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Clinical and Economic Burden of Valley Fever in Arizona:
An Incidence-Based Cost-of-Illness Analysis

Amy J. Grizzle,"” Leslie Wilson,2 David E. Nix,** and John N. Galgiani**®

'Center for Health Outcomes & PharmacoEconomic Research, University of Arizona College of Pharmacy, Tucson, Arizona, USA, “Department of Clinical Pharmacy, University of California, San
Francisco, California, USA, *Department of Pharmacy Practice and Science, University of Arizona College of Pharmacy, Tucson, Arizona, USA, “Department of Medicine, University of Arizona
College of Medicine-Tucson, Tucson, Arizona, USA, %Valley Fever Center for Excellence, University of Arizona College of Medicine-Tucson, Tucson, Arizona, USA, SDepartment of Medicine,
University of Arizona College of Medicine-Phoenix, Phoenix, Arizona, USA

Background. Coccidioidomycosis, ie, Valley fever, is an important fungal infection in the Southwest, with half to two thirds of
all cases occurring in Arizona. This endemic respiratory disease can range from primary uncomplicated pneumonia to disseminated
infection such as meningitis with chronic pulmonary complications. Valley fever diagnoses have risen over recent years and cause
substantial morbidity and economic burden in Arizona.

Methods. 'We estimated the lifetime cost-of-illness associated with all cases of Valley fever diagnosed in 2019 in Arizona. Natural
history of the disease was determined from literature and expert opinion and assigned costs from national data sources to determine
lifetime direct and indirect costs (work loss).

Results.  Total lifetime costs of $736 million were estimated for the 10 359 cases of Valley fever diagnosed in Arizona in 2019.
Direct costs of $671 million accounted for over 90% of expenditures, with $65 million in indirect costs. Disseminated infection pro-
duces the highest economic burden at $1.26 million direct and $137 400 indirect costs per person. The lowest Valley fever lifetime
costs were for cases of primary uncomplicated pneumonia with $23 200 in direct costs and $1300 in lost wages. The average lifetime
direct costs across all Valley fever manifestations are $64 800 per person diagnosed in Arizona in 2019 and $6300 for indirect costs.

Conclusions.
porting research into developing more rapid diagnostic tests, better therapies, and ultimately a preventative vaccine to address this

Valley fever is responsible for substantial economic burden in Arizona. Our estimates underscore the value of sup-

important public health problem in Arizona.
Keywords:

Arizona; coccidioidomycosis; cost-of-illness; economic analysis; Valley fever.

Coccidioidomycosis (also known as Valley fever) is an incur-
able infection caused by the fungi, Coccidioides immitis and
Coccidioides posadasii, which are endemic to regions in the
Southwestern United States and parts of Mexico and the rest
of the Western Hemisphere [1, 2]. Arizona has more cases
than any other state, with half to two thirds of all US diag-
nosed cases [3]. Valley fever manifests as respiratory illness [4,
19] and causes 15%-30% of community-acquired pneumonias
in Arizona [6, 7]. Clinical presentation varies widely, with ap-
proximately 60% of cases being asymptomatic, and, therefore,
typically not diagnosed [8]. When illness does occur, it is most
frequently that of a community-acquired pneumonia that lasts
weeks or months. Costs of diagnosis and initial treatment can
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be substantial, with costs rapidly increasing for more severe
infections requiring lifetime antifungal treatment and recur-
rent hospitalization. Occasionally, the pulmonary infection
becomes chronic or the fungus spreads to other parts of the
body, most typically to the skin, bones, and brain (ie, dissem-
inated infection), leading to significant morbidity and ec-
onomic burden. As cases of Valley fever increased in recent
years, from 5624 cases diagnosed in 2014 (84.4/100 000) to
10 359 cases in 2019 (144.1/100 000), so also has morbidity,
mortality, and costs [9].

Although Valley fever is very common within its endemic re-
gions, these are relatively small geographic areas, and nationally
it is considered an uncommon problem. There has been little
commercial incentive to develop new more sensitive and rapid
diagnostic tests [10], curative therapies [4], or preventative vac-
cines [11]. Even within the endemic regions, standard medical
practice results in surprisingly frequent delays in diagnosis,
which also contributes to the impact of the disease [12, 13, 14].

The purpose of this analysis is to estimate lifetime costs
(direct and indirect) associated with new (incident) cases of
Valley fever in Arizona in the year 2019. Understanding the
economic burden that Valley fever places on Arizona will help
illuminate the need to direct more resources to solving this

Cost of Valley fever in Arizona « OFID « 1
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costly problem, through efforts such as prevention, accurate
diagnosis, access to care, and vaccine and antifungal drug
development.

METHODS

An incidence-based lifetime cost model was developed for
Arizona patients newly diagnosed in 2019. We used a societal
approach, including both direct and indirect costs. The direct
costs of Valley fever include those that the healthcare system
is expected to incur over a patient’s lifetime for the diagnosis,
treatment, and follow up of the disease. Indirect costs of Valley
fever represent those associated with work loss (absenteeism)
and lost earnings due to premature mortality.

We adopted most of the disease frequency distribution and
resource use outlined in a recent lifetime cost analysis for Valley
fever in California [15]. Using natural history of the disease
along with treatment guidelines and expert opinion, Wilson
etal [15] estimated costs for 5 manifestations of Valley fever: (1)
primary uncomplicated pneumonia, (2) chronic pneumonia,
(3) disseminated infection, (4) other pulmonary changes such
as pulmonary nodules, and (5) other pulmonary changes such
as pulmonary cavities. The California analysis based several
model inputs on estimates obtained from a 5-member expert
panel. For each of the 5 disease manifestations, the panel con-
firmed and/or modified published estimates of resource uti-
lization regarding prediagnosis, diagnosis, and medication
treatment. They also provided expert opinion for nonpublished
resource use such as follow-up testing, x-rays, hospitalizations,
and home care/nursing home care.

Several California estimates were adjusted to reflect treat-
ment patterns in Arizona; most prominently to reflect higher
incidence rates in Arizona. In addition, the California analysis
used a 7-day treatment with levofloxacin for primary uncompli-
cated pneumonia. In Arizona, the current standard is 5 days for
nonsevere community-acquired pneumonia caused by typical
pathogens. Mortality rates were also adjusted to better reflect
age at diagnosis and natural history of Valley fever in Arizona.

Study Population

A total of 10 359 new Valley fever cases were recorded in
Arizona in 2019 [9], with an overall rate of 144.1/100 000 pop-
ulation. The highest rates were in those 55 years and older. The
mean age at diagnosis was 50 years and females comprised ap-
proximately 55% of cases. The majority (85%) of reported cases
are assumed to include primary uncomplicated pneumonia [7,
15]. Chronic pneumonia is estimated to occur in 2.5%, and
2.5% developed disseminated infection with or without pulmo-
nary complications. The remaining 10% of Valley fever patients
experience “other pulmonary changes” Of these, 70% involve
pulmonary nodules and 30% pulmonary cavities without

associated symptoms. Most deaths occur in the disseminated
infection group; therefore, normal life expectancy is anticipated
for all other patients.

Time Horizon

A 40-year lifetime model was estimated using normal life ex-
pectancy for a 50 year-old (mean of 83 years) and included
annual mortality probabilities out to age 90 from the Social
Security Administration’s 2017 Actuarial Life Table [16].

Costs

All costs were measured in 2019 dollars, and a 3% discount rate
was applied to future costs to reflect present values. Inflation
adjustments for selected costs from Wilson et al [15] were
made using the percentage change in US healthcare costs from
2017 to 2019 as measured by the Medical Care and Physician
Services components of the Consumer Price Index for All
Urban Consumers, Bureau of Labor Statistics [17].

Direct costs of healthcare resource use were obtained from
Wilson et al [15] and included physician visits, diagnostic pro-
cedures such as chest x-rays, antifungal medications, hospital-
ization, home care, and skilled nursing facility (Table 1). The
Centers for Medicare and Medicaid Services CPT (Current
Procedural Terminology) codes were used to estimate costs for
diagnosis, office visits, and procedures [15]. Medication costs
were estimated using 2019 average wholesale price (AWP)
minus 17% using Red Book Online [18]. Hospitalization costs
were estimated using International Classification of Diseases,
Tenth Revision codes via the Healthcare Cost and Utilization
Project (HCUP) [15]. United States Bureau of Labor and
Statistics data were used for home care costs [15], and nursing
home costs were estimated from the US Department of Health
and Human Services [15].

Indirect costs were calculated using expert panel esti-
mates [15] of the short-term work loss associated with each
of the 5 disease manifestations. Mortality rates associated
with Valley fever were used to estimate lost earnings due to
premature death. The mean employee compensation in 2018
for a 50-year-old (the average age at diagnosis in 2019) was
$87 179 (Bureau of Economic Analysis, 2018). Bureau of
Labor Statistics data (2018) [19] were used to estimate the per-
centage of population employed by age group. Annual wages
were adjusted for employment-to-population ratios and ac-
counted for age-related growth, economy-wide growth, and
age-related changes in labor force participation (ie, numbers
of individuals employed decreased with aging, going to zero
after age 69) [20].

Lifetime costs were the sum of per-person direct and indirect
costs for each of the 5 disease manifestation categories. These
costs were then multiplied by the number of patients experien-
cing each of the 5 disease manifestations.
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Table 1.

Direct Lifetime Costs per Person Diagnosed in 2019 in Arizona by Valley Fever Disease Manifestation

Disease and Cost Type Iltem

Healthcare Utilization

Average per Person Lifetime Cost

Primary Uncomplicated Pneumonia
Pre-Valley Fever Diagnosis
Physician visit

ER visit
Medication Azithromycin/levofloxacin
Diagnosis Immunodiffusion and titer
Chest x-ray
Chest CT

Others, HIV testing
Post-Valley fever diagnosis
Hospitalization Requiring hospitalization
1 lifetime hospitalization
2 lifetime hospitalizations

>2 lifetime hospitalizations

Medication Fluconazole (400 mg/day)
Itraconazole (200 mg twice/day)
Liposomal amphotericin B (56 mg/kg per day)
Voriconazole (200 mg twice/day)

Follow-up Immunodiffusion and titer

Chest x-ray
Home care/nursing home
Total
Chronic Pneumonia
Pre-Valley fever diagnosis

Other medication 4-drug regimen for tuberculosis (rifampin

600 mg/day, isoniazid 300 mg/day,
pyrazinamide 1500 mg/day, ethambutol

1200 mg/day)
Diagnosis Immunodiffusion and titer

Chest x-ray

Chest CT

Post-Valley Fever Diagnosis
Hospitalization 1st hospitalization in year 1
2nd hospitalization in year 1

1 future lifetime hospitalization

Medication Fluconazole (800 mg/day)
Itraconazole (200 mg twice/day)

Follow-up Immunodiffusion and titer
Chest x-ray and chest CT

Home care

Rehabilitation facility
Total
Disseminated Infection
Pre-Valley fever diagnosis

Diagnosis

Immunodiffusion/titer/chest
x-ray/chest CT

Lumbar puncture

MRI

Aspirates of joint effusions

Skin biopsy

Bone marrow biopsy

Lung biopsy

100% had 3 physician visits

23% first sought care in ER

100% (50% require 2nd course)
100% (25% require repeat testing)
100%

25%

100%

40%

90%

7%

3%

90% (6 months)

3% (6 months)

2% (for pregnant women, 6 months)

5% (after failing fluconazole/
voriconazole, 6 months)

100% every 3 months for 12 months
(expected compliance 50%-80%)
None

Same as for primary uncomplicated
pneumonia

10% (1 month)

100% (25% require repeat testing)

50% have 2 x-rays/year outside of hos-
pital

30% have chest CT outside of hospital

75%

65% (of those with 1st hospitalization)
100%

75% (36 months)

25% (36 months)

100% every 3 months for 12 months
(expected compliance 50%-80%)

100% (at discharge, expected compli-
ance 50%-80%)

100% (3 days a week for 3 months)
100% (30 days)

Same as for primary uncomplicated
pneumonia

Same as for chronic pneumonia

50%
156%-20%
10%

10%

5%

20%

$491
$18°
$106

$338

$14 868

$6134

$1238
$0
$23 192

$615

$53

$337

$73 600

$47 443

$1642

$2569
$3774
$130 033

$614

$773
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Table 1. Continued

Disease and Cost Type Iltem

Healthcare Utilization

Average per Person Lifetime Cost

Lymph node biopsy
Liver biopsy

Post-Valley Fever Diagnosis
Hospitalization 1st hospitalization in year 1

2nd hospitalization in year 1

Hospitalization in year 2

Fluconazole (800 mg/day)

Liposomal amphotericin B (56 mg/kg per day)

Ventriculoperitoneal shunt placement

Medication

Other treatment

considerations Ventriculoperitoneal shunt replacement

Follow-up Immunodiffusion and titer
Chest x-ray
Chest CT
Liver function test
Renal function test
MRI
Lumbar puncture
Home care
Nursing home
Total
Other Pulmonary Changes: Pulmonary Nodules

Temporary stay

Pre-Valley fever diagnosis

Diagnosis Immunodiffusion and titer
Chest x-ray
Chest CT

Diagnostic workup for lung cancer (CT scan,
and biopsy if indeterminate)

Post-Valley Fever Diagnosis
Hospitalization

Medication Requiring medication
Fluconazole (400 mg/day)
Itraconazole (200 mg twice/day
Voriconazole (200 mg twice/day)

Follow-up Immunodiffusion and titer

Chest x-ray

Home care/nursing home
Total
Other Pulmonary Changes: Pulmonary Cavities
Pre-Valley Fever Diagnosis
Diagnosis
Post-Valley Fever Diagnosis
Additional Hospitalization
Cavity complications
Hemoptysis/chest pain
Home care/nursing home
Total

20%
5%

100%

65% (of those with 1st hospitalization)

100% hospitalized once a year for life
98% (lifelong)

2% (lifelong)

15% of those with meningitis

100% of shunts replaced once in life-
time

100% (every 3 months in year 1, every
6 months for life; MRI every 6 months

for life; lumbar puncture 2 times in
year 1, times in lifetime; expected
compliance 50%-80%)

100% (3 days a week for 3 months)
10% (2 months)

Same as for primary uncomplicated
pneumonia

100% (25% require repeat testing)
100%
25%
90%

Same as for primary uncomplicated
pneumonia

25%
90% (6 months)
5% (6 months)

5% (after failing fluconazole/
voriconazole, 6 months)

100% every 3 months for 12 months,
then every 6 months for 1 year (ex-

pected compliance 50%-80%)
None

Same as for pulmonary nodule

5%
5%-10%
None

$915 959

$315 975

$864

$17 697

$2569
$763
$1262 414

$614

$80 352

$14 868

$1198

$3735

$0
$100 768

$100 768

$2936
$2467
$0

$106 171

Abbreviations: CT, computed tomography; ER, emergency room; HIV, human immunodeficency virus; MRI, magnetic resonance imaging.

“Pre-Valley fever ER costs do not represent the associated medical doctor fees, which are included in the physician visit costs.

NOTE: Inflation of costs from Wilson et al [15] made using the percentage change in US healthcare costs from 2017 to 2019 as measured by the Medical Care component or Physician
Services component of the Consumer Price Index for All Urban Consumers, Bureau of Labor Statistics [17].

RESULTS

Total lifetime costs for Valley fever cases (n = 10 359) diagnosed
in Arizona in 2019 were estimated at $736 million (Table 3).

Just over 91% of expenditures were direct costs ($671 million)

and $65 million were indirect costs. The average lifetime di-

rect costs across all 5 Valley fever manifestations is $64 800 per
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Table 2. Indirect Lifetime Costs per Person Diagnosed With Valley Fever
in 2019 in Arizona by Disease Manifestation.

Average per

Disease and Person Lifetime
Cost Type Duration of Loss Cost
Primary Uncomplicated Pneumonia
Work loss 7 days $1299
Mortality Normal life expectancy $0
Total $1299
Chronic Pneumonia
Work loss 90 days $16 703
Mortality 2% in first year, 0.2% each year there- $24 410
after
Total $41 113
Disseminated Infection
Work loss 120 days $22 270
Mortality 5% inyear 1, 4% in year 2, 3% in year $115 109
3, 2% in year 4, and 1% each year
thereafter
Total $137 379
Other Pulmonary Changes: Pulmonary Nodules
Work loss 7 days $1299
Mortality 0.2% each year $6172
Total $7471
Other Pulmonary Changes: Pulmonary Cavities
Work loss 7 days $1299
Mortality 0.2% each year $6172
Total $7471

NOTE: Mortality rates from Wilson et al [15] and adjusted for Arizona by Dr. John Galgiani,
Director, Valley Fever Center for Excellence, College of Medicine Tucson, The University of
Arizona Health Sciences.

person diagnosed in Arizona in 2019 and $6300 for indirect
costs. Of the 5 disease manifestations, disseminated infection
has the highest economic burden at $1.26 million direct and
$137 400 indirect costs per person. Work loss during the ini-
tial diagnosis was much higher for those with disseminated in-
fection (120 days) compared with those without dissemination
(90 days) or those with primary uncomplicated pneumonia, or
either pulmonary complication (7 days each). Loss of earnings
due to premature mortality was also highest in the disseminated
infection group ($115 100 per person), with 15% of these indi-
viduals dying during the first 5 years and 1% more than normal
population-based rates each year afterward.

Primary Uncomplicated Pneumonia

Eighty-five percent of newly diagnosed Valley fever patients
have primary uncomplicated pneumonia. The estimated av-
erage per-person lifetime direct costs for this group is $23 200,
the lowest of all the disease manifestations (Table 3). Direct costs
included diagnostic workup with physician visits, antibiotics,
testing, and chest x-ray for all patients, and a subset receiving
emergency department (ED) care, additional testing, including
a chest computerized tomography (CT), hospitalization, and
antifungal medication (Table 1). Valley fever patients pre-
senting with primary uncomplicated pneumonia have normal

life expectancy; therefore, indirect costs are simply the value of
an estimated 7 workdays lost during the initial period of treat-
ment, which is estimated to total $1300 per person (Table 2).

Chronic Pneumonia

Diagnostic workup costs are similar to those with primary
uncomplicated pneumonia (Table 1). However, patients with
chronic pneumonia, even without disseminated infection, re-
quire antifungal medication for 3 years, additional testing, and
likely hospitalization during the first 2 years after diagnosis.
Surgery is needed in approximately 25% of patients as part
of the management for fibrocavitary complications and is in-
cluded in the hospitalization estimates. In addition, all hospital-
ized patients receive home nursing care or spend 1 month in a
rehabilitation facility. The lifetime direct costs for these patients
are estimated to be $130 000 per person (Table 3). Indirect costs
are not trivial for Valley fever patients presenting with chronic
pneumonia with approximately 90 workdays lost ($16 700) per
person (Table 2). With 2% mortality in the first year of diag-
nosis, followed by a 0.2% marginal mortality rate thereafter, the
cost of premature mortality equals $24 400 per person. These
figures bring the lifetime indirect costs to an estimated $41 100
per person.

Disseminated Infection

Healthcare costs are the highest for patients diagnosed with
disseminated infection, especially when meningitis is involved.
A higher percentage than for chronic pneumonia present to the
emergency room, require procedures such as magnetic reso-
nance imaging, CT scans, lumbar punctures, and biopsies, and
require home nursing care and skilled nursing facility care. All
patients with serious disseminated infection require lifelong
antifungal medication, periodic testing, and recurring hospital-
ization (Table 1). The lifetime direct costs for cases with dissem-
inated infection are estimated to be $1.26 million per person
(Table 3). Work loss during their initial period of treatment
(120 days) is substantial ($22 270), and the marginal mortality
rate of 15% in the first 5 years and 1% each year thereafter re-
sults in premature mortality costs of $115 109 per person (Table
2). Total indirect costs are estimated at $137 379 per person for
those with disseminated infection.

Other Pulmonary Changes: Pulmonary Nodules or Cavities

Approximately 7% of Valley fever patients experience other
pulmonary changes involving pulmonary nodule plus another
3% involving pulmonary cavity. These patients require expen-
sive diagnostic workup to rule out lung cancer, 6 months of
antifungal treatment, and approximately 40% require hospi-
talization (Table 1). The direct costs estimated for these cases
are $101 000 per person for pulmonary nodule and $106 000
per person for pulmonary cavity (Table 3). These patients are
assumed to lose 7 days of work during their initial period of
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Table 3. Estimated Total Direct and Indirect Lifetime Costs for Newly Diagnosed Valley Fever Cases in Arizona in 2019

Avg Per Person Lifetime Cost Total Lifetime Cost for Arizona

Costs Patients (N = 10 359)
Direct Costs
Primary uncomplicated pneumonia 8805
Chronic pneumonia 259
Disseminated infection 259
Other pulmonary changes: pulmonary nodules 725
Other pulmonary changes: pulmonary cavities 31

Indirect Costs

Primary uncomplicated pneumonia 8805
Chronic pneumonia 259
Disseminated infection 259
Other pulmonary changes: pulmonary nodules 725
Other pulmonary changes: pulmonary cavities 31

Total Costs of Valley Fever
Direct costs
Indirect costs
Work loss
Mortality
Total direct + indirect costs

$23192 $204 209 262
$130 033 $33 675 245
$1 262 414 $326 933 779
$100 768 $73 069 735
$106 171 $32 994 839
$1299 $11 437 890
$41 113 $10 647 198
$137 379 $35 577 694
$7471 $5 417 535

$7 471 $2 321 801
$670 882 860

$65 402 119

$22 876 440

$42 525 679

$71 077 $736 284 978

Abbreviations: Avg, average.

treatment and have increased mortality rates that are 0.2%
higher than normal population-based rates each year for the re-
mainder of their lives, leading to indirect costs of approximately
$7500 per person (Table 2).

DISCUSSION

We estimated the lifetime costs of a 2019 diagnosis of Valley
fever in Arizona at approximately $736 million, with the

Table 4. Arizona and California Estimates for Direct and Indirect Lifetime
Costs per Person by Valley Fever Disease Manifestation

California Mean
per Person Estimate

Arizona Mean per
Person Estimate

Disease Manifestation 2019 Dollars 2017 Dollars
Primary Uncomplicated Pneumonia

Direct costs $23 192 $22 039

Indirect costs $1299 $931
Chronic Pneumonia

Direct costs $130 033 $132 416

Indirect costs $41 113 $350 063
Disseminated Infection

Direct costs $1262 414 $1 023 730

Indirect costs $137 379 $562 291
Other Pulmonary Changes: Pulmonary Nodules

Direct costs $100 768 $95 399

Indirect costs $7471 $126 883
Other Pulmonary Changes: Pulmonary Cavities

Direct costs $106 171 $101 748

Indirect costs $7471 $126 883

Total direct costs $670 882 860 $428 648 626

Total indirect costs $65 402 119 $271 173 042
Total direct + indirect costs $736 284 978 $699 821 668

majority (91%) being direct costs. We based much of the meth-
odology on that used by Wilson et al [15], who recently esti-
mated the lifetime costs of Valley fever diagnoses in California
in 2017. Many of their resource use estimates derived from an
expert panel, so we adjusted some of the estimates to better re-
flect treatment in Arizona. Despite criticisms of expert panels as
a source for model inputs, there are no publicly available data-
bases to obtain variables to estimate lifetime costs associated
with Valley fever, which makes expert opinion the only viable
data source.

The total lifetime costs for Valley fever in California ($700
million) differed in some ways from our estimate of $736 mil-
lion (Table 4). Arizona experienced more annual cases of Valley
fever than California with 10 359 versus 7466, respectively, and
had a slightly older population at diagnosis (age 50 vs 46). The
proportion of direct costs were higher for Arizona (91% of total
costs) with an estimated $671 million compared with the $429
million (61% of total costs) in the California analysis. Because
of lower mortality rates used in the Arizona analysis, more
people incurred long-term hospitalization and medication
costs than in the California study, which translated to higher di-
rect costs. The overall per-person direct costs of approximately
$65 000 for all diagnoses in Arizona compared with $57 000 for
the California study.

The largest difference between the studies emanated from
indirect costs with $65 million for Arizona compared to $271
million for California (Table 4). We used the same estimates for
work days lost, but we varied the mortality rates used to calcu-
late lost wages due to premature death. We adjusted mortality
rates to reflect what our investigators have experienced locally
in Arizona. Mortality for chronic pneumonia in the California
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Table 5. Results of Varying Discount Rate From 3% to 1% for Future Costs by Valley Fever Disease Manifestation

Parameters n 3% 1% Per Patient Difference Total Difference
Chronic Pneumonia

Lost wages 259 $24 410 $29 175 $4765 $1 234135
Disseminated Infection

Hospital costs 259 $915 959 $1 176 221 $260 262 $67 407 858

Medication 259 $315 975 $409 432 $93 457 $24 205 363

Lost wages 259 $115 109 $138 060 $22 951 $5 944 309
Other Pulmonary Changes: Pulmonary Nodules

Lost wages 725 $6172 $7336 $1164 $843 811
Other Pulmonary Changes: Pulmonary Cavities

Lost wages 3N $6172 $7336 $1164 $361 966
Total $99 997 442

model was estimated at 7.5% per year in the first 3 years and
4.3% annually thereafter, resulting in lost wages due to prema-
ture death of over $330 000 per person. The Arizona estimate
of just over $24 000 per person was based on a mortality rate
of 2% for the first year, followed by 0.2% each year after. For
disseminated infection, Wilson et al [15] used a mortality rate
of 30% per year for the first 5 years followed by 8.6% for the
next 5 years, bringing the estimate for lost wages due to pre-
mature death to almost $532 000 per person. For Arizona, we
used a mortality rate of 15% spread across the first 5 years and
1% each year thereafter for a total of $115 000 per person (Table
2). For California patients with other pulmonary changes, lost
wages totaling approximately $126 000 per person were esti-
mated based on mortality of 1% per year for the first 5 years
followed by normal life expectancy. Arizona estimates (approx-
imately $6200 per person) were lower with mortality estimates
of 0.2% annually throughout the duration of the model. It is dif-
ficult to estimate mortality rates associated with complications
of Valley fever. The expert clinical opinions differed between
our 2 studies, but it is not likely that the 2 states differ in their
overall statistics if precise estimates were known. Mortality es-
timates made from death certificates between 1990 and 2008
found rates of 1.89 and 2.19 Valley fever deaths per 100 000
person years in California and Arizona, respectively [21]. If we
had relied on the higher mortality estimates from the California
analysis, the Arizona indirect costs associated with premature
death would have been higher.

Another factor accounting for the difference in indirect costs
between the 2 analyses was the inclusion of both short- and
long-term disability payments in the California study, which
totaled approximately $4.2 million. We chose not to include
disability payments in our estimates because these could be con-
sidered transfer payments from taxpayers to patients, without a
true societal cost.

Finally, we applied a 3% discount rate to estimate the
present value of Valley fever costs that occur in the future.
This rate is recommended by the Second Panel on Cost-
Effectiveness in Health and Medicine [22] and supported by

ISPOR (the International Society for Pharmacoeconomics
and Outcomes Research) [23]. To examine the impact of a
lower discount rate, we reanalyzed the data using a 1% rate,
which was used in Wilson et al [15]. A change in the discount
rate would increase the overall cost-of-illness estimate by al-
most $100 000 000 (Table 5). The majority of this increase
comes from individuals with disseminated infection who, in
addition to lost wages, accrue future costs for hospitalization
and medication. Using the 3% discount rate may underesti-
mate the economic burden to society for both direct and in-
direct costs of Valley fever compared with the 1% rate used
in the California study findings, which was calculated during
the recession.

Our calculations were based on 10 359 Arizona Valley fever
cases reported in 2019. Like others, we believe that a signif-
icant number of patients with primary coccidioidal pneu-
monia are not diagnosed by current clinical practice [24, 25].
Moreover, recent studies demonstrate significant delays in
diagnosis, which lead to increased costs [12, 13, 14]. Valley
fever-related charges for patients with any delay (>1 day)
were significantly greater than for those diagnosed on the day
they presented with symptoms [13]. Although the workup
costs in our study included some rule-out testing, it is likely
our results underestimate the additional costs associated with
delayed diagnosis.

Disseminated coccidioidomycosis is associated with an av-
erage per-person lifetime cost 10 times higher than chronic
pneumonia and 54 times higher than primary uncomplicated
pneumonia. Although the advent of lifelong oral azole therapy
makes meningitis (a common manifestation of disseminated
disease) manageable in many patients, complications such as
hydrocephalus, lumbar arachnoiditis, cognitive defects, and
cranial neuropathy are common [26]. In addition to meningitis,
patients with disseminated disease present with spinal involve-
ment with osteomyelitis, diskitis, and risk of spinal cord com-
pression, which requires extensive surgery [27]. Valley fever
presenting as disseminated disease is an extremely serious and
costly condition that warrants prevention if at all possible.
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Limitations
Our study relied on assumptions made by the California ex-
pert panel as well as our investigators, and it may not be repre-
sentative of actual treatment practices for Valley fever in all of
Arizona. In addition, patients within each disease manifestation
were assumed to utilize the same resources. Economic modeling
relies on average patient experiences, but undoubtedly there are
variations in severity of these disease manifestations among a
cohort of Valley fever patients. National cost sources used such
as CMS for physician visits and procedures, HCUP for hospital-
ization, and AWP minus 17% for drug costs may not be repre-
sentative of the US payer perspective as a whole. Further studies
are needed to accurately assess the resource use and costs asso-
ciated with the various manifestations of the disease, as well as
the intangible costs associated with the patients’ quality of life.
A few assumptions that were appropriate in California may
differ in Arizona. We outline several areas where patients may
be managed differently in Arizona, based on the clinical expe-
rience of our authors. Because there is a lack of empirical evi-
dence to support treatment pattern differences, we maintained
the assumptions developed in the California study. The analysis
assumed that 100% of patients were treated with an antifungal
drug for 6 months. Physicians that are most experienced in
managing coccidioidomycosis will often withhold antifungal
treatment in patients with uncomplicated pulmonary infection
unless risk factors for complications are present. In Arizona,
patients who need an alternative to fluconazole may receive
posaconazole, which is more expensive than itraconazole or
voriconazole. Along with the diagnostic testing and 4-drug
antitubercular regimen for patients with chronic pulmonary le-
sions included in the California analysis, patients may require
isolation with associated costs. The cost assumed for diagnosis of
chronic pneumonia was similar to that of uncomplicated pneu-
monia, but it is likely higher due to a greater number of chest
CT scans used in these patients. We included a daily dose of
800 mg of fluconazole for chronic pneumonia, although 40-mg
doses are often used in Arizona patients. The California model
assumed that 2% of patients with disseminated disease would
receive lifelong treatment with liposomal amphotericin B. Our
experience in Arizona is that patients would likely transition to
intermittent administration of once or twice a week. We did not
have specific data sources to incorporate these potential differ-
ences from the California analysis. Had we incorporated these
changes, some costs would increase and some would decrease.
The differences are unlikely to have a significant effect on the
overall costs. Further research is needed to confirm possible
treatment pattern differences in Arizona.

CONCLUSIONS

Valley fever represents a substantial economic burden to
Arizona. Although there is currently no vaccine, the concept is

clearly feasible given that individuals who recover from Valley
fever seem to acquire lifelong immunity [28]. Extensive research
is underway to develop an effective vaccine, which would have
a substantial impact on morbidity, mortality, and costs associ-
ated with Valley fever in Arizona as well as other endemic re-
gions [29]. Although the ultimate goal is to prevent Valley fever,
there is also a need for earlier diagnosis as well as safer and
more effective antifungals. Considerable advances in medica-
tions with novel mechanisms and formulations to improve both
safety and effectiveness are also underway [29]. From a public
health perspective, there is an urgent need for the availability of
both vaccines and improved therapeutic options. With rates of
Valley fever continuing to rise in Arizona and other locations
in the Southwest, and the substantial cost burden of the disease
($736 million in Arizona in 2019 and $700 million in California
in 2017), now is the time to push forward to solve this public
health issue.

Acknowledgments

We thank the following people who provided information and assistance
that was very helpful to us in preparing this report: Kent Hill and Haley
Klundt of Arizona State University’s L. William Seidman Research Institute
for data analysis assistance in updating the Wilson et al [15] California life-
time cost model calculations.

Author contributions. . N. G, A. ]. G., and L. W. contributed to con-
ceptual ideas; J. N. G., A. J. G, D. E. N,, and L. W. contributed to method-
ology; A.J. G., and L. W. contributed to formal analysis; A. J. G. contributed
to writing and original draft preparation; J. N. G., A. J. G, D. E. N,, and
L. W. contributed to writing, reviewing, and editing the manuscript; and
J. N. G. supervised the work.

Potential conflicts of interest. All authors: no reported conflicts of in-
terest. All authors have submitted the ICMJE Form for Disclosure of
Potential Conflicts of Interest.

References

1. Benedict K, Ireland M, Weinberg MP, et al. Enhanced surveillance for coccidioi-
domycosis, 14 US States, 2016. Emerg Infect Dis 2018; 24:1444-52.

2. McCotter OZ, Benedict K, Engelthaler DM, et al. Update on the epidemiology of
coccidioidomycosis in the United States. Med Mycol 2019; 57:30-40.

3. Arizona Department of Health Services. Valley Fever 2018 Annual Report Table
3: Reported cases and rates by age groups. Available at: https://www.azdhs.gov/
documents/preparedness/epidemiology-disease-control/valley-fever/reports/
valley-fever-2018.pdf. Accessed 9 October 2020.

4. GalgianiJN, Ampel NM, Blair JE, et al. 2016 Infectious Diseases Society of America
(IDSA) clinical practice guideline for the treatment of coccicioidomycosis. Clin
Infect Dis 2016; 63:e112-46.

5. Nguyen C, Barker BM, Hoover S, et al. Recent advances in our understanding of
the environmental, epidemiological, immunological, and clinical dimensions of
coccidioidomycosis. Clin Microbiol Rev 2013; 26:505-25.

6. Kim MM, Blair JE, Carey EJ, et al. Coccidioidal pneumonia, Phoenix, Arizona,
USA, 2000-2004. Emerg Infect Dis 2009; 15:397-401.

7. Valdivia L, Nix D, Wright M, et al. Coccidioidomycosis as a common cause of
community-acquired pneumonia. Emerg Infect Dis 2006; 12:958-62.

8. Hector RF, Rutherford GW, Tsang CA, et al. The public health impact of coccid-
ioidomycosis in Arizona and California. Int ] Environ Res Public Health 2011;
8:1150-73.

9. Arizona Department of Health Services personal communication 5 June, 2020.
Valley fever case numbers are provisional as of that date.

10. McHardy IH, Dinh B-TN, Waldman S, et al. Coccidioidomycosis comple-
ment fixation titer trends in the age of antifungals. J Clin Microbiol 2018;
56:e01318-18.

11. Galgiani JN. Vaccines to prevent systemic mycoses: holy grails meet translational
realities. ] Infect Dis 2008; 197:938-40.

8 o« OFID « Grizzle et al


https://www.azdhs.gov/documents/preparedness/epidemiology-disease-control/valley-fever/reports/valley-fever-2018.pdf
https://www.azdhs.gov/documents/preparedness/epidemiology-disease-control/valley-fever/reports/valley-fever-2018.pdf
https://www.azdhs.gov/documents/preparedness/epidemiology-disease-control/valley-fever/reports/valley-fever-2018.pdf

12.

13.

14.

15.

16.

17.

18.

19.

20.

Donovan FM, Wightman P, Zong Y, et al. Delays in coccidioidomycosis diagnosis
and associated healthcare utilization, Tucson, Arizona, USA. Emerg Infect Dis
2019; 25:1745-7.

Ginn R, Mohty R, Bollmann K, et al. Delays in coccidioidomycosis diagnosis and
relationship to healthcare utilization, Phoenix, Arizona, USA. Emerg Infect Dis
2019; 25:1742-4.

Pu J, Donovan FM, Ellingson K, et al. Clinician practice patterns that result in the
diagnosis of coccidioidomycosis before or during hospitalization. Clin Infect Dis
2020. doi: 10.1093/cid/ciaa739.

Wilson L, Ting J, Lin H, et al. The rise of Valley fever: prevalence and cost burden of
coccidioidomycosis infection in California. Int ] Environ Res Pub Health 2019; 16:1113.
Bell FC, Miller ML. Social Security Administration Actuarial Life Table. Available
at: https://www.ssa.gov/OACT/STATS/table4c6.html. Accessed 24 March 2020.
US Bureau of Labor and Statistics Consumer price index tables. 2017-2019.
Available at: https://www.bls.gov/cpi/. Accessed 24 March 2020.

IBM Watson Health. IBM Micromedex RED BOOK database. Available at:
https://www.ibm.com/watson/health/provider-client-training/micromedex-red-
book/. Accessed 13 March 2020.

US Bureau of Labor and Statistics Occupational Employment Statistics. 2017
2019. Available at: https://www.bls.gov/oes/home.htm. Accessed March 2020.

US Census Bureau Population Survey Tables for Personal Income. PINC-04 for
2016-2018. Available at: https://www.census.gov/data/tables/time-series/demo/
income-poverty/cps-pinc/pinc-04.html. Accessed 24 March 2020.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Noble JA, Nelson RG, Fufaa GD, et al. Effect of geography on the analysis of
coccidioidomycosis-associated deaths, United States. Emerg Infect Dis 2016;
22:1821-3.

Sanders D, Neumann PJ, Basu A, et al. Recommendations for conduct, method-
ological practices, and reporting of cost-effectiveness analyses: second panel on
cost-effectiveness in health and medicine. JAMA 2016; 316:1093-103.
ISPOR.org 2020. Pharmacoeconomic Guidelines Around the World. Available
at: https://tools.ispor.org/PEguidelines/countrydet.asp?c=24&t=2. Accessed 9
October 2020.

Chang DC, Anderson S, Wannemuehler K, et al. Testing for coccidioidomy-
cosis among patients with community-acquired pneumonia. Emerg Infect Dis
2008;14:1053-9.

Khan MA, Brady S, Komatsu KK. Testing for coccidioidomycosis in emergency
departments in Arizona. Med Mycol 2018; 56:900-2.

Johnson R, et al. Coccidioidal meningitis: a review on diagnosis, treatment, and
management of complciations. Cur Neurol Neurosci Rep 2018; 18:19.
Martinez-Del-Campo E, Kalb S, Rangel-Castilla L, et al. Spinal coccidioidomy-
cosis: a current review of diagnosis and management. World Neurosurg 2017;
108:69-75.

Kirkland TN. The quest for a vaccine against coccidioidomycosis: a neglected dis-
ease of the Americas. ] Fungi (Basel) 2016; 2:E34.

Van Dyke MCC, Thompson GR, Galgiani JN, Barker BM. The rise of coccidioides:
forces against the dust devil unleashed. Front Immunol 2019; 10:2188.

Cost of Valley fever in Arizona « OFID « 9


https://doi.org/doi: 10.1093/cid/ciaa739
https://www.bls.gov/cpi/
https://www.ibm.com/watson/health/provider-client-training/micromedex-red-book/
https://www.ibm.com/watson/health/provider-client-training/micromedex-red-book/
https://www.bls.gov/oes/home.htm
https://www.census.gov/data/tables/time-series/demo/income-poverty/cps-pinc/pinc-04.html
https://www.census.gov/data/tables/time-series/demo/income-poverty/cps-pinc/pinc-04.html
https://tools.ispor.org/PEguidelines/countrydet.asp?c=24&t=2



