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ABSTRACT 

Coccidioidomycosis or "Valley Fever" is a fiingal infection resulting from the 

inhalation of spores from the soil-borne organism, Coccidioides immitis. Arizona has one 

of the highest annual incidence rates for Coccidioidomycosis, increasing dramatically in 

the past several years. Historical and contemporary published literature cite the common 

experiences of weight loss and fatigue in coccidioidomycosis patients, but these clinical 

symptoms have not been quantified or examined in detail. 

The first goal of this present study was to describe the nutritional changes 

throughout the course of coccidioidal infection utilizing longitudinal data from 117 

coccidioidomycosis patients cared for at the Coccidioidomycosis Clinic at the Southern 

Arizona Veterans Affairs Healthcare System. Subjects were categorized into nutritional 

status groups according to weight status and visceral protein markers. It was determined 

that the level of nutritional deficit is associated with the severity and duration of 

coccidioidomycosis infection. Elevated serology titer and clinical score are found in 

subjects with moderate or severe nutritional deficit. As weight status declined, evidenced 

by reductions in body mass index and percent ideal body weight, infection severity 

worsened. Nutritional repletion did not always occur with improvements in infection 

status. More than half of malnourished coccidioidomycosis patients had an underlying 

medical diagnoses (54.5%), the most common was diabetes mellitus. Serum prealbumin 

and weight loss were positively correlated with clinical coccidioidomycosis score. 

The second goal of this research was to quantify coccidioidomycosis-related 

fatigue in order to document the severity of this complaint. The Fatigue Severity Scale 
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(FSS) was utilized to measure the fatigue experienced by 48 coccidioidomycosis patients 

and 20 healthy controls. Patients were measured at baseline, 2 months and 4 months. A 

mean FSS score of 4 796 + 1.91 was found in coccidioidomycosis patients, indicative of 

severe fatigue. This mean score of patients is higher when compared to other clinical 

populations studied in the literature. Compared to healthy control subjects, patients are 

significantly more fatigued (p < 0.0001). This severe fatigue is not related to infection 

duration or severity or patient demographics. A relationship between fatigue severity and 

weight status indicated that as weight declines, symptoms of fatigue worsen. 

The third goal of this study was to ascertain potential cytokine-related 

mechanisms associated with the weight loss or fatigue manifested in the 

coccidioidomycosis patient population. Serum levels of TNF-a and leptin were 

measured via enzyme-linked immunosorbent assay (ELISA). Control plasma, as well as 

plasma incubated with T27K coccidioidal antigen was also analyzed for TNF-a and 

leptin levels via ELISA. Cytometric bead array via flow cytometry was utilized to 

measure TNF-a, IFN-y, IL-2, IL-4, IL-5 and IL-10 values in plasma incubated with 

T27K coccidioidal antigen. Results were related to weight status (BMI) and fatigue 

severity (FSS score). Results demonstrated that there may be a relationship with leptin 

and fatigue severity in plasma incubated with coccidioidal antigen (p = 0.061). As for 

relationships with body mass index (BMI), senim leptin and leptin in plasma incubated 

with coccidioidal antigen were positively related to BMI (p = 0.002 and p < 0.0001, 

respectively). In plasma incubated with coccidioidal antigen, TNF-a, IFN-y and IL-2 

levels were positively related to BMI (p = 0.016; p = 0.023; p = 0.012, respectively). 
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This research describes and quantifies the nutritional deficit and fatigue severity 

experienced by coccidioidomycosis patients. While these cytokine studies do not reveal 

or prove a direct causal relationship between cytokines and fatigue severity, the data 

suggest that some degree of association does exist. The data is more promising in the 

area of cytokine relationships to weight status and decline. Future research is warranted 

to explore these potential relationships further. 
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CHAPTER 1 

INTRODUCTION 

Explanation of the Problem and its Context 

The fungus Coccidioides immitis (C. immitis) lives in the soil of the southwestern 

United States, as well as portions of Mexico and Central and South America (Stevens, 

1995). Infectious particles are inhaled by a potential host where they enlarge and develop 

into thick-walled spherules that form endospores which are released. Each endospore can 

develop a new spherule, thus causing rapid reproduction and coccidioidomycosis 

infection in the host (Stevens, 1995). Endemic areas of C. immitis include portions of 

Arizona, California. Nevada, New Mexico, Texas, Mexico, and in the semiarid and arid 

soils in Central and South America (Galgiani, 1993). 

Arizona has one of the highest annual incidence rates for coccidioidomycosis 

because of it's geographic location. In 1994, surveillance data from the Arizona 

Department of Health Services (ADHS) incorporated an actual case definition of 

coccidioidomycosis utilizing laboratory confirmation, whereas prior to this date, the data 

collection relied only on physician diagnosis (Centers for Disease Control [CDC], 1996). 

In 1980-1989, the annual number of reported cases of coccidioidomycosis in Arizona 

ranged from 191-342 per year (CDC, 1996). Possibly due to the new diagnostic reporting 

criteria, the number of reported cases of coccidioidomycosis increased during the 1990's 

(CDC, 1996; ADHS, 1999). During the following five years, 1990-1995, annual reported 
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cases ranged from 255-623. This represents an increase in reported cases in Arizona by 

144% (CDC, 1996). ADHS reported continuing increases in reported cases between 

1994 and 1999 (ADHS, 1999). In 1999, the number of reported cases reached 1,812 

(ADHS, 1999). Of these newly diagnosed cases in the 1990's, most victims were over 

the age of 65 years. The three most populated counties in Arizona (Maricopa, Pima and 

Pinal) accounted for 93% of the coccidioidomycosis cases (CDC, 1996). Because of the 

increasing retired and elderly population in the state of Arizona, these trends are likely to 

continue. 

The highest hospitalization rates among coccidioidomycosis occurred in patients 

over the age of 60 years and patients with concurrent infection with the human 

immunodeficiency virus (HIV) (CDC, 1996). The average cost for hospitalization for a 

coccidioidomycosis patient was estimated at $23,889 with an average length of stay of 10 

days. Health care costs for patients with coccidioidomycosis have been estimated at over 

S20 million annually in the United States (Galgiani, 1993; Stevens, 1995). With a large 

number of coccidioidomycosis cases reported in the state of Arizona, these health care 

costs are significant. 

Coccidioidomycosis is more commonly known as "Valley Fever." The clinical 

forms of coccidioidomycosis include; 1) asymptomatic infection; 2) self-limiting 

pneumonia; 3) chronic pulmonary disease in the form of a nodule, cavity, 

pyopneumothorax or diffuse pneumonia; and 4) extrapulmonary manifestations in skin, 

bone, joints or meninges (Galgiani, 1993; Crissey et al, 1995). Acute infections are 
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commonly asymptomatic or they can be virtually identical to any other upper respiratory 

infection, making them difficult to detect (Galgiani, 1993). 

Self-limited pneumonia occurs in about 35% of coccidioidomycosis cases and can 

be indistinguishable from other respiratory tract infections (Galgiani, 1993) Primary 

pulmonary infections present with varying degrees of nonspecific symptoms which 

generally appear 1-3 weeks after exposure (Stevens, 1995; Cox, 1993). A small number 

of individuals with primary coccidioidal pneumonia develop an overwhelming, 

complicated respiratory syndrome clinically similar to sepsis (Lopez et al, 1993; Arsura 

and Kilgore, 2000). 

Approximately 5% of coccidioidomycosis cases progress to chronic pulmonary 

disease, which may be exhibited in the form of nodules, cavities or diffiise pneumonia 

(Cox, 1993; Galgiani, 1993). Nodules, necrotic tissue and subsequent cavities may 

accompany chronic pulmonary disease, especially in older individuals (Galgiani, 1993; 

Galgiani et al, 2000). Diffuse pneumonia is most commonly seen in 

immunocompromised individuals (Galgiani, 1993). 

Extrapulmonary lesions may occur in a variety of tissues, most commonly 

affecting the skin, bone or joint, and meninges. Endospores escape the pulmonary tissue 

during primary infection, causing dissemination and the production of lesions at other 

sites within the body (Crissey et al, 1995). Disseminated infection is defined as the 

identification of one or more destructive extrapulmonary lesions (Galgiani, 1993). Skin 

tissue is involved in approximately 40% of initial dissemination cases, increasing as the 

infection progresses (Crissey et al, 1995). Lesions may have complicated sinus tracts that 
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extend for significant distances throughout various tissues and can develop secondary 

bacterial infections (Drutz and Catanzaro, 1978b). Bone and joint involvement in 

coccidioidomycosis is reported to occur in 10-50% of disseminated cases (Drutz and 

Catanzaro, 1978b; Crissey et al, 1995). Osseous lesions are the second most common 

extrapulmonary manifestation of disseminated coccidioidomycosis (Drutz and Catanzaro, 

1978b). Osseous lesions may be solitary or multiple (Drutz and Catanzaro, 1978b). 

Many patients are asymptomatic. Those who do exhibit symptoms describe nonspecific 

symptoms such as swelling, erythema, fever, pain and tenderness around the affected area 

(Deresinski, 1980). Coccidioidal meningitis is a serious, chronic granulomatous disease. 

The most common symptom of coccidioidal meningitis is a severe and persistent 

headache (76%), with other symptoms including vomiting (32%), stiffness of the neck 

(26%), confusion (8%) and diplopia (8%) (Kelly, 1980; Galgiani, 1993; Vincent et al, 

1993). 

Weight loss has been cited as a common symptom in coccidioidomycosis for over 

60 years (Famess, 1941; Goldstein and Louie, 1943; Willett and Weiss, 1945; Fiese, 

1958; Sarosi et al, 1970; Werner et al, 1972; Drutz and Catanzaro, 1978b; Galgiani, 

1993). In one study, weight loss was the second most frequent symptom in 

coccidioidomycosis (Sarosi et al, 1970). Additionally, fatigue is a major debilitating 

symptom of coccidioidomycosis (Famess, 1941; Goldstein and Louie, 1944; Willett and 

Weiss, 1945; Taylor and Briney, 1949; Fiese, 1958; Werner et al, 1972; Drutz and 

Catanzaro, 1978b; Kerrick et al, 1985; Lundergan et al, 1985; Yozwiak et al, 1988; 

Galgiani 1993). Fatigue can exist in various forms of coccidioidomycosis including 
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primary pulmonary infection, disseminated disease and meningitis (Feise, 1958). Fatigue 

is one of the most common complaints in coccidioidomycosis, with 73% of male patients 

and 83% of female patients exhibiting this symptom (Kerrick et al, 1985). The fatigue 

experienced by coccidioidomycosis patients has been described as severe, profound, 

debilitating and prolonged (Taylor and Briney, 1949; Fiese, 1958). To date, these two 

aforementioned symptoms of coccidioidomycosis, weight loss and fatigue, have not been 

well described or defined in the literature. 

Mechanisms driving the symptoms of weight loss and fatigue in 

coccidioidomycosis have not been investigated, and thus, are not well understood. 

Cytokines such as tumor necrosis factor-alpha (TNF-a) and hormones such as leptin 

seem to be natural potential culprits of the development of weight loss and fatigue. TNF-

a has long been known to be associated with anorexia, malnutrition and increased 

metabolism (Stames et al, 1988; Tracey et al, 1988; Darling et al, 1990; Seaton et al, 

1990; Plata-Salaman, 1995; Langhans and Hrupka, 1999). Leptin is involved in overall 

energy balance regulation, including the suppression of appetite and increasing metabolic 

rate (Caro et al, 1996; Fantuzzi and Faggioni, 2000; Finck and Johnson, 2000; Havel, 

2000; Wauters et al, 2000). Moreover, in other chronic diseases and infections, 

relationships have been documented between weight loss and TNF-a (Lahdevirta et al, 

1988; Hardin, 1993; Staal van den Brekel et al, 1995; Tramontana et al, 1995; Bekker et 

al, 1998; Cakir et al, 1999; Inui, 1999), weight loss and leptin (DeVos et al, 1995, 

Agnello et al, 1998; Wallace et al, 1998; Cakir et al, 1999; Inui, 1999), fatigue and TNF-

a (Kapas et al, 1992; Gupta et al, 1997; Vgontzas et al, 1997; Dreisbach et al, 1998; 
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Moss et al, 1999; Vgontzas et al, 2000), and fatigue and leptin (Vgontzas et al, 2000; 

Cleare et al, 2001). Furthermore, research has also demonstrated that TNF-a can 

regulate the secretion of leptin (Mantzoros et al, 1997; Zumbach et al, 1997; Finck et al, 

1998; Ockenga et al, 1998; Finck and Johnson, 2000). The present study is designed as a 

unique investigation into the potential mechanistic roles of TNF-a and leptin in the 

weight loss and fatigue of coccidioidal infection. 

The Southern Arizona Veterans Affairs Healthcare System (SAVAHCS) houses 

the Valley Fever Center of Excellence and the Coccidioidomycosis Clinic. The 

SAVAHCS facility in Tucson, Arizona, is in Pima County. This county is one of the 

most highly populated in Arizona and is located directly in the endemic region of soil-

borne C. immitis. Thus, it is an optimal location for a study such as this. The patient 

population is relatively large, with newly diagnosed patients referred to the SAVAHCS 

Clinic regularly. Patients receive comprehensive health care at this clinic from a multi-

disciplinary team including physicians, nurses, pharmacists and researchers. This present 

investigation is studying a subset of the SAVAHCS Coccidioidomycosis Clinic 

population. 

The primary aims of this study were to define the nutritional changes during the 

clinical course of coccidioidomycosis, as well as to assess the relationship between 

nutritional status and serum TNF-a and leptin levels. Secondary aims of this project 

were to quantify the severity of fatigue in coccidioidomycosis patients, relate the fatigue 

severity to the clinical course of the infection, and assess the relationship between fatigue 

severity and serum TNF-a and leptin concentrations. Finally, the in vitro cytokine 
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response was related to the clinical symptoms of weight loss and fatigue in patients with 

coccidioidal infection. 

Research Aims 

Primary Aims 

1. To define the nutritional changes during the clinical course of coccidioidomycosis. 

2. To relate the severity of fatigue to the clinical course of coccidioidomycosis. 

3. To assess the relation of nutritional status and fatigue severity during the clinical 

course of primary coccidioidomycosis and the serum TNF-a and leptin levels. 

4. To correlate fatigue and weight loss during primary coccidioidomycosis with the in 

vitro cytokine response to coccidioidal antigen. 

Secondary Aims 

1. To determine if gender, ethnicity, medical history, age, or smoking status are 

predictors for weight loss in coccidioidomycosis. 

2. To document any relationships that may exist between serum leptin and TNF-a 

levels. 

3. To document any relationships that may exist between weight status or visceral 

protein status and fatigue severity 
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Primary Hypotheses tested will include: 

1. Visceral protein status, change in weight and body mass index (BMI) will worsen as 

symptomatic coccidioidomycosis worsens. 

2. Severity of fatigue will decrease as symptomatic coccidioidomycosis improves and it 

will be significantly greater in subjects with coccidioidomycosis compared to healthy 

control subjects. 

3 Coccidioidomycosis subjects with nutritional deficit or severe fatigue will exhibit 

higher serum levels of TNF-a and leptin than coccidioidomycosis subjects without 

nutritional deficit or severe fatigue. 

4. The production ofThl cytokines (specifically IFN-y, IL-2, and TNF-a) will be higher 

in those patients with fatigue and weight loss than those with primary illness without 

such symptoms. 

Secondary Hypotheses tested will include: 

1. Gender, ethnicity, medical history, age and smoking status will not predict the 

development of significant weight loss in coccidioidomycosis. 

2. Serum leptin and TNF-a levels will be positively correlated. 

3. Severity of fatigue will increase as weight status or visceral protein status declines. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Introduction 

Coccidioidomycosis is a fungal infection resulting from the invasion of 

Coccidioides immitis (C immitis) into host tissue. Organisms are inhaled, invade lung 

tissue, and in a small percentage of cases, disseminated disease occurs. Dissemination 

may manifest itself in various forms, including cutaneous lesions, bone and joint 

complications and meningitis. Certain population groups are at greater risk for 

progression to disseminated disease. Nutrition-related symptoms, including anorexia, 

fever, weight loss and severe fatigue, have been reported in the literature. However, the 

specific nutritional course of coccidioidomycosis has not been described or quantified. 

Further, the severe fatigue experienced by these patients has not been quantified and 

mechanisms driving this clinical symptom have not been explored. This research will 

investigate the nutritional consequences of coccidioidomycosis and the potential 

cytokines driving these symptoms. 

The Oreanism. Coccidioides immitis (C. immitis) 

Coccidioides immitis (C. immitis) is a dimorphic fungus with a complex multi

phasic life cycle (Cox, 1989). Both phases of the life cycle appear to be asexual 

(Galgiani, 1993). The normal residence is soil with particular features, including 

temperature and humidity, in the semiarid regions of the western hemisphere (Drutz and 
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Catanzaro, 1978a; Cox, 1993). Disturbances in uncultivated soil releases C. tmmitis into 

the air, allowing the organism to be inhaled. 

There are two phases in the life cycle of C immitis, the saprobic (or mycelial) 

and parasitic (or spherule-endospore) phases (Huppert and Sun, 1980) Figure 2-1 

diagrams the life cycle of C. immitis. As a soil saphrophyte, the fungus propogates in the 

mycelial phase to form arthroconidia or arthrospores. Arthroconidia are hardy, barrel-

shaped, 2-6 Jim in length and 2.4-5 urn in diameter, have thick walls, and are easily 

detachable at slight disturbances in the soil. This allows them to become airborne quite 

easily (Drutz and Catanzaro, 1978a; Cox, 1989). After arthroconidia are inhaled by the 

potential host, the parasitic phase of the life cycle begins. Arthroconidia swell into 

spherules, and the cytoplasm of these spherules produces endospores. When spherules 

reach maturity, they burst and release all of their endospores. Each endospore has the 

potential of maturing into an endospore-containing spherule. This parasitic phase repeats 

itself, resulting in an accumulation in the host tissue (Drutz and Catanzaro, 1978a; Cox, 

1989). 

Routes of Transmission 

The primary and predominant route of transmission is the inhalation of airborne 

arthroconidia (Centers for Disease Control [CDC], 1996). The inhaled organisms 

proceed through the parasitic phase of the life cycle, forming spherules that burst and 

release endospores within the host (Cox, 1993). The exact infective dose for humans is 

not known (Pappagianis, 1988). There are also documented cases of percutaneous 
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inoculation of the fungus, but these cases are rare (Drutz and Catanzaro, 1978a, 

Pappagianis, 1980; Pappagianis, 1988). 

While arthroconidia are highly infective, spherules are not. Therefore, inhaled 

arthroconidia will attempt to proceed through their life cycle in the host tissue. 

Conversely, if spherules are released into the air by an infected person and inhaled by a 

second person, progression to infection in the second person is not likely. Thus, patient-

to-patient transmission is practically nonexistent (Drutz and Catanzaro, 1978a). Rare 

exceptions to this have occurred through the handling of infected bodily fluids 

(Pappagianis, 1988). Although C immitis is found in semen and the prostate gland, there 

has been no evidence of sexual transmission (Pappagianis, 1988). 

Arthroconidia invade lung tissue after inhalation and progress through the parasite 

phase of the life cycle. Extrapulmonary disease develops within a year after initial 

inhalation, manifesting itself in the meninges, bone and joints, skin and soft tissues 

(Stevens, 1995). These manifestations are described in subsequent paragraphs in this 

chapter. 

Certain occupations pose a greater risk of infection due to the nature of the work. 

Laboratory personnel must follow specific guidelines to avoid exposure and inhalation of 

C. immitis arthroconidia (Pappagianis, 1980). C. immitis is one of the most common 

causes of infection among laboratory workers (Huppert and Sun, 1980). Medical 

personnel handling infected bodily fluids or dressings must also use precaution. Wound 

dressing should be kept wet and changed daily, and decontaminated prior to disposal in 

order to avoid exposure to the organism (Pappagianis, 1988). Removal of dry wound 
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dressings and plaster of Paris casts from infected patients have been shown to release 

arthroconidia into the air and result in infection among medical personnel (Pappagianis, 

1988). The chief occupational risks involve those who disturb and move the soil, 

primarily agriculture and construction workers (Pappagianis, 1988, Cox, 1993). Other 

employees at risk include archaeologists, zoologists, anthropologists and paleontologists. 

Military personnel have long been reported as contracting coccidioidomycosis while 

stationed in endemic regions (Deresinski, 1980; Pappagianis, 1988). 

Epidemiology 

C immitis is limited to certain geographic areas, including Arizona, California, 

Nevada, New Mexico, Texas and Utah (Pappagianis, 1980). In California, 

coccidioidomycosis has been documented as far south as San Diego and as far north as 

Tehema county (Pappagianis, 1980). Known endemic areas in California are inland 

stretching along the San Joaquin River Valley and the Sacramento River Valley 

(Pappagianis, 1980). Infections in Arizona are primarily in the southern half of the state 

where the Sonoran Desert is located (CDC, 1996). Approximately 93% of reported cases 

occur in four counties; Maricopa (including metropolitan Phoenix), Mohave, Pima 

(including metropolitan Tucson), and Pinal (including Florence) (CDC, 1996; Ampel et 

al, 1998). In Texas, endemic areas are in the southwestern quarter, spanning from El 

Paso to Beeville, a town between San Antonio and Corpus Christi (Pappagianis, 1980; 

Pappagianis, 1988). Areas within Nevada, New Mexico and Utah are not well defined 

(Pappagianis, 1988). 
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Three endemic zones have been described in Mexico: Northern, Pacific Littoral 

and Central (Pappagianis, 1980; Pappagianis, 1988). The Northern zone lies adjacent to 

the endemic southwestern United States and includes the northern half of Baja California, 

and the states of Sonora, Chihuahua, Coahuila, Nuevo Leon and Tamaulipas. The Pacific 

Littoral zone extends as far south as Guerrero and includes portions of Sonora, Mayarit, 

Jalisco and Michoacan. The Central zone begins in Coahuila and extends into Nuevo 

Leon, Durango and San Luis Potosi. Certain South American countries are also 

recognized to be endemic, including Argentina, Paraguay, Venezuela and Colombia 

(Pappagianis, 1988). 

Cases of coccidioidomycosis outside of the endemic areas are acquired through 

travel to these areas (Pappagianis, 1980). This has occurred in military personnel who 

are stationed in endemic areas (Pappagianis, 1980; Cha et al, 2000). Vacationers to 

endemic areas from New York who develop coccidioidomycosis have been described in 

the literature (Chaturvedi et al, 2000). Several church members from Pennsylvania who 

traveled to Hermosillo, Sonora, Mexico, to construct a new church acquired 

coccidioidomycosis (CDC, 2000). Similarly, many members of a church group from 

Washington traveling to Tecate, Baja California, Mexico, contracted coccidioidomycosis 

while constructing an orphanage (Cairns et al, 2000). Retired persons moving to endemic 

areas, especially Arizona, are at higher risk of acquiring C immitis (Leake et al, 2000) 

The climate is similar in the endemic areas, with the exception of certain tropical 

portions of Mexico. This bioclimatic zone is named the "Lower Sonoran Life Zone," and 

is characterized by arid or semiarid climates, with hot summers, few winter freezes, and 
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alkaline soil (Pappagianis, 1980). The low altitude of the San Joaquin Valley 

(approximately 420 feet elevation at Bakersfield, California) has been associated with 

endemic areas of C. immitis. However, this is difficult to elucidate due to the fact that 

Tucson is 2300 feet in elevation and El Paso is 3710 feet in elevation, both highly 

endemic areas (Pappagianis, 1980). Mean temperatures in the Lower Sonoran Life Zone 

range from 26-32° Celsius in July and 4-12° Celsius in January (Pappagianis, 1988). 

Relative humidity in the Lower Sonoran Life Zone is low. For example, the relative 

humidity in Phoenix, Arizona, ranges from an average of 20.1% in June to 50.1% in 

January (Pappagianis, 1988). The arthroconidia have been shown to survive in dry, warm 

environments (Pappagianis, 1980; Pappagianis, 1988). 

Light annual rainfalls are seen in endemic areas of California and Arizona (NWS 

website). Seasonal variation of infection appears to be linked with seasonal rainfall, with 

the majority of cases documented during dry seasons. In California, increased infections 

are noted during the dry and dusty summer to late fall (Pappagianis, 1980). In Arizona, 

two main rainy seasons occur during the month of January and between July - August, 

resulting in an increased infection rate after each season (Ampel et al, 1998; National 

Weather Service [NWS], 2001). Evidence of this seasonal link was further demonstrated 

with the increased infection incidence after the above average precipitation in early 1991 

and 1992 throughout the San Joaquin Valley (Galgiani, 1993; CDC 1994). However, 

certain South American regions have significantly more rainfall than the endemic areas 

on North America (Pappagianis, 1988; NWS, 2001). Soil disturbances due to severe dust 
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1994; Stevens, 1995). 

Interestingly, certain ethnic groups appear to be more susceptible to C. immitis 

Adult black and Filipino males are more likely to develop fatal coccidioidomycosis than 

whites (Pappagianis, 1988). Specifically, Filipino males represent 4.2% of coccidioidal 

meningitis cases and are 175 times more likely to develop disseminated disease 

(Pappagianis, 1980). Black males represent 16% of the coccidioidal meningitis cases, 

and develop disseminated disease 10-20 times the rate of whites (Pappagianis, 1980). 

Mexican, Native Americans and Asians (other than Filipinos) are also at risk of severe 

disease, but not as often as Filipinos and blacks (Pappagianis, 1988). This ethnic risk 

factor was further illustrated by the increased hospitalization rates for black 

coccidioidomycosis patients (66.8 per 100,000 population) compared to white, non-

Hispanic coccidioidomycosis patients (23.8) in Arizona (Ampel et al, 1998). 

Men are also at higher risk than non-pregnant women for developing 

disseminated disease and for coccidioidomycosis-related death (Pappagianis, 1988; 

Ampel et al, 1998; Leake et al, 2000). It has been speculated that these discrepancies in 

cases of severe disease are not merely racial or gender driven, but are instead a reflection 

of the increased occupational exposure from agricultural workers and military personnel 

(Pappagianis, 1988). 

Increased cases of coccidioidomycosis have been documented in groups with 

compromised immune systems due to a medical condition or therapy (Deresinski and 

Stevens, 1974; Stevens, 1980a). Medical conditions such as cancer (Hodgkin's disease. 
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leukemia, lymphoma, multiple myeloma and other cancers), renal failure with and 

without transplantation, systemic lupus erythematosus, biliary and Laennec's cirrhosis, 

and rheumatoid arthritis have been coexistent with coccidioidomycosis infection 

(Deresinski and Stevens, 1974). Immunosuppressive therapies for organ transplantation 

render a person at greater risk for disseminated coccidioidomycosis (Drutz and 

Catanzaro, 1978b; Pappagianis, 1988). Deaths from coccidioidomycosis among 

transplant patients has declined since the 1970's, but is still a risk (Pappagianis, 1988; 

Cha et al, 2000). Steroid use has long been shown to increase risk of coccidioidomycosis 

(Hileman, 1963; Bayer et al, 1976; Stevens, 1980a; Leake et al, 2000). 

Patients infected with the human immunodeficiency virus (HIV) are at increased 

risk of acquiring coccidioidomycosis and developing severe disease (Ampel et al, 1993; 

Chaturvedi et al, 2000; Woods et al, 2000). HIV-infected patients with concurrent 

coccidioidal infection are more likely to be hospitalized and die than other HIV-infected 

patients (Ampel et al, 1993; Woods et al, 2000). The mortality rate in one investigation 

for HIV-infected patients with concurrent coccidioidomycosis infection was 60% (Singh 

et al, 1996). In this same study, patients with severely compromised immune systems as 

evidenced by a CD4+ lymphocyte count of < 50/|al were at greater risk of death. 

Other risk factors for developing severe coccidioidomycosis include: an 

underlying diagnosis of diabetes mellitus (Catanzaro and Drutz, 1980; Pappagianis, 

1988), pregnancy (Harvey, 1980), age of over 65 years (CDC, 1996), and smoking 

tobacco (Leake et al, 2000). Elderly individuals who move to endemic areas for full- or 

part-time residence after retirement are at greater risk of acquiring coccidioidomycosis if 
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they are male, smoke tobacco, use corticosteroid medications, or have underlying 

diagnoses of congestive heart failure, coronary artery disease, or cancer (Leake et al, 

2000). Persons who had recently moved to Arizona had greater risk of acute 

coccidioidomycosis when compared to those with long-term residence in the state (Leake 

et al, 2000). This inverse relationship between acute coccidioidomycosis and duration of 

Arizona residence appears to be linear, with a decrease in risk of approximately 5% for 

every year of residence in the state. 

The precise number of coccidioidomycosis infections is difficult to quantify. 

Coccidioidomycosis is a reportable disease in California and Arizona and is not listed in 

the Morbidity and Mortality Weekly Report (MMWR) tables. According to the 

California Department of Health Services (CDHS), 758 new cases of coccidioidomycosis 

were reported in the year 2000 and 846 were reported in 1999 (CDHS, 2000) In 

comparison, in Kern county, California, there were 4,516 new cases of 

coccidioidomycosis reported in 1992 and 4,137 cases reported in 1993 (CDC, 1994). The 

Arizona Department of Health Services (ADHS) reports a continually increasing number 

of coccidioidomycosis cases each year between 1994 - 1999. In Arizona, there were 

1,812 cases of coccidioidomycosis reported in 1999 (ADHS, 1999). While the specific 

incidence of coccidioidomycosis is complicated, it is known that those infected 

significantly affect the health care costs in the endemic southwestern states (Stevens, 

1995). 
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Diagnosis of Coccidioidomycosis 

In past years, diagnosis of coccidioidomycosis was only made after laboratory 

animals were inoculated with suspected culture made from a patient's serum (Huppert 

and Sun, 1980). However, this is not routine procedure any longer. The gold standard 

for serologic diagnosis is the detection of tube precipitin and complement-fixing antibody 

by immunodiffusion (Cox, 1993). The tube precipitin antibody appears early in the 

course of infection, with 53% of patients with primary, non-disseminated disease testing 

positive within the first week of symptomatic illness. At the second and third week of 

illness, 91% of infected patients will test positive. Later, at four months post-infection, 

less than 10% of patients will have detectable tube precipitin antibody. These facts are 

consistent with the IgM antibody response to tube precipitin (Cox, 1993). 

The complement-fixing antibody is chiefly of the IgG type, produced within 3-4 

months post-infection and persisting throughout the course of the disease (Cox, 1993). 

Complement-fixing antibody titers provide usefijl clinical assessment data, especially 

when repeated measures are performed on patients. Titers of > 1 ;32 suggest severe, 

disseminated disease and titers of < 1:8 denote less invasive disease (Drutz and 

Catanzaro, 1978a; Cox, 1993). Rising titers can diagnose dissemination or predict 

dissemination development, while decreasing titers indicate improvement or stabilization 

of infection (Cox, 1993; Crissey et al, 1995). Complement-fixing antibodies can also be 

detected in cord blood, cerebrospinal fluid, synovial fluid, peritoneal fluid and pleural 

fluid (Drutz and Catanzaro, 1978a). Enzyme-linked immunosorbent and 
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radioimmunoassays are able to detect antibodies to C. immitis but are not used as 

routinely as the immunodiffusion assays (Cox, 1993). 

Prior to 1994, there was not a specific case definition for coccidioidomycosis. 

Public health departments relied solely on physician diagnosis of coccidioidomycosis and 

did not require laboratory confirmation (CDC, 1996). In 1994, the Council of State and 

Territorial Epidemiologists (CSTE) proposed a criteria for coccidioidomycosis diagnosis 

(CSTE, 1994). In order to confirm the diagnosis of coccidioidomycosis, laboratory 

results must demonstrate: 1) cultural, histopathologic, or molecular evidence of presence 

of C. immitis, or 2) positive serologic test for coccidioidal antibodies in serum or 

cerebrospinal fluid by detection of coccidioidal immunoglobulin M (IgM) (by 

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

detection of rising titer of coccidioidal immunoglobulin G (IgG) (by immunodifflision, 

EIA or complement fixation); or 3) coccidioidal skin-test conversion fi^om negative to 

positive after onset of clinical signs and symptoms (CDC, 1996; CDC, 1997). 

Clinically defining criteria involve an illness characterized by one or more of the 

following symptoms: influenza-like symptoms (fever, chest pain, cough, myalgia, 

arthralgia and headaches); pneumonia or other pulmonary lesion diagnosed by chest 

radiograph; erythema nodosum or erythema multiforme rash; involvement of bones, 

joints or skin by dissemination; meningitis; or involvement of viscera and lymph nodes 

(CDC, 1997). 
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Types of Coccidioidal Infection 

The clinical forms of coccidioidomycosis include: 1) asymptomatic infection; 2) 

self-limiting pneumonia, 3) chronic pulmonary disease in the form of a nodule, cavity, 

pyopneumothorax or diffuse pneumonia; and 4) extrapulmonary manifestations in skin, 

bone, joints or meninges (Galgiani, 1993; Crissey et al, 1995). Each of these clinical 

forms will be described in more detail in subsequent paragraphs. 

It is estimated that between one-third and two-thirds of persons living in endemic 

areas have experienced asymptomatic infection with C. immitis, evidenced only by a 

positive coccidioidin skin test (Cox, 1993; Crissey et al, 1995). These individuals may 

have developed some symptomology due to the C. immitis, but it may have been 

indistinguishable from any other upper respiratory infection and thus, gone undiagnosed 

(Cox, 1993; Stevens, 1995). Because of these numerous misdiagnosed or undiagnosed 

cases, the incidence and prevalence of coccidioidomycosis is further complicated. 

Self-limited pneumonia occurs in about 35% of coccidioidomycosis cases 

(Galgiani, 1993). The typical clinical course for coccidioidomycosis primary pneumonia 

is indistinguishable from other respiratory tract infections. Primary pulmonary infections 

present with varying degrees of nonspecific symptoms which generally appear 1-3 weeks 

after exposure (Cox, 1993; Stevens, 1995). The occurrence of these symptoms was 

described in a campus health center at the University of Arizona, demonstrating the 

following results: fatigue (77%), cough (64%), chest pain (53%), fever (46%), arthralgia 

or myalgia (22%), headache (22%), dyspnea (17%), and hemoptysis (4%) (Lundergan et 

al, 1985). Male students exhibited more symptoms than female students, and more 
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frequent skin lesions (diffuse maculopapular evanescent rash and erythema nodosum). 

Of the 172 healthy college students who presented with coccidioidomycosis, 161 (93 .6%) 

recovered without therapy. Chest radiographs are variable at this stage of infection 

(Crissey et al, 1995; Galgiani, 1993). Laboratory analyses in the University of Arizona 

students revealed peripheral blood leukocyte count below loxio' per liter (10,000 cells 

per |il), an elevated eosinophil level (> 5% of the total) and elevated erythrocyte 

sedimentation rate (Lundergan et al, 1985). A small number of individuals with primary 

coccidioidal pneumonia develop an overwhelming and complicated respiratory syndrome 

clinically similar to sepsis (Lopez et al, 1993; Arsura et al, 1998). 

Chronic pulmonary disease may be exhibited in the form of nodules, cavities or 

diffuse pneumonia (Galgiani, 1993). Approximately 5% of cases progress to this stage of 

the infection (Cox, 1993). Nodules tend to be small (< 6 cm in diameter) and solitary 

lesions occurring in the midlung (Catanzaro and Drutz, 1980). Upon radiography, 

nodules are indistinguishable from carcinoma. Thus, biopsy may be necessary. 

Alternatively, percutaneous fme-needle aspiration and subsequent cytology studies can 

yield C. immitis spherules allowing the patient to potentially avoid a more invasive 

resection procedure (Galgiani, 1993). Nodules are frequently accompanied without 

additional symptoms. In otherwise healthy individuals, pulmonary nodules usually 

resolve without therapy, therefore, medical management may simply consist of periodic 

reassessment of symptoms and radiographic findings (Galgiani et al, 2000). However, 

individuals who are at risk for developing severe disseminated coccidioidomycosis may 

be prescribed anti-fungal pharmaceutical therapy (Galgiani et al, 2000). 
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Necrosis of pulmonary tissue and resulting cavities develop in approximately 5% 

of coccidioidomycosis patients and more frequently in older persons (Galgiani, 1993). 

Diabetes mellitus has been found to be a risk factor for the development of cavities and 

progression to death (Baker et al, 1978; Drutz and Catanzaro, 1978b; Catanzaro and 

Dmtz, 1980). Radiographs reveal that approximately 90% of coccidioidal cavities are 

single, 70% are in the upper lung, and are usually 2 - 4 cm in diameter (Catanzaro and 

Drutz, 1980). Usually, these cavities are asymptomatic and self-resolving after about two 

years. Treatment for uncomplicated cavities is monitoring alone. If symptoms are 

present with pulmonary cavities, the most frequent is hemoptysis, local discomfort or 

chest pain, or superimposed bacterial or fungal infection (Catanzaro and Drutz, 1980; 

Galgiani et al, 2000). Oral azole anti-flingal therapy is generally recommended for 

symptomatic cavities. Surgical resection of cavities may be recommended in certain 

individuals (Galgiani et al, 2000). 

Cavity complication is usually in the form of rupture into the pleural space, 

resulting in pyopneumothorax. This is infrequent and occurs more frequently in young, 

healthy individuals (Galgiani, 1993). Treatment for cavity rupture in healthy patients 

includes surgical repair via lobectomy with decortication (Galgiani et al, 2000). In 

patients with additional medical complications or diagnoses, management may include 

pre-operative anti-flingal therapies or chest tube drainage without surgery (Galgiani et al, 

2000). Other complications of coccidioidal cavities are infection and pulmonary 

hemorrhage (Catanzaro and Drutz, 1980) 
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Diffuse pneumonia is caused by spread of the fungus and is most commonly seen 

in immunocompromised individuals (Galgiani, 1993). Therapy consists of anti-fungal 

medications for at least one year duration for otherwise healthy individuals, and as long-

term prophylactic therapy in the immunodeficient individual. Chronic fibrocavitary 

pneumonia requires anti-fungal therapy for at least one year, and possible surgical 

resection for localized lesions (Galgiani et al, 2000). Coexisting tuberculosis infection 

has been reported and may become a more common problem with the recent rise in 

incidence of tuberculosis (Catanzaro and Drutz, 1980). Surgical treatments, such as 

pulmonary resection, tube thoracostomy, lymph node biopsies and abscess drainage, are 

commonly required in pediatric coccidioidomycosis cases (Connelly and Zerella, 2000). 

Extrapulmonary lesions may occur in a variety of tissues, most commonly 

affecting the skin, bone or joint, and meninges. Endospores escape the pulmonary tissue 

during primary infection, causing dissemination and the production of lesions at other 

sites within the body (Crissey et al, 1995). Disseminated infection is defined as the 

identification of one or more destructive extrapulmonary lesions (Galgiani, 1993). 

Certain populations are at greater risk for developing disseminated disease (see previous 

paragraphs in this section). Treatment for non-meningeal lesions is universal and 

includes azole anti-flingal medications. Worsening lesions may require amphotericin B 

therapy and/or surgical debridement (Galgiani et al, 2000). 

Skin tissue is involved in approximately 40% of initial dissemination cases, 

increasing as the infection progresses (Crissey et al, 1995). Solitary lesions may appear 

in earlier infection, while multiple lesions usually indicate dissemination (Drutz and 
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Catanzaro, 1978b). The face, specifically the nose and nasolabial fold, is the most 

affected area (Crissey et al, 1995). Various forms of lesions may be present, including 

papules, verrucous lesions, subcutaneous nodules, abscesses, cellulites, superficial 

plaques, granulomatous nodules, or rashes (Cox, 1993; Galgiani, 1993; Crissey et al, 

1995). Lesions may have complicated sinus tracts that extend for significant distances 

throughout various tissues and can develop secondary bacterial infections (Drutz and 

Catanzaro, 1978b). Skin biopsy of these lesions will usually reveal C. immitis in culture 

(Galgiani, 1993). 

A classic lesion that is diagnostic for coccidioidomycosis is the erythema 

nodosum, which is actually a hypersensitivity reaction (Jacobs, 1980). The erythema 

nodosum and erythema multiforme are not considered lesions caused by disseminated 

infection. The erythema nodosum may occur with or without erythema multiforme, and 

generally appears in early infection around the time that coccidioidin sensitivity has 

developed (Drutz and Catanazaro 1978a). Erythema nodosum is generally associated 

with a favorable recovery from infection (Cox, 1993). In contrast, erythema multiforme 

does not have a relationship to immune response or recovery. Erythema nodosum 

presents as groups of red, symmetrical nodules that are painfijl, tender, hot, pruritic and 

elastic. They generally reach several centimeters in diameter and are found on the calf or 

thigh, or occasionally on the forearm (Jacobs, 1980). Erythema nodosum occur more 

often in women than in men, and more often in Caucasian women (Cox, 1993). 

Erythema multiforme are erythematous lesions that appear as a single crop on the upper 
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body in adults and lower body in children. These lesions are pruritic and may 

desquamate (Jacobs, 1980). 

Bone and joint involvement in coccidioidomycosis is reported to occur in 10-50% 

of disseminated cases (Drutz and Catanzaro, 1978b; Crissey et al, 1995). Osseous lesions 

are the second most common extrapulmonary manifestation of disseminated 

coccidioidomycosis (Drutz and Catanzaro, 1978b). Osseous lesions may be solitary or 

multiple, with approximately 59% of cases involving only one bone, 21% involving two 

bones, 10% involving three bones, and 10% involving four or more bones (Drutz and 

Catanzaro, 1978b). The most commonly affected areas in descending order are the 

vertebrae, wrists, hands, ankles, feet, pelvis, and long bones (Galgiani, 1993; Crissey et 

al, 1995). Sinus tracts from bone to the outer skin have been reported (Crissey et al). 

Many patients are asymptomatic. Those who do exhibit symptoms may describe 

nonspecific ones, such as swelling, erythema, systemic fever, pain and tenderness around 

the affected area (Deresinski, 1980). Diagnosis is made by x-ray, demonstrating lesions 

that are well demarcated and appear as cysts (Deresinski, 1980). Regional osteoporosis 

and soft tissue swelling are also commonly seen. 

"Desert rheumatism" or coccidioidal articular involvement may occur as a result 

of an affected adjacent bone or by direct invasion into the joint by the organism (Drutz 

and Catanzaro, 1978b). Knee and ankle joints are most commonly affected (Drutz and 

Catanzaro, 1978b; Galgiani, 1993). Specifically, the tibial tubercle and patella, the 

malleoli and tarsal bones, the distal radius and ulna, the metacarpal base and carpals, the 

humeral condyles and the olecranon (Deresinski, 1980). Symptoms include 



inflammation, pain and stiffness. Osteomyelitis, synovitis and tenosynovitis have all 

been reported (Crissey et al). Anemia, eosinophilia and a normal or elevated peripheral 

leukocyte count are seen in affected patients (Deresinski, 1980). If left untreated, 

synovial involvement may cause long term disability. 

Coccidioidal meningitis is a serious, chronic granulomatous disease. Meningeal 

involvement occurs most frequently in young to middle-aged adults and black males 

(Drutz and Catanzaro, 1978b; Kelly, 1980). One third to one half of patients with 

disseminated coccidioidomycosis present with meningitis, often as the only 

extrapulmonary manifestation (Drutz and Catanzaro, 1978b). The most common 

symptom of coccidioidal meningitis is a severe and persistent headache (76%), with other 

symptoms including vomiting (32%), stiffness of the neck (26%), confusion (8%) and 

diplopia (8%) (Kelly, 1980; Galgiani, 1993; Vincent et al, 1993). Less common non

specific symptoms include personality change, lethargy and malaise (Drutz and 

Catanzaro, 1978b). Diagnosis is made by lumbar puncture and analysis of cerebrospinal 

fluid. Cerebrospinal fluid will exhibit leukocyte counts ranging from 98 - 1,250 x 10^ 

cells per liter (98 - 1,250 cells per jal), eosinophiloia (> 10 x 10^ cells per liter or > 0.10 

eosinophils), protein concentrations ranging from 61 - 252 mg/dl and glucose 

concentrations ranging from 9-74 mg/dl (Kelly, 1980; Galgiani, 1993). Cerebrospinal 

fluid cultures are often negative, but complement-fixing antibodies are usually detectable 

and used for diagnosis (Drutz and Catanzaro, 1978b; Kelly, 1980; Crissey et al, 1995). 

Meningitis is certainly the most serious complication of disseminated 

coccidioidomycosis. Survival of patients with meningitis as the sole extrapulmonary 
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manifestation have a median survival of 11 months, while those with additional lesions 

have a median survival of only 2 months (Galgiani, 1993). Treatment must continue 

indefinitely, and without treatment, coccidioidal meningitis is fatal within two years. 

Preferred therapy is via oral azole, but some physicians additionally administer 

intrathecal amphotericin B (Galgiani et al, 2000). A common complication of 

coccidioidal meningitis is hydrocephalus, which usually requires a shunt for 

decompression (Galgiani et al, 2000). 

Some less common sites for extrapulmonary coccidioidal lesions include the 

genitourinary tract (kidney, prostate, epididymus, spermatic cord, testicle, uterus, 

fallopian tubes, ovaries) (Drutz and Catanzaro, 1978b; Petersen, 1980), the eye (Galgiani, 

1980), the liver (Drutz and Catanzaro, 1978b; Stevens, 1980b) and endotracheal or 

endobronchial lesions (Polesky et al, 1999). Manifestations of infection may also occur 

in the peritoneum; middle ear; pericardium, myocardium or endocardium; lymph nodes; 

adrenal and thyroid glands, spleen; and gastrointestinal tract (Bayer et al, 1976, Drutz and 

Catanzaro, 1978b, Stevens, 1980b). 

Factors Influencing Dissemination 

It has been known for a number of years that certain racial populations are more 

susceptible to developing disseminated coccidioidomycosis. Filipino, African-American, 

Native American and Hispanic groups are more likely to progress to severe and lethal 

infection (Pappagianis, 1988). The increased occupational risk for workers in 

construction and agricultural industries has been suggested as the reasoning behind this 
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apparent ethnic influence. However, the major dust storm in Kern county, California in 

1977 supported the belief that certain ethnic groups are at risk for disseminated disease 

(Pappag ian i s ,  1988) .  Af te r  th i s  dus t  s to rm,  d i s semina t ion  occur red  in  I I . 2% of  

Caucasians with coccidioidomycosis, 66 .6% of Filipinos, 53 .8% of blacks, 38 .4% of 

Asians (non-Filipino), and 17.6% of Hispanics (Pappagianis, 1980). At a United States 

Naval Air Station in California, dissemination occurred in 2.3% of Caucasians, compared 

to 23 .5% of blacks and 21% of Filipinos (Pappagiarus, 1980). 

Gender differences in susceptibility of disseminated coccidioidomycosis have also 

been recognized. White females have a much lower incidence of dissemination than 

white males (Pappagianis, 1980). Black females appear to be as susceptible to 

dissemination as black males. Other sources claim that men develop disseminated 

disease and die from a Coccidioidal-related death more often than non-pregnant women 

(Ampel et al, 1998; Leake et al, 2000). Males have more frequent cases of fatal 

coccidioidal pneumonia and osseous and articular manifestations of disseminated disease 

(Pappagianis, 1988). It is unclear whether or not this gender difference lies in the ability 

to mount an adequate immune response. One study showed no differences in immune 

response to the killed C. immitis spherule vaccine between male and female subjects 

(Williams et al, 1984). 

Coccidioidomycosis is a serious infection in pregnant women, particularly in the 

third trimester. Most cases of coccidioidomycosis in pregnancy occur in endemic areas, 

with estimates of 1 in 1000 pregnancies in these areas complicated by coccidioidal 

infection (Harvey, 1980). Fatality of the mother occurs in approximately half of cases 



and there is an increased rate of disseminated infection (Harvey, 1980; Galgiani, 1993). 

Gestational stage plays a key role in prognosis of the mother. An early diagnosis, 

allowing amphotericin B administration during the first and second trimesters, 

significantly decreases mortality (Galgiani, 1993). The lymphocyte response to C. 

immitis has been shown to be inadequate in pregnant women at full-term and postpartum 

(Barbee et al, 1991). Neonates are usually unaffected, although cases of neonatal 

coccidioidomycosis have been reported in the literature (Bernstein et al, 1981). 

Immunocompromised individuals are at greater risk for progressing to 

disseminated coccidioidomycosis. The majority of severe disseminated infections due to 

C. immitis occur in patients with impaired cell-mediated immunity (Levitz, 1992). Thus, 

patients at risk include those taking immunosuppressive therapies or steroids, and those 

diagnosed with HIV infection or cancer (Stevens, 1980a; Leake et al, 2000; Woods et al, 

2000). 

Age is also a factor in the susceptibility of developing disseminated disease. 

Children under the age of four years and adults over the age of 50 years have been shown 

to have an increased incidence of severe coccidioidomycosis (Pappagianis, 1988). 

Elderly individuals ( > 65 years of age) are at greater risk for disseminated 

coccidioidomycosis, which may be associated with their length of residence in an 

endemic area (Leake et al, 2000). 
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Immune Response to C immitis 

There are three main opportunities that the immune system has to prevent 

coccidioidomycosis in the potential host. These opportunities include at the time of 

inhalation of the arthroconidia, at the time of transition to the parasitic phase of the life 

cycle of the organism, and at the time of tissue invasion (Levitz, 1992). Interestingly, C 

immitis appears to have several mechanisms that enable it to avoid certain killing 

mechanisms employed by innate immune cells (Galgiani, 1993). The defenses that 

comprise the innate immune system include natural killer cells, the complement system, 

macrophages and neutrophils (Janeway, 1999). These defenses play a vital role in the 

control of coccidioidomycosis. This is demonstrated by widespread exposure to 

Coccidioides immitis by individuals who reside in endemic areas for long periods of time, 

coupled with the low frequency of clinical disease in these individuals (Cox, 1993). 

The complement system has a significant role in the resistance to mycosis. The 

complement system is comprised of three different pathways, the classical, alternative 

and MBLectin pathways (Janeway, 1999). The effector actions of activated 

complement, regardless of which pathway is triggered, are threefold: recruitment of 

inflammatory cells, opsonization of pathogens and direct killing of pathogens. There is 

evidence that invasion by C immitis activates both the classic and alternate complement 

pathways (Calderone and Linehan, 1989). The alternate pathway appears to have a role 

in innate resistance to C. immitis infection (Cox, 1993). The level of complement-fixing 

antibody in serum correlates with severity of disease, and is therefore used as a clinical 

assessment tool (Cox, 1993). 
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The specific cells responsible for the initial killing of C. immiiis arthroconidia 

after inhalation have not yet been determined. One research group demonstrated 

inhibition of C. immitis spherules and endospores by natural killer cells (Petkus and 

Baum, 1987). However, another investigation revealed that the in vitro killing of C 

immitis arthroconidia and spherules was accomplished by peripheral blood monocytes 

other than natural killer cells (Ampel et al, 1992a). 

The role of macrophages and neutrophils in resistance against coccidioidomycosis 

continues to be defined. It is clear that macrophages are unable to completely eradicate 

C. immitis arthroconidia (Brummer, 1989). Even though C. immitis arthroconidia are 

phagocytosed by alveolar macrophages, their growth is not inhibited and their life cycle 

continues on (Beaman, 1991). Killing by murine macrophages was improved when 

recombinant interferon gamma (IFN-y) was present for activation (Beaman, 1987), 

Additionally, killing of C. immitis via phagosome-lysosome fusion was enhanced when 

murine macrophages were activated by lymphokines (Beaman et al, 1983), Coccidioidal 

lesions are accompanied by an accumulation of neutrophils (Galgiani, 1993). When 

activated, neutrophils were able to kill endospores of C. immitis, but not arthroconidia in 

vitro (Brummer et al, 1985). This supports current belief that neutrophils are able to 

significantly inhibit arthroconidia, or early stages of the life cycle of the organism, but are 

ineffective as the spherules mature (Galgiani, 1993). 

The humoral immune response also plays an important role in coccidioidomycosis 

infection. Antibody responses have been detected in several immunoglobulin classes: 

IgM, IgG, IgA and IgE (Cox, 1989). Detection of tube precipitin antibody and 
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complement-fixing antibody are described above. Chronic or progressive 

coccidioidomycosis is associated with a polyclonal B cell activation involving elevated 

serum levels of IgG, IgA and IgE (Cox, 1993). The type of immunoglobulin that is 

elevated appears to depend upon the type of coccidioidomycosis the patient exhibits 

(Cox, 1993). Extensive or disseminated disease is often accompanied by increased serum 

IgG levels. Patient with active, chronic pulmonary coccidioidomycosis have an elevated 

serum IgA level in 20% of cases. Approximately 23% of patients with active, extensive 

multifocal disease demonstrate a hyperproduction of IgE. IgE levels decrease to normal 

as clinical status of the patient improves. Antibodies do not appear to play a role in 

protection against C. immitis infection. However, animal studies with susceptible mice 

(C57BL/6) and resistant mice (A/J) have demonstrated that the amount of antibody 

produced can contribute to the development of coccidioidomycosis infection (Cox, 1993). 

Cell-mediated immunity is crucial in the host defense to C Immitis. Experiments 

with a T cell-enriched, B cell-depleted medium could still demonstrate a protective 

immune response to C. immitis (Beaman et al, 1979). Thymectomized and congenitally 

athymic mice are highly susceptible to coccidioidomycosis infection (Cox, 1993). 

Suppression of the T cell response has been demonstrated in mice infected with 

coccidioidomycosis (Cox, 1993). However, the exact cause of this suppression is not yet 

known. T cells appear to act as effector cells, secreting interferon gamma (IFN-y) which 

can activate macrophages to kill arthroconidia and endospores (Beaman et al, 1983). 

This killing occurs via phagosome-lysosome fusion within the macrophages which 

phagocytose the organism. Both IFN-y and tumor necrosis factor-alpha (TNF-a) have 
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been shown to activate the fungicidal capabilities and prevent endospore development 

into spherules (Beaman, 1991). 

Nutritional Manifestations of Coccidioidomycosis 

Although chronic, debilitating coccidioidomycosis includes nutrition-related 

symptoms, the nutritional status of patients or the nutritional course of the disease has 

never been completely described or defined. Weight loss has often been described as a 

common symptom in coccidioidomycosis (Famess, 1941; Goldstein and Louie, 1943; 

Willett and Weiss, 1945; Fiese, 1958; Sarosi et al, 1970; Werner et al, 1972; Drutz and 

Catanzaro, 1978b; Galgiani, 1993). In one study, clinical findings accompanying 

coccidioidomycosis indicated that weight loss was the second most fi"equent symptom 

(Sarosi et al, 1970). 

Coccidioidomycosis-related anorexia and subsequent weight loss are described in 

early literature fi-om the 1940's and I950's. Unfortunately, these are general descriptions 

stating that "the patient may lose 20 or 30 pounds" (Fiese, 1958). The early literature 

acknowledges that some occasional, uncomplicated patients may experience a long 

period of anorexia and failure to regain weight (Fiese, 1958). The clinical feature of 

"loss of weight and strength" is documented as early as 1941 (Famess, 1941). Anorexia, 

which can result in weight loss, was found in 30% of cases by clinicians in 1945 (Willett 

and Weiss, 1945). 

In one study, dosages of amphotericin are described in mg/kg allowing calculation 

of subjects' weights (Sarosi et al, 1970). While heights are not available for ftirther 



nutritional assessment, several subjects are of interest due to their relatively low weights. 

For example, a 93.5 pound (42.5 kg) 69 year old male and a 105.8 pound (48.1 kg) 38 

year old male were included in this investigation. Of the 15 subjects with data provided, 

weights ranged from 42.5 - 72.7 kg (mean: 55 9 kg or 123.1 pounds). In a population 

with ages ranging from 17-69 years (mean: 43.8 years), this weight range is lower than 

lower than the 5"" percentile weight for males over the age of 20, indicating likely 

nutritional deficit (CDC/NCHS, 2001). 

Significant weight loss has been published in a few cases studies from the I970's, 

including a 32 year old Hispanic female presenting with a 40 pound weight loss and a 64 

year old Native American male with a 40 pound weight loss (Bayer et al, 1976; 

Deresinski, 1980). Weight loss was described in 20% of infected archeology students in 

northern California (Werner et al, 1972). 

Although "weight loss" is commonly observed and published in the literature, it is 

rarely quantified. One exception occurs in a publication by Goldstein and Louie (1943). 

This report of 75 cases of primary pulmonary coccidioidomycosis in soldiers includes 

several individual case descriptions. Three of these case descriptions include nutritional 

data (height and weight) that can be translated into some rough nutritional assessments. 

The first of these cases involves a "well developed and well nourished" man with 

worsening malaise and anorexia. His height was 71.5 inches (182 cm) and his weight 

was 150 pounds (68 kg). Using the Hamwi equation (Shopbell et al„ 2001), this man's 

ideal body weight (IBW) can be estimated at 175 pounds. The Hamwi equation is 

demonstrated in Table 2-1. This indicates that he was at only 85.7% IBW and his body 



mass index (BMI) was only 20.5 (Shopbell et al, 2001). Using the nutritional status 

criteria from Table 2-2, this soldier would be considered to have mild nutritional deficit 

(Shopbell et al, 2001). Unfortunately, subsequent weights were not recorded. 

The second case in this paper demonstrates the significant weight loss that can 

occur in patients with coccidioidomycosis (Goldstein and Louie, 1943). This soldier 

exhibited a 10% weight loss in only three weeks. An initially well nourished individual 

(102% IBW and BMI = 24.8 at diagnosis), his nutritional status worsened, .^er three 

weeks his weight status was 92% IBW, indicating a significant weight loss, and his BMI 

was 22.5. The third case with documented nutritional data involved a 23 year old soldier 

who was only 76% IBW and his BMI was 18.7. According to Table 2, this patient would 

be classified as exhibiting moderate nutritional deficiency. More recent reports of 

nutritional status or decline of coccidioidomycosis patients have not been published. 

Fatigue Manifestations of Coccidioidomycosis 

Fatigue is defined as the state 'following a period of mental or bodily activity, 

characterized by a lessened capacity for work and reduced efficiency of accomplishment, 

usually accompanied by a feeling of weariness, sleepiness or irritability' (Beers and 

Berkow, 1999). Fatigue often accompanies chronic medical illness. Fatigue is a major 

debilitating symptom of coccidioidomycosis (Famess, 1941; Goldstein and Louie, 1944; 

Willett and Weiss, 1945, Taylor and Briney, 1949; Fiese, 1958; Werner et al, 1972; Drutz 

and Catanzaro, 1978b; Kerrick et al, 1985; Lundergan et al, 1985, Yozwiak et al, 1988; 
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Galgiani 1993). It has been found in various forms of coccidioidomycosis including 

primary pulmonary infection, disseminated disease and meningitis (Fiese, 1958). 

Fatigue is one of the most common complaints in coccidioidomycosis, with 73% 

of male patients and 83% of female patients exhibiting this symptom (Lundergan et al, 

1985). A high percentage of university students with coccidioidomycosis complained of 

decreased energy level (88%) and fatigue (81%) (Yozwiak et al, 1988). Approximately 

49% of college archeology students complained of fatigue during infection (Werner et al, 

1972). As early as the 1940's, fatigue was reported in 32% of cases of primary 

coccidioidomycosis (Taylor and Briney, 1949). These authors also state, "'nearly every 

patient on questioning was willing to admit fatigue and general sense of ill being, to 

persist for a longer period of time than any other symptom" (Taylor and Briney, 1949). 

This fatigue is described to continue for months in some patients (Taylor and Briney, 

1949). At times fatigue is mild in nature, but other times it is severe, profound and 

debilitating (Fiese, 1958). 

Fatigue Severity Research 

Determining the degree of fatigue that a patient experiences is challenging due to 

the subjectivity involved. Fatigue research has been conducted to a limited degree in 

patients with Lyme borreliosis, a chronic infectious disease (Gaudino et al, 1997; Trieb et 

al, 2000) and in multiple sclerosis (MS) and systemic lupus erythematosus (SLE) (Krupp 

et al, 1989; Krupp et al, 1990). 
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Several fatigue measurement tools have been developed (R.R. Taylor et al, 2000; 

Wessely, 2001). Current self-reported measures of fatigue can be stratified into two 

categories: fatigue intensity measures and fatigue/fiinction measures (R.R. Taylor et al, 

2000). The fatigue exhibited in coccidioidomycosis can result in significant dysfunction 

in the lives of the patients (Fiese, 1958). Therefore, a fatigue/function measure is most 

appropriate for studying coccidioidomycosis-related fatigue in order to determine fatigue 

severity as well as fiinctional disability. 

Researchers at the State University of New York at Stony Brook developed the 

Fatigue Severity Scale (FSS), which is a fatigue/function measure, and validated it's use 

for SLE and MS patient populations (Krupp et al, 1989). The FSS has been applied to 

other clinical populations such as the obese and patients with hepatitis C, Parkinson's 

disease and polio (Grieve et al, 2000; Kleinman et al, 2000; Schanke and Stanghelle, 

2001; Shulman et al, 2001; Trojan et al, 2001). 

The FSS is a simple, quick and inexpensive tool to evaluate the level of fatigue in 

patients. The FSS involves 9 questions. Patients are instructed to choose a number 

between 1 and 7 that indicates their degree of agreement with each statement, where 1 

indicates "strongly disagree" and 7 indicates "strongly agree." Table 2-3 lists the specific 

questions from the FSS. The FSS questions involve various areas of the patient's life, 

allowing for a more reliable measurement of fatigue than a single indicator or question 

(Krupp et al, 1989). When compared to other fatigue rating instruments, the FSS was 

found to represent a more accurate and comprehensive measure of fatigue-related 

severity and functional disability in patients with chronic fatigue syndrome (R.R. Taylor 
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et al, 2000). Thus, the FSS was incorporated into this study of coccidioidomycosis 

patients. The FSS has also been applied to other clinical populations including the obese 

and patients with hepatitis C, Parkinson's disease and polio (Grieve et al, 2000; Kleinman 

et al, 2000; Schanke and Stanghelle, 2001; Shulman et al, 2001; Trojan et al, 2001). 

In these validation studies, the mean score for MS patients on the FSS was 4.8, 

and the mean for SLE patients was 4.7 and 4.6 in two different studies (Krupp et al, 1989; 

Krupp et al, 1990). No studies to date have stratified subjects into varying levels of 

fatigue severity. Therefore, a mean FSS score of equal to or greater than 4 60 was used 

to classify coccidioidomycosis patients as severely fatigued. 

Potential Mechanisms of Weight Loss and Fatigue in Coccidioidomycosis 

Tumor Necrosis Factor Alpha (Ti\F-a) 

Tumor necrosis factor alpha (TNF-a) was originally named "cachectin," from the 

Greek word for "bad condition," to describe it's relationship to cachexia (Tracey et al, 

1988; Grunfeld and Feingold, 1991, Roubenoff et al, 1994). TNF-a is produced by Thl 

lymphocytes, pulmonary and peritoneal macrophages, and hepatic KupfFer cells (Hardin, 

1993, Janeway, 1999). It is a proinflammatory cytokine that is secreted in response to the 

detection of bacteria, fungi, and viruses (Hardin, 1993). Its metabolic and nutritional 

effects have been studied in significant detail. TNF-a affects lipid metabolism by 

decreasing lipoprotein lipase (LPL) gene expression and activity, inhibiting fatty acid 

synthesis and stimulating lipolysis (Grunfeld and Feingold, 1991; Hube and Hauner, 

1999). Biochemical results include hypertriglyceridemia and hypercholesterolemia. 



56 

TNF-a also affects glucose metabolism by increasing glucagon and epinephrine. These 

hormonal changes induce glucose release into circulation and glucose utilization by 

tissues (Grunfeld and Feingold, 1991). Gluconeogenesis is increased, resulting in an 

increased efflux of amino acids from muscle and glycerol from adipose tissue (Brody, 

1999). TNF-a has been shown to induce wasting of lean body mass in both humans and 

animals (Tracey et al, 1988; Darling et al, 1990). 

The metabolic changes caused by TNF-a have been associated with 

hypermetabolism, although the reported literature is not conclusive. Metabolic rates of 

20% and 30% above basal energy expenditure have been documented with bolus 

infusions of TNF-a (Stames et al, 1988; Seaton et al, 1990). However, daily low doses 

of TNF-a over a longer period of time did not produce a significant hypermetabolic 

effect (Hardin et al, 1993). 

TNF-a has long been known to be anorexigenic. TNF-a has been associated 

with anorexia and subsequent weight loss in animals and humans (Darling et al, 1990; 

Plata-Salaman, 1995; Langhans and Hrupka, 1999). Rats treated with bolus doses 

consume a significantly lower amount of food than control animals and rats receiving 

continuously infused low doses (Darling et al, 1990). The mechanisms behind the 

anorectic effects of TNF-a are not well understood. Proposed mechanisms include 

neurochemicals and hormones such as leptin, histamine, cholecystokinin, serotonin, alpha 

melanocyte stimulating hormone, corticotropin releasing factor, and neuropeptide Y 

(Plata-Salaman, 1995; Langhans and Hrupka, 1999). 



It is well established that nutritional deprivation suppresses immune function 

(Chandra, 1991). Therefore, immune modulators have been the target of study to 

uncover mechanisms between malnutrition and infectious diseases. Activation of the 

TNF-a system has been associated with increased energy expenditure and weight loss in 

humans (Tracey and Cerami, 1992; Staal van den Brekel et al, 1995). Weight loss has 

not been studied in coccidioidomycosis, but research in other chronic, debilitating 

infections such as human immunodeficiency virus (HIV) and tuberculosis may shed light 

upon this condition. Cytokines have been proposed as the primary mediator of AIDS-

wasting syndrome (Chang et al, 1998; Grunfeld, 1998). Specifically, TKF-a may be 

involved in wasting syndromes with chronic infection (Ockenga et al, 1998). Elevated 

serum levels of TNF-a as measured by radioimmunoassay have been demonstrated in 

patients with AIDS and ADDS-related complex (Lahdevirta et al, 1988). These 

researchers found higher serum levels of TNF-a (60-280 ng/1) in subjects with weight 

loss, although a direct relationship was not evident. Patients with tuberculosis (TB) have 

been reported to have elevated serum TNF-a levels via enzyme-linked immunosorbent 

assay (ELISA) in the presence of weight loss (Bekker et al, 1998). Interestingly, a 

transient decrease in weight with concurrent increase in serum TNF-a levels is seen 

immediately after antituberculosis therapy intiation. However, weight gain and decreases 

in TNF-a levels are seen about seven days after tuberculosis therapy began. Another 

research group found plasma TNF-a levels significantly higher in TB patients without 

pharmaceutical therapy compared to normal controls (p < 0.001) (Cakir et al, 1999). 
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Treatment with thalidomide, an inhibitor of TNF-a synthesis, has been shown to 

enhance weight repletion in patients with tuberculosis or HIV (Klausner et al, 1996; 

Haslett, 1998). HIV-infected patients with concurrent tuberculosis who were given 

thalidomide therapy demonstrated significant weight gain and reduction in serum TNF-a 

as measured by ELISA (Klausner et al, 1996). This weight gain was significantly higher 

than that in HIV-infected patients with tuberculosis who were not given thalidomide 

therapy. This suggests that the arrest of TNF-a production contributed to the ability of 

the patient to regain weight. 

Cytokines have also been shown to have involvement in the regulation of sleep 

(Moldofsky et al, 1986; Kapas et al, 1992; Opp et al, 1992). An association between 

TNF-a and fatigue in other diseases has been documented. Chronic fatigue syndrome 

patients have been shown to exhibit a significant increase in serum TNF-a when 

compared to control subjects (Moss et al, 1999). One group investigating post-dialysis 

fatigue discovered a significant intradialytic elevation of TNF-a in the serum as 

measured by ELISA (Dreisbach et al, 1998). Subjects with sleep apnea and subsequent 

excessive daytime sleepiness and fatigue were found to have a two- to three-fold increase 

in plasma levels of TNF-a and IL-6 when detected via ELISA (Vgontzas et al, 1997). 

TNF-a and fatigue in chronic infectious diseases has been investigated to a 

limited degree. The inflammatory cells fi'om patients with acute symptomatic Lyme 

borreliosis had a greater expression of pro-inflammatory cytokines, including TNF-a, as 

measured by in situ hybridization with cytokine-specific riboprobes (Mullegger et al, 

2000). The symptoms of these Lyme borreliosis patients included fatigue. Even chronic 
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environmental exposure to mold in the workplace was found to induce a significantly 

higher concentration of TNF-a in nasal lavage fluid (Hirvonen et al, 1999). These TNF-

a levels were associated with certain symptoms, including fatigue. 

The hypotheses behind the mechanisms that link TNF-a and fatigue are varied 

and not well defined. Neuroendocrine mechanisms involving serotonin and corticotropin 

releasing hormone have been suggested in chronic fatigue syndrome (Neeck and 

CrofFord, 2000). The induction of iNOS, and subsequent elevation of nitric oxide and 

peroxynitrite has been suggested as a cause of mitochondrial dysfunction and lipid 

peroxidation (Pall, 2000). Finally, metabolic disturbances have been reported in patients 

with chronic fatigue syndrome (McGregor et al, 1996a; McGregor et al, 1996b). These 

studies demonstrated a urinary loss of Kreb's cycle intermediates (succinate and cis-

aconitate) suggesting a disturbance in glucose metabolism resulting in unavailable ATP 

energy (Brody, 1999). 

The role of certain cytokines in the immune response to coccidioidomycosis is a 

topic of current research. Human peripheral blood mononuclear cells (PBMC) that were 

incubated with Coccidioides immitis produced TNF-a as detected by ELISA (Ampel, 

1994). Cerebrospinal fluid from 66 patients with coccidioidal meningitis exhibited 

elevated concentrations of TNF-a as measured by ELISA (Ampel et al, 1995). Another 

research group found that PBMC and macrophages stimulated with formalin-killed C. 

immitis spherules produced increased levels of TNF-a as measured via ELISA (Dooley et 

al, 1994). This increase in TNF-a was seen in healthy subjects with positive and 

negative coccidioidal skin tests, as well as patients with active coccidioidomycosis. 
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The association between TNF-a and cachexia in coccidioidomycosis patients was 

acknowledged by Slagle et al when their group studied the production of TNF-a by 

peritoneal macrophages in BALB/c mice (1989). This relationship was simply 

mentioned in the discussion section of the article to explore potential functions of TNF-a 

in coccidioidomycosis. TNF-a levels have never been specifically related to weight loss 

or fatigue severity in coccidioidomycosis patients in the literature. One goal of this 

study is to further investigate the potential mechanism between TNF-a and the specific 

symptoms of weight loss and fatigue seen in coccidioidomycosis. 

Leptin 

Leptin is a protein named after the Greek word "leptos" (XeTiToa), meaning thin 

(Caro et al, 1996). Leptin is primarily produced by adipose tissue, with circulating levels 

of leptin directly correlated with the amount of adipose tissue mass present and body 

mass index (Caro et al, 1996; Leyva et al, 1998). This hormone was originally believed 

to regulate body weight by inhibiting appetite (Fantuzzi and Faggioni, 2000). However, 

the metabolic roles of leptin have been expanded over time to include overall energy 

balance regulation (Havel, 2000). Normal leptin production is essential for maintaining 

energy balance, as demonstrated by the severe obesity seen in transgenic animal models 

who lack leptin or leptin receptor function (Havel, 2000). Both energy intake and energy 

expenditure are affected by leptin (Caro et al, 1996, Fantuzzi and Faggioni, 2000; Finck 

and Johnson, 2000; Havel, 2000; Wauters et al, 2000). 
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Leptin has also been found to have significant involvement on the immune system 

functions. It has been suggested that leptin may play a role in the proliferation, 

differentiation, and activation of hemopoietic cells, monocytes and T-lymphocytes 

(Gainsford et al, 1996; Lord et al, 1998; Santos-Alvarez et al, 1999; Laharrague et al, 

2000; Martin-Romero et al, 2000; Caldefie-Chezet et al, 2001). A positive correlation 

has been reported between plasma leptin levels and leukocyte counts, although only in 

overweight and obese humans (Laharrague et al, 2000). Mice with leptin deficiency or 

impaired leptin receptor function have impaired T-cell immunity (Lord et al, 1998). 

When these mice are administered leptin, they demonstrate a dose-dependent increase in 

lymphocyte proliferation in response to allogenic stimulators. Additionally, leptin has 

been found to affect phagocytic function as well as anti-apoptotic activities (Fantuzzi and 

Faggioni, 2000). 

Some sources state that leptin should be classified as a cytokine instead of a 

hormone. Because leptin is similar in sequence, structure and signaling to the IL-6-

related family of cytokines, it is now generally accepted as both an endocrine hormone 

and a cytokine (Fantuzzi and Faggioni, 2000; Finck and Johnson, 2000). Leptin does not 

share all functional capacities of IL-6, however, as demonstrated by it's inability to 

induce acute phase proteins, elevate serum levels of corticosterone and IL-6, and affect 

peripheral blood cell counts in mice (Agnello et al, 1998). 

The relationship between leptin and cytokines is of great interest in relation to 

clinical infectious diseases. Leptin levels increase in response to inflammatory stimuli 

and proinflammatory cytokines, such as TNF-a and IL-1 (Janik et al, 1997; Fantuzzi and 
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Faggioni, 2000). One group of researchers found that leptin alone had little affect on the 

release of cytokines from macrophages, but when cells were treated with leptin and 

lipopolysaccharide, cytokine production was significantly greater than with 

lipopolysaccharide alone (LofFreda et al, 1998). In this experiment, exogenous leptin 

upregulated both phagocytosis and the production of TNF-a, IL-6 and IL-12. One 

research group reported that leptin produced a dose-dependent increase in the number of 

activated monocytes producing TNF-a and IL-6 (Santos-Alvarez et al, 1999). Another 

study demonstrated the ability of leptin to enhance the production of GM-CSF and G-

CSF by murine peritoneal macrophages (Gainsford et al, 1996). Leptin was found to 

stimulate the synthesis of IL-2 and IFN-y in human T-lymphocytes (Martin-Romero et al, 

2000). This was corroborated by another group who reported the ability of leptin to 

induce the production of IL-2 and IFN-y, and inhibit the production of IL-4 (Lord et al, 

1998). These findings suggest that leptin may bias T-cell responses towards the 

proinflammatory type (Thl). 

Research has shown that leptin secretion is controlled to some degree by TNF-a . 

Figure 2-1 simplifies the probable relationship between leptin and TNF-a, incorporating 

adipose tissue, the immune system and the central nervous system (Finck and Johnson, 

2000). A small German study demonstrated that when human subjects with cancer 

received an infusion of recombinant human TNF-a, serum leptin levels significantly 

increased (Zumbach et al, 1997). In this experiment, TNF-a was infused over a 2-hour 

time span for 5 days resulting in elevations in serum leptin after each infusion. Serum 

levels of TNF receptors type II also rose after TNF-a infusion and was directly correlated 
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with serum leptin. In this German study, the TNF-a levels reached after the infusions 

therapy were higher than in most patients with inflammatory disease. However, other 

researchers have also documented the connection between leptin and TNF-a (Mantzoros 

et al, 1997; Finck and Johnson, 2000). At the cellular level, TNF-a increases leptin 

secretion in a dose-dependent fashion in adipocytes (Finck et al, 1998). It is not clear 

whether the effect of TNF-a on leptin secretion is direct, or is a result of various 

secondary metabolic and endocrine effects of TNF-a. 

Because of the roles of leptin on energy balance and immune functions, various 

clinical populations have been studied to specifically investigate leptin in disease states. 

One could hypothesize that disease may be accompanied by increased TNF-a and leptin 

levels, which would induce decreased energy intake and increased energy expenditure, 

resulting in weight loss. However, this has not been definitive in research to date. Leptin 

concentrations in healthy normal weight individuals has been documented as 7 5 j; 9.3 

ng/mL (Considine et al, 1996). However, the normal levels of leptin are somewhat of a 

mystery since published research report varying levels of serum leptin in groups of 

healthy controls. Patients with cachexia associated with chronic heart failure exhibited 

decreased plasma leptin concentrations (6.2 + 0.6 ng/mL) when compared to normal 

controls (18.3+3.5 ng/mL) and chronic heart failure patients without cachexia (16.9 + 

3.6 ng/mL) (Murdoch et al, 1999). In this cachectic population, leptin was lower than in 

normal controls, so leptin cannot be blamed for the weight loss exhibited by these 

patients. Similarly, in subjects with cachexia associated with chronic obstructive 

pulmonary disease, serum leptin levels were significantly lower when compared to 
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healthy controls (Takabatake et al, 1999). In this same study, circulating leptin levels 

correlated with body mass index and percentage of body fat, but did not correlate with 

TNF-a . Additionally, patients with gastrointestinal cancer and 5% weight loss 

demonstrated lower levels of circulating leptin than did healthy controls (Wallace et al, 

1998). As seen in other patient populations, leptin was positively correlated with 

percentage of body fat. The findings in populations with cachexia-associated clinical 

conditions do not appear to support the connection between malnutrition and leptin. 

More promising findings have been published about cachexia-associated 

infections. In infectious diseases, leptin levels have been studied due to the connection 

between inflammation and malnutrition. Patients with active pulmonary tuberculosis 

(TB) were studied to examine the relationship between weight status, serum leptin and 

plasma TNF-a levels (Cakir et al, 1999). These researchers found that serum leptin 

levels of TB patients prior to pharmaceutical treatment (4 .5 + 0 .9 ng/mL) was 

significantly higher than normal controls (2.1 + 0.2 ng/mL). Leptin concentration was 

significantly and positively correlated with TNF-a in the total TB patient group and in 

female patients, but not in male patients. Interestingly, there was no meaningful 

correlation between serum leptin levels and body mass index in this population, despite 

other published findings mentioned above. As weight was replenished in the TB patient 

population with pharmaceutical therapy and healing, leptin levels did not change. 

Leptin levels in HIV infection have also been briefly researched. One research 

group studied TNF-a, two soluble TNF-a receptors (sTNFR-75 and sTNFR-55), and 

leptin in HIV-infected males with decreased body mass index values (Ockenga et al. 
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1998). TNF-a was detectable in the serum of nine out of ten subjects studied and the 

TNF-a receptors were increased in all samples. This research group distinguished 

between free leptin and bound leptin in their investigations. A significant correlation was 

found between bound leptin and the ratio between the two soluble TNF-a receptors, but 

not between leptin and serum TNF-a nor the receptors individually. In another study, 

serum leptin levels in HIV-infected patients (3.4 + 1.6 ng/mL) were not significantly 

different from normal controls (4.0 + 1.4 ng/mL), but did correlate with body fat content 

and body mass index in both groups of subjects (Yarasheski et al, 1997). 

Leptin has also been studied in relation to chronic fatigue syndrome. One group 

of researchers measured mean plasma leptin in patients diagnosed with chronic fatigue 

syndrome (13 .8 ng/mL), which did not differ significantly from healthy controls (10.2 

ng/mL) (Cleare et al, 2001). As has been found in aforementioned research papers, leptin 

concentration was significantly and positively correlated with body mass index in all 

subjects. This implies that is unlikely that simple alterations in leptin levels are involved 

with chronic fatigue syndrome. In a randomized crossover design, controls and subjects 

with chronic fatigue syndrome were then placed on either low-dose hydrocortisone 

therapy or placebo to determine any effects on leptin. Plasma leptin decreased slightly, 

but not significantly, when patients took the placebo. Conversely, plasma leptin 

increased significantly in all subjects taking hydrocortisone therapy (p < 0.005). The 

subjects who experienced a rise in leptin due to the therapeutic glucocorticoids also 

reported an anti-fatigue effect. Low dose hydrocortisone therapy is one treatment for 

chronic fatigue syndrome patients that has demonstrated improvements in a subjective 
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global Wellness scale (McKenzie et al, 1998). These studies suggest that an indirect 

connection between leptin and fatigue exists if glucocorticoids are involved, as could be 

the case in the pathophysiology of a chronic infection such as coccidioidomycosis. 

Leptin has also been studied in the fatigue experienced by patients with sleep 

apnea. Males with sleep apnea, and subsequent excessive daytime sleepiness and fatigue, 

were found to have elevated plasma concentrations of leptin as measured by 

radioimmunosorbent assay (Vgontzas et al, 2000). Leptin concentration was also 

significantly correlated with a measurement called the apnea/hyponea index, which takes 

into consideration excessive daytime sleepiness (p < 0.05). Sleep apnea is commonly 

accompanied by obesity. However, these researchers controlled for the obesity variable. 

Even when compared to weight-matched controls, leptin concentrations were statistically 

significantly higher in the subjects with sleep apnea (p < 0.05). As seen in other 

investigations, in all subjects in this study, including lean healthy controls, BMI was 

positively correlated with leptin concentration. 

Leptin levels have never been specifically related to weight loss or fatigue 

severity in coccidioidomycosis patients in the literature. One goal of this study is to 

further investigate the potential mechanism between leptin and the specific symptoms of 

weight loss and fatigue seen in coccidioidomycosis. 
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Table 2-1 
Hamwi Equation to determine ideal body weight 

Gender Method 

106 pounds for the first 5 feet of height 
Men 

+ 6 pounds for every inch over 5 feet of height 

100 pounds for the first 5 feet of height 
Women 

+ 5 pounds for every inch over 5 feet of height 

Adapted from Shopbell et al, 2001. 
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Table 2-2 
Division of nutritional status into subgroups based on weight and visceral protein status 

Nutritional Status Subgroups 

Normal Mild Moderate Severe 

Criterion Nutritional Status Nutritional Nutritional Nutritional 

Deficit Deficit Deficit 

% IBW > 90% 80-89% 70-79% < 69% 

% UBW > 95% 85-94% 75-84% < 74% 

BMI 19-25 (19-34 yoa) 
17-18.5 16-17 < 16 

21-27 (>35 yoa) 

Serum 
> 3.5 mg/dl 2.8-3.4 mg/dl 2.1 -2.7 mg/dl < 2.0 mg/dl 

Albumin 

Serum 
> 15 mg/dl 10-14.9 mg/dl 5-9 mg/dl < 5 mg/dl 

Prealbumin 

Adapted from Shopbell et al, 2001. 
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Table 2-3 
Fatigue severity scale 

Subject's Ranked Response 

Statement 1 
"Strongly 
Disagree" 

2 
"Moderately 

Disagree" 

3 
"Disagree 
a Little" 

4 
"Neither 
Agree or 

Disagree" 

5 
"Agree 

a 
Little" 

6 
"Moderately 

Agree" 

7 
"Strongly 

Agree" 

My motivation 
is lower when I 
am fatigued. 

1 2 3 4 5 6 7 

Exercise brings 
on my fatigue. 1 2 3 4 5 6 7 

I am easily 
fatigued. I 2 3 4 5 6 7 

Fatigue 
interferes with 
my physical 
functioning. 

1 2 3 4 5 6 7 

Fatigue causes 
frequent 
problems for 
me. 

1 2 3 4 5 6 7 

My fatigue 
prevents 
sustained 
physical 
fiinctioning. 

1 2 3 4 5 6 7 

Fatigue 
interferes with 
carrying out 
certain duties 
and 
responsibilities. 

1 2 3 4 5 6 7 

Fatigue is 
among my three 
most disabling 
symptoms. 

I 2 3 4 5 6 7 

Fatigue 
interferes with 
my work, 
family, or 
social life. 

1 2 3 4 5 6 7 

Adapted from Krupp et al, 1989. 
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Figure 2-1. Leptin and TNF-a interactions. Adapted from Finck and Johnson, 2000. 
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CHAPTER 3 

METHODS 

Subjects 

Subjects included United States military veteran and non-veteran patients treated 

at the Southern Arizona Veterans Affairs Healthcare System (SAVAHCS) 

Coccidioidomycosis Clinic. Clinical nursing staff assisted in data collection and subject 

recruitment. Subjects with confirmed coccidioidomycosis diagnosis, who were willing to 

participate, were included in the study. Male and female subjects of all ethnicities 

between 18-85 years of age were invited to participate in this study. Due to the nature 

of the questions in the Fatigue Severity Scale, subjects needed to have a proficiency in 

reading or understanding verbal English. 

Patients with concurrent human immunodeficiency virus (HIV) infection or other 

auto-immune or inflammatory disease were excluded from this study in order to rule out 

any coexisting complicating immune-related factors. Similarly, patients on anti

inflammatory or immunosuppressive therapies were also excluded. 

All subjects agreed to have their clinical data included in the prospective database 

developed and maintained by the Infectious Diseases Section of the SAVAHCS. All 

subjects further agreed to complete the Fatigue Severity Scale and have 10 mL of 

peripheral blood collected for cytokine and leptin analyses. Informed and written consent 

was obtained from each subject prior to participation and all study procedures were 
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approved by the University of Arizona's Human Subjects Review Board (Appendices A, 

B and C). 

Prospective Database Compilation 

A prospective relational database was developed and maintained for all 

SAVAHCS Coccidioidomycosis Clinic patients since September 1998 The program, 

FileMaker Pro 5, by FileMaker, Inc. (Santa Clara, California) was utilized. Patients were 

assigned an identification number and names were not stored in the database to ensure 

subject confidentiality. This database was reviewed to extract the following baseline 

data; date of birth, gender, race, ethnicity, date of coccidioidomycosis diagnosis, type of 

coccidioidomycosis, underlying medical conditions, smoking status, height, weight, usual 

body weight, albumin, prealbumin, serology titer and total clinical "coccidioidomycosis 

score." Data from subsequent clinic visits was also recorded, including; weight, albumin, 

prealbumin, serology titer, coccidioidomycosis score, and time since coccidioidomycosis 

diagnosis. Clinical coccidioidomycosis score is a clinical indicator of severity of disease, 

based on the number of symptoms, the number of active sites, serology titer, and culture 

results (Graybill et al, 1990). An explanation of the coccidioidomycosis score calculation 

is in Appendix D. 

iVutritional Analyses 

Standing height was measured in duplicate using a wall mounted stadiometer. 

Weight was measured in duplicate using a digital scale (ScaleTronix, White Plains, NY) 

in the Coccidioidomycosis Clinic at the SAVAHCS. Height and weight were measured 
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by trained staff to the nearest tenth of a cm or kg, respectively. Body mass index (BMI) 

was calculated using the following equation: BMI = wt in kg/ht in m" (Shopbell et al, 

2001). Ideal body weight (IBW) was calculated using the Hamwi equation (Shopbell et 

al, 2001): 

106 pounds for the first 5 feet of height 
+ 6 pounds for every inch over 5 feet of height 

Women pounds for the first 5 feet of height 
+ 5 pounds for every inch over 5 feet of height 

Usual body weight (UBW) was self-reported by the participants. Percent IBW (%IBW) 

and percent usual body weight (%UBW) were calculated as described below (Shopbell et 

al, 2001): %IBW = (Current Weight / IBW) * 100; %UBW = (Current Weight / UBW) * 

100. Serum albumin and prealbumin were assessed by the Laboratory Services of the 

SAVAHCS as part of routine clinical care. Extra blood draws were not conducted to 

obtain these protein status biomarkers. 

Fati2ue Severity Scale 

Subjects with coccidioidal infection were interviewed using the Fatigue Severity 

Scale (FSS) to determine the intensity of their fatigue (Appendix E). The FSS was 

originally developed to quantify fatigue in patients with multiple sclerosis, but has also 

been applied to systemic lupus erythematosus, obesity, polio, Parkinson's disease and 

hepatitis C (Krupp et al, 1989; Krupp et al, 1990; Grieve et al, 2000; Kleinman et al, 

2000; Shulman et al, 2001; Schanke and Stanghelle, 2001; Trojan et al, 2001). The FSS 

is a simple, quick and inexpensive tool to evaluate the level of fatigue in patients. The 
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FSS involves 9 questions. Patients are instructed to choose a number from 1 to 7 that 

indicates their degree of agreement with each statement, where 1 indicates "strongly 

disagree" and 7 indicates "strongly agree." The FSS questions involve various areas of 

the patient's life, allowing for a more reliable measurement of fatigue than a single 

indicator or question. Subjects responded to the FSS at baseline, 2 months after baseline, 

and 4 months after baseline. These repeated measures were used to assess any changes in 

fatigue in relation to clinical coccidioidomycosis score and serology titer. Those patients 

with a mean FSS score of > 4.60 were considered to have severe fatigue and were 

included in the cytokine and leptin analyses in this study. Healthy control subjects were 

also asked to respond to the questions in the FSS for comparison purposes. FSS scores 

were added to the aforementioned database for storage and statistical analyses. 

The relationship of fatigue to severity and length of illness was assessed by 

Pearson's correlation. Differences in fatigue severity scores between healthy control 

subjects and patients with coccidioidomycosis was assessed using the student's t-test. 

Differences in clinical variables between coccidioidomycosis patients with severe fatigue 

and without severe fatigue were also assessed using the student's t-test. 

Blood CoHectioa and Preparation 

Specimens for the albumin, prealbumin and coccidioidal serology titer were 

collected by the Laboratory Services of the SAVAHCS in correspondence with scheduled 

clinic appointments. These specimens were collected using standard venipuncture 

procedures performed by a certified phlebotomist or registered nurse. Specimens for the 
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cytokine and leptin analysis were collected in the SAVAHCS Coccidioidomycosis Clinic. 

Approximately ten (10) mL of whole peripheral blood was collected into a Vacutainer 

serum tube containing no anti-coagulant. After being allowed to clot for 30 minutes, the 

tubes were centrifuged for 15 minutes at 2000 x G. Sera were aliquotted into cryovials 

and stored at -70° C until assayed. 

Aliquots of 0.5 mL of sera were added to 15 mL polypropylene conical centrifuge 

tubes (Coming, Coming, NY) to which 10 or 20 |ig/mL of T27K (coccidioidal antigen) 

was added. Previous studies did not reveal differences between the two concentrations. 

T27K was prepared as a solution as previously described (Zimmerman et al, 1998; Ampel 

et al, 2001). Samples were incubated for 18 to 24 hours at 37° C in 95% air/5% CO2 with 

the caps of the tubes kept loose and without rocking. Nothing was added to control tubes. 

Thus, subjects could serve as their own controls. 

Cytokine and Leotin Measurements 

Flow Cytometry 

Flow cytometry is an analysis tool that allows for the discrimination of different 

particles on cells based on cell size and color. Cytometric bead array (CBA) technology 

allows for the sensitive, efficient and simultaneous assay of six different cytokines: TNF-

a, IFN-y and interleukins 2, 4, and 5 in a single sample. The CBA system uses the 

sensitivity of amplified fluorescence detection by flow cytometry to measure soluble 

analytes in a particle-based immunoassay. Each bead in a CBA provides a capture 

surface for a specific protein. A suspended mixture of beads allows for the detection of 
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multiple cytokines in a single sample. The sensitivities for each of the cytokines are 

provided by the manufacturer (Table 3-1). 

The whole blood samples were stimulated with coccidioidal antigen and assessed 

for cytokine production via flow cytometry. A human Thl/Th2 cytokine CBA kit from 

Pharmingen (San Diego, California) was utilized for the cytokine measurements. These 

experiments were performed in the Ampel Immunology Laboratory at the SAVAHCS 

facility. 

Standards and controls were prepared according to the manufacturer's 

instructions. Table 3-1 displays the dilution mixtures of the standards. The CBA capture 

beads are bottled individually, so it is necessary to pool the bead reagents immediately 

before mixing them together with the PE detection reagent. The PE detection reagent is 

comprised of PE-conjugated anti-human IL-2, IL-4, lL-5, IL-10, TNF-a and IFN-y 

antibodies. Each capture bead suspension was vigorously shaken for a few seconds 

before mixed. For each assay tube to be analyzed, 10 |jL aliquot of each capture bead 

was added a single tube labeled "mixed capture beads." The bead mixture was 

vigorously vortexed. Next, 50 |iL of the mixed capture beads was added to the 

appropriate assay tubes. Fifty (50) piL of the human Thl/Th2 PE detection reagent was 

added to the assay tubes. Fifty (50) |j,L of the human Thl/Th2 cytokine standard 

dilutions were added to the control assay tubes. Fifty (50) ^iL of each test sample was 

added to the test assay tubes. Assay tubes were incubated for 3 hours at room 

temperature in the dark. After incubation, 1 ml of phosphate buffered saline (PBS) wash 

buffer was added to each assay tube and centrifuged at 200 x G for 5 minutes. The 
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supernatant was aspirated and discarded from each assay tube. Finally, 300 loL of the 

PBS wash buffer was added to each assay tube to resuspend the beads. Samples were 

then vortexed for 3-5 seconds and immediately analyzed on a single argon-ion laser flow 

cytometer (488 nm, FACScan, Becton Dickinson, Mountain View, CA). The BD CBA 

Software from Pharmingen was used to analyze samples and format data. 

Enzyme Linked Immunosorbent Assay (ELISA) 

Enzyme linked immunosorbent assays (ELISA) were performed to determine 

serum concentrations of TNF-a and leptin. All ELISA kits were purchased from R&D 

Systems, Inc. (Minneapolis, Minnesota). An ELISA is a serological assay in which a 

bound monoclonal antibody is detected by a linked enzyme that converts a colorless 

substrate into a colored product (Janeway et al, 1999). 

Ninety-six (96) well microplates for both sets of ELISAs were prepared 

identically. To prepare the microplates, the capture antibody was diluted in phosphate 

buffered saline (PBS) without the carrier protein. Both capture antibodies were diluted 

1:180 (250 laL capture antibody + 45 mL PBS) to a working concentration of 4 ng/mL. 

Microplates were coated with 100 |j.L per well of the diluted capture antibody. The 

microplate was then sealed and incubated overnight at room temperature. Next, each 

well was aspirated and washed with the wash buffer three times. The wash buffer used 

was 0.05% Tween 20 in PBS (250 |il Tween 20 in 500 ml PBS), as recommended by the 

manufacturers of the ELISA kits. Each wash consisted of filling each well with 400 |iL 

of the wash buffer and then aspirating the wells. Afler the last wash, any remaining wash 
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buffer in the wells was blotted on clean paper towels in order to remove all liquid. 

Microplates were then blocked by adding 100 |iL of block buffer (1% BSA [bovine 

serum albumin], 5% sucrose in PBS with 0.05% NaNs) to each well and incubated at 

room temperature for one hour. The wells were washed again three times. 

Standards for both TNF-a and leptin ELISAs were prepared as directed by the 

manufacturer in two-fold dilutions of 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, and zero. The high 

concentration of TNF-a is 1000 pg/mL. The stock concentration of the TNF-a standard 

was 70 ng/mL, so this was diluted to 1:70 with the recommended reagent diluent (0.1% 

BSA, 0.05% Tween 20 in tris-buffered saline [TBS]), by adding 7 (oL of TNF-a stock 

standard to 483 |xL diluent. The high concentration of leptin is 2000 pg/mL. The stock 

concentration of the leptin standard was 80 ng/mL, so this was diluted to 1:40 with the 

recommended reagent diluent (1% BSA + PBS), by adding 11 |^L of leptin stock standard 

to 429 nL diluent. Tables 3-2 and 3-3 display the dilution mixtures of the standards for 

TNF-a and leptin. Standard curves are documented in Appendices F and G. 

The procedures for both assays are identical. For the assay, serum samples and 

standards were added to the reagent diluent. When necessary, due to previous results 

over the high standard and out of range of the standard curve, dilutions of the serum 

samples were made with reagent diluent. Dilutions were made in 1:2, 1:3, 1:5 and/or 

1:10 concentrations. Next, 100 iJ.L of the diluted sample or standard was added to each 

well. Wells were covered with and incubated for one and one-half hours at room 

temperature. The wells were aspirated and washed three times as described above. Then, 

100 laL of the TNF-a or leptin antibody, which had been diluted in reagent diluent, was 



added to each well. The wells were then covered and incubated for two hours at room 

temperature. The wells were aspirated and washed three times as described above. Next, 

100 of the working dilution of streptavidin-HRP was added to each well. The 

streptavidin-HRP was diluted 1:200 in appropriate reagent diluent (20 |xL streptavidin-

HRP + 4 mL reagent diluent). The plates were covered and incubated in the dark for 20 

minutes at room temperature in the dark. The wells were aspirated and washed three 

times as described above. Then, 100 |xL of substrate solution was added to each well. 

The substrate solution was a 1:1 mixture of Color Reagent A (H2O2) and Color Reagent B 

(tetramethylbenzidine, TMB) purchased from R&D Systems (Minneapolis, MN). Plates 

were covered and incubated in the dark for 20 minutes at room temperature in the dark. 

Next, 50 nL of stop solution was added to each well. The stop solution used was 50 (j.L 

of 2 N sulfuric acid. Plates were tapped gently to ensure thorough mixing. 

In order to determine the optical density of each well, an ELxSOO ELISA Reader 

(Bio-Tek Instruments, Inc., Winooski, VT) set to 450 nm was used. Wavelength 

correction was set to 540 nm. Duplicate readings for each standard were averaged. 

Statistical Analyses 

Statistical analyses were performed using SPSS version 10.1.0 software (SPSS 

Inc., Chicago, IL). Means, standard deviations, and frequencies were used for descriptive 

analyses. Differences in characteristics of subject groups were assessed by the Mann-

Whitney test. The main statistical analyses utilized in this dissertation research include 

Pearson's correlation, t-test, one-way analysis of variance (ANOVA) and multiple 
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regression. Pearson's correlation was used to assess the following: relationships 

between fatigue severity, coccidioidomycosis serology, or coccidioidomycosis score and 

various nutrition variables (BMI, weight change, %UBW, %IBW, albumin, prealbumin); 

the relationship of fatigue to severity of illness (length of infection, coccidioidomycosis 

serology titer and clinical coccidioidomycosis score); relationships between fatigue 

severity and leptin and TNF-a, and between body mass index and leptin and TNF-a; 

and the relationship between serum leptin and TNF-a. The student's t-test was used for 

the following analyses: differences in fatigue severity scores between healthy control 

subjects and patients with coccidioidomycosis; differences in clinical variables between 

coccidioidomycosis patients with severe fatigue and without severe fatigue; differences in 

leptin and TNF-a levels between subjects with nutritional deficit and subjects with no 

nutritional deficit; differences in leptin and TNF-a levels between subjects with severe 

fatigue and subjects without severe fatigue. Mann-Whitney tests were run on these same 

data if nonparametric distributions were suspected. Differences in production of 

cytokines in whole blood before and after coccidioidal antigen incubation were assessed 

using the paired t-test and the Wilcoxon Signed Ranks Test. ANOVA was used in the 

following analyses: to determine differences in severity of symptomatic illness according 

to nutritional status data; differences in fatigue severity according to length of 

symptomatic illness; differences in fatigue severity over time. Multiple regression 

analyses were also used to assess which variables, if any, might predict fatigue, changes 

in weight or visceral protein status during coccidioidal infection. Non-parametric 

analyses were conducted to determine statistical differences between groups if data were 
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not normally distributed (Mann Whitney and Wilcoxon Signed Ranks Tests). Power 

calculations were performed using Power and Precision software, version 1.20 (Biostat, 

Teaneck, New Jersey). 
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Table 3-1 
Cytokine CBA Assay Standards 

Tubes Reagents (All reagents volumes are 50 jil) 

Negative Control - 0 pg/mL) Mixed Capture beads, PE Detection Reagent, Assay 
Diluent 

20 pg/mL Mixed Capture beads, PE Detection Reagent, Cytokine 
Standards 1:256 Dilution 

40 pg/mL Mixed Capture beads, PE Detection Reagent, Cytokine 
Standards 1:128 Dilution 

80 pg/mL Mixed Capture beads, PE Detection Reagent, Cytokine 
Standards 1:64 Dilution 

156 pg/rtiL Mixed Capture beads, PE Detection Reagent, Cytokine 
Standards 1:32 Dilution 

312 pg/mL Mixed Capture beads, PE Detection Reagent, Cytokine 
Standards 1:16 Dilution 

625 pg/mL Mixed Capture beads, PE Detection Reagent, Cytokine 
Standards 1:8 Dilution 

1250 pg/mL Mixed Capture beads, PE Detection Reagent, Cytokine 
Standards 1:4 Dilution 

2500 pg/tnL Mixed Capture beads, PE Detection Reagent, Cytokine 
Standards 1:2 Dilution 

5000 pg/mL Mixed Capture beads, PE Detection Reagent, Cytokine 
Standards "Top Standard" 
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Table 3-2 
TNF-a enzyme linked immunosorbent assay (ELISA) standards 

Concentration TNF-a Standard Amount Reagent Diluent Amount 

High (1000 pg/mL) 7 [ i L  483 |iL 

1:2 (500 pg/mL) 200 jiL high standard 200 ML 

1:4 (250 pg/mL) 200 (iL 1:2 standard 200 

1:8 (125 pg/mL) 200 |iL 1:4 standard 200 ixL 

1:16 (62.5 pg/mL) 200 |iL 1:8 standard 200 nL 

1:32 (31.25 pg/mL) 200 loL 1:16 standard 200 [iL 

1:64 (15.625 pg/mL) 200 |iL 1:32 standard 200 

0 (0 pg/mL) 200 |iL 1:64 standard 200 M-L 
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Table 3-3 
Leptin immunosorbent assay (ELISA) standards 

Concentration Leptin Standard Amount Reagent Diluent Amount 

High (2000 pg/mL) 11 [iL 429 ^L 

1:2(1000 pg/mL) 200 |iL high standard 200 uL 

1:4 (500 pg/mL) 200 |iL 1:2 standard 200 [iL 

1:8 (250 pg/mL) 200 |iL 1:4 standard 200 [iL 

1:16(125 pg/mL) 200 (iL 1:8 standard 200 ^L 

1:32 (62.5 pg/mL) 200 mJ- 1:16 standard 200 hL 

1:64 (31.25 pg/mL) 200 |iL 1:32 standard 200 |iL 

0 (0 pg/mL) 200 |iL 1:64 standard 200 ^iL 
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CHAPTER 4 

NUTRITIONAL CHANGES DURING THE CLINICAL COURSE OF 

COCCIDIOIDOMYCOSIS 

Introduction 

Coccidioidomycosis, or "Valley Fever," is a flingal infection caused by the 

soilbome organism, Coccidioides immitis (C. immitis). The primary and predominant 

route of transmission is the inhalation of airborne C. immitis arthroconidia (Centers for 

Disease Control [CDC], 1996). The inhaled organisms proceed through the parasitic 

phase of the life cycle, forming spherules that burst and release endospores within the 

host (Cox, 1993). Organisms invade lung tissue, and in a small percentage of cases, 

disseminated disease develops. Dissemination may manifest itself in various forms, 

including cutaneous lesions, bone and joint complications and meningitis (Galgiani, 

1993). Endemic areas of C immitis include portions of Arizona, California, Nevada, 

New Mexico, Texas, Mexico, and in the semiarid and arid soils in Central and South 

America (Drutz and Catanzaro, 1978a; Stevens, 1995). 

Significant weight loss is among the most common complaints of sufferers with 

coccidioidomycosis. The clinical feature of "loss of weight and strength" is documented 

as early as 1941 (Famess). In one study, clinical findings accompanying 

coccidioidomycosis indicated that weight loss was the second most frequent symptom 

(Sarosi et al, 1970). Another research group reported that weight loss affected 20% of 



college-aged archaeology students who contracted coccidioidomycosis while digging at a 

site in northern California (Werner et al, 1972). General descriptions stating that "the 

patient may lose 20 or 30 pounds" are documented in early literature, acknowledging that 

some occasional, uncomplicated patients may experience a long period of anorexia and 

failure to regain weight (Feiss, 1958). Anorexia, which can result in weight loss, was 

found in 30% of cases by clinicians (Willett and Weiss, 1945). 

Although coccidioidomycosis-related "weight loss" is commonly observed and 

published in the literature, it is rarely quantified. One exception occurs in an early 

publication by Goldstein and Louie (1943). This report of 75 cases of primary 

pulmonary coccidioidomycosis in soldiers includes several individual case descriptions. 

One of these cases involves a man with worsening malaise and anorexia. His height was 

71.5 inches (182 cm) and his weight was 150 pounds (68 kg). From this data, it can be 

determined that he was 85.7% ideal body weight (IBW) and his body mass index (BMI) 

was only 20.5 (Shopbell et al, 2001). According to nutritional status diagnostics, this 

soldier would be considered to have mild nutritional deficit (Shopbell et al, 2001). 

Unfortunately, subsequent weights were not recorded in this soldier, making it impossible 

to track nutritional repletion or period of time in which the patient was malnourished. 

The second case in this paper demonstrates the degree of significant weight loss 

that can occur in patients with coccidioidomycosis (Goldstein and Louie, 1943). This 

soldier exhibited a 10% weight loss in only three weeks. An initially well nourished 

individual (102% IBW and a BMI of 24.8 at diagnosis), his nutritional status worsened. 

After three weeks his BMI was 22.5 and weight status had dropped to 92% IBW, 
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indicating a significant weight loss (Shopbell et al, 2001). The third case in this paper 

with documented nutritional data involved a 23 year old soldier with coccidioidomycosis 

who eventually reached 76% EBW with a BMI of 18.7 (Goldstein and Louie, 1943). 

According to nutritional status diagnostics, this patient would be classified as exhibiting 

moderate nutritional deficiency (Shopbell et al, 2001). 

Significant weight loss has been published in a few case reports, including a 32 

year old Hispanic female presenting with a 40 pound weight loss and a 64 year old Native 

American male with a 40 pound weight loss (Bayer et al, 1976; Deresinski, 1980). The 

length of time over which these weight changes occurred was not mentioned in the 

publications. 

Thus far, risk factors to predict which patients will lose weight and/or become 

malnourished have not been identified. Risk factors for severe and/or disseminated 

coccidioidomycosis infection have been recognized and documented (Galgiani, 1993; 

CDC, 1996; Ampel et al, 1998; Louie et al, 1999; Leake et al, 2000). Certain ethnic 

groups appear to be at greater risk for serious coccidioidal illness. Filipino, Afncan-

American, Native American and Hispanic groups are more likely to progress to severe 

and lethal infection (Pappagianis, 1988). At a United States Naval Air Station in 

California, dissemination occurred in 2.3% of Caucasians, compared to 23.5% of blacks 

and 21% of Filipinos (Pappagianis, 1980). Whether or not gender is a risk factor for 

dissemination is unclear (Pappagianis, 1980). Immunocompromised individuals are at 

greater risk for progressing to disseminated coccidioidomycosis. Thus, patients at risk 

include those taking immunosuppressive therapies or steroids, and those diagnosed with 
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human immunodeficiency virus (HIV) infection or cancer (Stevens, 1980a; Leake et al, 

2000; Woods et al, 2000). Children under the age of four years and adults over the age of 

50 years have been shown to have an increased incidence of severe coccidioidomycosis 

infection (Pappagianis, 1988). Elderly individuals ( > 65 years of age) are at greater risk 

for disseminated coccidioidomycosis, which may be associated with their length of 

residence in an endemic area (Leake et al, 2000). Coccidioidomycosis is serious in 

pregnant women, particularly in the third trimester (Harvey, 1980; Galgiani, 1993). 

Finally, tobacco smoking has also been classified as a risk factor to developing 

dissemination, particularly among elderly individuals (Leake et al, 2000). ,\11 of these 

risk factors for severe or disseminated infection may also be risk factors for the 

development of nutritional deficit, but this has not yet been shown. 

Predictors of the development of weight loss and/or malnutrition in another 

chronic infectious disease, HIV infection, have been identified. Virologic, immunologic 

and immune activation markers appear to predict weight loss in HIV infection. Clinical 

factors such as diarrhea, fever, oral thrush and CD4+ lymphocyte count were the 

statistically significant predictors of weight loss in a study of 1,809 HIV-infected males 

(Graham et al, 1993). In one study of over 1,550 HIV-infected subjects, HIV viral load, 

CD4+ lymphocyte count and serum levels of beta 2-microglobulin were each 

independently predictive of weight loss (Lyles et al, 1999). Immune activation, as 

demonstrated by increased beta 2-microglobulin levels, was further supported to predict 

wasting in HIV-infected subjects by Graham et al (1994). Additionally, Zackin et al 

(1999) reported that HIV viral load and CD4+ lymphocyte count were significant 
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predictors of weight loss in HIV-infected subjects, regardless of the presence of 

opportunistic infection. This study also reported that injection drug use, baseline weight, 

hemoglobin, triglycerides and female gender were additional predictors for weight loss. 

One group of researchers found that levels of HIV viral load were significantly correlated 

with the amount of weight loss, percentage of weight loss and change in BMI (Rivera et 

al, 1998). This same study demonstrated that testosterone levels and body composition 

measurements (body cell mass, fat free mass and fat mass) were not related to weight loss 

parameters. Predictors of wasting syndrome development in HIV-infected injecting drug 

users included older age, female gender, lower CD4+ lymphocyte values and higher beta 

2-microglobulin concentration (Sorkin et al, 1995). 

The primary aim of this study was to define the nutritional changes during the 

clinical course of coccidioidomycosis. Based on the risk factors for developing severe or 

disseminated coccidioidomycosis, and the predictors of weight loss and malnutrition in 

HIV infection, the secondary aim of this study was to investigate whether any clinical or 

demographic factors were associated with weight loss or the development of protein 

malnutrition. Specifically, these factors were examined: race, type of coccidioidal 

infection, underlying medical conditions, and smoking status. 

Methods 

Subjects 

Subjects included United States military veteran and non-veteran patients treated 

at the Southern Arizona Veterans Affairs Healthcare System (SAVAHCS) 
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Coccidioidomycosis Clinic. A total of 117 subjects with confirmed coccidioidomycosis 

diagnosis, who were willing to participate, were included in the study. Informed and 

written consent was obtained from each subject prior to participation and all study 

procedures were approved by the University of Arizona Human Subjects Review Board. 

Data Collection and Storage 

A prospective relational database was developed and maintained for SAVAHCS 

Coccidioidomycosis Clinic patients since September 1998. The software program, 

FileMaker Pro 5, by FileMaker, Inc. (Santa Clara, California), was utilized. Patients 

were assigned an identification number and names were not stored in the database to 

ensure subject confidentiality. For purposes of the current prospective study, this 

database was reviewed to extract the following baseline data; date of birth, gender, race, 

ethnicity, date of coccidioidomycosis diagnosis, type of coccidioidomycosis, underlying 

medical conditions, smoking status, height, weight, usual body weight (UBW), albumin, 

prealbumin, serology titer and total clinical "coccidioidomycosis score." 

Coccidioidomycosis score is a clinical indicator of severity of disease, based on the 

number of symptoms, the number of active sites, serology titer, and culture results 

(Graybill et al, 1990). Table 4-1 describes the criteria used to calculate 

coccidioidomycosis score. Data from subsequent clinic visits was also recorded, 

including: weight, albumin, prealbumin, serology titer, coccidioidomycosis score, and 

time since coccidioidomycosis diagnosis. 
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Nutritional Analyses 

Standing height was measured using a wall mounted stadiometer and weight was 

measured using a digital scale (ScaleTronix, White Plains, NY) in the 

Coccidioidomycosis Clinic at the SAVAHCS. Body mass index (EMI) was calculated 

using the following equation: BMI = wt in kg/ht in m^(Shopbell et al, 2001). Usual 

body weight (UBW) was self-reported by the participants. Ideal body weight (IBW) was 

calculated using the Hamwi equation (Shopbell et al, 2001): 

106 pounds for the first 5 feet of height 

+ 6 pounds for every inch over 5 feet of height 

Women pounds for the first 5 feet of height 

+ 5 pounds for every inch over 5 feet of height 

Percent IBW (%IBW) and percent usual body weight (%UBW) were calculated by the 

following equations (Shopbell et al, 2001): %1BW = (Current Weight / IBW) * 100; 

%UBW = (Current Weight / UBW) * 100, Serum albumin and prealbumin were assessed 

by the Laboratory Services of the SAVAHCS as part of routine clinical care Extra blood 

draws were not conducted to obtain these protein status biomarkers. 

Nutritional assessment was conducted to determine nutritional status: no 

nutritional deficit, mild nutritional deficit, moderate nutritional deficit or severe 

nutritional deficit. Criteria used to assess nutritional status included %UBW, %IBW, 

BMI, serum albumin and serum prealbumin (Shopbell et al, 2001). Table 4-2 delineates 

criteria for nutrition status determination. 
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Statistical Analyses 

Statistical analyses were performed using SPSS version 10.1 .0 software (SPSS 

Inc., Chicago, IL). Means, standard deviations, and frequencies were used for descriptive 

analyses. Relationships between coccidioidomycosis serology or coccidioidomycosis 

score and various nutrition variables (BMI, weight change, %UBW, %IBW, albumin, 

prealbumin) were assessed via Pearson's correlation. Subjects were further divided into 

two groups according to their nutritional status. One group included all subjects 

determined to have no nutritional deficit or mild nutritional deficit, while the other group 

included all subjects with moderate or severe nutritional deficit. These nutritional groups 

were used to determine differences in severity of symptomatic illness according to 

nutritional status, which was assessed by one-way analysis of variance (ANOVA). 

Differences between groups (for example, disseminated infection vs. non-disseminated 

infection) were determined via student's t-test. Multiple regression analyses were also 

used to assess which variables, if any, might predict changes in weight or visceral protein 

status during coccidioidal infection. Four independent variables were used in the 

multiple regression analyses: race, smoking status, pulmonary versus extrapulmonary 

infection, disseminated versus non-disseminated infection, and the presence or absence of 

underlying medical conditions. Power calculations were performed using Power and 

Precision software, version 1.20 (Biostat, Teaneck, New Jersey). 
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Results 

Subjects 

The database included a total of 117 subjects. Five females {A.11%) and 112 

males (95 73%) were studied. The ages of the subjects at baseline ranged from 26-85 

years, with a mean + standard deviation of 60.11 + 13 .88 years. The majority of subjects 

were Caucasian (75.2%), non-Hispanic (93.2%), and non-smokers (75.2%). Baseline 

clinical characteristics and demographics of the total sample are presented in Tables 4-3 

and 4-4. The types of coccidioidal infection represented in the subject pool included all 

types of pulmonary disease, as well as extrapulmonary infections. The most common 

coccidioidal infection was a pulmonary nodule or cavity (29.1%) and 35% of subjects 

had disseminated infection. The presence of an underlying disease was common with 

45.3% diagnosed with one or more medical conditions. 

Baseline Nutritional Data 

The subjects were divided into four groups according to nutritional status: no 

nutritional deficit (47.0%), mild nutritional deficit (40.2%), moderate nutritional deficit 

(10.3%) and severe nutritional deficit (2.6%). See Table 4-5. As a whole, the group was 

well-nourished with a mean BMI of 26.62 and mean %IBW of 111.95% (Table 4-3). 

However, a mean of 6.6% weight loss was demonstrated at baseline in the group. 

Although data were not available for all subjects, the mean serum albumin and 

prealbumin were within normal range, indicative of intact visceral protein stores. 
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Relationship Between Severity of Coccidioidal Infection, Duration of Infection and 

Nutritional Status 

Differences in nutritional status according to coccidioidomycosis serology, 

clinical coccidioidomycosis score, and length of infection were assessed by one-way 

analysis of variance (ANOVA) (Table 4-6). The level of nutritional decline was 

associated with the level of serology titer (p < 0.0001), the level of clinical 

coccidioidomycosis score (p < 0.0001), and the length of time since the infection was 

diagnosed (p = 0.009). Clinical coccidioidomycosis score and serology titer were both 

higher in subjects with moderate or severe nutritional deficit as compared to subjects with 

no or mild nutritional deficit. Those subjects with worsened nutritional status had a 

shorter duration of infection, indicating that nutritional status improves as infection 

improves. In order to further track nutritional status and infection severity over time, 

mean coccidioidomycosis serology titer and mean clinical coccidioidomycosis score were 

graphed according to length of infection and nutritional status (Figures 4-1 and 4-2). 

These figures demonstrate that the number of subjects with nutritional deficit is higher in 

early infection and lower in later stages. Nutritional status may remain depleted for over 

a year, as seen in these figures. 

One-way ANOVA was calculated to compare coccidioidomycosis serology and 

clinical score over four years. The clinical coccidioidomycosis score was statistically 

different at the first quarter (months 1-3) of infection compared to the fifth (months 12.1-

15) and thirteenth (months 36.1-39) quarters. Table 4-7 displays these data. To compare 
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infection duration to nutrition variables, ANOVA was calculated. Data from four years, 

or sixteen quarter years, was analyzed. There were no statistically significant 

associations between any nutritional markers (nutritional status, serum albumin, serum 

prealbumin and body mass index) over time, indicating that there are no clear divisions of 

nutritional markers that can be differentiated over the course of coccidioidomycosis 

(Table 4-8). 

Relationships Between Severity of Coccidioidal Infection and Nutrition Variables 

In order to determine any relationships between severity of infection and nutrition 

markers, correlational statistics were calculated. Specifically, coccidioidomycosis 

serology and clinical coccidioidomycosis score were related to BMI, weight change, 

%UBW, %IBW, albumin and prealbumin (Table 4-9). The only nutrition variables that 

reached statistical significance when compared to markers of severity of infection were 

weight change versus coccidioidomycosis serology, and serum prealbumin, weight 

change or %UBW versus clinical coccidioidomycosis score. All of these relationships 

were positive and are plotted in Figures 4-3, 4-4, 4-5 and 4-6. These results demonstrate 

that as serology titer increased, amount of weight loss increased. Similarly, as clinical 

coccidioidomycosis score increased, weight loss increased, driving %UBW to decrease. 

Thus, subjects who had more severe infection were the same subjects who experienced a 

decline in weight. Finally, as clinical coccidioidomycosis score increased, indicative of 

worsened infection, serum prealbumin declined, indicative of visceral protein depletion. 

The relationships between coccidioidomycosis serology titer and BMI, %UBW and 
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%IBW were approaching statistical significance (p < 0.10). The clinical 

coccidioidomycosis score appears to be a more sensitive marker for identifying depressed 

nutritional status variables than coccidioidomycosis serology titer. There were no 

significant differences in nutrition variables (BMI, %UBW, %IBW, albumin, 

prealbumin) between subjects with disseminated infection and those with localized 

infection (p = 0.495; 0.326; 0.363; 0.296; 0.630 respectively). 

The relationship between clinical coccidioidomycosis score and serology titer was 

assessed by Pearson's correlation to determine whether coccidioidomycosis score was a 

true marker of severity of infection. The results demonstrated a significant positive 

relationship between clinical coccidioidomycosis score and serology titer (r = 0.344; p = 

0.001; n=275) and are shown in Figure 4-7. 

Characteristics of Subjects with Severe Coccidioidal Infection 

Subjects who exhibited a high clinical coccidioidomycosis score or a high 

coccidioidomycosis serology titer were considered to have severe infection and were 

investigated flirther. High values were considered a clinical coccidioidomycosis score of 

> 6.0 or a serology titer of > 1:8. Twenty-eight subjects met the above criteria for high 

clinical coccidioidomycosis score and seventeen met the criteria for high serology titer. 

Demographic and clinical data are presented in Table 4-10. All subjects were male. The 

mean ages were not statistically different between subjects with high serology titer and 

subjects with high clinical coccidioidomycosis scores (p = 0.712). The majority of 

subjects were non-Hispanic and non-smokers. Race appeared to differ between the 



groups, with the majority of high serology titer patiems being black (52.9%) and the 

majority of high clinical coccidioidomycosis score patients being Caucasian (64.3%). 

Differences were also seen with dissemination. Dissemination was seen in 76 .5% of high 

serology patients, but only 39.3% in high clinical coccidioidomycosis score subjects. 

There was no specific type of coccidioidomycosis infection that stood out as most 

common for either infection severity marker. Nearly half of subjects with severe 

infection had an underlying medical condition, which was most commonly diabetes 

mellitus. All nutritional status groups were represented, none as a majority of cases. 

Overall weight loss in subjects with elevated coccidioidomycosis scores and subjects 

with elevated coccidioidomycosis serology values were not statistically different (p = 

0.847). 

Characteristics of Subjects with Moderate or Severe Nutritional Deficit 

Subjects determined to be at moderate or severe nutritional deficit were 

investigated in more depth. Twenty-two subjects (18.8%) were classified to have 

moderate or severe nutritional deficit. The mean age for these subjects was not 

statistically different from subjects with no nutritional deficit (p = 0.571). As expected, 

weight loss was significantly greater in patients with moderate and severe nutritional 

deficit when compared to patients without nutritional deficit. Differences in type of 

infection or dissemination between subjects with nutritional deficit and subjects without 

nutritional deficit were not seen. Demographic data for these subjects and for subjects 

who maintained a normal nutritional status are presented in Table 4-11. 



98 

Longitudinal Nutrition Markers 

Markers of weight (BMI, %IBW, and ®/oUBW) and visceral protein status 

(albumin and prealbumin) were graphed longitudinally. Figures 4-8 and 4-9. Based on 

the %UBW over time, it appears that weight is regained slowly, with more rapid regain 

after 18 months following coccidioidomycosis diagnosis. Repletion of visceral protein 

markers occurs markedly after 12 months following coccidioidomycosis diagnosis. 

These data reflect the long lasting and chronic problem of nutritional deficit that can 

accompany coccidioidomycosis patients. 

Predictors of Nutritional Deflcit in Coccidioidal Infection 

To determine if the independent variables of race, smoking status, disseminated 

versus non-disseminated infection, pulmonary infection versus extra-pulmonary 

infection, or the presence of any underlying medical diagnoses, affect overall weight 

change, a multiple regression analysis was performed (Table 4-12). Another multiple 

regression analysis was conducted to determine if the same independent variables were 

effective predictors of nutritional status (Table 4-13) None of the aforementioned 

variables were significant predictors of weight loss or nutritional deficit. 

Discussion 

This study found that the level of nutritional deficit was associated with the 

severity and duration of coccidioidomycosis infection. Higher serology titer and clinical 

score was demonstrated in subjects with moderate or severe nutritional deficit. Shorter, 
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more acute infection was also associated with worsened nutritional status. These results 

demonstrate that patients with worsened and acute infection are more likely to have 

worsened nutritional deficit. 

One could expect to be able to predict that nutritional status worsened as infection 

worsened, and improved as infection improved. However, this was not evident when 

tracking predictor variables for nutritional status over course of infection. Additionally, 

markers for infection severity did not uniformly improve over time as expected. 

Nutritional status, or nutritional markers, cannot be predicted simply by length of 

infection due to uniqueness of the infection course for each individual subject. 

Moreover, variables expected to be predictors of nutritional decline did not demonstrate 

statistical significance. Although female gender, age, smoking status and severity of 

infection can predict weight loss in other chronic infectious diseases, they did not prove 

to predict nutritional deficit in this coccidioidomycosis population (Graham et al, 1993; 

Sorkin et al, 1995; Lyles et al, 1999; Zackin et al, 1999), 

Certain nutrition variables were correlated with markers of infection severity. 

Weight change and subsequent %UBW were significantly related to both clinical 

coccidioidomycosis score and coccidioidomycosis serology. Serum prealbumin was 

significantly correlated to clinical coccidioidomycosis score, indicating that as clinical 

symptoms worsened, visceral proteins were depleted. Weight loss and depressed levels 

of serum prealbumin are two of the main criteria for diagnosing degree of malnutrition 

(Shopbell et al, 2001), It would be expected that patients with more severe infection 

would experience nutritional depletion. These results reinforce that relationship. 
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Although not as strong statistically, %IBW and BMI were negatively correlated with 

coccidioidomycosis serology, indicating that as infection severity worsened, weight 

status declined. It appears that clinical coccidioidomycosis score is a more sensitive and 

reliable indicator for weight and protein depletion. Patients with elevated clinical scores 

would be good candidates for comprehensive nutritional assessment and intervention if 

warranted. 

Demographic characteristics of subjects with nutritional deficit and subjects with 

severe coccidioidal infection were similar. The majority of subjects with either severe 

infection or severe nutritional deficit were males over the age of 56 years. It has been 

documented previously that elderly individuals do appear to be at risk for developing 

severe infection (CDC, 1996; Leake et al, 2000). However, these results could be due to 

the homogeneity of the total subject population and not a significant marker for worsened 

infection or nutritional status. One interesting point in this study was that Black subjects 

had higher serology titers, but higher clinical coccidioidomycosis scores were seen in 

Caucasians. This partially concurs with previously reported ethnic differences in severity 

of coccidioidomycosis infection (Pappagianis, 1980; Pappagianis, 1988). Additionally, 

nearly half of subjects with severe infection had an underlying medical condition, most 

commonly diabetes mellitus. These results are in agreement with previous investigations 

reporting that individuals with diabetes mellitus are at risk for developing severe 

coccidioidal infection (Catanzaro and Drutz, 1980; Pappagianis, 1988). 

Degree of infection in the form of HIV RNA or viral load has been predictive of 

malnutrition in HIV infection (Rivera et al, 1998; Lyles et al, 1999; Zackin et al, 1999). 
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A comparative marker in coccidioidomycosis is the serology titer. There was a 

significant association between level of serology titer and level of nutritional deficit. 

Specifically, subjects with nutritional deficit had higher serology titer results. These data 

appear to support previous findings in HIV infected populations. 

Immune activation has been shown to be predictive of malnutrition in a chronic 

infectious disease (Graham et al, 1994; Sorkin et al, 1995; Lyles et al, 1999). However, 

immune activation data was not available in the coccidioidomycosis database. This data 

would be worth collecting to determine whether the same type of relationship exists. 

Our results demonstrate a relationship between severity of coccidioidomycosis 

infection and malnutrition. However, some limitations exist in this study and should be 

addressed in future investigations. First, an increased number of subjects with 

coccidioidomycosis will increase the power of the statistical analyses. Secondly, the 

collection of additional immunologic variables, such as immune activation markers and 

counts of lymphocyte subsets, may uncover a relationship between immune activation 

and prediction of nutritional decline. Thirdly, in order to better compare outcomes 

between subjects of different ages, genders and ethnicities, a larger group of younger 

subjects, women and minorities is necessary. Power calculations demonstrate that a total 

of 1,276 cases are necessary to reach a power level of 80% using the five variables 

included in the aforementioned analyses (Table 4-14). Collaboration with local 

community-based clinics, as well as clinics in other cities and states may allow for 

improving the diversity in the database. 
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Table 4-1 
Calculation of clinical coccidioidomycosis score 

Add together factors for each of the following: 

1. Active Infection Sites 
2 points for each active site at baseline 
1 point if > 50% improvement at follow-up visit 
3 points if worse at follow-up visit 

2. Symptoms 
I point for each symptom 

3. Serology Titer 
0 points for titer of 1-2 
1 point for titer of 4-8 
2 points for titer of 16-32 
3 points for titer > 64 

4. Culture results 
1 point if positive 
0 points if negative 
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Table 4-2 
Nutritional assessment criteria used to assign nutritional status to coccidioidomycosis 
subjects 

Nutritional Status Subgroups 

Criterion 
No nutritional 

deficit 

Mild 
Nutritional 

Deficit 

Moderate 
Nutritional 

Deficit 

Severe 
Nutritional 

Deficit 

% IBW > 90% 80-89% 70-79% < 69% 

%UBW > 95% 85-94% 75-84% < 74% 

BMI 19-25 (19-34 yoa) 
21-27 (>35 yoa) 

17-18.5 16-17 < 16 

Serum Albumin >3 .5 mg/dL 2.8 - 3.4 mg/dL 2.1 - 2.7 mg/dL < 2.0 mg/dL 

Serum 
Prealbumin 

> 15 mg/dL 10-14.9 mg/dL 5-9 mg/dL < 5 mg/dL 

Adapted from Shopbell et al, 2001. 
IBW = ideal body weight 
UBW = usual body weight 
BMI = body mass index 
yoa = years of age 
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Table 4-3 
Clinical characteristics of coccidioiodmycosis subjects at baseline ' 

Characteristic All subjects 

Age at baseline (y) 60.11 ± 13,88(117) 

Height (cm) 177.71 +6.78 (113) 

Current weight (kg) 84.10 + 21.23 (117) 

Usual weight (kg) 89.88 + 20.23 (116) 

BMI (kg/m^) 26.62 + 6.39(113) 

% IBW 111.95 + 26.62(112) 

% UBW 93.40 + 7.16(116) 

Months since coccidioidomycosis 29.81 + 54.98 (117) 
diagnosis 

Coccidioidomycosis serology titer 5.07 + 25.25 (104) 

Clinical coccidioidomycosis score 3.45 + 1.95 (117) 

Serum albumin (mg/dL) 3.74 + 0.58 (46) 

Serum prealbumin (mg/dL) 25.31 + 8.32 (14) 

X ± SD; N in parentheses 
BMI = body mass index 
IBW = ideal body weight 
UBW = usual body weight 
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Table 4-4 
Gender, ethnicity and infection data of coccidioidomycosis subjects 

Characteristic 

Gender 
Male 
Female 

Race 
Caucasian 
Black 
Native American 

Ethnicity 
Hispanic 
Non-Hispanic 

Smoking Status 
Smoker 
Non-Smoker 

Type of Coccidioidomycosis 
Pulmonary Nodule or Cavity 
Focal Primary Pulmonary 
Chronic Diffiise Pneumonia 
Bone or Joint 
Meningitis 
Cutaneous 
Soft Tissue 

Disseminated Coccidioidomycosis 
Yes 
No 

Presence of Other Underlying Disease 
Diabetes Mellitus 
Cancer 
Chronic Obstructive Pulmonary Disease 
Hypertension 
Congestive Heart Failure 
Asthma 
Other * 

All subjects ' 

95.7% (112) 
4.3% (5) 

75.2% (88) 
20.5% (24) 

4.3% (5) 

6.8% (8) 
93 2% (109) 

24.8% (29) 
75.2% (88) 

29.1% (34) 
20.5% (24) 
15.4% (18) 
12.0% (14) 
10.3% (12) 
10.3% (12) 

2.6% (3) 

35.0% (41) 
65.0% (76) 

45.3% (53) 
20.5% (24) 

5.9% (7) 
5.1% (6) 
5.1% (6) 
4.3% (5) 
2.6% (3) 
7.7% (9) 

Percentage and N in parentheses;" Other includes hepatitis B, coronary artery disease, 
sarcoidosis, scleroderma, rheumatoid arthritis, peripheral vascular disease, 
hyperlipidemia and end-stage renal disease. 
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Table 4-5 
Baseline nutritional status of coccidioidomycosis patients 

Nutritional status All subjects ' 

No nutritional deficit 47.0% (55) 

Mild nutritional deficit 40.2% (47) 

Moderate nutritional deficit 10.3% (12) 

Severe nutritional deficit 2.6% (3) 

Percentage and N in parentheses 
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Table 4-6 
Length of coccidioidal infection, coccidioidomycosis serology titer and clinical 
coccidioidomycosis score compared to nutritional status groups ' 

Quarter years since Coccidioidomycosis „ 
J. . ' o 1 i Coccidioidomycosis 

Nutritional diagnosis Serology 

Status Group 

Mean + SD N Mean + SD yV Mean -r- SD N 

Score" 

No/Mild 
Nutritional 5.23 + 3.91 224 2.81 + 5.65 242 2.80+ 1.83 287 
Deficit 

Moderate/Severe 
Nutritional 3.59 + 2.80 44 13.58 +44.55 33 4.05 +2.62 38 
Deficit 

' Power for all statistical analyses at 100% level 
" p = 0.009; Significant difference between nutritional status groups 

p < 0.0001; Significant difference between nutritional status groups 
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Table 4-7 
Coccidioidomycosis serology titer and clinical coccidioidomycosis score compared to 
length of time since diagnosis over four years 

Quarter of Time 
Since Diagnosis 

Coccidioidomycosis Serology 
Clinical Coccidioidomycosis 

Score 

(Months) 
Mean ± SD N Mean + SD N 

1^(1-3) 7.98 + 37.98 45 4.16 + 2.04 51 

2"''(3 .1-6) 3.00 + 4.29 28 2.72 ± 1.57 ' 32 

3''* (6.1-9) 2.82 + 4.98 28 3.22 + 1.93 37 

4"" (9.1-12) 4.96 + 8,79 25 3.00+ 2.65 24 

5'^(12.1-15) 1.18+ 1,59 17 2.32 + 1,38 ' 19 

6*^(15.1-18) 6,80 + 20,12 10 2.60 r I 96 10 

7*^(18.1-21) 4,7 + 6,45 10 2.75+2,09 12 

8*^ (21,1-24) 5,71+ 11.97 7 2.40+0,70 10 

9*^ (24.1-27) 1.00+ 1.00 7 2,25 + 1,17 8 

10*^ (27.1-30) 2.00+ 1.00 7 2,44 +1,81 9 

11"^ (30.1-33) 1.50+ 1.00 4 1,60 + 0,89 5 

12*^ (33.1-36) 1.00+ 1.41 2 3,50 + 0,71 2 

13*^(36.1-39) 0.80 + 0.84 5 1,25 + 1,04 ' 8 

14*^ (39.1-42) 3.67 + 3.79 3 2.67 + 0.58 3 

15*^ (42.1-45) 0.50 + 0.71 2 2.50 + 2.65 4 

16*^ (45.1-48) 2.00 + 0.00 1 2.50 + 0.71 2 

' p < 0.05; Significant difference from 1^' quarter 
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Table 4-8 
Nutrition variables compared to length of infection ' 

Variable P 

Total Weight Change 0.425 

% Usual Body Weight 0.126 

% Ideal Body Weight 0.809 

Body Mass Index 0.880 

Serum Albumin 0.305 

Serum Prealbumin 0.621 

No significant values 
' Length of infection divided into quarter years. Four years of data (16 quarters) 
analyzed. 
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Table 4-9 
Markers of coccidioidomycosis infection severity related to nutrition variables 

_ -J • o I -T- Clinical Coccidioidomycosis 
Coccidioidomycosis Serology Titer ^ •' 

Nutrition 
Variable 

M R P M R P 

BMI 268 -0.112 0.067 - 319 -0.013 0.815 

Weight change 273 0.133 0.028 ' 325 0.150 0.007 ' 

%UBW 274 -0.106 0.081 - 326 -0.153 0.006 ' 

%IBW 267 -0.119 0.053 - 318 - 0.023 0.680 

Albumin 92 - 0.062 0.559 111 -0.116 0.224 

Prealbumin 41 -0.105 0.514 48 -0.354 0.014 ' 

'p<0.05 
- p<0,10 
BMI = body mass index 
UBW = usual body weight 
IBW = ideal body weight 
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Table 4-10 
Characteristics of subjects with severe coccidioidal infection 

Elevated Coccidioidomycosis Elevated Clinical 
Variable Serology Coccidioidomycosis Scorc 

.V .V 

Age in years (mean + SD)' 56.84+ 15.41 17 59.23 ± 15.14 28 

Weight loss in kg (mean z SD)' 9.53 +8.55 17 9 27 + 6.75 28 

Gender 
Male 100% 17 100% 28 
Female 0% 0 0% 0 

Race 
Caucasian 35.3% 6 64.3% 18 
Black 52.9% 9 28.6% 8 
Native American 11.8% 2 7.1% 2 

Hispanic 17.6% 3 7.1% 2 
Non-Hispanic 82.4% 14 92.9% 26 

Type of Infection 
Pulmonary nodule/cavity 11.8% 2 21.4% 6 
Chronic pneumonia 11.8% 2 21.4% 6 
Focal primary pneumonia 0% 0 17.9% 5 
Cutaneous 17.6% 3 14.3% 4 
Bone/joint 29 4% 5 10.7% 3 
Meningitis 23.5% 4 7.1% 2 
Soft tissue 5.9% 1 7.1% 2 

Disseminated infection 76.5% 13 39.3% 11 
Non-Disseminated 23.5% 4 60.7% 17 

Smoker 17.6% 3 25.0% 7 
Non-Smoker 82.4% 14 75.0% 21 

Underlying Disease 47.1% 8 50.0% 14 
Diabetes 23.5% 4 21.4% 6 
COPD 5.9% 1 10.7% 3 
Cancer 0% 0 7.1% 2 
HTN 11.8% 2 7.1% 2 

Lowest Nutritional Status 
Normal 29.4% 5 28.6% 8 
Mild Deficit 29.4% 5 35.7% 10 
Moderate Deficit 29.4% 5 25.0% 7 
Severe Deficit 11.8% 2 10.7% 3 

' No significant difference; COPD = chronic obstructive pulmonary disease; HTN = hvTwrtension 
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Table 4-11 
Characteristics of subjects with no nutritional deficit and subjects with moderate or severe 
nutritional deficit 

Race 
Caucasian 
Black 
Native American 

No Nutritional Deficit 
Moderate or Severe 
Nutritional Deficit 

N  N  

Age in years (mean + SD)' 61.5 + 11.75 41 63.79 + 16.72 22 

Weight loss in kg (mean + SO) * 2.81 + 1.62 41 16.15 + 6.3 22 

Gender 
Male 95.1% 39 90.9% 20 
Female 4.9% 2 9.1% 2 

73.2% 30 72.7% 16 
24.4% 10 13.6% 
2.4% I 13.6% j 

J 

Hispanic 0% 0 18.2% 4 
Non-Hispanic 100% 41 81.8% 18 

T\pe of Infection 
Pulmonary'nodule/cavity 31.7% 17 36.4% 8 
Chronic pneumonia 22.0% 9 18.2% 4 
Bone/joint 7.3% 3 18.2% 4 
Focal primary'pneumonia 17.7% 7 13 .6% 3 
Cutaneous 12.2% 5 4.3% I 
Meningitis 7.2% 3 4.5% I 
Soft tissue 2.4% I 4.5% I 

Disseminated infection 29.3% 12 31.8% 7 
Non-Disseminated 70.7% 29 68.2% 15 

Smoker 22.0% 9 9.1% 2 
Non-Smoker 78.0% 32 90.9% 20 

Underlying Disease 56.1% 23 54.5% 12 
Diabetes 19.5% 8 41.7% 5 
CHF 0% 0 16.7% 2 
HTN 7.3% 3 16.7% 2 
Cancer 14.6% 6 0% 0 

' No significant dificrence;" p < 0.0001; CHF = congestive heart failure; HTN = hypertension 
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Table 4-12 
Regression model for predicting overall weight change in coccidioidomycosis patients 

Variable P Coefficient P 

Race 0.023 0.823 

Pulmonary Infection 0.059 0.905 

Disseminated Infection 0.011 0.982 

Smoking Status -0.085 0.379 

Underlying Medical Diagnosis 0.023 0.814 

N =  117 
No significant values 
Power at 11% level 
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Table 4-13 
Regression model for predicting nutritional deficit in coccidioidomycosis patients 

Variable P Coefficient P 

Race 0.073 0 484 

Pulmonary Infection - 0.675 0.173 

Disseminated Infection - 0.670 0.178 

Smoking Status -0.050 0.600 

Underlying Medical Diagnosis - 0.049 0.613 

N = \ \ l  

No significant values 
Power at 11% level 
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Table 4-14 
Power calculation for multiple regression statistics 

Increment to R-squared Cumulative R-squared 

Nun^er increment „ - Cumulative ^ , . Power for 
of ^ „ Power for u Cumulative ^ 

, to R- , Number „ Cumulative 
Vanables , Increment ... R-square „ , 

in Set squared Vanables ^ R-squared 

5 0.011 0.80 5 0.0 II 0.80 
Loss 

Designated sets; Number variables = 5; Increment = 0.011 
Alpha = N cases = 1,276; Power = 0.80 

0.05 

Power computations: Non-central F; Model 2 error 



Figure 4-1. Mean coccidioidomycosis serology titer at each clinic visit according to 
nutritional status. No Nutr Deficit = no nutritional deficit; Mild Nutr Deficit = mild 
nutritional deficit; Mod Nutr Deficit = moderate nutritional deficit; Severe Nutr Deficit 
severe nutritional deficit. 

40 

o 30 

20 

10 

J J ^11, rri kA. n. 

Nutrition Status 

I |No Nutr Deficit 

[ IMild Nutr Deficit 

iMod Nutr Deficit 

[Severe Nutr Deficit 
1 3 5 7 9 11 

2 4 6 8 10 12 

Quarter Years Since Diagnosis 



117 

Figure 4-2. Mean clinical coccidioidomycosis score at each clinic visit according to 
nutritional status. No Nutr Deficit = no nutritional deficit; Mild Nutr Deficit = mild 
nutritional deficit; Mod Nutr Deficit = moderate nutritional deficit; Severe Nutr Deficit 
severe nutritional deficit. 
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Figure 4-3. Relationship between coccidioidomycosis serology titer and weight loss in 
all subjects. Power at 58% level. 
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Figure 4-4. Relationship between clinical coccidioidomycosis score and serum 
prealbumin levels in all subjects. Power at 72% level. 
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Figure 4-5. Relationship between clinical coccidioidomycosis score and weight loss in 
all subjects. Power at 78% level. 
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Figure 4-6. Relationship between clinical coccidioidomycosis score and percent usual 
body weight in all subjects. Power at 78% level. 
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Figure 4-7. Relationship between clinical coccidioidomycosis score and serology titer in 
ail subjects at all clinic visits. Power at 100% level. 
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Figure 4-8. Longitudinal weight data in all subjects. (EBW = ideal body weight; UBW 
usual body weight; BMI = body mass index). 
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Figure 4-9. Longitudinal visceral protein data in all subjects. 
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CHAPTER 5 

COCCIDIODOMYCOSIS-RELATED FATIGUE QUANTIFICATION STUDY 

Introduction 

Coccidioidomycosis is a fungal infection that results after inhalation of the soil-

borne Coccidioides immitis (C.immitis) spores (Galgiani, 1993). Coccidioidomycosis is 

also known as "Valley Fever." Fatigue is a major debilitating symptom of 

coccidioidomycosis (Famess, 1941; Goldstein and Louie, 1944; Willett and Weiss, 1945; 

Taylor and Briney, 1949; Fiese, 1958; Werner et al, 1972; Drutz and Catanzaro, 1978b; 

Kerrick et al, 1985; Lundergan et al, 1985; Yozwiak et al, 1988; Galgiani 1993). Fatigue 

has been reported in various forms of coccidioidomycosis including primary pulmonary 

infection, disseminated disease and meningitis (Fiese, 1958). At times fatigue is mild in 

nature, but other times it is severe, profound and debilitating, lasting for months in some 

patients (Taylor and Briney, 1949; Fiese, 1958). 

Fatigue is one of the most common complaints in coccidioidomycosis, with 73% 

of male patients and 83% of female patients exhibiting this symptom (Lundergan et al, 

1985). As early as the 1940's, fatigue was reported in 32% of cases of primary 

coccidioidomycosis (Taylor and Briney, 1949). These authors also state, "nearly every 

patient on questioning was willing to admit fatigue and general sense of ill being... to 

persist for a longer period of time than any other symptom" (Taylor and Briney, 1949). 
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A high percentage of university students with coccidioidomycosis complained of 

decreased energy level (88%) and fatigue (81%) (Yozwiak et al, 1988). Fatigue was the 

most commonly reported symptom (77%) by students diagnosed with coccidioidal 

infection at the University of Arizona (Kerrick et al, 1985). In another report, 

approximately 49% of college archeology students complained of fatigue during infection 

(Werner etal, 1972). 

Studying the degree of fatigue in any population is challenging due to the 

subjectivity involved. Several tools have been developed to measure severity of fatigue. 

Some scales restrict to physical or mental fatigue alone (Wessely, 2001). Others measure 

several dimensions of illness, including symptoms and disability. The Fatigue Severity 

Scale (FSS), developed by researchers at the State University of New York at Stony 

Brook, involves questions regarding various areas of the patient's life, allowing for a 

more reliable measurement of fatigue than a single indicator or question (Krupp et al, 

1989). When compared to other fatigue rating instruments, the FSS was found to 

represent a more accurate and comprehensive measure of fatigue-related severity and 

functional disability in patients with chronic fatigue syndrome (R.R. Taylor et al, 2000). 

Therefore, the FSS was incorporated into this study. 

The FSS was validated in patients diagnosed with systemic lupus erythematosus 

(SLE) and multiple sclerosis (MS) (Krupp et al, 1989). The FSS has been applied to 

other clinical populations such as the obese and patients with hepatitis C, Parkinson's 

disease and polio (Grieve et al, 2000; Kleinman et al, 2000; Schanke and Stanghelle, 

2001; Shulman et al, 2001, Trojan et al, 2001). 
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The FSS is a simple, quick and inexpensive tool to evaluate the level of fatigue in 

patients. It involves 9 questions. Patients are instructed to choose a number from 1 to 7 

that indicates their degree of agreement with each statement, where 1 represents "strongly 

disagree" and 7 represents "strongly agree." In the aforementioned experiments, the 

mean score for MS patients on the FSS was 4.8, and the mean for SLE patients was 4.7 

and 4 6 in two different studies (Krupp et al, 1989; Krupp et al, 1990). These scores 

were considered to represent severe fatigue. No studies to date have stratified subjects 

into varying levels of fatigue severity. Therefore, a mean FSS score of equal to or greater 

than 4.60 was used to classify coccidioidomycosis patients as severely fatigued. 

The primary aims of this study were to quantify the severity of fatigue in patients 

with coccidioidomycosis and to relate the severity of fatigue to the clinical course of 

coccidioidomycosis infection. The secondary aim of this research was to determine any 

relationships that may exist between weight status or visceral protein status and fatigue 

severity. 

Methods 

Subjects 

Subjects included United States military veteran and non-veteran patients treated 

at the Southern Arizona Veterans Affairs Healthcare System (SAVAHCS) 

Coccidioidomycosis Clinic. A total of 48 subjects with confirmed coccidioidomycosis 

diagnosis, who were willing to participate, were included in the study. Twenty (20) 

healthy control subjects who did not have coccidioidomycosis agreed to participate. 
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Informed and written consent was obtained from each subject prior to participation. All 

study procedures were approved by the Human Subjects Review Board at the University 

of Arizona. All subjects scheduled for physician visits in the SAVAHCS 

Coccidioidomycosis Clinic between September 2001 - January 2002 were invited to 

participate. No subjects were excluded unless they declined participation. 

Fatigue Severity Scale 

Subjects were interviewed by a registered nurse or the principal investigator, a 

registered dietitian. Patients are instructed to choose a number from 1 to 7 that indicated 

their level of agreement with each of the nine statements. The nine scores were averaged, 

yielding the FSS score. Those patients with a mean FSS score of > 4.60 were considered 

to have severe fatigue based on previous publications (Krupp et al, 1989; Kmpp et al, 

1990). Healthy control subjects were also asked to respond to the questions in the FSS 

for comparison purposes. The FSS is in Appendix E. Subjects responded to the FSS at 

baseline, 2 months after baseline, and 4 months after baseline. Follow-up FSS were 

administered in person if subjects had a scheduled clinic appointment or via phone if they 

did not. These repeated measures were used to assess any changes in fatigue in relation 

to clinical coccidioidomycosis score and serology titer. 

Data Storage 

A relational database was developed and maintained for all subjects who 

participated in the fatigue quantification study. The program, FileMaker Pro 5 
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(FileMaker, Inc., Santa Clara, California) was utilized. Patients were assigned an 

identification number to protect subject confidentiality. The total FSS score, as well as 

scores for each individual question on the FSS, were stored in the database. Other 

clinical information stored in the database included date of birth, gender, race, ethnicity, 

date of coccidioidomycosis diagnosis, type of infection, underlying medical conditions, 

smoking status, height, weight, usual body weight, albumin, prealbumin, serology titer 

and total clinical "coccidioidomycosis score." Coccidioidomycosis score is a clinical 

indicator of severity of disease, based on the number of symptoms, the number of active 

sites, serology titer, and culture results (Graybill et al, 1990). 

Nutritional Analyses 

Standing height was measured in duplicate using a wall mounted stadiometer. 

Weight was measured in duplicate using a digital scale (ScaleTronix, White Plains, NY) 

in the Coccidioidomycosis Clinic at the SAVAHCS. Height and weight were measured 

by trained staff to the nearest tenth of a cm or kg, respectively. Body mass index (BMI) 

was calculated using the following equation; BMI = in kg/ht in (Shopbell et al, 

2001). Usual body weight (UBW) was self-reported by the participants. Ideal body 

weight (IBW) was calculated using the Hamwi equation below (Shopbell et al, 2001): 

106 pounds for the first 5 feet of height 
+ 6 pounds for every inch over 5 feet of height 

Women pounds for the first 5 feet of height 
+ 5 pounds for every inch over 5 feet of height 
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Percent DBW (%IBW) and percent usual body weight (%UBW) were calculated as 

described below (Shopbell et al, 2001): %IBW = (Current Weight / IBW) * 100; %UBW 

= (Current Weight / UBW) * 100. Serum albumin and prealbumin were assessed by the 

Laboratory Services of the SAVAHCS as part of routine clinical care. Extra blood draws 

were not conducted to obtain these protein status biomarkers. 

Statistical Analyses 

Statistical analyses were performed using SPSS version 10.1.0 software (SPSS 

Inc., Chicago, Illinois). Means, standard deviations, and frequencies were used for 

descriptive analyses. Differences in characteristics of subject groups were assessed by 

the Mann-Whitney test. The relationship of fatigue to severity of illness (length of 

infection, coccidioidomycosis serology titer and clinical coccidioidomycosis score) was 

assessed by Pearson's correlation. Relationships between fatigue severity and other 

nutritional factors (BMI, %UBW, %IBW, albumin, prealbumin) were assessed via 

Pearson's correlation. Multiple regression analyses were also used to assess what 

variables, if any, might predict severe fatigue during coccidioidal infection. Differences 

in fatigue severity scores between healthy control subjects and patients with 

coccidioidomycosis was assessed using the student's t-test. Differences in clinical 

variables between coccidioidomycosis patients with severe fatigue and without severe 

fatigue were also assessed using the student's t-test. Differences in fatigue severity 

according to length of symptomatic illness was assessed by one-way analysis of variance 

(ANOVA). Differences in fatigue severity over time was assessed by one-way ANOVA. 
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Power calculations were performed using Power and Precision software, version 1.20 

(Biostat, Teaneck, New Jersey). 

Results 

Subjects 

Forty-eight (48) patients with coccidioidomycosis and twenty (20) controls 

completed the fatigue severity scale (FSS) questionnaire. Demographic information of 

the two groups is recorded in Table 5-1. The mean ages between the coccidioidomycosis 

subjects and control subjects were not statistically different (p = 0.119). The majority of 

both groups were Caucasian males of non-Hispanic descent who did not smoke. There 

were no significant differences between the coccidioidomycosis subjects and controls in 

terms of gender (p = 0.959), race (p = 0.156), ethnicity (p = 0.520) or smoking status (p = 

0.866) as assessed by the Mann-Whitney test. The length of time since 

coccidioidomycosis diagnosis was made was an average of 44.29 months, with a vast 

range of 0.20 - 309.3 months. Disseminated disease was present in 35.4% of the 

coccidioidomycosis patients. The most common type of coccidioidomycosis was focal 

primary pulmonary infection (35.4%), but every type of coccidioidomycosis was 

represented in the subject population. One or more underiying medical diagnoses 

affected 43 .75% of subjects, with the most common being diabetes mellitus, congestive 

heart failure and chronic obstmctive pulmonary disease (Table 5-2). 
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Baseline Fatigue Severity Scale Results 

The mean fatigue severity scale (FSS) score for the 48 coccidioidomycosis 

patients was 4.796 (+ 1.91), with abroad range of 1.22 - 7.0. FSS scores for 

coccidioidomycosis patients were significantly higher than scores for control subjects (p 

< 0.0001) (Table 5-3). Using the aforementioned criteria from other studies and applying 

that criteria to this population of coccidioidomycosis patients, thirty-one (31) subjects had 

severe fatigue (64 .6%). Additionally, upon closer examination of each individual 

question on the FSS, coccidioidomycosis patients scored significantly higher than control 

subjects on six out of nine questions (Table 5-4). 

Characteristics of Coccidioidomycosis Subjects with Severe Fatigue 

Using the FSS score, the majority of coccidioidomycosis patients (31) met the 

criteria for severe fatigue (64.6%). The range in FSS scores among these subjects was 

4.78 - 7.0, with a mean of 6.096 + 0.66. The majority of the subjects with severe fatigue 

were male (93 .3%), Caucasian (72.4%), non-Hispanic (100%) and non-smokers (83.9%) 

(Table 5-5). However, this is likely due to the fact that the majority of subjects in this 

study fall into these demographic categories. The mean age of severely fatigued subjects 

was 62.58 + 14.86 years, ranging from 36 - 84 years. Focal primary pulmonary 

coccidioidomycosis was the most common infection type (35.5%). All other infection 

types, except for that affecting soft tissue, were also represented in this group. 

Disseminated disease was present in 29% of these patients. The mean length of infection 

among these subjects was 44.34 + 74.54 months, ranging widely from 0.20 - 303.3 
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months. There was no significant difference in length of infection between subjects who 

were severely fatigued, as measured by a FSS score > 4.6, and those who were not 

severely fatigued (p = 0.745). There were not significant differences in nutritional 

markers between subjects with severe fatigue and those without severe fatigue (Table 5-

6). No significant differences were found in clinical coccidioidomycosis score or 

coccidioidomycosis serology titer between subjects with severe fatigue and subjects 

without fatigue (Table 5-6). The majority of subjects with severe fatigue did not have 

underlying medical conditions (61.29%). Of those who did, the majority were diagnoses 

of diabetes mellitus, chronic obstructive pulmonary disease and congestive heart failure 

(Table 5-7). In severely fatigued patients, no significant differences in nutritional 

parameters (BMI, %UBW, %IBW, albumin, prealbumin) were seen between patients 

with disseminated infection and patients with localized infection (p = 0.700; 0.2G6; 

0.627; 0.424; 0.967 respectively). 

Characteristics of Coccidioidomycosis Subjects Without Severe Fatigue 

Seventeen coccidioidomycosis patients (35.42%) did not score high enough on 

the FSS to be categorized as having severe fatigue. The mean FSS score for these 

subjects was 2.48 + 1.01. The majority of the subjects who did not score high enough on 

the FSS to be categorized as severely fatigued were male (82.4%), Caucasian (58.8%), 

non-Hispanic (94.1%) and non-smokers (82.4%) (Table 5-5). Some of these 

demographics, particularly the non-Hispanic, male and non-smoking status, can be 

attributed to the overall profile of the patient population. Focal primary pulmonary 
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coccidioidomycosis was the most common infection type among these subjects (35.3%), 

although all other types were also represented. Disseminated infection was present in 

47,1% of these cases. The length of infection ranged from 1.0 - 309.3 months, with a 

mean of44.22 + 77.01 months. The mean age was 61.18+ 12.15 years, which was not 

statistically different from those subjects who were severely fatigued (Table 5-6). There 

were not significant differences in nutritional markers between subjects with severe 

fatigue and those without severe fatigue (Table 5-6). No significant differences were 

found in clinical coccidioidomycosis score or serology titer between subjects with severe 

fatigue and subjects without fatigue (Table 5-6). The majority of subjects without severe 

fatigue had at least one underlying medical diagnosis (58.82%). The most common 

underlying diagnoses in this group were diabetes mellitus, congestive heart failure, 

cancer and hypertension (Table 5-7). 

Relationships Between Fatigue Severity and Coccidioidal Infection Characteristics 

To determine if subjects with severe or lengthy infection experienced more severe 

levels of fatigue, correlation analyses were conducted. No significant correlations were 

found between FSS scores and markers of infection severity (clinical coccidioidomycosis 

score and serology titer) and length (Table 5-8). There were also no significant 

differences in these markers of infection severity and length between subjects with severe 

fatigue and subjects without severe fatigue (Table 5-5). When subjects were categorized 

according to infection duration, no significant differences were seen between subjects 

infected less than or greater than five months (p > 0.255). However, a significant 
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difference between two FSS questions was found between subjects with infection less 

than three months and subjects infected greater than three months (Table 5-9). The FSS 

score and another FSS question were approaching a statistically significant difference 

between these groups. 

When subjects were categorized according to type of infection (pulmonary versus 

non-pulmonaty), no significant differences were found in FSS scores or questions (Table 

5-10). Disseminated infection also did not demonstrate a difference in FSS scores 

compared to subjects with non-disseminated infection (Table 5-10). 

Relationship Between Fatigue Severity and Nutritional Status 

The nutrition markers of serum albumin, serum prealbumin, body mass index, 

%IBW and %UBW were analyzed versus FSS scores (Table 5-11). There were 

insignificant relationships found between FSS scores and serum albumin, serum 

prealbumin and %UBW. Significant negative correlations were found between FSS 

scores and body mass index (p < 0.05) and FSS scores and %IBW (p <0.01) (Figures 5-1 

and 5-2). This indicates that as weight status declines, symptoms of fatigue worsen; or, 

as fatigue worsens, weight status declines. Additionally, there were no significant 

differences in the values of serum albumin, serum prealbumin, body mass index, %IBW 

or %UBW between coccidioidomycosis subjects with severe fatigue and subjects without 

fatigue (Table 5-5). 
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Clinical Predictors of Severe Fatigue 

The clinical variables of age, serum albumin, serum prealbumin, body mass 

index, %IBW, %UBW, clinical coccidioidomycosis score, serology titer and length of 

infection, were analyzed to determine predictors for fatigue severity in coccidioidal 

infection. No variables were significant predictors of fatigue severity (Table 5-12). 

Changes in Fatigue Severity Over Time 

Forty-eight subjects completed the FSS at baseline, 42 completed it at 2 months, 

and 34 completed it at 4 months. Follow-up FSS questionnaires were administered via 

phone, but five subjects had disconnected or no phone lines, seven subjects were 

unavailable via phone upon multiple attempts, and one subject died before follow-up 

measurements were taken. When comparing the FSS scores ft"om baseline, 2 months and 

4 months, no differences were found (p = 0.529) (Table 5-13). No differences occurred 

between each question of the FSS at the different time points (Table 5-13). Mean scores 

of > 4 .60, indicative of severe fatigue, occurred for questions I and 8 at all three time 

points. The mean score for question 3 indicated severe fatigue at baseline and at 2 

months. Baseline mean scores for questions 4 and 9, as well as the mean FSS score, also 

indicated severe fatigue. Thus, five questions represented severe fatigue at baseline 

55.5%), three questions at 2 months (33.3%), and two questions at 4 months (22.2%). 
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Discussion 

The majority of subjects with coccidioidomycosis reported severe fatigue 

(64.6%). The FSS scores for coccidioidomycosis patients (mean = 4.796) were 

significantly higher than those for healthy controls (mean = 2.12) (p < 0.0001). The 

quantification and incidence of fatigue severity in subjects infected with C. immitis has 

not been previously reported. 

The FSS has been applied in other medical conditions. When compared, 

coccidioidomycosis patients score higher on the FSS than other conditions. MS and SLE 

patients scored 4.8 and 4.6-4.7, respectively (Krupp et al, 1989; Krupp et al, 1990). In 

Parkinson's disease, researchers reported that 40% of subjects scored > 4.0 on the FSS 

(Shulman et al, 2001). As a comparison, in our present study, 64.6% of 

coccidioidomycosis patients scored > 4.0 on the FSS. In a study of 1,223 patients 

infected with the hepatitis C virus (HCV), the mean FSS score was 3 8 (+ 1.7), indicating 

less severe fatigue than that seen in coccidioidomycosis patients (Kleinman et al, 2000). 

Further findings included the lack of correlation between FSS scores and HCV RNA, but 

severity of necroinflammatory changes, as determined by histological exams, was 

significantly correlated with the FSS scores. Similarly, obese subjects did not score as 

high on the FSS as coccidioidomycosis patients (Grieve et al, 2000). When 118 obese 

female subjects completed the FSS, the mean score was 3.88 (+ 1.21). 

Coccidioidomycosis-related fatigue appears to be worse than the fatigue seen in SLE, 

Parkinson's disease, hepatitis C infection and obesity, and similar to the fatigue 

associated with MS. 
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Polio survivors have been shown to have more severe fatigue than 

coccidioidomycosis patients, even though the average time since polio onset was 51.1 

years (Schanke and Stanghelle, 2001). The mean FSS score for 276 Norweigan polio 

survivors was 5.2 (+ 1.5). This severe fatigue in polio survivors did not appear to be 

related to gender or age. Instead, the highest correlations were found between other 

health problems or marital status and fatigue. Married participants suffered from severe 

fatigue significantly more than single participants. Polio survivors with other health 

problems, such as chronic allergies, low back pain, chronic lung or skin problems or 

visual impairment, were more fatigued than those without these diagnoses. 

Other measuring tools for fatigue have been used in other infectious diseases. 

When applied to hepatitis C virus (HCV) patients, the Fatigue Assessment Instrument 

determined that 62% reported fatigue (Obhrai et al, 2001). These results were 

statistically higher when compared to patients with non-hepatic chronic illnesses 

(diabetes or coronary artery disease) and healthy controls. Another group reported the 

incidence of HCV-positive patients complaining of fatigue to be 67%, which was 

significantly higher than hepatic disease patients who were HCV-negative, had alcoholic 

liver disease or were infected with the hepatitis B virus (Barkhuizen et al, 1999). 

Although the measurement tools are different, the reported prevalence of fatigue in HCV 

infection are comparable to those in the coccidioidomycosis patient population. 

Similarly, patients with renal failure receiving hemodialysis also have a high 

incidence of fatigue (Sklar et al, 1996; Sklar et al, 1999; McCann and Boore, 2000). One 

researcher reported that 100% of hemodialysis patients experienced fatigue (McCann and 
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Boore, 2000). This is likely due to the fact that three different fatigue measurement tools 

were incorporated into their study, making it more likely that a subject would be 

classified as fatigued on at least one measurement tool. Another group used the Kidney 

Disease Questionnaire to measure that 80% of renal failure patients experienced post-

dialysis fatigue (Sklar et al, 1996). A follow-up study by these researchers demonstrated 

that post-dialysis fatigue was more severe in subjects who underwent hemodialysis as 

compared to other renal replacement therapies (Sklar et al, 1999). Although none of the 

renal disease studies incorporated the FSS making it difficult to appropriately compare to 

coccidioidomycosis-related fatigue, severe fatigue is clearly a problem for both diseases. 

In human immunodeficiency virus (HIV) infection, another chronic infectious 

disease, the prevalence of fatigue is variable (Adinolfi, 2001). One investigation 

surveyed 504 HIV-infected patients with the Memorial Symptom Assessment Scale 

(MSAS) and reported that 85% of the subjects reported fatigue (Vogl et al, 1999). 

Another group studied fatigue in HIV-infection using the MSAS, and found that 54% of 

subjects complained of fatigue (Breitbart et al, 1998). Another study had significantly 

different results, uncovering that the prevalence of fatigue in HIV-infected subjects with 

CD4 counts < 500 was only 14%, significantly higher than reported fatigue in HIV-

infected subjects with CD4 counts > 500 (Ferrando et al, 1998). The discrepancies 

between the results in these studies are likely due to a difference in measuring tools. It is 

difficult to compare the FSS scores of coccidioidomycosis patients to these results in 

HIV, but it is clear that fatigue is a debilitating symptom in both chronic infectious 

diseases. 
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Fatigue has been long been linked to chronic infection. As discussed above, HCV 

and HIV infected patients frequently complain of fatigue. There is some question as to 

whether or not infection-related fatigue is the same syndrome as "chronic fatigue 

syndrome." The clinical definition of chronic fatigue syndrome (CFS) is "a long

standing severe fatigue without substantial muscle weakness and without proven 

psychologic or physical causes" (Beers and Berkow, 1999). The main symptom of CFS 

is severe fatigue lasting at least six months that impairs daily function and may be 

accompanied by headache, sore throat, low-grade fever, pain in the muscles, abdomen or 

lymph nodes, or cognitive difficulty. In one study, CFS was diagnosed in 35.9% of 

patients 6 months following a clinically diagnosed viral illness (Cope et al, 1996). 

However, another research group measured antibody titers for a variety of viruses in 

order to determine if CFS had an immunological cause and if recovery from CFS was 

related to certain organisms (Clark et al, 1995). The antibodies measured were 

adenovirus, Epstein-Barr virus, human herpesvirus 6, cytomegalovirus, Coxsackie B 

virus, and Borrelia burgdorferi. These investigators reported that there were no 

differences in immune cell populations (CD4, CDS, natural killer cells, B cells) or 

antibody levels for the organisms listed, between CFS subjects who recovered and CFS 

subjects who did not recover from their fatigue. This lack of infectious-cause in CFS 

appears support the theory that coccidioidomycosis-related fatigue is a clinically different 

syndrome than CFS. 

Elements of infection were compared to fatigue severity. Length of infection, 

coccidioidomycosis serology titer and clinical coccidioidomycosis score were not related 
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to fatigue severity. These results confirm studies in other infectious diseases. Duration 

of viral meningitis did not predict chronic fatigue in one research study (Hotopf et al, 

1996). Severity of HCV infection as determined by biopsy was not related to frequency 

of fatigue complaints (Barkhuizen et al, 1999). Also in HCV, the viral load (or HCV 

RNA) was not significantly correlated to FSS score, but necroinflammation severity was 

significantly correlated with FSS score (Kleinman et al, 2000). In HIV infection, 

although advanced disease is associated with worsening fatigue and physical functioning 

(Ferrando et al, 1998; Crystal et al, 2000), other groups demonstrated that CD4+ counts 

were not associated with complaints of fatigue in HIV-infected males (Perkins et al, 

1995; Vogl et al, 1999). Similarly, no improvement in fatigue was observed in HIV-

infected patients whose immunologic markers improved (Sewell et al, 2000). Thus, the 

lack of associations between fatigue and infection severity or duration in 

coccidioidomycosis appear to support resuhs in other infection-related fatigue. 

The ages of coccidioidomycosis patients with severe fatigue and without severe 

fatigue were not statistically different. Similarly, the ages of hemodialysis patients who 

report post-dialysis fatigue is not different fi-om patients who did not (Sklar et al, 1996). 

The ages of severely fatigued and non-fatigued polio survivors was not significantly 

different (Schanke and Stanghelle, 2001). However, in HIV-infection, greater age was 

associated with greater physical limitations (Crystal et al, 2000). Older age has also been 

reported to be associated with CFS that persists longer than 2.5 years (Clark et al, 1995). 

Recovery from CFS is associated with younger age (Russo et al, 1998). Age does not 
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appear to be associated to fatigue in coccidioidomycosis, but may be associated with 

other infection-related fatigue. 

The present coccidioidomycosis study did not have enough female subjects to 

conduct statistical analyses on the effect of gender on fatigue severity. Post-dialysis 

fatigue in hemodialysis patients is not related to gender (Sklar et al, 1996). No 

significant differences were found on FSS scores in polio survivors (Schanke and 

Stanghelle, 2001). At least one previously published study claims that females are more 

susceptible to fatigue in HIV-infection (Breitbart et al, 1998). 

Significant negative correlations were found between FSS scores and body mass 

index (p < 0.05) and FSS scores and %IBW (p < 0.01). This indicates that as weight 

status declines, symptoms of fatigue worsen. The comparison of weight status to fatigue 

severity has not been documented in detail. Jensen and Hessov found that repletion of 

total weight and lean body mass after surgery did not have corresponding improvement in 

fatigue as measured by the ordinal fatigue scale (1997). This present study in 

coccidioidomycosis and fatigue found no significant relationship between visceral protein 

status (serum albumin) and fatigue severity. These findings are in agreement with 

previous studies in hemodialysis patients (Sklar et al, 1996; McCann and Boore, 2000), 

peritoneal dialysis patients (Chang et al, 2001) and patients in the intensive care unit 

requiring mechanical ventilation (Higgins, 1998). The population numbers in these 

studies varied between 20-85 subjects. It is possible that these studies have simply been 

too small to show a statistically significant relationship between nutritional status and 

fatigue severity. Additionally, prealbumin is a preferred marker of visceral protein status 
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due to it's shorter half-life than albumin. No studies mentioned measured serum 

prealbumin. In our study, only 23 coccidioidomycosis subjects had serum prealbumin 

values available. 

Other clinical factors have been found to be associated with fatigue which were 

not addressed in this present coccidioidomycosis study. A strong relationship between 

fatigue and depression has been well-documented (Sharpe et al, 1992; Wilson et al, 1994; 

Kalichman et al, 1995; Perkins et al, 1995; Wessely et al, 1995; MacDonald et al, 1996; 

Sklar et al, 1996; Ferrando et al, 1998; McCarm and Boore, 2000). Past psychiatric 

diagnoses or illness were predictors of fatigue in viral meningitis (Hotopf et al, 1996) and 

CPS (Clark et al, 1995; Cope et al, 1996), but not in mononucleosis (White et al, 2001). 

Regular exercise prior to an infection diagnosis was found to be predictive of CPS 

(MacDonald et al, 1996), but the opposite was true in mononucleosis (White et al, 2001). 

Severe fatigue was correlated with intact parathyroid hormone and total cholesterol levels 

in peritoneal dialysis patients (Chang et al, 2001). Interestingly, individuals with lower 

levels of education are more likely to experience fatigue in HIV infection (Crystal et al, 

2000) and CPS (Clark et al, 1995). Data regarding depression, past psychiatric 

diagnoses, exercise habits and education level was not collected for this study. 

No statistically significant changes in total PSS scores or for each PSS question 

score were demonstrated over time. The mean of the total PSS score indicated severe 

fatigue only at baseline, with slight improvements at 2 months and at 4 months (4.81, 

4.47, 4.38, respectively). While the improvement in fatigue is not statistically significant, 

subjects report slight improvements in certain aspects of fatigue as the infection course 
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progresses. Subjects reported continued high scores in response to question I ("my 

motivation is lower when I am fatigued") and question 8 ("fatigue is among my three 

most disabling symptoms"). Moreover, three questions scored significantly higher and 

the mean FSS was approaching a significantly higher score in subjects with infection less 

than three months, indicative that fatigue may improve over the course of coccidioidal 

infection. Other chronic infectious diseases have reported prolonged and debilitating 

fatigue, including Epstein-Barr virus (Linde et al, 1992), HIV (Kalichman et al, 1995), 

Lyme borreliosis (Trieb et al, 2000), hepatitis C (Obhari et al, 2001), and mononucleosis 

(White etal, 2001). 

The FSS addresses issues of physical activity, activities of daily living, sustained 

physical functioning, work and social responsibilities and frequency of fatigue symptoms. 

Subjects with coccidioidomycosis scored significantly higher than controls in each 

question except for three, "my motivation is lower when I am fatigued," "exercise brings 

on my fatigue," and "fatigue interferes with my physical functioning." Control subjects 

agreed with coccidioidomycosis subjects that their motivation decreases with symptoms 

of fatigue and that fatigue interferes with their physical fijnctioning. Control subjects 

also agreed that exercise may cause fatigue. All of these subjects, control and 

coccidioidomycosis groups, may not exercise routinely or strenuously due to their age. 

The quantity or quality of their exercise was not investigated. 

The FSS questions were also analyzed individually in HCV patients (Kleinman et 

al, 2000). Table 5-14 shows the comparison of the responses of HCV patients to the 

coccidioidomycosis patients. This clearly demonstrates that coccidioidomycosis patients 
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rank themselves as more fatigued in each area than HCV patients. The results for each 

FSS question was not available for the patients with polio, Parkinson's disease or obesity. 

Depressed physical functioning is an extreme problem for coccidioidomycosis 

patients and may impact their quality of life. Other clinical diagnoses have demonstrated 

similar difficulties with physical functioning. HIV-infected subjects were limited in basic 

self-care tasks as well as more strenuous activities such as walking and climbing stairs 

(Ferrando et al, 1998; Crystal et al, 2000). Similarly, renal failure patients on 

hemodialysis therapy reported poor physical functioning which was directly correlated 

with fatigue (McCann and Boore, 2000). The coccidioidomycosis patients in this study 

reported their worst areas of fatigue as physical functioning interference and one of the 

three most disabling symptoms. 

Quality of life may be impaired in the coccidioidomycosis patient experiencing 

severe fatigue. Quality of life could be predicted in HIV-infected patients by combining 

the effects of fatigue with uncertainty of illness (Molassiotis et al, 2001). Poorer quality 

of life was highly associated with fatigue and worrying in HIV-infected patients (Vogl et 

al, 1999). Another group of researchers reported that fatigued patients with HIV 

infection were found to have a lower quality of life (Breitbart et al, 1998). 
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Table 5-1 
Characteristics of all subjects completing the fatigue severity scale 

Coccidioidomycosis Healthy Controls 
Patients 

Age in years (mean ± SD)' 62.08 + 13.84 57.10 ± 11.5 

Gender' 
Male 89.6% (43) 90% (18) 
Female 10.4% (5) 10% (2) 

Race' 
Caucasian 68.8% (33) 85% (17) 
Black 27.1% (13) 15% (3) 
Native American 4.2% (2) 0% 

Ethnicity ' 
Hispanic 2.1% (1) 5%(1) 
Non-Hispanic 97.9% (47) 95% (19) 

Smoking Status ' 
Smoker 16.7% (8) 15% (3) 
Non-Smoker 83 .3% (40) 85% (17) 

Type of Infection 
Focal Primary Pulmonary 35.4% (17) N/A 
Pulmonary Nodule / Cavity 14.6% (7) 
Bone / Joint 12.5% (6) 
Cutaneous 12.5% (6) 
Chronic / Diffuse Pneumonia 10.4% (5) 
Meningitis 10.4% (5) 
Soft Tissue 4.2% (2) 

Dissemination 
Yes 35.4% (17) N/A 
No 64.6% (31) 

Months since Diagnosis 44.29 + 74.60 N/A 
(mean + SD) 

Percentage and N in parentheses 
N/A = not applicable 
' Groups were not statistically different by t-test or Mann-Whitney test (p > 0.05) 



147 

Table 5-2 
Presence of underlying medical diagnoses in all coccidioidomycosis patients 

Percentage N 

No underlying medical diagnoses 56.25% 27 

Underlying medical diagnoses 43.75% 21 

Diabetes 18.75% 9 

COPD 8.33% 4 

CHF 8.33% 4 

Cancer 6.25% 3 

Hypertension 4.17% 2 

Rheumatoid Arthritis 2.08% 1 

Systemic Lupus Erythematosus 2.08% 1 

Hyperlipidemia 2.08% 1 
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Table 5-3 
Baseline fatigue severity scores for coccidioidomycosis patients and healthy controls 

Coccidioidomycosis Patients Healthy Controls P 

4,79+ 1.93 (48) 2.12 ±0.71 (20) <0.0001 

X ± SD; in parentheses 
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Table 5-4 
Baseline responses of individual questions on fatigue severity scale (FSS) for 
coccidioidomycosis patients and healthy controls 

FSS Question Coccidioidomycosis Patients Healthy Controls P 

1 5.79+ 1.68 (1-7) 5.00 + 1.59 (1-7) 0,567 

2 4.37 + 2.18(1-7) 2.95 + 1.88 (1-7) 0,126 

J 5.00 + 2.14(1-7) 1.45 +0.83 (1-4) <0,0001 ' 

4 5.11+2.08 (1-7) 2.45 + 1.64(1-6) 0,281 

5 4.28 + 2.47(1-7) 1.35 +0.67(1-3) <0.0001 ' 

6 4.50 + 2.48 (1-7) 1.70+1.13 (1-6) <0.0001 ' 

7 4.43 + 2.47 (1-7) 1.45 +0.99 (1-5) <0.0001 ' 

8 5.11+2.38 (1-7) 1.15+0.49(1-3) <0.0001 ' 

9 4.70 + 2.48 (1-7) 1,25 +0,55 (1-3) <0.0001 ' 

X + SD; Range in parentheses 
' Significant 
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Table 5-5 
Characteristics of coccidioidomycosis subjects with and without severe fatigue 

Severe Fatigue Not Severe Fatigue 

Age in years (mean + SD) 62.58 + 14.86 61.18 + 12.15 ' 

Gender 
Male 93.5% (29) 82.4% (14) 
Female 6.5% (2) 17.6% (3) 

Race 
Caucasian 74.2% (23) 58.8% (10) 
Black 25.8% (8) 29 4% (5) 
Native American 0 11.8% (2) 

Ethnicity 
Hispanic 0 5 .9% (1) 
Non-Hispanic 100% (31) 94.1% (16) 

Smoking Status 
Smoker 16.1% (5) 17.6% (3) 
Non-Smoker 83.9% (26) 82.4% (14) 

Type of Infection 
Focal Primary Pulmonary 35.5% (11) 35.3% (6) 
Pulmonary Nodule / Cavity 16.1% (5) 11.8% (2) 
Bone / Joint 12.9% (4) 11.8% (2) 
Cutaneous 12.9% (4) 11.8% (2) 
Chronic / Diffuse Pneumonia 12.9% (4) 5.9% (1) 
Meningitis 9.7% (3) 11.8% (2) 
Soft Tissue 0 11.8% (2) 

Dissemination 
Yes 29.0% (9) 47.1% (8) 
No 71.0% (22) 52.9% (9) 

Months since Diagnosis 44.34 + 74.54 44.22 + 77.01 
(mean + SD) 

Percentage and in parentheses 
' Not statistically significant (p > 0.05) 

J 
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Table 5-6 
Comparison of coccidioidomycosis patients with and without severe fatigue ' 

Characteristic Severely Fatigued Not Severely Fatigued P 

Age (years) 62.58 + 14.86 (31) 61.18 + 12.15 (17) 0.109 

Length of Infection 
(months) 

44.34 + 74.54 (31) 44.22 + 77,01 (17) 0.745 

Weight (kg) 80.23 + 19.24 (31) 91.45 +20.83 (17) 0.946 

% Ideal Body Weight 108.61 +23.80 (31) 137,36 + 43,13 (17) 0.131 

% Usual Body Weight 97,94+ 10.4 (30) 100,21 +9,46(17) 0.441 

Body Mass Index (kg/m^) 25.73 +5.66 (31) 31.19 + 8.03 (17) 0.430 

Albumin (mg/dL) 3.71 +0.50 (26) 3.59 + 0,55 (7) 0.469 

Prealbumin (mg/dL) 22.89 ±7.37 (19) 26.03 ±9.61 (4) 0.664 

Clinical 
Coccidioidomycosis Score 

Coccidioidomycosis 
Serology Titer 

3.81 +2.24 (30) 

7.23 + 16.73 (30) 

2.35 ±2.78 (17) 

8.18 ± 16.49 (17) 

0.204 

0.924 

FSS score 6.096 + 0.66 (31) 2.48 ± 1.01 (17) 0.009 -

Mean + SD; N in parentheses 
' Significant 
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Table 5-7 
Presence of underlying medical diagnoses in coccidioidomycosis patients with and 
without severe fatigue 

Severe Fatigue (31) No Severe Fatigue (17) 

No underlying medical diagnoses 61.29% (19) 41.18% (7) 

Underlying medical diagnoses ' 38.71% (12) 58.82% (10) 

Diabetes' 19.35% (6) 17,65% (3) 

COPD 9.68% (3) 5.88% (1) 

CHF 6.45% (2) 11.76% (2) 

Cancer 3.23% (1) 11.76% (2) 

Rheumatoid Arthritis 3.23% (1) 0 

End-Stage Renal Disease 3.23% (1) 0 

Hypertension 0 11.76% (2) 

Hyperlipidemia 0 5.88% (1) 

Systemic Lupus Erythematosus 0 5.88% (1) 

Percentage and jVin parentheses 
' No significant difference between groups (p > 0.05) 
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Table 5-8 
Correlation coefficients for relationships between fatigue severity scale score and 
markers of infection severity and length in coccidioidomycosis patients 

Variable N Correlation R-squared P 
coefficients 

Coccidioidomycosis 47 <0.0001 <0.0001 0.999 
Serology Titer 

Clinical 48 0.214 0.0457 0.144 
Coccidioidomycosis Score 

Length of Infection 48 0.112 0.0126 0.448 
(months) 

No statistically significant values 
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Table 5-9 
Comparison of fatigue severity scale (FSS) scores among subjects according to duration 
of coccidioidal infection 

FSS Question < 3 months > 3 months P 

1 5.82+ 1.6 5.81 + 1.71 0.990 

2 4.91 + 1.64 4.28+2.34 0.326 

3 5.91 + 1.14 4.78 + 2.3 0.034 ' 

4 5.73 + 1.68 4.95+2.15 0.274 

5 4.91 +2.02 4.11 +2.56 0.292 

6 5.45 + 1.75 4.19 + 2.58 0.077 -

7 5.64+ 1.69 3.97 + 2.56 0.019 ' 

8 6.0+1.95 4.84 + 2.42 0.153 

9 6.09+ 1.76 4.3+2.5 0.014 ' 

FSS Score 5.61 + 1.41 4.56 + 1.98 0.063 -

Mean + 50 
' Significant difference between groups 
" Approaching statistically significant difference between groups 
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Table 5-10 
Comparison of fatigue se\'erity scale (FSS) scores among subjects according to type and extent of 
coccidioidal infection 

FSS Ehilmonarv' „ Disseminated .. „ 
^ - pulmonary P , in^ disseminated P 
Question (n = 31) (n=i7) ("=19) = 

1 5.61 + 1.98 6.18+0.81 0.172 6.26 + 0.81 5.52 + 2.01 0,081 ' 

2 4.23 + 2.29 4.81+2.01 0.391 4.72 + 2.16 4.24 + 2.23 0,471 

3 4.81 +2.41 5.47+ 1.46 0.242 5.32+ 1.76 4.86 + 2.36 0,451 

4 5.0 r 2.21 5.35+1.8 0.576 5.47 + 1.74 4.90 + 2.24 0,348 

5 4.32 + 2.43 4.24 + 2.56 0.907 4.21 +2.62 4.34 + 2.38 0,855 

6 4.35 + 2.42 4.75 + 2.59 0,607 4.67 + 2.66 4,38 + 2.37 0,701 

7 4.19 + 2.56 4.65 + 2.4 0.552 4.58 + 2.48 4.21 + 2.53 0,618 

8 4.94 + 2.53 5.41+2.03 0.508 5.26 + 2.21 5,0 + 2.48 0.709 

9 4.87 + 2.36 4.41+2.67 0.542 4.37 + 2.71 4.93+2.3 0,444 

FSS Score 4.70 + 2.09 4.97+1.56 0.651 4.93 + 1.68 4.71+2.07 0.699 

Mean + SD 
' Approaching statistically significant difference between dissemination groups 
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Table 5-11 
Relationship of fatigue severity scale score to age and nutritional variables in 
coccidioidomycosis patients 

Variable M Correlation 
coefficient 

R-squared P 

Age (years) 48 0.012 0.0001 0.934 

Serum Albumin (mg/dL) 31 0.131 0.0172 0.482 

Serum Prealbumin (mg/dL) 23 0.002 <0.0001 0.992 

Body Mass Index (wt/ht^) 48 -0.364 0.1324 0,011 ' 

%IBW 48 -0.411 0.1691 0.004 -

%L[BW 48 -0.161 0,0258 0,280 

' Significant at the 0.05 level 
" Significant at the 0.01 level 
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Table 5-12 
Significance level (p) of nutritional and clinical variables as predictors of severe fatigue 

Variable P 

Age 0.741 

Serum Albumin 0.644 

Serum Prealbumin 0.787 

Body Mass Index 0.151 

%IBW 0.131 

%UBW 0.911 

Clinical Coccidioidomycosis Score 0.714 

Coccidioidomycosis Serology Titer 0.969 

Length of Infection 0.124 

No statistically significant values. 
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Table 5-13 
Comparison of fatigue severity scale (FSS) responses at baseline, 2 months and 4 months 

FSS Question Baseline (n = 48) 2 months (n = 42) 4 months (n = 34) 

1 5.81 ± 1,67 5.45+ 1.61 5,47+ 1.44 

2 4.43+2.19 4.10+ 1.99 4,35 + 1,77 

3 5.04 + 2.13 4.79 + 2.27 4.56+ 1.99 

4 5.13+2.06 4.52 ±2.31 4.12 + 2.17 

5 4.29 + 2.45 4.24 + 2.23 4.35+2.12 

6 4.49 + 2.46 4.17 + 2.39 4.29 + 2.04 

7 4.35 + 2.49 4.19 + 2.30 3,71 r 2,07 

8 5,10 + 2.35 4.76 + 2,34 5.00 + 2,02 

9 4.71 +2.46 4.00 + 2.41 3.79 + 2.13 

Mean (FSS Score) 4.81 + 1.89 4.47 + 1.96 4.38 + 1.78 

Mean + SD 
No significant differences between time points 
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Table 5-14 
Comparison of responses of individual questions on fatigue severity scale (FSS) for 
coccidioidomycosis patients and hepatitis C virus (HCV) infected patients 

FSS Question Coccidioidomycosis Patients 
(n = 48) 

HCV Patients 
(n= 1,223) 

1 5.79+ 1.68(1-7) 5.2 ± 1.8(1-7) 

2 4.37 + 2.18(1-7) 3.8 ±2.0 (1-7) 

J 5.00 ±2.14 (1-7) 3.8 ±2.0 (1-7) 

4 5,11 ±2.08(1-7) 4,1 ±2.0(1-7) 

5 4.28 + 2.47(1-7) 3,3 ±2.0(1-7) 

6 4.50 + 2.48(1-7) 3,6 ±2.1 (1-7) 

7 4.43 ±2.47 (1-7) 3 ,4 ±2.1 (1-7) 

8 5.11 ±2.38(1-7) 3,2 ±2.2 (1-7) 

9 4.70 ±2.48 (1-7) 3,4 ±2.1 (1-7) 

X + SD; Range in parentheses 
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Fatigue Severity Scale Score 

Figure 5-1. Relationship between body mass index and fatigue severity scale score in 
coccidioidomycosis patients. 
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Figure 5-2. Relationship between percentage of ideal body weight and fatigue severity 
scale score in coccidioidomycosis patients. 
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CHAPTER 6 

THE RELATIONSHIP BETWEEN SELECTED CYTOKINES AND LEPTIN AND 

FATIGUE SEVERITY AND NUTRITIONAL DEFICIT IN 

COCCIDIOIDOMYCOSIS PATIENTS 

Introduction 

Coccidioidomycosis is a fungal infection resulting from the invasion of 

Coccidioides immitis (C immitis) into host tissue. Organisms are inhaled, invade lung 

tissue, and in a small percentage of cases, disseminated disease occurs. Dissemination 

may manifest itself in various forms, including cutaneous lesions, bone and joint 

complications and meningitis. Certain population groups are at greater risk for 

progression to disseminated disease. Nutrition-related symptoms, including anorexia, 

fever, weight loss and severe fatigue, have been reported in the literature. Nutritional 

deficit, as evidenced by weight loss and/or visceral protein depletion, has been reported 

in a general sense since the 1940's (Famess, 1941; Goldstein and Louie, 1943; Willett 

and Weiss, 1945; Fiese, 1958; Sarosi et al, 1970; Werner et al, 1972; Drutz and 

Catanzaro, 1978b; Galgiani, 1993). Similarly, fatigue has been cited as a significant, 

debilitating and frequent complication of coccidioidomycosis (Famess, 1941; Goldstein 

and Louie, 1944; Willett and Weiss, 1945; Taylor and Briney, 1949; Fiese, 1958; Werner 

et al, 1972; Drutz and Catanzaro, 1978b; Kerrick et al, 1985; Lundergan et al, 1985; 
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Yozwiak et al, 1988; Galgiani 1993). However, the specific mechanisms driving the 

clinical symptoms of nutritional deficit and severe fatigue have not been explored. 

Tumor necrosis factor-alpha (TNF-a) is increased in patients with 

coccidioidomycosis and has been associated with anorexia and subsequent weight loss in 

animals and humans (Darling et al, 1990; Tracey and Cerami, 1992; Plata-Salaman, 

1995; Staal van den Brekel et al, 1995; Langhans and Hrupka, 1999). Elevated serum 

TNF-a levels have been shown in weight loss associated with AIDS (Lahdevirta et al, 

1988) and tuberculosis (Bekker et al, 1998). As for the possible relationship between 

TNF-a and fatigue, chronic fatigue syndrome patients have been shown to exhibit a 

significant increase in serum TNF-a when compared to control subjects (Moss et al, 

1999). In addition, there is a significant intradialytic elevation of serum TNF-a in 

patients complaining of post-dialysis fatigue (Dreisbach et al, 1998). 

Cocccodioidomycosis patients can produce TNF-a in the presence of coccidioidal 

antigen. Human peripheral blood mononuclear cells (PBMC) that are incubated with C 

immitis produced TNF-a as detected by ELISA (Ampel, 1994). 

In addition to TNF-a, the plasma protein leptin also is associated with energy 

balance. Leptin is primarily produced by adipose tissue, with circulating levels of leptin 

directly correlated with adipose tissue mass and body mass index (Caro et al, 1996; 

Leyva et al, 1997). This hormone was originally believed to regulate body weight by 

inhibiting appetite (Fantuzzi and Faggioni, 2000). However, the metabolic roles of leptin 

have been expanded over time to include overall energy balance regulation (Caro et al, 

1996; Fantuzzi and Faggioni, 2000; Finck and Johnson, 2000; Havel, 2000; Wauters et al. 
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2000). Leptin levels in serum have been shown to be decreased in cachexia patients with 

cardiac failure (Murdoch et al, 1999), chronic obstructive pulmonary disease (Takabatake 

et al, 1999), and gastrointestinal cancer (Wallace et al, 1998). Significantly higher than 

normal serum leptin levels are seen in infectious disease-related cachexia, such as in 

active tuberculosis (Cakir et al, 1999). Data addressing the relationship between leptin 

and fatigue are not definitive (McKenzie et al, 1998; Vgontzas et al, 2000; Cleare et al, 

2001). Studies investigating leptin in coccidioidomycosis have not been published to 

date. 

The primary aims of this study were (1) to assess the relationship between 

nutritional status, fatigue severity and the serum TNF-a and leptin levels, and (2) to 

assess the relationship between nutritional status and fatigue severity during 

coccidioidomycosis with the in vitro cytokine response to coccidioidal antigen. 

Methods 

Subjects 

Subjects included United States military veteran and non-veteran patients treated 

at the Southern Arizona Veterans Affairs Healthcare System (SAVAHCS) 

Coccidioidomycosis Clinic. Informed and written consent was obtained from each 

subject prior to participation and all study procedures were approved by the University of 

Arizona's Human Subjects Review Board. Males and females of all ages and ethnicities 

were invited to participate. 
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Fatigue Severity Scale 

The fatigue severity scale (FSS) is a validated measurement of fatigue in 

chronically ill patients (Krupp et al, 1989; Krupp et al, 1990). Coccidioidomycosis 

subjects were interviewed by a registered nurse or the principal investigator, a registered 

dietitian. Patients were instructed to choose a number from I to 7 that indicated their 

level of agreement with each of the nine statements (Appendix E). The nine scores were 

averaged, yielding the FSS score. In previous publications, patients with a mean FSS 

score of > 4.60 were considered to have severe fatigue (Krupp et al, 1989; Krupp et al, 

1990). Thus, for the purposes of this study, we considered FSS scores of > 5 .0 to define 

severe fatigue, and FSS scores of < 4.0 to define not severely fatigued. 

Nutritional Analyses 

Height was measured using the stadiometer attached to the digital scale which 

also measured weight (ScaleTronix, White Plains, NY) in the Coccidioidomycosis Clinic 

at the SAVAHCS. Height and weight were measured by trained staff to the nearest tenth 

of a cm or kg, respectively. Body mass index (BMI) was calculated using the following 

equation: BMI = wt in kg/ht in m^(Shopbell et al, 2001). Usual body weight (UBW) 

was self-reported by the participants. Ideal body weight (IBW) was calculated using the 

Hamwi equation below (Shopbell et al, 2001): 

106 pounds for the first 5 feet of height 

+ 6 pounds for every inch over 5 feet of height 

Women pounds for the first 5 feet of height 

+ 5 pounds for every inch over 5 feet of height 
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Percent [BW (%IBW) and percent usual body weight (%UBW) were calculated by the 

following equations (Shopbeil et al, 2001): %IBW = (Current Weight / IBW) * 100; 

%UBW = (Current Weight / UBW) * 100. Serum albumin and prealbumin were assessed 

by the Laboratory Services of the SAVAHCS as part of routine clinical care. Extra blood 

draws were not conducted to obtain these protein status biomarkers. Subjects were 

categorized according to nutritional status (Table 6-1). 

Blood Collection and Preparation 

Specimens for the cytokine and leptin analysis were collected by a registered 

nurse or trained phlebotomist in the SAVAHCS Coccidioidomycosis Clinic. 

Approximately ten (10) mL of whole peripheral blood was collected into a Vacutainer 

serum tube containing no anti-coagulant. After being allowed to clot for 30 minutes, the 

tubes were centrifuged for 15 minutes at 2000 x G. Supernatant sera were aliquotted into 

cryovials and stored at -80° C until assayed. Whole blood was incubated for 24 hours 

with 10 (a,l/mL concentration of T27K coccidioidal antigen as previously described 

(Zimmerman et al, 1998; Ampel et al, 2001). Nothing was added to control tubes, so that 

patients served as their own controls. 

Flow Cytometry 

A human Thl/Th2 cytokine cytometric bead array (CBA) kit from Pharmingen 

(San Diego, California) was utilized for the cytokine measurements to allow for 
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simultaneous assay of six different cytokines: TNF-a, IFN-y and interleukins 2, 4, 5, and 

10 in a single sample. Standards and controls were prepared according to the 

manufacturer's instructions (Table 3-1). Samples were then vortexed for 3-5 seconds and 

immediately analyzed on a single argon-ion laser flow cytometer (488 nm, FACScan, 

Becton Dickinson, Mountain View, CA). The CellQuest software from Becton 

Dickinson was used to analyze samples and format data. 

Enzyme-linked Immunosorbent Assays (ELISA) 

Enzyme-linked immunosorbent assays (ELISA) were performed to determine 

concentrations of leptin and TNF-a in serum, control whole blood and whole blood 

incubated with T27K coccidioidal antigen. ELISAs were performed as described in 

previous publications (Bringman and Aggarwal, 1987; Fomsgaard et al, 1988; Hardie et 

al, 1996). TNF-a and leptin ELISA kits were purchased from RandD Systems 

(Minneapolis, Minnesota). For TNF-a, the eight standards ranged from 15.625 - 1000 

pg/mL (Table 3-2). For leptin, the eight standards ranged from 31.25 - 2000 pg/mL 

(Table 3-3). In cases where the sample measured a level of TNF-a or leptin that was 

greater than the high standard, assays were repeated using diluted samples. Dilutions of 

1;2, 1:3, 1:4, 1:5, 1:10, 1:25 and/or 1:50 (sample:diluent) using phosphate buffered saline 

(PBS) were assayed. In each case, the optical density of known standards was used to 

construct a calibration curve that enabled the calculation of the cytokine level in each test 

sample using the optical density of that sample plotted against the calibration curve. 

Standard curves are depicted in Appendices F and G. 
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Statistical Analyses 

Statistical analyses were performed using SPSS version 10.1.0 software (SPSS 

Inc., Chicago, IL). Means and standard deviations were calculated for descriptive 

analyses. Relationships between fatigue severity and leptin and TNF-a, and between 

body mass index and leptin and TNF-a were assessed via Pearson's correlation. 

Differences in leptin and TNF-a levels between subjects with nutritional deficit and 

subjects with no nutritional deficit were assessed using the student's t-test. Differences in 

leptin and TNF-a levels between subjects with severe fatigue and subjects without severe 

fatigue were assessed using the student's t-test. The relationship between serum leptin 

and TNF-a was assessed using Pearson's correlation. Differences in production of 

cytokines in whole blood before and after coccidioidal antigen incubation was assessed 

using the paired t-test. Non-parametric analyses were conducted to determine statistical 

differences between groups if data were not normally distributed (Mann Whitney and 

Wilcoxon Signed Ranks Tests). Power calculations were performed using Power and 

Precision software, version 1.20 (Biostat, Teaneck, New Jersey). 

Results 

Subjects 

A total of 28 subjects with confirmed coccidioidomycosis diagnosis were 

included in the study. Demographic information on these subjects is available in Table 6-

2. The mean age of the subjects was 61.94 + 14.54 years. The majority of subjects were 
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Caucasian males who did not smoke. The length of time since coccidioidomycosis 

diagnosis was made was an average of 24.32 ± 45.33 months, with a vast range of 0.20 -

206.6 months. Disseminated disease was present in 32.1% of the subjects. The most 

common type of coccidioidomycosis was focal primary pulmonary infection (42.9%), but 

every other type of coccidioidomycosis was represented in the subject population, except 

for soft tissue disease. An underlying medical diagnoses affected 28.6% of subjects, with 

the most common being diabetes mellitus. 

Subjects were divided into two fatigue groups according to their scores on the 

Fatigue Severity Scale (FSS). Twenty-two subjects completed the FSS. Those subjects 

scoring > 5.0 were classified as severely fatigued. Fourteen subjects who completed the 

FSS were classified as severely fatigued and their mean FSS score was 6.28. Those 

subjects scoring < 4.0 were classified as not severely fatigued. Five subjects were 

classified as not severely fatigued and their mean FSS score was 1.93. The three 

remaining subjects had FSS scores of 4.8-4.9 and were not included in the statistical 

analyses, since their FSS scores were not clearly differentiated between severe or not 

severe fatigue. Demographic information for these two groups is reported in Table 6-3. 

There were no statistically significant differences in nutrition variables between fatigue 

groups. 

Subjects were also divided into two nutrition status groups according to their 

weight and visceral protein status. Sufficient data on weight and visceral protein status 

was available for 23 subjects. Nine were classified as having nutritional deficit and 15 

were classified as well-nourished. The demographic and nutritional information on these 



170 

two groups is reported in Table 6-4. As expected, subjects with nutritional deficit had 

significantly lower serum albumin, and significantly more weight loss, as evidenced by a 

lower %UBW (p < 0.05). Serum prealbumin levels were approaching a statistically 

significant difference between groups (p = 0.078). 

Leptin ELISA Results 

Leptin levels in serum were determined by ELISA. The mean serum leptin of all 

coccidioidomycosis patients was 3731.44 ± 3558.56 pg/mL, the mean in control whole 

blood was 5231.91 + 9276.48 pg/mL, and the mean in antigen-incubated whole blood 

was 4800.65 + 11,471.40 pg/mL (Table 6-5). Values over the standard curve occurred in 

13 of 23 serum samples (56.5%), 9 of 16 control whole blood samples (56.25%), and 6 of 

16 antigen-incubated whole blood samples (37.5%). These samples were diluted and re-

assayed at a dilution of 1:2, 1 ;4, 1:5, 1:10, 1 ;25, or 1:50, depending on the sample. 

EfTect of Coccidioidal Antigen on Leptin 

Fifteen samples of control whole blood and whole blood that had been incubated 

with T27K coccidioidal antigen were analyzed for leptin levels by ELISA. As expected, 

there was no significant difference between leptin levels in control whole blood and 

antigen-incubated whole blood when compared via paired sample t-test for all subjects (p 

= 0.373). The paired t-test was conducted to determine any differences in leptin levels of 

control and antigen-incubated whole blood according to fatigue severity or nutritional 

status. There were no differences on leptin levels seen in well-nourished or nutritional 
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deficit subjects, nor in non-fatigued subjects. Non-parametric analyses also exhibited 

non-significant results (p > 0.05). However, in severely fatigued subjects, leptin was 

lower after coccidioidal incubation at values approaching statistical significance (Table 6-

6). 

There was a significant correlational relationship between leptin levels in control 

whole blood and antigen-incubated whole blood (R = 0.869; p < 0.0001). When 

eliminating one outlying leptin level in antigen-incubated whole blood (> 40,000 pg/mL), 

there was still a significant correlation between leptin in control whole blood and antigen-

incubated whole blood (R = 0.897; p < 0.0001). When eliminating two outlying leptin 

levels in antigen-incubated whole blood (> 10,000 pg/mL), there was still a significant 

correlation between leptin in control whole blood and antigen-incubated whole blood (R 

= 0.603; p = 0.029). Figure 6-1 depicts these correlations. 

Relationship between Leptin and Fatigue Severity Scale Results 

Leptin was measured in the serum, control whole blood and whole blood 

incubated with T27K coccidioidal antigen fi^om subjects with severe fatigue and without 

severe fatigue. These values were correlated with the FSS scores. A significant negative 

relationship was seen between control whole blood leptin and FSS (p = 0.048) and 

between antigen-incubated whole blood leptin and FSS (p = 0.061). These data are 

reported in Table 6-7 and Figure 6-2. 

Leptin values were compared between subjects with severe fatigue and without 

severe fatigue via student's t-tests. There were no significant differences in any samples 
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between these groups. Non-parametric analyses also exhibited non-significant results (p 

> 0.05). There were only two serum samples from subjects who qualified for the severe 

fatigue category, thus making it impossible to reach statistical power. These data are 

reported in Table 6-5. 

Relationship between Leptin arid Nutritional Status 

Leptin values in serum, control whole blood and antigen-incubated whole blood 

were related to body mass index (BMI) as a marker of nutritional status via Pearson's 

correlation. A significant positive relationship was seen between BMI and serum leptin 

(p = 0.002) and antigen-incubated whole blood leptin (p < 0.0001). However, when one 

outlier was eliminated fi-om the analysis (leptin > 40,000 pg/mL), this relationship was no 

longer statistically significant. These data are reported in Table 6-7 and Figure 6-3. 

Leptin values were compared between subjects with nutritional deficit and 

subjects who were well-nourished via student's t-tests. There were significant 

differences in serum leptin (p = 0.029) between these groups, with well-nourished 

subjects producing significantly higher amounts of leptin. No difference in leptin in 

control whole blood or antigen-incubated whole blood between groups (p = 0.686 and 

0.442, respectively). These data are reported in Table 6-5. Non-parametric analyses also 

exhibited non-significant results (p > 0.05). 
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TNF-a ELISA Results 

TNF-a levels in serum were determined by ELISA. The mean serum TNF-a of 

all coccidioidomycosis patients was 1068.12 + 2389.90 pg/mL, the mean in control 

whole blood was 1343 .64 ± 2045 .45 pg/mL, and the mean in antigen-incubated whole 

blood was 618.87 + 620.12 pg/mL (Table 6-8). Values over the standard curve occurred 

in 4 of 23 serum samples (17.4%), 5 of 15 control whole blood samples (33.3%), and 3 of 

15 antigen-incubated whole blood samples (20%). These samples were diluted and re-

assayed at a dilution of 1:2, 1:3, 1:4, 1:5, 1:10, 1:25, or 1:50, depending on the sample. 

Effect of Coccidioidal Antigen on TNF-a 

Fourteen samples of control whole blood and whole blood that had been 

incubated with coccidioidal antigen were analyzed for TNF-a levels by ELISA. There 

was no significant difference between TNF-a levels in control whole blood and antigen-

incubated whole blood when compared via paired sample t-test (p = 0.208). There was 

not a significant correlational relationship between TNF-a levels in control and antigen-

incubated whole blood (R = 0.178; p = 0.542). Paired t-tests were also conducted to 

determine any differences in TNF-a levels of control and antigen-incubated whole blood 

according to fatigue severity or nutritional status. There were no differences in TNF-a 

levels between severely fatigued or non-fatigued subjects. Similarly, there were no 

differences on TNF-a levels seen in well-nourished or nutritional deficit subjects (Table 

6-6). Non-parametric analyses also exhibited non-significant results (p > 0.05). 



Relationship between TNF-a and Fatigue Severity Scale Results 

TNF-a was measured in the serum, control whole blood and whole blood 

incubated with T27K coccidioidal antigen from subjects who were severely fatigued and 

not severely fatigued. These values were correlated with the FSS scores. No significant 

relationships were found between TNF-a and fatigue severity in any samples. These data 

are reported in Table 6-9 

TNF-a values were compared between subjects with severe fatigue and without 

severe fatigue via student's t-tests. There was a significant difference in serum levels 

between fatigued and non-fatigued subjects. However, there were only two serum 

samples from subjects who qualified for the severe fatigue category, thus making it 

impossible to reach statistical power. There were no significant differences in TNF-a 

levels in control whole blood or antigen-incubated whole blood between fatigued and 

non-fatigued subjects. These data are reported in Table 6-8. Non-parametric analyses 

also exhibited non-significant results (p > 0.05). 

Relationship between TNF-a and Nutritional Status Markers 

TNF-a values in serum, control whole blood and antigen-incubated whole blood 

were related to body mass index (BMI) as a marker of nutritional status via Pearson's 

correlation. A significant positive relationship was seen between TNF-a in whole blood 

incubated with T27K coccidioidal antigen and BMI (p = 0.016), but no significant 

relationships in serum or control whole blood. These data are reported in Table 6-9 and 

Figure 6-4. TNF-a values were compared between subjects with nutritional deficit and 
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subjects who were well-nourished via student's t-tests. No significant differences 

between groups were seen in any samples. These data are reported in Table 6-8. Non-

parametric analyses also exhibited non-significant results (p > 0.05). 

Relationship between TNF-a and Leptin 

To assess if any relationships existed between TNF-a and leptin, correlational 

statistics were analyzed. No statistically significant relationship occurred between 

TNF-a and leptin in control whole blood or serum. However, in whole blood incubated 

with T27K coccidioidal antigen, a significant positive relationship existed (p = 0.023). 

Table 6-10 exhibits these data. 

Cytometric Bead Array Results 

Fifteen samples of whole blood incubated with T27K coccidioidal antigen were 

analyzed for cytokine expression via cytometric bead array (CBA) flow cytometry. The 

means for each cytokine analyzed can be seen in Table 6-11. When subjects were 

categorized according to FSS scores, six were severely fatigued and seven were not 

severely fatigued. When subjects were categorized according to nutritional status (weight 

and visceral protein status), five had nutritional deficit and seven were well-nourished. 

Cytokine results for each of these groups were compared with the student's t-test (Table 

6-12). When comparing cytokine expression in the two fatigue groups, no significant 

differences were found in TNF-a, IFN-y, IL-2, IL-4, IL-5 or IL-IO between fatigue 

groups. Non-parametric analyses also exhibited non-significant results (p > 0.05). When 
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comparing the two nutrition groups, well-nourished subjects produced a higher amount of 

TNF-a and between BMI and IL-2 (p = 0.066 and 0.066, respectively) than subjects with 

nutritional deficit at levels approaching statistical significance. Using the Mann Whitney 

non-parametric statistic, significant differences were found between nutrition groups in 

TNF-a, IFN-y and IL-2 (p = 0.062, 0.007 and 0 004, respectively). No statistical 

differences were found in lET^-y, IL-4, IL-5 or IL-10 between groups (Table 6-12). 

Cytokine results were correlated with BMI and FSS scores. Table 6-13 depicts 

these data. A significant positive relationship was found between BMI and IFN-y (R = 

0.622; p = 0.023) and IL-2 (R = 0.674; p = 0.012). However, when one outlier was 

eliminated from each correlation (IFN-y > 35,000 pg/mL and IL-2 > 14,000 pg/mL), 

these relationships were no longer statistically significant. These graphs are depicted in 

Figure 6-5. No significant relationship was found between BMI and TNF-a, IL-4, IL-5 

or IL-10. No significant relationships were found between FSS score and any cytoidne 

measured by flow cytometry. 

Discussion 

Leptin values were elevated above the high standard fi^om the ELISA in a 

significant number of serum samples, with a mean of 3731.44 ± 3558.56 pg/mL. This 

appears to fall in the wide range reported by other researchers documenting serum leptin 

levels in healthy subjects of 2100 + 200 pg/mL (Cakir et al, 1999), 2470 + 2010 pg/mL 

(Takabatake et al, 1999), 4260+ 850 pg/mL (Kato et al, 2001), 6900 + 3100 pg/mL 

(Bornstein et al, 1998), and 7430 + 830 pg/mL (Mantzoros et al, 1997). Serum leptin 
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values in other infectious diseases have been reported, including tuberculosis where 

serum leptin was 4500 + 900 pg/mL pre-pharmacological treatment and 6700 + 2200 

pg/mL post-pharmacological treatment (Cakir et al, 1998). HIV infected subjects had 

serum leptin levels of 3400 ± 1600 pg/mL, which was not significantly higher than 

normal controls (4000 + 1400 pg/mL) (Yarasheski et al, 1997). When experimental 

condition of inflammation is induced by an intravenous administration of endotoxin, 

leptin levels did not significantly change (Bomstein et al, 1999). Therefore, this present 

study appears to agree with others in that infectious states do not appear to elevate serum 

leptin values. 

A significant positive correlation existed between control whole blood leptin and 

antigen-incubated whole blood leptin. However, coccidioidal antigen did not appear to 

induce leptin production which was expected since the main leptin producers, adipocytes, 

were not present in the samples. Leptin production was greater, although not statistically 

significant, in all subjects, subjects without fatigue and subjects with nutritional deficit. 

Other in vitro studies exactly matching ours have not been conducted. However, in vivo 

studies have demonstrated that leptin production is increased by antigen administration in 

animals. Finck et al reported a significant increase in whole blood leptin, as measured by 

radioimmunoassay, following intra-peritoneal injection of lipopolysaccharide in mice 

(1998). Leptin mRNA in epididymal fat pads of rats increased 2.3-fold following 

intravenous administration of lipopolysaccharide (Mastronardi et al, 2001). Our in vitro 

findings partially support these in vivo studies since leptin production was greater in all 
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subjects, and non-fatigued and nutritional deficit patients, but not in severely fatigued and 

well-nourished patients. 

The decreases in leptin levels in whole blood stimulated with coccidioidal antigen 

are difficult to explain. Some problems may exist in the ELIS A assays when coccidioidal 

antigen is present in the sample. Validation of the ELISA procedure should be conducted 

in order to rule out potential interference at various steps. Possibilities include an 

interaction between the coccidioidal antigen and the leptin or TNF-a antibody that 

prevents binding, or direct interference of the antigen with fluorescence. Control assays 

could verify and reveal the problematic step. 

Leptin levels negatively correlated with fatigue severity scale (FSS) scores in 

control whole blood and antigen-incubated whole blood. This indicates that as leptin 

rises in coccidioidomycosis patients, fatigue severity declines. These findings appear to 

disagree with two studies investigating leptin and fatigue. In one study, whole blood 

leptin levels in chronic fatigue syndrome patients were not significantly different fi-om 

healthy controls (Cleare et al, 2001). Another study compared whole blood leptin in 

sleep apnea patients to a measurement called the apnea/hyponea index, which takes into 

consideration excessive daytime sleepiness (Vgontzas et al, 2000). The researchers 

controlled for obesity and found a significant positive correlation, indicating that leptin is 

higher in sleep apnea patients who have excessive daytime sleepiness. Neither of these 

studies attempts to quantify the severity or extent of fatigue as is accomplished by the 

FSS. No other research to date has compared fatigue severity measurements to leptin. In 

the present study, the leptin values in severely fatigued coccidioidomycosis subjects were 
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lower than those in subjects who were not fatigued, but this did not reach statistical 

significance. 

Leptin positively correlated with body mass index (BMI) in serum and 

coccidioidal antigen-incubated whole blood. These results are in agreement with other 

published reports in HIV infection (Yarasheski et al, 1997), chronic fatigue syndrome 

(Cleare et al, 2001), sleep apnea (Vgontzas et al, 2000), and chronic obstructive 

pulmonary disease (Takabatake et al, 1999). However, in another chronic infectious 

disease, tuberculosis, no relationship was reported between serum leptin and BMI (Cakir 

et al, 1999). Leptin has also been positively correlated with fat mass in various reports 

(Yarasheski et al, 1997; Wallace et al, 1998; Takabatake et al, 1999). The 

coccidioidomycosis patients in this study who exhibited leptin values elevated above the 

high standard were not all obese. In fact, the nutritional markers for the twelve patients 

who had serum leptin levels over 2000 pg/mL were within normal limits (BMI = 26.16 + 

5.25; % ideal body weight = 111.58 + 24.12; % usual body weight = 96.67 + 7.34). Only 

three subjects would be classified as obese according to BMI and % ideal body weight. 

The mean serum leptin levels of these three subjects was 11,054.92 ± 956.71 pg/mL. 

Leptin values in serum were significantly higher in well-nourished subjects when 

compared to coccidioidomycosis patients with nutritional deficit. This agrees with other 

studies addressing leptin levels in malnutrition. Patients with cachexia associated with 

chronic heart failure exhibited decreased plasma leptin concentrations (6.2 + 0.6 ng/mL) 

when compared to normal controls (18.3 +3 .5 ng/mL) and chronic heart failure patients 

without cachexia (16.9 + 3.6 ng/mL) (Murdoch et al, 1999). Patients with 
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gastrointestinal cancer and 5% weight loss demonstrated lower levels of circulating leptin 

than did healthy controls (Wallace et al, 1998). Similarly, in subjects with cachexia 

associated with chronic obstructive pulmonary disease, serum leptin levels were 

significantly lower when compared to healthy controls (Takabatake et al, 1999). These 

reductions in leptin levels may be due to the reduction in adipose tissue available to 

produce leptin. Although the results did not reach statistical significance, the leptin 

produced in whole blood incubated with T27K coccidioidal antigen was notably higher in 

subjects with nutritional deficit (8988.5 + 18,370.3 pg/mL) than in well-nourished 

subjects (2661.59 + 3905.5 pg/mL). It is possible that an increased subject population 

would allow these comparisons to reach statistical power. 

TNF-a values by ELISA were over the high standard in a notable number of 

cases, with a mean serum level of 1068.12 + 2389.9 pg/mL. These results are 

significantly higher than those found in healthy controls: 6.32 + 0.26 pg/mL (Winkler et 

al, 1998), 23.9 + 3.0 pg/mL (Cakir et al, 1999), 5.41 + 1.6 pg/mL (Takabatake et al, 

1999), and 7.0 pg/mL (Kerr et al, 2001). Results in other infectious diseases are 

contradicting. Similar to the coccidioidomycosis patients (33 .3%), 18% of subjects with 

parvovirus B19 exhibited plasma TNF-a levels greater than 1000 pg/mL when analyzed 

via ELISA (Kerr et al, 2001). Malaria patients also reach serum TNF-a levels similar to 

those seen in coccidioidomycosis (915 pg/mL) (Singh et al, 2000). Elevated TNF-a 

levels have been documented in HIV infection, although not as high as the levels found in 

coccidioidomycosis (Sonnerborg et al, 1995; Morlat et al, 1996). When HIV infection 

and Mycobacterium avium intracellulare infection co-existed in pediatric subjects, serum 
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TNF-a levels were markedly elevated (702 + 182 pg/mL), nearly reaching the levels in 

our coccidioidomycosis population (Ellaurie and Rubinstein, 1995). Conversely, subjects 

with tuberculosis did not exhibit significantly elevated TNF-a values (Cakir et al, 1999), 

and while subjects with dengue virus infection had elevated serum TNF-a, it was not as 

high as that seen in coccidioidomycosis (Kittigul et al, 2000). Advanced age has also 

been associated with increased plasma TNF-a (Bruunsgaard et al, 2000), which may 

play a role in the elevated TNF-a fi'om this coccidioidomycosis population. 

This present study found that TNF-a levels did not significantly change 

following incubation with coccidioidal antigen. In fact, levels decreased in all samples 

after incubation. Our results contradict those from Dooley et al who reported a 

significantly increased production of TNF-a fi'om PBMC after 18-24 hours of 

stimulation with formalin-killed coccidioidal spherules (1994). Their study investigated 

cytokine production fi'om patients with active coccidioidomycosis and measured via 

ELISA. Ampel studied the production of TNF-a following incubation with killed 

arthroconidia or killed spherules (1994). His study reports a mean of 518 pg/mL TNF-a 

produced by skin test negative donors and a mean of 808 pg/mL TNF-a produced by 

skin test positive donors. Our results demonstrate a mean of 575.2 pg/mL TNF-a 

produced following coccidioidal antigen incubation, with 1323 pg/mL TNF-a in control 

whole blood. Our results appear to contradict both aforementioned published studies 

(Ampel, 1994; Dooley et al, 1994). In another study, PBMC from chronic fatigue 

subjects and incubated with lipopolysaccharide produced significantly more TNF-a than 
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age and gender-matched healthy control subjects (Gupta et al, 1997). Our investigation 

did not compare severely fatigued coccidioidomycosis patients to healthy controls, but 

studies of this design should be pursued in the future. 

The only positive correlation with TNF-a occurred between TNF-a in 

coccidioidal antigen-incubated whole blood and body mass index. This implies that more 

TNF-a is produced in response to antigen in individuals with a higher weight. However, 

no differences were seen in the amount of TNF-a produced according to nutritional 

status classification in the ELISA results. Other studies have demonstrated a positive 

correlation between serum TNF-a concentration and BMI in type 2 diabetics and obese 

subjects (Winkler et al, 1998), and sleep apnea patients and controls (Vgontzas et al, 

2000). However, these relationships have not been demonstrated in infectious diseases. 

The CBA results comparing TNF-a between nutrition groups are approaching statistical 

significance with the well-nourished subjects producing more TNF-a than the nutritional 

deficit subjects. These results appear to disagree with other studies comparing TNF-a 

production between well-nourished and malnourished subjects (Lahdevirta et al, 1988; 

Bekker et al, 1998). 

No significant relationship was found between TNF-a and fatigue severity. This 

does not appear to agree with findings by Kerr et al, who reported a significant 

association between the presence of fatigue and serum TNF-a (2001). Our study differs 

from Kerr et al in that we measured fatigue severity and related FSS scores to TNF-a 

levels in coccidioidomycosis subjects. Conversely, Kerr et al simply asked parvovirus 

B19 infected subjects whether or not they were fatigued (yes or no) and estimated 
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association via odds ratio and relative risk statistics. Other published studies have 

reported elevated TNF-a in various fatigued populations, but have not addressed the 

specific measurement of fatigue and the potential relationship to circulating TNF-a 

levels (Dreisbach et al, 1998; Gupta et al, 1997; Moss et al, 1999; Vgontzas et al, 1997; 

Vgontzas et al, 2000). A link between TNF-a and fatigue may still exist, as 

intracerebroventricular injection of exogenous TNF-a has been demonstrated to induce 

increased sleep in rabbits (Kapas et al, 1992). 

In our study, serum leptin and TNF-a in all subjects did not correlate (R = -

0.031; p = 0.888), nor was a significant relationship seen between serum leptin and 

TNF-a in nutritionally-depleted subjects (R = -0.482; p = 0.274). These results agree 

with studies conducted in cachexic chronic obstructive pulmonary disease (Takabatake et 

al, 1999), non-diabetics (Kellerer et al, 1996), HIV infected patients (Ockenga et al, 

1998) and cirrhotic patients (McCullough et al, 1998), but disagree with research on 

cardiac cachexia patients (Filippatos et al, 2000), tuberculosis patients (Cakir et al, 1999), 

the elderly (Bruunsgaard et al, 2000), and pregnant women (Bartha et al, 2001). The 

provision of TNF-a infusion has been shown to produce an increase in serum leptin 

levels (Zumbach et al, 1997). However, it has been hypothesized that the increase in 

leptin is directly related to adiposity and not simply the presence of TNF-a (Finck and 

Johnson, 2000). The only samples that demonstrated a relationship between TNF-a and 

leptin levels were the coccidioidal antigen-incubated whole blood. Prior research 

comparing the results of TNF-a and leptin in similar in vitro studies has not been 

published. 
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No relationship was found between IFN-y and fatigue severity. Moreover, 

severely fatigued subjects did not produce differing amounts of IFN-y in coccidioidal 

antigen-incubated whole blood than did the non-fatigued subjects. IFN-y did not 

correlate with the FSS score. While exact studies have not been conducted to date, 

similar ones can be discussed. Serum IFN-y levels were significantly higher in patients 

with chronic fatigue than in healthy controls (Rasmussen et al, 1994). Serum levels of 

IFN-y were also significantly increased during the acute phase of infectious 

mononucleosis, a syndrome accompanied by severe fatigue (Linde et al, 1992). 

Conversely, Visser et al (1998) reported that T cells fi^om chronic fatigue syndrome 

patients produced less IFN-y than controls. In this coccidioidomycosis population, the 

IFN-y produced in severely fatigued subjects was higher than that in non-fatigued 

subjects, although not statistically significant. Further research with an increased 

population is needed to determine whether the IFN-y production is the mechanism 

causing the severe fatigue seen in coccidioidomycosis. 

The amount of IFN-y produced by well-nourished subjects (8845.56 + 13,405.18 

pg/mL) appears notably higher than that produced by subjects with nutritional deficit 

(277.66 + 272.47 pg/mL), but these results were not statistically different (p = 0.189). 

Furthermore, a positive correlational relationship was found between IFN-y and BMI. It 

is possible that an increased subject population would allow these analyses to reach 

statistical significance. Similar studies comparing BMI to IFN-y levels have not been 

published. 
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The IL-2 produced by well-nourished subjects (4488.53 + 4639.17 pg/mL) was 

significantly higher than that produced by subjects with nutritional deficit (150.72 + 

167.36 pg/mL) (p = 0.066). These results are in agreement with a study of cancer 

patients (Villa et al, 1991). They reported a significantly lower production of IL-2 by 

PBMC stimulated by influenza viral antigen in vitro fi'om malnourished cancer patients 

when compared to well-nourished cancer patients. Another indicator that nutritional 

status may affect IL-2 production was represented in a report that the PBMC production 

of IL-2 was decreased in healthy subjects who fasted for seven days (Savendahl and 

Underwood, 1997). Nutritional status and intake appear to affect the production of IL-2, 

however, dietary intake was not measured in our study. 

No statistical difference was found in the production of IL-2 between severely 

fatigued and not severely fatigued subjects (p = 0.568). This does not agree with other 

published research. PBMC fi'om chronic fatigue syndrome patients produced 

significantly higher amounts of IL-2 afler in vitro stimulation with influenza viral antigen 

compared to healthy age and gender-matched controls (Rasmussen et al, 1994). It is also 

important to note that fatigue is a side effect of therapeutic recombinant IL-2 

administration in cancer (Olencki et al, 2001) and HIV-infected patients (Kovacs et al, 

1996; Grady et al, 1998). Grady et al found that administration of IL-2 to HIV-infected 

subjects dramatically increased fatigue as measured by the Piper Fatigue Scale (1998). 

The relationship between fatigue in coccidioidomycosis and IL-2 should be further 

investigated. 
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Table 6-1 
Nutritional assessment criteria used to assign nutritional status to coccidioidomycosis 
subjects 

Nutritional Status Subgroups 

Criterion 
Normal 

Nutritional Status 

Mild 
Nutritional 

Deficit 

Moderate 
Nutritional 

Deficit 

Severe 
Nutritional 

Deficit 

% IBW > 90% 80-89% 70-79% < 69% 

% UBW > 95% 85-94% 75-84% < 74% 

BMI 19-25 (19-34 yoa) 
21-27 (>35 yoa) 

17-18.5 16-17 < 16 

Serum Albumin > 3 .5 mg/dl 2.8 - 3.4 mg/dl 2.1 -2.7 mg/dl < 2.0 mg/dl 

Serum 
Prealbumin 

> 15 mg/dl 10-14.9 mg/dl 5-9 mg/dl < 5 mg/dl 

Adapted from Shopbell et al, 2001. 
IBW = ideal body weight 
UBW = usual body weight 
BMI = body mass index 
yoa = years of age 
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Table 6-2 
Demographic and infection characteristics of all coccidioidomycosis subjects 

Coccidioidomycosis Patients 

Age in years (mean + SD) 61.94 + 14.54 

Gender 
Male 89.3% (25) 
Female 10.7% (3) 

Race 
Caucasian 64.3% (18) 
Black 32.1% (9) 
Native American 3.6% (I) 

Smoking Status 
Smoker 14.3% (4) 
Non-Smoker 85.7% (24) 

Type of Infection 
Focal Primary Pulmonary 42.9% (12) 
Bone / Joint 17.9% (5) 
Pulmonary Nodule / Cavity 14.3% (4) 
Cutaneous 14.3% (4) 
Chronic / Diffuse Pneumonia 7.1% (2) 
Meningitis 3.6% (I) 

Dissemination 
Yes 32.1% (9) 
No 67.9% (19) 

Underlying Medical Diagnosis 28.6% (8) 
Diabetes Mellitus 10.7% (3) 
Sarcoidosis 7.1% (2) 
Cancer 3 .6% (1) 
Chronic Obstructive Pulmonary Disease 3.6% (I) 
Coronary Artery Disease 3.6% (1) 
Hyperlipidemia 3 .6% (1) 

Months since Diagnosis 24.32 + 45.33 
(mean ± SD) 

Percentage and N in parentheses 
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Table 6-3 
Comparison of characteristics of subjects with severe fatigue and without severe fatigue 

Severe Fatigue (14) No Severe Fatigue (5) 

Fatigue Severity Scale Score 

Age in years (mean + SD) 

Visceral Proteins 
Serum albumin (mg/dL) 
Serum prealbumin (mg/dL) 

Weight 
% Ideal Body Weight 
% Usual Body Weight 
Body Mass Index 

Gender 
Male 
Female 

Race 
Caucasian 
Black 
Native American 

Smoking Status 
Smoker 
Non-Smoker 

Type of Infection 
Focal Primary Pulmonary 
Cutaneous 
Bone / Joint 
Chronic / Diffuse Pneumonia 
Meningitis 

Dissemination 
Yes 
No 

6.28+0.59 

61.27+ 14.17 

3.52 + 0.54 
23,35 +8,42 

105.57 + 22.09 
95,30 + 7,47 
25,06 + 5,37 

100% (14) 

64.3% (9) 
35.7% (5) 

7,1% (1) 
92.9% (13) 

50% (7) 
21,4% (3) 
14.3% (2) 
7.1% (1) 
7.1%(1) 

42,9% (6) 
57,1% (8) 

33.6 + 60.25 

1.93 + 0,89-

63,24 + 4.60' 

3,40 + 0,61 ' 
19,03 + 11,67' 

151.82 r 73 .96 ' 
94,09 z 13.95 ' 
32,84+ 13.04 ' 

60% (3) 
40% (2) 

40% (2) 
40% (2) 
20% (1) 

100% (5) 

80% (4) 

20% (1) 

100% (5) 

7.52+ 10,34 -Months since Diagnosis 
(mean + SD) 

Percentage and in parentheses;' No significant difference between groups; "p < 0,05, 
Significant difference between groups. 
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Table 6-4 
Comparison of characteristics of subjects with nutritional deficit and well-nourished 
subjects 

Nutritional Deficit (9) Well-nourished (15) 

Age in years (mean + SD) 65.46 + 13.34 (9) 59.64 ± 14.5 (15)' 

Visceral Proteins 
Serum albumin (mg/dL) 3.07 + 0.56(9) 3.89 + 0.28 (9)' 
Senam prealbumin (mg/dL) 16.94 + 7.84 (7) 24.69 + 7.81 (8) 

Weight 
% Ideal Body Weight 107.02 ± 66.41 (9) 133.40 ± 20.84 (15)' 
% Usual Body Weight 84.5 + 10.21 (9) 99,19 + 4.11 (15)-
Body Mass Index 24.30+ 12.30(9) 26.49 + 4.51 (15)' 

Gender 
Male 88.9% (8) 86.7% (13) 
Female 11.1% (1) 13.3% (2) 

Race 
Caucasian 66.7% (6) 66.7% (10) 
Black 22.2% (2) 33.3% (5) 
Native American 11.1 % (1) 

Smoking Status 
Smoker 11.1%(1) 13.3% (2) 
Non-Smoker 88.9% (8) 86.7% (13) 

Type of Infection 
Focal Primary Pulmonary 44.4% (4) 46.7% (7) 
Bone / Joint 22.2% (2) 20% (3) 
Pulmonary Nodule / Cavity 11.1% (1) 13 .3% (2) 
Cutaneous 11.1%(1) 6.7% (1) 
Chronic / Diffuse Pneumonia 11.1%(1) 6.7% (1) 
Meningiti s - 6.7% (1) 

Dissemination 
Yes 22.2% (2) 33.3% (5) 
No 77 8% (7) 66.7% (10) 

Months since Diagnosis 16.29 + 21.11 (9) 34.42 + 58.67(15)' 
(mean + SD) 

Percentage and N in parentheses; No significant difference between groups; • p < 0.05, 
Significant difference between groups; •• p < 0.10, Approaching significant difference 
between groups. 



Table 6-5 
Comparison of leptin values (pg/mL) between all subjects, fatigue groups and nutrition groups 

Sample All Subjects Severe Fatigue '^FaUguod'^ Nutritional Deficit Well-nourished P 

Serum 373i.8 + 3668.6 3861,3 + 3992.9 7150.1 + 6588.8(2) 0.327 2203.4 + 934.7 (7) 5446.1 + 4377.1 (12) 0.029' 

Whole 
blood 
before 5231.9 + 9276.5 2254.2 + 1463.1 (9) 12,227.4 ±15,114.9 4055.8 + 4704.8(5) 6277.1 ± 11,370.1 

antigen 
stimulation 

Whole 
blood after 

. . 4900.6 + 11,471.4 ..n. .  ̂  , .co .wo, 15,433.6 + 21,351.4 8988.5+ 18,370.3 w no,,.: c mcubation ~ 1476.4 + 1159.9(9) - 0.282 - 2661,6 + 3905.5(9) 0,442 

with T27K 
antigen 

(16) v.; 

Mean + SD; N in parentheses 
' Significant difference between nutrition groups 



Table 6-6 
Effect of coccidioidal incubation on cytokine production in all subjects, fatigue groups and nutrition groups 

All subjects Severe Fatigue No Fatigue Ni^ritional j 
Cytokine ^ 1 —— """"shed 

Cont T27K p Cont T27K p Cont T27K p Cont T27K p Cont T27K p 

TNF-a 1323 575,2 .208 1773,3 567,2 ^246 867.1 694,2 ^^3 1749 830.1 ^421 1220 445.1 3^ 

Leptin 3069 5200 .373 2254.2 1487.5 .097' 5867 15433 .328 4056 10684 .390 2789 2673 .854 

Means in pg/mL 
Cont = control whole blood before antigen stimulation 
T27K = whole blood incubated with T27K coccidioidal antigen 
' p < 0.10, Approaching significance 
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Table 6-7 
Correlation coefficients for relationships between leptin and body mass index or fatigue severity scale 

Leptin vs. body mass index Leptin vs. fatigue severity scale 

Sample N Correlation 
coefficients R-squared 

P N Correlation 
coefficients R-squared 

P 

Serum 22 0.622 0.384 0.002 ' 18 -0.280 0.0784 0.261 

Whole blood before antigen 
stimulation 

16 0.387 0.1498 0.139 15 -0.518 0.2683 0.048 ' 

Whole blood after 
incubation with T27K 16 0.847 0.717 <0.0001 ' 14 -0 513 0.2632 0.061 ^ 

antigen 

' p < 0.05; Significant 
* p < 0.10; Approaching significance 

vO K) 



Table 6-8 
Comparison of TNF-a values (pg/mL) between all subjects, fatigue groups and nutrition groups 

Sample All Subjects Severe Fatigue F^aUgucd'^ Nutritional Deficit Well-nourished J* 

„ 1068.1 + 2389.9 1867.25 + 2979,56 ^ 1612.18 + 2732.54 1075.09 + 2609.40 
Scrum 89.77 + 126.95 (2) 0.053' 0.676 

Whole 
blood 
. . 1343.6 + 2045.4 1968.05 + 2363.37 867.10+1717.91 2060.07 + 2099.26 1092.96 + 2122.97 „ 
before "5 J - 0.389 3 5 0.42S 
antigen 
stimulation 

Whole 
blood af^cr aik X7 + 670 17 
incubation oioo' 611.13 + 529.60(8) 694.15 + 865.25(5) 0.832 838.15 + 865.35(6) 489.01+403.47(8) 0.392 

\vithT27K ^ ' 
antigen 

Mean + SD; A' in parentheses 
' Significant diiTercnce between fatigue groups, but inadequate number of subjects 

vO U> 



Table 6-9 
Correlation coefficients for relationships between TNF-a and body mass index or fatigue severity scale 

TNF-a vs. body mass index TNF-a vs, fatigue severity scale 

Sample N  Correlation 
coefficients R-squared 

P N  Correlation 
coefficients R-squared 

P 

Serum 22 0.077 0.0059 0,732 18 0,168 0.0282 0.504 

Whole blood before antigen 
stimulation 

15 0,375 0.141 0 168 14 0.172 0.0296 0,557 

Whole blood af^er 
incubation with T27K 15 0.609 0,371 0 016 ' 13 -0.119 0.0142 0,699 

antigen 

' Significant 
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Table 6-10 
Correlation coefficients for relationships between TNF-a and leptin 

Sample M Correlation n j ^ 
coefficients R-squared 

Serum 23 -0.031 0.00096 0.888 

Whole blood before antigen 15 -0.024 0.00058 0,931 
stimulation 

Whole blood after incubation with 14 0.601 0 361 0 023 ' 
T27K antigen 

Significant 
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Table 6-11 
Cytometric bead array results: Cytokine expression in whole blood samples (n = 14) incubated 
with T27K coccidioidal antigen 

Cytokine Mean + SD (pg/mL) 

Tumor necrosis factor-alpha 1769.69 + 2218.65 

Interferon-gamma 4719.73 +9712.23 

Interleukin-2 2565.11 ± 3757.29 

Interleukin—4 55.10 + 69.90 

Interleukin-5 306.02 + 478.90 

Interleukin-10 60.90 + 16.09 



Table 6-12 
Comparison of cytokine expression (pg/mL) in coccidioidal antigen-incubated whole blood between fatigue groups and 
nutrition groups 

Cytokine Severe Fatigue (6) 
Not Severely 
Fatigued (7) 

P  
Nutritional Deficit 

(5) 
Well-nourished (12) r  

TNF-a 
1709.40 ±2058,03 1295.76 ± 1557.06 0.688 412.62 ±788.53 2747.91 ± 2704,06 0 066 ' 

IFN-Y 
7471.93 ± 15,443.13 2392.90 ±2000.17 0.404 277.66 ± 272.47 8845.56 ± 13,405,18 0,189 

lL-2 
3345.02 ±5670.02 1992.31 ±2124.08 0.568 150.72 ± 167.36 4488.53 ±4639,17 0,066 ' 

lL-4 
47.45 ±65.03 71.61 ±84.21 0.580 28.58 ±46.74 72.70 ± 83.20 0.313 

lL-5 
23l.57±357 19 433.96 ±621.41 0.497 135,04 ± 161.01 406.39 ±638.17 0.380 

lL-10 
26.05 ± 15.10 29.24 ± 19.97 0,755 20.50 ± 16.81 33.00 ± 17,02 0.236 

Mean + SD; N  in parentheses 
' Significant difference between nutrition groups 



Table 6-13 
Correlation coefficients for relationships between cytokines and body mass index or fatigue severity scale score 

Cytokine 

Body Mass Index ( N  ̂  13) Fatigue Severity Scale Score { N =  13) 

Correlation 
coefficient 

R-squared 
Correlation 
coefficient 

R-squared 

TNF-a 0.280 0.0786 0.353 -0 168 0,0283 0,583 

IFN-y 0,622 0.3868 0.023 ' 0.083 0,0069 0.788 

IL-2 0.674 0.4542 0.012 ' -0.114 0,0130 0.711 

lL-4 0.067 0.0045 0.828 -0,487 02376 0.091 ^ 

IL-5 0.153 0 0235 0.617 -0.505 0,2554 0.078 ^ 

IL-IO -0.001 0 0.997 -0,137 0,0187 0.656 

' Significant 
^ Approaching Significance 

vO oo 
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Figure 6-1. Relationship between leptin in control whole blood and whole blood 
incubated with T27K coccidioidal antigen, (a) all subjects (R = 0.869; p < 0.0001); (b) 
eliminating one outlier where leptin > 40,000 pg/mL ^ = 0.897; p < 0.0001); (c) 
eliminating two outliers where leptin > 10,000 pg/mL (R = 0.603; p = 0.029). 
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Figure 6-2. Relationship between leptin and fatigue severity scale score, (a) in control 
whole blood (R = - 0.518; p = 0.048); (b) in whole blood incubated with T27K 
coccidioidal antigen (R = - 0.513; p = 0.061). 
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Figure 6-3. Relationship between leptin and body mass index, (a) in serum samples (R = 
0.622; p = 0.002); (b) in whole blood samples incubated with T27K coccidioidai antigen 
(R = 0.717; p < 0.0001); (c) in whole blood samples incubated with T27K coc-idioidal 
antigen, eliminating one outlier where leptin > 40,000 pg/mL (R = 0.136; p = 0.629). 
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Figure 6-4. Relationship between TNF-a in whole blood incubated with T27K 
coccidioidal antigen and body mass index; (a) in all subjects (R = 0.609; p = 0.016); (b) 
eliminating one outlier where TNF-a was > 2100 pg/mL (R = 0.056; p = 0.849). 
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Figure 6-5. Relationship between body mass index and cytometric bead array 
measurements of BFN-y and IL-2. (a) all subjects (R = 0.622; p = 0.023); (b) one outlier 
eliminated where IFN-y > 35,000 pg/mL (R = 0.340; p = 0.280); (c) all subjects (R = 
0.674; p = 0.012); (d) one outlier eliminated where IL-2 > 14,000 pg/mL (R = 0.436; p = 
0.156). 
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CHAPTER 7 

CONCLUSIONS 

Coccidioidomycosis is a significant infectious disease in the southwestern United 

States. Because of this impact, studying the clinical aspects of the infection is relevant to 

clinicians and patients alike. This research project delved into specific areas of 

coccidioidomycosis that had not been previously studied or documented. First, the 

nutritional changes throughout the course of coccidioidal infection were described 

utilizing longitudinal data from patients. Second, the clinical symptom of 

coccidioidomycosis-related fatigue was quantified in order to document the severity of 

this common complaint. Third, patients demonstrating the symptoms described in the 

two aforementioned studies were examined in order to ascertain potential cytokine-

related mechanisms associated with infection-related weight loss or fatigue. 

There were several compelling findings in this research project. It was 

determined that the level of nutritional deficit is associated with the severity and duration 

of coccidioidomycosis infection. Elevated serology titer and clinical score are found in 

subjects with moderate or severe nutritional deficit. The quantification of fatigue in 

coccidioidomycosis revealed that mean scores of patients are classified as severely 

fatigued compared to other clinical populations studied in the literature. Compared to 

healthy control subjects, patients are significantly more fatigued. This severe fatigue is 

not related to infection duration or severity. A relationship between fatigue severity and 
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weight status indicated that as weight declines, symptoms of fatigue worsen; or vice 

versa. There appears to be a relationship with leptin and fatigue severity in whole blood 

incubated with coccidioidal antigen. As for relationships with body mass index (BMI), 

serum leptin and leptin in whole blood incubated with coccidioidal antigen were 

positively related to BMI. In whole blood incubated with coccidioidal antigen, TNF-a, 

IFN-y and IL-2 levels were positively related to BMI. While these cytokine studies do 

not reveal or prove a direct causal relationship, the data suggest that some degree of 

association does exist. 

Some limitations of this present research are notable. The subject pool of 

coccidioidomycosis patients is small compared to other diseases. Thus, the statistical 

power of the analyses computed for various aspects of this research were less than 

desirable to determine predictors. A more diverse subject population would also be 

beneficial. Collaboration with other clinics may help alleviate these constraints. There 

appeared to be some potential problems with the ELISA assays, which need some 

refinement through validation experiments. Finally, the addition of another subject group 

for the fatigue quantification study would allow for fiarther analyses addressing chronic 

disease. This group would be comprised of age-matched, gender-matched veterans 

receiving care in a general medicine clinic. 

In conclusion, based on these findings, the clinical symptoms of nutritional 

decline and fatigue are indeed severe in certain cases. Although the cytokine analyses 

did not reveal exact mechanistic relationships between cytokines and the clinical 
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symptoms of weight loss and severe fatigue, further investigation is warranted with 

greater subject populations. 
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APPENDIX A 

SUBJECT'S CONSENT FORM AND BUMAN SUBJECTS COMMITTEE 
APPROVAL LETTER FOR PROSPECTIVE COCCIDIODOMYCOSIS 

DATABASE 
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SUBJECT CONSENT FORM 

Title: A Prospective Clinical Study of Coccidioidomycosis 

I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE 
THAT I AM FULLY INFORMED OF THENATURE OF THIS RESEARCH 
STUDY AND OF HOW I WILL PARTICIPATE IN IT. IF I CONSENT TO DO 
SO, SIGNING THE FORM WILL INDICATE THAT I HAVE BEEN SO 
INFORMED AND THAT I GIVE MY CONSENT. FEDERAL REGULATIONS 
REQUIRE WRITTEN INFORMED CONSENT PRIOR TO PARTICIPATION IN 
THIS RESEARCH STUDY SO THAT I CAN KNOW THE NATURE AND THE 
RISKS OF MY PARTICIPATION AND CAN DECIDE TO PARTICIPATE OR 
NOT PARTICIPATE IN A FREE AND INFORMED MANNER. 

Purpose: I am being invited to voluntarily participate in the above titled research project 
being performed under the direction of Neil Ampel, M.D. Coccidioidomycosis is a 
fungal infection which occurs frequently in Arizona. It is commonly called "Valley 
Fever." Valley Fever is caused by inhaling a fungus that lives in the soil of the 
southwestern United States. While most persons with Valley Fever do well, some have 
prolonged illness and still others require life-long therapy. In Arizona alone, costs for 
persons with Valley Fever exceed $25 million each year. The factors associated with 
whether people have prolonged illness or improve quickly with Valley Fever are not 
clearly known. Moreover, it is not clear when it is safe to stop treatment for Valley Fever 
among those who have started. The purpose of this study is to obtain information about 
me and other people in the Valley Fever Clinic of the Southern Arizona VA Healthcare 
System (SAVAHCS) prospectively (i.e. forward in time) to see how I and others with 
Valley Fever do. It will also examine immune function (that is, how the body reacts to 
and fights infection) among people with Valley Fever over time. 

Selection Criteria: I am being invited to participate because I am over the age of 18, 
have coccidioidomycosis (Valley Fever) and receive my care at the SAVAHCS. A total 
of 200 subjects will be enrolled in this study. 

Standard Treatment: Whether or not I participate in this study, I will receive standard 
treatment for my Valley Fever infection. I do not have to be in this study. If I choose not 
to be in this study, I will continue to receive standard therapy. Standard therapy for 
Valley Fever may involve a variety of antifijngal drugs. My doctor will discuss with me 
which therapy is most appropriate for me. This therapy is not related to my participation 
in this study. 

Procedures: If I choose to participate, I agree to the following procedures. I will have 
my Valley Fever clinically assessed, based on standard examination, chest x-ray and 
laboratory studies followed over time for as long as I attend the clinic. My follow-up will 
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occur whenever I am scheduled for a clinic visit and no extra clinic visits will occur as 
part of the study. If I am scheduled for a clinical blood draw I will have an additional 15 
cc (about 1 tablespoon) of blood drawn to evaluate immune function. 1 may be asked for 
these additional blood draws no more than 3-4 times per year. I will also be asked to 
provide a urine sample at the time of entry into the study. This sample will be used in the 
future to determine if a test of the urine can be used to diagnose Valley Fever. 

Risks: The major risk of drawing blood is developing a bruise at the site of the drawing. 
This occurs in 5-10% of all cases. Occasionally (about 1% of the time), persons may feel 
faint after having blood drawn. Rarely (less than 1% of the time) infection at the site of 
blood draw occurs. 

I am to contact study personnel immediately if I have any problem related to this study. 
If it is a weekday between 9AM and 5PM, I should call 520-792-1450 and ask for Dr. 
Neil Ampel or his nurse Lisa Graham. If it is any other time, I can call 520-792-1450 and 
ask for the Infectious Diseases consultant on call or go to the Life Support Unite (LSU) at 
the SAVAHCS. 

Benefits: I will derive no direct benefit from the study. Analysis of the long-term course 
of Valley Fever may help decide how to manage people with this disease in the future. 

Confidentiality: Records from this study which would identify me will be kept 
confidential. My name will not appear in any publication or presentation of data. My 
medical records will be available to Dr. Neil Ampel and his clinic personnel. They will 
strictly follow the SAVAHCS confidentiality guidelines. 

Participation Costs and Subject Compensation: There are no costs to participate in 
this study and I will not be compensated for my participation. I am free to withdraw from 
the study at any time. Participation is voluntary and refusal to participate involves no 
penalty. Refusal to participate or discontinuation in the study in no way jeopardizes my 
ability to receive treatment now or in the future from Dr. Neil Ampel or the SAVAHCS. 

Liability: Side effects or harm are possible in any research program despite the use of 
high standards of care and could occur through no fault of mine or the investigator 
involved. Known risks have been described in this consent form. However, 
unforeseeable harm also may occur and require care. I do not give up any of my legal 
rights by signing this form. In the even that I require or am billed for medical care that I 
feel has been caused by the research, I should contact Dr. Neil Ampel at 520-792-1450 
extension 6186. If I have questions concerning my rights as a research subject, I may call 
the Human Subjects Committee at 520-626-6721. 
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Authorization: BEFORE GIVING MY CONSENT BY SIGNING THIS FORM, THE 
METHODS, INCONVENIENCES, RISKS AND BENEFITS HAVE BEEN 
EXPLAINED TO ME AND MY QUESTIONS HAVE BEEN ANSWERED. I MAY 
ASK QUESTIONS AT ANY TIME AND I AM FREE TO WITHDRAW FROM THE 
PROJECT AT ANY TIME WITHOUT CAUSING BAD FEELINGS OR AFFECTING 
MY MEDICAL CARE. MY PARTICIPATION IN THIS PROJECT MAY BE ENDED 
BY THE INVESTIGATOR OR BY THE SPONSOR FOR REASONS THAT WOULD 
BE EXPLAINED. NEW INFORMATION DEVELOPED DURING THE COURSE OF 
THIS STUDY WHICH MAY AFFECT MY WILLINGNESS TO CONTINUE IN THIS 
RESEARCH PROJECT WILL BE GIVEN TO ME AS IT BECOMES AVAILABLE. 
THIS CONSENT FORM WILL BE FILED IN AN AREA DESIGNATED BY THE 
HUMAN SUBJECTS COMMITTEE WITH ACCESS RESTRICTED TO THE 
PRINCIPAL INVESTIGATOR, NEIL M. AMPEL, M.D., OR AUTHORIZED 
REPRESENTATIVE OF THE DEPARTMENT OF MEDICINE, SECTION OF 
INFECTIOUS DISEASES. I DO NOT GIVE UP ANY OF MY LEGAL RIGHTS BY 
SIGNING THIS FORM. A COPY OF THIS SIGNED CONSENT FORM WILL BE 
GIVEN TO ME. 

Subject Signature Date 

INVESTIGATOR'S AFFIDAVIT 
I have carefully explained to the subject the nature of the above project. 1 hereby certify 
that, to the best of my icnowledge, the person who is signing this consent form 
understands clearly the nature, demands, benefits and risks involved in his participation. 
A medical problem or language or education barrier has not precluded this understanding. 

Principal Investigator Date 
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THEUNWWSIIYCjr 

s'jfcjctJj PrMccfinn Proŝ iam ARIZONA. 1350 N. Vine Avenue 
PO. Box 143137 
r!!£Son.AZ8572«U7 
•320)«fr671l 

TUCSON ARBONA 

20 July 2001 

Neil Ainpei. M,D. 
Medical Services 
Section of Infections Disease (.1-111INB 
VA Medical Center 

RE: HSC A99M A PROSPECTIVE CLINICAL STUDY OF COCClDiOIDONfYCOSIS 

Dear Dr. Arapel; 

Wc received your 9 July 2001 letter and revised consent form for the above referenced project. 
Protocol change invQlves collcction of an additional 15 cc of blood during clinical bloixl draws to 
evaluate inunune function (no more than 3-4 times-year, revised consent form reflects change). 
Approval for tliis change is granted effective 20 July 2001. 

The Human Subjects Committee {Institutional Re\iew Board) of the University' of .Arizona iias a 
ciirrem assurance of compliance, niunber M-123which is oii file with the Department of Health 
and Human Services and covers this activity. 

Approval is granted with the understanding that no further changes or additions will be made either 
to the procedures rbllowed or to the consent form(s) used Tcopics of which we have on tile) without 
the knowledge and approval of the Human Subjects Coinmiitee and your College or Departmental 
Review Committee. .Any research related physical or psychological harm to any subject must also 
be repotted to each committee. 

A university policy requires thai all signed subjcci conscnt foims be kept in a permanent file in an 
area designated forthat purpose by the Department Head or comparable authority. Priis will assure 
their accessibility in the event tliat university otlicials require the information and the principal 
investigator is unavailable for some reason. 

Sincerely. 

David G. Johnsor^ M.D. 
Chairman 
Human Subjects Committee 

DGl'js 

cc; Depanmentai/College Review Comtnittcc 
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APPENDIX B 

SUBJECT'S CONSENT FORM AND HUMAN SUBJECTS COMMITTEE 
APPROVAL LETTER FOR FATIGUE QUANTIFICATION STUDY 
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SUBJECT CONSENT FORM 

Title: Quantification of fatigue severity in patients with Coccidioidomycosis infection 

I AM BEING ASKED TO READ THE FOLLOWING MATEIUAL TO ENSURE 
THAT I AM FULLY INFORMED OF THENATURE OF THIS RESEARCH 
STUDY AND OF HOW I WILL PARTICIPATE IN IT. IF I CONSENT TO DO 
SO, SIGNING THE FORM WILL INDICATE THAT I HAVE BEEN SO 
INFORMED AND THAT I GIVE MY CONSENT. FEDERAL REGULATIONS 
REQUIRE WRITTEN INFORMED CONSENT PRIOR TO PARTICIPATION IN 
THIS RESEARCH STUDY SO THAT I CAN KNOW THE NATURE AND THE 
RISKS OF MY PARTICIPATION AND CAN DECIDE TO PARTICIPATE OR 
NOT PARTICIPATE IN A FREE AND INFORMED MANNER. 

PURPOSE 
I am being invited to participate in the above titled research project. The purpose of this 
study is to measure the severity of fatigue experienced by patients with 
coccidioidomycosis (Valley Fever) infection. 

BACKGROUND: 
Fatigue occurs in the majority of patients who have Valley Fever. To date, this fatigue 
has not been well described or defined. This study will attempt to define and measure the 
severity of fatigue in patients with Valley Fever. This will provide some background 
information that can be used in fiiture studies investigating the mechanisms behind this 
fatigue. 

SELECTION CRITERIA: 
I am being invited to participate in this study because I have been diagnosed with 
coccidioidomycosis (Valley Fever). This study is being conducted at the Southern 
Arizona Veterans Affairs Heahh Care System in conjunction with the Department of 
Nutritional Sciences at the University of Arizona. Hospitalization is not required for my 
participation. It is expected that 100 subjects with Valley Fever will participate in this 
study. I may not participate in this study if I am unable to speak and understand English. 

PROCEDURE 
I will be asked a series of nine questions about the severity of my fatigue. I will choose a 
number from I to 7 that best describes my level of agreement with each statement, where 
1 indicates "strongly disagree" and 7 indicates "strongly agree." The interview questions 
will take approximately 10 minutes to complete. 

RISKS: 
I understand that there are no known risks to this study. 
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BENEFITS; 
I understand that I will gain no significant benefits fi^om participation in this study. 

CONFIDENTIALITY. 
Medical information about me will be strictly confidential. Only Dr. Neil Ampel and 
Jennifer Bowers will have access to any information linked to my name. An 
identification number will be used instead of my name on any databases involved with 
this study. All documents related to this study will be stored in a locked office in the 
Department of Nutritional Sciences at the University of Arizona. 

PARTICIPATION COSTS AND SUBJECT COMPENSATION: 
I will assume no costs for this study. I understand that the interview will take 
approximately 10 minutes. 

CONTACTS: 
I can obtain further information fi-om Jennifer Bowers at (520) 626-3504. If I have 
questions concerning my rights as a research subject, I may call the Human Subjects 
Committee office at (520) 626-6721. 

LIABILITY: 
I understand that adverse reactions are possible in any research program despite the use 
of high standards of care and could occur through no fault of mine or the investigator 
involved. Reactions which have been foreseen have been described to me in this consent 
form. However, unforeseeable harm may occur and require care. I understand that I do 
not give up any of my rights by signing this form. I can obtain fiirther information fi^om 
my primary care physician. Dr. Neil Ampel, at (520) 792-1450, extension 6186, or fi-om 
Jennifer Bowers at (520) 626-3504. If I have any questions regarding my rights as a 
research subject, I may call the Internal Review Board at the University of Arizona at 
(520) 626-6721. 

AUTHORIZATION: 
BEFORE GIVING CONSENT BY SIGNING THIS FORM, THE METHODS, 
INCONVENIENCES, RISKS AND BENEFITS HAVE BEEN EXPLAINED TO ME 
AND MY QUESTIONS HAVE BEEN ANSWERED. I UNDERSTAND THAT I MAY 
ASK QUESTIONS AT ANY TIME AND THAT I MAY WITHDRAW FROM THIS 
PROJECT WITHOUT CAUSING BAD FEELINGS OR AFFECTING MY MEDICAL 
CARE. MY PARTICIPATION IN THE PROJECT COULD BE ENDED BY THE 
INVESTIGATOR FOR REASONS THAT WOULD BE EXPLAINED. NEW 
INFORMATION DEVELOPED DURING THE COURSE OF THIS STUDY THAT 
MAY AFFECT MY WILLINGNESS TO PARTICIPATE IN THIS STUDY WILL BE 
GIVEN TO ME AS IT BECOMES AVAILABLE. 
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I UNDERSTAND THAT THIS CONSENT WILL BE FILED IN A LOCKED AREA, 
DESIGNATED BY THE HLOVIAN SUBJECTS COMMITTEE WITH RESTRICTED 
ACCESS TO DR. NEIL AMPEL AND JENNIFER BOWERS AT THE DEPARTMENT 
OF NUTRITIONAL SCIENCES AT THE UNIVERSITY OF ARIZONA, AND 
NECESSARY PROFESSIONAL PERSONNEL. I UNDERSTAND THAT I DO NOT 
GIVE UP MY RIGHTS BY SIGNING THIS FORM. A COPY OF THIS SIGNED 
FORM WILL BE GIVEN TO ME. 

Subject Name (please print) Date 

Subject Signature Date 

INVESTIGATOR'S AFFIDAVIT 
I have carefully explained to the subject the nature of the above project. I hereby certify 
that, to the best of my knowledge, the person who is signing this consent form 
understands clearly the nature, demands, benefits and risks involved in his participation. 
A medical problem or language or education barrier has not precluded this understanding. 

Investigator Date 
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inun 5ttt>;tcfs PtoMctt-r-n FrograiK 

4 SeplcmbcT 2001 
ARIZONA. i i W N  V a i c A v e s a e  

f.O Boii«u>7 
Tucwn. AZtf57:4-5U7 
!5i0'. 

TUCSON AMZOMA 

Nci! Anipel, M.D. 
Medical Services 
BI(lg2,R(X)m415 
VA Medical Center 

RE: liSC A01.138 QIJANTIFICATION OF FATIGUE SFA'ERTTY IN PATIENTS WITH 
cocciDiorooK'n'Cosis INFECTIOK 

Dear Dr. Ampel: 

Wc received your above cited research proposal. The procedures to be followed in this study po$e 
<10 R10R5 than rntnimal nsk lo participnung subjects. Regulations issued by the U.S. Department of 
Heiilth and Human Ser%'ices (45 CFR Part 46.110(b)J authonze approval of this t>pe projccithrough 
the expedited review procedures, with the condition(,s) that subjects' anonymiiy be maintained. 
Although foil Commitrcc review is not required, a brief summary of the ptojec! proceduiKs is 
subtnitted lo the Commulec fe their endorsement und/or comment, il" any, after administreuve 
approval is granted. This prorject is apiiroved etfective 4 Scptemlier 2001 for a period of one year. 

The Human Subjects Committee (Institutional Review Board; of the University of .Anzona has a 
current assurance of compliance, number M-123?, which is on file witit the Department of Health 
and Human Services and covcrs this activity. 

Approval is grjiiiicd with the understanding ihat no further changes or additions will be made cither 
to the procedures followed or to the conscnt foi-m(s) used (copies of which wc have on file) without 
the knowiedge and approval of the Hiinm Subjects Cimunitlee and your Cijllegc orDcprtincntal 
Review Cotnmiltee. Any research related physical or psychological harm to aiiy subject must also 
be reported to each committcc. 

A university policy requires that all signed subjcct conscnt forms be kept in a permanent lllc in an 
area designated for that purpose by the Department Head or comparable authority. This will assure 
tlicir accessibility in the event that university officials recjuire the information and ihe principal 
investigator i.s unavailable fcr some reu-son. 

Sincorslv vours. 

Human Subjects Committee 

David G. John.son/M.D. 

DGJ:rs 

cc: Departmental/Coliege Review Committcc 
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APPENDIX C 

SUBJECT'S CONSENT FORM AND HUMAN SUBJECTS COMMITTEE 
APPROVAL LETTER FOR CYTOKINE AND LEPTIN ANALYSES 
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SUBJECT CONSENT FORM 

Title: Cytokine Expression in Coccidioidomycosis Patients with Severe Fatigue 

I AM BEING ASKED TO READ THE FOLLOWING MATERL\L TO ENSURE 
THAT I AM FULLY INFORMED OF THENATURE OF THIS RESEARCH 
STUDY AND OF HOW I WILL PARTICIPATE IN IT. IF I CONSENT TO DO 
SO, SIGNING THE FORM WILL INDICATE THAT I HAVE BEEN SO 
INFORMED AND THAT I GIVE MY CONSENT. FEDERAL REGULATIONS 
REQUIRE WRITTEN INFORMED CONSENT PRIOR TO PARTICIPATION IN 
THIS RESEARCH STUDY SO THAT I CAN KNOW THE NATURE AND THE 
RISKS OF MY PARTICIPATION AND CAN DECIDE TO PARTICIPATE OR 
NOT PARTICIPATE IN A FREE AND INFORMED MANNER. 

PURPOSE: 
I am being invited to participate in the above titled research project. The purpose of this 
study is to determine the relationship of cytokine expression in patients who have severe 
fatigue associated with Valley Fever. 

BACKGROUND: 
Fatigue occurs in the majority of patients who have Valley Fever. This study will attempt 
to investigate the mechanism causing fatigue in patients with Valley Fever. 

SELECTION CRITERIA: 
I am being invited to participate in this study because I have been diagnosed with 
coccidioidomycosis (Valley Fever) and I have severe fatigue as evidenced by my score 
on the Fatigue Severity Scale. This study is being conducted at the Southern Arizona 
Veterans Affairs Health Care System (SAVAHCS) in conjunction with the Department 
of Nutritional Sciences at the University of Arizona. Hospitalization is not required for 
my participation. It is expected that 50 subjects with Valley Fever will participate in this 
study. I may not participate in this study if I am unable to speak and understand English. 

PROCEDURE: 
I will be asked provide a blood sample to be analyzed. A trained Registered Nurse or 
phlebotomist will draw 30ml (about 1 teaspoon) of my blood from my arm. The blood 
will be analyzed to determine the amounts of different molecules (cytokines) in it. The 
cytokines that will be measured include: Tumor necrosis factor-alpha, interferon-gamma, 
interleukin-2, interleukin-4, interleukin-10 and leptin. These experiments will be 
conducted in Dr. Ampel's laboratory at the SAVAHCS. 

RISKS: 
I understand that there are minimal risks of blood draw, such as bruising. 
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BENEFITS. 
I understand that I will gain no significant benefits from participation in this study. 

CONFIDENTIALITY: 
Medical information about me will be strictly confidential. Only Dr. Neil Ampel and 
Jennifer Bowers will have access to any information linked to my name. An 
identification number will be used instead of my name on any databases involved with 
this study. All documents related to this study will be stored in a locked office in the 
Department of Nutritional Sciences at the University of Arizona. 

PARTICIPATION COSTS AND SUBJECT COMPENSATION: 
I will assume no costs for this study. I understand that the blood draw should take only 
5-10 minutes. 

CONTACTS: 
I can obtain ftirther information from Jennifer Bowers at (520) 626-3504. If I have 
questions concerning my rights as a research subject, I may call the Human Subjects 
Committee office at (520) 626-6721. 

LIABILITY: 
I understand that adverse reactions are possible in any research program despite the use 
of high standards of care and could occur through no fault of mine or the investigator 
involved. Reactions which have been foreseen have been described to me in this consent 
form. However, unforeseeable harm may occur and require care. I understand that I do 
not give up any of my rights by signing this form. I can obtain fiirther information from 
my primary care physician. Dr. Neil Ampel, at (520) 792-1450, extension 6186, or from 
Jennifer Bowers at (520) 626-3504. If I have any questions regarding my rights as a 
research subject, I may call the Internal Review Board at the University of Arizona at 
(520) 626-6721. 

AUTHORIZATION: 
BEFORE GIVING CONSENT BY SIGNING THIS FORM, THE METHODS, 
INCONVENIENCES, RISKS AND BENEFITS HAVE BEEN EXPLAINED TO ME 
AND MY QUESTIONS HAVE BEEN ANSWERED. I UNDERSTAND THAT I MAY 
ASK QUESTIONS AT ANY TIME AND THAT I MAY WITHDRAW FROM THIS 
PROJECT WITHOUT CAUSING BAD FEELINGS OR AFFECTING MY MEDICAL 
CARE. MY PARTICIPATION IN THE PROJECT COULD BE ENDED BY THE 
INVESTIGATOR FOR REASONS THAT WOULD BE EXPLAINED NEW 
INFORMATION DEVELOPED DURING THE COURSE OF THIS STUDY THAT 
MAY AFFECT MY WILLINGNESS TO PARTICIPATE IN THIS STUDY WILL BE 
GIVEN TO ME AS IT BECOMES AVAILABLE. 
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I UNDERSTAND THAT THIS CONSENT WILL BE FILED IN A LOCKED AREA, 
DESIGNATED BY THE HUMAN SUBJECTS COMMITTEE WITH RESTRICTED 
ACCESS TO DR. NEIL AMPEL AND JENNIFER BOWERS AT THE DEPARTMENT 
OF NUTRITIONAL SCIENCES AT THE UNIVERSITY OF ARIZONA, AND 
NECESSARY PROFESSIONAL PERSONNEL. I UNDERSTAND THAT I DO NOT 
GIVE UP MY RIGHTS BY SIGNING THIS FORM. A COPY OF THIS SIGNED 
FORM WILL BE GIVEN TO ME. 

Subject Name (please print) Date 

Subject Signature Date 

INVESTIGATOR'S AFFIDAVIT 
I have carefully explained to the subject the nature of the above project. I hereby certify 
that, to the best of my knowledge, the person who is signing this consent form 
understands clearly the nature, demands, benefits and risks involved in his participation. 
A medical problem or language or education barrier has not precluded this understanding. 

Investigator Date 
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Nci) Anipel, MD. 
Jennifer Bowers, PhJD. Candidate 
Medical Services 
Bldg 2,4th Floor 
VA Mcdical Center 

RE: HSC A01J52 CYTOKINE EXPRESSION IN COCCIDIOIDOMYCOSIS PATIENTS 
WITH SEVERE FAHGUE 

Dear Dr. Ampel and Ms. Bowers: 

We received your revised consent form for the above cited research proposal. The procedures lo be 

foilowed in this study pase no more than minimal risk to participating .$ub]cci.s. Regulations issued 
by the {.LS. Depattineiaor Health and Human Services [45 CFR Part 46.110(b)] authOTze approval 
of thjs t>"pe project through the expedited review procedures, with the conditionCsi thai subjects' 
anonyTnity be maintained. Althouj^ full Conintiticc review is not re:quircd, a bncf summary of the 

projcct procedures is submitted lo the Committee for their endorsemerit and/or comment, if any, after 
administrative approval i.s granted. Thi.s projcct is appre)ved cffccti ve I October 2001 for :i pcnod 
of one ye;tr. 

rise Human Subjects Comrnittce (Insututional Review Board) of the Universiiy of Anzona has a 
current assurance of compliance, number M-123.3, which is on file with the Depannicnl of Health 
:iml Human .Sci viccs and ctivcrs ihis xtivity. 

Approval is granted with the understanding that co furUier chatiges or additions, wi II be ir^de cither 
to tlie prcx;<:diires followed or to the consent torm(s) used (copies of which we have on file) without 
the knowledge and approval of the Human Subjects Conirnittee and your College or Departmental 
Review Committee. Any reswirch related physical or pswhological harm to uny subject must also 
be reported to each conuiiitfee. 

A university policy rcqutrcs that all signcil subjcn conscn'. f!.mns Ixr kepi in a (wriniiiieni file in an 
area desipatcd for that purpose by the Depanrcent Head or comparable authority. Ihis wiil assure 
their accessibility in tlic event that university officials require ihc information and the principal 
investigator i.? unavailable for some reason. 

SiiTcercly yours. 

David G. JohnsonJJClD. 
Chainnan, Human Subjects Commiitee 

DGJ:r» 
cc: Departnicntaf/Coltege Review Coinmitiec 
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APPENDIX D 

DETERMINATION OF CLINICAL COCCIDIOIDOMYCOSIS SCORE 
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Calculation of Clinical Coccidioidomycosis Score 

Add together factors for each of the following. 

1. Active Infection Sites 
2 points for each active site at baseline 
I point if > 50% improvement at follow-up visit 
3 points if worse at follow-up visit 

2. Symptoms 
1 point for each symptom 

3. Serology Titer 
0 points for titer of 1-2 
1 point for titer of 4-8 
2 points for titer of 16-32 
3 points for titer > 64 

4. Culture results 
1 point if positive 
0 points if negative 
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FATIGUE SEVERITY SCALE 
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Data Collection Form 

Subject ID Number: Today's Cocci Score; Date: 

Date of Cocci Dx: Type of Cocci: DOB:_ 

Today's Weight: UBW: Height: 

FATIGUE SEVERITY SCALE 

Statement 

Subject's Ranked Respome 

Statement 
"Strongly 
Disagree" 

"Moderately 
Disagree" 

"Disagree 
a LitUe" 

"Neither 
Agree or 

Disagree" 

"Agree 
a 

Little" 

"Moderately 
Agree" 

"Strongly 
Agree" 

My motivation 
is lower when I 
am fatigued. 

1 2 3 4 5 6 7 

Exercise brings 
on mv fatigue. 1 2 3 4 5 6 7 

I am easily 
fatigued. 1 2 3 4 5 6 7 

Fatigue 
interferes with 
my physical 
fimctioning. 

1 2 3 4 5 6 7 

Fatigue causes 
frequent 

problems for 
me. 

I 2 3 4 5 6 7 

My fatigue 
prevents 
sustained 
physical 

functioning. 

1 2 3 4 5 6 7 

Fatigue 
interferes with 
carrying out 
certain duties 

and 
responsibilities. 

I 2 3 4 5 6 7 

Fatigue is 
among my three 
most disabling 

symptoms. 

1 2 3 4 5 6 7 

Fatigue 
interferes with 

my work, 
family, or 
social life. 

I 2 3 4 5 6 7 

Total = Mean = 
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APPENDIX F 

STANDARD CURVES FOR LEPTIN 
ENZYME LINKED IMMUNOSORBANT ASSAYS 



Log Optical Deiisti>- Log Optica! Densit)' 

Log Optical Dcnsit)- Log Optical Density 

LZl 
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APPENDIX G 

STANDARD CURVES FOR TUMOR NECROSIS FACTOR-ALPHA 
ENZYME LINKED IMMUNOSORBANT ASSAYS 



Log Optical Demit}-Log Optical Densit)' 

Log Optical Density Log Optical Dcmii) 

633 
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