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Abstract

Purpose of Review This review discusses the epidemiology, microbiology and pathogenesis, prevention, diagnosis, and
treatment of coccidioidomycosis in solid organ transplant recipients.

Recent Findings Coccidioidomycosis is associated with a high mortality in solid organ transplant recipients than in immuno-
competent individuals. Within the endemic area, strategies to reduce the incidence and mortality among solid organ transplant
recipients include pretransplantation screening and treatment of coccidioidomycosis among donors and recipients, use of
universal azole prophylaxis after transplantation, and more aggressive treatment of asymptomatic or primary pulmonary
coccidioidomycosis after transplantation.

Summary Coccidioidomycosis is an endemic infection in the southwestern United States that is associated with high rates of
dissemination and mortality among solid organ transplant recipients. Patients can acquire coccidioidomycosis after transplan-
tation via primary infection after transplantation, reactivation of prior infection, or infection acquired from the transplanted
organ. Although some solid organ transplant recipients with coccidioidomycosis may be asymptomatic, in general, solid
organ transplant recipients have more severe disease and a higher mortality rate than immunocompetent persons. Various
strategies have been used to reduce the incidence and mortality among solid organ transplant recipients. Fluconazole is com-
monly used as the first-line treatment of asymptomatic or primary pulmonary coccidioidomycosis, but other azole therapy
may be useful in patients intolerant to fluconazole. In patients with rapidly progressive coccidioidomycosis, amphotericin
B is often used first, followed by fluconazole.

Keywords Coccidioidomycosis - Solid organ transplant - Epidemiology - Immunology - Pathogenesis - Prophylaxis -
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Abbreviations IDSA The Infectious Disease Society of America
EIA  Enzyme-linked immunosorbent assay AST  American Society of Transplantation

CF Complement fixation CDC Centers of Disease Control and Prevention
ID Immunodiffusion HIV ~ Human immunodeficiency virus

IgM  Immunoglobulin M

IeG Immunoglobulin G

ATS  American Thoracic Society Introduction

Coccidioidomycosis is an endemic fungal infection primar-
ily in the southwestern United States that has a high mortal-
ity rate among solid organ transplant recipients [1, 2]. As
domestic and international travel have become more com-
mon, solid organ transplant recipients living in non-endemic
areas have been found to have coccidioidomycosis. There-
fore, it is important for physicians practicing in endemic and
non-endemic areas to be aware of the different diagnostic
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modalities and treatment options for coccidioidomycosis
in solid organ transplant recipients. This paper will discuss
the epidemiology, pathogenesis, diagnosis, prevention, and
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treatment of coccidioidomycosis in patients with solid organ
transplants.

Epidemiology

Coccidioidomycosis is a fungal infection endemic to the
southwestern United States, Washington, Mexico, and parts
of Central and South America [3]. In 2019, 18,407 new
cases of coccidioidomycosis were reported to the Centers
of Disease Control and Prevention (CDC). The highest inci-
dence of coccidioidomycosis cases was reported in Arizona,
which accounted for 56% of all new cases reported in the
USA. Arizona reported 10,359 new cases (approximately
142 per 100,000). Following Arizona, California accounted
for 40% of all the new cases, with 7408 new cases (approxi-
mately 19 per 100,000). All other states each accounted
for < 1% of the new coccidioidomycosis cases in the USA.
California, New Mexico, and Nevada had the third and
fourth highest incidences of coccidioidomycosis, account-
ing for 0.9% (164 cases or approximately 8 per 100,000)
and 0.6% (117 cases, 0.6%, 4 per 100,000) of the cases,
respectively. All other states combined had less than 100
new cases of coccidioidomycosis [4].

The incidence of coccidioidomycosis in solid organ
transplant patients largely depends on location. Because
Arizona has the largest population burden of coccidioi-
domycosis [4], Arizona transplant recipients may have
the highest risk of coccidioidomycosis after solid organ
transplantation. Early studies in Arizona showed an inci-
dence of 4-8% [5] of coccidioidomycosis in solid organ
transplant patients, while early studies in California
showed an incidence of 0.59% [6]. Although the overall
incidence of coccidioidomycosis increased by 1-2% or
1000-3000 cases every year [4], the incidence of coc-
cidioidomycosis among solid organ transplant patients
has decreased with increasing use of fluconazole prophy-
laxis, and in Arizona specifically, the incidence of coc-
cidioidomycosis among solid organ transplant patients
decreased to 1-3% [7-9].

Risk factors for coccidioidomycoses in solid organ
transplant recipients include a recent history of coc-
cidioidomycosis or positive serology before transplan-
tation, immunosuppression [10], and treatment of acute
rejection [5]. Concurrent immunosuppressing diseases
such as diabetes [11, 12], HIV [13-15], and malignancy
[16] also increase the risk of coccidioidomycosis, and
risk factors for severe or disseminated disease among
immunocompetent individuals include tobacco use [16],
pregnancy, low income, black race, and older age [17];
however, whether these comorbid illnesses or risk factors
further increase the risk among transplant recipients is
not known.
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Microbiology and Pathogenesis

Coccidioidomycosis is a fungal infection caused by the
genus Coccidioides, which consists of Coccidioides immitis
and Coccidioides posadasii. The two species of Coccidi-
oides are clinically indistinguishable, and so, they are often
referred to by their genus, Coccidioides. Coccidioides lives
in the top layers of desert soil as mycelium. As it matures,
it disarticulates into smaller, 2-4 pm in diameter, arthroco-
nidia [18]. The small arthroconidia are easily aerosolized
when soil is disrupted and can be inhaled. Primary coccidi-
oidomycosis infection is caused by the inhalation of arthro-
conidia. Once in the lungs, arthroconidia transform into
mature spherules. The mature spherules release thousands
of endospores that can cause local or disseminated infection
(Fig. 1). The cycle repeats as the endospores transform into
mature spherules and release thousands of more endospores
[18-20].

In immunocompetent individuals, the innate and adaptive
immune systems are typically successful in controlling coc-
cidioidal infections. Most cases of coccidioidomycosis are
asymptomatic (60%) [21] and are limited to the respiratory
tract (95%) [22]. As such, coccidioidomycosis in immuno-
competent individuals are typically a self-limited disease
[21]. In patients with solid organ transplantation, however,
rates of dissemination and mortality can be as high as up to
72-75% and 50-60%, respectively, when prophylactic flu-
conazole is not used.

Multiple arms of the innate and adaptive immune
response are involved in quelling coccidioidal infections
[23]. Phagocytic cells in the innate immune system engulf
arthroconidia, endospores, and spherule initials, but these

Fig.1 GMS stain 200X, lung tissue with spherules (arrows), and
endospores (arrowheads). Image courtesy of Brandon Larsen, MD
PhD
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phagocytes are too small to engulf the larger, mature spher-
ules. The adaptive immune system is critical for control of
coccidioidomycosis infection [23-25]. Each of the 4 classes
of pattern recognition receptors, the IL12 receptor axis,
CD4, CD8, Th17, monocytic priming by dendritic cells, and
phagocytic activity from macrophage and neutrophils are all
important in the immunologic response to coccidioidomy-
cosis[26]. CDS8 cells aid coccidioidal adaptive responses,
and although both immunoglobulin M and G appear during
active coccidioidomycosis infections, their importance in
combatting coccidioidal infections is less clear [25]. With
the exception of pattern recognition receptors, each of these
arms of the immune system is hindered amidst common
post-transplant immunosuppressive regimens. Tapering anti-
rejection medications improves delayed-type hypersensitiv-
ity in transplanted patients [27], and is an adjunctive treat-
ment strategy in achieving control of coccidioidomycosis
[28].

There are three major mechanisms through which solid
organ transplant recipients acquire coccidioidomycosis:
primary infection after transplantation, reactivation of prior
infection, or infection acquired from the transplanted organ.

Clinical Manifestations

Of the patients who develop coccidioidomycosis after solid
organ transplantation, 70% typically develop coccidioidomy-
cosis within the first year [5], likely reflecting higher levels
of antirejection treatments. Coccidioidomycosis exists in a
spectrum of disease. Similar to immunocompetent patients,
some patients with solid organ transplants are asymptomatic
and are found to be seropositive on routine screening. One
study showed that 27% of solid organ transplant patients
with coccidiomycosis were asymptomatic and were found
to have positive serology on routine testing [7].

Symptomatic coccidioidomycosis predominantly pre-
sents as pulmonary coccidioidomycosis in transplant and
non-transplant patients. Common symptoms of pulmonary
coccidioidomycosis include fever, cough, and pleuritic chest
pain. However, transplant patients have a greater propensity
to develop disseminated coccidioidomycosis. Early studies
in Arizona showed an incidence of 4-8% [5] of coccidioi-
domycosis in solid organ transplant patients, with a rate of
dissemination of 72-75% [1, 2] and mortality of 50-62%
[1, 2]. With the increasing use of prophylactic fluconazole,
more recent studies in Arizona show a lower incidence of
coccidioidomycosis in solid organ transplant patients (1-3%
[7-9]) with a dissemination rate of 33% and mortality of
33% [9].

Disseminated coccidioidomycosis can be identified
anywhere in the body and does not always include pul-
monary disease. A review of 38 transplant recipients with

disseminated coccidioidomycosis showed that 14 patients
(37%) had no evidence of pulmonary disease. The most
common site of dissemination is the central nervous sys-
tem; of the 38, 10 patients (26%) developed meningitis
and 4 patients (10%) developed brain lesions, including
abscesses [5, 29, 30]. Other common areas of dissemina-
tion include the spleen (9 patients, 24%), liver (7 patients,
18%) [31], genitourinary areas (7 patients, 18%) [32], skin (6
patients, 16%) [33-35], joints (6 patients, 16%) [31], thyroid
(5 patients, 13%) [36], and the pancreas (3 patients, 8%)
[5]. Coccidioidomycosis also infects lymph nodes, kidneys,
adrenal glands, bones/bone marrow [36], colon, heart, peri-
toneum, choroid (eye), and parathyroid gland [5].

Diagnosis

Clinical symptoms and history of travel to or residence
within endemic areas help suggest an active coccidioidal
infection. However, the final diagnosis relies on laboratory
testing. Clinical specimens that demonstrate spherules or
grow Coccidioides sp. are diagnostic. In many situations,
however, such testing requires an invasive test. Serology is
a common adjunctive testing strategy. As physicians order
and interpret the different diagnostic modalities available,
they should be aware of the sensitivities and specificities of
these tests in solid organ transplant recipients.

Transplant patients are less likely to test positive on
serologic testing as they are less likely to mount a detect-
able immunological response to coccidioidomycosis.
Although 95% of immunocompetent patients with clini-
cal coccidioidomycosis test positive via serological testing
(enzyme-linked immunosorbent assay [EIA] IgG or IgM,
complement fixation [CF], or immunodiffusion [ID] IgG
or IgM), only 71-77% of solid organ transplant recipients
with clinical coccidioidomycosis tested positive via sero-
logical testing [37, 38]. One institution in an endemic area
reported the positive rates of various tests among twenty-
seven transplant recipients with newly acquired sympto-
matic coccidioidomycosis. Patients were tested for coccidi-
oidomycosis at the onset of symptoms and 1 month after
the onset of symptoms, and in all cases, the sensitivities of
the serologies increased at the 1-month follow-up testing
(Table 1) [38]. Although the sensitivities of the individual
serological tests are low (most are < 50%), collectively, the
sensitivity increases to 77% (at the onset of symptoms)
and 92% (1 month after the onset of symptoms) (Table 1)
[38]. Therefore, the American Thoracic Society (ATS)
recommends using more than one diagnostic modality in
the diagnosis of coccidioidomycosis. Table 2 shows that
non-serological testing for coccidioidomycosis also have
low sensitivities (< 60%). However, the sample size for the
testing modalities in Table 2 is small [38].
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Table 1 Summary of serological test results in 27 solid organ trans-
plant patients with active coccidioidomycosis

No. of patients positive/no. tested (%)

Type of test First test at the Second test one month
onset of symp- from the onset of symp-
toms toms

EIA

IeM 7125 (28%) 8/25 (32%)

IeG 14725 (56%) 16/25 (64%)
1D

IeM 2/10 (20%) 724 (29%)

IgG 9124 (38%) 9124 (38%)
CF>1:2 7125 (28%) 9/25 (36%)
Any positive serology  20/26 (77%) 24/26 (92%)

Table was adapted from “The Ultility of Diagnostic Testing for Active
Coccidioidomycosis in Solid Organ Transplant Recipients” by Men-
doza et. Al. with permission

Table was adapted from “The Ultility of Diagnostic Testing for Active
Coccidioidomycosis in Solid Organ Transplant Recipients” by Men-
doza et al. with permission

Table2 Summary of non-serological test results in 27 solid organ
transplant patients with active coccidioidomycosis

Type of test No. of patients
positive/no. tested
(%)
Culture
Respiratory specimen 9/17 (53%)
Expectorated sputum 3/7 (43%)
Bronchial washings 3/3 (100%)
Bronchioalveolar lavage specimens 3/5 (60%)
Endotracheal cultures 0/1 (0)
Protected catheter brushing 0/1 (0)
Tissue biopsy or swab 477 (57%)
Pleural fluid 15 (50%)
Any positive culture 14/26 (54%)
Other tests
Cytology 2/10 (20%)
Tissue pathology 9/24 (38%)
Rapid PCR 7/25 (28%)

Table was adapted from “The Utility of Diagnostic Testing for Active
Coccidioidomycosis in Solid Organ Transplant Recipients” by Men-
doza et. Al. with permission

Coccidioides antigen testing and the serum (1,3)-beta-D-
glucan tests may in theory be helpful in immunosuppressed
patients as they test for the fungal antigen, rather than the
patient’s immunological response to the organism (via IgG
or IgM) [39]. However, the utility of these tests has not been
studied systematically in a cohort of solid organ transplant
recipients with coccidioidomycosis. Though data is scant,
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ATS recommends considering the use of Coccidioides anti-
gen testing in immunocompromised patients [39]. The sen-
sitivity of the new Coccidioides antigen EIA test among 18
immunosuppressed patients was 77%. Two of 2 solid organ
transplant recipients with coccidioidomycosis tested positive
by both Coccidioides antigen tests available. The specificity
of the Coccidioides antigen EIA has not been tested in the
transplant population; however, in the general population
without other endemic mycosis, the specificity is 99.3%, and
in the general population with other endemic mycosis, it is
96.4% [40, 41]. The (1,3)-beta-D-glucan test, when using
a cutoff value of >80 pg/ml, has a sensitivity of 43.9% and
specificity of 91.1% [42] in the general population.

Occasionally, pathology specimens are needed to obtain
a diagnosis (Fig. 1), but this is the least common diagnostic
modality owing to its invasive nature. Imaging can aid in
detecting coccidioidomycosis. One study showed that 16
of 25 patients (64%) had chest X-ray abnormalities at the
onset of symptoms [38]. The abnormalities included con-
solidations, pleural effusions, multifocal nodules, cavitary
lesions, and hilar adenopathy [31, 31]. Repeat chest X-rays
in 1 week showed increased sensitivity (21 of 35 patients,
84%). Chest computed tomography identified abnormalities
in 19 of 22 (86%) patients at the onset of symptoms but
repeat imaging did not identify new individuals with radio-
logical abnormalities [38]. The “classic” coccidioidomyco-
sis imaging shows cavitary lesions and nodules (Fig. 2), but
the radiographic findings in pulmonary coccidioidomycosis
are highly variable[43].

Prevention of Coccidioidomycosis in Solid
Organ Transplant Patients

Endemic Areas
Screening and Treatment Before Transplantation

Because patients with a history of coccidioidomycosis or
positive serological testing prior to transplantation have a
higher risk of developing complications from coccidioido-
mycosis after transplantation [5], it is paramount to identify
and treat patients with active or latent coccidioidomyco-
sis prior to transplantation. Different centers use different
screening strategies. Kidney transplant patients at the Uni-
versity of California, Los Angeles, were screened for coccid-
ioidomycosis prior to transplantation with EIA IgG and IgM
antibodies [44]. At Mayo Clinic Arizona, all patients under-
going transplantation are screened for coccidioidomycosis
through clinical history, serologic testing (EIA gG and IgM
antibodies, ID IgG and IgM antibodies, and CF), and a chest
radiograph. Because the sensitivities of individual tests are
lower than the combined sensitivities of multiple modalities
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Fig.2 CT chest, non-contrast. Dominant 1.9 cm cavitary nodule (panel A) in the left lower lobe with a nodular consolidation located immedi-
ately inferior (panels B & C), consistent with history of coccidioidomycosis

of diagnostic testing, combination serological testing (EIA
IgG and IgM antibodies, ID IgG and IgM antibodies, and
CF) and radiological testing may be beneficial in identifying
patient who have active or latent coccidioidomycosis.

In patients who are found to have active or latent coc-
cidioidomycosis, treatment with antifungal therapy to con-
trol the infection prior to transplantation is recommended,
if clinically feasible, even if this treatment delays transplan-
tation. At one institution, patients are treated with antifun-
gal therapy for at least 6 months. Patients are monitored
for symptomatic, serologic, and radiological (chest X-ray)
improvement. Additionally, CF titers are monitored, and
patients are treated until the titers are equivalent or below
1:2 or 1:4 on two separate occasions and have demonstrated
at least 2-dilution drop after the initiation of antifungal ther-
apy. Once the patient clinically and radiologically improves,
meets the decreasing titers criteria, and has completed at
least 6 months of antifungal therapy, the patient is then
reassessed by an infectious disease specialist for clearance
to undertake transplantation while continuing antifungal
therapy. In one institution, seronegative patients receive
fluconazole 200 mg daily for 1 year after transplantation
to prevent new coccidioidal infections. However, seroposi-
tive recipients receive fluconazole 400 mg daily for at least
1 year to prevent relapsed coccidioidomycosis. An infectious
disease specialist determines whether continued fluconazole
would benefit the patient [22].

Candidates for Antifungal Prophylaxis

The Infectious Disease Society of America (IDSA) recom-
mends antifungal prophylaxis for all transplant recipients
living an endemic area [28]. A study of Arizona liver trans-
plant recipients evaluated targeted antifungal prophylaxis

(fluconazole prophylaxis given only to recipients with evi-
dence of coccidioidomycosis) vs universal antifungal proph-
ylaxis. In the targeted prophylaxis cohort, 8 of 349 patients
(2.3%) developed asymptomatic seropositive coccidioido-
mycosis and 10 of 349 (2.9%) patients developed sympto-
matic coccidioidomycosis. Nine of 10 of the patients that
developed symptomatic coccidioidomycosis did not have a
history of coccidioidomycosis, and so had not received pro-
phylactic fluconazole. In the universal prophylaxis group,
0 of 143 patients developed coccidioidomycosis [45]. Uni-
versal prophylaxis likely reduces incidence of coccidioi-
domycosis among transplant patients by preventing newly
acquired coccidioidomycosis after transplantation, recrudes-
cent infection, or infection via transplant.

Duration of Antifungal Prophylaxis

IDSA recommends azole prophylaxis for the duration of
6 to 12 months after transplantation [28]. A study of Ari-
zona transplant recipients evaluated the duration of antifun-
gal prophylaxis. A retrospective assessment of antifungal
prophylaxis demonstrated that 6 of 134 (4.5%) patients who
received antifungal prophylaxis for 1-2 months developed
infection. By contrast, O of the 65 patients that received
antifungal prophylaxis for at least 3 months developed coc-
cidioidomycosis [9]. This study highlights that longer dura-
tions of antifungal prophylaxis help reduce the incidence of
coccidioidomycosis among solid organ transplant patients.
Because patients are given the highest amounts of immu-
nosuppressive therapy in the first year, and because 70%
of coccidioidomycosis cases occur within the first year of
transplantation, it is reasonable to continue antifungal proph-
ylaxis for 1 year [5]. The regimen of fluconazole 200 mg
daily for 6-12 months following transplantation has been
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studied and has been shown to reduce the incidence of coc-
cidioidomycosis [22, 45, 46].

There have been many reports of reactivated coccidioido-
mycosis in patients with primary coccidioidomycosis who
discontinued antifungal prophylaxis after transplantation [2,
28, 47], and based on these data, IDSA recommends lifelong
antifungal prophylaxis in patients with primary coccidioido-
mycosis after transplantation. However, this is an area that
requires further study.

Non-endemic Areas

Patients living in non-endemic areas are at a low risk of
acquiring coccidioidomycosis. As such, the American Soci-
ety of Transplantation (AST) only recommends screening in
patients with a history of history of travel to or residence in
an endemic area [48]. If the patient is found to have active
or latent coccidioidomycosis, treatment and evaluation by an
infectious disease specialist are recommended prior to trans-
plantation. For patients who re-locate to an endemic area
after transplantation, some experts recommend prophylaxis
with fluconazole 200 mg daily for lung transplant recipients,
but not other solid organ recipients [22].

Donor-Derived Solid Organ Transplantation
Donor

Donors with asymptomatic coccidioidomycosis or history
of treated coccidioidomycosis may still harbor viable organ-
isms in granulomas. Transplantation of an organ with these
viable organisms may result in transmission of coccidioi-
domycosis from donor to recipient. As the lung is the most
commonly infected organ in patients with coccidioidomy-
cosis, lung transplant recipients may be at the highest risk
of donor derived coccidioidomycosis. However, recipients
with heart, liver, and kidney transplants have also been found
to have donor-derived coccidioidomycosis. Some of these
donors have a known history of disseminated coccidioido-
mycosis, while other donors did not [49, 50].

A study in Arizona showed that approximately 2.1% of
prospective kidney and liver transplant donors were sero-
positive for coccidioidomycosis [51]. Donor-derived coc-
cidioidomycosis is associated with a high rate of transmis-
sion (43-61%) and mortality (28-38%) in patients who do
not receive fluconazole prophylaxis or early treatment of
coccidioidomycosis [49, 52]. However, the transmission rate
can be as low as 0% in non-lung transplant recipients who
receive antifungal prophylaxis [51]. In most cases (71-83%)
of donor-derived coccidioidomycosis, the donor has a known
history of travel or residence in an endemic area [49].

Because of the high mortality associated with donor-
derived coccidioidomycosis, AST recommends screening all
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live donors in endemic areas for active coccidioidomycosis
and recommends treatment prior to transplantation. Screen-
ing prior to organ procurement includes serology (EIA, ID,
and CF) and imaging. Cultures of respiratory secretions or
tissue specimens may also be obtained based on the results
of serology and imaging. Complement fixation titers greater
than 1:16 in immunocompetent individuals may be asso-
ciated with disseminated disease [53] and warrant further
evaluation for extrapulmonary disease. If a patient is found
to have active or latent coccidioidomycosis, AST recom-
mends resolution of infection prior to organ procurement.
Resolution of disease is defined as improvement in clinical
symptoms, improvement in radiographic abnormalities, and
a reduction of complement fixation titers by fourfold [54].

Recipients

AST recommends pre-transplant coccidioidomycosis screen-
ing in recipients with donors with a history of travel to or
residence in an endemic area. This would serve as a baseline
comparison if the recipient developed symptoms later. If a
donor is found to have active or latent coccidioidomycosis,
the physicians of the recipients should be informed. ATS
recommends prophylaxis with fluconazole 400 mg daily in
these recipients given the high mortality associated with
donor transmitted coccidioidomycosis. Because lung trans-
plant recipients may be at a higher risk of transmission,
lifelong fluconazole 400 mg daily prophylaxis is recom-
mended for lung transplant recipients with positive donors.
For non-lung transplant recipients, lifelong treatment with
fluconazole 400 mg daily is recommended when the donor
has disseminated coccidioidomycosis. If the donor did not
have disseminated coccidioidomycosis, reduction or discon-
tinuation of fluconazole prophylaxis after 1 year is recom-
mended [22, 54].

Treatment

The ATS and IDSA have recommendations on the treatment
of coccidioidomycosis in solid organ transplant patients.
Both societies recommend the treatment of disseminated
coccidioidomycosis. For primary pulmonary coccidioido-
mycosis in solid organ transplants, ATS recommends con-
sideration of treatment, while the IDSA simply recommends
treatment [28, 55].

Per IDSA, all solid organ transplant patients with coc-
cidioidomycosis should be treated with antifungal therapy,
regardless of severity of disease. In clinically stable patients
with a normal renal function, IDSA prefers fluconazole
400 mg daily for 3—6 months as the initial treatment strategy
[28]. ATS offers itraconazole 200 mg BID for 3—6 months
as an alternative first-line treatment for primary pulmonary
coccidioidomycosis in immunosuppressed patients [55].
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Patients with refractory disease or intolerance to flucona-
zole can be treated with posaconazole or voriconazole [45,
56, 57].

Azoles have been shown to be effective in the treat-
ment of coccidioidomycosis and have a lower side effect
profile compared to amphotericin B, and so they are the
first-line treatment in clinically stable coccidioidomy-
cosis. However, amphotericin B has a perceived faster
onset of action and so it is used as first-line therapy in
rapidly progressing coccidioidomycosis [58]. Once the
patient has clinically stabilized, a less toxic drug, such as
fluconazole, can be initiated. Therefore, in patients with
disseminated disease or rapidly progressing pulmonary
disease, IDSA recommends treatment with amphotericin
B until the patient has stabilized, and then fluconazole is
recommended [28].

In solid organ transplant patients with clinically stable
coccidioidomycosis, per IDSA, reduction of immunosup-
pression is not necessary. However, in rapidly progressing
or disseminated disease, reduction of immunosuppression is
recommended to help patients mount an immune response
[28, 59].

When azole therapy is initiated, all patients may require
dose reduction of immunosuppressive agents due to drug-
drug interactions. All azoles inhibit CYP3A4, which is
responsible for metabolizing many immunosuppressive
agents (cyclosporine, tacrolimus, sirolimus, and everoli-
mus). Fluconazole, which has the lowest potency for
CYP3A4, has been shown to increase sirolimus levels
in transplant patients in a dose dependent manner [60].
Therefore, careful monitoring of immunosuppressive
medication levels is warranted in transplant patients on
azole therapy.

Conclusions

Although great progress has been made in the field of iden-
tifying, preventing, and treating coccidioidomycosis in the
transplant recipient, much work remains. With a host of
diagnostic antigen-based testing in development, we antici-
pate optimizing our diagnostic armamentarium.

In addition, the immunology of coccidioidomycosis and
the transplantation recipient is still unfolding; numerous
questions exist: can patients with prior quiescent coccidioi-
domycosis regain their immunity to this organism following
transplantation? Do all transplant recipients whose course is
complicated by coccidioidomycosis require lifelong antifun-
gal prophylaxis, or can we identify a cohort whose prophy-
laxis can safely be withdrawn? Will future vaccines replace
antifungal prophylaxis strategies? Future study will help us
elucidate answers to these and other questions.
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