similar to that
described in this article.

†Some powered air-purifying respirators (PAPRs) have an assigned
protection factor (APF) of 1000; however, some have a lower APF. The wearer
must obtain information from the manufacturer about the APF for each specific
PAPR they intend to wear. (California Code of Regulations, Note 4 in Title 8,
Section 5144, Respiratory Protection, Table 1—Assigned Protection Factors.)

ioidomycosis remains an important concern in California. The high
attack rate at this worksite was most likely a result of general lack of
awareness regarding coccidioidomycosis and its endemicity at this
site, resulting in inadequate worker training; inability to adequately
assess the presence of the organism in soil; rainfall patterns and tank
leakage that may have facilitated fungal growth; considerable soil
disruption in a geographic area endemic for C. immitis; and failure to
use appropriate control strategies, including respiratory protection.
Recommendations for disease prevention in occupational settings
are based on these factors.

In 1942, Shelton30 reported that coccidioidomycosis could be
acquired at Camp Roberts, a “hitherto unknown endemic focus.” In
2000, the US Geologic Survey31 still considered this a “suspected
endemic region.” Nevertheless, in 2007, neither the National Guard,
the lessee of this property, nor the employer of the construction
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TABLE 3. Number of Cases, Percentage,* and
Estimated Average Annual Rate† of
Coccidioidomycosis-Related Claims Submitted to the
Workers’ Compensation Insurance System by
Occupation Category, California, 2000 to 2007

Occupation
Category (COC) No. (%) Rate 95% CI

Farming, fishing, and forestry
(600–613)

23 (5) 1.24 0.79–1.87

Construction and extraction
(620–699)

78 (17) 1.11 0.88–1.38

Service (360–465) 133 (29) 0.64 0.54–0.76

Production, transportation,
and material moving
(770–975)

46 (10) 0.30 0.22–0.41

Management, professional,
and related (001–354)

100 (22) 0.21 0.17–0.26

Installation, maintenance, and
repair (700–769)

7 (2) 0.14 0.05–0.30

Sales and office (470–593) 13 (3) 0.04 0.02–0.06

Unknown 61 (13) –‡ –‡
Total 461 (100) 0.35 0.32–0.39

*Percentages may not add to 100 because of rounding.
†Per 100,000 civilian workers aged 16 years or older with 95% CI;

denominator data from Current Population Survey employed civilian
population estimates, 2003.

‡Annual rate and 95% CI could not be calculated because denominator
data could not be determined for the category.

CI, confidence interval; COC, 2000 Census Occupation Codes.

crew knew that previous outbreaks had occurred in this region. The
diagnosis of coccidioidomycosis in a military instructor at Camp
Roberts during the same time period as the outbreak suggests that the
risk of the disease was more widespread than at just the construction
site and that Coccidioides species may have been sporadically present
throughout the entire military base.

California regulation requires employers to establish worksite-
and hazard-specific Illness and Injury Prevention Plans.29 Because
the endemicity of Coccidioides species at Camp Roberts was unrec-
ognized, workers were not provided with training about the risk of
disease at this worksite or of work practices to reduce the probability
of its occurrence. From 2000 to 2007, surveillance data showed that
the rate of coccidioidomycosis in San Luis Obispo County was in
the highest quintile of the state, 14.5 to 150.0 cases per 100,000
population.32 This supports the assertion that C. immitis should be
considered endemic to this area and that education on the etiology
and prevention of the disease should be disseminated to employers,
workers, and communities.

Coccidioidomycosis is on the list of National Notifiable Dis-
eases, although not all states have made it reportable.33 Arizona
and California are among the states where coccidioidomycosis is
a reportable condition. From 1997 to 2007, the incidence rate in-
creased 281% in Arizona.13 In California, the numbers of cases and
the incidence rate more than tripled from 2000 to 2006.32 Reported
coccidioidomycosis cases in California increased from 816 in 2000
(incidence rate, 2.4 per 100,000 population) to 2981 in 2006 (8.0
per 100,000 population). Postulated factors accounting for rising
disease incidence include climate change; migration patterns, in-
cluding movement of susceptible populations to endemic areas; and
new construction in endemic areas.13,34

Our finding of the near quadrupling of coccidioidomycosis
incidence in California workers’ compensation claims from 2000 to

FIGURE 2. Number and estimated rate* of
coccidioidomycosis-related workers’ compensation claims†
by year, California, 2000 to 2007 (n = 461). *Per 100,000
civilian workers aged 16 years or older with 95% confidence
interval; denominator data from the Current Population
Survey employed civilian population estimates. †Data are
derived from our analysis of the Workers’ Compensation
Information System, an electronic administrative claims
database maintained by the California Department of
Industrial Relations.

2006 reflects trends in the general population and among military
personnel in California for the same time period.5,32 The significance
of the decreased incidence in 2007, in both the general population
and among workers, is unknown at this time. The highest rates of
coccidioidomycosis were observed among agricultural and construc-
tion workers, who are likely to have the greatest dust exposure, and
in the mining industry, which involves considerable soil disruption.
The high numbers of cases observed in public administration may
have been due to the inclusion of the public safety industry, which in
California has experienced several recent large outbreaks of coccid-
ioidomycosis in prisons.35–37 The distribution of coccidioidomycosis
among occupational groups is consistent with historical reports of
the highest disease rates among construction and agricultural work-
ers in California.4

Although the overall pattern of coccidioidomycosis incidence
obtained from our analysis of workers’ compensation claims reflects
population trends, both the overall numbers and the rates among
workers are much lower than those in the general population for
the same time period. This is most likely because the disease is not
recognized as work-related except in outbreak situations; it is also
possible that work-related coccidioidomycosis is underreported by
workers and/or physicians, or that occupational exposure accounts
for a small proportion of cases.

Our examination of workers’ compensation data showed that
occupational incidence rates decreased in 2007, the year this out-
break occurred. Local issues and weather patterns may have played
a role in this outbreak. C. immitis thrives during wet periods after
droughts, and disease incidence is correlated with rainfall in recent
previous seasons.38,39 Heavy rainfall 2 years before this outbreak
and leakage of the water tank at the site during the previous winter
may have contributed to fungal growth. Interestingly, Zender and
Talamantes40 found that precipitation and other weather patterns
(such as wind) explain a much smaller proportion of coccidioidomy-
cosis incidence in California (4%) compared with Arizona (75%).
These authors have therefore suggested that human soil-disrupting
activity, such as digging in endemic areas, is the most important
determinant of coccidioidomycosis incidence in California. Nev-
ertheless, soil sampling is unreliable for predicting the presence
of C. immitis spores. Even in endemic areas, spores are unevenly
distributed, and false-negative results may lead to an inappropriate
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TABLE 4. Number of Cases, Percentage,* and
Estimated Average Annual Rate† of
Coccidioidomycosis-Related Claims Submitted to the
Workers’ Compensation Insurance System by Industry
Category, California, 2000 to 2007

Industry Category
(CIC/NAICS) No. (%) Rate 95% CI

Mining, quarrying, and oil
and gas extraction
(0370-0490/ 21)

9 (2) 6.91 3.15–13.12

Public administration
(9370-9590/ 92)

181 (39) 3.07 2.64–3.56

Agriculture, Forestry,
Fishing, and Hunting
(0170-0290/ 11)

25 (5) 1.00 0.65–1.48

Construction (0770/ 23) 67 (15) 0.75 0.58–0.95

Transportation and utilities
(0570-0690, 6070-6390/
22, 48-49)

26 (6) 0.45 0.29–0.65

Professional and business
services (7270-7490,
7570-7790/ 54, 55-56)

31 (7) 0.20 0.13–0.28

Education and health services
(7860-8470/ 61-62)

45 (10) 0.18 0.13–0.24

Manufacturing (1070-3990/
31-33)

14 (3) 0.09 0.05–0.15

Other industries‡ 13 (3) –§ –§

Unknown 50 (11) –§ –§

Total 461 (100) 0.35 0.32–0.39

*Percentages may not add to 100 because of rounding.
†Per 100,000 civilian workers aged 16 years or older with 95% CI;

denominator data from Current Population Survey employed experienced
civilian population estimates, 2003.

‡All major CIC industry categories had claims, but major industries with
less than five claims were excluded from rate analysis.

§Annual rate and 95% CI could not be calculated because denominator
data could not be determined for the category.

CI, confidence interval; CIC, 2002 Census Industrial Classification;
NAICS, 2002 North American Industry Classification System.

sense of security. Moreover, the assay method is expensive, time-
consuming, and not available commercially.3,12,41,42

The excavation and replacement of the damaged water line
at this National Guard training site involved considerable soil dis-
ruption. The crew’s attempts to control dust through wetting were
inadequate because the sandy soil failed to absorb water. Occupa-
tional risk factors, such as job title and duties, were not associated
with disease risk or severity.20

In spite of the inability to quantify exposure, the high attack
rate reflects that workers had a sufficient dose of C. immitis spores
over the course of their work at the site to cause clinical illness.
Similarly, high attack rates have been reported in previous occupa-
tional outbreaks involving soil-disrupting activities.43–45 The high
attack rate is in part due to several properties exhibited by C. immitis
spores: easy dispersion, respirability, and infectivity. Spores are 2
to 5 μm in diameter and are able to reach terminal bronchioles and
alveoli.4,46 In animals, 10 spores are sufficient to cause infection.46

It has been suggested that human illness could be caused by a single
spore.22

The high attack rate and low human infectious dose were
important considerations in developing respiratory protection rec-
ommendations for this worksite. Use of PAPRs with an APF of 1000
and HEPA filters would reduce the calculated risk of infection to

0.17%; half-mask respirators equipped with filters would result in
an unacceptably high risk of 16%. Since the pattern of distribution
of C. immitis is unpredictable, it is prudent to expect that spores may
be present in soil throughout the Camp Roberts site. Consequently,
CDPH recommended workers at Camp Roberts (including military
personnel) wear PAPRs with HEPA filters anywhere on the site when
manually digging in soil or working in dusty conditions unless in an
enclosed cab with HEPA air filtration.

A PAPR, available with a loose-fitting hood, helmet, or tight-
fitting, full facepiece, also provides eye protection in dusty work
and is more comfortable than half-mask respirators for breathing,
communication, and temperature and humidity inside the facepiece.
These features might increase worker compliance with respirator use
in dusty construction settings.47 Nevertheless, since personal protec-
tive equipment is the least effective measure in reducing exposure to
hazards, and since there are many potential barriers to respirator use
in construction, CDPH recommended that a respiratory protection
program at this worksite be part of a multifaceted approach to re-
ducing the risk of coccidioidomycosis.48 These include engineering,
work practice, administrative controls, and medical care (Table 1).

Engineering and work practice controls consist of dust-
suppression measures during construction in endemic areas: con-
tinuous soil wetting, avoiding outdoor construction during unusu-
ally windy conditions, and using enclosed heavy equipment cabs
with HEPA filtered air-conditioning.4,31 During the incident at Camp
Roberts, soil wetting was attempted but was ineffective in controlling
dust, demonstrating that any single measure may be inadequate to
control exposure to Coccidioides spores. Because occupational coc-
cidioidomycosis has been attributed to airborne exposure to spores
contained in resuspended dust, equipment and vehicles should be
cleaned before transport off-site, and clothing and shoes should be
removed before leaving the worksite.3 Administrative controls in-
clude development and adherence to an injury and illness preven-
tion program that acknowledges hazards and implements mitigation
methods, including provision of worker and employer training. When
working in endemic areas, workforces should receive annual train-
ing about coccidioidomycosis symptoms, high-risk activities, dust-
control methods, and respiratory protection. Finally, ensuring prompt
access to medical care is essential. Because of the public health im-
pact of coccidioidomycosis and because local health care providers
vary in their knowledge of this disease, public health authorities
should support programs to educate providers on its recognition,
diagnosis, management, and prevention in workers. To date, thera-
peutic options remain limited and, despite considerable research, a
preventive vaccine is not available.49 Health care providers in en-
demic areas should consider coccidioidomycosis in the differential
diagnosis of influenza-like symptoms, particularly in persons with
soil-disturbing occupations or persons who have moved or traveled
to endemic areas.

There are several historical recommendations for reducing
the risk of infection due to C. immitis spores during soil-disrupting
activities, including spraying the ground with oil.4,50 But there is
insufficient evidence demonstrating that this latter method is effec-
tive; moreover, potential adverse effects on human health and the
environment are unknown. Skin testing has also been proposed as a
method to allow only workers with evidence of previous infection
access to endemic areas.4 Nevertheless, there is currently no com-
mercially available skin test for past coccidioidal infection. Finally,
restricting the work force to “resident labor” has been recommended
as a screening method to reduce occupational infection. This pro-
posal was based on the presumption that residents of endemic areas
were more likely to have had subclinical infection and therefore be
immune to reinfection. In the outbreak described in this article, many
workers were from endemic areas, but nonetheless developed coc-
cidioidomycosis, suggesting that workers from endemic areas are
not necessarily immune and remain at risk for being infected.20
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Occupational coccidioidomycosis remains an important con-
cern in some parts of the United States. Infection risk is highest
in workers engaging in soil-disrupting activities such as construc-
tion and agriculture. A multitude of controls should be utilized to
reduce exposure to dust-containing spores of soil-dwelling Coccid-
ioides species. In addition to engineering, work practice, and ad-
ministrative controls, quantitative risk-based calculations provide a
framework for making informed decisions for selecting respiratory
protection. We have used these calculations to demonstrate that the
use of PAPRs (APF = 1000) with HEPA filters at the site of this
outbreak would likely reduce the infection risk to a level that is
more acceptable than that associated with half-mask elastomeric or
filtering facepiece respirators with N95, N100, or P100 filters. Oc-
cupational coccidioidomycosis may be better controlled in endemic
areas by implementing the multifaceted measures described in this
article.
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Coccidioidomycosis, or valley fever, is caused
by inhalation of spores from Coccidioides
immitis and Coccidioides posadasii. These
dimorphic soil fungi are endemic to the
deserts of the southwestern United States,
Mexico, and elsewhere in Central and South
America (Fisher et al. 2002; Kolivras et al.
2001). Although approximately 60% of peo-
ple infected with the disease are asympto-
matic, others experience mild influenza-like
symptoms, and a small percentage experience
severe effects and sometimes death resulting
from dissemination of the disease to other
parts of the body (Kolivras et al. 2001). Those
at greatest risk for coccidioidomycosis infec-
tion include immunocompromised patients,
young children, the elderly, and members of
several ethnic minorities in the United States
(Kolivras et al. 2001; Pappagianis 1988). In
Arizona alone, > 2,000 cases per year have
been reported (Komatsu et al. 2003), and the
incidence of coccidioidomycosis is greater
than that for other emerging infectious dis-
eases in the region such as West Nile virus
[Centers for Disease Control and Prevention
(CDC) 2004a]. The number of Arizona cases
is likely to exceed 3,000 by the end of 2004
(CDC 2004b).

Environmental conditions appear to
have an important impact on coccidioido-
mycosis incidence. The current Arizona
coccidioidomycosis epidemic has been linked
to climate conditions (Kolivras and Comrie
2003; Komatsu et al. 2003; Park et al. 2005),
whereas California experienced an epidemic in
the 1990s that was possibly linked to drought
conditions (Jinadu 1995). Initial links between
climate conditions and the disease were identi-
fied several decades ago (Hugenholtz 1957;
Maddy 1965). It is only recently that further
details on climate and coccidioidomycosis have

been published (Kolivras and Comrie 2003;
Komatsu et al. 2003). These studies identified
associations linking climate and other factors
to seasonal patterns of coccidioidomycosis and
to interannual variability and trends in the dis-
ease. Significant variables included drought
indices, lagged precipitation, temperature,
wind speed, and dust during the preceding
1 or more years. The relationships to coccidio-
idomycosis were quite complex, however,
perhaps because of disease data issues out-
lined below. In this article I aim to identify
simple and robust relationships linking cli-
matic controls to seasonal timing and out-
breaks of the disease, which until now have
remained elusive and poorly understood.
Important public health opportunities exist if
environmental factors controlling coccidioi-
domycosis outbreaks and trends can be better
comprehended, including the timing and
degree of mitigation efforts such as soil treat-
ment and the development of an advance
warning system for public health management.

Part of the reason for the current state
of knowledge has been the lack of high-
quality disease data series. In fact, a major
challenge to understanding more about the
links between climate and infectious disease
continues to be the difficulty in obtaining
regular time series of disease data (National
Research Council 2001). This is especially
true for coccidioidomycosis with respect to
data on Coccidioides in the soil or atmosphere.
The current environmental detection method
using laboratory mice is expensive and time-
consuming, and although there is ongoing
research into more rapid detection techniques
(e.g., using polymerase chain reaction analysis
to detect the fungus in soil samples), it will be
several years before time series of such data
become available. In the absence of suitable

data on the environmental variability of the
fungus itself, there is a need to exploit epi-
demiologic data in different ways to better
identify the role of environmental controlling
factors such as climate. Thus, for now, disease
incidence data offer the best (and only) avail-
able multiyear time series for comparison
with climatic conditions.

The use of human disease data to study
potential relationships to climate conditions
introduces numerous methodologic and analyt-
ical issues related to collection and reporting.
Incidence data do not provide a homogeneous
time series because of changes in reporting
requirements, changes in population demo-
graphics, and the introduction of new diag-
nostic tests. In addition, the reported data
necessarily contain imprecise estimations of
disease onset dates because of various factors
including patient recall, incorrect or delayed
diagnoses caused by displacement of diagnoses
during the respiratory disease season, and the
variability in disease incubation and onset of
symptoms from case to case.

If these data issues can be dealt with at
least partially, the research challenge in using
human incidence data is to understand the
second- or third-order connections between
the soil fungus and reported cases of the
disease. There are essentially two hypothe-
sized parts to the role of climate (Kolivras and
Comrie 2003) that need to be evaluated.
First, existing Coccidioides spores present in
dry soil need increased soil moisture (via pre-
cipitation) to grow the fungus, followed by a
dry period during which fungal hyphae desic-
cate and form spores. Second, wind or other
disturbance is required to disperse the spores
for inhalation by a host. The relative roles of
these climate factors in the seasonality and
outbreaks of coccidioidomycosis are not
clearly understood. My principal goals in this
article are therefore to analyze the postulated
climate and dust relationships to fungal
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growth and dispersion and evaluate their
respective roles.

Two subquestions are also considered.
First, southern Arizona has a bimodal annual
precipitation pattern with one peak in sum-
mer and one in winter (Sheppard et al. 2002),
but county-level coccidioidomycosis reports in
the past have not clearly reflected an associated
bimodal coccidioidomycosis pattern (Kolivras
and Comrie 2003). Yet early work and a study
using student health service data have noted
such a pattern (Hugenholtz 1957; Kerrick
et al. 1985). Thus, in this article I examine
whether recent county-level reports can shed
light on the existence of a bimodal incidence
pattern in reported data. Second, in evaluating
climatic controls on coccidioidomycosis, the
critical date is the date of exposure (spore
inhalation) rather than the case report date. A
method is required that incorporates this lag as
well as the changes in coccidioidomycosis
reporting characteristics over time. This article
presents such an adaptive data-oriented
method for estimating date of exposure.

Materials and Methods

Tucson and the surrounding areas of Pima
County in Arizona are highly endemic for
coccidioidomycosis (Kolivras et al. 2001).
Pima County coccidioidomycosis case data
were obtained from the Arizona Department
of Health Services (Phoenix, Arizona) for the
period 1992–2003. Reporting was voluntary
at the beginning of this period (Ampel et al.
1998), although the data continuity and
quality are good relative to previous decades
(Kolivras and Comrie 2003). The disease
became nationally notifiable in 1995 and
reporting by laboratories became mandatory at
the state level in 1997 (Komatsu et al. 2003).
Although the number of reported cases ini-
tially appeared to increase as a result, this
effect appears to have been minor because
incidence continued to grow in an ongoing
epidemic (Komatsu et al. 2003).

Pima County annual mid-year population
data were obtained from the U.S. Census
Bureau (2004). Environmental data were
obtained for the greater Tucson urban area,
which contains > 90% of the county popula-
tion. Both precipitation and dust are good
potential predictors of coccidioidomycosis
(Kolivras and Comrie 2003; Komatsu et al.
2003). Monthly precipitation data for all five
available sites in the Tucson area were obtained
from the Western Regional Climate Center
(2004) for 1988–2003. In conjunction with the
incidence data, the precipitation data enable
evaluation of hypothesized soil-moisture–
fungal-growth relationships. Ambient concen-
trations of atmospheric particulate matter
with a diameter < 10 µm (PM10) were
obtained from the Pima County Department
of Environmental Quality (2004) for the five

stations with data from 1991–2003. The PM10
data are a direct measure of airborne dust, and
because this size threshold includes the typical
spore size, these data should be proportionally
related to the hypothesized windblown spore
concentrations. Precipitation and PM10 values
were averaged across sites to provide a single
time series of the areawide mean for each.

With regard to analyzing the hypothesized
climatic controls on coccidioidomycosis, the
most relevant information to extract from the
incidence data is the date that each patient
most likely inhaled the fungal spore (i.e., expo-
sure date). The coccidioidomycosis incidence
data include three possibly useful dates to
approximate exposure date: estimated date of
onset of symptoms (“onset date”), diagnosis
date, and report date (although many cases do
not have all three dates recorded). Onset date is
potentially the most useful of the three, but it
is only available for about one-third of the
cases, and that proportion varies considerably
over time. Ideally, the onset date accounts for
some of the variable lag between exposure and
reporting; although it is imprecise, it is likely
the most accurate index of exposure date.
Conversely, the diagnosis date is more precise
but the exposure-to-diagnosis lag, which varies
from case to case and is longer than the expo-
sure-to-onset lag, has to be estimated in some
way. Diagnosis dates are available for most
cases. Report dates are, de facto, available for
all cases, but they are the most lagged in time
from the exposure date; exposure-to-report lags
therefore display the greatest variability and are
least likely to provide useful links to climate.

Exploration of the various lags and dates
indicated no consistent bias or pattern that
could be satisfactorily corrected via simple
adjustments, such as an overall mean onset-to-
diagnosis delay. Instead, the mean onset-to-
diagnosis and onset-to-report lag times were
calculated for each individual month in the
record (rather than averaged across the entire
time series). These temporally adaptive empiri-
cal lags were smoothed with a 3-month mov-
ing average, centered on the middle month,
and then used to estimate exposure dates. For
cases with an onset date, the exposure date was
estimated to be 14 days earlier to allow for
the incubation period (Kolivras and Comrie
2003); for cases without an onset date but with
a diagnosis date, the exposure date was esti-
mated to occur earlier by the number of days
for that month-specific onset-to-diagnosis lag
plus 14 days; for cases with only a report date,
the exposure date was estimated to occur ear-
lier by the number of days for that month-
specific onset-to-report lag plus 14 days. For
example, a case reported on 24 November
2003 might have a diagnosis date of 24 July
2003 and no onset date. Based on the mean of
other reports with onset dates in November
2003 (actually the October through December

2003 mean), the onset–diagnosis lag is 10 days,
so this case would be estimated to have had an
onset date of July 14, and thus an estimated
exposure 14 days before, on 30 June.

There were 3,283 cases in the data set;
3,181 of these had diagnosis dates, but only
1,089 had onset dates. The proportion of the
latter each month and the length of lag for
either varied inconsistently over time, necessi-
tating this set of temporally adaptive adjust-
ments. Onset–diagnosis lags had a mean of
12.6, a median of 11.5, a standard deviation of
5.9, a minimum of 2, and a maximum of
32 days; onset–report lags had respective values
of 43.0, 44.0, 19.1, 8, and 99 days. Monthly
case totals based on estimated exposure were
computed and converted to incidence rates per
100,000 of population using linearly inter-
polated monthly population estimates.

To analyze the lagged relationships and the
relative climatologic significance of different
times of year, the data were grouped into sea-
sons. Seasonal analyses are advantageous for
several reasons: a) they are a useful way of
dividing the year into alternating wet and dry
periods, b) they facilitate identification of
recurring times of the year that are important,
c) seasonal aggregation avoids the monthly
variability that characterizes the region and
leads to overly complex analyses, and d) it is
analytically and conceptually simpler to com-
pute and understand seasonal lag relationships.
In the southwestern United States, seasons are
defined principally by precipitation rather than
the thermally based spring, summer, fall, and
winter sequence typical of middle-latitude
locations (Sheppard et al. 2002). Seasonal
groupings are widely used for similar kinds
of climate analyses (Crimmins and Comrie
2004). Seasons were defined by monthly
sequences that captured the predominant sea-
sonal maxima and minima for each variable.

Stepwise regression of the 1992–2003 sea-
sonal data was used to model coccidioidomyco-
sis rates from concurrent PM10 (hypothetically
related to spore dispersion and therefore expo-
sure) and concurrent and lagged antecedent
precipitation (hypothetically related to fungal
growth). Previous work has shown that the
relevant climate conditions may be different
for each coccidioidomycosis season (Kolivras
and Comrie 2003), and therefore each season
was modeled separately. Models were cross-
validated on independent data points using a
leave-one-out jackknife method. Because coc-
cidioidomycosis reporting before 1997 may
not have been consistent, the same modeling
analysis was run on a subset of the data cover-
ing just the improved reporting period from
1997 through 2003 for confirmatory purposes.

Results

Application of the estimated exposure date
methodology resulted in a time series of
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coccidioidomycosis incidence, as defined
above. An annual plot shows the epidemic in
recent years, which coincides with an ongoing
regional drought as well as variability in PM10
(Figure 1). The 2003 decrease may end up
being less pronounced after some reports
recorded later in 2004 (unavailable at the time
these study data were acquired) are estimated
to have been 2003 exposures. Analysis of simi-
lar data for the Phoenix area attributed the
increase in coccidioidomycosis to climate-
related factors (Komatsu et al. 2003).

Average monthly coccidioidomycosis rates
based on estimated exposure dates display
obvious seasonal behavior (Figure 2), but
with greater clarity than in previous studies. A
bimodal pattern with peaks in June–July and
October–November is apparent, along with rel-
atively lower incidence in August–September
and February–March. PM10 concentrations
follow an inverse relationship with soil mois-
ture, falling during wet periods and rising
during dry periods (Figure 2). Monthly cocci-
dioidomycosis rates are largely consistent with
the hypothesis of increased dust exposure lead-
ing to increased disease incidence. On the
average at least, the less dusty months of the
year coincide with lower coccidioidomycosis
exposure rates, and elevated rates coincide
with or follow the dustier months. Although it
is tempting to draw a similar first-order inverse
connection between precipitation and inci-
dence at the overall mean monthly level, it
is important to recall that this is likely valid
for the immediate dust-inhibiting role of rain-
fall (precipitation has a strong negative correla-
tion with dust) but not likely for its antecedent
fungal growth and desiccation role. Thus,
although a wet–dry precipitation sequence
occurs during the several months before each
of the annual coccidioidomycosis peaks on
average, closer examination shows that the
amount of precipitation and the matching
responses as well as the time lags for each are
inconsistent. This underlines the importance of
investigating the role of antecedent moisture at
time scales longer than a season or year.

The monthly averages presented in Figure 2
enabled the definition of seasonal groupings
centered on the periods of maxima and
minima. Coccidioidomycosis seasons for esti-
mated exposure dates consist of a winter
decrease that occurs January through April, a
foresummer peak that is seen May through
July, a monsoon decrease that takes place in
August and September, and a fall peak that is
experienced October through December. The
same seasons were used for monthly PM10
concentrations because they had similar peri-
ods of maxima and minima, and because they
needed to match the coccidioidomycosis sea-
sons for analysis. For precipitation, the winter
peak occurs between December and March,
followed by the driest time of the year during

the arid foresummer from April through
June. The monsoon is the most distinctive
aspect of the region’s climate, bringing rain-
fall during July, August, and September, after
which conditions become dryer in a brief fall
during October and November (Crimmins
and Comrie 2004). Because precipitation is
hypothesized to affect fungal growth months
or years before the exposure date, it is not nec-
essary to have precipitation seasons exactly
match the monthly groupings for the other
variables. Thus, for example, it is more
meaningful to use July through September for
monsoon precipitation and relate that seasonal

peak to coccidioidomycosis in subsequent sea-
sons. For simplicity, the names of the seasons
are kept the same across all variables.

Adjusted R 2 values for the four seasonal
models and standardized (β) coefficients for
the variables found to be significant in each
model are shown in Table 1. All four models
explained significantly high to very high pro-
portions of the variance in coccidioidomycosis
rates. It is notable that the strongest relation-
ships do not occur simply in a wet–dry sequence
in the season immediately before a rise in coc-
cidioidomycosis rates. A remarkable result is the
positive role of precipitation during the arid
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Figure 1. Annual coccidioidomycosis incidence based on estimated exposure date for Pima County, Arizona,
with total annual precipitation and mean annual PM10 concentrations across sites in the Tucson region.

Figure 2. Mean monthly coccidioidomycosis incidence in Pima County, Arizona, based on estimated exposure
date, with mean monthly precipitation and mean monthly PM10 concentrations, 1992–2003.
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foresummer for coccidioidomycosis occurring
in all subsequent seasons up to 2 years later.
One implication is that precipitation during
this hottest and driest part of the year (April
through June), as opposed to other wetter sea-
sons, is most favorable for Coccidioides growth
in the environment. This is typically a time of

soil desiccation and vegetation dormancy, so
the ability to grow opportunistically in the
foresummer may be a competitive advantage of
Coccidioides over other soil biota. A second
implication is that fungal spores produced after
a wet period in the foresummer may accumu-
late in the soil and remain viable for several

years. Consistent with this hypothesis, mon-
soonal precipitation does not appear in any
model within a 3-year lag, and in only one at
4 years.

Ambient dust levels, as an index of poten-
tial spore dispersion, are positively associated
with concurrent coccidioidomycosis rates in
winter and the foresummer. Dust is not a
useful predictor of coccidioidomycosis rates
during the monsoon or the fall. Yet wetter
conditions in fall appear to decrease concurrent
coccidioidomycosis rates and in the winter
immediately after, presumably via dispersion
inhibition due to greater soil moisture.

The analysis was repeated on the more reli-
able 1997–2003 data period to check for con-
sistency. This step reduced the modeled n from
12 to 7, which decreased statistical reliability,
and therefore detailed results are not shown.
Nonetheless, although the full set of significant
variables differed for each model, the results
from the shorter period showed some similari-
ties with the longer period. Those variables
that were significant in both the full-period
and the later-period models are noted by aster-
isks in Table 1. Both sets of models have in
common the foresummer precipitation 1 or
2 years before the predicted coccidioidomyco-
sis season, as well as concurrent fall precipita-
tion for fall coccidioidomycosis incidence.

The overall time series of observed and pre-
dicted seasonal coccidioidomycosis incidence
(for the full period) is shown in Figure 3. The
combined predictions of all four multivariate
seasonal models are in close agreement with
observations, with an overall cross-validated R2

of 0.80, and a cross-validated mean absolute
error of 0.53 cases per 100,000, or about 19%
of the mean incidence. The proportions of
model-oriented (systematic) error versus data-
oriented (unsystematic) error were 14 and
86%, respectively (Comrie 1997), implying
that the model is well specified and that noisy
data are responsible for most of the error.
To further isolate the role of the foresummer,
antecedent foresummer precipitation alone was
regressed on coccidioidomycosis incidence in
fall, winter, foresummer, and the monsoon in
the relevant period 1.5–2 years later. The result-
ing cross-validated R 2 between observations
and combined predictions of all four antece-
dent foresummer-based models was 0.27.

Discussion

The development of a method to estimate
Coccidioides spore exposure date from coccidio-
idomycosis incidence data has enabled the pro-
duction of a relatively homogeneous time
series. This approach reveals a strong bimodal
seasonality of the disease in Pima County,
Arizona, consistent with earlier findings based
on other data (Hugenholtz 1957; Kerrick et al.
1985), a pattern that until now was not clearly
seen in the regular reported data. On average,
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Table 1. Model performance and standardized (β) coefficients for the four seasonal regression models
predicting coccidioidomycosis rates from concurrent PM10 and antecedent precipitation, 1992–2003 (sig-
nificance in parentheses).

Measure Foresummer Monsoon Fall Winter

Performance
Adjusted R 2 0.98 (≤ 0.001) 0.60 (0.006) 0.61 (0.006) 0.95 (≤ 0.001)
Cross-validated R 2 0.95 (≤ 0.001) 0.66 (0.001) 0.66 (0.001) 0.74 (≤ 0.001)

Dust
PM10 0.75 (≤ 0.001) 0.44 (≤ 0.001)

Precipitationa

Winter-0 N/Ab N/A N/A
Fall-0 N/A N/A –0.49* (0.029) –0.36 (0.004)
Monsoon-0 N/A
Foresummer-0 0.47 (≤ 0.001) 0.49 (≤ 0.001)
Winter-1 0.20 (0.023) –0.33 (0.004)
Fall-1 –0.26 (0.030)
Monsoon-1
Foresummer-1 0.45 (0.044) 0.73* (0.004) 0.56* (≤ 0.001)
Winter-2
Fall-2
Monsoon-2
Foresummer-2 1.36* (≤ 0.001) 0.64* (0.008)
Winter-3
Fall-3
Monsoon-3
Foresummer-3
Winter-4
Fall-4 N/A
Monsoon-4 –0.93 (≤ 0.001) N/A N/A
Foresummer-4 N/A N/A N/A

aFor precipitation variables, Fall-0 denotes the concurrent fall, Winter-4 denotes the winter occurring 4 years earlier, and
so on, ordered from most to least recent. bSeasons falling before or after the period including the concurrent season
through 4 years earlier are marked as not applicable (N/A). *Model variables that were also present in a 1997–2003 sub-
set analysis, signifying those variables that were significant in both the full-period and the later-period models.

Figure 3. Observed coccidioidomycosis incidence in Pima County, Arizona, and predicted incidence from
the cross-validated seasonal models, based on estimated exposure date.
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peaks in exposure to the fungal spores occur in
June–July and in October–November, con-
sistent with the drier and dustier months of
the year. Fewer exposures occur in February–
March and August–September, consistent with
the timing of the wetter and less dusty months.

Multivariate models of the incidence data
series indicate that concurrent dispersion con-
ditions are important during fall (via precipita-
tion) and in winter and the arid foresummer
(via PM10). However, the most striking result
of this study is the dominant role of precipita-
tion during the normally arid foresummer
1.5–2 years before the season of exposure.
Even when considered alone, April–June pre-
cipitation accounts for more than one-quarter
of the overall variance in subsequent seasonal
coccidioidomycosis incidence. When other
antecedent and concurrent seasonal conditions
are included as predictors, the combined sea-
sonal models explain a significant and large
proportion of the variance in coccidioido-
mycosis incidence. The model is relatively sim-
ple in structure compared with other studies
(Kolivras and Comrie 2003; Komatsu et al.
2003). The model uses only lagged seasonal
precipitation and concurrent seasonal dust and
precipitation, yet it clearly captures both the
seasonality and the trends in the incidence
data. The bulk of the error is associated with
noise in the data, so future improvements to
the model are likely to result from improved
data and a longer length of record with a larger
model n.

An improved understanding of the climatic
factors behind outbreaks of coccidioidomycosis
will enable better timing of environmental sam-
pling for Coccidioides and any related mitigation
efforts, separation of environmental factors
from population and other factors affecting

outbreaks, and the potential for development
of an advance warning system before an out-
break. The results of this work provide strong
support for the two hypothesized relationships
between climate and coccidioidomycosis,
namely, fungal growth in the longer term and
spore dispersion and exposure in the short
term. Furthermore, the relative simplicity and
strength of these results relative to earlier stud-
ies (Kolivras and Comrie 2003; Komatsu et al.
2003) lend considerable confidence to the
potential for the development of an operational
disease forecast model. The ability to define a
critical event, such as precipitation during the
foresummer, might enable mitigation proce-
dures immediately after the event as well as
provide a useful public health tool with an
18-month lead time on expected incidence of
coccidioidomycosis. Future work will need to
evaluate how specific these findings are to
southern Arizona versus other regions in which
C. posadasii is also endemic, and whether simi-
lar relationships also apply to C. immitis in
California. It will also be valuable to test how a
more complex model (Komatsu et al. 2003)
and this simpler model compare against data
from other locations and over time.
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