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ABSTRACT

Coccidioidomycosis, colloquially known as
Valley Fever, is an invasive dimorphic fungal
infection caused by Coccidioides immitis and C.
posadasii. The fungi are found in the arid desert
soils of the southwestern US, as well as in parts
of Mexico and Central and South America.
Acquisition is typically via inhalation of
arthroconidia which become airborne after
both natural (e.g., earthquakes, dust storms,
and fires) and human-related events (e.g., mili-
tary maneuvers, recreational activities, agricul-
ture, and construction). The incidence of
infection in increasing likely a result of both
climatic and populational changes. Further, the
recognized geographic distribution of Coccid-
ioides spp. is expanding, as cases are being
diagnosed in new areas (e.g., eastern Washing-
ton, Oregon, and Utah). Most coccidioidal
infections are asymptomatic (60%); however,
approximately one-third develop a pulmonary
illness which is a leading cause of community-
acquired pneumonia in highly endemic areas.
Uncommonly (0.5–2% of cases), the infection
disseminates to extrapulmonary locations (e.g.,
skin, bones/joints, and the central nervous sys-
tem), and is most commonly seen among

persons with cellular immunodeficiencies (e.g.,
transplant recipients, HIV, and pregnancy) and
non-Caucasian races (especially African Ameri-
cans and Filipinos). The diagnosis of coccid-
ioidomycosis requires astute clinical suspicion
and laboratory findings, including positive
serology, cultures, and/or histopathology
results. Treatment is warranted among persons
with pneumonia who have risk factors for
complicated disease and among those with
extrapulmonary disease. Novel antifungals with
improved fungicidal activity and rapidity of
action with fewer side effects and drug interac-
tions are needed. Preventive strategies (e.g.,
education regarding the disease, dust avoid-
ance, mask wearing, including among select
groups, antifungal prophylaxis, and surveil-
lance laboratory testing) are advised for resi-
dents and travelers to endemic areas. Currently,
no preventive vaccine is available. Coccid-
ioidomycosis has been recognized for over a
century, and an expanding wealth of knowl-
edge has been gained regarding this emerging
infectious disease which will be reviewed here.
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Key Summary Points

Coccidioidomycosis is a regional disease of
global importance, given the potential
exposures of an increasing numbers of
travelers and residents into endemic areas.

The geographic distribution of Coccidioides
spp. and the number of cases has been
recently increasing.

While most cases are asymptomatic,
coccidioidomycosis is a common cause of
community acquired pneumonia in
highly endemic areas and may lead to
disseminated, life-threatening disease
especially among immunosuppressed
persons as well as among those of African
American or Filipino ethnicities.

Novel antifungals with increased potency
against Coccidioides spp. as well as
randomized comparative clinical trials to
determine the preferred agent(s) are
needed.

The search for a vaccine for
coccidioidomycosis continues however an
approved vaccine for human use is likely
decades away.

INTRODUCTION

Just over 120 years ago, a new pathogen called
Coccidioides was described—first thought to be a
parasite and later re-classified as a dimorphic
fungus. Intense study of the novel disease
commenced in the southwestern US, focused in
areas of highest endemicity including the San
Joaquı́n Valley of California (hence the name,
‘‘Valley Fever’’) and southern Arizona. Both the
disease incidence and distribution of Coccid-
ioides spp. have expanded, making it an
emerging infectious disease of notable impor-
tance. Although coccidioidomycosis cases are
acquired in specific and limited geographic
areas, the disease and its management have

global implications given its increasing inci-
dence and potential exposures to those who
venture into endemic areas for recreational or
occupational activities. This paper describes the
current understanding of the history, ecology,
epidemiology, risk factors, clinical manifesta-
tions, diagnosis, and management of this
important reemerging disease. This article is
based on previously conducted studies and does
not contain any new studies with human par-
ticipants or animals performed by the author.

HISTORY

The first recognition of the disease occurred in
1892 by Alejandro Posadas, an intern in Buenos
Aires, Argentina [1]. He described a soldier with
a debilitating skin condition including a fungal-
like mass and other ulcerative skin lesions of the
face. A biopsy showed organisms resembling the
protozoan, Coccidia, and hence the newly
described disease was originally thought to be of
parasitic origin. A similar clinical case occurred
in the late 1890s in California of a manual
laborer with similar facial skin lesions, who
succumbed to his illness and on autopsy was
found to have diffuse involvement of the lungs,
lymph nodes, liver, peritoneum, and other body
locations. Biopsies showed protozoa-like struc-
tures as well as a mold; the latter was unfortu-
nately discarded as a contaminant [2]. Casper
Gilcrest and Emmet Rixford subsequently
named the organism Coccididioides (resembling
Coccidia) and immitis (not mild) [3]. Soon
thereafter, William Ophuls and Herbet Moffitt
demonstrated Koch’s postulates by inoculating
the organism from human samples into animals
with the subsequent development of the dis-
ease. Further, they determined that the organ-
ism was not a protozoan but rather a dimorphic
fungus [4]. Interestingly, two other regional
fungal infections in the US, histoplasmosis and
blastomycosis, were also originally misidenti-
fied as protozoal infections before they too were
classified as dimorphic fungi.

The infection caused by C. immitis was
thought to be both rare and nearly always fatal
for the first three decades after its discovery.
However, in 1929, medical student, Harold
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Chope, at what would later become Stanford
University was accidentally exposed in the lab-
oratory. Although the student developed a res-
piratory illness including right upper lobe
pneumonia and erythema nodosum (EN) (and
his condition was feared to be fatal based on the
original descriptions of patients succumbing to
disseminated forms of the disease), he recov-
ered. As such, it was recognized that the con-
dition was not always severe or fatal (hence the
species name, immitis, was incorrect) prompting
additional studies of the pathogenicity of
infection. In fact, during the following years, it
was recognized that natives of the San Joaquin
Valley frequently suffered from a similar illness
of fevers, pneumonia, and EN (‘‘Valley Fever’’),
and often fully recovered. A Coccididioides skin
test was subsequently developed and showed a
high prevalence of asymptomatic residents in
the Valley were test-positive, supporting the
view that most infected persons were not
severely affected by the organism. These inves-
tigations revealed that most infections were
mild and self-resolving. Although the name,
Coccidioides immitis, remains, the meanings of
the genus and species are incorrect descriptors
for both the pathogen and the disease [2].

Subsequent epidemiologic evaluations by
Smith et al. in the 1930s and 1940s focused on
new arrivals into the central valleys of Califor-
nia (e.g., military personnel, immigrants from
the Midwest during the ‘‘Dust Bowl’’, and Japa-
nese prisoners of war). These investigations
provided landmark data on the disease’s inci-
dence, risk factors (including non-Caucasian
ethnicity), transmission route, incubation per-
iod, and clinical manifestations [5, 6].

Over time, endemic areas outside California
were discovered, and, in fact, the highest rates
of disease were subsequently documented in
south/central Arizona. New areas of endemicity
continue to be described in other parts of the
USA, and also exist in other countries (Mexico,
and Central and South America). The history of
coccidioidomycosis continued to evolve, with
two distinct species described when, in 2002, C.
immitis was divided to include a second species,
C. posadasii, named after the original describer
of the disease [7].

MYCOLOGY

Coccidioides spp. are fungi within the Ascomy-
cete division, Eurotiomycetes class, and Ony-
genales order [8]. By genetic analyses, the genus
is most closely related to ascomycetes, includ-
ing Blastomyces dermatitidis, Histoplasma capsu-
latum, and Paracoccidioides spp. It is estimated
that the genus Coccidioides has existed for 40–50
million years, and that the species split into the
current two species approximately 5 million
years ago [9].

The two species, C. immitis and C. posadasii,
are morphologically identical and share * 90%
homology regarding their predicted proteins
[8]. To date, the two species are thought to be
similar phenotypically in terms of clinical
manifestations, in vitro susceptibilities, and
response to antifungal therapies. Whether
genotypic variation between the fungal species
could contribute to virulence differences is in its
infancy of investigation, and future research is
awaited. The two species have different, but
overlapping, geographic regions: C. immitis
exists in California, Utah, and Washington
State, whereas C. posadasii is found in Nevada,
Arizona, New Mexico, West Texas, Mexico, and
Central and South America. However, both
species exist in southern California and Baja
California. Although New Mexico is a state in
which C. posadasii primarily occurs, a recent
analysis found both species present [10], sug-
gesting that clear-cut geographic boundaries
often do not exist and may be changing over
time. Additionally, there are described hybrid
strains, suggesting that the two species
exchange genetic material [11].

Coccidioides spp. are classified as dimorphic
fungi that exist in a mycelium or spherule form.
Both forms of the organism undergo asexual
growth, but there is likely a sexual phase of the
organism’s life cycle that has not been specifi-
cally observed. In the environment (i.e., soil)
and on agar media (when infected human
material is cultured in the laboratory), the
organism grows as mycelia by apical extension.
Alternating hyphal cells undergo autolysis,
resulting in individual, frail barrel-shaped 3- to
5-lm cells called arthroconidia. During the
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rainy season, the mycelia grow rapidly in the
soil and can remain viable for many years [12].
When soil is disturbed by natural or human
activities, the spores (i.e., the arthroconidia) can
become airborne, leading to disease after
inhalation.

Once inside the body (human or mam-
malian), the arthroconidia transform into
spherical cells consisting of an outer wall and
are called spherules. Although the spherule is
the predominant form of the dimorphic fungus,
hyphal forms with infectious arthroconidia
have been noted in lung cavities and draining
sinuses. Within each spherule, multiplication
via synchronous division of the nuclei and
cytoplasm occurs, and 2- to 4-lm daughter cells,
called endospores, are formed. As the spherule
matures, the outer wall thins and ruptures,
sending 100–300 endospores into the body.
Each endospore can then form another spherule
within * 4 days, leading to rapid increases in
the fungal burden as it repeats its life cycle [13].

Infection in both humans and animals pri-
marily occurs within the lung. Spread outside of
the parenchyma (i.e., disseminated disease) can
occur via hematogenous (most commonly) or
lymphatic spread.

EPIDEMIOLOGY

Areas of Endemicity and Its Changing
Distribution

Coccidioides is found in the dry, arid regions of
the Western Hemisphere [14], concentrated
within the north and south 40� latitudes. The
organism has not been isolated from soils out-
side of the Western hemisphere, hence the dis-
ease is restricted to those who reside or travel to
endemic areas with rare exception. Specifically,
the organism seems to prefer the arid, alkaline
desert soil of the Lower Sonoran Life Zone with
an estimated annual rainfall of 5–20 inches �.
12–50 cm) during the winter season followed by
hot, dry summers. During Smith’s epidemio-
logic studies, he eloquently described the
increase in infection rates with heavy rainfalls
during the winter/spring months followed by
hot, dry summers [5].

The specific locations that characterize these
climatic and soil features occur in several states
located in the southwestern US, including Ari-
zona, California, New Mexico, Utah, Nevada,
and west Texas. Of note,* 60% or more of all
coccidioidomycosis cases in the U.S. occur in
Arizona and * 30% in California. In Arizona,
infections primarily occur in three counties
within the southern part of the state—Mari-
copa, Pinal, and Pina. Together, these three
counties account for C 80% of cases in the state.
In California, the most endemic areas include
the seven counites of the San Joaquin Valley,
with the highest endemicity described in Kern
County [9]. Compared to Arizona, the disease
distribution in California is more diffuse and
involves major metropolitan areas, including
San Diego and Los Angeles. Regarding season-
ality, most cases in California and Arizona occur
in the late summer and fall.

Endemic areas of Coccidioides spp. in the US
appear to be expanding. Studies have recently
demonstrated that, in Nevada, cases are not
only found in the southern part but also in the
north, including Four Corners. Non-contiguous
areas of endemicity have been described,
including Dinosaur National Monument in
Utah [15, 16] and in eastern Washington State
[17]. Other unidentified pockets of endemicity
may exist, given the evolving geographic dis-
tribution of Coccidioides spp. For instance, Coc-
cidioides spp. DNA was identified in soil samples
from central Oregon [18], with at least one case
acquired in the state [19]. Evidence of shifting
areas of endemicity over time is also supported
by fossil data; for example, a bison estimated to
have lived * 8500 years ago was discovered in
Nebraska containing Coccidioides spherules in its
bony remains [20]. These data suggest that the
geographic range of Coccidioides has changed
over time and likely will continue to do so. High
winds can carry coccidioidal spores for long
distances (75 miles or more) [21]; further, it is
possible that animals can carry the organism
into new areas and succumb, introducing the
fungus into the soils there. As such, practition-
ers should be cognizant of the possibility of
coccidioidomycosis occurring outside the cur-
rently identified endemic zones.
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In addition to the US, Coccidioides exists in
parts of other countries, including Mexico near
the US border in the areas of Sonora, Nayarit,
Jalisco, and Michoacán, as well as in central
areas, including Coahuila, Durango, and San
Luis Potosi), Central America (Guatemala,
Honduras, and Nicaragua), and South America
(Argentina, Bolivia, Paraguay, Venezuela,
Columbia, and Brazil).

The current understanding of the distribu-
tion of Coccidioides spp. has primarily relied on
clinical case surveillance. The specific require-
ments of the soil for the growth and mainte-
nance of Coccidioides spp. remain incompletely
defined, and the identification of the fungus in
soil samples from ‘‘endemic areas’’ is often
spotty and inconsistent. Even if infections are
acquired from a specific location, the soil sam-
ples may not yield the organism [22]. Of note,
the recovery of the organism from soil is chal-
lenging, as culture techniques (using semise-
lective agar) and mouse inoculation (e.g.,
peritoneal injection of soil extracts) have
notable limitations. PCR technology using
novel testing (e.g., CocciENV) may improve the
sensitivity of detection [23].

While studies on the soil characteristics that
support the existence of Coccidioides spp. are
ongoing, another question is the potential role
of desert animals, including rodents, in its life
cycle and growth. Some studies have shown
that the fungus can use the soil as the sole
source of nutrients [12], while others have
demonstrated a higher recovery of Coccidioides
spp. from soil acquired from rodent burrows
[24, 25]. Desert animals may become infected
(as shown by coccidioidal granulomas in their
lungs), and their subsequent demise may result
in the introduction of spherules back to the soil
with transformation to the mycelial form and
subsequent growth within the soil. While many
types of animals can develop coccidioidal
infection (including sea life, such as dolphins,
dogs, cats, livestock, zoo animals, alpacas, and
primates, to name a few), desert rodents that
burrow and make their home within the soil are
most likely to contribute to the fungus’ life
cycle. In sum, data suggest that Coccidioides spp.
can persist alone in the soil for years, while

desert animals may amplify its growth and carry
the organism into new territories.

Incidence Trends Over Time

In addition to expanding areas of Coccidioides
endemicity, the number of cases has increased.
The Centers of Disease Control and Prevention
analyzed data from the National Notifiable
Diseases Surveillance System and found that
coccidioidomycosis increased substantially
from 5.3 per 100,000 population in endemic
areas within five states (Arizona, California,
Nevada, New Mexico, and Utah) in 1998 to 42.6
per 100,000 in 2011 [26]. Other studies have
also demonstrated rising rates, including a
study in California showing an increase from
2.4 to 18.8 cases per 100,000 persons from 2000
to 2018, an 800% increase [27–30]. While the
number of coccidioidomycosis cases annually
in the US has been estimated as 150,000, this is
likely an underestimate due to rising incidence
rates and missed diagnoses (discussed below); in
fact, recent data suggest that the annual num-
ber is likely* 350,000 [31]. Data regarding
incidence trends and case numbers from other
countries are not readily available.

Regarding incidence rates, large-scale inves-
tigations in the southwestern U.S. were under-
taken in the 1940s and 1950s. For example,
Smith demonstrated that* 25–50% of military
personnel/recruits training in the San Joaquin
Valley seroconverted (via skin testing) in a sin-
gle year [5]. A study published in the 1940s
found that skin test reactivity increased with
length of residency in endemic areas, and found
that * 80% of children tested positive
after C 10 years [2, 32]. Studies in the 1950s of
long-term residents in the Arizona counties of
Pima (Tucson), Maricopa (Phoenix), and Pinal
showed a skin test positivity prevalence of 50%.
Similarly, in very high-risk areas of California,
including Kern (Bakersfield), Tulare, and Kings
counties, the positive rate was 50–70% [33, 34].
While these data suggest a high penetrance of
the infection among natives and persons train-
ing in highly endemic areas, these data are more
than half a century old and newer data on
incidence and prevalence trends are needed [9].
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Unfortunately, a complete understanding of the
changing incidence over the past century is
lacking, given sparse case detection and
reporting over much of the history of disease.
However, to assist with a more accurate deter-
mination of the burden of disease, in 1995,
coccidioidomycosis became reportable in the
US, and, in 2014, laboratory-based reporting
was added in the state of California.

Recent annual incidence rates are estimated
at 1–3% in the endemic areas of southern Ari-
zona and central California [21, 35, 36]. Studies
in military trainees performing high-risk
maneuvers noted an incidence of 6–32%
annually, although case numbers were small,
limiting the precision of estimates [37]. Finally,
an outbreak investigation among military per-
sonnel training in an endemic area over a
6-week period noted high rates of infection (10
of 22, 45%) thought to due to high-inoculum
exposures [22]. Further data from prospective
surveillance studies in endemic areas are nee-
ded. While existing data suggest that the con-
temporary incidence of coccidioidomycosis in
the US is not greater than in the 1940s/1950s,
the rate has varied over time, and has clearly
been increasing during the last decade.

Reasons for the Increasing Numbers
of Cases

The reasons for the recent increasing case
numbers are likely several-fold, including both
host and environmental factors. Host factors
include modifiable risks related to recreational/
occupational activities and travel into highly
endemic areas, as well as non-modifiable risks,
including aging and complex underlying health
conditions summarized below. Environmental
factors include climate changes and natural
events. Finally, improved case detection may be
contributing to the increasing numbers of
reported cases.

Human activities that can cause the fungus
to become airborne [30] increase the risk for
infection. Occupations such as agricultural
work; archeology as demonstrated by the out-
break at Dinosaur National Park [15, 16, 38];
firefighting, especially when using hand tools

and working in dusty conditions; and con-
struction work, including on solar power farms
[39–42], have all been associated with infection
acquisition [43]. Military personnel stationed in
endemic areas are also at particular risk, as
demonstrated by the initial studies of Smith in
the 1940s [5], with more recent literature sub-
stantiating the ongoing risk for military per-
sonnel participating in outdoor military
training [22, 44, 45]. Overall, occupational
exposures constitute a significant risk for coc-
cidioidomycosis, as exemplified by a review of
47 coccidioidomycosis outbreaks during
1940–2015, of which 25 (53%) were related to
occupational exposures [39]. Of occupational-
related outbreaks, 50% were related to con-
struction [39].

Recreational activities in desert environ-
ments of endemic regions also place people at
increased risk. Activities associated with infec-
tions have included model airplane flying,
outdoor track and field events, filming movies,
and all-terrain vehicle or go-cart riding/racing
[46–48]. An increasing number of residents and
visitors participating in these activities likely
contributes to the rising incidence of the
disease.

Host factors for infection that are non-mod-
ifiable include older ages, and the rising number
of elderly persons with multiple comorbidities
in endemic areas. Further, visitors or new resi-
dents naı̈ve to the disease are at-risk groups.
Persons with deficient cellular immunity due to
underlying conditions (e.g., AIDS and post-
transplant recipients) or receipt of immuno-
suppressant therapies (e.g., steroid use
of C 20 mg daily for C 2 weeks, chemotherapy,
TNF-alpha blockers, or other immune suppres-
sants) are at particular risk, and are increasing in
number within the general population. Finally,
the obesity epidemic has increased the number
of persons with comorbidities including dia-
betes which are risk factors for symptomatic
disease.

Environmental factors are also important
drivers for rising coccidioidal rates. Urban
development of land (that was previously spar-
sely inhabited) into major metropolitan areas,
such as Phoenix, Arizona, has contributed to
incident infections. While urbanization formed
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paved streets and buildings that covered the
previously open desert soil (with less potential
exposure to airborne arthroconidia), the mas-
sive influx of people into these areas and nearby
recreational activities on open soil may have
tipped the balance towards increasing numbers
of infections. Further, several prisons have been
built in endemic areas (e.g., the central valleys
of California) with notable outbreaks among
the incarcerated population, groups in which
minority ethnicities are overrepresented and
who simultaneously have greater risk for
symptomatic and severe disease [39].

Climatic factors and natural events are also
likely a factor. The incidence of infection
increases during the dry summer months after
previous periods of heavy winter/spring rains.
As such, climate changes (with very dry sum-
mers) may alter the geographic distribution and
case counts. Specifically, it has been hypothe-
sized that global warming may cause areas of
endemicity to expand northward, enlarging the
geographic range of the fungus [49]. Natural
events, such as earthquakes [50], dust storms
[51, 52], and fires [43, 53], have been linked to
infections [54]. Some experts predict that, due
to climatic and other environmental changes,
the incidence of coccidioidomycosis may
increase by 164% by 2050 [49].

Finally, Coccidioides disease recognition and
diagnostic testing can affect incidence rates.
Currently, there are no definitive data support-
ing this as a major driver since coccidioidomy-
cosis remains an underdiagnosed condition
[10, 55, 56]. Changes in surveillance definitions
and reporting may also be contributory.

PATHOGENESIS AND RISK
FACTORS FOR DISEASE

Transmission Routes

The vast majority of coccidioidal infections are
acquired via inhalation of airborne arthroconi-
dia. Rarely primary cutaneous inoculation with
the development of skin infection [57], as well
as acquisition via organ transplantation (due to
infected donor lungs, liver, and kidneys) lead-
ing to disseminated disease, have been

described [58–60]. Rare cases of neonatal trans-
mission have been reported, and are thought to
be mainly due to aspiration of infectious vagi-
nal secretions during birth [61]. Person-to-per-
son transmission is otherwise not a feature of
the disease.

Pathogenesis After Exposure

After inhalation, arthroconidia are deposited in
the terminal bronchiole and are subsequently
transformed into spherules. A single inhaled
arthroconidia can result in infection. Within a
spherule, hundreds of endospores are formed
that are subsequently released, thereby expo-
nentially multiplying the burden of disease.
A T-cell immune response to fungus can con-
tain the infection within the lungs, resulting in
an asymptomatic or minimally symptomatic
respiratory illness [62]. Sequelae infection
includes a pulmonary nodule or cavity,
although most infections fully resolve.

Disease severity and dissemination are
dependent on the vigor of the innate and
adaptive immune responses. Initial immune
responses to the fungus involve neutrophils,
macrophages, and dendritic cells. Cellular
immunity [Th (T-helper) cells and Th17] is
critical for infection control within the lungs
and prevention of dissemination [62], as
demonstrated by the marked risk for extrapul-
monary spread among persons with T-cell defi-
ciencies. Antibodies are not thought to be
protective. Persons who have low titers of
complement fixation (CF) antibodies, and a
robust delayed T-cell response due to active
Th1, Th17, and interferon gamma production
typically do well and are at low risk for dis-
semination. As such, a positive and strong coc-
cidioidal skin test reaction early during the
disease course portends a good prognosis.

Risk Factors for Coccidioidomycosis

Early during the AIDS epidemic, HIV-infected
persons with low CD4 counts (\250 cells/mm3)
were at heightened risk for coccidioidal infec-
tion, which highlighted the role of T-lympho-
cytes in fungal containment [63, 64]. More
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recent data have similarly demonstrated that
lower CD4, higher HIV RNA levels, and AIDS
diagnosis are associated with more severe dis-
ease [65]. As expected, the incidence and
severity of Coccidioides among HIV-infected
persons has declined with the availability of
antiretroviral therapy [66, 67].

Other groups at risk for coccidioidal infec-
tion due to cellular immunodeficiency include
transplant recipients and those receiving
immunosuppressant agents, such as high doses
of corticosteroids, anti-tumor necrosis factor
medications, chemotherapy, or other
immunomodulating therapies utilized for
rheumatologic conditions or inflammatory
bowel disease. Women in their 3rd trimester of
pregnancy or early post-partum period are also
at increased risk, but whether this is due to
pregnancy-related cellular immune suppression
and/or hormonal changes is unclear [68, 69].
Infection among these groups can be a primary
infection or reactivation; the latter is most likely
among transplant recipients who present with
infection during the first-year post-
transplantation.

As noted above, host resistance to coccid-
ioidomycosis requires a robust cell-mediated
immunity, including adequate production of
Th1 cytokines (interleukin-12, and IFN-gamma)
as well as the appropriate regulation and func-
tionality of Th1/Th2 responses and IL-12/IFN-
gamma cytokine axes [70]. Therefore, persons
with genetic mutations (congenital or acquired)
in these immune components, including inter-
feron-c deficiencies, a gain of function muta-
tion in STAT1, and interleukin 12 deficiency
[71–74], are at risk for complicated disease.
Humoral immunity plays a lesser role, evi-
denced by the fact that persons with
immunoglobulin deficiencies do not appear to
be at particular risk.

Diabetes mellitus has been found to be a risk
factor for severe and complicated pulmonary
infection (e.g., cavitary), and those with
uncontrolled blood sugars may also be at risk for
dissemination [75]. In addition to the medical
conditions outlined above, studies have noted
that males and older adults have an increased
risk of disseminated disease [30]. Of note,

extrapulmonary disease is more common in
adults than children.

Additionally, there is a long-recognized risk
of disseminated disease among certain racial
groups. Smith, during his landmark studies in
the 1940s, recognized that African Americans
were particularly affected, and subsequent
studies have confirmed this observation. Filipi-
nos also have a higher risk [5, 30, 32, 76]. There
are some data to suggest an increased risk of
severe/disseminated disease among Hispanics
[76, 77], with less data supporting an associa-
tion among Asians and Native Americans
[10, 78]. Concurrent comorbidities and socioe-
conomic factors (access to care and occupation)
may explain some of the racial differences, but
not all suggesting an underlying genetic pre-
disposition [30]. The exact genetic factor(s) has
not been defined, but is being investigated in an
ongoing study, ‘‘Pathogenesis and Genetics of
Disseminated or Refractory Coccidioidomyco-
sis’’ conducted at the University of Arizona
through an National Institutes of Health (NIH)
Grant (NCT02190266).

CLINICAL MANIFESTATIONS

Pulmonary Infection

An estimated 60% of infections are asymp-
tomatic and do not lead to clinical presentation,
whereas the remainder develop a respiratory
illness following exposure. The incubation per-
iod from exposure to onset of respiratory
symptoms is typically 1–3 weeks. Of the pro-
jected 150,000 infections annually (based on
older data), an estimated 50,000 are symp-
tomatic and require medical evaluation,
10,000–20,000 are diagnosed as coccid-
ioidomycosis, 2000–3000 have pulmonary
sequelae, 600–1000 have extrapulmonary dis-
ease, and 160 result in death [79, 80].

In highly endemic areas, coccidioidomycosis
is a leading cause of community-acquired
pneumonia (CAP). For example, studies con-
ducted in Arizona have found that Coccidioides
spp. are responsible for 17–29% of all CAP cases
[81, 82]. Those with coccidioidomycosis typi-
cally have a clinical presentation that is
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indistinguishable from community-acquired
bacterial pneumonia (CABP). Symptoms of
coccidioidal pneumonia include cough, chest
pain, dyspnea, and fever. Weight loss, night
sweats, and headaches are often present. Fatigue
may be especially prominent, and may con-
tinue for several months after the acute illness
and occasionally can be debilitating.

A study comparing those with acute pul-
monary coccidioidomycosis to CABP found
similar clinical presentations, although fever
was more common and cough less common in
CABP compared to coccidioidomycosis. Those
with coccidioidomycosis were more likely to
have radiographic upper lobe disease, the pres-
ence of a pulmonary nodule, hilar or mediasti-
nal adenopathy, and/or erythema nodosum,
although each were overall uncommon and
present in a minority of coccidioidal infections
[80, 83]. Coccidioidomycosis may lead to
peripheral eosinophilia, but this too is uncom-
mon. Finally, those with coccidioidomycosis
may have a more protracted clinical course
compared with CABP.

A common triad of symptoms, often referred
to as ‘‘desert rheumatism’’, includes fever, EN,
and arthralgias, along with the typical respira-
tory symptoms listed above. The arthralgias are
typically symmetrical and involve the lower
extremities, but do not lead to significant joint
effusions. Both the skin and joint findings are
due to immune-mediated responses rather than
disseminated infection. The triad occurs most
commonly in women and is usually associated
with a good prognosis [5].

Infrequently, pulmonary infection may
manifest as diffuse pulmonary infiltrates or
miliary disease, most commonly among
immunosuppressed persons. Respiratory failure
and septic shock may occur. Sequalae of pul-
monary infections include nodules, cavities,
and chronic fibrocavity pneumonia which
develop in a minority of cases, typically 5% of
those with a pulmonary presentation. Cavities
close to the pleura may rupture, causing a
hydropneumothorax with or without an asso-
ciated bronchopleural fistula leading to an
empyema. Persons with uncontrolled diabetes
have an increased risk for severe lung disease
and/or cavity formation.

Extrapulmonary Disease

Disseminated disease is defined as involvement
outside the pulmonary system and pleura space.
The most common sites of disseminated disease
include the skin, bones, joints, and central
nervous system (CNS). While 0.5–2% of infected
persons develop disseminated disease based on
the literature, the exact percentage depends on
the underlying host characteristics of the pop-
ulation. For example, dissemination can occur
in 30–50% of heavily immunosuppressed
patients [80]. The time frame from initial
infection to dissemination is variable but is
typically counted in weeks to months. Dissem-
inated coccidioidomycosis can be a mimicker of
many other conditions and can be a diagnostic
challenge [76]. Patients with disseminated dis-
ease may have no respiratory symptoms and a
normal chest radiograph (CXR).

The most benign form of disseminated dis-
ease is cutaneous involvement. There is no
specific lesion type associated with the disease,
but may include verrucose lesions, ulcers, and
abscesses. There is a predilection for the naso-
labial fold, but lesions can occur at any site. Skin
lesions are often chronic and non-healing
despite antibiotic courses and debridement
procedures. Unlike disseminated skin involve-
ment which contains fungal elements, other
cutaneous findings that occur during the initial,
acute coccidioidal infection, such as a macular
diffuse rash, EN, or erythema multiforme are
due to immunologic phenomena and are not
due to the direct invasion of the fungus itself.

Joint involvement (most commonly knees
followed by ankles and wrists) typically presents
with effusion and synovitis. Dissemination of
the fungus into the joints differs from desert
rheumatism, which is immune-mediated and is
typically associated with arthralgia alone with-
out evidence of an active infectious process.
Bony involvement commonly involves the axial
skeleton. Vertebral disease, especially of the
lumbar area, is a common location, and may be
complicated with associated paravertebral,
epidural, or psoas abscesses. Disease of the
appendicular skeleton can also occur with or
without associated joint involvement.
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CNS coccidioidomycosis is the most serious
form of disseminated disease and can manifest
as headaches, confusion, gait disturbance,
change in mental status, or focal neurologic
deficits. Basilar involvement can occur (like
tuberculosis), and may result in cranial nerve
abnormalities. Complications include hydro-
cephalus and vasculitic events, such as stroke.

While skin, joint, bone, and CNS involve-
ment are the most common locations of extra-
pulmonary disease, any site can be infected
with Coccidioides spp. Unusual locations descri-
bed in case reports have included endocarditis
[84], prostate abscess [85], peritonitis [86],
intraocular [87], and thyroid infection [88], to
name just a few.

After an initial coccidioidal infection, there
appears to be lifelong immunity and an inabil-
ity to acquire a new infection. Of note, this
fungal infection can lie ‘dormant’ in the body
and reactivate years later, causing disseminated
disease among persons who subsequently
become immunosuppressed (e.g., transplant
recipients receiving ongoing
immunosuppressants).

DIAGNOSIS

Overview

The diagnosis of coccidioidomycosis requires a
high index of suspicion and consideration for
this infection among those residing in or trav-
elling from an endemic area. Pulmonary coc-
cidioidomycosis often goes unrecognized, as the
initial presenting symptoms are often assumed
to be due to a bacterial or viral cause. Even
providers in endemic areas may not specifically
test for Coccidioides due to unfamiliarity or the
perceived unimportance of the disease. Estab-
lishing the diagnosis of pulmonary coccid-
ioidomycosis is important to avoid unnecessary
antibiotic courses, provide the patient and their
family with a specific diagnosis, enable educa-
tion regarding the disease, and ensure appro-
priate follow-up for potential complicated or
disseminated disease. The challenges in making
the diagnosis of disseminated disease are nota-
ble, given the wide variety of signs and

symptoms as noted above. Further, the diag-
nosis may be especially elusive among patients
presenting outside of endemic areas, signifying
the importance of a careful travel history for
establishing the presence of a fungal infection
in these cases.

Even among providers in endemic areas, the
diagnosis of coccidioidomycosis may not be
considered or may be missed. A survey con-
ducted in New Mexico noted that 70% or more
of physicians were uncertain about the diagno-
sis or treatment of coccidioidomycosis [10].
Further, a nationwide survey that queried pro-
viders if they frequently tested patients pre-
senting with CAP for coccidioidomycosis found
that only 3.7% responded affirmatively. Among
providers in Arizona and California, 32% and
7%, respectively, stated that they frequently
tested for the pathogen [55]. Similar low per-
centages were noted among a study in southern
California [56].

Providers worldwide should be familiar with
this mycosis, as cases have been noted among
returning travelers to Canada [89], Asia [90, 91],
Europe [92, 93], India [94], and other locations
[95]. Further, infections have occurred after
only minimal exposure to an endemic area,
including cases occurring after a layover in the
Phoenix airport or a single drive across the
central valley of California.

A study showed that the median time from
seeking healthcare to the diagnosis of coccid-
ioidomycosis was 38 days (range 1–1654 days),
and that 70% had another condition diagnosed
before coccidioidal testing occurred (of whom
83% were prescribed antibacterial medications)
[19]. This paper also highlighted that these time
frames were extended among visitors who then
traveled back to a non-endemic area prior to
disease onset [19].

Approach to the Diagnosis

The diagnosis of coccidioidomycosis relies on a
combination of epidemiologic information,
clinical findings, physical examination, and
laboratory/radiology data. All patients should
have a careful history and physical
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examination, including evaluation for possible
disseminated disease.

A CAR is routinely performed. CAR findings
of coccidioidal pulmonary infection include
most commonly a unilateral infiltrate, hilar
adenopathy, and/or a small pleural effusion.
Mediastinal adenopathy may be noted and can
signify an increased for disseminated disease
[76]. Pleural effusions when they occur are
typically exudative, and may contain eosino-
phils, but are typically culture-negative unless a
pleural biopsy is obtained (similar to tubercu-
losis). Polymerase chain reaction (PCR) of the
pleural fluid has poor sensitivity and does not
perform better than culture alone [96]. Adeno-
sine deaminase levels are usually not elevated
levels [96].

Any areas of focal complaints or examina-
tion abnormalities should be further evaluated
usually with computed tomography (CT) or
magnetic resonance imaging (MRI). An MRI is
preferred for bony or spinal involvement. If
there is concern for diffuse bony involvement, a
radionuclide bone scan is useful. Those with
joint effusions should undergo arthrocentesis
and surgical evaluation for operative manage-
ment. Similarly, those with spinal disease
should have MRI imaging and neurosurgical
evaluation. Finally, suspicious skin lesions
should be biopsied for culture and histopatho-
logic examinations.

Patients with significant headaches or neu-
rologic findings concerning for brain/me-
ningeal involvement should undergo brain MRI
imaging, and, if deemed safe, a lumbar puncture
(LP) performed. Brain imaging cannot be uti-
lized to exclude coccidioidal meningitis (CM),
hence an LP is needed for evaluation. Of note,
an LP is specifically recommended among
patients with unusual, persistent, or worsening
headaches, those with altered mental status,
new focal neurologic deficit, or unexplained
nausea/vomiting [80]. Of note, headache is
common during the initial presentation and
often resolves within a week or so; in this set-
ting, an LP is not specifically recommended
unless the headache remains persistent or there
are additional indications for LP. The LP should
include measurement of the opening pressure
and cerebrospinal fluid (CSF) glucose, protein,

cell counts, and differential, fungal culture, and
coccidioidal complement fixation (CF) titer.
Coccidioides antigen testing can be considered.
Findings consistent with CM include low-grade
pleocytosis with lymphocytic predominance,
elevated protein, and variable (low-normal)
glucose findings. Occasionally, eosinophilia is
noted and can suggest the diagnosis but is
overall uncommon. CSF cultures are infre-
quently (* 25%) positive, and the diagnosis of
CM typically relies on abnormal CSF parameters
as well as positive CF and/or antigen test results.

Basic Laboratory Tests

Patients with all forms of coccidioidomycosis
often have elevated C-reactive protein and ery-
throcyte sedimentation rate levels, as well as
hyperglobulinemia. The white blood count is
variable, and the differential may occasionally
reveal eosinophilia, but is often absent. The
procalcitonin level is typically normal in cases
of coccidioidal pneumonia [97]. Hypercalcemia
has been described occasionally in disseminated
cases due to expression of a parathyroid hor-
mone-related peptide related to granulomatous
inflammation [98].

Serum (1?3)-b-d-glucan (BG) is useful for
diagnosing fungal infections such as Aspergillus
and Pneumocystis. A study of the utility of BG
(using a cutoff value of C 80 pg/ml) among a
diverse group of hospitalized coccidioidomyco-
sis patients found a sensitivity of 44% (and a
specificity of 91%), a positive predictive value of
82%, and negative predictive value of 64%.
However, in acute pulmonary coccidioidomy-
cosis, testing showed only a 19% positivity rate.
BG levels were more likely elevated among dis-
seminated cases but correlated poorly with
serum coccidioidal CF titers [99].

Specific Coccidioidal Tests

The presumptive diagnosis of coccidioidomy-
cosis is most frequently made with the detec-
tion of anticoccidioidal antibodies in the serum
or cerebrospinal fluid. Serologic testing remains
the most utilized method for diagnosing the
disease. Enzyme immunoassay (EIA) tests are
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widely available and provide timely results,
hence are the most frequently used test for ini-
tial screening. While detection of IgM and IgG
antibodies by EIA are more sensitive than other
available tests for detecting early disease [im-
munodiffusion tube precipitin test (IDTP),
complement fixation titers], they are less
specific and are hampered by the possibility of
false-positive IgM results [100]. EIA-positive
results should therefore be confirmed using
another test, such as an IDTP, immunodiffusion
complement fixation test, or complement fix-
ing test, although these latter tests are often
negative early in the disease; hence, follow-up
testing (every * 1–2 weeks) is warranted in
suspected cases [101]. Laboratories with exper-
tise in these tests include the University of
California, Davis (https://health.ucdavis.edu/
medmicro/cocci.html) [102].

Since it may take several weeks for antibodies
to develop, and a negative serology (even using
an EIA) does not rule out infection early in the
disease course [101], repeat testing is recom-
mended if the disease is suspected. The EIA IgM
is initially positive, followed by detection of IgG
antibodies. Most patients with disseminated
disease will have detectable serum anti-coccid-
ioidal IgG antibodies by EIA and/or immunod-
iffusion testing; however occasionally
immunosuppressed persons will not mount
detectable antibody responses [80] emphasizing
the need for a high index of suspicion in this
group and acquisition of clinical samples for
culture/histopathologic examination.

Complement fixation (CF) titers which
measures IgG antibody should be ordered in all
cases of coccidioidomycosis and are important
in assessing the burden of fungal infection and
monitoring treatment responses (a decreasing
titer indicates clinical improvement). CF testing
involves placing a patient’s serum with coccid-
ioidal antigen in which immune complexes are
formed (usually involving IgG immunoglobu-
lin) that depletes complement. When antibody-
coated red blood cells are added, the reduction
in complement results in reduced lyses. The IgG
antibodies are reported as titers (e.g., 1:2 is low
and 1:512 is high). A titer[1:16 has been
associated with an increased likelihood for dis-
seminated disease, with a caveat that CNS

disease may have low titers, hence suspicion for
CNS involvement should rely on symptoms,
imaging, and CSF examination findings, rather
than on CF titers alone [76]. Since CF titers are
associated with disease progression and regres-
sion, they are very useful in monitoring the
disease over time. CF titers are typically moni-
tored every 6–8 weeks, especially early during
the treatment course, but may be done less
frequently over time.

A rapid lateral flow assay (LFA) for detection
of coccidioidal antibodies with results in 1 h has
been developed (Sōna; IMMY, Norman, OK,
USA). Testing can be performed with minimal
training and laboratory equipment at the point
of care. A recent study of patients with early
coccidioidomycosis showed a notably lower
sensitivity for the LFA as compared to the
available EIA tests. Specifically, compared to the
standard blood EIA, the LFA demonstrated only
a 31% sensitivity [103].

Coccidioidal antigen testing may be useful,
since it does not require time (e.g., weeks) for
the development of an antibody response and
hence can be positive earlier (compared with
antibody tests), and may be particularly useful
among immunosuppressed persons who may
not generate adequate antibody responses.
Antigen testing may also be useful for the
evaluation of CM [104]. Coccidioidal antigen
testing is commercially available for use with
blood, urine, or CSF samples.

Finally, PCR testing has been developed, and
may also be positive early in disease before
antibody production. Use of the PCR using
respiratory and pleural samples have been
explored in small studies [96, 105, 106]; how-
ever, this test is currently confined to the
research setting, given the lack of robust clinical
data supporting its use.

The definitive diagnosis of coccidioidomy-
cosis, especially for disseminated disease or
among immunosuppressed patients, often relies
on culture and histopathology data. Cultures
can be obtained from any source of suspected
involvement, including sputum, bronchoscopy
fluid, pleural fluid, synovial fluid, CSF, blood, or
biopsies of the skin, bone, or other tissues. CSF
and pleural cultures have low sensitivity
[96, 104]. Similarly, cultures of the blood are
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rarely positive, but case reports have described
Coccidioides being isolated from the blood [107].
Fungal cultures of infected tissues (skin, bone,
or joint fluid) have higher yield. Fungal culture
growth occurs on most mycologic or bacteriol-
ogy media at 5–7 days of aerobic incubation,
demonstrating a white, non-pigmented mold.
Since the mycelial form grows on agar media,
inhalation of an open plate can be highly con-
tagious. Thus, if Coccidioides is suspected, labo-
ratory personnel should be informed, and the
plates taped to avoid accidental exposure. If
working with the organism in the laboratory, a
biocontainment cabinet (biosafety level 3)
should be utilized. A chemiluminescent DNA
probe (Accuprobe; Gen Probe) is available to
assist with the identification of the mold [108].
Differentiation between the two species is not
commercially available, but can be conducted
in research settings. Histopathology of tissue
specimens using a variety of stains [most com-
monly the Grocott methenamine silver (GMS)]
typically reveals granulomatous inflammation.
Spherules are pathognomonic for
coccidioidomycosis.

Coccidioidal skin testing was utilized early in
the history of the disease for clinical and epi-
demiologic purposes. A positive test (induration
of[5 mm at 48 h) indicates a past or cur-
rent Coccidioides infection. In addition to help-
ing with the diagnosis of an acute pulmonary
infection with test positivity seen earlier than
that of serologic testing, it may identify previ-
ously infected persons. Skin testing can also be a
prognostic indicator, as anergy in the setting of
a known coccidioidal infection predicts a higher
risk of severe disease. While a skin test for coc-
cidioidomycosis was unavailable for many
years, a new reformulated spherule-derived test
is currently available and FDA-approved in the
US for adults 18–64 years old (Spherusol;
https://nielsenbio.com/spherusol-hcp) [109].

TREATMENT

Overview

Antifungal treatment is determined by the type
and extent of the coccidioidal infection (e.g.,

pulmonary vs. extrapulmonary; severe vs mild)
and immunocompetence of the host. The
Infectious Diseases Society of America (IDSA)
has published specific guidelines on the man-
agement of coccidioidomycosis [80].

Available antifungal classes with activity
against Coccidioides spp. include polyenes and
azoles [110]. Currently, the only two FDA-ap-
proved medications for coccidioidomycosis
are amphotericin B and ketoconazole; how-
ever, both are associated with the potential for
significant adverse effects. Contemporary
treatments include the off-label use of five
currently available azoles: fluconazole, itra-
conazole, posaconazole, voriconazole, and
isavuconazole.

Polyenes
Amphotericin B has been extensively utilized in
the treatment of coccidioidomycosis over the
last 50 years, and was initially the sole available
agent. Amphotericin is currently available in
multiple formulations, including amphotericin
B deoxycholate, liposomal amphotericin B (L-
AMB), amphotericin B colloidal dispersion, and
amphotericin B lipid complex. All formulations
are currently only available in intravenous (iv)
forms. There are no human clinical trials com-
paring the various formulations; however, they
are all considered efficacious based on animal
data and clinical experience [111, 112]. Over
time, the use of an L-AMB has become preferable
given its better adverse event profile, especially
among persons with underlying renal disease.
All amphotericin formulations have potential
side effects, including nephrotoxicity, hypoka-
lemia, hypomagnesemia, phlebitis, fever, chills,
body aches, and anemia. The typical dose of
conventional amphotericin B for coccid-
ioidomycosis is 0.7–1.0 mg/kg iv daily, and for
lipid formulations is 3–5 mg/kg iv daily. Ini-
tially, therapy is typically given daily, and then
transitioned to 3 times/week as the patient
improves. Close monitoring of creatinine,
magnesium, potassium, and hemoglobin levels
is warranted. The duration of therapy is
dependent on clinical improvement, but is
typically for * 3 months, with subsequent
transition to azole therapy. With the availability
of the less toxic azole class, amphotericin is now
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reserved for severe, progressive coccidioidal or
azole-unresponsive disease.

Utilization of amphotericin B via other
routes than iv have been described. Since iv
amphotericin B is ineffective for CM, it can be
given by direct lumbar or cisternal injection or
via lumbar, ventricular, or cisternal reservoirs;
expert consultation is highly recommended
given the complexities of this therapy [113].
Additionally, the use of amphotericin B-im-
pregnated cement for bone or joint infections
has been described in case reports, but its effi-
cacy is unknown [114].

Azoles
Ketoconazole was the first azole with demon-
strable activity against Coccidioides spp., and is
the only available azole approved by the FDA
for treatment. However, this drug is no longer
utilized in this role due to concerns for adverse
events, including hepatotoxicity. The five
azoles currently used to treat coccidioidomyco-
sis are fluconazole, itraconazole, voriconazole,
posaconazole, and isavuconazole. There are no
randomized clinical trials that compare these
azoles in terms of efficacy for coccidioidomy-
cosis. The only comparative study performed
evaluated fluconazole versus itraconazole, and
was performed over 20 years ago [115]. This trial
compared fluconazole 400 mg daily and itra-
conazole 200 mg twice daily, and demonstrated
similar (within 20%) outcomes. In a secondary
analysis focused on skeletal disease, response
rates were superior among those treated with
itraconazole [115]. No other randomized studies
have been conducted. Hence, decisions on
which azole to prescribe are largely based on
drug cost, adverse events/intolerances, drug
absorption [therapeutic drug monitoring (TDM)
is recommended for itraconazole, posaconazole,
and voriconazole], and clinical experience.
Given their lower costs and the robust clinical
experience, fluconazole and itraconazole
remain the preferred agents for treatment by the
IDSA guidelines [80]; of note, in clinical prac-
tice, fluconazole is less toxic and easier to use
than itraconazole.

All available azoles can cause hepatotoxicity
and QTc prolongation (except isavuconazole
which shortens the PR interval). A baseline
electrocardiogram should be considered among
those at risk for QT abnormalities, especially
among those with cardiac disease, receipt of
other QT-altering drugs, and patients with low
potassium, magnesium, or calcium levels (elec-
trolytes should be corrected before azole ther-
apy is begun). Three azoles (itraconazole,
voriconazole, and posaconazole) contain a
cyclodextrin vehicle which may accumulate,
especially in the setting of renal disease. Azoles
have many potential drug interactions that
require a careful review of concurrent medica-
tion history. Periodic monitoring of a complete
blood count and comprehensive metabolic
panel, which include liver tests, is recom-
mended with prolonged use. Finally, azoles
have been associated with teratogenicity, and
hence should be avoided during the 1st trime-
ster of pregnancy. For example, studies have
shown that fluconazole may cause congenital
craniosynostosis, skeletal deformities, heart
defects, and spontaneous abortion [116, 117].
Hence, other than single-dose usage (which is
not relevant for coccidioidal treatment), the
FDA has categorized fluconazole as pregnancy
class D. Similarly, other azoles should also be
avoided in the 1st trimester [66, 80]. Appropri-
ate counseling and contraception should be
provided to women of child-bearing age to
avoid pregnancy while on azole therapy.

Fluconazole is typically considered the first-
line agent, and can be utilized for all forms of
coccidioidomycosis [80], given its excellent
penetration into the brain, lungs, skin, and
bone/joints. Typical dosing is 400 mg po daily,
but higher doses of 800–1200 mg have been
used for disseminated or severe disease. Advan-
tages of fluconazole include its low cost, avail-
ability in both oral and intravenous
formulations, no food requirement, long half-
life, and excellent bioavailability. Fluconazole
side effects (in addition to those listed above)
include alopecia, xerosis, cheilitis, and
arthropathy, which are often dose-related, with
higher doses associated with more bothersome
side effects.
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Itraconazole is the second most commonly
prescribed azole to treat coccidioidomycosis,
and is available as a capsule or oral solution.
Dosing is typically 200 mg po three times daily
for 3 days, followed by 200 mg po twice daily
thereafter. Absorption is challenging, and can
be improved by taking the capsule with a high
fat meal and acidic beverage (Coke); the oral
solution is taken on an empty stomach. The oral
solution has greater bioavailability, but has
more gastrointestinal side effects. TDM is rec-
ommended to ensure adequate drug levels;
concentrations generally reach steady state by
2 weeks, and target concentrations are prefer-
ably[2 mcg/ml with goal random level of 3–6
mcg/ml [21]. Itraconazole has potential adverse
side effects distinct from fluconazole, including
hypertension, hypokalemia, sodium retention,
and negative inotropic effects with resultant
cardiac issues, and hence is best avoided in
those at risk of heart failure [118]. Despite
reported poor CSF and bone penetration, stud-
ies have shown itraconazole to be efficacious in
the treatment of CNS and osseous forms of
coccidioidomycosis.

In cases of intolerance to or failure of flu-
conazole and/or itraconazole, an alternate azole
may be considered. Voriconazole is available in
both intravenous and oral formulations, and is
widely distributed throughout body including
in the CSF. Dosing is 400 mg twice daily 9 1 day
and then 200 mg twice daily thereafter, taken
on an empty stomach. Some have alternatively
recommended using weight-based dosing with
a loading dose of 6 mg/kg every 12 h 9 1 day,
followed by 4 mg/kg every 12 h thereafter [21].
Voriconazole has distinct potential side effects,
including visual disturbances and hallucina-
tions, mental status alterations, alopecia, xero-
sis, periostitis, photodermatitis, and an
increased risk for cutaneous malignancies
including squamous cell carcinoma and mela-
noma [119]. Patients should be counseled to
avoid the sun, utilize sunscreen and sun-pro-
tective clothing, and undergo skin cancer
surveillance. Regarding adverse events, toxicity
appears to be related to elevated serum drug
levels influenced by the CYP-2C19 genotype,
and hence TDM is recommended with a trough
goal of 1–5 mcg/ml. TDM has been shown to

improve both the efficacy and safety of this
antifungal agent [120]. Case reports and retro-
spective series have reported the use of
voriconazole for both meningeal and non-
meningeal coccidioidal disease [121–124].

Posaconazole is available in both intra-
venous and oral forms. The oral form was ini-
tially available only as an oral solution;
however, bioavailability was a problem. Cur-
rently, a delayed release (DR) oral tablet is
available and preferable given its improved
absorption. Typical dosing of the DR tablet is
300 mg twice daily 9 1 day and then 300 mg
daily thereafter and is taken with food. Com-
mon side effects include gastrointestinal upset,
hypokalemia, hypertension, peripheral edema,
dry mouth, and headache. Additionally,
posaconazole-related mineralocorticoid excess
has been described, and presents with hyper-
tension and hypokalemia attributed to the
inhibition of 11b-hydroxylase or 11b-hydrox-
ysteroid dehydrogenase 2 [125]. Hence, moni-
toring of blood pressure and potassium levels
are recommended during therapy. Posaconazole
levels should be monitored with a goal random
level of 3–6 mcg/ml [21]. Posaconazole has been
shown to penetrate most sites of the body, but
exhibits poor CSF penetration [126]. Posacona-
zole has shown to be effective in the treatment
of some refractory cases of coccidioidomycosis
[121, 127–129].

Isavuconazole is the newest azole, and is
available in both oral and IV formulations.
Dosing is 372 mg of isavuconazonium sulfate
(the prodrug) every 8 h for 48 h followed by
372 mg of isavuconazonium sulfate daily
thereafter, with no food requirements (of note,
372 mg of isavuconazonium sulfate is equiva-
lent to 200 mg of isavuconazole). Potential
adverse events include gastrointestinal disor-
ders (diarrhea and nausea/vomiting) and hypo-
kalemia. This azole is unique in that it can lead
to QTc shortening (vs. prolongation seen with
other azoles). Given that the drug has high
bioavailability, TDM is not required. A
prospective study has demonstrated its efficacy
in the treatment of primary Coccidioides infec-
tion and salvage therapy, including for refrac-
tory CM [130–133].
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While azoles remain the most frequently
utilized class for treatment of coccidioidomy-
cosis, clinical failures can occur, and treatment
response may be slow requiring months to even
years of therapy. Whether Coccidioides isolates
have become more resistant to azoles has been
questioned. While antifungal susceptibility is
not readily available in clinical laboratories, it
can be performed in research settings. As such a
study of 581 isolates from disparate geographic
locations in North America were analyzed from
2001 to 2015. This study found elevated MIC
values for fluconazole (C 16 lg/ml, 37.3% of
isolates; C 32 lg/ml, 7.9% of isolates), itracona-
zole (C 2 lg/ml, 1.0% of isolates), posaconazole
(C 1 lg/ml, 1.0% of isolates), and voriconazole
(C 2 lg/ml, 1.2% of isolates). Voriconazole and
posaconazole MICs were significantly lower
than those of fluconazole, itraconazole, and
amphotericin B (p\0.0001). While the clinical
relevance of these data is unknown as patient
outcomes were not studied, the observed
decreased in vitro susceptibility of fluconazole
may explain the need for higher fluconazole
doses and/or poor clinical responses to flu-
conazole in some cases [134]; further studies are
needed.

Other Antifungal Agents, New Drug
Development, and Combination Therapy
Other available antifungal agents include the
echinocandins. This class has been evaluated as
a potential treatment option since Coccidioides
spp. contain b-1,3 glucan and this drug class
inhibits beta-(1,3)-D-glucan synthase. There is
variable in vitro susceptibility within the
echinocandin class, with caspofungin having
higher MICs compared to anidulafungin and
micafungin [134]. Disappointingly, both
in vitro and animal studies have demonstrated
little activity against Coccidioides spp.
[135–137]. Hence, echinocandins are not con-
sidered frontline agents for coccidioidomycosis,
and should only be considered in the setting of
combination salvage therapy.

There remains a need for newer fungicidal
oral agents against Coccidioides spp. with
improved potency and fewer side effects and
drug interactions. Unfortunately, as a regional
disease, coccidioidomycosis has not garnered

significant attention to prompt randomized,
clinical trials or specific drug development.
Industry interest has been limited in recent
decades, and the support of governmental or
philanthropic organizations is needed. The
development of new drugs for coccidioidomy-
cosis was the focus of a recent FDA workshop
[138].

While drug development for coccid-
ioidomycosis has stalled, antifungal develop-
ment in general has accelerated, and these drugs
could be investigated regarding their potential
role in the treatment of coccidioidomycosis.
Recently, there are numerous agents in devel-
opment, including improved formulations of
older drugs as well as new drugs with novel
mechanisms of action. For example, a new for-
mulation of itraconazole (SUBA-itraconazole)
has been developed and clinical studies are
ongoing [139], as well as a novel oral ampho-
tericin B formulation (iCo-019) [140]. Addi-
tionally, investigational antifungal agents are
advancing in development, including Olorofim
(formerly F901318), an orotomide (inhibitor of
dihydroorotate dehydrogenase) with excel-
lent in vitro activity against Coccidioides spp.,
in vivo efficacy demonstrated in a murine
model for CM, and human studies planned
[141, 142]. Nikkomycin Z is a chitin synthase
inhibitor that has shown promising results in
murine models of infection [143–145]. Addi-
tional agents include fosmanogepix (formerly
APX001), new glucan synthase inhibitor (reza-
fungin), a fungal mitochondrial inhibitor
(T2307), VT-1598, an investigational tetrazole
that selectively inhibits fungal Cyp51A, and a
histone deacetylase inhibitor (MGCD290)
[138, 146]. Overall, we eagerly await novel
antifungal therapies with anti-Coccidioides spp.
activity, which ideally will provide more rapid
anti-fungal effects, greater efficacy and cure
rates, shorter treatment duration, and improved
side effects and drug interaction profiles.

Combination antifungal therapy has been
considered for a variety of fungal pathogens;
however, clinical trials are lacking regarding its
potential role in coccidioidomycosis. In the
past, there has been a theoretical concern
regarding combining an azole with ampho-
tericin B, since the former agent inhibits
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ergosterol in the cell membrane and thereby
could interfere with the action of amphotericin
binding and depleting ergosterol; however, this
concern has not been confirmed in studies or
clinical experience. Since it stands to reason
that targeting multiple pathways using a com-
bination of drugs may improve efficacy, animal
studies have been conducted studying antifun-
gals that act at different sites. For example, a
murine model of coccidioidomycosis demon-
strated that the combination of caspofungin
and amphotericin B deoxycholate had syner-
gistic effects with increased survival and
decreased fungal burden compared to
monotherapy with either treatment alone
[137, 147]. Whether this combination has a
potential role in refractory coccidioidomycosis
remains unclear, and further studies are needed.
Investigational agents such as nikkomycin Z has
demonstrated additive and synergistic effects
in vitro when combined with azoles such as
fluconazole [148]; clinical studies combining
these agents are of interest once nikkomycin Z
is available.

Treatment Recommendations

Pneumonia
Most immunocompetent patients with acute,
uncomplicated pneumonia are not thought to
require specific antifungal therapy and typically
self-resolve their illness [80]. There are no pla-
cebo-controlled studies currently available to
determine if antifungal treatment is of clinical
benefit. Two retrospective studies did not
demonstrate that early azole treatment com-
pared with no treatment improved time to
symptom resolution or risk for recurrence or
dissemination [149, 150]. A phase IV random-
ized clinical trial was initiated to evaluate early
fluconazole therapy versus placebo for CAP in
endemic areas with a goal enrollment of 1000
subjects; unfortunately, the study was termi-
nated early due to poor enrollment (only 72
participants enrolled during the first year) [151].

While some clinicians may advocate for
treatment of all cases regardless of severity or
host characteristics, data suggest caution to this
approach. For example, in a trial that provide

treatment with fluconazole or itraconazole,
relapse nonetheless occurred in 18–28% [115],
questioning whether treatment positively
affected outcomes. Further, some have ques-
tioned whether early treatment may adversely
dampen immune responses, with data showing
a lack of IgG response in some cases when azoles
are administered early in infection; however,
T-cell responses and clinical outcomes were not
studied [152].

For persons with coccidioidal pneumonia
who have a debilitating infection or specific
host factor(s), antifungal therapy is recom-
mended [80] (Table 1). Symptoms to prompt
antifungal therapy have included weight
loss[10% of body weight, intense night
sweats[3 weeks, infiltrates of more than half of
one lung or involving both lungs, prominent or
persistent hilar or peritracheal adenopathy, CF
titer[1:16, symptoms lasting[2 months, need
for hospitalization, or inability to work [80].
Additionally, patients with underlying host
factor(s) that increases the risk for complicating
disease, treatment is warranted in the setting of
a symptomatic infection. These conditions
include diabetes, a frail health status due to age
or comorbidities, or an immunosuppressive
condition (see risk factors above). Many experts
also recommend treating those of non-Cau-
casian races, especially African Americans and
Filipinos, due to their propensity to develop
disseminated disease [80]. Patients with HIV
infection who have a CD4 cell count of\250
cells/mm3 should also be treated; of note,
immune reconstitution inflammatory syn-
drome is thought to be uncommon and delay-
ing antiretroviral therapy, while treating
pulmonary coccidioidomycosis is not recom-
mended [66]. Coccidioidomycosis among HIV-
infected persons with CD4 cell counts of C 250
cells/mm3 is treated similarly to those without
HIV infection.

No clinical trials been performed to deter-
mine the optimal drug, dose, or duration for
pulmonary coccidioidomycosis among persons
warranting treatment. Antifungal treatment
based on clinical experience and per the IDSA
guidelines is typically with fluconazole 400 mg
daily (or itraconazole 200 mg po twice daily) for
3–6 months [80]. The choice of fluconazole for
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Table 1 Treatment recommendations for coccidioidomycosis

Clinical presentation Type of antifungal therapy Duration of
therapya

Pulmonary

Pneumonia, not debilitating and no risk factors for

disseminationb
None NA

Pneumonia, debilitating or with risk factors for

disseminationb
Azole (e.g., fluconazole 400 mg po daily)c 3–6 months

Diffuse pneumonia with respiratory failure Liposomal amphotericin followed by azolec [1 year

Pulmonary nodule or cavity, asymptomatic None NA

Pulmonary cavity, symptomatic or chronic fibrocavitary

disease

Azole, consider surgical options c Variable

Extra-pulmonary

Cutaneous disease Azole (e.g., fluconazole 400–800 mg po

daily)c[1 year

[ 1 year

Bone/joint disease, not critical location Azole (e.g., fluconazole 400-800 mg po

daily)c[1 year

[ 1 year

Bone/joint disease, critical location (vertebral) or rapidly

progressive

Liposomal amphotericin followed by azolec [1 year

Meningitis, brain involvement High dose fluconazole (800–1200 mg/day)c Lifelong

Other extrapulmonary areas, localized and not life-

threatening

Azole (e.g., fluconazole 800 mg/day)c [1 year

Multiple areas with rapidly progressive, life-threatening

disease

Liposomal amphotericin followed by azolec [1 year

Positive test without clear disease

Elevated coccidioidal antibody titers without a defined

focus of disease

None versus azole (fluconazole

400 mg/day)d
Variabled

NA not applicable
aDependent on host factors (e.g., immunosuppression) and clinical response (symptoms, examination findings, radiographic
findings and CF titer trends). Cases of disseminated disease should be treated with a minimal of 1 year, but most require 3
or more years of therapy, and those with brain involvement should be treated with lifelong therapy
bDebilitating disease has been classified by IDSA guidelines [80] to include weight loss[10% of body weight, intense night
sweats[3 weeks, infiltrates of more than half of one lung or involving both lungs, prominent or persistent hilar or
peritracheal adenopathy, CF titer[1:16, symptoms lasting[2 months, need for hospitalization, or inability to work.
Additionally, patients with underlying host factor(s) that increases the risk for severe or disseminated disease, treatment is
warranted in the setting of a symptomatic infection. Such host conditions include cellular immunodeficiencies (transplant
recipients, receipt of immunosuppressive medications, HIV with CD4 cell count of\250 cells/mm3), diabetes, a frail
health status due to age or comorbidities, or non-Caucasian races, especially African Americans and Filipinos
cPrior to azole use, evaluate for drug contraindications (e.g., pregnancy, long QT interval, etc.) as well as drug interactions
dTreatment is recommended for those who are immunosuppressed (e.g., transplant recipients and HIV-positive persons
with low CD4 counts of\250 cells/mm3)
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most cases is based on cost considerations,
fewer drug interactions, and excellent absorp-
tion and bioavailability. Discontinuation of
antifungal therapy should be based on symp-
tom resolution, host factors, risk for disease
recurrence, and CF titers. Among solid organ
transplant or allogenic hematopoietic stem cell
transplant recipients, ongoing suppressive azole
treatment after the acute treatment course is
recommended given the high risk for relapse
[80]. Similarly, ongoing therapy is advised
among HIV-infected persons with low CD4 cell
counts (\250 cells/mm3). Antifungal therapy
can typically be discontinued in HIV-infected
persons after 3–6 months if there is clinical
response, a CD4 cell count C 250 cells/mm3,
and a suppressed HIV RNA level [66].

Overall, antifungal treatment for uncompli-
cated coccidioidal pneumonia should be indi-
vidualized. All patients, regardless of
medication use, should receive patient educa-
tion (regarding the natural history of the disease
and symptomatology that may signify compli-
cated or disseminated course), clinical follow-
up, and supportive measures (e.g., recondition-
ing physical therapy) [80].

Regarding treatment of other pulmonary
forms of the disease, diffuse pneumonia with
respiratory failure is typically treated with
amphotericin until stabilization, followed by
de-escalation to an azole for at least 1 year
(Table 1). Presence of an asymptomatic pul-
monary nodule does not require antifungal
therapy; of note, differentiation between a post-
coccidioidal nodule versus another cause (e.g.,
malignancy) may require biopsy. A pulmonary
cavity can occur and, in asymptomatic cases,
antifungal therapy is not warranted [80]. How-
ever, if a cavity persists for[1 year, surgical
resection can be considered, especially if there is
concern for future complications, such as rup-
ture or development of a pneumothorax based
on the cavity location. Those with symptomatic
cavitary disease (due to ongoing cough or
hemoptysis) are treated with oral antifungal
therapy, but surgical management should be
considered, especially in cases of ongoing
symptoms despite antifungal therapy or if
symptoms recur whenever antifungal treatment
is stopped. Among patients who are unable or

unwilling to undergo surgery, chronic antifun-
gal therapy may be needed for symptom con-
trol. Finally, chronic fibrocavitary disease is
managed with oral azole antifungal agents and
possible surgical approaches among those with
ongoing, non-resolving symptoms.

Extrapulmonary Disease
All cases of extrapulmonary coccidioidomycosis
(e.g., skin, bone, joint, and other locations)
should be treated, as the disease is typically
progressive and seldom resolves on its own [80]
(Table 1). There are no comparative trials of
amphotericin versus azoles for disseminated
disease, but, given the toxicities associated with
the former agent, therapy is typically accom-
plished using an oral azole. For patients with
rapidly progressive disease, life-threatening dis-
ease, involvement of critical locations (e.g.,
vertebral infection), or azole failure, treatment
is with amphotericin, and then later de-esca-
lated to an azole once clinical stability or
improvement is achieved. Therapy for extra-
pulmonary disease is for a minimum duration
of 1 year but is often longer (3 or more years)
and should be informed by clinical findings, CF
titers, and the immunocompetence of the host.

Coccidioidal meningitis (CM) is the most
severe form of coccidioidomycosis and is typi-
cally treated with oral fluconazole. Of note,
intravenous amphotericin has poor CSF pene-
tration and is not an effective treatment for CM.
Dosing of fluconazole typically ranges from 400
to 1200 mg daily, typically at a starting dose of
800 mg daily. Patients who do not respond to
azole therapy may benefit from intrathecal
amphotericin B; dosing and administration
should be done in coordination with an expert
in the field [113]. Posaconazole and voricona-
zole have been used in refractory cases
[123, 124, 129]. Hydrocephalus can complicate
CNS disease and typically requires neurosurgical
consultation and placement of an internal
ventricular shunt. Patients diagnosed with CM
should be given life-long antifungal treatment,
given the high risk for relapse and life-altering
complications including stroke and death [80].
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Treatment during Pregnancy
Pregnant women represent a special population
in terms of the management of all forms of
coccidioidomycosis. First, they are at high risk
for severe, complicated disease. Secondly,
treatment is complicated by the potential for
teratogenicity of azoles during early pregnancy.
Per IDSA guidelines, options include ampho-
tericin, no therapy with close monitoring, or
use of an azole after the first trimester. For those
with CM, intrathecal amphotericin B may be an
option. Further guidance on the management
of coccidioidomycosis during pregnancy is
available in the IDSA guidelines [80].

Elevated Coccidioidal Antibody Titers Without
A Defined Focus of Disease
Occasionally, detection of a positive coccid-
ioidal antibody is found without symptoms or
signs of a defined fungal infection. In these
settings, a review of host risk factors for severe
disease, a thorough physical examination, and
CAR should be performed. Any foci of possible
infection should be investigated. Among those
with isolated positive coccidioidal antibody
testing who are immunosuppressed (e.g.,
transplant recipients and HIV-positive persons
with low CD4 counts of\250 cells/mm3)
treatment with fluconazole 400 mg daily is
recommended, since there is a notable risk for
impending development of clinical illness and
progression (Table 1) [66, 153]. Among the
immunocompetent host, close follow-up is
advised.

Additional Management Strategies
Among patients with immunosuppression due
to medication(s), a reduction in the dosage or
discontinuation of the immunosuppres-
sant(s) should be considered if it would not lead
to graft-versus-host disease, organ rejection, or
significant relapse/flare of their underlying
medical condition [80]. Persons who are
immunosuppressed due to HIV infection should
have treatment with antiretroviral medications
to improve their cellular immunity.

Surgery should be considered for compli-
cated bone and/or joint disease, including for
debridement and stabilization purposes.

Surgical consultation is also important in cases
of spinal instability, spinal cord/nerve root
compression, and/or paraspinal or epidural
abscesses.

Interferon gamma administration has been
utilized as adjunct to antifungal agents in case
reports of refractory disease [70, 123, 154]. A
dose of 50 lg/m2 subcutaneously 3 times weekly
has been associated with improvement; how-
ever, robust data are lacking [21].

CLINICAL FOLLOW-UP

Patient follow-up is important to ensure reso-
lution of clinical signs/symptoms and to mon-
itor for potential development of relapsing or
disseminating disease. For those on treatment,
monitoring for drug-related adverse events,
drug interactions, and TDMwhen applicable are
important. The time frame of follow-up visits
should be individualized, based on disease
severity, host factors, and treatment plans. In
general, cases should be followed for a
notable duration of time (e.g., 2 years among
untreated persons and 2 years after treatment
ends among those treated), given the risk for
relapse and/or dissemination [21]. Follow-up
should include clinical assessments as well as CF
titers to ensure declining values over time. In
general, CF titers are performed every 4–-
8 weeks, with lengthening of the time frame as
the patient improves; of note, changes in titers
often take weeks [155]. An increase of two
doubling dilution steps in the titer is of clinical
significance; for example, an increase from 1:8
to 1:32 would suggest worsening of the disease,
and should be investigated in terms of new
signs or symptoms, medication compliance,
adequate absorption, TDM for specific azoles,
and further diagnostic imaging studies or spec-
imen collection (e.g., biopsy of a new lesion) as
dictated by clinical findings. For those with
pulmonary involvement, a follow-up CAR is
warranted to re-establish a new baseline and
document any residual changes that may be
helpful for future medical decision-making.

Patients with a history of coccidioidomycosis
who subsequently become immunosuppressed
or women who become pregnant should have
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re-assessment of their fungal disease status. This
should include a history and physical exami-
nation, CF titer, and consideration for imaging
studies based on prior disease involvement and
current symptomatology.

The duration of antifungal therapy is not
standardized, but most experts and guidelines
recommend 3–6 months for typical pulmonary
disease and at least 1 year for diffuse pneumonia
or any form of extrapulmonary disease, but the
latter conditions often require longer treatment
courses of 3 or more years [21, 80]. For CM,
therapy is lifelong [80]. The total length of
therapy should be individualized, and depends
on symptom resolution, follow-up imaging and
examination findings, and trends in CF titers
over time with a goal CF titer of\1:2 for at least
6 months prior to medication discontinuation.
Clinical decision-making in challenging cases
should involve an expert in the field.

DISEASE IMPACT

While many cases of coccidioidomycosis are
asymptomatic or self-limited, there a significant
burden of symptomatic disease annually. An
interview study in Arizona of coccidioidomy-
cosis cases found that the median time to
diagnosis was 23 days, the median duration of
illness was 120 days, the median number of
days lost from work was 14 days, and the med-
ian time until activities of daily living were
resumed was 47 days [156]. Another study
among patients with primary pulmonary dis-
ease found that the median time from symptom
onset to 50% reduction and to complete reso-
lution were 9 weeks and 18 weeks, respectively,
regardless of antifungal therapy [150]. Even
among otherwise healthy adults, convalescence
is often lengthy, and lingering fatigue may
continue for months.

Another study in Arizona estimated that the
total lifetime costs for the 10,359 cases of coc-
cidioidomycosis diagnosed in 2019 was US$736
million. Direct costs were $671 million and
accounted for over 90% of expenditures, with
$65 million in indirect costs. Disseminated
infection produces the highest economic bur-
den and cases of primary uncomplicated

pneumonia had the lowest burden, with the
latter costing an estimated $23,200 in direct
costs and $1300 in lost wages. The average
lifetime direct costs across all Valley Fever
manifestations were $64,800, with an addi-
tional $6300 for indirect costs for each person
diagnosed in Arizona during 2019 [157].

NOVEL CO-INFECTIONS

With the emergence of the novel coronavirus,
SARS-CoV-2, a number of co-infections with
Coccidioides spp. have been described. Both
pathogens are occurring at increasing rates and
share many of the same predisposing factors for
severe disease, including older age, poorly con-
trolled diabetes, immunosuppression, racial
minority status, and pregnancy [158].

Patients with coccidioidomycosis infection
may have pulmonary sequalae that place them
at higher risk for severe COVID. Similarly, those
with severe COVID are at risk for developing
fungal infections, especially with receipt of
immunosuppressive agents (e.g., dexametha-
sone, tocilubmab) as COVID therapies. Addi-
tionally, SARS-CoV-2 may cause host immune
dysregulation with high levels of inflammatory
cytokines, lymphopenia, and T-cell depletion,
all of which may predispose to fungal
infections.

While the exact role of COVID in potentially
increasing Coccidioides infections or reactivation
remains incompletely defined, cases of co-in-
fection have been reported in the literature. A
review of systemic mycoses in the setting of
SARS-CoV-2 infection reported two coccidioidal
cases in California, one treated with fluconazole
and the other without; there were no reported
fatalities [159]. An additional case of accelerated
progression of disseminated coccidioidomycosis
following SARS-CoV-2 has been published
[160]. The full impact of SARS-CoV-2 on coc-
cidioidomycosis cases and disease severity
awaits further studies.
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PREVENTION

Preventive strategies for coccidioidomycosis
include avoiding outdoor activities when dust is
present, and, if outside exposure is unavoidable,
wearing a respirator. Wetting the soil before
soil-disruptive activities has also been advised.
Education of residents and travelers to endemic
areas (particularly those who are at increased
risk for severe or disseminated disease) regard-
ing preventive strategies as well as disease
symptomatology is recommended.

Prophylactic use of antifungals among high-
risk, immunosuppressed persons who reside in
highly endemic areas is a rapidly evolving area
of interest. Transplant recipients residing in
endemic areas without evidence of active coc-
cidioidomycosis are recommended to receive
prophylaxis with fluconazole 200 mg daily for
at least 6–12 months post-transplant [80].
Whether prophylaxis should be extended
beyond this time frame requires further study,
but a study among lung transplant recipients
living in an endemic area (n = 493) showed low
rates of active disease in the setting of ongoing,
life-long prophylaxis [161].

Pre-emptive testing for Coccidioides spp. is
recommended among specific groups residing
in endemic locations or with history of past
exposure. For example, testing is advised prior
to stem cell or organ transplantation. For those
who will be receiving biological response mod-
ifiers without a history of infection, guidelines
recommend screening prior to immunosup-
pressant initiation followed by clinical follow-
up for any new signs or symptoms; ongoing
serologic screening or antifungal prophylaxis is
not recommended if they remain asymptomatic
and are seronegative.

HIV-infected persons in endemic areas are
recommended to undergo annual testing using
serology and chest radiography [80]. For
asymptomatic HIV patients who are serologi-
cally negative, primary antifungal therapy is not
recommended. Rather, annual serologic testing
using an EIA or immunodiffusion are recom-
mended. Those with HIV infection and a CD4
count\250 cells/mm3 with a new positive IgM
or IgG serology despite the absence of

symptoms are recommended to receive ongoing
therapy (fluconazole 400 mg po daily) until the
CD4 is[250 cells/mm3 for at least 6 months.
For symptomatic patients, treatment is pro-
vided as outlined above [66].

For persons at high risk for complicated dis-
ease who may be considering residence and
among military personnel or prisoners who may
be stationed or incarcerated in endemic areas,
the use of serologic testing and/or skin testing
may be useful to evaluate for evidence of pre-
existing immunity and risk for incident
infection.

Finally, regarding accidental laboratory
exposure to Coccidioides spp., antifungal
administration is recommended per the existing
literature [162].

Regarding a vaccine to protect against Coc-
cidioides spp. infection, despite earnest efforts,
no vaccine currently exists [163]. An effective
vaccine is believed possible, since patients who
have recovered from initial infection are
thought to be protected for life. The goal of a
successful vaccine would include prevention of
both symptomatic and disseminated forms of
the disease, especially among immunosup-
pressed persons and other persons at high risk.
Hence, the niche for the vaccine would be
among high-risk individuals, including outdoor
workers, military personnel, non-Caucasians,
and immunosuppressed hosts living in or trav-
eling to endemic areas.

Based on the current understanding of
effective immune responses against Coccidioides
spp., successful protection would require T-cell-
medicated immune responses (TH1 and TH17).
The first experimental anti-Coccidioides vaccine
developed was a formalin-killed spherule (FKS)
vaccine that demonstrated promising results in
mice in the 1960s [164, 165]. However, human
trials conducted in the 1990s found no differ-
ences between the FKS-vaccinated and placebo
groups [166], likely due to the dose reduction
made to the formulation to address severe
injection site reactions.

The approach for a coccidioidal vaccine
subsequently focused on potential antigens that
could be recombinantly produced and included
in a vaccine. Conserved proteins present in both
species have been identified, but which ones
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elicit protective immune responses remains
unclear. Several recombinant vaccine candi-
dates have been developed [13], including one
using a construct of three antigens (Ag2-PRA,
Cs-Ag, and Pmp-1) along with an adjuvant, but
all are in early phases of development. Another
candidate is a live mutant strain of C. posadasii
that has the virulence factor encoded by the
CPS1 gene deleted [167]. A major constraint to
the development of both novel treatments and
vaccines against coccidioidomycosis is the lack
of commercial incentive and public interest.
Strong governmental, philanthropical, and
pharmaceutical partnerships will likely be nee-
ded to ensure progress towards an effective
vaccine, a goal that is likely decades in the
future.

CONCLUSIONS

Over the past century, much has been learned
about coccidioidomycosis, which is endemic to
the valleys of California (‘‘Valley Fever’’) and
other desert locations in the Western Hemi-
sphere. The geographic distribution of the cau-
sative pathogens, C. immitis and C. posadasii,
appear to be expanding and the incidence of the
disease is rising. Although most coccidioidal
infections are asymptomatic, coccidioidomyco-
sis is a common cause of CAP and may dis-
seminate through the body (especially to the
skin, bone/joints, and CNS), causing
notable health and economic repercussions.
While the clinical features and diagnosis of the
disease are well described, much is to be gained
regarding more potent and safer antifungal
agents against this orphan disease. As antifun-
gals are developed, studies on their potential
activity and role in coccidioidomycosis are
advocated. A vaccine for preventing coccid-
ioidomycosis among exposed persons, espe-
cially those at high risk of disseminated disease,
is needed, but will likely not be realized until far
in the future. An increased public awareness
and interest in this disease is needed, as well as a
renewed sense of urgency for novel treatments
and preventive strategies for this important
regional infection of global implications.
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126. Rüping MJ, Albermann N, Ebinger F, et al.
Posaconazole concentrations in the central nervous
system. J Antimicrob Chemother. 2008;62:1468–70.

127. Catanzaro A, Cloud GA, Stevens DA, Levine BE,
Williams PL, Johnson RH. Safety, tolerance, and
efficacy of posaconazole therapy in patients with
nonmeningeal disseminated or chronic pulmonary
coccidioidomycosis. Clin Infect Dis. 2007;45:562–8.

128. Anstead GM, Corcoran G, Lewis J, Berg D, Graybill
JR. Refractory coccidioidomycosis treated with
posaconazole. Clin Infect Dis. 2005;40:1770–6.

129. Schein R, Homans J, Larsen RA, Neely M.
Posaconazole for chronic refractory coccidioidal
meningitis. Clin Infect Dis. 2011;53:1252–4.

130. Naeem F, Laningham F, Kuzmic B, Clerkin P,
McCarty J. Isavuconazole as salvage therapy for
refractory pediatric coccidioidal meningitis. Pediatr
Infect Dis J. 2021;40:e128–31.

131. Heidari A, Quinlan M, Benjamin DJ, Laurence B, Mu
A, Ngai T, et al. Isavuconazole in the treatment of
coccidioidal meningitis. Antimicrob Agents Che-
mother. 2019;63:e02232-e2318.

132. Thompson GR, Rendon A, Ribeiro Dos Santos R,
et al. Isavuconazole treatment of cryptococcosis and
dimorphic mycoses. Clin Infect Dis. 2016;63:
356–62.

133. Davis MR, Chang S, Gaynor P, McCreary EK, Allyn
P. Isavuconazole for treatment of refractory coc-
cidioidal meningitis with concomitant cere-
brospinal fluid and plasma therapeutic drug
monitoring. Med Mycol. 2021;59:939–42.

134. Thompson GR, Barker BM, Wiederhold NP. Large-
scale evaluation of in vitro amphotericin b, triazole,
and echinocandin activity against Coccidioides spe-
cies from US institutions. Antimicrob Agents Che-
mother. 2017;61:e02634-16.

135. Nakai T, Uno J, Ikeda F, Tawara S, Nishimura K,
Miyaji M. In vitro antifungal activity of micafungin
(FK463) against dimorphic fungi: comparison of
yeast-like and mycelial forms. Antimicrob Agents
Chemother. 2003;47:1376–81.

136. Gonzalez GM, Tijerina R, Najvar LK, Bocanegra R,
Luther M, Rinaldi MG, Graybill JR. Correlation
between antifungal susceptibilities of Coccidioides
immitis in vitro and antifungal treatment with
caspofungin in a mouse model. Antimicrob Agents
Chemother. 2001;45:1854–9.
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