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ABSTRACT 

The goal of this dissertation is to characterize the distribution and determinants of 

coccidioidomycosis in greater Tucson, Arizona, using landscape ecology and complex 

survey methods to control for environmental factors that affect Coccidioides exposure. 

Notifiable coccidioidomycosis cases reported to the health department in Arizona have 

dramatically increased since 1997 and indicate a potential epidemic of unknown causes. 

Epidemic determination is confounded by concurrent changes in notifiable disease 

reporting-compliance, misdiagnosis, and changing demographics of susceptible 

populations. A stratified, two-stage, address-based telephone survey of greater Tucson, 

Arizona, was conducted in 2002 and 2003. Subjects were recruited from direct marketing 

data by census block groups and landscape strata as determined using a geographic 

information system (GIS). Subjects were interviewed about potential risk factors. 

Address-level state health department notifiable-disease surveillance data were compared 

with self-reported survey data to estimate the true disease frequency.  

Comparing state surveillance data with the survey data, no coccidioidomycosis 

epidemic was detectable from 1992 to 2006 after adjusting surveillance data for reporting 

compliance. State health department surveillance reported only 20% of the probable 

reportable cases in 2001.  

Utilizing survey data and geographic coding, it was observed that spatial and 

temporal disease frequency was highly variable at the census block-group scale and 

indicates that localized soil disturbance events are a major group-level risk factor. 

Poststratification by 2000 census demographic data adjusted for selection bias into the 
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survey and response rate. Being Hispanic showed similar odds ratio of self-reporting 

coccidioidomycosis diagnosis as of being non-Hispanic White race-ethnicity when 

controlled by other risk factors. Cigarette smoking in the home and having a home 

located in the low Hispanic foothills and low Hispanic riparian strata were associated 

with elevated risk of odds ratios for coccidioidomycosis. Sample stratification by 

landscape and demographics controlled for differential classification of susceptibility and 

exposures between strata.  

Clustered, address-based telephone surveys provide a feasible and valid method to 

recruit populations from address-based lists by using a GIS to design a survey and 

population survey statistical methods for the analysis. Notifiable coccidioidomycosis case 

surveillance can be improved by including reporting compliance in the analysis. Pathogen 

exposures and host susceptibility are important predictable group-level determinants of 

coccidioidomycosis that were controlled by stratified sampling using a landscape ecology 

approach. 

Key words: valley fever, complex survey, population control adjustment, multiple 

imputation, incidence, prevalence, capture-recapture 



10 

 

INTRODUCTION 

Background 

This dissertation is based within a study conducted in greater Tucson, Arizona, on 

the epidemiology of coccidioidomycosis that was designed and implemented by the 

student in collaboration with researchers from the University of Arizona. The study, 

“Integrated Epidemiological Study of Valley Fever,” was funded by Arizona Disease 

Control Research Commission (ADCRC) November 2001 to June 2004 (#6017). 

Investigators were Mary Kay O’Rourke (Principal Investigator), Marc Orbach (co- 

Principal Investigator), Joe Tabor (co- Principal Investigator), and Lisa Shubitz 

(Investigator),. The ADCRC grant integrated a stratified, clustered, address-based, 

telephone and face-to-face surveys of human coccidioidomycosis occurrence and risk 

factors with laboratory analysis of soil and air samples to improve pathogen detection 

methods and improve exposure and risk factor assessment. 

This dissertation included data from the ADCRC funded telephone survey as well 

as a comparison of survey results with notifiable coccidioidomycosis case reports for 

Arizona that were provided by Arizona Department of Health Services (ADHS). 

Coccidioidomycosis is classified as a notifiable (reportable) disease by the Centers for 

Disease Control and Prevention (CDC) as part of the National Notifiable Diseases 

Surveillance System. 

Explanation of Dissertation Format 

This dissertation is formatted to include three manuscripts for publication. It is 

organized into three chapters, a list of references, and Appendices A-N. The first chapter 
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(Introduction) introduces the study, its specific aims, rationale for the study, an overview 

of the approach, and a literature review. The second chapter (Present Study) summarizes 

the research methods and results of three manuscripts that are located in Appendices A, 

B, and C. The final chapter (Conclusions) consists of a summary of findings and remarks 

about future work. References only apply to those cited in the previous three chapters of 

the dissertation, not the manuscripts. Appendices A, B, and C are manuscripts and treated 

as separate works; the organization of their sections, location of figures and tables, and 

listing of references are not included in the dissertation’s table of contents, list of figures, 

and references. Appendix A describes the methods used and is titled “Landscape 

epidemiological survey of human coccidioidomycosis cases in greater Tucson, Arizona, 

USA;” Appendix B describes the comparison of prevalence data and is titled 

“Comparison of state surveillance and survey of coccidioidomycosis in Arizona, USA;” 

Appendix C addresses risk factors and is titled “Risk factors for coccidioidomycosis from 

an neighborhood-level, address-based telephone survey in greater Tucson, Arizona, 

USA.” The student is the primary author of all three manuscripts: the listed coauthors and 

the dissertation committee provided comments, suggestions, and editing. The University 

of Arizona Human Subjects Approval forms are in Appendix D. Subject consent and 

assent forms are located in Appendices E through H. Appendices I through N are 

documents and questionnaires presented to study subjects.  

Goal of Research and Associated Hypotheses  

The goal of this dissertation is to characterize the distribution and determinants of 

coccidioidomycosis in greater Tucson, Arizona, using landscape ecology and complex 
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survey methods to control for environmental factors that affect Coccidioides exposure. 

The following aims and associated hypotheses are to: 

Aim 1. Conduct a cross-sectional, address-based telephone survey to recruit subjects and 

collect information for prevalence and risk factor studies of coccidioidomycosis that 

controlled for group- and individual-level risk factors at a finer scale than telephone area 

codes.  

H1: Cluster sampling from address-based telephone marketing call-lists can 

provide valid results if selection bias is adjusted to match known demographic 

data. 

H2: Address-based telephone surveys can achieve good response rates by 

introducing the survey through direct mailing of information prior to first 

telephone contact. 

H3: Stratification by soil-landscape characteristics improves sampling efficiency 

of environmental determinants of coccidioidomycosis. 

Aim 2. Determine the prevalence of symptomatic coccidioidomycosis at different spatial 

scales from 1992 to 2003, from the neighborhood level to the county level. 

H4: The sustained increase in reported numbers of Arizona’s Department of 

Health Service’s coccidioidomycosis surveillance cases from 1997 to 2003 is 

the result of improved surveillance and not of an increase in disease 

frequency. 

H5: Coccidioidomycosis frequency is spatially and temporally variable at a 

neighborhood scale. 
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Aim 3. Evaluate risk factors that contribute to coccidioidomycosis from the generalizable 

population of greater Tucson, Arizona using an address-based telephone survey and a 

sampling frame based on direct marketing list:  

H6: People who self-report symptomatic coccidioidomycosis are equally likely to 

be self-reported Hispanic as self-reported non-Hispanic White race-ethnicity 

when controlled by factors related to Coccidioides exposure and 

susceptibility. 

H7: People who self-report symptomatic coccidioidomycosis are more likely to 

self-report that smoking occurs in their home. 

H8: People who self-report symptomatic coccidioidomycosis are more likely to 

have their homes on foothills soil types.  

H9: People who self-report symptomatic coccidioidomycosis are more likely to 

self-report having had cats or dogs in their homes. 

Rationale 

Most of the epidemiological studies on coccidioidomycosis have been conducted 

using clinic-based populations or other populations that were not externally generalizable 

to a metropolitan area (Gray et al., 1998; Leake et al., 2000; Rosenstein et al., 2001). A 

cross-sectional, community-based study within a metropolitan area would provide a 

representative and relative assessment of risk factors and frequency of 

coccidioidomycosis. The findings would help prioritize coccidioidomycosis prevention 

activities and interventions for similar communities. 
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Coccidioides spp. is a soilborne pathogen with environmental determinants for 

growth, airborne dispersion, and exposure. These determinants are spatially and 

temporally dependent at regional and finer scales. Environmental factors that affect 

growth in the soil are poorly understood; it does not grow everywhere (Green et al., 

2000). Satellite remote sensing data capable of providing time, location, and exposure 

from natural and anthropogenic soil disturbance are currently unavailable at appropriate 

spatial and temporal scales. Since the spatial and temporal dependence of Coccidioides 

exposure determines coccidioidomycosis occurrence, the study design must avoid severe 

violations of the assumed random selection of subjects required by many statistical 

methods. Landscape ecology provides approaches to sampling and analysis that control 

for spatial dependence. This discipline integrates a range of concepts, tools, and methods 

that can be used to characterize, measure, evaluate, and predict the continuum of the 

natural and human affected world at different functional scales in space and time (Turner 

et al., 2001). Stratification and selection of an appropriate geographic scale are useful 

methods to limit violations of the random variable assumption.  

Populations living in endemic areas have large proportions of previously infected 

people that are immune to Coccidioides (Dodge et al., 1985). The inability to completely 

control for disease susceptibility in most studies of risk factors and incidence have 

resulted in potentially confounded results and misleading reports of disease frequency. A 

stratified approach to sampling based on landscape and demographic factors can control 

for differential proportions of susceptible people in subpopulations that can bias results. 

This approach also assures sufficient sample size from the strata of interest. This 
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approach provided specific geographic estimates of prevalence and disease burden on 

communities. 

Control of spatial differences in exposure and susceptibility allowed better 

assessment of risk factors, especially race, that were potentially confounded by exposure 

related factors such as location of residence. The study also provided an opportunity to 

assess the magnitude of known risk factors (race and age), newly discovered risk factors 

(smoking) and potential risk factors (cat and dog ownership) from a cross-sectional, 

community-based population.  

Reports of an epidemic in Arizona are based on the dramatic, sustained increases 

in notifiable cases; the reports have dismissed improvements in reporting compliance as 

the main factor but have not provided plausible causes to fully account for the sustained 

increase in cases reported (ADHS, 2008; Park et al., 2005). Comparing notifiable cases 

reported to ADHS with survey self-reported cases by name and residential address can 

determine whether the putative epidemic is one of increased disease or increased 

reporting. 

Arizona is an ideal location to study the epidemiology of coccidioidomycosis 

since 62% of the notifiable cases reported in the United States (US) are from Arizona 

(CDC, 2007). The greater Tucson area is one of the best locations in the US to conduct an 

address-based survey because of the extensive geographic information system databases 

made available by the award winning Pima County Department of Transportation 

(PCDT). PCDT received the 2003 Autodesk Design Award, GIS/Mapping, Civil 
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Engineering category in recognition of GIS data distribution on the Internet (Pima 

County Department of Transportation, 2007). 

Approach 

Deciding on the appropriate geographic and temporal scales of analysis and 

differentiating between individual and group-level effects are key challenges in both 

epidemiology and ecology (Dietz, 2002; Subramanian, 2004; Turner et al., 1989). A 

landscape ecological approach was used to identify the scale of analysis for variables that 

were likely to be strong environmental determinants of coccidioidomycosis and for 

classifying the continuum of characteristics into distinct, reproducible classes. A causal 

diagram of known and hypothesized ecological and epidemiological determinants of 

coccidioidomycosis was developed and is presented in Figure 1. Coccidioides 

occurrence, growth, and dispersion of infective arthroconidia in the environment have 

determinants that are spatially (x, y) and temporally (t) variable, as are individual- (i) and 

group-level (g) factors for exposure. For example, neighborhoods near soil disturbance 

experience group-level exposures while operators of earthmoving equipment experience 

individual-level exposures. As a result of spatially and temporally dependent 

environmental and behavioral factors, exposures and disease frequency are time, space, 

and scale dependent and can potentially confound the assessment of risk factors for 

disease, especially regarding age, gender, race, and ethnicity. Focal points for monitoring, 

detection, prediction, and control of disease are spore dispersion events (Lx,y,t), exposures 

(Ex,y,t,g,i ), and disease frequency (Fx,y,t,g,i). The current study’s approach was designed to 

consider these factors. 
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Figure 1. Ecological and epidemiological causal diagram of known and hypothesized 
determinants of growth, dispersion, exposure, and infection for Coccidioides spp. in 
North, Central and South America. 

 

Literature Review 

The pathogen 

Coccidioidomycosis is a fungal disease caused by the inhalation of soilborne 

arthroconidia (spores) from the mycelial form of the dimorphic, ascomycete fungi 

Coccidioides immitis and C. posadasi from the order Onygenales (Fisher et al., 2002; 

Kirkland and Fierer, 1996; Pappagianis, 1988). The saprophytic, filamentous mycelia 

grow in soils of warm, semi-arid climates in North, Central, and South America 
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(Saubolle, 1996). As the soil dries, the hyphae differentiate to form alternating 3-5m 

barrel-shaped arthroconidia and disjunctor (sterile and empty) cells. If these arthroconidia 

become airborne they may be inhaled and initiate the parasitic phase. After entering the 

lungs, the growth and morphology switch from saprophytic, polar (hyphal) growth to 

pathogenic, isotropic (yeast like) growth and differentiation to spherules, a diagnostic 

morphology of Coccidioides spp. in tissue samples. Following nuclear division and cell 

expansion up to 80 m, spherules are internally subdivided into endospores. At maturity, 

the spherules rupture, releasing the endospores that may disseminate via the blood and 

lymph systems throughout the body and repeat the spherule-endospore cycle. This 

continues until the host’s immune system or drug therapies control the potentially fatal 

infection (Saubolle, 1996). The soil is considered the pathogen’s reservoir; animal 

infections are considered incidental to the pathogens life cycle. Hosts include mammals 

such as humans, canines, felines, bovines, equines, rodents, apes, sea lions, and dolphins 

with rare reports of reptile infections (Converse et al., 1967; Emmons, 1942; Fauquier et 

al., 1996; Maddy, 1954; Maddy, 1959b; Reed et al., 1979; Reidarson et al., 1998; Swatek 

and Plunkett, 1957). 

Coccidioides ecology 

The general ecological characteristics of the endemic regions for Coccidioides are 

well documented; however little is known about its specific niche in the soil (Galgiani, 

1999). Climate is a predictor of disease frequency at regional and county scales (Comrie, 

2005); however it does not explain all of Coccidioides' spatial variability within the 

endemic regions.  
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The geographic distribution of major endemic areas of Coccidioides in the US 

was identified during the 1960s by Maddy (1957) who performed coccidioidin skin 

testing on home-raised cattle in the southwestern US and reviewed human case data. 

Ochoa (1966) added to the work of Maddy and others to produce a map of coccidioidin 

sensitivity of North America. Maddy and Coccozza (1964) matched the area of 

coccidioidomycosis to the Merriam’s (1898) classification of the “Lower Sonoran Life 

Zone” and to Kellogg’s (1941) “reddish soil of the semi-arid to arid southwest” 

classification. These now obsolete classifications are still widely used to describe the 

geographic distribution of Coccidioides (Chin, 2000; Kolivras et al., 2001). 

Coccidioides does not extend its geographic range even when dust storms 

(Pappagianis and Einstein, 1978) or fomites (Gehlbach et al., 1973; Symmers, 1967) 

distribute arthroconidia outside its current range. The climatic and environmental 

sequence of conditions and events necessary for fungal growth, and the resulting 

variability of incidence are only generally understood (Galgiani, 1999). The frequency of 

notifiable coccidioidomycosis in Arizona is generally greater in late summer and late fall 

during times preceded by the dryer and dustier months of the year, but the frequency can 

vary significantly from year to year (Comrie, 2005; Kolivras and Comrie, 2003). The lag-

times between Coccidioides growth, development of arthroconidia, and exposure events 

to disease onset are not well understood. 

Research suggests that rodents play a role as a reservoir for dispersal of 

Coccidioides, and rodent holes are assumed to be hot spots for Coccidioides (Egeberg 

and Ely, 1956). Swatek et al. (1967) trapped 1,104 rodents; eight were positive for 
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Coccidioides (0.7% point prevalence). In contrast, excreta and corpses of infected 

animals have been ruled out as important factors for its occurrence in the environment 

(Maddy, 1959a; Maddy and Crecelius, 1967). 

Coccidioides spp. have shown a tolerance to salts in growth media in the 

laboratory (Elconin et al., 1964), especially borate salts (Sorensen, 1967). Based on these 

studies the fungi’s occurrence is reported to occur in soils with high salinity (Kolivras et 

al., 2001). No association was detected between soil salinity concentrations and 

Coccidioides spp. occurrence from riparian, foothill, and basin soils in the greater Tucson 

area (O'Rourke et al., unpublished).  

Coccidioides exposure etiology 

Nearly all exposures that lead to infections are the result of inhaling Coccidioides 

arthroconidia (Pappagianis, 1988). The only reliable methods of identifying exposure 

sources are to monitor the occurrence of natural infections and induce infections in 

laboratory animals from environmental samples (Greene et al., 2000). Dust storms and 

soil disturbance events are associated with increased number of infections (Schneider et 

al., 1997; Williams et al., 1979), but little is known about the source of the arthroconidia. 

Attempts at airborne spore sampling began in the 1960s, although, to date this method for 

evaluating exposure has failed (O'Rourke et al., unpublished). Employment occupations 

that involve soil disturbance present significant risk of exposure and disease 

(Pappagianis, 1988; Zurlo et al., 2000). Results from these studies have led to workers’ 

compensation benefits and civil actions against business owners in the state of California, 

but not in Arizona (Haley, 2007). Fomites provide intermediate transport of infectious 
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arthroconidia to endemic and non-endemic locations where the spores can be dispersed 

and cause infections (Gehlbach et al., 1973; Symmers, 1967). Reports of vector 

transmission are rare and limited to human-to-human transmission via infected bodily 

fluids (Pappagianis, 1988). There is no published literature on vector transmissions via 

animal fur. There are reported percutaneous infections from surface transmission of 

mycelia through a wound (Pappagianis, 1988). 

Little progress has been made in understanding the ecology and etiology of 

exposure in part because Coccidioides is so difficult to isolate from environmental 

samples (Greene et al., 2000). The fungi are difficult to isolate by direct plating because 

they are poor competitors with other microbes even on semi-selective media. The 

standard for Coccidioides identification from environmental samples is in vivo testing of 

sample extracts via cultured isolates from mice (Greene et al., 2000). Culturing and 

isolation of the fungi require Biosafety Level 3 handling and licensing for this potentially 

lethal pathogen. Molecular genotyping using PCR (Fisher et al., 1999; Fisher et al., 2000; 

Fisher et al., 2002) offers promise but is currently less sensitive than using mice as bio-

filters of environmental samples (O'Rourke et al., unpublished). 

Coccidioidomycosis presentation 

Primary infections generally begin as a respiratory infection after a one to four 

week incubation period (Chin, 2000). Symptomatic infections present with fever, chills, 

cough, and/or fatigue, and can resemble acute influenza or community acquired 

pneumonia. Approximately 20% of clinically recognized cases develop erythema 

nodosum, a distinctive skin rash (Chin, 2000). Primary pulmonary infections may heal 
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completely without scarring or leaving fibrosis, pulmonary nodules with or without 

calcification, or persistent thin walled cavities (Chin, 2000). Depending on race or 

immunosuppression, 0.5% to 50% of infections disseminate from the lungs through the 

circulatory system to other tissues and organs, especially skin, subcutaneous tissue, bone, 

and the central nervous system (Galgiani et al. 2005; Saubolle et al. 2007). The main 

cause of deaths due to coccidioidomycosis is meningitis (Einstein and Johnson, 1993).  

Coccidioidomycosis diagnosis and surveillance 

Coccidioidomycosis became a nationally notifiable disease in 1995 where 

physicians must report those cases that meet the CDC's confirmed case definition to their 

state health departments and the state health departments compile the information and 

report the cases to the CDC (Sunenshine et al., 2007, CDC, 2008). In 1997 the State of 

Arizona improved surveillance by instituting mandatory laboratory reporting and 

reported all laboratory confirmed cases regardless of reporting by physicians (Sunenshine 

et al., 2007). The CDC’s confirmed case definition of coccidioidomycosis is as follows 

(CDC, 2008): 

A reportable coccidioidomycosis case is one that meets the following clinical case 

definition and is laboratory confirmed. The clinical case definition is an illness 

characterized by one or more of the following (CDC, 2008): 

 Influenza-like signs and symptoms (e.g., fever, chest pain, cough, myalgia, 

arthralgia, and headache)  

 Pneumonia or other pulmonary lesion, diagnosed by chest radiograph  

 Erythema nodosum or erythema multiforme rash  
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 Involvement of bones, joints, or skin by dissemination  

 Meningitis  

 Involvement of viscera and lymph nodes  

Laboratory criteria for diagnosis must meet at least one of the following (CDC, 2008): 

 Cultural, histopathologic, or molecular evidence of presence of Coccidioides 

species, or  

 Positive serologic test for coccidioidal antibodies in serum, cerebrospinal fluid, or 

other body fluids by:  

1. Detection of coccidioidal immunoglobulin M (IgM) by immunodiffusion, 

enzyme immunoassay (EIA), latex agglutination, or tube precipitin, or  

2. Detection of coccidioidal immunoglobulin G (IgG) by immunodiffusion, 

EIA, or complement fixation, or  

 Coccidioidal skin-test conversion from negative to positive after onset of clinical 

signs and symptoms 

The Department of Health and Human Services classifies Coccidioides spp. as a 

“select agent of bioterrorism” (Dixon, 2001) and surveillance and protecting human 

health became especially important after the aircraft and anthrax terrorist attacks in the 

US during September and October 2001.  

An epidemic of coccidioidomycosis is widely reported to be occurring in Arizona 

where 62% of all the 2006 notifiable cases in US were reported (CDC, 2007; Park et al., 

2005; Sunenshine et al., 2007). Park et al. (2005) reported an epidemic of 

coccidioidomycosis in the Phoenix metropolitan area of Arizona between 1998 and 2001. 
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They reported a significant increase in overall incidence in 2001 (43 cases per 100,000 

population) compared to 1998 (33 cases per 100,000). Phoenix mirrored state-wide 

disease frequencies with 1,551 cases reported to the ADHS in 1998 (33 cases per 

100,000), 2,203 in 2001 (43 cases per 100,000), and 5535 in 2006 (88.7 per 100,000) 

(CDC, 2007; Komatsu et al., 2003).  

Coccidioidomycosis epidemiology 

Coccidioidomycosis is mainly limited to the southwestern part of the US (CDC, 

2007). Approximately 60% of infected individuals remain asymptomatic while 30% have 

mild to moderate symptoms, and 10% develop more severe complications such as 

pneumonia, lung cavities, and disseminated infections (0.5%) (Pappagianis et al., 1993). 

Nearly all infections impart lifelong immunity; however, skin testing reagents 

(coccidioidin and spherulin) for detecting cell mediated immunity are not generally 

available (Ampel et al., 2006). 

Attack rates as high as 93% have been reported from localized exposures (Gilman 

et al., 1965; Werner et al., 1972; Zurlo et al., 2000). Estimates of incidence rates of 

infections that are based on the rate of skin-test conversions over time have ranged from 

24% per year in Chandler, Arizona for a military population that was new to the endemic 

area (Hugenholtz, 1957), to 7 to 11% per year in Northridge, California for new college 

students with unreported exposure history (Klotz and Biddle, 1967), to 0.43% per year in 

Tucson, Arizona for college students with unreported exposure history (Kerrick et al., 

1985).  
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Risk assessment and determining the frequency of coccidioidomycosis from 

clinic- and community-based populations is potentially confounded by the difficulty of 

identifying infected and susceptible people. Serologic IgG and IgM testing required for 

making a notifiable disease diagnosis (Sunenshine et al., 2007) have low effective 

sensitivity since their optimum sensitivity, up to 90%, is time depend and variable 

between a month to a year after infection (Blair and Currier, 2008). Infections impart 

lifelong immunity to nearly everyone infected. Dodge et al. (1985) used coccidioidin skin 

testing of subjects between 1977 and 1979 to detect cell mediated immunity in 62% of 

non-Mexican-American residents of Tucson, Arizona, (n=79) who reported a history of 

coccidioidomycosis and 57% among the same subjects using spherulin skin testing 

reagents. The same study detected cell mediated immunity using coccidioidin in 30% of 

non-Mexican-American residents of Tucson, Arizona, (n=1472) who reported no history 

of coccidioidomycosis and 27% of the same subjects using spherulin skin testing 

reagents. ADHS reports coccidioidomycosis incidence using the general population as 

the reference population and, based on the results of Dodge et al., 30% of ADHS’s 

reference population for determining incidence are immune. The frequency of 

coccidioidomycosis is commonly reported as incidence rate based on US Census data 

(Durry et al., 1997; Kolivras and Comrie, 2003; Park et al., 2005) as does the CDC when 

reporting the frequency of coccidioidomycosis by state for its notifiable disease 

surveillance system. This use of US census data for reference populations in endemic 

area results in an underestimation of true incidence rate of disease because it includes a 

portion of previously infected and immune people.  
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Usage of the term “incidence” as a metric for disease frequency is confused 

among epidemiologists as well as clinical and public health personnel. According to Last 

(1995) incidence is synonymous with incidence number, “the number of instances of 

illness commencing, or of persons falling ill, during a given period in a specified 

population.” Also he notes that “the term incidence is sometimes used to denote 

incidence rate.” By contrast Hennekens and Burring (1987) state that “incidence 

quantifies the number of new events or cases of disease that develop in a population of 

individuals at risk during a specified time interval.” Friis’ and Sellers’ (1996) definition 

of incidence, “rate of development of a disease in a group over a certain time period,” 

follows Last’s (1995) definition while other authors (Jewell 2004; Rothman, 2002) avoid 

defining incidence, choosing instead to define more specific and consistently defined 

types of incidence such as incidence rate, cumulative incidence, and incidence density. 

Last (1995) defines incidence rate as “the rate at which new events occur in a population. 

The numerator is the number of new events that occur in a defined period; the 

denominator is the population at risk of experiencing the event during this period.” This 

definition is consistent with definitions presented by the other authors. 

Most physician-reported coccidioidomycosis surveillance cases in Arizona from 

1990 to 1995 occurred among males (63%) (Mosley et al., 1996). However, pregnant 

women with active coccidioidomycosis, especially those in the third trimester, are at 

greater risk for developing disseminated coccidioidomycosis than men and nonpregnant 

women (Kirkland and Fierer, 1996). In a Tucson study of 47,120 pregnancies from 

January 1979 through June 1986, 21 cases per 100,000 pregnant women resulted in 
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symptomatic coccidioidomycosis, 6 cases per 100,000 developed disseminated infections 

(Wack et al., 1988). Although the reported incidences rates of disease during pregnancy 

are similar to the general population, the ratio of disseminated to symptomatic rates 

during pregnancy was 29% compared to the generally reported 1 to 2% (Wack et al., 

1988). The reason is not entirely clear, but may be explained by the influence of sex 

hormones and generalized suppression of cell mediated immunity (Kirkland and Fierer, 

1996).  

Age is an important risk factor for coccidioidomycosis. Gray et al. (1998) 

reported that among military personnel with no previous travel to an endemic area, the 

group 32-65 years of age were 13 times more likely to be hospitalized for 

coccidioidomycosis than those 17-21 years of age. Mosley et al. (1996) reported that 

among physician-reported coccidioidomycosis surveillance cases from 1990 to 1995 in 

Arizona, residents 65 years or older had 5.5 times greater frequency of 

coccidioidomycosis than residents 15-24 years of age and 15.6 times greater frequency 

than children 0-4 years of age.  

Race is also reported risk factor for serious forms of coccidioidomycosis; the 

general consensus is that African Americans and Filipinos are much more susceptible to 

disseminated coccidioidomycosis (Johnson, 1982; Pappagianis, 1988). A 1961 to 1977 

study of 225 confirmed symptomatic cases at Lemoore Naval Air Station, California, 

reported that 23.5 out of 100 African-American cases represented disseminated 

coccidioidomycosis, 21 out of 100 Filipino cases, and only 2.3 out of 100 cases for 

Whites (US Census race classification nomenclature for Caucasians or Americans of 
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European decent) (Pappagianis et al., 1979). It was assumed that occupational exposure 

was not a significant factor because of similar duties and living conditions among 

personnel (Pappagianis et al., 1979; Williams et al., 1979). Gray et al. (1998) studied 

primary pulmonary coccidioidomycosis hospitalizations among military personnel from 

1981 to 1994 (n=82) and reported African Americans were 1.6 [95%confidence interval 

(CI) 0.9-2.9] times and Filipinos 1.9 [95% CI 0.8-4.5] times more likely than Whites to 

have disease when controlled for age, pay grade, and year of occurrence. Johnson (1982) 

compared race-specific mortality from coccidioidomycosis in Arizona from 1959 to 1975 

and reported a relative risk of 0.5 for Mexican-Americans, 5.7 for African Americans, 2.0 

for American Indians, and 1.2 for Asians compared to mortality among Whites.  

Occupational and recreational exposures to arthroconidia are important risk 

factors. Agricultural workers, construction workers, and others, such as archeologists, 

who dig soil in endemic areas are at increased risk for the disease (Johnson, 1981; 

Werner et al., 1972). However, many cases of coccidioidomycosis are acquired just by 

driving through the endemic areas (Kirkland and Fierer, 1996). The relationship between 

severity of exposure and disease outcome have not been investigated in humans. Gray et 

al. (1998) reported among military personnel at lower pay grades had 9.9 [95% CI 4.0-

24.6] greater risk of coccidioidomycosis than those at higher pay grades when controlled 

for race-ethnicity, age, and year of occurrence. They further noted that a better metric for 

exposure to soil or dust in an endemic area than pay grade might result in a stronger 

association with disease outcome than proxy variables, such as pay grade.  
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Morse (1995) defined re-emerging infectious disease as “infections that have 

newly existed in a population or have existed but are rapidly increasing in incidence or 

geographic range.” Kirkland and Fierer (1996) proposed that coccidioidomycosis meets 

the definition of a re-emerging infectious disease based on an increase in physician 

reported cases in Kern County, California, from 1991 to 1994. They attributed the re-

emergence of coccidioidomycosis to the increasing number of immunosuppressed people 

in the population and to weather conditions that increased spore production and exposure 

to Coccidioides arthroconidia. Galgiani (1999) proposed that migration of large numbers 

people to endemic areas of the southwestern US is a major reason that 

coccidioidomycosis is a re-emerging disease. The once sparsely populated regions of 

Arizona where Coccidioides is most intensely endemic are now major population centers, 

occupied primarily by people who have moved from areas where Coccidioides was not 

endemic. Similar expansion has occurred in central California and west Texas (Galgiani, 

1999). 

Frequency of coccidioidomycosis varies spatially within the endemic area. Based 

on reported “incidence rates” in Arizona by Mosley et al. (1996), Pima County residents 

are at 1.4 times greater risk of coccidioidomycosis compared to Maricopa County 

(greater Phoenix) residents and Pinal County residents are at 1.8 times greater risk. Park 

et al. (2005) indicates coccidioidomycosis “incidence rates” at a zip code level ranging 

from 9.3 to 216 per 100,000 in the greater Phoenix area. 

Smoking and health status have also been found to be important risk factors. A 

study within an elderly, clinic-based population reported that case patients were 3.7 times 
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[95% CI, 1.4-9.6] more likely to have smoked tobacco than were controls (Leake et al., 

2000). During early years of organ transplant therapies in Arizona the risk of 

coccidioidomycosis was as high as 9% for recipients and mortality rates from 

coccidioidomycosis were as high as 72% (Blair, 2007). Currently, the risk of 

coccidioidomycosis for organ recipients has decreased to 2% or less and mortality rates 

from coccidioidomycosis are less that 28% (Blair, 2007). Llymphoma therapies (Blair et 

al., 2005) and adrenal corticosteroid therapies compromise the immune system and 

increase the risk of coccidioidomycosis. Leake et al. (2000) reported that people 

undergoing adrenal corticosteroid therapy were 6.8 times more likely to have 

coccidioidomycosis than people not receiving the therapy. Diseases that lead to 

immunodeficiency could place people at greater risk of coccidioidomycosis. Among 

HIV-infected patients disease susceptibility was greatest in cases with severe CD4 

depletion (< 200 cells/mm3) (Vaz et al., 1998). Diabetics appear to be at increased risk 

from coccidioidomycosis; among patients with coccidioidomycosis diabetics have more 

serious cavitary lung disease and relapsed infection (Santelli et al., 2006). However, the 

over all influence of diabetes mellitus on coccidioidomycosis is not well defined 

(Pappagianis, 1988). 

Relevance to the protection of human health and the environment  

Approximately 37 million people in the United States live in the endemic areas, of 

which 6.4 million live in highly endemic areas; 4.7 million live in Arizona, 1.2 million in 

California and 0.5 million in Texas (Census Bureau, 2003). Identification of highly 

endemic areas is based on Ochoa’s (1966) map of areas that have greater than 50% skin 
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test positive reactions that detect cell mediated immunity. Coccidioidomycosis poses a 

special problem for three population groups that are of special concern to the CDC (CDC, 

1998). These populations include people with impaired host defenses (Ampel, 2007), 

pregnant women (Caldwell et al., 2000; Ie et al., 2002), and visitors to the endemic region 

of the pathogen (CDC, 1998; Panackal et al., 2002). The illness can be very expensive in 

terms of lost days from work or school and substantial medical costs (Barnato et al., 

2001; Galgiani, 1999; Kirkland and Fierer, 1996; Leake et al., 2000).  

Factors confounding coccidioidomycosis surveillance  

Estimates of coccidioidomycosis frequency vary widely (Barnato et al., 2001; 

Valdivia et al., 2006) and reports of epidemic increases in coccidioidomycosis are 

complicated by recent changes in reporting and increased awareness within the medical 

community. Coccidioidomycosis became a nationally notifiable disease in 1995; cases 

meeting the clinical definition and confirmed by laboratory analysis of blood or tissue 

were reported to the Center for Disease Control and Prevention (CDC, 2008). In 1997 the 

State of Arizona improved surveillance by instituting mandatory laboratory reporting, 

determined to be sufficient evidence for reporting cases (Sunenshine et al., 2007). 

Reporting compliance may have improved through awareness and education programs 

offered by the Valley Fever Center for Excellence since its establishment in 1996 by the 

Arizona Board of Regents and Southern Arizona Veterans Administration Health Care 

System. Misdiagnosis further confounds the relationship between predicted and reported 

cases. In a study of 55 patients in Tucson, Arizona, Valdivia et al. (2006) confirmed that 

29% [95% CI 16-44%] were diagnosed as having community acquired pneumonia 
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(CAP), but instead they had coccidioidomycosis. The US annual incidence of CAP is 

relatively large, estimated 1.7% in the general population and 2.8% in individuals older 

than 65 years (Cunha, 2007). 

Establishing the precise date of coccidioidomycosis onset from surveillance data 

and for risk factor studies is difficult and poses issues for disease frequency estimations 

and risk factors studies that attempt to differentiate effects by season or finer temporal 

scales. The ADHS conducted an enhanced surveillance study of coccidioidomycosis in 

2007 and estimated the lag time between disease onset and diagnosis was an average of 

207 days and a median of 54 days for notifiable reported cases (Tsang and Sunenshine, 

unpublished).  

Determining the true frequency of coccidioidomycosis from surveillance 

reporting and identifying disease determinants in the general population are complicated 

by the difficulty of assessing a person’s exposure and susceptibility to the pathogen. 

Some incidence and risk factor studies have assured that they use populations that were 

susceptible by enrolling military personnel or college students who are new to the 

endemic area (Gray et al., 1998; Hugenholtz, 1957; Kerrick et al., 1985; Klotz and 

Biddle, 1967; Williams et al., 1979). These populations are not necessarily externally 

generalizable to a wider population. Additionally, there remains the potential for 

significant confounding with study designs that fail to control for different exposures to 

Coccidioides. Clinic-based studies have the potential advantage of being able to test for 

and assure the susceptibility of subjects, to assure accurate classification of disease, and 

to better estimate time of onset through serologic and skin-testing. However, these studies 
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are still potentially confounded by the difficulty of identifying infected and susceptible 

people. Serologic IgG and IgM testing has low realized-sensitivity since their optimum 

sensitivity, up to 90%, is time dependant and variable between month to a year after 

infection (Blair and Currier, 2008). Infections impart lifelong immunity; however, skin 

testing reagents (coccidioidin and spherulin) for detecting cell mediated immunity are not 

generally available (Ampel et al., 2006). Assuring representativeness and control of 

exposure factors remain limitations for clinic-based risk factor studies. Generally clinic-

based studies assume group-level exposure is regionally uniform with individual-level 

exposures controlled by type of work or other activities (Ampel et al., 1998; Durry et al., 

1997; Rees et al., 1998; Rosenstein et al., 2001; Schneider et al., 1997). 



34 

 

PRESENT STUDY 

The goal of this study is to use cross-sectional telephone survey and state health 

department surveillance of reported cases to characterize the distribution and 

determinants of coccidioidomycosis in greater Tucson, Arizona, using landscape ecology 

and complex survey methods. This approach controls for environmental factors that 

affect Coccidioides exposure. A stratified, two-stage, address-based telephone survey of 

greater Tucson, Arizona, was conducted in 2002 and 2003. Subjects were recruited from 

direct marketing data by census block groups and landscape strata as determined using a 

geographic information system (GIS). Subjects were interviewed about potential risk 

factors. Address-level state health department notifiable-disease surveillance data were 

compared with self-reported survey data to estimate the true disease frequency. 

The methods, results, discussion, and conclusions of this study are presented in 

each of the three manuscripts appended to this dissertation (Appendices A, B, and C). An 

illustration of how the data were collected, organized and used to produce the three 

manuscripts is presented in Figure 2. Appendix A describes and evaluates the telephone 

survey methods. Appendix B compares the reported case frequency from the survey and 

the state disease surveillance. Appendix C evaluates the telephone survey for potential 

coccidioidomycosis risk factors. The following is a description of methods used and a 

summary of the most important results reported in these three manuscripts.  
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Figure 2. Survey implementation, data components, and information flow. 
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Methods 

Study Overview  

The study design integrated epidemiological and ecological methods using geographic 

information system (GIS), complex survey design and analysis, commercial direct 

marketing data, and notifiable disease surveillance data. Together these methods and data 

facilitated better assessment of the true prevalence of coccidioidomycosis and of the 

magnitude of potential risk factors through improved control of environmental, 

behavioral, and biological factors affecting exposure and susceptibility as well as 

reducing differential misclassification error within the reference population and subjects 

that self-report no history of coccidioidomycosis. The approach involves six types of 

data; they include: 

 US 1990 and 2000 census data, 

 Digital soil maps and soil survey data provided by US National Resource 

Conservation Service,  

 Address-based, telephone marketing data of residences purchased from three 

vendors, 

 Parcel addresses with GIS coordinate centriods of Pima County, Arizona, 

provided by Pima County Department of Transportation, 

 Telephone survey data, and 

 Twelve years (1992 to 2003) of notifiable case reports by residential address of 

Pima County, Arizona, provided by Arizona Department of Public Health. 
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Human subjects approval 

The Arizona Department of Health Service’s (ADHS) human subjects 

institutional review board approved my use and analysis of Pima County, Arizona, 

notifiable coccidioidomycosis case data from the period 1992 to 2003 (Appendix D). The 

University of Arizona’s human subjects institutional review board approved the 

underlying research study and dissertation. Appendix D includes the approval letters, 

Appendices E, F, G, and H includes copies of the approved consent and assent forms, 

Appendices I and J includes the approved introductory letter and reply postcard, 

Appendices K, L, M, and N included the approved tracking form and questionnaires used 

in the ADCRC funded study. Implied or waived consent was given during the telephone 

interviews for the information used in this dissertation. Written consent and assent was 

given for information collected using questionnaires in Appendices M and N. This 

information that was collected through the face-to-face interviews was not used in this 

dissertation. 

Preliminary Studies for Survey Design 

In 2000 a pilot, door-to-door survey of 544 subjects in two Census block groups 

was conducted to test questionnaires and evaluate the feasibility of a larger study (Tabor, 

unpublished). Seventy percent of the contacted households participated within three 

contact attempts. Four subjects met the case definition; they had symptomatic, doctor 

diagnosed coccidioidomycosis within the past ten years with onset occurring at their 

current address. The pilot data was used to estimate household recruitment for this study. 
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An unpublished, 2002 investigation of canine coccidioidomycosis in Pima 

County, Arizona, determined a significantly higher prevalence of canine disease on 

mountain foothills soils compared to the valley soils and significantly higher prevalence 

in suburban landscapes (Tabor et al., unpublished) (Figure 3). 

Figure 3. Odds ratio of canine coccidioidomycosis in Tucson, Arizona. The circled area 
identifies a foothills landscape with relatively higher risk that other parts of the study 
area. 

 

Survey design overview 

A stratified, two-stage, cross-sectional, address-based telephone survey was 

conducted in greater Tucson, Arizona, from July 2002 to December 2003. The study was 

designed to recruit subjects and collect information for prevalence and risk factor studies 

of coccidioidomycosis in Tucson, Arizona. The survey sought to account for the spatial 
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variability of disease occurrence, identify self-reported disease that would likely be 

classified as notifiable cases within the state surveillance system, and consider group- and 

individual-level exposures and known risk factors for symptomatic coccidioidomycosis. 

Population Sampling Strategy 

Environmental and exposure factors were partially controlled by stratification 

using three landscape types (Figure 4). These three strata were further divided into two 

demographic strata that were composed of less than 14% Hispanic households or low 

Hispanic and greater than 14% Hispanic households or high Hispanic by using US 

Census data to assure adequate sampling of a minority population. Additional 

demographic stratification by other race-ethnicity groups in this study was not feasible 

due to much smaller populations of the other groups. Cluster sampling within each of the 

six strata served several purposes; it controlled group-level effects of possible differences 

in neighborhood exposures and disease susceptibility, reduced survey costs, and made the 

study feasible (DiGaetano and Waksberg, 2002; Levy and Lemeshow, 1999). Census 

block groups were selected as the primary sampling units (PSUs) for clusters because 

they provided a large enough sample population to represent localized exposures at the 

neighborhood scale and residential address-based telephone marketing lists could be 

purchased by census block groups. Block groups enabled fine scale assessment of sample 

bias and facilitated poststratification of the 2002 and 2003 recruited sample to assure 

representativeness. A geographic information system (GIS) was used to define strata 

boundaries, modify PSU geography, and verify location of purchased address-based
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Figure 4. Landscape and demographic strata by Census 2000 block-group boundaries in 
greater Tucson, Arizona. 
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telephone marketing data using Pima County Department of Transportation (2007) 

address coordinates. 

Greater Tucson, Arizona (1,287 km2), a mixed urban-suburban location, served as 

the study area; it contained 552 contiguous Census 2000 block groups and a household 

population of 703,438. The number of housing units in the study area’s block groups 

ranged from 48 to 3,853 compared with the Bureau of Census’ recommended 250 to 550 

housing units per block group (Census Bureau, 1994). The wider than expected range in 

households and household populations required aggregating smaller block groups to 

ensure that a sufficient number of households was available for recruitment in the 

selected PSUs. A GIS and Census 2000 data were used to select and aggregate adjacent 

block groups with less than 200 households into PSUs. Utilizing census block geography 

I subdivided 45 block groups that had over 1,000 households and relative large areas into 

95 smaller PSUs, thereby reducing the area of PSUs and minimize landscape 

classification errors. 

Three landscape strata were classified by aggregating 86 soil taxonomic units by 

landscape type and then mapped to each of the PSUs (Figure 2) (Cochran et al., 2003; 

SCS, 1975). Soil types and their characteristics potentially affect the occurrence and 

dissemination of the pathogenic spores and thus provide an objective means of 

identifying the strata. A landscape ecological approach (Turner et al., 2001) was used to 

define strata categories, select census block groups as a scale of analysis, and assign each 

PSU a landscape strata category based on mapped soil types. The riparian landscape 
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stratum was included with the foothills and basin strata based on the potential that 

riparian areas are better habitat for Coccidioides spp. than the other landscape types.  

Disproportionate stratification was used to assure sufficient sampling of 

Hispanics. A total of 17 PSUs were selected without replacement from each of the six 

strata, based on Census 2000 Summary File 1 household populations and “surveyselect” 

procedure (SAS Institute, 2008) for first stage sampling from the 544 PSUs of the study 

area. Since household populations of the census block groups and resulting PSUs differed 

widely, PSUs were selected probability proportional to size (PPS) to achieve lower 

standard errors than would be expected with equal probability sampling (Levy and 

Lemeshow, 1999). Households were randomly sampled within the selected PSUs with an 

equal allocation of sampled households among strata to test the hypothesis of different 

strata-level effects. 

Determination of sample size for the survey 

Lemeshow et al. (1988) sample size method for case-control studies was used to 

determine the number of coccidioidomycosis cases needed to evaluate potential risk 

factors and, based on this number, the number of subjects needed in the cross-sectional 

survey to assure enough qualifying cases. Unlike conventional epidemiological sample 

size methods that are based on assuming or estimating probabilities of exposure given 

disease presence or absence, this method is based on the odds ratio to be tested, the 

percentage within its true population value, and at a specified probability. An odds ratio 

of 3.7 was used to estimate the sample size based on a study on smoking among 

coccidioidomycosis cases reported from a clinic-based elderly population (Leake et al., 
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2000). I iteratively weighed the costs of achieving different sample sizes against how the 

sample size would affect the margin of error. The study would need to recruit 13,218 

subjects using simple random sampling to obtain 95 qualifying cases based on the pilot 

study’s annual prevalence of 73.5 cases per 100,000, a 35% error margin, and an α-value 

of 0.05.  

Complex surveys using cluster or stratified sampling will likely need different 

sample sizes to achieve same reliability as surveys that used simple random sampling. 

Design effect, the ratio of a complex survey’s sample variance over the sample variance 

from simple random sampling if it were employed (Levy and Lemeshow, 1999), is used 

to calculate and evaluate sample sizes for complex survey designs. Cluster sampling 

increases the design effect from the reference 1.0 by inflating the overall variance due to 

homogeneity within sampled clusters (Levy and Lemeshow, 1999). Stratification can 

decrease design effects below 1.0 and reduce the required sample size when variables of 

interest are relatively homogenous within each stratum (Lewis-Beck et al., 2003).  

A design effect of 1.8 was used to evaluate the impact for sample size estimation 

and was selected based on experiences with other surveys. A design-effect factor of 1.8 

inflated the estimated simple-random-sample size of 13,218 subjects to 23,792 subjects 

and an estimated 175 qualifying cases. A survey of 21,420 households would be needed 

based on the study area’s 2.85 people per household, a 30% refusal rate of the pilot study, 

a reported 80% or better validity of data purchased from vendors, and a 50% safety factor 

to account for assumption errors. A total of 210 households were to be sampled from 102 

PSU. However, based on limited resources, the number of sampled PSUs was reduced 
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from 102 to 88 by removing two of the unsampled PSUs in each of the six strata. Also, it 

was not possible to subdivide large census block-groups by census blocks to reduce 

landscape classification error and retain census demographic information needed for 

poststratification. The subdivided block groups that were selected for sampling were 

recombined. This reduced the number originally selected PSUs by14, two from 

recombination of subdivided block groups and by 12 from random removal of PSUs. 

Selection of random households 

Address-based telephone recruitment data were purchased from three vendors of 

direct marketing data at the smallest geographic resolution available: block groups or 

postal-service carrier routes. A total of 50,821 records was purchased in 2002 before the 

establishment of the National Do Not Call Registry in 2003. Data were combined from 

the three vendors into one sample frame, using street addresses and street address 

coordinates from Pima County Department of Transportation (2007), database 

management software (SAS Institute, 2008), and a GIS (ESRI, 2006).  

Survey instruments 

The telephone questionnaires (Appendix L) were designed to be three to ten 

minutes long and were used to collect demographic information for comparison with 

census data, information on potential risk factors for coccidioidomycosis, identify people 

with a history of coccidioidomycosis, and identify people that met this study’s criteria for 

qualifying disease. More detailed face-to-face survey questionnaires (Appendices M and 

N) were used for those telephone interviewees that met the criteria for qualifying disease 

and their comparison control group in a case-control study of the ADCRC funded project. 
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Questionnaires were based on prior surveys using previously validated questions from the 

US Census 2000 questionnaires regarding age, gender, ethnicity, race, and educational 

attainment. Question from the Specialized Center of Research’s respiratory health 

questionnaire (Lebowitz and Burrows, 1976; Lebowitz et al., 1975) were used regarding 

symptoms and diagnosis of coccidioidomycosis. Yes-no questions were asked regarding 

potential risk factors, if dogs and cats had lived in the home and if someone smoked daily 

inside the home. Scannable (Cardiff, 2002) forms of the questionnaires were produced in 

English (Appendix L) and the interview dialogue translated to Spanish. 

Recruitment 

The telephone survey was organized and implemented by PSUs in random 

sequence from July 2002 to December 2003. To increase recruitment, introductory letters 

were mailed to households (Appendix I) (Figure 2). Included in the letters were a return 

postcard questionnaire with reply postage paid (Appendix J) and informational brochure 

about coccidioidomycosis (Galgiani et al., 2000). Mailings were sent in English for non-

Hispanic PSUs and in English and Spanish for Hispanic PSUs. The first telephone 

contact was attempted within one week of mailing. Interviews were conducted in either 

English or Spanish. The interviewers made telephone calls from late morning to early 

evening on all days of the week, for five contact attempts at different times of the day. 

A one-page scannable data-tracking sheet (Cardiff, 2002) for each selected 

address was used to manage the calls within the interview team, record the validity of the 

purchased address and telephone data, and record type of response (Appendix K). 
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Tracking sheets contained labels with identification number, PSU number, address, and 

telephone number for each address.  

Information was collected at the beginning of each telephone interview from an 

adult in the household on age, gender, race, ethnicity, educational attainment of each 

household member and on household-level risk factors including household pets and 

tobacco smoke. Finally if there was a history coccidioidomycosis in the household then 

information was collected directly from those adults that self-reported 

coccidioidomycosis or the guardians of children in the household that were reported to 

have had coccidioidomycosis.  

Data validity was assured by recontacting interviewees through spot checks to 

confirm that the interviews were conducted and that the recorded data were correct. 

Completed tracking and questionnaire sheets were checked and coded by one person and 

were scanned and checked by two people separately for consistency. Survey data were 

cleaned using database management and GIS software. Data verification and validation 

included range checking, contingency checking, and deductive imputation by logical 

reasoning.  

Household response rate (RR) was calculated following the American Association 

for Public Opinion Research (2008) methods as follows:  

RR=I/[(I + R + C) + e(UR + L + UC + UH)] 

where I was number of completed interviews, R was number of refusals from eligible 

addresses, C was number of contacted residents from eligible addresses who said “call 

back” later but interviews were not giving after five attempts, L was number of telephone 
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numbers where communication was prevented by language barriers, UH were the number 

of telephone numbers with no answers after five attempts, UR was the number of refusal 

from telephone numbers of unknown eligibility, UC was the number of “call backs” from 

telephone numbers of unknown eligibility, and e is the estimated proportion of eligible 

telephone numbers among the sampling frame and was calculated as follows: 

e= (I + R + C)/(I + R + C + B + M) 

where B was the number of businesses contacted and M was the number noneligible 

households that were located outside of the selected PSUs. 

Definition of qualifying self-reported coccidioidomycosis cases 

Qualifying self-reported cases had to be symptomatic, doctor diagnosed 

coccidioidomycosis within the past 10 years with onset occurring at the survey selected 

or current address. We limited qualifying cases to symptomatic and doctor diagnosed 

cases that would be comparable to cases reported to the ADHS notifiable disease system 

(Sunenshine et al., 2007) in order to compare surveillance and survey determined 

coccidioidomycosis frequency. The self-reported case definition did not require that the 

doctor diagnosis include laboratory confirmation as the CDC’s confirmed case definition 

requires. Interviewees during the pilot study generally did not know how their doctor 

made the diagnosis. 

Imputation for Missing Data 

Low percentages of survey data were missing for age (1.0%), gender (0.5%), 

residence year (1.4%), race (1.8%), and smoking in house (1.7%). Greater percentages of 

data were missing for questions regarding educational attainment (3.2%) and ethnicity 
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(5.1%). Missing data and item non-responses were imputed using the “hotdeck” method 

(Mander and Clayton, 2000) from values reported within the same PSUs. Imputation for 

missing data allow the same sampling weights for all items and “hotdeck” imputation 

provided a straightforward, commonly used method that maintained means and variances.  

Missing items in the survey data were imputed in 15 “hotdeck” random draws that 

created 15 slightly different data sets for comparison. Analysis of missing data variables 

by demographic and environmental variables indicated that there were no violations of 

missing completely at random or missing at random assumptions (Little and Rubin, 2002; 

Rubin, 1987). The effect of multiple imputation on the standard error of each variable 

was evaluated by evaluating the contribution of the between-variance of the imputed 

datasets to the within-variance of the imputed dataset. Between-variance is the variance 

of the estimates from all imputed datasets. Within-variance is the average of variances 

from each imputed dataset (Levy and Lemeshow, 1999). 

Assignment of sampling weights and poststratification 

Sampling weights and poststratification (Levy and Lemeshow, 1999) were used in 

the statistical analysis (StataCorp, 2005a). Sampling weights are the inverse of the 

selection probability and were used to adjust for differential sampling rates due to the 

sampling design. Sampling weights based on individual selection probability were 

applied to each person in each recruited household by PSU and strata of occurrence so 

that the results from the analysis would represent a random, cross-sectional survey. 

Poststratification, also referred to as population control adjustment, was applied to 

compensate for selection bias by adjusting the sample population to census demographics 
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(Levy and Lemeshow, 1999; StataCorp, 2005a). Race-ethnicity, age, and occupation are 

risks factors for coccidioidomycosis (Gray et al., 1998; Johnson, 1982; Pappagianis, 

1988; Werner et al., 1972), and are factors that potentially cause differential recruitment 

rates, and can bias the study’s results. Poststratification based on census demographics is 

a commonly used method to reduce this potential bias (Levy and Lemeshow, 1999). 

Poststratification was based US Census data of five race-ethnicity categories, non-

Hispanic White, Hispanic, non-Hispanic African-American, non-Hispanic American 

Indian, and other non-Hispanic. 

Demographics of the sampled population were calculated using sample weights 

without poststratification. Prevalence estimates and logistic regression analysis were 

calculated using sampling weights with and without poststratification. 

Calculation methods used for statistics 

Standard errors were use to calculate the 95% confidence intervals of estimates 

and were calculated by Taylor linearized variance estimator for each of the 15 imputed 

datasets and combined following method described in Levy and Lemeshow (1999). The 

95% confidence intervals were calculated based on the students-t statistic and 82 degrees 

of freedom (88 PSUs – 6 strata) (StataCorp, 2005b). Mean odds ratios were calculated by 

averaging the 15 logistic regression coefficients for each variable. Design effects to 

evaluate the efficiency of sampling were calculated for analyses without poststratification 

(StataCorp, 2005b) and the 15 results for each variable were averaged. Design effects can 

not be calculated when poststratification is used.  
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Sampling accuracy, or reliability and validity, of sampled demographic variables 

was evaluated by comparing root-mean-square-errors (RMSE) that were scaled by census 

proportions and selected race-ethnicity as the most robust demographic variable for 

poststratification. Mean-square-errors (MSE) and RMSE are measures of accuracy that 

are functions of validity (or bias) and reliability (or precision) where smaller values 

indicate greater accuracy (Levy and Lemeshow, 1999). MSE was calculated as follows: 

MSE(x) = Var (x) + B2(x) 

where Var is the variance of the population estimator x and B is the bias of the estimator. 

Bias of an estimator was calculated as follows:  

B(x) = E(x) - X 

where E(x) expected value of an estimator (e.g., sample demographic proportion) minus 

the true value of the parameter X (e.g., census demographic proportion). 

Surveillance data 

Arizona Department of Health Services (ADHS) provided surveillance data on 

3,295 notifiable cases reported in Pima County from 1992 to 2003 (ADHS, 2002; ADHS, 

2008). Database management software (SAS Institute, 2008), and GIS software (ESRI, 

2006), and free web-based map services (for example www.mapquest.com) were used to 

clean the data. Soundex phonetic algorithm (SAS Institute, 2008) was used to identify 

and correct misspelling of names and GIS software identified addresses that occurred 

outside of Pima County. Recurrent reporting of persistent infections between 1992 and 

2003 (3.7%), and cases that occurred outside of Pima County were identified and 

removed leaving 3,150 notifiable cases for analysis. There was sufficient address 
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information for 2,084 (66%) county’s cases to assign geographic coordinates (geocode); 

1,791 of the geocoded cases occurred in the survey area. These geocoded addresses were 

97% residential, 1% commercial, 1% medical, and 0.7% humanitarian organizations 

based on Pima County land use codes (Pima County Department of Transportation, 

2007). The number of ADHS address-identified cases for the study area and individual 

sampling strata were increased to account for 34% of county’s case data without 

addresses.  

Analysis strategies 

Bivariate and multivariate logistic regression results were compared with 

published results on risk factors. Bivariate and multivariate logistic regression results 

were compare to evaluate potential confounding and effect modification on reported and 

hypothesized risk factors by changes in the odds ratios. The hypothesized risk factors 

were residence occurring on foothills, riparian, and basin landscape types and exposure to 

pets and tobacco smoke in the home (Appendix L, questions 18-20). The variable “year 

moved to residence” was included to control for exposure and susceptibility factors. Pet 

exposure variables were not included in the multivariate analyses; they had p-values 

above 0.4 in the bivariate analysis and they did not show confounding in the multivariate 

analysis. Confounding was identified by a 10% or greater absolute change in a variable’s 

odds ratio caused by removal of the confounding variable in the multivariate analyses. 

Many of the conventionally used model-based diagnostics are not possible with 

design-based analyses that use clustered and stratified data (Levy and Lemeshow, 1999). 
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An F-adjusted mean residual goodness-of-fit test developed by Archer and Lemeshow 

(2006) was used to evaluate the multivariate models. 

For the manuscript that focused on the comparison between coccidioidmycosis 

from ADHS surveillance and telephone survey cases (Appendix B), frequencies from 

ADHS reported cases are based on all cases for county estimates and on adjusted address-

specific cases for frequency estimates in the study area. The number of cases for the 

study area and individual sampling strata were increased to account for 34% of county’s 

case data without addresses. Prevalence was use as the disease frequency metric because 

the general population was estimated at 70% susceptible with variable exposure histories 

(Dodge et al., 1985). County-level annual prevalences were calculated using 1992 to 

2003 census population estimates (Census Bureau, 2002; Census Bureau, 2008) as the 

population denominator. Annual period prevalence within the survey area were 

calculated using Census 2000 block group populations for the denominator since 

sufficiently accurate inter-census estimates were not available for geographies finer than 

county level. The geocoded ADHS case counts used to estimate prevalence within the 

survey area were increased proportional to the number of cases in the county without 

residential address information for the respective year or years.  

Addresses and names of the ADHS surveillance cases were compared to 

addresses and names of survey participants who self-reported a history of 

coccidioidomycosis to estimate reporting compliance from the stratified, clustered 

sampled cases. The number of notifiable cases that could be reported was estimated by 

using the capture-recapture method that is commonly used in ecologic studies to estimate 
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animal populations (Hook and Regal, 1995). The estimate was calculated using the 

following formula: 

d={[(a+1)*(b+1)]/(c+1)}-1 

where d is estimated cases in the survey area, a is the ADHS cases reported (captured) in 

the survey area, b is the “sampled” cases from the survey area that was estimated from 

the stratified, clustered sampled cases, and c is the “sampled” ADHS reported cases 

(recaptured) from the survey area that was estimated from the stratified, clustered 

sampled cases that were reported to ADHS. The “sampled” cases were estimated for the 

entire survey area from the sampled 88 clusters (PSUs) using the population survey 

statistical methods (StataCorp, 2005a). 

Results 

Manuscript #1: Landscape epidemiological survey of human coccidioidomycosis cases in 

greater Tucson, Arizona, USA 

The goal of these analyses was to evaluate the methods used in a novel cross-

sectional, address-based telephone survey to recruit subjects and collect information for 

prevalence and risk factor studies of coccidioidomycosis. The direct marketing lists 

purchased in 2002 accounted for 45.2% of the households reported by the US 2000 

Census in the 102 selected PSUs. The address-based telephone survey that included 

mailing an introductory letter (Figure 2) prior to telephone contact achieved census block 

group resolution of sampling with an over all household response rate of 41% and similar 

response rates across the six landscape-demographic strata. Primary sampling units based 

on census block groups allowed precise evaluation of potential selection bias and 
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adjustment of the sampled population to better represent 2000 census demographics using 

poststratification. There was a significant sampling bias of age, where sample proportions 

for age groups 45 years and older were consistently larger than the Census 2000 

proportions and outside the 95% confidence intervals of most of the strata sampling 

estimates. The African-American non-Hispanic, American Indian non-Hispanic, and 

Hispanic were under-represented among ethnic-race categories while the White non-

Hispanic group was over represented and sample bias was consistent across most strata. 

The African-American estimates were generally under-represented but not significantly 

different from the census proportions. The overall sample bias for White non-Hispanic 

and Hispanic categories was not significant while the American-Indian estimates were 

significantly smaller than the census reported proportions. There was significant under 

recruitment of those not attaining a high school diploma and those attaining some college 

education.  

Poststratification based on five race-ethnicity classes was more robust at adjusting 

demographic sample estimates to match those reported by the census and was used in the 

study to compensate for potential selection bias. The sampling and analysis methods 

appear valid since the relative variations in prevalence (compared to the total study area) 

of self-reported qualifying coccidioidomycosis across strata were consistent with the 

relative variation by strata of ADHS surveillance prevalence in magnitude and direction 

at the 95% confidence level. 

Clustered, address-based telephone surveys provide a feasible and valid method to 

recruit populations from address-based lists using a GIS to design surveys and population 



55 

 

survey statistical methods for analysis. Landscape ecology provides effective methods for 

identifying scales of analysis and strata for stratification that will improve sampling 

efficiency when environmental variables of interest are strong predictors. 

Manuscript #2: Comparison of state surveillance and survey of coccidioidomycosis in 

Arizona, USA 

The goal of these analyses was to examine the reported epidemic of 

coccidioidomycosis by comparing results from a cross-sectional survey for 

coccidioidomycosis conducted in Tucson, Arizona, with notifiable disease data collected 

by Arizona Department of Health Services. A total of 874 out of 14,105 telephone survey 

participants reported having had coccidioidomycosis at sometime in their life. Multiple 

imputations of missing data into 15 datasets resulted in reclassifying eight to twelve 

survey cases as qualifying cases. An average of 143 participants met the study’s case 

definition for having had symptomatic disease between 1992 and 2003. These cases and 

their frequency of occurrence by strata were then compared to the 3,150 ADHS 

surveillance cases over corresponding time periods. 

Both survey and ADHS case data had reporting errors for date of first occurrence. 

Self reported diagnosis dates for 25 survey cases that were matched ADHS reported cases 

averaged 0.04 years later than ADHS dates with a standard deviation of 1.14 years and 

ranged from two years earlier to three years later than that ADHS reports. Corrections to 

self reported dates were made to 16 survey cases who indicated they were not sure about 

the diagnosis date. A survey interview identified a two-year delay in disease reporting to 

ADHS for a participant with recurrent disease of a persistent infection. The effect that 



56 

 

diagnosis date errors had on temporal risk assessment was reduced by calculating annual 

disease frequency over multiple-year periods. The ADHS cases data supported studies 

that reported seasonal differences in disease frequency (Figure 5) with peak frequencies 

occurring in July and in November and that older age groups are at greater risk of 

disease. The figure also indicates that older age groups are more sensitive to showing 

temporal changes in coccidioidomycosis frequency. 

Figure 5. Age-specific monthly prevalence averaged from 1992 to 2003 notifiable 
coccidioidomycosis case data for Pima County, Arizona. 
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Approximately 4% of state reported notifiable-cases are recurrent reporting from 

an initial infection that was entered into the state’s surveillance system (Figure 6). Only 

the initial report of these recurrent cases was included in the analysis. The dramatic 

increase in state reported notifiable cases after 1997 was largely the result of a policy 
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Figure 6. Frequency of time period between first and last report of recurrently reported 
coccidioidomycosis cases of the 3150 cases reported for Pima County, Arizona, between 
1992 and 2003. 
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change that improved surveillance by also including those cases with only laboratory 

confirmation reported; the clinical diagnosis was not reported by a physician. Laboratory 

reported cases do not include residential addresses and the resident location coordinates 

can not be geocoded into a GIS (Figure 7).  

Annual notifiable disease reporting compliance was estimated based on two-year 

averages by dividing the survey cases that were reported to ADHS by the total number of 

qualifying cases reported in the survey. Compliance values were consistently around 8% 

from 1992 to 1997 then compliance began a dramatic, sustained, and linear increase from 

1998 (9% compliance) to 2003 (41% compliance) with a slope of 8% per year. Sample 

sizes were large enough for the last three periods that standard errors and 95% confidence 

intervals were calculated (Figure 8). No epidemic (or major increase in the adjusted 
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Figure 7. Frequency of state-reported coccidioidomycosis cases for Pima County, 
Arizona, and the study area of greater Tucson between 1992 and 2006. 
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Figure 8. ADHS reporting compliance in greater Tucson, Arizona, estimated as percent 
of ADHS reported coccidioidomycosis cases among survey self-reported cases over two-
year periods. 
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number of cases) was detectable from 1992 to 2006 after adjusting surveillance data for 

reporting compliance.  

Although a coccidioidomycosis epidemic in Arizona did not occur between 1992 

and 2006, the disease burden is greatly underestimated if based solely on state health 

department surveillance reporting. Spatial and temporal disease frequency was highly 

variable at the census block-group and coarser geographies and indicated that pathogen 

exposures and host susceptibility are important predictable determinants of disease 

occurrence. 

The predicted frequency of symptomatic coccidioidomycosis for Pima County, 

Arizona, is approximately 472 per 100,000 and 5 times larger than the 2006 surveillance 

frequency of 94.8 cases per 100,000 (ADHS, 2008) assuming 67% of the Pima County 

population are susceptible (Dodge et al., 1985), 2% annual incidence of infection 

(Barnato et al., 2001), 60% of infections are symptomatic (Pappagianis et al., 1993), and 

88% of symptomatic infection (35% of all infections) are presented to physicians, 

diagnosed, and reported as notifiable cases. The large difference between predicted and 

observed surveillance cases disappears when reporting compliance and misdiagnosis as 

community-acquired pneumonia are considered. Using capture-recapture methods, 

approximately 20% of notifiable cases are being reported to ADHS.  

Manuscript #3: Risk factors for Coccidioidomycosis from an neighborhood-level, 

address-based telephone survey in greater Tucson, Arizona, USA 

The goal of these analyses was to describe individual and group-level risks related 

to landscape type, race-ethnicity, smoking, and pathogen exposures. In this study of 
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6,491 males, and 6,882 females between the ages of 2 and 85 years, a total of 143 

probable coccidioidomycosis cases were identified as having occurred between 1992 and 

2003. The risk of coccidioidomycosis for Hispanics compared to non-Hispanic Whites is 

similar. Other factors identified in this study as associated with a self-reported diagnosis 

of coccidioidomycosis are consistent with findings on known risk factors regarding older 

age groups, being African American, and cigarette smoking (Johnson, 1982; Leake et al., 

2000; Rosenstein et al., 2001) when controlled for exposure and susceptibility factors. 

Location of residence by landscape and demographic strata were significant confounders.  

The odds of reporting disease decreased from an unadjusted 4.7 mean odds ratio 

to an adjusted 1.9 mean odds ratio for those 45-64 years compared to those less than 25 

years of age, and from an unadjusted 5.6 to an adjusted 2.7 for those greater than 64 

years; the reduction in magnitude of these odds ratios was largely due to the inclusion of 

educational attainment into the model. The opposite effect occurred between unadjusted 

and adjusted odds ratios when race-ethnicity classes were compared to non-Hispanic 

Whites. Adjustment increased and strengthened the odds ratio for non-Hispanic African 

Americans from an unadjusted 1.4 to an adjusted 2.7. The unadjusted odds ratio for 

Hispanics increased with adjustment from a strong 0.28 to a weak 0.75. The odds ratios 

associated with history of tobacco smoke in the home increased in magnitude and 

strength with adjustment. 

Confounding variables were age, education attainment, residence in type of strata, 

and year-of-current-residence. Inclusion of age in the model increased the odds ratios for 

all non-White race-ethnicity groups, those individuals with no-high-school-diploma 
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education, low-Hispanic basin landscape stratum and all categories of year-moved-to-

residence. Inclusion of educational attainment in the model increased the odds ratio of 

non-Hispanic American-Indian category, and decreased the odds ratios of all categories 

of age, residence in the low-Hispanic foothills stratum, low-Hispanic riparian stratum and 

low-Hispanic basin stratum. Inclusion of strata in the model increased the odds ratios of 

non-Hispanic African-American, non-Hispanic American-Indian and Hispanic categories, 

and decreased the odds ratios of some-college-education category and moved-to-

residence categories 1994 to 1998 and 1999 to 2003. Inclusion of year-moved-to-

residence increased the odds ratios of low-Hispanic basin stratum, high-Hispanic foothills 

stratum and non-Hispanic African-American category, and decreased the odds ratios of 

the 45 to 64 years and greater than 64 years age categories. Gender and smoking in the 

home were not confounding variables in this analysis. 

Poststratification using census race-ethnicity demographics caused significant 

changes in the multivariate model but had little effect on the bivariate results. 

Poststratification strengthened the association of disease for non-Hispanic African 

Americans and reduced the association’s magnitude and strength from an odds ratio of 

4.2 to 2.5 for non-Hispanic American Indians.  
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CONCLUSIONS 

Summary of findings 

The following is a summary of findings presented according to the study’s 

research aims. 

Aim 1. Address-based telephone surveys using telephone marketing call-lists 

achieved good response rates. Cluster sampling by census block groups two to three years 

after the 2000 Census enabled good assessment and control of selection bias, and 

provided valid results that are comparable to the geographic distribution of ADHS 

disease surveillance. This novel approach allowed larger sampling fractions at finer 

geographic resolution that would be difficult or impractical using random digit dialing 

methods. Improved characterization of finer geographical units such as census block 

groups is necessary for assessing variables that are spatial dependent at larger geographic 

scales such as census tracts and counties. Address-based, cluster-sampling survey using 

commercial residential marketing data and local government databases was a cost-

effective alternative to a random digit dialing survey; especially when more detailed 

spatial resolution than telephone area codes is needed. The address-based sampling 

approach enabled geographic stratification of sampling by spatially dependent 

environmental and demographic risk factors, and improved sampling efficiency. 

Landscape ecology provided methods for selecting the optimum scale of analysis and 

classifying environmental variables that were strong predictors of coccidioidomycosis. 

Aim 2. Arizona Department of Health Services’ surveillance of 

coccidioidomycosis cases in 2000 and 2001 identified approximately 20% of the 
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potentially notifiable cases. Improvements in reporting compliance between 1996 and 

2003 have been incorrectly interpreted as an epidemic of disease. There was high spatial 

and temporal variability in the frequency of coccidioidomycosis predicted by exposure 

factors such as soil disturbance and susceptibility of the population at census block group 

resolution. The economics of developing a vaccine for coccidioidomycosis may be more 

attractive considering the large disease burden and ability to better target at-risk 

populations geographically. The difficulty in identifying mild cases of 

coccidioidomycosis reduced surveillance accuracy as evidenced by 29% of community-

acquired pneumonia cases being misdiagnosed coccidioidomycosis in Tucson, Arizona 

that was reported by Valdivia et al. and discussed in the literature review section. 

Surveillance of the more severe cases may be a more effective means to monitor real 

changes in disease frequency. In the future enhanced surveillance studies on notifiable 

diseases could include surveys to monitor reporting compliance and estimate the true 

burden of disease on the community using capture-recapture techniques. 

Aim 3. The cross-sectional address-based telephone survey produced valid results 

as demonstrated by estimating the unadjusted odds ratios for coccidioidomycosis among 

the greater than 64 years age groups that were similar (OR 5.6) to a study by Mosley et 

al. of a comparable populations in Arizona (OR 5.5). Being Hispanic carried similar 

disease risk as being non-Hispanic White when controlled by other risk factors. Cigarette 

smoking in the home and having a home located in the foothills and riparian strata with 

low Hispanic populations were associated with elevated risk of coccidioidomycosis. 

Having a cat or dog in the home is not a risk factor based on the result of this cross-
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sectional study. The stratified sampling design of this cross-sectional survey controlled 

for differential classification errors of subjects reporting no history of coccidioidomycosis 

that otherwise would cause significant confounding. Observational and experimental risk 

factor studies of coccidioidomycosis need to control differential classification errors of 

disease susceptibility since serologic testing can have low realized-sensitivity and skin 

testing reagents are difficult to obtain.  

The limitations of this study include limitations inherent in retrospective 

observational studies, especially recall error regarding date of coccidioidomycosis 

diagnosis and occurrence of potential risk factors prior to diagnosis. The telephone 

survey only assessed residential and some personal risk factors; it did not assess other 

potential risk factors related to work, travel, and recreation. Resource limitations on this 

study prevented the option of medical chart review of self-reported cases to assess if they 

met CDC’s confirmed case diagnosis criteria. 

The strengths of this study include: (1) the design controlled for potential 

geographic differences in exposures and susceptibility of the population; (2) the cross-

sectional sampling of an urban and suburban population makes the results more 

externally valid to other similar populations that those conducted of military personnel, 

clinic and hospital patients, or student populations; and (3) the study covered a time 

period before and after state and national policy changes that affected physician reporting 

of coccidioidomycosis cases.  
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Significance and impact 

This novel, address-based, telephone survey design used multiple data sources to 

identify and recruit potential subject and is especially relevant for future telephone 

surveys. Random-digit-dialing surveys are becoming less geographically specific and 

cost effective due to the increasing exclusive use of cellular telephones and the portability 

of land-line telephone numbers within an area code. This study is also timely with the 

upcoming 2010 census. Future surveys that are conducted close to or during the time of 

the census will be able improve on this study’s methods and use census data for 

poststratification. 

This study design’s control of potential differential classification error of 

exposures and susceptibility for individuals in the study population are also relevant to 

prospective observational and experimental study designs. Determining a subject’s 

exposure to the pathogen is currently inadequate for all human based studies and tests to 

determine the susceptibility of subjects to the disease are insufficiently sensitive or not 

available. 

The comparison and analysis of the survey’s results with ADHS’s 

coccidioidomycosis surveillance data identified improved reporting compliance and 

surveillance since 1997 as the likely cause for the dramatic sustained increase in state 

reported cases. Preliminary reporting of these results to the research, clinical, and public 

health communities has greatly reduced their public warning of a current epidemic of 

coccidioidomycosis. This study estimated a much larger burden of coccidioidomycosis 
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on the community than ADHS surveillance system and justifies increasing support for 

developing better treatments and a vaccine. 

Future Work 

Improvements in disease surveillance and exposure assessment are needed to 

better evaluate the distribution and determinants of coccidioidomycosis and identify 

interventions for disease prevention. Human cases reporting through enhanced 

surveillance can provide the best temporal resolution for disease onset and inferred 

exposures. Canine case reporting through diagnostic laboratory testing can provide the 

best spatial resolution of pathogen occurrence. 

Human coccidioidomycosis surveillance can be enhanced through supplemental 

surveys and analysis to monitor reporting compliance and the distribution of more severe 

disease that is likely to be reliably reported, and focus on the older age groups that are 

more sensitive to temporal changes in disease frequency. This supplemental information 

will allow better assessment of surveillance data. 

More accurate risk factor determination of coccidioidomycosis for observational 

and experimental studies can be achieved through improved understanding of 

Coccidioides ecology and exposure assessment, and control of differential classification 

errors of coccidioidomycosis susceptibility. The only reliable methods of identifying 

exposure sources are to monitor the occurrence of natural infections and induce infections 

in laboratory animals from environmental samples. Time of human- and location of 

canine-disease occurrence can be modeled with climate and edaphic variables to 

determine fundamental ecological niche locations of Coccidioides so that sites can be 
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more efficiently selected to determine its realized ecological niche through environmental 

sampling and laboratory analysis. Better understanding the ecology and occurrence of 

Coccidioides and its sporulation in space and time will allow better prediction and 

assessment of exposures.   

Based on Coccidioides occurrence in semi-arid environments and poor 

competition in humid ones direct plating techniques using media with low water activity 

may succeed where semi-selective media have failed. Adding soil water potential (water 

activity) to climate, soil disturbance, and demographic variables may provide a robust 

predictor of disease occurrence for finer scale prediction of Coccidioides exposure 

events. Including Coccidioides exposure models in epidemiologic studies will lead to 

improved understanding of coccidioidomycosis’ determinants, prediction of its 

distribution, and allow better targeting of public health interventions.  
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Abstract  

Cost-effective approaches for identifying and enrolling subjects in community-

based epidemiological studies face many challenges. Additional challenges arise when a 

neighborhood scale of analysis is needed to distinguish between individual- and group-

level risk factors with strong environmental determinants. A stratified, two-stage, cross-

sectional, address-based telephone survey of greater Tucson, Arizona, was conducted in 

2002-2003. Subjects were recruited from direct marketing data at neighborhood 

resolution using a geographic information system (GIS). Three landscape strata were 

divided into two demographic units. Households were randomly selected within census 

block groups selected probability proportional to size. Purchased direct marketing lists 

accounted for 45.2% of the number of Census 2000 households in the surveyed block 

groups. Survey design effect on coccidioidomycosis prevalence was substantially reduced 

by stratification based on landscape and demographics. Race-ethnicity was more robust 

than age and gender to compensate for significant selection bias using poststratification. 

Clustered, address-based telephone surveys provide a cost-effective, valid method to 

recruit populations from address-based lists using a GIS to design surveys and population 

survey statistical methods for analysis. Landscape ecology provides effective methods for 

identifying scales of analysis and units for stratification that will improve sampling 

efficiency when environmental variables of interest are strong predictors. 

Key words: valley fever, complex survey, population control adjustment, multiple 

imputation. 



80 

 

Introduction 

This methods paper describes the design and implementation of a novel cross-

sectional, address-based telephone survey to recruit subjects and collect information for 

prevalence and risk factor studies of coccidioidomycosis (valley fever). The decreasing 

geographic specificity of telephone numbers and response rates present difficult 

challenges for telephone surveys (Kempf and Remington, 2007). Address-based 

telephone sampling can provide a cost-effective alternative to random digit dialing 

(RDD) surveys by improving coverage, recruitment, and participation rates.  

Coccidioidomycosis is a potentially fatal, re-emerging infectious disease caused 

by inhaling the spores of the fungi Coccidioides immitis or C. posadasii that grow in the 

soils of the warm, semiarid regions of the Americas (Kirkland and Fierer, 1996; 

Pappagianis, 1988). Approximately 60% of infected individuals remain asymptomatic 

while 30% have mild to moderate symptoms, and 10% develop more severe 

complications such as pneumonia, lung cavities, and disseminated infections (0.5%) 

(Pappagianis et al., 1993). Nearly all infections impart lifelong immunity; however, skin 

testing reagents (coccidioidin and spherulin) for detecting cell mediated immunity are not 

generally available (Ampel et al., 2006). An epidemic of coccidioidomycosis appears to 

be occurring in Arizona where 62% of all 2006 cases in the United States (US) were 

reported (CDC, 2007; Park et al., 2005). In 1995 coccidioidomycosis became a nationally 

notifiable disease, and in 1997 Arizona required laboratories to report identified cases. 

Inherent and behavioral risk factors include gender, age, race, smoking, and 

occupation (Johnson, 1981; Johnson, 1982; Leake et al., 2000; Rosenstein et al., 2001). 
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Environmental risk factors at a regional scale are climate, soil disturbance and dust 

(Comrie, 2005; Pappagianis et al., 1994). However, at finer scales little is known about 

the specific niche of Coccidioides spp. in the soil (Galgiani, 1999), its spatial distribution, 

and risk of exposure. Known and hypothesized ecological, exposure, and epidemiological 

determinants of coccidioidomycosis are presented in Figure 1 and divided into three 

parts, the fungal ecology in the environment, the etiology of exposure, and epidemiology 

of disease. Coccidioides occurrence, growth, and dispersion of infective spores in the 

environment have determinants that are spatially (x, y) and temporally (t) variable, as are 

individual- (i) and group-level (g) factors for exposure. For example, neighborhoods near 

soil disturbance experience group-level exposures while operators of earthmoving 

equipment experience individual-level exposures. As a result of environmental and 

exposure factors disease frequency is time, space, and scale dependent and can 

potentially confound the assessment of risk factors for disease, especially regarding age, 

gender, race, and ethnicity. Focal points for monitoring, detection, prediction, and control 

of disease are spore dispersion events (Lx,y,t), exposures (Ex,y,t,g,i ), and disease frequency 

(Fx,y,t,g,i).  

This paper describes a strategy, study design and recruitment that effectively 

incorporates these factors into a cross-sectional study that seeks to determine the 

prevalence of coccidioidomycosis and relevant risk factors. 
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Figure 1. Ecological and epidemiological causal diagram of known and hypothesized 
determinants of growth, dispersion, exposure, and infection for Coccidioides spp. in 
North, Central and South America (Tabor, 2009). 

Methods 

Design 

We conducted a stratified, two-stage, cross-sectional, address-based telephone survey to 

recruit subjects and collect information for prevalence and risk factor studies of 

coccidioidomycosis in Tucson, Arizona (Tabor, 2009). The survey was designed to 

account for the spatial variability of disease occurrence, identify cases that would likely 

be classified as notifiable, and consider group- and individual-level exposures and known 

risk factors for symptomatic coccidioidomycosis. This study was approved by 
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institutional review boards of the University of Arizona and Arizona Department of 

Health Service (ADHS). 

Sampling strategy overview 

Environmental and exposure factors were partially controlled by stratification 

using three landscape types (Figure 2) that were divided into two demographic units. 

Cluster sampling within strata controlled neighborhood group-level exposures, 

differential classification errors of disease susceptibility, and reduced survey costs 

(DiGaetano and Waksberg, 2002; Levy and Lemeshow, 1999). Census block groups were 

selected as the primary sampling units (PSUs) for clusters because they provided a large 

enough sample population to represent localized exposures at the neighborhood scale and 

residential address-based telephone marketing lists could be purchased by census block 

groups. Block groups enabled fine scale assessment of sample bias and facilitated 

poststratification of the 2002 and 2003 recruited sample to assure representativeness. A 

geographic information system (GIS) was used to define strata boundaries, modify PSU 

geography, and verify location of purchased address-based telephone marketing data 

using Pima County Department of Transportation address coordinates. 

Primary sampling units 

Greater Tucson, Arizona (1,287 km2), a mixed urban-suburban location, served as 

the study area; it contained 552 contiguous Census 2000 block groups and a household 

population of 703,438. The number of housing units per block group in the study area  
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Figure 2. Landscape and demographic strata by Census 2000 block-group boundaries in 
greater Tucson, Arizona. 
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ranged from 48 to 3,853 compared with the Bureau of Census’ recommended 250 to 550 

housing units per block group (Census Bureau, 1994). The wider than expected range in 

households and household populations required aggregating smaller block groups to 

ensure that a sufficient number of households was available for recruitment in the 

selected PSUs. We used a GIS and Census 2000 data to select and aggregate adjacent 

block groups with less than 200 households into PSUs. Utilizing census block geography 

we subdivided 45 block groups that had over 1,000 households and relative large areas 

into 95 smaller PSUs, thereby reducing the area of PSUs and reduced landscape 

classification errors. However, after PSU selection we returned the subdivided block-

group PSUs to their original block-group geography for random sampling of households, 

since the Census 2000 demographic data to be used for poststratification was not reported 

for census blocks. 

Sampling strata 

Three landscape strata (Figure 2) were classified by aggregating 86 soil 

taxonomic units by landscape type and then mapped to each of the PSUs (Cochran et al., 

2003; SCS, 1975). Soil types and their characteristics potentially affect the occurrence 

and dissemination of the pathogenic spores and thus provide an objective means of 

identifying the strata. A landscape ecological approach (Turner et al., 2001) was used to 

define strata categories, select census block groups as a scale of analysis, and assign each 

PSU a landscape strata category based on mapped soil types. The riparian landscape 

stratum was included with the foothills and basin strata based on the potential that 

riparian areas are better habitat for Coccidioides spp. than the other landscape types.  
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We used disproportionate stratification for first stage sampling of the 544 PSUs in 

the study area to assure sufficient second stage sampling of Hispanic households. 

Seventeen PSUs were selected without replacement from each of the six strata using 

Census 2000 Summary File 1 household populations and “surveyselect” procedure (SAS 

Institute, 2008). Since household populations of the census block groups and resulting 

PSUs differed widely, PSUs were selected probability proportional to size (PPS) to 

achieve lower standard errors than would be expected with equal probability sampling 

(Levy and Lemeshow, 1999). Households were randomly sampled within the selected 

PSUs with an equal allocation of sampled households among strata to test the hypothesis 

of different strata-level effects. 

Telephone recruitment data sources 

Address-based telephone recruitment data were purchased from three vendors of 

direct marketing data at the smallest geographic resolution available: block groups or 

postal-service carrier routes. Names of the three vendors were not reported owing to 

contractual requirements. Records (50,821) were purchased in 2002 before the 

establishment of the National Do Not Call Registry in 2003. Some PSUs required data 

purchases from multiple vendors in an attempt to acquire contact information for at least 

210 households per PSU. From one vendor 32,578 records were purchased based on 

Census 1990 block-group geography; 79.7% were within the selected PSUs. From a 

second vendor 10,412 records were purchased based on Census 2000 block-group 

geography; 97.1% were within the selected PSUs. From a third vendor 7,831 records 

were purchased based on postal-service carrier routes; 35.8% were within the selected 
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PSUs. Data from the three vendors were combined into one sample frame, using street 

addresses and Pima County Land Information System address coordinates (Pima County 

Department of Transportation, 2007), database management software (SAS Institute, 

2008), and a GIS (ESRI, 2006).  

Survey implementation 

The telephone survey was implemented from July 2002 to December 2003. Due 

to resource and time constraints, and greater case occurrence we reduced the number of 

PSUs sampled from 102 to 88 proportionally by strata. Introductory letters were mailed 

to households before telephone calls were made. Included in the letters was a return 

postcard questionnaire with reply postage paid and informational brochure about 

coccidioidomycosis (Galgiani et al., 2000). The letter announced that the household 

would be contacted by telephone; the postcard asked for confirmation or correction of the 

household’s telephone number, best time and day for telephoning, number of household 

members that ever had valley fever, and included an option to refuse participation in the 

survey.  

Mailings were sent in English for non-Hispanic PSUs and in English and Spanish 

for Hispanic PSUs. The first telephone contact was attempted within one week of 

mailing. Interviews were conducted in either English or Spanish as determined by the 

household informant. The interviewers made telephone calls from late morning to early 

evening on all days of the week, for five contact attempts at different times of the day. A 

one-page scannable data-tracking sheet (Cardiff, 2002) for each selected address was 

used to manage the calls within the interview team, record the validity of the purchased 
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address and telephone data, and record type of response. Tracking sheets contained labels 

with identification number, PSU number, address, and telephone number for each 

address.  

Information was collected at the beginning of each telephone interview from an 

adult in the household on age, gender, race, ethnicity, educational attainment of each 

household member and on household-level risk factors including household pets and 

tobacco smoke. Finally if there was a history coccidioidomycosis in the household then 

information was collected directly from those adults that self-reported 

coccidioidomycosis or the guardians of children in the household that were reported to 

have had coccidioidomycosis. 

Survey questionnaires 

Survey questionnaires were tested in a small pilot study and modified to 

accommodate identified problems. Scannable forms (Cardiff, 2002) were produced in 

English and Spanish. The refined survey dialogues and questionnaires were tested during 

telephone and face-to-face interviews in neighborhoods that were not selected for the 

survey. Immediately after completion of the questionnaire, interviewees were questioned 

to evaluate comprehension of the survey goals and questions. Content validly, criteria 

validly, and construct validly were enhanced by using previously validated questions 

from the US Census 2000 questionnaires regarding demographics, using 

coccidioidomycosis related questions from the Specialized Center of Research’s 

respiratory health questionnaire (Lebowitz and Burrows, 1976; Lebowitz et al., 1975), 
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and limiting the questionnaire’s responses to events, dates, amounts, symptoms, and 

procedures. 

Data validity was assured by recontacting interviewees through spot checks to 

confirm that the interviews were conducted and that the recorded data were correct. 

Completed tracking and questionnaire sheets were checked and coded by one person and 

were scanned and checked separately by two people separately for consistency. Survey 

data were cleaned using database management and GIS software. Data verification and 

validation included range checking, contingency checking, and deductive imputation by 

logical reasoning.  

Definition of cases 

Qualifying self-reported cases had to be symptomatic, doctor diagnosed 

coccidioidomycosis within the past 10 years with onset occurring at the survey selected 

or current address. We limited qualifying cases to symptomatic and doctor diagnosed 

cases that would be comparable to cases reported to the ADHS notifiable disease system 

(Sunenshine et al., 2007) in order to compare surveillance and survey determined 

coccidioidomycosis frequency. 

Analysis 

Household response rate (RR) was calculated following (American Association 

for Public Opinion Research, 2008) methods as follows:  

RR=I/[(I + R + C) + e(UR + L + UC + UH)] 

where I was number of completed interviews, R was number of refusals from eligible 

addresses, C was number of contacted residents from eligible addresses who said “call 
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back” later but interviews were not giving after five attempts, L was number of telephone 

numbers were communication was prevented by language barriers, UH were the number 

of telephone numbers with no answers after five attempts, UR was the number of refusal 

from telephone numbers of unknown eligibility, UC was the number of “call backs” from 

telephone numbers of unknown eligibility, and e is the estimated proportion of eligible 

telephone numbers among the sampling frame and was calculated as follows: 

e= (I + R + C)/(I + R + C + B + M) 

where B was the number of businesses contacted and M was the number noneligible 

households that were located outside of the selected PSUs. 

Missing data and item non-responses were imputed using the “hotdeck” method 

(Mander and Clayton, 2000) from values reported within the same PSUs. Imputation for 

missing data allowed the same sampling weights for all items, and “hotdeck” imputation 

provided a straightforward method that maintained means and variances. Low 

percentages of missing survey data were observed for age (1.0%), gender (0.5%), 

residence year (1.4%), race (1.8%), and smoking in house (1.7%). Greater percentages of 

data were missing for more threatening questions regarding educational attainment 

(3.2%) and ethnicity (5.1%). Missing items in the survey data were imputed in 15 draws 

that created 15 slightly different datasets for comparison. Logistic regression analysis of 

missing data variables by demographic and environmental categories indicated that there 

were no violations of missing completely at random or missing at random assumptions 

(Little and Rubin, 2002; Rubin, 1987). 
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Sampling weights and poststratification (Levy and Lemeshow, 1999) were used in 

the statistical analysis (StataCorp, 2005a). Sampling weights are the inverse of the 

selection probability and adjust for differential sampling rates due to the sampling design. 

Poststratification, or population control adjustment, was applied to compensate for 

selection bias by adjusting the sample population to census demographics (Levy and 

Lemeshow, 1999; StataCorp, 2005a). Prevalence estimates were made with and without 

poststratification. Results from the 15 imputed datasets were combined following method 

described in Levy and Lemeshow (1999). We evaluated sampling accuracy of 

demographic variables by comparing root-mean-square-errors (RMSE) that were scaled 

by census proportions. Mean-square-errors (MSE) and RMSE are measures of accuracy 

that are function of validity or bias and reliability or precision where smaller values 

indicate greater accuracy. MSE was calculated as follows: 

MSE(x) = Var (x) + B2(x) 

where Var is the variance of the population estimator x and B is the bias of the estimator. 

Bias of an estimator was calculated as follows:  

B(x) = E(x) - X 

where E(x) expected value of an estimator (sample demographic proportions) minus the 

true value of the parameter X (census demographic proportion). 

Coccidioidomycosis frequencies from ADHS surveillance and telephone survey 

identified cases were compared. Strata specific frequencies from ADHS reported cases 

are based on a proportional increase in address-specific cases to account for cases 

reported without sufficient address information (34%). Average annual prevalence per 
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100,000 population from 1992 to 2003 is based on 2000 Census data. The term 

prevalence was used instead of incidence because of the large unknown proportion of 

non-susceptible hosts included in the epidemiologic denominator. Average annual 

prevalence per 100,000 from sampled cases was based on 10-year histories of subjects 

from 1992 to 2003. Sampling weights were applied to represent a cross-sectional sample 

of cases. Poststratification based US Census data of five race-ethnicity categories were 

applied to the sample data to correct selection bias. 

Standard errors were calculated by Taylor linearized variance estimator and 95% 

confidence intervals were calculated using the binomial Wald method (StataCorp, 

2005b).  

Results 

Purchased recruitment data consisted of 31,482 addresses that ranged from 92 to 

1,206 per PSU after removal of duplicates and locations occurring outside of the selected 

PSUs. These addresses represented 45.2% of the census reported households (Census 

Bureau, 2001) for the selected PSUs and ranged from 22 to 80% of households per PSU. 

Based on the sampling strategy, 17,712 households in 88 PSUs were selected to be 

contacted; 5,460 households (Table 1) were recruited and interviewed with information 

on 14,105 individuals. The average household size in the study population was 2.58, 

smaller than the census average 2.85 people per household. The household response rate 

was 41%, with similar response rates across the six strata. Approximately 66% of the 

cleaned recruitment data were valid and ranged from 19% to 90% valid by PSUs. 
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Noneligible telephone numbers were those either disconnected, reported as a business, or 

occurred at addresses outside of the selected PSUs for sampling (Table 1). 

Potential selection bias, B(x) = E(x) - X , was assessed based on Census 2000 

block-group data for gender, age, race-ethnicity, and educational attainment (Census 

Bureau, 2001; Census Bureau, 2002). There was a significant sampling bias of age, 

where the Census 2000 proportions for age groups 45 years and older were consistently 

smaller than the sample proportions and outside the sample proportion’s 95% confidence 

intervals of most of the strata (Table 2). The African-American non-Hispanic, American 

Indian non-Hispanic, and Hispanic were under-represented among ethnic-race categories 

while the White non-Hispanic group was over represented and sample bias was consistent 

across most strata (Table 3). The African-American estimates were generally under-

represented but not significantly different from the census proportions. The overall 

sample bias for White non-Hispanic and Hispanic categories was not significant while the 

American-Indian estimates were significantly smaller than the census reported 

proportions. There was significant under-recruitment of those not attaining a high school 

diploma and those attaining some college education (Table 3).  

Poststratification was performed using census demographic data to evaluate 

improvement in survey estimates of gender, age, race-ethnicity, and educational 

attainment. Poststratification based on race-ethnicity provided the most robust estimator 

of demographic estimates and had generally lower scaled RMSE compared with 

estimates made based on poststratification by other demographic variables. 
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We evaluated the validity of the survey methods by comparing cases identified 

from the survey with cases reported to ADHS (Table 4). A total of 874 individuals 

reported having had coccidioidomycosis and 143 met the survey case definition. All the 

ADHS reported cases that could be traced to survey selected subjects and addresses were 

reported as cases in the telephone survey. Survey estimated annual prevalence (88 per 

100,000) averaged over the study period 1992-2003 was much greater that reported by 

ADHS (34 per 100,000). Although considerable variation occurred across strata, relative 

variations in strata prevalence compared to total study area were consistent between 

ADHS cases and survey cases in magnitude and direction at the 95% confidence level.  

Discussion 

This address-based telephone survey achieved good response rates over the six 

strata and 88 clusters sampled. Census block group demographic data allowed assessment 

of potential selection bias from the direct-marketing sample frame and allowed 

poststratification of the clusters sampled to be more representative of 2000 census 

population. Coccidioidomycosis prevalence from the cross-sectional survey was 

comparable to frequencies from state reported cases. 

We chose to recruit subjects through stratified, clustered, address-based telephone 

surveys because it provided the advantage of being more cost effective than random-digit 

dialing (RDD) or door-to-door sampling at sufficient density at the neighborhood level 

for poststratification and to account for group-level exposures. The advantage over RRD 

was assuring good response rates through introductory mailings. The disadvantages were 

increased effort in survey design, data management, and analysis. Door-to-door 
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recruitment would have used the same design and analysis but at much greater logistical 

cost and with similar selection bias issues owing to no-soliciting rules for some 

communities. 

The telephone validity of address-based marketing lists was less than expected 

and likely due to perishability of data before and after purchase from vendors. Location 

assignment errors were found. Geocoding of addresses is commonly performed by 

interpolating related street segments to a coordinate system. The accuracy of this method 

of geocoding is generally acceptable but block group assignment errors will likely occur 

at the boundaries. The proportion of these assignment errors increases as the area of the 

geographic unit decreases. We also found errors in location assignments due to vendor 

errors in street numbers and spelling. We verified and corrected purchased address data 

by more accurate parcel addresses and parcel centroid coordinates that were provided by 

the Pima County Department of Transportation. 

The overall household response rate of 41% was generally higher than many 

recent telephone surveys (McCarty et al., 2006), in part due to introductory mailings 

made possible through an address-based approach. Supplementing telephone recruitment 

with multiple address-based lists for mail-based recruitment may have reduced our 

selection bias in those PSUs with limited vendor data.  

Survey sampling weights applied during the analysis accommodated our deviation 

from the original sampling design. The smaller than planned sample size was adequate 

due to a greater than expected prevalence of coccidioidomycosis, greater than expected 
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sampling efficiency from stratification, and a 50% safety factor that inflated the original 

sample size estimate. 

Selection bias was a potential problem because the sampling frame created from 

vendor call-lists accounted for 45% of census reported household in the selected PSUs. 

Since 98.8% of households in these PSUs had telephones (Census Bureau, 2001), we 

assume selection bias was toward the more economically active households from whom 

vendors were able to collect information. Areas of selection bias were identified by 

comparing age, race-ethnicity, and educational attainment demographics of survey 

respondents to the underlying Census 2000 demographics. The population under 45 years 

of age was under-represented by 10%, likely due to the relative unavailability of this age 

group because of work and other time demands, bias in the direct marketing data toward 

the financially established population, and their greater exclusive use of cellular 

telephones (Brick et al., 2007). This population group is less susceptible to symptomatic 

coccidioidomycosis and their under representation would result in larger disease 

frequency estimates for the general population.  

The selection bias by race and ethnicity for the study area is less than that by age, 

ranging between 0.1 to 2.0% over the five categories and highly variable in magnitude 

and direction across strata. Under representation of Hispanics, African Americans, and 

Native Americans in some strata was likely owing to distrust and reduced representation 

in the direct marketing data. There was a -2.9 to 2.8% potential for selection bias at the 

block-group level among racial and ethnic groups from the differential access to 

telephones, as reported by the US Census at tract level. Some classification errors likely 
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occurred, especially for the Hispanic category, but any bias would be similar to the 

census data since we used census questions in our questionnaire.  

Individual educational attainment was selected as a less threatening survey 

question than household income to evaluate selection bias. Since the census reported 

educational attainment for those greater than 24 years of age we could not use this 

demographic variable for poststratification. Significant bias in the range of 4 to 6% 

occurred in all four classes of educational attainment in the study area, but no trends were 

observed from less to more education or across strata.  

Recall bias was a concern because qualifying cases had to be within the past ten 

years in order to identify enough cases and keep sample cost within budget. Symptomatic 

coccidioidomycosis is generally a memorable infection in individuals and among family 

members because of the fatigue associated with the disease, missed work, and its regional 

uniqueness. Reliability of self-reported disease history is generally good, especially for 

the more severe or less transient diseases (Bergmann et al., 2004; Bergmann et al., 1998; 

Chang et al., 2006; Haapanen et al., 1997; Kvestad et al., 2006).  

We did not detect a selection bias between subjects with and subjects without 

household histories of coccidioidomycosis where the subject or someone in their 

household had had coccidioidomycosis. There was not a significant difference between 

the proportion of pet owners with a household history of coccidioidomycosis, human or 

pet, and those without. Also, 12% of survey subjects had a household history of 

coccidioidomycosis. This is similar to the results reported by Dodge et al. (1985) where 
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10% of 2-person households and 15% of 3-person households in Tucson had a history of 

valley fever. The average household size in the study population was 2.58.  

Proportional differences in prevalence among each of the six strata compared to 

the whole study area prevalence were consistent between ADHS and survey estimates 

and indicate that the design and implementation of the survey was valid at strata level of 

disease reporting. The average annual survey prevalence of coccidioidomycosis was 2.6 

times greater than ADHS prevalence. The large difference in the estimated prevalence 

values is likely owing to under-reporting of coccidioidomycosis to ADHS prior to it 

becoming a nationally notifiable disease in 1995, non-compliant reporting to ADHS by 

physicians and laboratories, and non-reporting of cases to ADHS that resolved before 

initiating laboratory confirmation.  

Landscape and demographic stratification generally improved the efficiency of 

sampling. Design effects were much greater in Lower Hispanic Foothills and Higher 

Hispanic Basin strata for all variables and suggested that these strata were less 

homogenous and stratification was less efficient in countering the increase in variance 

caused by cluster sampling. Stratification controlled for possible differential classification 

errors of susceptibility and exposures in risk assessment. The greater frequency of disease 

in the Lower Hispanic strata compared with the Higher Hispanic strata in part could be 

attributed to less access to health care but more likely is due to a larger proportion of 

people with immunity in the High Hispanic strata. Additionally the highest prevalence 

observed in the Low Hispanic-Foothills stratum is likely due susceptibility and exposure 

factors. A larger proportion of older people that recently moved to the endemic area 
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reside in this stratum; they are more likely to present symptomatic disease. Also, new 

home construction in this stratum caused more soil disturbance and exposure to the 

pathogen. Disease frequency in three landscape strata failed to show a consistent trend, 

suggesting that either the scale of analysis was insufficient for evaluating the association 

of soil type with disease or that soil type is not a significant determinant of disease 

occurrence. 

Conclusions 

Clustered, address-based telephone sampling can provide a cost-effective 

alternative to RDD surveys by improving coverage and response rates. GIS and database 

management systems are necessary to combine multiple sources of address-based 

recruitment information into one telephone survey sampling frame and to manage 

supplemental mail and face-to-face contacts. Advances in statistical methods and 

software for population surveys are making it easier to design more complex and cost-

effective surveys and analyze the results. Marketing research companies are providing 

current demographic estimates that can be used with national census data for 

poststratification to account for selection bias. Landscape ecology provides effective 

methods for identifying scales of analysis and strata for stratification that will improve 

sampling efficiency when environmental variables of interest are strong predictors. 
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Table 1. Census 2000 and sampled populations and survey response rate by study area 
and strata for greater Tucson, Arizona.  

 Total Strata 

  Lower Hispanic Population  Higher Hispanic Population 

  Foothills Riparian Basin  Foothills Riparian Basin 

Study area     
 

   

Census total population 718,697 170,593 70,093 105,829 
 

50,562 68,102 253,518 

Census household population 703,438 169,275 69,483 97,510 
 

50,385 66,003 250,782 

Census households 286,788 71,432 30,009 45,770 
 

18,950 25,446 95,181 

Census households per PSU 203-3,246 233-3,246 240-3,219 208-1,235  239-1,246 279-1,924 203-1,444 

Total PSUs 494 99 34 102  29 38 192 

Sampled PSUs         

PSUs sampled 88 15 14 15  14 15 15 

Addresses purchased 28,667 5,818 7,174 3,100  4,260 4,751 3,564 

Households attempted 17,712 2,950 3,055 2,835  3,024 2,811 3,037 

Households attempted per PSU 92-418 131-210 165-418 92-211  153-420 96-210 120-357 

Household recruitment results         

Eligible - Contacted         

Completed interview (I) 5,460 906 995 905  996 781 877 

Percent of Census total per PSU 2-31% 3-25% 2-24% 5-25%  5-18% 3-13% 5-31% 

Refusal (R) 1,013 183 217 171  152 128 162 

Call back, no appointment (C) 323 60 65 44  63 43 48 

Unknown Eligibility - Contacted         

Refusal (UR) 3,109 576 549 516  517 484 467 

Language Barrier (L) 40 2 1 2  5 10 20 

Call back, no appointment (UC) 3,188 533 627 383  595 585 465 

Unknown Eligibility - Noncontacted         

No answer (UH) 1,038 157 119 213  171 164 214 

Noneligible - Contacted         

Business (B) 264 48 40 52  34 51 39 

Moved (M) 617 86 97 104  115 84 131 

Noneligible - Noncontacted         

Disconnected 2,660 399 345 445  376 481 614 

Response rate  (RR) 41% 40% 41% 43% 
 

42% 38% 42% 

Response rate range per PSU 22%-53% 22%-53% 32%-53% 32%-50%  36%-50% 28%-52% 31%-53% 
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Table 2. Gender and age of survey population by strata and accuracy of survey samples 
compared to US Census 2000 data for greater Tucson, Arizona, 2002 to 2003. Significant 
bias in the sample is noted by * when the census proportion was outside of sample 
proportion’s 95% confidence interval. 

  Strata 
  Lower Hispanic Population Higher Hispanic Population

 
Study 
area 

Foothills Riparian Basin Foothills Riparian Basin 

Total sample, n 14,105 2,152 2,480 2,116 2,727 2,181 2,449
Gender, male 

Sample size 6,758 1,021 1,183 1,001 1,331 1,045 1,177
Sample proportion 0.477 0.481 0.476 0.471 0.484 0.475 0.476

Bias from census -0.009 -0.001 -0.002 -0.004 -0.007 -0.001 -0.020*
RMSE/Census proportion 0.020 0.021 0.015 0.026 0.018 0.017 0.045

Age,  0-24 years 
Sample size 4,455 543 667 591 875 824 954

Sample proportion 0.320 0.270 0.274 0.268 0.332 0.367 0.372
Bias from census -0.041* -0.009 -0.034* -0.098* -0.045* -0.030 -0.045

RMSE/Census proportion 0.121 0.086 0.115 0.270 0.125 0.094 0.137
Age, 25-44 years 

Sample size 3,181 337 477 513 627 591 635
Sample proportion 0.226 0.184 0.202 0.234 0.234 0.268 0.245

Bias from census -0.061* -0.068* -0.075* -0.032 -0.063* -0.052* -0.066*
RMSE/Census proportion 0.214 0.282 0.276 0.165 0.215 0.170 0.215

Age, 45-64 years 
Sample size 4,047 761 823 572 837 504 550

Sample proportion 0.276 0.342 0.335 0.276 0.296 0.228 0.223
Bias from census 0.057* 0.054* 0.094* 0.075* 0.063* 0.047* 0.042*

RMSE/Census proportion 0.264 0.205 0.392 0.376 0.282 0.268 0.250
Age, Greater than 64 years 

Sample size 2,423 510 512 441 388 262 310
Sample proportion 0.178 0.203 0.189 0.222 0.137 0.138 0.161

Bias from census 0.045* 0.022 0.016 0.056* 0.045* 0.035 0.069
RMSE/Census proportion 0.365 0.218 0.150 0.362 0.497 0.448 0.871
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Table 3. Race-ethnicity and educational attainment of survey population by strata and 
accuracy of survey samples compared to US Census 2000 data for greater Tucson, 
Arizona, 2002 to 2003. Significant bias in the sample is noted by * when the census 
proportion was outside of sample proportion’s 95% confidence interval. 

  Strata 
  Lower Hispanic Population  Lower Hispanic Population 
 Study area Foothills Riparian Basin  Foothills Riparian Basin 

Race, White non-Hispanic 
Sample size 9,375 1,905 2,176 1,804 1,516 1,088 887

Sample proportion 0.626 0.865 0.865 0.856 0.534 0.506 0.359
Bias from census 0.020 0.027 0.057* 0.098* 0.025 0.039 -0.028

RMSE/Census proportion 0.069 0.050 0.073 0.130 0.097 0.144 0.209
Race, Black non-Hispanic 

Sample size 357 22 38 40 127 46 85
Sample proportion 0.025 0.013 0.016 0.022 0.055 0.023 0.032

Bias from census -0.004 -0.004 -0.002 -0.005 0.018 -0.007 -0.008
RMSE/Census proportion 0.215 0.515 0.198 0.237 0.633 0.306 0.366

Race, Indian non-Hispanic 
Sample size 109 11 0 5 24 49 20

Sample proportion 0.007 0.003 0 0.004 0.008 0.027 0.008
Bias from census -0.010* -0.001 -.006 -0.016* -0.007* 0.005 -0.018*

RMSE/Census proportion 0.573 0.424 0.801 0.482 0.425 0.702
Race, Hispanic 

Sample size 3,717 116 207 206 931 894 1,362
Sample proportion 0.300 0.065 0.093 0.091 0.357 0.396 0.561

Bias from census -0.008 -0.034 -0.039* -0.048* -0.048 -0.051 0.051
RMSE/Census proportion 0.130 0.407 0.304 0.359 0.147 0.162 0.190

Race, Other 
Sample size 547 98 59 61 129 105 95

Sample proportion 0.041 0.053 0.025 0.026 0.046 0.050 0.040
Bias from census 0.001 0.013 -0.011* -0.029* 0.012 0.014* 0.003

RMSE/Census proportion 0.137 0.388 0.325 0.530 0.383 0.410 0.362
Education attainment for population greater that 24 years old, No High school diploma 

Sample size 871 38 63 58 186 186 340
Sample proportion 0.115 0.027 0.034 0.037 0.106 0.127 0.248

Bias from census -0.049* -0.026* -0.044* -0.067* -0.042* -0.102* -0.047
RMSE/Census proportion 0.315 0.506 0.574 0.648 0.317 0.455 0.213

Education attainment for population greater that 24 years old, High school diploma 
Sample size 2,498 279 437 352 519 420 491

Sample proportion 0.262 0.166 0.231 0.239 0.294 0.311 0.341
Bias from census 0.038* -0.005 0.026 0.031 0.074* 0.038* 0.072*

RMSE/Census proportion 0.182 0.212 0.177 0.188 0.347 0.151 0.282
Education attainment for population greater that 24 years old, Some college 

Sample size 2,832 435 614 444 519 445 376
Sample proportion 0.278 0.253 0.334 0.313 0.292 0.323 0.249

Bias from census -0.054* -0.091* -0.033* -0.022 -0.086* -0.010 -0.051*
RMSE/Census proportion 0.168 0.282 0.092 0.091 0.233 0.050 0.185

Education attainment for population greater that 24 years old, Bachelors or post graduate 
Sample size 3,449 856 698 672 629 306 289

Sample proportion 0.345 0.554 0.401 0.412 0.309 0.238 0.162
Bias from census 0.065* 0.122 0.051 0.059 0.055 0.074* 0.026

RMSE/Census proportion 0.255 0.327 0.171 0.189 0.259 0.462 0.317



 

Table 4. State reported and survey reported annual coccidioidomycosis prevalence per 100,000 by study area and strata for 
greater Tucson, Arizona, 1992 to 2003.  

 

  Strata 
  Lower Hispanic Population Higher Hispanic Population 
 Study area Foothills Riparian Basin Foothills Riparian Basin 

ADHS data 1992-2003  
ADHS reported cases 2,707 830 272 461 133 237 774

ADHS prevalence 34 44 35 40 24 32 28
  
Sampled Population 14,105 2,152 2,480 2,116 2,727 2,181 2,449
Qualifying Cases        

Sample size, cases 143 42 40 18 16 14 13
Sample prevalence without poststratification 89 146 137 84 47 72 52

95% Confidence Interval 69, 109 77, 215 78, 196 53, 115 24, 70 38, 107 24, 79
Design effect 1.6 3.0 0.9 0.6 0.3 0.6 2.0

Sample prevalence with poststratification 88 145 131 78 52 73 52
95% Confidence Interval 68, 107 80, 211 76, 186 48, 107 25, 80 43, 103 26, 78

107 
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Abstract 

State-reported coccidioidomycosis cases in Arizona have dramatically 

increased since 1997 and indicate an epidemic of unknown causes. Concurrent 

changes in notifiable disease reporting-compliance, misdiagnosis, and changing 

demographics of susceptible populations can mask true disease frequency. This paper 

evaluates and compares the spatial-temporal disease frequencies of notifiable disease 

surveillance cases with self-reported cases from a cross-sectional survey to estimate 

the true disease frequency. Address-level notifiable-disease cases obtained from the 

state health department were compared with self-reported cases identified from a 

cross-sectional survey using a geographic information system. Survey data were 

collected in 2002 and 2003 through a stratified, clustered, address-based telephone 

survey of greater Tucson, Arizona. Disease frequencies from 1992 to 2003 

surveillance data and 1994 to 2001 survey data were analyzed at census block group 

resolution and by six strata based on landscape and demographics. There was no 

dramatic increase in state reported cases between 1992 and 2003 after adjusting for 

reporting compliance. Spatial and temporal disease frequency was highly variable at 

the census block-group and coarser geographies. Significant differences between 

strata specific disease frequencies indicate pathogen exposures and host susceptibility 

are important, predictable determinants of disease occurrence.  

Symptomatic coccidioidomycosis in 2001 was five times health department 

surveillance estimates and the reported recent epidemic in Arizona was likely due to 

surveillance improvements since 1995. The large difference between predicted and 
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surveillance cases disappears when reporting compliance and misdiagnosis of 

community-acquired pneumonia are considered. A landscape ecology approach was 

effective for modeling the distribution of coccidioidomycosis because of the scale 

dependent, predictable associations of environmental and demographic factors with 

pathogen exposure and disease susceptibility.  

Key words: incidence, prevalence, valley fever, capture-recapture. 
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Introduction 

Coccidioidomycosis is a potentially fatal, re-emerging infectious disease 

caused by inhaling the spores of the fungi Coccidioides immitis or C. posadasii 

growing in the soils of the warm, semiarid regions of the Americas (Kirkland and 

Fierer, 1996; Pappagianis, 1988). An epidemic of coccidioidomycosis (valley fever) 

appears to be occurring in Arizona where 62% of all the reported 2006 cases in 

United States (US) occur (CDC, 2007; Park et al., 2005; Sunenshine et al., 2007). 

However, the number of cases reported to the state health department are far below 

the predicted occurrence based on prospective studies that monitored infections via 

skin test conversions (Hugenholtz, 1957; Kerrick et al., 1985; Klotz and Biddle, 1967; 

Valdivia et al., 2006). Park et al. (2005) reported an epidemic of coccidioidomycosis 

occurred in the Phoenix metropolitan area of Arizona between 1998 and 2001. They 

reported a significant increase in overall incidence in 2001 (43 cases per 100,000 

population) compared to 1998 (33 cases per 100,000). Phoenix area disease 

frequencies mirrored state-wide reports of 33 cases per 100,000 in 1998, 43 cases per 

100,000 in 2001, and 88.7 per 100,000 in 2006 (CDC, 2007; Komatsu et al., 2003).  

Coccidioidomycosis became a nationally notifiable disease in 1995; 

laboratory confirmed cases meeting the clinical case definition were reported to the 

Centers for Disease Control and Prevention (CDC, 2008). In 1997, the State of 

Arizona improved surveillance by instituting mandatory laboratory reporting and 

reported all laboratory confirmed cases regardless of reporting by physicians 

(Sunenshine et al., 2007).  
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Determining the incidence of symptomatic coccidioidomycosis is difficult 

because of inconsistent identification of mild cases (Valdivia et al., 2006) and the 

large proportion of non-susceptible people in the general population. Approximately 

60% of infected individuals remain asymptomatic while 30% have mild to moderate 

symptoms, and 10% develop more severe complications such as pneumonia, lung 

cavities, and disseminated coccidioidomycosis (Pappagianis et al., 1993). Nearly all 

infections impart lifelong immunity and skin testing reagents (coccidioidin and 

spherulin) are generally unavailable (Ampel et al., 2006). Dodge et al. (1985) 

detected a 33% response to coccidioidin among non-Mexican American residents of 

Tucson, Arizona, between 1977 and 1979 and indicated a large proportion of the 

general population was unknowingly immune. Coccidioidomycosis disease frequency 

is spatially and temporally variable due to exposure factors including weather 

(Comrie, 2005) and soil disturbance (Pappagianis et al., 1994). 

Predicted frequency of coccidioidomycosis for Pima County, Arizona, is 

approximately 472 per 100,000 assuming 67% of the Pima County population are 

susceptible (Dodge et al., 1985), 2% annual incidence of infection (Barnato et al., 

2001), and 88% of symptomatic infection (35% of all infections) are presented to 

physicians, diagnosed, and reported as notifiable cases. This frequency is five times 

greater than the 2006 surveillance frequency of 94.8 cases per 100,000 (ADHS, 

2008). 

This study examines the reported epidemic of coccidioidomycosis by 

comparing results from a recent cross-sectional survey for coccidioidomycosis 
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conducted in Tucson, Arizona, with notifiable disease data collected by Arizona 

Department of Health Services (ADHS). Survey data were collected from 1992 

through 2003, and included disease histories before and after 1995 when 

coccidioidomycosis became a notifiable disease. This study was approved by the 

institutional review boards of the University of Arizona and ADHS. 

Methods 

Coccidioidomycosis Survey 

In 2002 and 2003, we conducted a stratified, clustered, address-based, 

telephone survey of 5460 households in greater Tucson, Arizona and collected 

information on 14,105 individuals to determine prevalence and risk factors for 

coccidioidomycosis. Self-reported cases were used to evaluate prevalence over time 

and space. Results of the risk factor study and study methods are reported elsewhere 

(Tabor, 2009). A summary of the sampling strategy and methods follows. 

Overview of Sampling 

The cross-sectional survey was designed to evaluate the spatial variability of 

disease occurrence, identify cases that would likely be classified as notifiable, 

account for group- and individual-level exposures, and known risk factors for 

symptomatic coccidioidomycosis. Eighty-six soil units (Cochran et al., 2003; 

Gelderman et al., 1972; SCS, 1975) were aggregated into foothills, riparian, and basin 

landscape strata and mapped to census block groups. The landscape strata were 

further divided by two demographic strata, low Hispanic and high Hispanic, to assure 

adequate sampling of minority population. Cluster sampling within each of the six 
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strata controlled for neighborhood-level exposures, reduced survey costs, and made 

the study cost-effective (DiGaetano and Waksberg, 2002; Levy and Lemeshow, 

1999). Census block groups were selected as the primary sampling units (PSUs) for 

household and individual recruitment. The survey area consisted of 552 contiguous 

census 2000 block-groups with an urban and suburban household population of 

703,438, or 83% of Pima County’s total 2000 census population. 

A landscape ecological approach (Turner et al., 2001) was used to define 

strata categories, select census block groups as a scale of analysis, and to assign each 

PSUs a landscape strata category. A geographic information system (GIS) was used 

to define strata boundaries, modify PSUs geography, and verify location of purchased 

address-based telephone marketing data using address coordinates provided by Pima 

County Department of Transportation. 

Recruitment 

We recruited 5460 households from 88 PSUs and collected information on all 

household members (n=14,105), comprising 2.0% of the study area’s population. The 

overall household participation rate was 41%, with similar participation across the six 

strata. The population under 45 years of age was under-represented by 10%. Potential 

selection bias by race and ethnicity for the study area ranged between 0.1 to 2.0% 

over five categories (non-Hispanic White, non-Hispanic Black, non-Hispanic Native 

American, Hispanic, and non-Hispanic other) and was highly variable in magnitude 

and direction across strata (Tabor, 2009).  
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Case definition 

Qualifying self-reported cases had to be symptomatic, doctor diagnosed 

coccidioidomycosis within the past 10 years with onset occurring at their current 

address. This self-reported case definition is comparable to the Arizona Department 

of Health Service’s (ADHS) notifiable disease system that requires clinical symptoms 

and confirmatory laboratory testing (CDC, 2008; Sunenshine et al., 2007).  

Survey data management and sampling adjustment 

Data verification and validation included range checking, contingency 

checking, and deductive imputation by logical reasoning. Missing data and item non-

responses were imputed in 15 draws using the “hotdeck” method (Mander and 

Clayton, 2000). Imputation for missing data allowed the same sampling weights for 

all items and “hotdeck” imputation provided a straightforward method that 

maintained means and variances. Among 874 self-reported cases, 1.7% had doctor 

diagnosis missing or not reported, 3.7% had year of diagnosis missing or not reported, 

and 6.7% had type of symptoms missing or not reported. Results from the 15 imputed 

datasets were combined following method described in Levy and Lemeshow (Levy 

and Lemeshow, 1999). 

Sampling weights and poststratification (Levy and Lemeshow, 1999) were 

used (StataCorp, 2005). Sampling weights were the inverse of the selection 

probability and adjusted for differential sampling rates due to the sampling design. 

Poststratification, or population control adjustment, was applied to compensate for 
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selection bias by adjusting the sample population to census demographics (Levy and 

Lemeshow, 1999; StataCorp, 2005). 

ADHS Notifiable Case Data 

Arizona Department of Health Services (ADHS) provided surveillance data 

on 3,295 notifiable cases reported in Pima County from 1992 to 2003 (ADHS, 2002; 

ADHS, 2008). Database management software (SAS Institute, 2008), and GIS 

software (ESRI, 2006), and free web-based map services (for example 

www.mapquest.com) were used to clean the data. Soundex phonetic algorithm (SAS 

Institute, 2008) was used to identify and correct misspelling of names and GIS 

software identified addresses that occurred outside of Pima County. Recurrent 

reporting of persistent infections between 1992 and 2003 (3.7%), and cases that 

occurred outside of Pima County were identified and removed leaving 3,150 

notifiable cases for analysis. There was sufficient address information for 2,084 

(66%) cases to assign geographic coordinates (geocode); 1,791 of the geocoded cases 

occurred in the survey area. These geocoded addresses were 97% residential, 1% 

commercial, 1% medical, and 0.7% humanitarian organizations based on Pima 

County land use codes (Pima County Department of Transportation, 2007).  

Analysis 

Addresses and names of the ADHS surveillance cases were compared to 

addresses and names of survey participants to estimate reporting compliance. County-

level annual prevalence was calculated using 1992 to 2003 census population 

estimates (Census Bureau, 2002a; Census Bureau, 2008) as the population 
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denominator. Prevalence was used a disease frequency metric because the general 

population was estimated to be 70% susceptible with variable exposure histories 

(Dodge et al., 1985). Annual period prevalence within the survey area (Figure 1) was 

calculated using Census 2000 block group populations for the denominator since 

sufficiently accurate inter-census estimates were not available for geographies finer 

than county level. The geocoded ADHS case counts used to estimate prevalence 

within the survey area were increased proportional to the number of cases in the 

county without residential address information for the respective year or years.  

We estimated the number of notifiable cases that could be reported by using 

the capture-recapture method that is commonly used in ecologic studies to estimate 

animal populations (Hook and Regal, 1995) using the following formula: 

d={[(a+1)*(b+1)]/(c+1)}-1 

where d is estimated cases in the survey area, a is the ADHS cases reported 

(captured) in the survey area, b is the “sampled” cases from the survey area that was 

estimated from the stratified, clustered sampled cases, and c is the “sampled” ADHS 

reported cases (recaptured) from the survey area that was estimated from the 

stratified, clustered sampled cases that were reported to ADHS. The “sampled” cases 

were estimated for the entire survey area from the sampled 88 clusters (PSUs) using 

the population survey statistical methods (StataCorp, 2005). 
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Figure 1. Annual prevalence of coccidioidomycosis from 1992 to 2006 in Pima 
County estimated from ADHS and survey data. 

 

Results 

A total of 874 telephone survey participants reported having had 

coccidioidomycosis at sometime in their life. Multiple imputations of missing data 

resulted in reclassifying eight to twelve survey cases as qualifying cases within the 15 

imputed datasets. An average of 143 subjects with self-reported coccidioidomycosis 

met our case definition for symptomatic disease.  

There was a dramatic 23% annual increase in the number of Pima County 

notifiable cases reported to ADHS two years after coccidioidomycosis became a 

notifiable disease in 1995; 159 cases reported in 1997 increased to 911 cases in 2006. 

The proportion of reported cases without geocodeable address information increased 

after 1997 when laboratory reporting became mandatory and sufficient for 
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surveillance cases; cases with insufficient address information increased from 13% 

from 1992 to 1996 to 41% from 1998 to 2003. 

The 88 sampled PSUs contained 392 cases reported to ADHS, 145 qualifying 

survey cases and 25 cases that were matched to both ADHS surveillance and survey 

data (Figure 2). For the matched cases, survey self-reported diagnosis dates were 

compared to dates the cases were reported to ADHS. Errors in reporting the initial 

diagnosis dates occurred in both ADHS and survey data. Self reported diagnosis dates 

averaged 0.04 years later than the 25 matched ADHS cases with a standard deviation 

of 1.14 years and ranged from two years earlier to three years later than that ADHS 

reports. Corrections to self reported dates were made to 16 survey cases who 

indicated they were not sure about the diagnosis date. Survey interview identified a 

two-year delay in disease reporting to ADHS for a participant with recurrent disease 

of persistent infection. The effect of diagnosis date errors temporal risk assessment 

was reduced by calculating annual disease frequency over one-year and multiple-year 

periods. 

The 1994 to 2001 estimated annual prevalence based on recalled diagnoses 

years from the telephone survey was 4.2 times greater than prevalence from notifiable 

coccidioidomycosis cases in Pima County (Figure 1). The ADHS prevalences showed 

some inter-year variation with a strong increasing trend after 1997. The survey 

prevalences showed larger inter-year variations that could mask any trend over time. 
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Figure 2. Annual frequency of coccidioidomycosis cases in the sampled clusters 
identified from ADHS, the survey, and matched cases between the two datasets.  

0

10

20

30

40

50

60

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Year

C
as

es

ADHS cases Survey cases Matched cases
 

 

ADHS and survey prevalences were spatially variable among strata 

geographies (Table 1) with generally larger annual prevalence for the low Hispanic 

strata and the foothills strata than their complement strata. There was high spatial and 

temporal variability of ADHS prevalence at census block group resolution (Figure 3). 

Annual prevalence from 1992 to 2003 ranged from zero to 1,158 per 100,000 without 

singular or contiguous block groups showing consistently high or low annual 

frequencies. 
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Figure 3. ADHS prevalences of coccidioidomycosis in the study area, greater Tucson Arizona, by census 2000 block-groups 
by year with maximum (max) block-group prevalence. 
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The annual notifiable case frequencies and prevalences in Pima County were 

adjusted to account for estimated reporting compliance (Figure 4). Annual reporting 

compliance was estimated by dividing the survey cases that were reported to ADHS 

by the total number of qualifying cases reported in the survey. Compliance values 

were consistently around 8% from 1992 to 1997 then compliance began a dramatic, 

sustained, and linear increase from 1998 (9% compliance) to 2003 (41% compliance) 

with a slope of 8% per year.  

The annual coccidioidomycosis prevalence estimated by capture-recapture 

calculation was 823 per 100,000 in 1997-1998, 671 in 1998-1999, 835 in 1999-2000 

and 579 in 2000-2001 (Table 2). The values generally decreased as the period of 

analysis approached time of the survey because of less out-migration of cases and 

reduced violation of the equal probability assumption. The likely inclusion of survey 

cases that did not meet the ADHS case definition also violate the equal probably 

assumption since the ADHS reported cases require confirmatory laboratory 

verification and is more restrictive that the self-reported case definition. The capture-

recapture prevalence estimate would be 532 per 100,000 if there was 90% 

correspondence between the ADHS and self-reported case definitions, 414 per 

100,000 if there was 70% correspondence and 296 per 100,000 if there was 50% 

correspondence between the case definitions. 
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Figure 4. ADHS coccidioidomycosis cases and prevalences in Pima County, Arizona, with adjusted values based on reporting 
compliance estimates. 

0

500

1000

1500

2000

2500

3000

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

Year

C
as

es

0

50

100

150

200

250

300

P
re

va
le

n
ce

 p
er

 1
00

,0
00

ADHS Notifiable Cases Adjusted Cases Surveillance prevalence Adjusted Prevalence

 
 



124 

 

Discussion 

Coccidioidomycosis surveillance in Arizona reports cases that were presented 

to physicians, diagnosed, and laboratory confirmed. This process significantly under 

reports the true burden of disease. The dramatic, sustained increase in reported cases 

from 1995, when coccidioidomycosis became a notifiable disease, to 2003 is the 

result of improved surveillance and reporting compliance, not an epidemic of true 

disease occurrence. Strategies for refining the prevalence estimates yielded values 

close to the predicted coccidioidomycosis prevalence. 

The capture-recapture annual prevalence estimate for 2000 and 2001 (Table 2) 

is 25% above the predicted prevalence of 472 per 100,000 and is reasonable 

considering a change in the assumed incidence rate of infections from 2.0% to 2.5% 

would increase the predicted prevalence to the capture-recapture estimated value. 

Reported incidence rates of infections range from 0.43 to 24% per year and are based 

on skin test conversions (Hugenholtz, 1957; Kerrick et al., 1985; Klotz and Biddle, 

1967). The relatively close correspondence of the capture-recapture frequency to the 

predicted frequency and its more distant correspondence with the compliance 

adjusted frequency (30%) indicate that the survey case definition was a fair 

approximation to the ADHS case definition. False-negative serologic testing, case 

resolution between physician visits, and non-compliant reporting by laboratories most 

likely account for the differences between the ADHS and survey case definitions. 

Misdiagnosis of community-acquired pneumonia (CAP) can easily account 

for the difference between predicted and surveillance prevalence after adjusting for 
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non-compliant reporting. Valdivia et al. (2006) confirmed coccidioidomycosis in 29% 

[95% CI 16-44%] of 55 CAP diagnosed cases in Tucson, Arizona. The estimated 

annual incidence of CAP in the US is 1.7% in the general population and 2.8% in 

individuals older than 65 years (Cunha, 2007). Assuming CAP incidence in Pima 

County is similar to the US estimate, then a sufficiently large number of 

coccidioidomycosis cases are misdiagnosed or not reported, and could account for the 

remaining predicted number of cases.  

The survey estimated prevalence (Figure 1) and detrended, compliance-

adjusted ADHS prevalence estimate (Figure 4) do not meet the criteria of a 

coccidioidomycosis epidemic of in Arizona. They do not show an increase in disease 

occurrence beyond year to year fluctuations that can be explain by slight changes of 

incidence rates caused by fluctuating pathogen exposures due to climate and soil 

disturbance. The large decease in compliance adjusted prevalence estimates that 

occurred from 1998 to 2000 (Figure 4) was likely caused by underestimates of 

reporting compliance prior to the year 2000 and not by biological or environmental 

risk factors.  

Arizona’s population growth is one of the fastest in the US (Census Bureau, 

2007) but the number of susceptible hosts relocating to Arizona cannot explain the 

23% annual increase in reported cases in Pima County between 1997 and 2006. 

California and Mexico contain coccidioidomycosis endemic areas and are the 

predominate source of people moving to Arizona. Based on 1990 and 2000 Census 

data and reports, 3.6% of Pima County’s population immigrates to the county 
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annually from outside of Arizona and 2% immigrates to the county annually from 

non-endemic states and countries (Census Bureau, 1992; Census Bureau, 2002b; 

Census Bureau, 2003; He and Schachter, 2003; Perry, 2003).  

Coccidioidomycosis frequency of surveillance cases is often reported as 

incidence and sometimes as incidence rate (CDC, 2007; Park et al., 2005; Sunenshine 

et al., 2007) instead of prevalence when the epidemiologic denominator is the general 

population and not the significantly smaller susceptible population. The susceptibility 

of subpopulations is spatially variable and can lead to false interpretation of results if 

not considered through individual skin testing, assessment of exposure histories, or 

controlling for differential misclassification of the reference population. 

There are some limitations and caveats with the surveillance and survey data 

used to identify the true frequency of coccidioidomycosis. Recall error in the survey 

data was a concern because qualifying self-reported cases had to be diagnosed within 

the past ten years in order to identify enough cases and keep sample cost within 

budget. Symptomatic coccidioidomycosis is generally a memorable infection in 

individuals and among family members because of the regional uniqueness, fatigue 

associated with the disease, and associated missed work. Reliability of self-reported 

disease history is generally good, especially for the more severe or less transient 

diseases (Bergmann et al., 1998; Chang et al., 2006; Haapanen et al., 1997; Kvestad 

et al., 2006) which would also be cases more likely captured by the surveillance 

system. We identified ADHS and survey reporting errors for date of diagnosis and 
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aggregated survey identified cases over a year or multiple-year periods to reduce the 

effect on the analysis.  

Establishing the precise date of coccidioidomycosis onset from survey or 

surveillance data is difficult and poses issues for studies that attempt to differentiate 

frequencies by season or finer temporal scales. The ADHS conducted an enhanced 

surveillance study of coccidioidomycosis in 2007 and estimated the lag time between 

disease onset and diagnosis of notifiable cases was an average of 207 days with a 

median of 54 days. Once healthcare is sought, it took an average three visits (median 

two visits) to a healthcare provider before confirmatory serologic testing was initiated 

(Tsang and Sunenshine, unpublished). 

Our survey sample under-represented the population 0 to 44 years of age by 

10%. This age group was relatively unavailable for interviews, most likely due to 

work and other time demands. They were likely less represented in direct marketing 

databases, and they relied more on exclusive use of cellular telephones adding to their 

underrepresentation (Brick et al., 2007). This population group was less susceptible to 

symptomatic coccidioidomycosis (Mosley et al., 1996) and their under-representation 

would result in larger disease frequency estimates for the general population. 

Poststratification was applied in the analysis to adjust the sample population to that of 

the 2000 census and reduce potential bias. 

Survey estimates of coccidioidomycosis occurrence appear valid. Twelve 

percent of survey subjects had a household history of coccidioidomycosis, a result 

similar to those reported by Dodge et al. (1985) where 10% of 2-person households in 
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Tucson had a history of valley fever and 15% of 3-person households had a history of 

valley fever. The average household size in the study population is 2.58 people per 

home. All the ADHS reported cases that could be traced to survey subjects by names 

or addresses were among the reported qualifying cases in the telephone survey. Thus 

most if not all the notifiable cases reported to ADHS in our sampled population were 

used in reporting compliance estimates and capture-recapture analysis. 

Progressive improvements in reporting compliance can be attributed to 

increased awareness within the medical community due to establishment and efforts 

of the Valley Fever Center for Excellence since 1996 and the policy changes disease 

reporting to the CDC in 1995 and especially in 1997 were mandatory laboratory 

reporting that served as sufficient information to report cases, with or without 

physician diagnosis. The increasing proportion of reported cases without geocodeable 

address information after 1997 can largely be attributed to this policy change. 

Coccidioidomycosis prevalence estimates derived from either ADHS and 

survey data are highly variable both temporally and spatially. This variation indicates 

that localized exposures (fine scale) and susceptibility of subpopulations are as 

important disease determinants as broader scale weather events (Comrie, 2005). The 

high variability and relatively large prevalence values for census block-groups 

indicates residential exposures to spores through construction and other soil 

disturbances are likely to be significant and predictable disease determinants. Park et 

al. (2005) observed that coccidioidomycosis prevalence by postal zip codes in 

Phoenix, Arizona was highest in areas of intense residential construction. The 
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relatively lower prevalence in the high Hispanic strata across the three landscape 

strata (Table 1) indicates that susceptibility of the Hispanic subpopulation is 

potentially lower. Generally, communities in the high Hispanic strata are older, have 

fewer new construction sites, and have a higher proportion of the population that 

grew up in the endemic areas as reflected by 45% of population being born in 

Arizona compared to 27% in the low Hispanic strata (Census Bureau, 2002b). As a 

result, strata with high proportion of Hispanics have lower disease prevalence and 

perceived risk compared to low Hispanic strata that have a higher proportion of newly 

constructed communities with more transient and susceptible residents who recently 

moved from non-endemic areas.  

Conclusion 

An epidemic of coccidioidomycosis in Arizona between 1992 and 2006 is not 

detectable and is unlikely to have occurred. The large difference between predicted 

number of cases and surveillance reporting is primarily due to reporting 

noncompliance and misdiagnosis of coccidioidomycosis as community-acquired 

pneumonia. Surveillance estimates in 2006 were a fifth of the predicted cases and do 

not captured the full burden of disease on the community. 

The growth of the pathogen, Coccidioides spp., its exposure to hosts, and the 

occurrence of coccidioidomycosis is spatially and temporally variable with strong 

environmental determinants. Detection of variability and magnitude of disease 

frequency is scale dependent and benefits from a landscape ecology approach in study 
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design and development of predictive models for pathogen exposure and disease 

occurrence. 

The large difference between estimated true disease frequency based on case 

capture and recapture of cases reported to ADHS and surveillance prevalence 

indicates that small improvements in diagnosis and reporting by physicians can have 

a large impact on estimated frequency of disease and obscure real changes over time. 
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Table 1. ADHS and survey reported annual coccidioidomycosis prevalence per 100,000 averaged over 3-year periods for 
greater Tucson, Arizona, and sampling strata. 

 Source Prevalence per 100,000 [95% CI] 
  1994-1996 1995-1997 1996-1998 1997-1999 1998-2000 1999-2001 

Study area       
 ADHS  21* 21* 25* 34* 42* 49* 
 Survey 145 [92-197] 168 [100-236] 94 [43-145] 85 [47-123] 116 [73-159] 122 [79-164] 

Demographic strata       
Low Hispanic       
 ADHS  19* 20* 24* 35* 43* 55* 
 Survey 181 [96-265] 265 [142-389] 143 [52-235] 143 [73-213] 150 [78-222] 151 [80-223] 
High Hispanic       
 ADHS  16* 17 19 25 30* 33* 
 Survey 111 [47-175] 77 [14-140] 48 [0-96] 31 [0-64] 84 [34-133] 94 [46-142] 

Landscape strata       
Foothills       
 ADHS  17* 19* 21* 32* 40 55 
 Survey 

iparian
179 [66-293] 297 [117-477] 165 [29-301] 145 [43-247] 141 [38-244] 149 [44-254] 

R

B

       
 ADHS  17* 17* 25* 31* 39* 48* 
 Survey 

asin
179 [89-269] 185 [88-281] 91 [41-141] 139 [76-203] 114 [54-173] 128 [78-178] 

       
 ADHS  18* 19 20 28 33* 35* 
 Survey 110 [40-181] 82 [14-150] 51 [0-105] 27 [0-62] 101 [47-155] 102 [50-154] 

All Strata       
Foothills, Low Hispanic      

 ADHS  19* 20* 21 34* 44 62 
 Survey 216 [70-363] 375 [142-608] 197 [21-372] 173 [41-305] 165 [32-298] 169 [33-304] 

Riparian, Low Hispanic      
 ADHS  14* 14* 23* 32* 41* 59* 
 Survey 172 [40-303] 210 [68-352] 158 [64-251] 231 [120-341] 204 [90-318] 169 [83-255] 

Basin, Low Hispanic      
 ADHS  24 23 29 39 43 41* 
 Survey 129 [15-243] 125 [15-236] 48 [0-125] 35 [0-81] 91 [31-151] 112 [47-176] 

Foothills, High Hispanic      
 ADHS  11 14 19 24 27 30 
 Survey 54 [7-102] 33 [0-69] 58 [10-107] 49 [2-97] 59 [20-99] 81 [27-136] 

Riparian, High Hispanic      
 ADHS  20* 20* 27 30 38 37* 
 Survey 186 [64-309] 159 [28-290] 23 [0-54] 46 [0-107] 21 [0-49] 86 [38-135] 

Basin, High Hispanic      
 ADHS  16 17 17 23 29* 33 
 Survey 102 [15-190] 64 [0-149] 52 [0-122] 23 [0-69] 105 [33-177] 98 [30-167] 

* ADHS annual prevalence significantly less than the survey annual prevalence. 
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Table 2. Estimated number of annual cases and prevalence in greater Tucson Arizona from capture-recapture data averaged 
over two-year periods. 
 1997-1998 1998-1999 1999-2000 2000-2001 

ADHS cases captured per year (a) 177 249 279 319 
Sampled cases per year from clusters 62 76 69 83 

Estimated sampled cases captured per year (b) 697 [208-1186] 437 [236-638] 1145 [690-1599] 1045 [604-1486] 
ADHS cases sampled per year from clusters  3 2 6 10 

Estimated ADHS cases of sampled cases 11% 8.7% 19% 25% [1.9%-48%]
Estimated recaptured ADHS cases per year (c) 20 22 52 79 

Estimated cases per year (d) 5917 4822 6001 4161 
Estimated annual prevalence 841 685 853 592 
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Abstract 

State-reported coccidioidomycosis cases in Arizona have dramatically increased 

since 1997, raising concerns about a possible epidemic and its causes. Differential errors 

in classifying subjects’ disease susceptibility and exposure to the pathogen confound 

observational and experimental risk factor studies. Our cross-sectional study evaluates 

inherent, socio-economic, and environmental risk factors of coccidioidomycosis from 

information collected during a telephone survey of 5,460 households containing 14,105 

individuals. A stratified, two-stage, address-based telephone survey of greater Tucson, 

Arizona, was conducted in 2002-2003. Three landscape strata controlled for differences 

in group-level exposures and two demographic strata assured recruitment of a minority 

population. The household response rate was 41%. Logistic regression was use to model 

odds ratios for self-reported coccidioidomycosis. Location of residence by landscape and 

demographic strata was a risk factor that confounded relationship of disease with age and 

educational attainment. Controlling for individual and group level exposure and 

susceptibility factors for being Hispanic compared to non-Hispanic White increased 

increase the bivariate odds ratio from a strong 0.28 to a weak 0.75. The analysis 

supported prior studies with increased disease related to age and smoking. Differential 

misclassification of subjects’ exposure to Coccidioides spores and susceptibility to 

coccidioidomycosis affects risk factor estimates and can be partially controlled by 

sampling stratification of demographics and landscape types following a landscape 

ecology approach. 
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Introduction 

Coccidioidomycosis (valley fever) is a potentially fatal infectious disease caused 

by inhaling arthroconidia (spores) of the fungi Coccidioides immitis or C. posadasii 

growing in soils of the warm, semiarid regions of the Americas (Pappagianis, 1988). The 

disease is mainly limited to the southwestern part of the United States (US); 62% of 2006 

notifiable cases occurred in Arizona (CDC, 2007). Approximately 60% of infected 

individuals remain asymptomatic while 30% have mild to moderate symptoms, and 10% 

develop more severe complications such as pneumonia, lung cavities, and disseminated 

infections (Pappagianis et al., 1993).  

Inherent and behavioral risk factors for coccidioidomycosis include gender, age, 

race, smoking, and occupation (Johnson, 1981; Johnson, 1982; Leake et al., 2000; 

Rosenstein et al., 2001). At a regional scale, environmental risk factors are climate and 

dust caused by soil disturbance (Comrie, 2005; Pappagianis et al., 1994); at finer 

geographic scales the risks are less understood because little is known about the specific 

niche of Coccidioides spp. in the soil (Galgiani, 1999). Known and hypothesized 

determinants of coccidioidomycosis are presented in Figure 1. Coccidioides occurrence, 

growth, and dispersion of infective arthroconidia in the environment are spatially and 

temporally variable as are determinants of exposure at individual and group levels. For 

example, neighborhoods near soil disturbance experience group-level exposures while 

operators of earthmoving equipment experience individual-level exposures. As a result, 

environmental and exposure factors can potentially confound the assessment of risk 
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factors for disease, especially regarding age, gender, race, and ethnicity for clinic- and 

community-based populations  (Tabor, 2009). Identifying susceptible people is difficult 

and similarly confounded since infections results in lifelong immunity (Ampel et al., 

2006). Serologic IgG and IgM testing has low effective sensitivity since the optimal time 

for testing from disease onset, with a peak sensitivity up to 90%, is variable (Blair and 

Currier, 2008). The more reliable skin testing reagents are not generally available (Ampel 

et al., 2006). Dodge et al. (1985) detected a 30% response to  

Figure 1. Ecological and epidemiological causal diagram of known and hypothesized 
determinants of growth, dispersion, exposure, and infection for Coccidioides spp. in 
North, Central and South America (Tabor, 2009).  
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coccidioidin and spherulin skin testing reagents among non-Mexican American residents 

of Tucson, Arizona, who reported no history of coccidioidomycosis.  

Because disease occurrence and risk factors are spatially and temporally 

dependent, deciding on the appropriate scale of analysis and differentiating between 

individual and group-level effects are key challenges (Dietz, 2002; Subramanian, 2004; 

Turner et al., 1989). We conducted a stratified, two-stage, address-based telephone 

survey to recruit subjects (Tabor, 2009) and collected information by telephone from 

household residents for risk factor study of coccidioidomycosis in Tucson, Arizona. This 

paper describes individual and group-level risks related to landscape type, race-ethnicity, 

smoking, and pathogen exposures. 

Methods 

We hypothesized that exposure to Coccidioides spp. is spatially dependent and 

that a landscape approach at neighborhood resolution was needed to identity determinants 

of coccidioidomycosis from a cross-sectional study. Stratification and cluster sampling 

by location of residence account for many spatially dependent group-level and 

individual-level factors of exposure and disease occurrence. Ancillary objectives include 

determining risks in the community posed by tobacco smoke, being Hispanic, and 

ownership of cats and dogs that may serve as intermediaries for airborne spore 

transmission (Figure 1). 

The survey was designed to identify subjects with self-reported 

coccidioidomycosis that would likely be classified as notifiable (CDC, 2008, Sunenshine 
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et al., 2007), and to evaluate known and potential risk factors for symptomatic 

coccidioidomycosis. The hypothesized risk factors were residence on landscape type and 

in home exposures to pets and tobacco smoke. The variable “year moved to residence” 

was included to control for exposure and susceptibility factors. This study was approved 

by the University of Arizona’s human subjects institutional review board. 

Survey design 

The study area was greater Tucson, Arizona, a 1,287 km2 area of mixed urban-

suburban residences. Census block groups served as primary sampling units (PSU) or 

sampling clusters because they provided a large enough sample population to represent 

localized exposures at the neighborhood scale and residential address-based telephone 

marketing lists could be purchased by census block groups. Selection by block group 

enabled fine scale assessment of sample bias and facilitated poststratification of the 2002 

and 2003 recruited sample to assure representativeness. The study area contained 552 

contiguous Census 2000 block groups and an estimated population of 703,438. 

Environmental and group-level exposure factors were partially controlled by stratification 

using three landscape strata (Figure 2) that were classified by aggregating 86 soil 

taxonomic units (Cochran et al., 2003; SCS, 1975) by foothills, riparian, and basin 

landscape types and then mapped to each of the PSU using a geographic information 

system (GIS) (ESRI, 2006). Soil types and their characteristics potentially affect the 

occurrence and dissemination of the pathogenic spores and thus provided an objective 

means of identifying the strata. A landscape ecological approach (Turner et al., 2001) was  
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Figure 2. Landscape and demographic strata by Census 2000 block-group boundaries in 
greater Tucson, Arizona. 
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used to define strata categories, select census block groups as a scale of analysis, and 

assign each PSU a landscape strata. These three strata were further divided into two 

demographic strata (Figure 2) of those PSUs that were composed of less than 14% 

Hispanic households or low Hispanic and greater than 14% Hispanic households or high 

Hispanic by using US Census data.  

We used disproportionate stratification to assure sufficient sampling of Hispanic 

households and selected 88 PSUs probability proportional to size. Households were 

randomly sampled within the selected PSUs with an equal allocation of sampled 

households among strata to test the hypothesis of different strata-level effects. A GIS was 

used verify location of purchased address-based telephone marketing data by valid 

address coordinates provided by Pima County Department of Transportation (2007). 

Questionnaires 

The telephone questionnaires were designed to be three to ten minutes long and 

were tested in neighborhoods that were not selected for the survey. Content validly, 

criteria validly, and construct validly were enhanced by using previously validated 

questions from the US Census 2000 questionnaires regarding age, gender, ethnicity, race, 

and educational attainment. Questions from the Specialized Center of Research’s 

respiratory health questionnaire (Lebowitz and Burrows, 1976; Lebowitz et al., 1975) 

were used regarding symptoms and diagnosis of coccidioidomycosis. Yes-no questions 

were asked regarding potential risk factors, if dogs and cats had lived in their current 

home and if someone had smoked daily inside their current home. Scannable (Cardiff, 
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2002) forms of the questionnaires were produced in English and Spanish (Tabor, 2009). 

Implied or waived consent was given during the telephone interviews. 

Definition of qualifying diseased subjects 

Qualifying self-reported diseased subjects had to be symptomatic, doctor 

diagnosed coccidioidomycosis within the past 10 years with onset occurring at the survey 

selected or current address. We limited qualifying diseased subjects to those with 

symptomatic and doctor diagnosed coccidioidomycosis comparable to cases reported to 

the ADHS notifiable disease system (Sunenshine et al., 2007). 

Survey implementation 

The address-based telephone survey was organized and implemented by PSUs in 

random sequence from July 2002 to December 2003.  To increase recruitment, 

introductory letters were mailed to households. Included in the letters was a return 

postcard questionnaire with reply postage paid and informational brochure about 

coccidioidomycosis. Mailings were sent in English for non-Hispanic PSUs and in English 

and Spanish for Hispanic PSUs. The first telephone contact was attempted within one 

week of mailing. Interviews were conducted in either English or Spanish as determined 

by the household informant who provided information about household members and 

household risk factors. If there was a history coccidioidomycosis in the household then 

information was collected directly from adults that self-reported coccidioidomycosis or 

the guardians of children in the household that were reported to have had 
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coccidioidomycosis. Subjects who reported having had non-qualifying 

coccidioidomycosis were not included in the risk factor analysis. 

Analysis 

Household response rate (RR) was calculated following (The American 

Association for Public Opinion Research, 2008) methods as follows:  

RR=I/[(I + R + C) + e(UR + L + UC + UH)] 

where I was number of completed interviews, R was number of refusals from eligible 

addresses, C was number of contacted households from eligible addresses who said “call 

back” later but interviews were not giving after five attempts, L was number of telephone 

numbers were communication was prevented by language barriers, UH were the number 

of telephone numbers with no answers after five attempts, UR was the number of refusal 

from telephone numbers of unknown eligibility, UC was the number of “call backs” from 

telephone numbers of unknown eligibility, and e is the estimated proportion of eligible 

telephone numbers among the sampling frame and was calculated as follows: 

e= (I + R + C)/(I + R + C + B + M) 

where B was the number of businesses contacted and M was the number noneligible 

households that were located outside of the selected PSUs. 

Multiple imputation by the “hotdeck” method (Mander and Clayton, 2000) was 

used for missing data and item non-responses. Missing items in the survey data were 

imputed in 15 “hotdeck” random draws that created 15 slightly different data sets for 

comparison.  
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Sampling weights and poststratification (Levy and Lemeshow, 1999) were used in 

the statistical analysis (StataCorp, 2005a). Poststratification, also referred to as 

population control adjustment, was applied to compensate for possible selection bias by 

adjusting the sample population to census demographics (Levy and Lemeshow, 1999; 

StataCorp, 2005a). Bivariate and multivariate logistic regression analysis was conducted 

with and without poststratification. Mean odds ratios were calculated by averaging the 15 

logistic regression coefficients for each variable. 

Standard errors for each analysis were calculated by Taylor linearized variance 

estimator for each of the 15 imputed datasets and combined following method described 

in Levy and Lemeshow (Levy and Lemeshow, 1999). The 95% confidence intervals were 

calculated based on the students-t statistic and 82 degrees of freedom (StataCorp, 2005b). 

Confounding was identified by a 10% or greater absolute change in a variable’s odds 

ratio with removal of the confounding variable in the multivariate analyses. 

Mean design effects were the average results from the 15 imputed datasets. 

Design effect is the ratio of a complex survey’s sample variance over the sample variance 

from simple random sampling if it were employed; it is used to calculate and evaluate 

sample sizes for complex survey designs (Levy and Lemeshow, 1999). Cluster sampling 

increases the design effect from the reference 1.0 by inflating the overall variance due to 

homogeneity within sampled clusters (Levy and Lemeshow, 1999). Stratification can 

decrease design effects below 1.0 and reduce the required sample size when variables of 

interest are relatively homogenous within each stratum (Lewis-Beck et al., 2003). 
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Many of the conventionally used model-based diagnostics were not possible for 

design-based analyses that used clustered and stratified data (Levy and Lemeshow, 

1999). An F-adjusted mean residual goodness-of-fit test developed by (Archer and 

Lemeshow, 2006) was used to evaluate the multivariate models. 

Results 

Recruitment 

We recruited 5,460 households and collected information on 14,105 individuals. 

The overall household response rate was 41%, with similar response across the six strata. 

Low percentages of survey data were missing for age (1.0%), gender (0.5%), residence 

year (1.4%), race (1.8%), and smoking in house (1.7%). Greater percentages of data were 

missing for questions regarding educational attainment (3.2%) and ethnicity (5.1%). 

Analysis of missing data variables by demographic and environmental categories using 

multivariate logistic regression indicated that there were no violations of missing 

completely at random or missing at random assumptions (Little and Rubin, 2002; Rubin, 

1987). The age groups less than 45 years were under-represented in the sample compared 

to the Census 2000 proportions, as were non-Hispanic African-Americans, non-Hispanic 

American Indians, and Hispanics. Non-Hispanic Whites were over represented. There 

was significant under recruitment of those not attaining a high school diploma and those 

attaining some college education (Tabor, 2009). The recruited population was comprised 

of 143 qualifying self-reported diseased subjects, 731 nonqualifing self-reported diseased 
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subjects, and 13,230 self-reported non-diseased subjects who reported no history of 

coccidioidomycosis. 

Bivariate analysis 

Subjects reporting coccidioidomycosis were 4.7 times more likely to be 45 to 64 

years of age than those under 25 years and 5.6 times more likely to be greater than 64 

year (Table 1). Subjects reporting coccidioidomycosis were also 0.28 times less likely to 

be Hispanics than non-Hispanic Whites and 0.29 less likely to have a high school 

diploma. Subjects reporting disease were 2.7 times more likely to reside in low Hispanic 

foothills stratum. 

The residence-time variable provides information for temporal differences in 

exposure or susceptibility assuming that a larger percentage of susceptible individuals 

occur in the population with more recent residence. Subjects reporting 

coccidioidomycosis were 1.8 times more likely to have established their current residence 

during 1994 to 1998 compared to those that established their current residence before 

1989 and 2.2 times more likely to have established their current residence during 1989 to 

1993 (Table 1). There were no strong associations among subject reporting disease and 

presence of household pets. Pet exposure variables were not included in the final 

multivariate analyses; they were not confounding in multivariate models.  

Multivariate analysis 

The odds of reporting disease for those 45-64 years compared to those less than 

25 years of age decreased to an adjusted 1.9 mean odds ratio (Table 2) and to an adjusted 
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2.7 for those greater than 64 years. The reduction in magnitude of these odds ratios was 

largely due to the inclusion of educational attainment into the model. The opposite effect 

occurred between unadjusted and adjusted odds ratios when race-ethnicity classes were 

compared to non-Hispanic Whites. Adjustment increased the odds ratio for non-Hispanic 

African Americans from 1.4 to 2.7 and Hispanics increased from a strong 0.28 to a weak 

0.75 association. The odds ratios associated with history of tobacco smoke in the home 

increased in magnitude and strength with adjustment. Poststratification strengthened the 

association of self-reported disease for non-Hispanic African Americans and reduced the 

association’s magnitude and strength from an odds ratio of 4.2 to 2.5 for non-Hispanic 

American Indians.  

Confounding variables (Table 3) were age, education attainment, residence in 

type of strata, and year-of-current-residence. Inclusion of age in the model increased the 

odds ratios for non-White race-ethnicity groups, those individuals with no-high-school-

diploma education category, low-Hispanic basin landscape stratum and all categories of 

year-moved-to-residence. Inclusion of educational attainment in the model increased the 

odds ratio of non-Hispanic American-Indian category, and decreased the odds ratios of 

all categories of age, residence in the low-Hispanic foothills stratum, low-Hispanic 

riparian stratum and low-Hispanic basin stratum. Inclusion of strata in the model 

increased the odds ratios of non-Hispanic African-American, non-Hispanic American-

Indian and Hispanic categories, and decreased the odds ratios of some-college-education 

category and moved-to-residence categories 1994 to 1998 and 1999 to 2003. Inclusion of 
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year-moved-to-residence increased the odds ratios of low-Hispanic basin stratum, high-

Hispanic foothills stratum and non-Hispanic African-American category, and decreased 

the odds ratios of the 45 to 64 years and greater than 64 years age categories. Gender and 

smoking in the home were not confounding variables in this analysis. 

An F-adjusted mean residual goodness-of-fit test (Archer and Lemeshow, 2006) 

indicates that the multivariate models with and without poststratification fit the data well; 

the test resulted in a p-value of 0.42 for the “without” model and 0.37 for the “with” 

model. Sampling design effects on logistic regression without poststratification ranged 

from 0.38 to 1.73 with 7 out of 20 variables with values less than 1.0, indicating 

stratification greatly improved sampling efficiency (Table 2).  

Discussion 

The cross-sectional address-based telephone survey produced valid results that 

were demonstrated by producing results comparable previous risk factors studies on 

coccidioidomycosis. The strengths of this study include the design that controlled for 

potential geographic differences in exposures and susceptibility of the population and the 

cross-sectional sampling of an urban and suburban population making the results more 

externally valid to other similar populations that those conducted of military personnel, 

clinic and hospital patients, or student populations.  

Study design limitations and adjustments 

The limitations of this study include those inherent in retrospective observational 

studies; especially recall error regarding date of coccidioidomycosis diagnosis and 
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occurrence of potential risk factors prior to diagnosis. The telephone survey only assessed 

residential and some personal risk factors; it did not assess other potential risk factors 

related to work, travel, and recreation. Resource limitations on this study prevented the 

option of medical chart review of self-reported cases to assess if they met CDC’s 

confirmed case diagnosis criteria. 

Clinic-based risk factor studies of coccidioidomycosis have the potential 

advantage to test for susceptibility, make more accurate classification of infections and 

better estimate time of onset through serologic and skin-testing. However, clinic-based 

studies are not necessarily representative of a regional population and their control of 

exposure factors is generally limited to occupational histories. Studies have assured that 

their population is susceptible by using military personnel and college students who are 

new to the endemic area (Gray et al., 1998; Hugenholtz, 1957; Kerrick et al., 1985; Klotz 

and Biddle, 1967; Williams et al., 1979); however, these populations are not externally 

generalizable to the larger community. 

In this cross-sectional study of the Tucson metropolitan area, the susceptibility of 

subjects that reported no history of coccidioidomycosis was unknown and a source of 

potential confounding. The stratified design assured that susceptibility misclassifications 

of non-diseased subjects were non-differential and reduced potential confounding. The 

variable identifying the year current “residence established” was a significant confounder 

and likely accounted for susceptibility differences among subjects reporting no history of 

disease. 
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Rapid population growth and demographic changes were occurring in the study 

area, so coordinating the survey with the US census was essential to assure optimal 

poststratification to adjust for potential selection bias, especially since the sampling frame 

was created from potentially biased direct marketing data (Tabor, 2009).  

Recall bias was a concern in determining self-reported diseased subjects who had 

to have had the disease within the past ten years of the time of the interview. 

Symptomatic coccidioidomycosis is generally a memorable infection for individuals and 

among family members because of the fatigue associated with the disease, missed work, 

and its regional uniqueness. These characteristics reduced the recall bias concern for 

cases of disease that would likely be diagnosed by a physician. Reliability of self-

reported disease history is generally good, especially for the more severe or less transient 

diseases (Bergmann et al., 1998; Bergmann et al., 2004; Chang et al., 2006; Haapanen et 

al., 1997; Kvestad et al., 2006). There was no detectable participation bias in the 

surveyed population based on personal or family history with coccidioidomycosis (Tabor, 

2009). 

Significance of results 

Risks identified in this study are consistent with findings on known risk factors 

regarding cigarette smoking, older age groups, and being African American, and 

(Johnson, 1982; Leake et al., 2000; Rosenstein et al., 2001). 
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The 1.6 odds ratio for diseased subjects exposed to tobacco smoke in their homes 

(Table 3) is consistent with reported odds ratios of 3.7 (Leake et al., 2000) and 2.3 

(Rosenstein et al., 2001) for current and recent cigarette smokers. 

The bivariate 5.6 odds ratios for the greater than 64 years age group (Table 1) is 

similar to the 5.5 odds ratio reported by Mosley et al. (1996) when they compared the 

same age group to 15 to 24 years age group from Arizona health department’s 1990 to 

1995 surveillance data. The multivariate model that adjusted for potential confounders 

and effect modifiers reduced the odds ratio to 2.7. 

African Americans are considered to be at elevated risk for disseminated 

coccidioidomycosis (Pappagianis, 1988). Among self-reported cases in this study, 

African Americans have a 2.7 [95% CI 1.55-4.72] adjusted odds ratio for symptomatic 

coccidioidomycosis. This is consistent with the Gray et al., (1998) finding that African 

Americans are 1.6 [95% CI 0.9-2.9] times more likely to be hospitalized for 

coccidioidomycosis than Whites when controlled for age, pay grade, and year of 

occurrence. 

The risk of coccidioidomycosis for Hispanics compared to non-Hispanic Whites 

was inconsistent in the published literature and may be due to lower susceptibility among 

Hispanics in Arizona and higher susceptibility among Hispanics in Kern County, 

California due to different lifetime Coccidioides exposure histories in endemic areas. 

Johnson (1982) reported a 0.5 unadjusted relative risk of coccidioidomycosis death for 

Hispanics compared to Whites in Arizona from 1959 to 1975. Rosenstein et al. (2001) 
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reported that Hispanics in Kern County, California, from 1995 to 1996 were 1.7 times 

more likely than Whites to develop severe pulmonary or disseminated 

coccidioidomycosis, although this association was not significant when adjusted for age, 

gender, income, smoking, and health related factors.  

Differential classification error of coccidioidomycosis immunity among the 

control population is a potential issue for observational and experimental study designs. 

Based on finding of this study an estimated 43% of Hispanics in the Tucson population 

have had undiagnosed infections and are immune assuming that 30% of the non-Hispanic 

White population has been unknowingly previously infected and immune (Dodge et al., 

1985), that non-Hispanic Whites and Hispanic have the same inherent susceptibility to 

coccidioidomycosis, and that the strata variable accounted for differential classification 

error on susceptibility. People residing in the high Hispanic strata generally had a longer 

exposure history and were more likely to be immune; 45% of the high Hispanic strata 

population was born in Arizona compared to 27% in the low Hispanic strata (Census 

Bureau, 2002). 

The 2.5 post-stratified adjusted odds ratio for Native Americans is questionable 

due to small sample size, potentially lower participation of non-diseased subjects than 

diseased subjects. One of the six Native Americans that reported having had 

coccidioidomycosis had recently moved to Tucson from a non-endemic area in the 

eastern US. A large proportion of the 336 Native Americans that reported no history of 
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coccidioidomycosis were likely to be immune from having grown up in the endemic area 

and had non-symptomatic or diagnosed disease. 

Education attainment served as socio-economic status variable and is a potential 

confounder of exposure and susceptibility factors. The adjusted 0.45 odds ratio of not 

having attained a high school diploma compared to those that have a high school diploma 

(Table 2) could be due to a larger proportion of the non-diseased subjects being immune 

from work related exposures and non-diagnosed infections. 

The bivariate analysis of disease risk from residing in the six sampling strata was 

consistent with prevalence estimates based on notifiable coccidioidomycosis reporting 

from Arizona Department of Health Services (Tabor, 2009). Self-reported diseased 

subjects are 2.7 times more likely to occur in the low Hispanic foothills and 2.5 times 

more likely to occur in low Hispanic riparian strata than the high Hispanic basin stratum 

(Table 1). The significant higher association of disease for residents in these two strata 

may be associated with higher proportions of older, susceptible residents and more 

exposure events through soil disturbance in this rapidly growing part of the study area. 

Generally neighborhoods in the high Hispanic strata (Figure 2) were long established 

areas with less soil disturbance and group-level exposures to the pathogen, and had a 

higher proportion of the population that grew up in the endemic areas. 

The variable “year moved to residence” was included to control for exposure and 

susceptibility factors. The 0.54 odds ratio for the 1999-2003 period compared to 

residence established before 1989 was unexpected because of the reported epidemic 
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coccidioidomycosis in Arizona (Park et al., 2005). We expected, but did not observe 

more disease during the more recent time periods. This finding is supported by an 

analysis of notifiable case reporting compliance during this period (Tabor, 2009).  

Poststratification changed the magnitude and strength of association for some 

variables, especially for the non-Hispanic African-American and American Indian 

categories (Table 2) that were under represented in the cross-sectional survey.  

Design effects of this study were below 1.0 for 7 out of 20 risk classes (Table 2). 

This indicates that landscape stratification of address-based cluster sampling provides 

better sampling efficiency than random sampling and provides a higher resolution 

alternative to random-digit dialing that is based on area codes and exchange numbers. 

With the advent of number portability regulations the exchange numbers are losing there 

geographic relevance (Kempf and Remington, 2007) 

Conclusions 

Location of residence is an important risk factor for coccidioidomycosis that can 

account for neighborhood-level exposures to Coccidioides spores due to local soil 

disturbances. It can also control for potential differential classification errors of the non-

diseased or control populations in observational and experimental risk-factor studies. 

Differential classification errors of exposure and susceptibility can cause confounding on 

race-ethnicity, age, and socio-economic status. Location of residence related to landscape 

types and demographic characteristic provide a means to control for these errors in risk 

assessment and disease prediction. Landscape epidemiological studies of diseases with 
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strong environmental and demographic determinants can account for spatial and temporal 

differences at neighborhood and broader scales.  
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Table 1. Survey demographics and bivariate logistic regression results of potential risk 
factors for coccidioidomycosis with poststratification from 15 imputed datasets. 

 

Diseased 
subjects 

Non- 
diseased 
subjects 

Mean 
odds 
ratio 

95% CI 

Gender     
Male 60 6431 1.00  

Female 83 6799 1.05 0.67-1.63 
Age     

age 0-24 years 20 4418 1.00  
age 25-44 years 12 3047 1.01 0.53-1.93 
age 45-64 years 70 3644 4.72 2.80-7.95 

age > 64 years 41 2121 5.64 3.21-9.92 
Race-Ethnicity a     

White, Non-Hispanic 115 8649 1.00  
African American, Non-Hispanic 5 336 1.40 0.86-2.27 
American Indian, Non-Hispanic 6 99 1.00 0.38-2.64 

Hispanic 14 3615 0.28 0.15-0.50 
Other race 3 531 0.49 0.15-1.61 

Education attainment     
No high school diploma 16 4158 0.29 0.14-0.60 

High school diploma 26 2779 1.00  
Some college 46 3059 1.24 0.69-2.22 

Bachelors degree or more 55 3234 1.53 0.84-2.80 
Strata of residence     

Foothills, Low Hispanic 42 1977 2.73 1.36-5.49 
Riparian, Low Hispanic 40 2306 2.48 1.26-4.87 

Basin, Low Hispanic 18 1921 1.50 0.78-2.87 
Foothills, High Hispanic 16 2583 0.97 0.46-2.04 
Riparian, High Hispanic 14 2101 1.32 0.67-2.59 

Basin, High Hispanic 13 2342 1.00  
Established residence     

1999-2003 23 5573 1.00 0.49-2.02 
1994-1998 47 3043 1.83 1.47-2.28 
1989-1993 42 1704 2.20 1.93-2.51 

before 1989 30 2911 1.00  
Smoking in home     

No 119 11327 1.00  
Yes 24 1903 1.35 0.87-2.12 

Exposure to dogs at home     
No 54 5070 1.00  

Yes 89 8160 0.84 0.55-1.30 
Exposure to cats at home     

No 91 8604 1.00  
Yes 52 4626 0.96 0.62-1.48 

Exposure to dogs or cats at home     
No 35 3726 1.00  

Yes 108 9504 0.98 0.60-1.60 
a Following US Census race classification nomenclature 
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Table 2. Multivariate logistic regression results of selected personal and environmental 
characteristics for coccidioidomycosis from 15 imputed datasets for coccidioidomycosis 
with and without poststratification weighting. 
 Without poststratification  With poststratification

 

Mean 
Odds 
Ratio 

95% 
Conf. 

Interval 

Average 
Design 
Effect 

 Mean  
Odds 
Ratio 

95% 
Conf. 

Interval 
Gender       

Male 1.00    1.00  
Female 1.10 0.68-1.76 1.73  1.06 0.67-1.69 

Age       
0-24 years 1.00    1.00  

25-44 years 0.57 0.26-1.25 0.87  0.59 0.29-1.18 
45-64 years 1.77 1.00-3.13 0.74  1.90 1.13-3.21 

> 64 years 2.49 1.21-5.12 1.08  2.67 1.34-5.34 
Race, ethnicity a       

White, Non-Hispanic 1.00    1.00  
African American, Non-Hispanic 2.49 0.87-7.14 1.31  2.70 1.55-4.72 
American Indian, Non-Hispanic 4.15 1.68-10.26 0.38  2.48 0.88-6.98 

Hispanic 0.79 0.43-1.47 0.85  0.75 0.40-1.38 
Other race 0.85 0.23-3.11 1.49  0.80 0.22-2.89 

Education attainment       
No high school diploma 0.44 0.20-0.98 1.30  0.45 0.21-0.97 

High school diploma 1.00    1.00  
Some college 1.30 0.67-2.53 1.63  1.20 0.65-2.24 

Bachelors degree or more 1.31 0.66-2.60 1.53  1.26 0.63-2.52 
Strata       

Foothills, Low Hispanic 1.89 0.93-3.83 1.72  2.01 0.98-4.11 
Riparian, Low Hispanic 1.83 0.93-3.63 1.17  1.89 0.95-3.78 

Basin, Low Hispanic 1.30 0.63-2.69 1.28  1.31 0.62-2.74 
Foothills, High Hispanic 0.83 0.39-1.78 0.56  1.03 0.46-2.29 
Riparian, High Hispanic 1.25 0.61-2.57 0.89  1.38 0.69-2.78 

Basin, High Hispanic 1.00    1.00  
Year moved to residence       

1999-2003 0.53 0.26-1.08 1.05  0.54 0.27-1.11 
1994-1998 2.20 1.18-4.11 1.38  2.20 1.17-4.14 
1989-1993 2.75 1.58-4.77 1.13  2.89 1.70-4.92 

before 1989 1.00    1.00  
Smoking in home       

No 1.00    1.00  
Yes 1.57 1.02-2.42 0.83  1.59 1.04-2.45 

a Following US Census race classification nomenclature 
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Table 3. Percent confounding and effect-modification of the odds ratios in the 
multivariate model 

 
Gender Age 

Race- 
ethnicity

Education 
Attainment

Strata
Residence 
established 

Smoking 
in home 

Gender 

Female   -1% 2% 1% -1% 3% 0%

Age 

25-44 years 0%  4% -79% 7% 5% -3%

45-64 years 0%  -1% -78% 2% -17% -6%

> 64 years 0%  1% -67% 4% -11% -2%

Race, ethnicity 
African American, 

Non-Hispanic 1% 13%  9% 12% 9% 4%
American Indian, 

Non-Hispanic 0% 18%  -1% 24% 20% 3%

Hispanic 0% 25%  14% 19% 8% 3%

Other race 0% 12%  7% 7% -2% -2%

Education attainment 
No high school 

diploma 0% 22% 4%  4% -1% -1%

Some college 0% 2% 0%  -5% 3% 0%
Bachelors 

degree or more 0% 0% 0%  -14% -1% 4%

Strata 
Foothills, 

Low Hispanic 0% -2% -1% -13%  1% 6%
Riparian, 

Low Hispanic 0% 1% 0% -10%  0% 4%
Basin, 

Low Hispanic 0% 12% -2% -11%  12% 2%
Foothills, 

High Hispanic 0% 4% -1% -5%  11% 1%
Riparian, 

High Hispanic 0% 5% 1% -6%  -2% 2%

Year moved to residence 

1999-2003 0% 33% 0% -1% -11%  -1%

1994-1998 0% 21% 1% -1% -11%  1%

1989-1993 0% 15% 1% 0% -7%  1%

Smoking in home 

Smoking 0% -3% 1% 4% 9% 5%  
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APPENDIX F: PARENTAL CONSENT FORM 
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APPENDIX G: MINOR SUBJECT’S ASSENT FORM 
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APPENDIX I: INTRODUCTORY LETTER 
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APPENDIX J: REPLY POSTCARD 
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APPENDIX K: SURVEY TRACKING FORM 
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APPENDIX L: HOUSEHOLD MATRIX SURVEY FORM 
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APPENDIX M: HUMAN CASE SURVEY FORM 
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APPENDIX N: HUMAN CONTROL SURVEY FORM 
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