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Coccidioidomycosis is a fungal infection endemic to 
geographically restricted areas of the southwestern 
United States, and its incidence is increasing within 
endemic areas. Coccidioidal meningitis, an infre-
quent but very severe form of coccidioidomycosis, is 
associated with signifi cant mortality and morbidity. 
The diagnosis depends on the demonstration of coc-
cidioidal antibody or positive culture, histopathology, 
or cytology in the presence of typical abnormalities 
of the cerebrospinal fl uid. Central nervous system 
complications of this infection may include hydro-
cephalus, vasculitis, infarctions, or parenchymal 
abscesses. Many patients with coccidioidal men-
ingitis can achieve remission of infection following 
treatment with triazole antifungal agents. However, 
fi rst-line therapy with high-dose oral fl uconazole 
is associated with a high incidence of relapse after 
drug discontinuation. This article summarizes the 
pathogenesis, epidemiology, clinical manifestations, 
diagnostic studies, and treatment of coccidioidal 
meningitis, and highlights new information regard-
ing this devastating infection.

Introduction
Coccidioidomycosis is an infection caused by the dimor-
phic fungus Coccidioides spp, which is endemic to 
geographically restricted areas of the southwestern United 
States, northern Mexico, and other parts of Central and 
South America [1•]. Approximately 60% of infections 
caused by Coccidioides spp are asymptomatic, with the 
vast majority of the remainder manifested by pulmonary 
infection of varying severity [2]. Extrapulmonary infec-
tions occur in about 1% to 5% of symptomatic patients, 

and most commonly involve skin and soft tissues, skeletal 
tissues, and the meninges [2–4]. Coccidioidal meningitis 
(CM) is a granulomatous infection of the leptomeninges 
and is the most dreaded and lethal manifestation of coc-
cidioidal infection. This article reviews and updates the 
pathogenesis, epidemiology, clinical manifestations, diag-
nosis, and treatment of CM. 

Mycology and Pathogenesis
Coccidioides immitis and Coccidioides posadasii are the 
two species of this dimorphic fungus that live in the soil of 
endemic regions; C. immitis is primarily located in Cali-
fornia, whereas C. posadasii is found in the remainder of 
the endemic regions. The illness caused by either species is 
indistinguishable. Following rainfall, Coccidioides grows 
as a mold in the thermic soils of the endemic area, and 
when the soils dry, arthroconidia break off and, upon 
reaching suitable soil, develop back to a mold form [5]. 

When the soil is disturbed by natural or human 
causes, arthroconidia may become airborne and inhaled 
by humans or animals. Arthroconidia then settle in the 
terminal bronchioles and greatly enlarge to form spher-
ules. As spherules mature, they become septated, forming 
endospores [5]. When mature, the spherules rupture, 
releasing endospores to continue the infection by forming 
spherules locally (within the lungs) or, rarely, to extra-
pulmonary sites via lymphatic or lymphohematogenous 
spread. Most infected patients are able to control the 
infection and incur lifelong immunity. Extrapulmonary 
dissemination generally occurs weeks to months after the 
initial infection [6•,7]. 

The innate immune response to Coccidioides spp 
consists of polymorphonuclear cells, macrophages, mono-
cytes, and natural killer cells. Dendritic cells are potent 
antigen-presenting cells and play a pivotal role in transi-
tioning the immune response to one of adaptive immunity. 
Cellular immunity then plays the central and critical role 
in controlling the coccidioidal infection. Cellular immu-
nity, as manifested by delayed-type hypersensitivity, 
appears to be long-lived and protective [5]. Persons with 
defi cient cellular immunity are at risk for severe or dis-
seminated coccidioidal infection. 
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CM is typically located in the basilar meninges, but 
may be a diffuse process, or uncommonly may involve 
the lateral cerebral ventricles. The pathology consists 
of suppurative and granulomatous infl ammation [7,8]. 
The chronic infl ammatory process results in the forma-
tion of a thick membrane of infl ammation and fi brous 
tissue, which may obliterate the subarachnoid space in 
some areas, or cause obstruction to the fl ow of the cere-
brospinal fl uid (CSF), resulting in hydrocephalus and 
ventricular dilatation [7]. 

Epidemiology
Coccidioidomycosis is increasingly diagnosed in endemic 
areas. Between 1997 and 2006, the incidence of cases 
in Arizona more than quadrupled, from 21 to 91 per 
100,000 population; 60% of all coccidioidomycosis cases 
are estimated to come from Arizona [9,10]. During a simi-
lar time period, the incidence in California increased from 
2.5 to 8.4 cases per 100,000 persons [11]. 

Owing to the large number of infected people with 
minimal clinical symptoms or who are asymptomatic and 
never see a health care practitioner to receive a diagnosis 
of coccidioidomycosis, the true number of persons with 
new coccidioidal infections is not known, but estimates 
range from 50,000 to 150,000 infections annually. As 
the incidence of coccidioidomycosis continues to rise, the 
incidence of CM is also likely to increase. 

Risk factors for extrapulmonary dissemination in 
general, or meningitis in particular, include certain races 
(Filipinos and Africans more likely than Caucasians), 
gender (males more likely than females), pregnancy, 
comorbid medical illnesses (eg, diabetes mellitus [12], 
hematologic malignancies, other cancer, and HIV infec-
tion), or administration of immunosuppressive medications 
or chemotherapy [1•]. None of these risk factors is more 
likely to result in meningeal than nonmeningeal sites of 
extrapulmonary infection.

Clinical Manifestations of 
Coccidioidal Meningitis
Symptoms of an initial respiratory infection were present 
in 18 of 25 patients with CM in one study [13]. Systemic 
symptoms such as fever, sweats, anorexia with weight 
loss, or generalized weakness may or may not be present 
[6•,13]. However, symptoms commonly seen with CM 
include any one or more of the following: persistent head-
ache, nausea, photophobia, neck pain and stiffness, back 
pain, confusion, decline in cognition or memory, emo-
tional lability, and hearing or visual changes [6•,8,13]. 
Because headache is common in patients with primary 
coccidioidomycosis (without meningitis), this symptom 
is not specifi c for CM [13]. Physical examination reveals 
meningismus of variable severity in about half the cases 
[6•]. Coccidioidal skin lesions located on the face may be 
associated with concurrent CM [14].

Focal neurologic defi cits or seizures in patients with CM 
may result from vasculitis or mass lesions [8]. Mass lesions 
of the central nervous system (CNS) are not common and 
may be caused by local extension from infected leptomen-
inges; however, in about one third of cases, they occur in 
the absence of identifi able meningitis [15]. Isolated lesions 
may be the result of hematogenous spread or an infarction 
from a vasculitic source [15]. CNS abscesses may be multi-
ple or single, superfi cial or deep, and are found throughout 
the brain; lesions of the spinal cord are infrequent [15]. No 
racial predisposition is known, but a very strong male pre-
dominance is associated with these lesions [15].

Complications
Hydrocephalus 
Communicating hydrocephalus, a well-known complica-
tion of basilar meningitis, is caused by obstruction in the 
fl ow of CSF and is related to the duration of the meningitis 
before diagnosis and initiation of treatment [7,16]. Hydro-
cephalus may be present at the initial presentation, or may 
occur during the subsequent course [6•]. Hydrocephalus is 
a major contributor to CM-related morbidity and mortality. 
In a series of patients with CM, hydrocephalus complicated 
about 20% to 50% of cases [16–18], and was associated 
with a 12-fold increased risk of mortality [17].

Patients with late-onset hydrocephalus have CSF 
evidence of active infection, despite treatment [6•]. 
Hydrocephalus is suspected if the measured CSF pressure 
is consistently elevated, clinical signs of increased pressure 
develop (eg, headache, nausea, vomiting, alterations of 
personality or behavior), or the patient does not respond 
clinically to appropriate treatment [7]. CT or MRI of the 
brain demonstrates enlargement of the ventricles in such 
patients, and subsequent imaging can be used to follow 
the progress of decompression [7].

Decompression of the ventricles with an effective shunt 
can improve intracranial pressure and symptoms in many, 
but not all, patients [7]. Several shunts are available, 
and all can be complicated by malfunction or migration, 
bacterial infection, and dissemination of the coccidioidal 
infection via the shunt [7]. The foreign material that com-
poses shunts may also be associated with growth of the 
mycelial form of the dimorphic fungus, which increases 
the risk of device obstruction [19]. 

Cerebral infarction
Cerebral infarction resulting in focal neurologic defi cits 
may be a presenting manifestation of CM or may occur 
later in the course [6•]. As in patients with hydro-
cephalus, active infl ammation is associated with this 
complication [6•]. Rarely, venous and dural thrombosis 
may occur [6•]. 

Vasculitis
The pathogenesis of coccidioidal vasculitis complicat-
ing meningitis is uncertain. Meningitis is present in 
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virtually all cases of coccidioidal cerebral vasculitis [20]. 
Infl ammatory changes occur in the walls of arteries or 
veins of any size, resulting in vascular insuffi ciency and 
neurologic defi ciencies resembling strokes. Perivascular 
infl ammation and endarteritis are frequently associated 
with infarctions of the basal ganglia, thalamus, and 
cerebral white matter [20]. 

Relapsed meningitis
Relapsed infection can occur after discontinuation of 
treatment, even when all CSF indices have normalized. 
In patients treated with intrathecal amphotericin B 
(AMB) or azoles, treatment discontinuation was asso-
ciated with a relapse rate of 30% [16] and 78% [21], 
respectively. Common symptoms of relapse include 
headache, fever, hydrocephalus-related symptoms, 
vomiting, confusion and diplopia. Fortunately, many 
patients will respond to re-treatment [21]. 

Diagnostic Studies
Peripheral blood studies are not diagnostic in patients 
with CM (Table 1). The total white blood cell count may 
be normal or near normal. Mild eosinophilia may or may 
not be present. The mean serologic complement fi xation 
ratio was 1:32 in one study of 25 patients with CM, but 
ranged from 0 to 1:1024 [13].

Analysis of the CSF is the only means to establish a 
diagnosis of CM [6•]. The CSF is abnormal in all patients 
with CM and characteristic of a granulomatous menin-
gitis [6•,13,18]. Table 1 summarizes the CSF data in 25 
patients with CM [13]. Typically, the nucleated cell count 
is elevated, as is the total CSF protein concentration. CSF 

cell counts have been reported as high as 10,000 cells/
mm3 and are typically lymphocytic, but there may be a 
predominance of neutrophils [6•]. A CSF eosinophilic 
pleocytosis was identifi ed in 70% of 27 patients with CM 
in one study, but other authors report this fi nding to be 
uncommon [6•,22]. CSF glucose concentrations are gen-
erally, but not invariably, low. 

A defi nitive diagnosis of CM is dependent on one of 
three tests [6•]: a positive CSF culture for a Coccidioides 
sp, a histopathologic identifi cation of endosporulating 
spherules, or a positive CSF serologic test. These are dis-
cussed in more detail below.

Culture
Isolation of a Coccidioides sp from CSF occurs in about 
15% of patients with CM, but the yield may be improved 
by submitting large volumes of CSF (eg, 10–15 mL) or 
by centrifugation techniques [7]. A negative CSF culture 
does not exclude CM. Coccidioides grows easily on most 
bacterial or fungal media; incubation on fungal media 
assures adequate incubation time.

Histopathology and cytology
Coccidioidal infection is confi rmed when histology 
of biopsied material or cytology of CSF demonstrates 
spherules. These organisms can be identifi ed in tis-
sue using silver, hematoxylin-eosin, and periodic 
acid–Schiff stains. Rarely, CSF can show mold forms 
of Coccidioides; such hyphal forms have been reported 
with [19,23] or without [24] the presence of foreign 
material (eg, ventricular shunts). Demonstration of 
mycelial forms are not suffi ciently specifi c to be diag-
nostic and must be confi rmed by culture. 

Table 1. Laboratory fi ndings in 25 patients with coccidioidal meningitis

Laboratory fi nding*  Mean Range

Peripheral blood

Total white blood cells, × 103/mm3 (n = 21) 10.4 3.7–20.9

Polymorphonuclear cells, % (n = 19) 63 53–93

Lymphocytes, % (n = 18) 23 7–37

Eosinophils, % (n = 17) 6 0–25

Complement-fi xing antibody titer (n = 18)† 1:32 1:2–1:1024

Cerebrospinal fl uid

Opening pressure, mm H2O (n = 21) 252 130–420

Total nucleated cell count, cells/mm3 (n = 23) 444 4–1250

Polymorphonuclear cells, % (n = 20) 35 0–83

Lymphocytes, % (n = 23) 72 17–100

Protein, mg/dL (n = 24) 171 61–816

Glucose, mg/dL (n = 20) 43 9–125

Complement-fi xing antibody titer (n = 17) 1:8 1:0–1:32

*n = number of patients.
†Median 1:16.
(Data from Vincent et al. [13].)
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Serology
The presence of complement-fi xing antibody in the CSF 
is diagnostic of CM [7]. In early studies of CM, 70 of 92 
patients with CM had CF antibodies detected in the CSF. 
However, improvements in methodology, including over-
night cold incubation, have increased the yield to 251 of 
265 patients with CM (95% sensitivity) [7]. On occasion, 
serial CSF examinations are needed to confi rm the diag-
nosis of CM. In one study, the initial CSF analysis had a 
positive CF antibody in 34 of 49 patients (71%), but in 
subsequent examinations, 44 of 47 (94%) had seropositive 
CSF [7]. Enzyme immunoassay for immunoglobulins M 
and G and latex agglutination tests are less reliable for CSF 
testing, and should not be used to establish or exclude the 
diagnosis of CM without other confi rmatory testing [6•]. 

Neuroimaging
Neuroimaging abnormalities are commonly identifi ed in up 
to 75% of patients with CM [17,25]. MRI of the brain is 
more sensitive in identifying abnormalities than CT scanning, 
and often identifi es abnormalities at the initial evaluation for 
CM [17,25]. Patients with CM with abnormal neuroimaging 
had a mortality rate of 32%, compared with 8% of patients 
with no abnormal neuroimaging fi ndings [17].

Meningitis can be identifi ed by enhancement of the 
basal cisterns, Sylvian fi ssures, craniocervical junction, 
or pericallosal regions; diffuse meningeal enhancement is 
more common than focal enhancement [25]. Hydroceph-
alus is evidenced by dilatation of the lateral ventricles, 
rounding and enlargement of the frontal horns, or an 
increase in size and rounding of the temporal horns 
without associated generalized atrophy of cerebral tissue 
[17]. Acute deep cerebral infarcts or edema in associa-
tion with hydrocephalus or meningitis are seen in 30% 
to 40% of patients [17,25,26]. MRI can also identify 
parenchymal or parameningeal masses and abscesses 
and spinal arachnoiditis, although no radiographic fea-
tures reliably distinguish coccidioidomycosis from other 
granulomatous etiologies [6•,26,27]. 

Treatment
Amphotericin B
The introduction of AMB deoxycholate in the treatment 
of CM radically changed the outcome of this devastating 
infection; however, unlike other forms of fungal menin-
gitis (eg, cryptococcal meningitis), AMB was ineffective 
in CM treatment when administered by the intravenous 
route [28]. Intrathecal (IT) administration of AMB—via 
the lumbar, cisternal, or ventricular routes—was the fi rst 
effective treatment known for CM [28]. An excellent and 
detailed review of such administration was published 
recently, wherein an escalating dose of intrathecally 
administered AMB is given daily until a response is seen; 
the frequency of administration is then slowly decreased 
(ie, fi ve times weekly, then thrice, twice, etc.) over time 

[28]. Reservoirs for IT instillation of AMB can be placed 
in communication with the lumbar, ventricular, or cister-
nal spaces [28]. The administration of IT AMB may cause 
meningeal irritation, and treatment is frequently compli-
cated by headaches, fever, and pain in the abdomen or 
back [28]. Arachnoiditis, hemorrhage, and transverse 
myelitis were described, as well as focal neurologic com-
plaints [28]. The introduction of prosthetic devices, such 
as the Ommaya reservoir, for drug administration may 
be complicated by additional problems of bacterial infec-
tions and hemorrhage. When IT AMB is administered 
through such a reservoir, ventriculitis may result. 

Lipid-associated amphotericin
Because of the toxicity of AMB, many attempts have been 
made to improve its safety profi le. Most of the recent 
attempts have focused on the lipid conjugation of AMB. 
Three such preparations are available in the United States: 
amphotericin B colloidal dispersion (ABCD), amphoteri-
cin B lipid complex (ABLC), and liposomal amphotericin 
B (LAMB) [29]. The infusion-related toxicities of AMB 
are mitigated by ABLC and LAMB more so than by 
ABCD [29]. However, all three lipid preparations incur 
less substantial long-term nephrotoxicity following intra-
venous administration [29]. No comparative studies exist 
between the use of AMB and any of the lipid-conjugated 
AMB formulations in the treatment of any manifestation 
of coccidioidal infection. Although the lipid formulations 
have an advantage in their lower toxicity, it is not clear 
whether any preparation has an advantage in effi cacy. 
Lipid-associated AMB administered as an intravascular 
infusion (in the absence of IT AMB) has successfully 
cured CM in animal models [30,31]. No formal studies in 
the treatment of CM using lipid-associated AMB have yet 
been conducted in humans. 

Azoles
Miconazole and ketoconazole
All azoles inhibit the synthesis of ergosterol in the fungal 
cell membrane [32•]. Miconazole and later ketoconazole 
were the fi rst agents tested as possible alternatives to 
AMB in the treatment of coccidioidomycosis, including 
CM. Although miconazole and ketoconazole appeared 
to produce a therapeutic response in some patients, not 
all patients responded to treatment, CNS penetration was 
poor, and relapses were common with treatment with-
drawal; along with signifi cant treatment-related toxicity, 
these were all limiting factors [33]. Therefore, the early 
azoles were abandoned in favor of better tolerated and 
more effective medications [33]. 

Fluconazole
Oral fl uconazole is effective in achieving treatment 
responses in patients with CM [34–36]. In one study, 37 
of 47 such patients (79%) responded to oral fl uconazole, 
400 mg daily [35]. There were no differences in response 
rates when patients who were previously treated with 
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another antifungal agent were compared with those who 
had no previous treatment experience. Most of the clinical 
improvement occurred between months 4 and 8 of treat-
ment, and symptoms resolved more quickly than did CSF 
abnormalities; in some patients, the CSF abnormalities of 
pleocytosis, protein elevation, or low glucose concentrations 
persisted (though improved) nearly 2 years after initiation 
of treatment and resolution of clinical symptoms [35]. In 
patients initially treated with IT AMB, oral fl uconazole, 
400 mg daily, was effective in maintaining the response 
without recrudescence [37]. Higher doses of fl uconazole 
(≥ 800 mg daily) have been used for the treatment of CM. 
An excellent safety profi le is seen at doses up to 2000 mg 
daily, and these high doses are well tolerated [38].

Itraconazole
Coccidioides spp show marked susceptibility to itracon-
azole, with fungistatic and fungicidal concentrations 
easily exceeded in the blood at steady state [32•]. The oral 
bioavailability of itraconazole has been problematic for 
patients with hypochlorhydria, although development of a 
cyclodextrin solution has improved absorption. 

In a prospective, nonrandomized, open trial, oral 
itraconazole, 300 to 400 mg daily, was administered to 
patients with CM for a median duration of 10 months 
[39]. Eight of 10 patients were evaluable, and itracon-
azole as sole therapy led to a clinical response in four 
of fi ve patients [39]. Additionally, three of three patients 
previously treated with IT AMB had a sustained clinical 
response without relapse while taking oral itraconazole 
[39]. Itraconazole is highly active against Coccidioides 
spp in vitro, but has little CSF penetration in animal mod-
els and in humans. It is a paradox that itraconazole does 
not penetrate well into CSF, yet successfully treats CM; its 
success against CM is postulated to be the result of itra-
conazole’s successful penetration into infl amed meninges 
[39]. In a murine model of CM comparing the effi cacy of 
itraconazole and fl uconazole, itraconazole was superior to 
fl uconazole on a milligram-per-kilogram basis, although 
neither agent was curative [40,41]. 

Itraconazole is well tolerated, but several drug-drug inter-
actions have been observed. These interactions are classifi ed 
into three categories: 1) drugs that increase the activity of the 
cytochrome P450 (CYP) enzymes in the liver can decrease 
the serum concentrations of itraconazole; 2) drugs that 
decrease the production of stomach acid can impair itracon-
azole absorption; and 3) drugs whose own concentrations 
are increased by itraconazole, usually via blockade of CYP 
enzymes, or by infl uencing drug effl ux [32•]. Monitoring 
serum concentrations of itraconazole and hydroxyitracon-
azole is necessary to ensure appropriate dosing. 

Voriconazole
Voriconazole has been used successfully in the treatment of 
CM, but its use was limited to case reports, whether admin-
istered with or without a second antifungal agent [42–45]. 
Voriconazole has good anti-Coccidioides activity, and has 

96% oral bioavailability when administered on an empty 
stomach [46]. In addition, voriconazole demonstrates low 
protein binding and penetrates well into the CNS. Thera-
peutic concentrations are achievable in the noninfl amed 
eye, and brain tissue concentrations were twofold higher 
than plasma concentrations; CSF concentrations were 50% 
that of plasma [46]. Drug-drug interactions occur, and 
because voriconazole concentrations can vary from patient 
to patient, serum therapeutic drug monitoring is suggested 
[46]. Voriconazole is not easily studied in animal models 
because of metabolism issues unique to rodents [32•]. 

Posaconazole
Posaconazole is a newer, extended-spectrum triazole that 
is highly active against Coccidioides spp in vitro, and 
was fungicidal in animal models [32•]. In animal mod-
els, posaconazole was more than 200 times more potent 
than fl uconazole on a milligram-per-kilogram basis in the 
treatment of coccidioidomycosis [32•]. It is orally avail-
able, and high-fat meals improve bioavailability [47]. Drug 
monitoring is suggested, because variations in age, sex, 
body weight, or comorbidities do not lead to predictable 
changes in serum concentrations [47]. When administered 
to patients with fungal CNS infections (primarily cryp-
tococcal meningitis) who were refractory or intolerant of 
other treatments, 24 of 39 (62%) patients had a success-
ful outcome [48]. The latter group included one patient 
with CM complicated by hydrocephalus who failed fl u-
conazole and showed partial success when treated with 
posaconazole [48]. No formal studies of posaconazole in 
the treatment of CM have been conducted. 

Other agents and adjunctive treatments
The use of corticosteroids in the treatment of CM to 
potentially offset complications such as hydrocephalus 
or vasculitis has not been formally studied. Adjunctive 
measures theorized to potentially decrease the risk of vas-
culitis (eg, the administration of fi sh oil, pentoxifylline, 
misoprostol, aspirin, and/or vitamin E) have previously 
been published, but no formal studies have been done in 
humans [49]. One case report details the failure of caspo-
fungin to control CM [50].

Current Recommendations for the 
Treatment of Coccidioidal Meningitis
The Infectious Diseases Society of America recently pub-
lished updated guidelines for the treatment of various 
manifestations of coccidioidal infections, including men-
ingitis [51]. At present, the treatment of fi rst choice for 
CM is fl uconazole. The dosage used in clinical trials was 
400 mg orally, daily, although some practitioners in the 
endemic area prefer to initiate treatment with 800 to 1000 
mg, then decrease the daily dose when clinical improve-
ment is achieved [51]. Itraconazole, 200 mg, 2 to 3 times 
daily, is an alternative. Another alternative is IT AMB, 
with or without concurrent azole therapy; its justifi cation 



294  I  Central Nervous System and Eye Infections

is based on the belief that responses are more prompt with 
AMB than with azoles. Details regarding IT dosing and 
administration of AMB can be found elsewhere [28]; in 
general, the IT dose of AMB ranges from 0.1 to 1.5 mg 
per dose, administered at intervals ranging from daily 
to weekly [51]. For patients failing or intolerant of azole 
treatment, IT AMB is an option, with or without concur-
rent azoles. Regardless of the choice of antifungal agent, 
hydrocephalus may develop and require a shunt, but it 
does not necessitate changing the antifungal treatment. 

Outcomes
Without treatment, the outcome of patients with CM is 
poor. In one study, 90% of patients with CM died within 1 
year, and 100% died within 2 years [13]. Despite a lack of 
treatment, the CSF pleocytosis decreased, although the CSF 
glucose or protein concentrations remained abnormal [13]. 

The advent of IT AMB changed the outlook of CM 
substantially, as mortality decreased from 100% within 
2 years to 19% to 49%, with a mean survival time rang-
ing from 9 to 50 months. Moreover, about one third of 
patients had no relapses following discontinuation of 
treatment [7]. The prognosis of CM treated with AMB 
depended on several factors: 1) patients whose treatment 
was initiated soon after the diagnosis of CM fared better 
than those whose treatment was delayed; 2) patients with 
serious medical comorbidities, especially with immunosup-
pression, did worse than those without such comorbidities; 
and 3) patients with communicating hydrocephalus had 
high mortality, even with proper treatment, and accounted 
for 75% of mortalities in one series [7]. A patient’s steady 
clinical improvement with effective antifungal therapy may 
be periodically interrupted by episodes of worsening, even 
in those who are compliant with treatment [7].

For patients with CM enrolled in clinical trials, 66% 
to 80% of patients treated with oral triazoles alone 
achieved clinical improvement or remission of their men-
ingitis [33,35,36,39]. In 18 patients treated with oral 
azoles alone, all of whom achieved disease remission, 
14 relapsed with recurrent coccidioidal infection, the 
majority of whom had a relapse of CM [21]. Before dis-
continuing medication, the 18 patients had all been treated 
for a prolonged period (mean 39 months) [21]. The onset 
of relapse ranged from 0.5 to 30 months after medication 
discontinuation [21]. No predictors of relapse (either by 
demographics or CSF indices at end of treatment) were 
identifi ed [21]. Therefore, due to the high risk of relapsed 
CM after azole discontinuation, patients with CM treated 
with azoles are advised to continue their treatment indefi -
nitely [21]. Despite resolution of infection, symptoms such 
as memory loss or emotional lability may persist. 

Conclusions
The incidence of coccidioidomycosis is increasing in endemic 
areas. CM, the most severe form of coccidioidomycosis, is 

associated with signifi cant mortality and morbidity. Previ-
ously universally fatal, many patients with CM can achieve 
remission of infection with triazole antifungal therapy, 
although no ideal antifungal agent has been shown to be 
well tolerated, orally bioavailable, and curative. Currently, 
fi rst-line therapy is high-dose oral fl uconazole, which is 
associated with a high rate of relapse following drug discon-
tinuation. Further studies are required to provide optimal 
treatment and outcomes for this infection. 
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