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Coccidioidomycosis is an infection caused by inhalation of arthroconidia
of dimorphic fungi of the genus Coccidioides. This genus has recently been
divided on the basis of genomic analyses into two species, C immitis (isolates
from California) and C posadasii (isolates from outside California). There is
no obvious difference in the disease states produced by these two species [1].
These soil-dwelling fungi have an endemic range that encompasses semiarid
to arid life zones, principally in the southwestern United States and northern
Mexico [2]. Coccidioides also is found in parts of Argentina, Brazil Colum-
bia, Guatemala, Honduras, Nicaragua, Paraguay, and Venezuela [3].
Hyperendemic areas include Kern, Tulare, and Fresno counties in the San
Joaquin Valley of California and Pima, Pinal, and Maricopa counties in
Arizona. Major cities within these hyperendemic areas include Bakersfield,
California, and Phoenix and Tucson, Arizona [4]. There are approximately
150,00 infections per year in the United States [5].

The ecology of Coccidioides

There is a relationship between climatic conditions and the incidence of
coccidioidomycosis. A period of moisture is required for the hyphae to
grow in the soil. During a subsequent dry period the hyphae die, leaving vi-
able arthroconidia (spores). The arthroconidia may be dispersed by natural
forces (wind, earthquakes) or by anthropogenic disturbance of the soil [6].
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Persons at risk

Residence in or travel to these endemic areas is a risk factor for becoming
infected with this fungus and provides an important clue to the diagnosis [7].
Persons with occupations that have soil exposure, such as agricultural
workers, excavators, military personnel, and archeologists, are at the great-
est risk of acquiring coccidioidomycosis [3,8]. Immunocompromised persons
are also at high risk, including patients who have AIDS [9], transplant
recipients (especially those who received Coccidioides-infected organs) [10],
patients treated with tumor necrosis factor-a antagonists [11]; pregnant
women (especially in the third trimester) [12], and patients who have cancer
[13]. Certain ethnic groups are also at high risk of suffering disseminated
disease. Persons of Filipino or African American descent have a 10- to
175-fold higher risk for dissemination [3]. Persons with blood group B are
also at risk for more severe disease [14].

Epidemics

Outbreaks of coccidioidomycosis may follow natural events that result in
atmospheric soil dispersion, such as dust storms, earthquakes, and droughts
[15–17]. Notable events include a dust storm in the San Joaquin Valley in
1977 and the Northridge, California, earthquake in 1994 [16,17]. A large ep-
idemic occurred in California between 1991 and 1993, during which the in-
cidence of coccidioidomycosis increased to as much as 10 times the usual
rate. Factors responsible for the epidemic were (1) a drought, which was fol-
lowed by abundant rainfall; (2) new building construction, which resulted in
soil disruption; and (3) an influx of susceptible individuals into the area [18].
An epidemic in Arizona from 1998 to 2001 involved 7599 persons; the dis-
ease was most common during periods of hot, dry weather [4].

Common-source outbreaks can occur among persons who participate in
an activity that disrupts the soil, such as an archaeological dig. Often those
affected are not from the endemic area and thus have no prior immunity.
Also, these patients may have extensive pulmonary infiltrates because of
the intense exposure to the fungus in a confined area [19].

Pathogenesis

Arthroconidia are inhaled, ingested by pulmonary macrophages, and
convert to a round cell that enlarges over 3 or more days to become a spher-
ule. The spherule (8–30 mm in diameter) has thick outer walls and contains
hundreds of asexual endospores. This spherule ruptures, dispersing the
endospores, thereby initiating the endospore-spherule cycle. The endospores
may disseminate hematogenously to meninges, bones, skin, or other soft
tissues. Host control of coccidioidomycosis depends on competent cell-
mediated immunity [20].
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Diagnosis

Culture

The diagnosis of coccidioidomycosis is based on clinical suspicion sup-
ported by microbiologic, histopathologic, or serologic evidence. Culture is
the most definitive method for making a diagnosis [21]. In nature Cocci-
dioides forms fragile mycelia that are very liable to disruption and dispersion
by air currents. It grows readily (in about 5–7 days) on many culture media.
The mycelia are formed by barrel-shaped arthroconidia (1–4 � 5–6 mm) with
intercalated ‘‘ghost’’ cells. This morphology is characteristic of Coccidioides
but is not unique. A single arthroconidium may be sufficient to cause disease
if inhaled, so this organism should be given great respect in the laboratory.
All mycelial organisms should be handled only in a laminar flow hood. Con-
firmation of identify can be made in vitro by conversion into the spherule
form using Converse medium at 39�C. Spherules, in vitro or in tissue, are
20 to 150 mm in diameter, have double walls, and are filled with endospores.

Histopathologic findings

Coccidioides in the host forms a large spherule, readily seen on hematoxy-
lin-eosin, periodic acid-Schiff, or Gomori’s methenamine silver staining
(Fig. 1). The main distinguishing feature ofCoccidioides spherules is the pres-
ence of endospores. There are a few fungi or funguslike organisms that may
superficially resemble spherules. These includeRhinosporidium seeberi,Proto-
theca wickerham, and Chrysosporium parvum. Should there be any ambiguity
in the histopathologic appearance, specific antibody staining is available at the
Centers for Disease Control and Prevention. Histopathologic findings of
lesions may vary, from abscesses with many spherules, endospores, and neu-
trophils (in immunocompromised patients and in uncontrolled disease) to

Fig. 1. Spherules of Coccidioides posadasii showing internal endospores in tissue specimen

(Gomori’s methenamine silver-hematoxylin-eosin, �100).
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well-formed granulomas with very few organisms seen within the lesion (in
patients who have competent cell-mediated immunity).

Immunologic methods

Coccidioidin and spherulin skin tests are no longer available. Traditional
immunologic methods have involved complement fixation and immunodif-
fusion using the complement-fixing antigen (IDCF) [22,23]. Tests for precip-
itin antibody (IgM) become positive within the first few weeks of infection
and clear within a month or two. Tests for IgG require several months to
convert to positive but remain positive for years. The tests can be run
more simply using immunodiffusion with the tube precipitin (IgM) or com-
plement-fixing (IgG) antigens. With these tests a distinct pattern of antibody
responses has been documented (Table 1). Traditionally, a serum comple-
ment fixation titer of 1:16 or higher was associated with worsening or dis-
seminated disease [24]. Serologic titers tend to be higher in osteoarticular
than in soft tissue or chronic pulmonary disease [25]. Most patients who
have active coccidioidomycosis will have a positive antibody titer. Although
older literature suggests that antibody titers wane with clinical resolution of
disease, treatment trials done by the Mycoses Study Group have found se-
rum titers to be insensitive to the course of disease, even when followed over
several years [25]. Indeed, some consideration has been given to removing
the serologic titer from the scoring system, because it changes so little during
therapy. Any positive titer in the cerebrospinal fluid (CSF) confirms a diag-
nosis of coccidioidal meningitis, except when the approach of the lumbar
puncture is through infected paraspinous tissue or a lumbar puncture is con-
taminated by CSF containing peripheral blood [26,27]. In coccidioidal men-
ingitis, the CSF IgG titer is positive (in titers of 1:2 or more) more than 75%
of the time, whereas cultures of CSF are positive in less than 50% of patients
[28]. The CSF serologic titer declines more slowly than the severity of symp-
toms and the CSF leukocyte count but ultimately became undetectable in
most patients receiving chronic fluconazole therapy [29].

More recently, the ELISA for coccidioidal IgG and IgM antibodies has
been used increasingly [30]. The optical density by ELISA correlates reason-
ably well with the titer of the IDCF test [31]. The correlation is looser at
higher titers, however. Recently, Crum and coworkers [3] evaluated the

Table 1

Serologic methods for detecting Coccidioides infection

Method IgM IgG Utilization in 2006

Tube precipitin Yes No No

Immunodiffusion tube precipitin Yes No Yes

Complement fixation No Yes Rarely

Immunodiffusion complement fixation No Yes Yes

ELISA Yes Yes Yes
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characteristics of an ELISA for the diagnosis of coccidioidomycosis. The
overall characteristics of the ELISA were 100% sensitivity, 99% specificity,
a positive predictive value of 82%, and a negative predictive value of 100%.
Early in the course of the disease, however, the ELISA can be falsely nega-
tive; false positives can occur also.

Serologic testing for coccidioidomycosis is hampered by serologic cross-
reactivity with Histoplasma capsulatum and Paracoccidioides braziliensis
[32]. Antigen testing, which is so useful for the diagnosis of histoplasmosis
and cryptococcosis, is not currently available for coccidioidomycosis. An as-
say based on the polymerase chain reaction is in development and may have
future application [33].

Clinical presentation and recommended treatment

In vitro susceptibility testing

Coccidioides exists in nature as a mycelial form with arthroconidia and in
humans as the spherule form.Although spherules can be generated in vitro us-
ing Converse medium at 39�C, this is not commonly done, and the arthroco-
nidia are used for in vitro susceptibility testing. The Clinical Laboratory
Sciences Institute methods for testing mycelial fungi have been used [34]. In
vitro, Coccidioides is susceptible to most antifungal agents, including ampho-
tericin B, azoles, and the echinocandins [35]. In no other mycosis, however, is
the discordance between in vitro susceptibility and clinical response as dra-
matic as with coccidioidomycosis. Therefore, although one may assume that
Coccidioides is susceptible to most antifungal drugs in vitro, it is only through
clinical experience that one gains an understanding of the strengths and limi-
tations of the available drugs against this formidable fungal pathogen.

Clinical presentation and treatment

Evidence-based guidelines for the treatment of coccidioidomycosis are
more limited than for other endemic mycoses; in fact, there has been only
one single controlled, prospective trial, of fluconazole versus itraconazole
[36]. In the 2005 Infectious Disease Society of America (IDSA) guidelines,
treatment decisions are often the strongly recommended ‘‘A’’ level but are
based on relatively weak evidence, at the ‘‘II or III’’ level (ie, few random-
ized, prospective trials) [5]. Recently, an expert review of coccidioidal men-
ingitis was, by necessity, largely focused on clinical experience, because of
the paucity of clinical trial data [37].

Primary infection

Primary coccidioidomycosis is a pulmonary infection in which as many as
60% of subjects are asymptomatic [38,39]. Persons who received heavy
exposure to arthroconidia have a higher incidence of clinically apparent
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primary disease. In one example, 103 nonresidents of an endemic zone were
heavily exposed at an archeological site [40]. Of the 94 persons who com-
pleted a survey, 61 developed an illness compatible with primary coccidioi-
domycosis. Of these, 27 were confirmed with positive serology or skin tests.
No patients received treatment, and all resolved their disease spontaneously.
Symptomatic primary pulmonary infection typically resembles community-
acquired pneumonia or influenza. The illness begins 1 to 3 weeks after inha-
lation of arthroconidia and presents with fever, cough, and pulmonary
infiltrates [38]. The usual course is resolution over several weeks. More than
95% of patients who have symptomatic primary coccidioidomycosis recover
spontaneously without further sequelae [2,5]. Several aspects of primary coc-
cidioidomycosis merit special consideration, however:

1. Rheumatologic syndromes:Rheumatologic syndromesaremanifestations
of hypersensitivity and include erythema nodosum, erythemamultiforme,
polyarthralgia, and polyarthritis; antifungal therapy is not required [39].

2. Pleural effusions: In one series of 28 patients published in the pre-azole
era (1976), cultures were positive in all of 18 pleural biopsies [41]. Most
patients recovered without receiving antifungal therapy, but two suf-
fered disseminated disease and succumbed within 3 days. Three others
received amphotericin B. The authors concluded that uncomplicated
pleural effusion did not warrant antifungal therapy, but this study
was published before azoles were available. At present, azole therapy
would seem appropriate, given that fungi are recoverable from pleural
biopsies, and a few patients had life-threatening disease.

3. Immunosuppression: Primary coccidioidomycosis may develop into
progressive disease and dissemination in persons who have mild or se-
vere immunosuppression. These conditions include pregnancy and the
immunosuppression associated with solid-organ transplantation, diabe-
tes, end-stage liver disease, receipt of systemic steroids, or HIV infection
[2,9,12,42–52]. These patients warrant aggressive antifungal therapy.
Initial reports of coccidioidomycosis in the setting of AIDS were asso-
ciated with poor responses to antifungal therapy [48]. More recently,
with the widespread use of highly active antiretroviral therapy, coccid-
ioidomycosis has been easier to tame, although it still can be a formida-
ble adversary. When AIDS patients’ CD4 cell count is brought above
250 cells/mL by highly active antiretroviral therapy, and the fungal dis-
ease is quiescent, antifungal therapy may be discontinued, as recommen-
ded for histoplasmosis and cryptococcosis [47].

4. Pregnancy: The third trimester of pregnancy has been associated with
severe coccidioidomycosis, premature delivery, and spontaneous abor-
tion [12,53–55].

5. Race. For unclear reasons, Filipinos and African Americans are much
more likely than whites to develop persistent, progressive, and dissemi-
nated disease [56,57]. At present, there is no recommendation to treat all
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African Americans who have primary coccidioidomycosis, but they
should be followed carefully.

There has been interest in whether the course of primary coccidioidomy-
cosis, which accounts for substantial loss of work time as well as a risk of
progression, can be shortened by antifungal therapy. To date, there has
not been a prospective, randomized, placebo-controlled trial in primary coc-
cidioidomycosis. In the absence of clinical trial data, some physicians may
elect to observe patients who have relatively mild disease, but others may
initiate a course of fluconazole. Patients who have diffuse pneumonia are
more likely to progress to chronic disease or death and should be treated.
High-dose fluconazole or amphotericin B has been recommended in the
2005 IDSA guidelines [5]. The dose and duration of therapy are undefined.

Outcomes of primary infection

The outcomes of primary coccidioidomycosis include uneventful healing,
coccidioma, progressive or persistent pneumonia, chronic pulmonary coc-
cidioidomycosis, disseminated coccidioidomycosis, osteoarticular disease,
and central nervous system involvement.

Uneventful healing
Uneventful healing with resolution of pulmonary infiltrates is the usual

outcome, and many of these infections are not diagnosed during the course
of illness.

Coccidioima
Coccidioima follows the contraction of pulmonary infiltrates into a mass

that is asymptomatic and may persist for years. It is usually diagnosed inad-
vertently at surgery directed at potential lung cancer. In the immunocompe-
tent patient there is no need for antifungal therapy [5].

Progressive or persistent pneumonia
In its most acute form, progressive pneumonia manifests as diffuse pulmo-

nary disease or military disease [58]. Acute respiratory failure may occur in
immunosuppressed persons or persons with heavy inoculum exposures
(Fig. 2) [59]. In this situation, amphotericin B would be recommended. Re-
cently, two patients who had fulminant coccidioidomycosis with septic shock
were treated successfully with drotrecogin alfa in addition to antifungal
therapy [60]. Persistent pneumonia is defined as lasting more than 2 months
and manifests as extensive infiltrates, sometimes with cavitation (Fig. 3)
[61]. Amphotericin B may be the initial choice if the patient is severely ill.
Recent IDSA guidelines suggest 3 to 6 months for the duration of antifungal
therapy [5], but the authors favor treatment for more than 6 months after
resolution of symptoms and for more than a year for diffuse miliary disease.
Conversion to an oral azole is appropriate when the patient is improving.
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Termination of therapy should be followed by years of close observation,
given the unpleasant propensity of coccidioidomycosis to relapse [25,62,63].
Oldfield and colleagues [64] have suggested that relapse can be anticipated
in patients who have complement fixation antibody titers of 1:256 or higher
(relative risk 4.7) [64].

Chronic pulmonary coccidioidomycosis
Chronic pulmonary coccidioidomycosis occurs in about 5% of patients

who have symptomatic primary coccidioidomycosis and often is a smolder-
ing process, waxing and waning over years. Nodular lesions may cavitate,
with surrounding infiltrates and fibrosis. Cavitary disease may be asymp-
tomatic or be associated with rupture and pneumothorax, hemorrhage, or

Fig. 2. Chest radiographs. (A) Posteroanterior and (B) lateral views showing diffuse bilateral

pulmonary infiltrates in a patient who has coccidioidomycosis. This patient was a 42-year-old

undocumented Mexican immigrant who had AIDS and a CD4 cell count of 25 cells/mL. The

patient had stopped taking fluconazole and highly active antiretroviral therapy. He died of

respiratory failure 1 week after this radiograph was obtained.

Fig. 3. Chest radiograph (posteroanterior view) showing cavitary lesions in a patient who has

pulmonary coccidioidomycosis.
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secondary infection. Cavities smaller than 2.5 cm in diameter tend to resolve
spontaneously over a year, but cavities larger than 5 cm persist. A study
from 1958 recommended surgical resection of these large cavities and of sec-
ondarily infected cavities, empyema, ruptured cavities, and bronchopleural
fistula [41]. This series is remarkable in that it summarized 400 patients be-
fore the era of antifungal therapy. These cases had a postoperative compli-
cation rate of 13%, with a mortality rate of 1.7% over a variable time of
follow-up. Complications included persistent cavities, recurrent cavities,
and empyema, with and without bronchopleurocutaneous fistula. In a report
from the early years of amphotericin B, Grant and Melick [65] noted that
the postoperative complication rate fell from 20% of 44 cases without am-
photericin B to 4% of 48 cases with perioperative amphotericin B.

Cavities may remain stable for years, may become secondarily infected
with Aspergillus with subsequent fungus ball formation, or may wax and
wane with intermittent infiltrates and fibrocavitary disease. Hemorrhage
may occur from secondarily infected cavities. Chronic pulmonary coccidioi-
domycosis may destroy the lungs progressively and should be treated
medically. The duration of therapy is unclear, but in general for coccidioido-
mycosis ‘‘longer is better,’’ which may be more than a year [5]. Fluconazole
and itraconazole are the standard drugs [25,63], but posaconazole or vorico-
nazole probably will be more effective. There have been recommendations
to follow the serologic titers of the IDCF test, because these decline during suc-
cessful therapy. In the Mycoses Study Group azole trials, however, there was
little change of the titer during years of therapy, and thus it is not a key param-
eter for assessing response [25]. If there is structural damage to the lung,
surgical resection may be required [66]. After a period of observation over
years, large asymptomatic cavities may be resected. Cavities that persist for
more than 6months rarely close and should be resected [67]. Rarely, coccidioi-
dalmycetomamayoccur in preexisting cavities and is treated by resection [68].

Disseminated coccidioidomycosis
Disseminated coccidioidomycosis may occur locally or hematogenously.

Local dissemination may produce pleural and pericardial invasion [69–71].
Hematogenous dissemination occurs within a few months after infection
and manifests as a single chronic remote focus or widespread multiorgan in-
volvement [49]. In its disseminated form, coccidioidomycosis may involve
nearly any organ of the body; the most common sites of involvement are
the lungs, skin and soft tissue, bones, joints, and meninges. Other reported
sites include the liver and spleen, peritoneum, pericardium, prostate, epidi-
dymus, urethra, and female genital tract. In contrast to histoplasmosis and
tuberculosis, in coccidioidomycosis the gastrointestinal tract is usually
spared. Ocular disease is also rare. Pregnancy, particularly the third trimes-
ter, is also risk factor for disseminated disease. Some patients who have
uncommon manifestations of coccidioidomycosis, such as acute coccidioidal
pericarditis, may be misdiagnosed as having tuberculosis and treated with
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corticosteroids [72]. The authors have had similar experiences with patients
misdiagnosed as having ‘‘aseptic’’ meningitis and treated with corticoste-
roids [73]. This distinction is important because the level of the host immune
response is critical in determining the outcome of coccidioidomycosis.
Chronic involvement is seen commonly with isolated skin, bone, or joint le-
sions, although almost any tissue can be involved. Skin lesions may take the
form of papules, nodules, abscesses, verrucous plaques, or ulcers (Fig. 4) [3].
Biopsies often show variable levels of granuloma formation, with occasional
organisms usually well contained within the granuloma. These lesions may
worsen spontaneously, improve over months to years, or remain stable for
long periods of time. Widespread dissemination is associated with poor
granuloma formation and with purulent abscesses packed with neutrophils
and abundant spherules and endospores. Cutaneous abscesses, paraspinous
abscesses, necrotic lymph nodes, diffuse vertebral osteomyelitis, and often-
draining sinus tracts may be present (Fig. 5). Soft tissue involvement may
also include the omentum and peritoneum [74–76]. Medical therapy often
is combined with surgical therapy to debulk lesions.

In chronic forms of coccidioidomycosis, azoles are the first line of ther-
apy. Fluconazole at 400 or 800 mg/d or itraconazole at 200 mg two times
per day may be used [25,63]. The treatment of the unfortunate patients
who have chronic coccidioidomycosis can be most challenging, and death
may ensue despite heroic efforts at medical and surgical intervention.

Osteoarticular disease
Although any bone and joint may be targeted, the weight-bearing joints

and bones are more vulnerable. Vertebral disease is of particular concern be-
cause the process can destroy the vertebral body, with collapse and joint in-
stability. Treatment for vertebral disease should include debulking
paraspinous abscesses and, if the spine is unstable, surgery to stabilize the

Fig. 4. Papular skin lesions in a patient who has disseminated coccidioidomycosis.
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involved joints [77,78]. Medical therapy alone is considered inadequate for
vertebral disease with unstable articulations.

Central nervous system involvement
Disseminated coccidioidomycosis in the central nervous system manifests

as meningitis with granuloma formation or coccidioima. In general, basilar
meningeal reaction causes chronic inflammation and progressive resistance
to resorption of CSF that manifests as either obstructive or communicating
hydrocephalus [79].With current azole-based regimens, lifetimemedical treat-
ment is indicated for coccidioidalmeningitis [73]. Fluconazole has received the
greatest attention in the treatment of coccidioidal meningitis [29,80]. At pres-
ent,most clinicians are using doses of 800mg/d or higher [37]. There have been
a few reports of success with voriconazole [81,82]. Itraconazole, despite some
early successes, was not pursued, because of irregular oral absorption [83].
Obstructive hydrocephalus requires ventriculoperitoneal shunting.

Selection of antifungal agents

Amphotericin B

For primary disease amphotericin B has been administered to a total dose
of 500 to 1000 mg over 2 to 4 weeks [84]. Clinical responses vary from

Fig. 5. CT of abdomen in a patient who has disseminated coccidioidomycosis. (A) Multiple

lytic lesions are visible in lumbar spine. (B) Lytic lesions of right iliac bone with extension

into adjacent paraspinous tissue. This patient is a 31 year-old African American man who

presented with severe back pain and in respiratory distress. He had diffuse bilateral pulmonary

infiltrates and extensive bony and paraspinous soft tissue involvement. He had innumerable

lytic lesions throughout the lumbar spine and pelvis, left eleventh rib involvement, and fluid col-

lections in the right paraspinous, right psoas, and left piriformis muscles. This patient went into

respiratory failure, requiring mechanical ventilation for 3 weeks. He did not respond to

amphotericin B therapy and improved on posaconazole. At the time of this writing, he has

remained on posaconazole maintenance therapy for 8 months without relapse.
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complete resolution to undetectable change, and later relapse is common.
Total courses of 2 to 4 g have been used, with dose ranges of more than
35 mg/kg [84]. Overall, it is likely that 50% to 70% of patients who have
nonmeningeal disease respond well to amphotericin B.

Coccidioidal meningitis is lethal if untreated, with virtually all patients
dead within 2 years [85]. Coccidioidal meningitis may produce vasculitis
and infarction or communicating or obstructive hydrocephalus [86,87].
One method for treatment of coccidioidal meningitis before the advent of
fluconazole was intrathecal amphotericin B, in which the drug was instilled
into the CSF, directly or through an Ommaya reservoir [88]. The outlet of
the reservoir typically was placed in the lateral ventricle or, occasionally,
in the fourth ventricle. Lateral cervical punctures have also used to deliver
amphotericin B. Finally, amphotericin B has been mixed with hyperbaric
glucose and administered by the lumbar route, with the patient placed in
a head-down position to facilitate delivery of the solution to the basilar me-
ninges [89]. The regimen typically was initiated at 0.05 mg three times weekly
and was gradually increased to 5 mg/dose [90]. As CSF pleocytosis and
serologic titers wane, the dose is decreased gradually, to terminate over 2
to 8 years. Intrathecal amphotericin B may cause arachnoiditis, vasculitis,
and infarctions. Dexamethasone is used for the treatment of vasculitis or
infarction [37]. Accordingly, intrathecal amphotericin B is commonly admin-
istered with 20 mg methylprednisolone [26,88].

The use of Ommaya reservoirs may be complicated by bacterial shunt in-
fections [91]. With this difficult regimen, 50% to 60% of patients could be
weaned eventually from amphotericin B [26,88]. In authors’ opinion, the
place of amphotericin B therapy today in the treatment of coccidioidomyco-
sis is largely as a salvage drug and as the drug of choice for pregnant pa-
tients because of the potential teratogenicity of azoles.

Azole antifungal drugs

Azoles are currently the preferred agents for the treatment of most forms
of coccidioidomycosis [5,92]. Clinical experience has been acquired with
each of these drugs, with responses documented for each. There are vast dif-
ferences in tolerance, efficacy, and amount of clinical experience with each
agent. Coccidioidomycosis may present as a multifocal disease, involving
multiple skin, bone, soft tissue, and pulmonary sites; some of these lesions,
but not necessarily all, may respond to amphotericin B. In the era of ampho-
tericin B, quantifying the patient response often was a problematic task.
This problem in total patient assessment led members of the Mycoses Study
Group to propose a multicomponent scoring system for patients who have
nonmeningeal coccidioidomycosis (Box 1) [63]. Using this system, patients
initially were scored according to culture-confirmed sites of disease (soft tis-
sue, osteoarticular, or pulmonary), serologic titer, and extent of lesions.
Later revisions allowed for scoring symptoms and signs and lesion size or
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severity. The sum of points pretreatment was the baseline score. A successful
response was considered a reduction of the baseline score by 50% or more
within a set period of time. Because coccidioidomycosis tends to improve
relatively slowly, scoring was done at 3-month intervals. The scoring system,
although far from ideal, allows physicians to estimate a total body burden of
disease and follow that index.

Ketoconazole

Ketoconazole was the first azole studied against coccidioidomycosis. Be-
cause so many physicians wished to try anything other than amphotericin B,

Box 1. Recent version of the coccidioidomycosis clinical scoring
system

Determination of baseline score: baseline cumulative point
count = 100%
1. Symptoms: 1 point each, no limit of points
2. Lesions: 2 points for each lesion at each site of disease (soft

tissue, osteoarticular, pulmonary), no limit of points
3. Serology: 0 points for immunodiffusion complement fixation

• 1:2; 1 point for titer 1:4 or 1:8; 2 points if 1:16 or 1:32; 3 points
if ‚ 1:64.

4. Cultures: 4 points for each site positive to a maximum of 12
points; if follow-up culture is not done, points carry over to
next visit or end of therapy

Serial scoring: cumulative point score at each visit/baseline
cumulative points = % response
A patient is a responder if

1. There is any reduction in score at 4 months
2. There is a 51% to 100% response at 8 months

Recrudescence is defined by a score under 50% that reverts back
to higher than 50%.

More recently, authors have eliminated the culture scoring,
because many invasive cultures were not done. Also, because
serologic titers often did not change even with chronic therapy,
and because the evaluation method changed to ELISA, some
authors have eliminated the serology as well, retaining the
score based on symptoms and signs [93].

Data from Catanzaro A, Galgiani JN, Levine BE, et al. Fluconazole in the treat-
ment of chronic pulmonary and nonmeningeal disseminated coccidioidomycosis.
Am J Med 1995;98:249–56.
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it was not possible to enroll patients in any comparative trial with an azole
versus amphotericin B. Unfortunately, to this day, there are no systematic
trials comparing azoles with amphotericin B. Ketoconazole absorption is
maximized when taken with fatty food and an acidic beverage [94,95].
The initial trial with ketoconazole was a complicated dose-finding study
that used a scoring system; only 20% to 30% of patients had a clinical
response to 200–400 mg/d, and the regimen was continued 9 months after
the patient was scored as a success (Table 2). Unfortunately, even with
this extended period of treatment, 45% of patients relapsed. Higher doses
of ketoconazole, up to 1200 mg/d, were explored in follow-up studies
[98,100]. Gastrointestinal intolerance, testosterone and cortisol suppression,
and frequent liver function abnormalities limit the highest tolerable dose of
ketoconazole [101–103]. Thus, ketoconazole never became a clear drug of
choice for the treatment of coccidioidomycosis.

Itraconazole

Itraconazole in the capsular form is best absorbed after a high-fat meal
and when administered with an acidic beverage [104]. Itraconazole clearly
was tolerated better than ketoconazole [103]. Initial trials found higher re-
sponse rates and fewer relapses than with ketoconazole. Itraconazole, ini-
tially in capsules, 200 mg twice daily, and then in cyclodextrin solution,
100 to 200 mg twice daily, became the drug of choice for coccidioidomycosis
[105]. Relapse rates after successful treatment courses were 15%, markedly
less than with ketoconazole. Because responses were not 100%, there were
several studies directed at raising the dose to 800 mg/d or more. At this
dose, however, one encounters a syndrome of hypertension, hypokalemia,
and edema [106]. The itraconazole solution has increased oral bioavailability
(160% over the capsules), and the drug is maximally absorbed in the fasting
state; however, it is somewhat unpalatable, and higher doses are not well

Table 2

Comparison of results in treatment studies of coccidioidomycosis, by dose of drugs

Drug Dose N

%

response Dose N

%

response Dose N

%

response

% relapse as

% successes

off drug

Ketoconazole [96] 200 16 66 400 38 48 O400 20 50 58

Ketoconazole [97] 200 26 28 400 22 75 O400 4 Unknown Unknown

Ketoconazole [98] 200 20 20 400 15 74 O400 2 50 Unknown

Ketoconazole [99] 400 21 57 O400 3 33 Unknown

Ketoconazole [100] 400 56 23 800 56 32 18

Itraconazole [25] 100 6 0 200 6 14 400 44 56 9

Itraconazole [36] 400 97 72a 18

Fluconazole [36] 400 94 57 28

Fluconazole [63] 200 73 60 400 41 64 37

a Itraconazole superior to fluconazole at 12 months of therapy (P ¼ .04).
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tolerated. Itraconazole was not detectable in the CSF after oral or intrave-
nous administration. In a small series of 10 patients treated with itracona-
zole for coccidioidal meningitis, however, the response rate was 80% [83].
The results from this small series does not constitute a recommendation
for using itraconazole to treat coccidioidal meningitis, but it does indicate
that high penetration of itraconazole into the CSF is not necessarily re-
quired for successful therapy of coccidioidal meningitis.

Fluconazole

Fluconazole has different properties from itraconazole: it is easily adminis-
tered intravenously, has high oral bioavailability, few drug interactions, and
penetrates readily into most tissues. These characteristics quickly made fluco-
nazole the drug of choice for coccidioidal meningitis [29]. Initial reports of
70% responses with doses of 400 mg/d were encouraging, but failures led to
doses to as high as 2 g/d [37]. At present, most patients begin therapy for coc-
cidioidal meningitis with 800 mg/d. This dosage may be decreased gradually
over months, but fluconazole therapy for coccidioidal meningitis is life-
long. One small series found that as many as two thirds of patients treated
for as long as 8 years had prompt relapses after discontinuation of therapy
[73]. Fluconazole is also effective for nonmeningeal coccidioidomycosis. In
a randomized trial comparing fluconazole with itraconazole, response rates
were similar, 50% to 60% for both drugs. Patients who had osteoarticular dis-
eases fared significantly betterwith itraconazole thanwith fluconazole, but the
number of patientswas limited (Table 3) [36].At present, both fluconazole and
itraconazole have been used for primary therapy of coccidioidomycosis.
Treatment is often donewith 400mg/d of either drug, given for a year or longer
after the patient achieves clinical success.

Voriconazole

Voriconazole has been used to treat coccidioidomycosis, but at present
there have been very few reports. The authors have treated two patients
with voriconazole, neither of whom had responded to multiple prior regi-
mens. One patient had no clinical response to as much as 7 mg/kg twice

Table 3

Results after 12 months of therapy, itraconazole versus fluconazole

Drug

Pulmonary

(N)

Pulmonary

response (%)

Soft tissue

(N)

Soft tissue

response (%)

Osteoarticular

(N)

Osteoarticular

response (%)

Itraconazole 22/35 57 31/39 79 16/23 70

Fluconazole 22/35 63 22/32 69 10/27 37

P NS NS 0.03

Data from Galgiani JN, Catanzaro A, Cloud GA, et al. Comparison of oral fluconazole and

itraconazole for progressive, nonmeningeal coccidioidomycosisda randomized, double-blind

trial. Ann Intern Med 2000;133:676–86.
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daily and ultimately succumbed to the inexorable progression of her disease
[93]. The other patient, having not responded to amphotericin B, itracona-
zole, interferon gamma with itraconazole, and fluconazole, and with exten-
sive involvement of her right lung and mediastinum, responded very well to
voriconazole and became asymptomatic for more than a year. Unfortu-
nately, more than a year after discontinuing voriconazole, she relapsed
with a coccidioidal soft tissue abscess. She died from complications unre-
lated to coccidioidomycosis.

Posaconazole

Posaconazole is licensed in Europe for salvage therapy of coccidioidomy-
cosis. Experience with posaconazole has been obtained for a larger number
of patients than with voriconazole but is still very limited. In one unpub-
lished early trial, 20 patients were treated with posaconazole, 400 mg/d
for up to 6 months [107]. Unfortunately, the trial was terminated prema-
turely because of (later) unsubstantiated questions of drug toxicity. Never-
theless, 15 of 20 patients who completed more than 23 weeks of therapy
responded, and none died from coccidioidomycosis. By 16 weeks of therapy
the median score had been reduced to 40% of baseline; by 24 weeks, the me-
dian score was 22% of baseline. Of 10 patients who stopped therapy, 3 re-
lapsed, and 7 had inactive disease. In another study, six patients, all of
whom had severe refractory disease, were treated with posaconazole, 200 mg
four times per day; all these patients initially responded, and five maintained
a response [93].

Echinocandins

Caspofungin is the only echinocandin that has been evaluated in coccid-
ioidomycosis. In vitro, the mycelial form is highly resistant to caspofungin
at the traditional minimal inhibitory concentration, but C immitis is quite
susceptible to caspofungin at the minimum effective concentration (the low-
est concentration needed to produce abnormal hyphal growth). There is not
a broad range of susceptibility among isolates. Mice infected with C immitis
respond well to caspofungin, suggesting that it has clinical potential [35].
There has been almost no published experience with patients treated with
caspofungin [108]. Caspofungin is a costly intravenous drug, and coccidioi-
domycosis is a disease that requires treatment for many months. The au-
thors’ experience has been with very few patients treated for periods of
weeks, not months. Thus, they are unable to assess the contribution of cas-
pofungin to patient outcome.

Interferon gamma

There are only two reports on the use of interferon gamma as an adjunct
in the treatment of coccidioidomycosis [109]. In one report, a patient who
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had persistent ventilator dependency despite treatment with amphotericin B
lipid complex recovered when given interferon gamma at 50 mg/m2 three
times per week for 9 weeks. The authors have treated two patients with inter-
feron gamma for refractory coccidioidomycosis. One unsuccessful use of in-
terferon gamma was reported by Anstead and colleagues [93]. Another
patient who had not responded to itraconazole, amphotericin B, lipid
amphotericin B formulations, and fluconazole was stable for some months
on a regimen of interferon gamma added to itraconazole. When the inter-
feron gamma was discontinued, her disease again slowly progressed. She
ultimately responded to voriconazole, and it was not clear whether interferon
gamma had an impact on her outcome. There is a tremendous selection bias,
because failures are unlikely to be reported, and thus it is difficult to know
whether interferon gamma has a role in the treatment of refractory
coccidioidomycosis.

Considerations in pregnancy

The course of coccidioidomycosis in the first two trimesters of pregnancy
is thought to follow the same path as in nonpregnant women. The third tri-
mester of pregnancy, however, is a time of high risk for dissemination and,
rarely, placental transmission to the fetus. If a woman presents with a history
of prior coccidioidomycosis or an inactive lesion, such as a pulmonary coc-
cidioima, one need not embark on therapy. For primary coccidioidomycosis
and for extrapulmonary disease treatment should be prompt, aggressive,
and sustained through pregnancy and for some months thereafter. Because
of issues of azole teratogenicity, amphotericin B is the drug of choice. If
there are problems with nephrotoxicity or progression of disease, the patient
may be transferred to azole therapy. There is no clear indication of which
azole to use, because both fluconazole and itraconazole have risk of terato-
genicity. Presumably, the later in pregnancy the switch to an azole is made,
the lower will be the risk of teratogenesis [110].

Discontinuation of therapy for coccidioidomycosis

Finally, when should therapy be stopped? In coccidioidal meningitis,
azole therapy should be life-long. For other patients, 6, 9, or 12 months after
‘‘success’’ (as evaluated by the Mycoses Study Group criteria) were the
durations of therapy used in various clinical trials. Success was defined
as a weighted score of less than 50% of the baseline disease severity score
and was defined as response, not cure. Because the disease can relapse
in more than a third of the cases of nonmeningeal disease after azole
therapy, it is recommended that observation be continued for years, and
that ‘‘remission’’ rather than ‘‘cure’’ be the operative term for response
[36,62,111–113].
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Coccidioides as a potential bioterrorism weapon

Coccidioides recently has been declared a potential organism of bioterror-
ism. A variety of laboratory modifications are required for any laboratory
to work with this organism, both to assure the safety of laboratory person-
nel and to prevent access by unauthorized persons.

Specific approval by the Centers for Disease Control/Federal Bureau of
Investigation is required to conduct investigations with this organism, and
strict regulations govern its laboratory use. Coccidiodes seems an unattrac-
tive agent for bioterrorism, however, because incubation requires weeks to
months, there is virtually no human-to-human transmission, most patients
remain asymptomatic, the disease is chronic, good therapy exists, and the
mortality rates, overall, are low. These considerations suggest that designa-
tion of coccidioidomycosis as a potential bioterrorism agent is based more
on anxiety than on substantive evidence.

Summary

The difficulties in managing this potentially horrific disease, with its myr-
iad manifestations, are immense, because host factors dramatically impact
outcome. Coccidioidomycosis should warrant great respect among clini-
cians, because, even with dramatic improvements in therapies, outcomes re-
main poor. Although there have been outstanding successes with these new
therapies, tragic losses after years of immense patient suffering still occur.
Coccidioidomycosis is a geographically restricted fungus but is one that in-
flicts tremendous suffering on affected patients. In addition, because of
travel and the influx of susceptible hosts, dramatic increases in patients at
risk for infection are seen throughout the southwest United States. The ex-
tended-spectrum azoles, such as posaconazole and voriconazole, may prove
to be more efficacious in the treatment of coccidioidomycosis than prior
agents, including amphotericin B, fluconazole, and itraconazole. Additional
resources are needed to conduct randomized, controlled clinical trials for the
treatment of this disease.
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