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Coccidioidomycosis (San Joaquin Valley Fever) is an endemic 
systemic fungal infection throughout the Western Hemisphere 
[1]. Although in the United States endemic regions are primarily 
in the Southwest, there are exceptions in northern California, 
Washington, northeastern Utah, and perhaps others yet to be 
discovered [2–4]. With tourism and business travel, coccidioidal 
infections may be diagnosed literally anywhere in the world [5–8]. 
Revised and greatly expanded treatment guidelines for coccidi-
oidomycosis were published last year by the Infectious Diseases 
Society of America (IDSA) [9]. For this brief report, we selected 4 
questions that commonly arise in the management of patients sus-
pected of this disease and for which there remain divided opinions.

WHICH TESTS FOR COCCIDIOIDAL ANTIBODIES ARE 
BEST FOR DIAGNOSIS AND MANAGEMENT?

Most diagnoses of coccidioidomycosis are based upon the de-
tection of anticoccidioidal antibodies. Exceptions include biopsy 
of pulmonary nodules (see below) and extrapulmonary lesions 
to diagnose hematogenous spread beyond the lungs. There is a 
large, now classic, literature describing the original test method-
ology and its relationship to various coccidioidal disease mani-
festations [10]. These tests are the qualitative immunodiffusion 
(ID) tests for IgM and IgG antibodies and the quantitative test for 
complement-fixing (CF) antibodies. Of note, most of the reports 
were based upon the results from a single laboratory directed by 
the tests’ originator, Dr. Charles Smith, and one of his students, 

Dr. Demosthenes Pappagianis. In current medical practice, tests 
for coccidioidal antibodies are now done at a variety of labora-
tories throughout the country, and it has not been established 
to what extent lab-to-lab variation exists, especially with re-
spect to the quantitative CF antibody test results. An enzyme-
linked immunoassay (EIA) to detect anticoccidioidal IgM and 
IgG antibodies was introduced as a commercial kit in the 1990s, 
and currently there are several on the market produced by dif-
ferent manufacturers [11–13]. These appear more sensitive than 
the older methods as conventionally performed [14]. However, 
there is little published documentation of this. Moreover, all of 
the EIA tests are proprietary, and the antigens used by differ-
ent manufacturers as the basis of antibody detection are trade 
secrets. The Clinical Laboratory Improvement Amendments 
mandates laboratory sharing of samples for quality assurance. 
However, since there is no publically available reference EIA 
method, this is the only way to assess quality other than to rely 
upon the manufacturers’ own instructions.

Given this background, the revised IDSA guidelines recom-
mend in patients who manifest a syndrome consistent with 
coccidioidomycosis that EIA tests be done for both IgM and 
IgG antibodies. For the purposes of interpretation, an “indeter-
minate” EIA result should be considered the same as nonreac-
tive. If either is reactive, an active infection is likely to be present 
since both tests usually revert to nonreactive as illness resolves. If 
only the EIA IgM is reactive, there is some possibility that it con-
stitutes a false-positive result, and repeated testing at later times 
may clarify the situation [12, 15, 16]. Also, if both EIA tests are 
nonreactive, this never completely excludes the diagnosis of coc-
cidioidomycosis, and repeat testing may subsequently be helpful.

Serum from patients with either EIA test reactive should 
also be submitted for qualitative ID tests for both IgM and IgG. 
Because of the uncertainty as to which antibodies the EIA tests 
detect, it is possible that EIA IgM reactive sera will demonstrate 
ID IgG reactivity or vice versa. The ID IgG was configured to 
more sensitively detect the same antibodies that produce a 
positive CF antibody test [17, 18], and a negative ID IgG test 
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result should make further testing for CF antibodies unneces-
sary. However, this relationship depends on the training and 
experience of laboratory staff in reading ID plates, and, for this 
reason, some authorities recommend CF antibody testing in 
all sera that are EIA reactive. Once a diagnosis of coccidioido-
mycosis has been established, only the CF antibody test should 
be used for ongoing management since none of the other tests 
have been shown to have prognostic value.

WHICH NEWLY DIAGNOSED COCCIDIOIDAL 
INFECTIONS SHOULD BE TREATED?

Of the estimated 50 000 patients who seek medical attention 
each year because of newly acquired coccidioidomycosis, their 
symptoms of pneumonia, arthralgias, and especially debilitating 
fatigue may persist for many weeks to many months. However, 
for most, the illness is eventually self-limited, and life-long im-
munity results without the complications of chronic fibrocavitary 
pneumonia or hematogenous dissemination [19, 20]. Moreover, 
there is no evidence that early treatment improves outcome or 
prevents complications [21, 22]. Thompson et  al. [23] have 
shown that early treatment with fluconazole may reduce the 
chance of developing IgG antibodies, but the clinical importance 
of this is unclear. There is an NIH study underway to address 
the value of early treatment (https://clinicaltrials.gov/ct2/show/
NCT02663674?cond=Coccidioidomycosis&draw=1&rank=6). 
In the absence of results from that study and for patients without 
immunodeficiencies, other risk factors, or already established 
pulmonary or extrapulmonary complications, there is consid-
erable uncertainty as to whether to always initiate antifungal 
therapy or reserve it for selected patients.

The revised IDSA guidelines for managing newly diagnosed, 
uncomplicated coccidioidal infections recommend always 
including supportive measures [9]. Patients with mild or non-
debilitating symptoms who improved or resolved their clinical 
illness by the time of diagnosis will benefit from education, close 
observation, and other supportive measures such as physical 
therapy. However, in those patients with significant debilitating 
illness at the time of diagnosis, initiation of antifungal treatment 
is recommended. The antifungal treatment is also recommended 
in patients with extensive pulmonary involvement or concur-
rent risk factors such as immunodeficiencies (ie, untreated HIV/
AIDS, organ transplantation (see below), biologic response modi-
fier therapies), diabetes mellitus, or severe cardiopulmonary dys-
function. Some authorities would also include African or Filipino 
ancestry as indication for early treatment. For such patients, the 
treatment is an oral azole antifungal, usually fluconazole, at a daily 
dose of 400 mg per day, and this is continued for 3 to 6 months.

HOW TO MINIMIZE THE RISK OF 
COCCIDIOIDOMYCOSIS IN SOLID ORGAN 
TRANSPLANTATION?

The incidence of coccidioidomycosis is estimated at 3.8% to 
6.9% in solid-organ transplant (SOT) recipients during the early 

transplantation period, based on published reports of kidney 
and heart transplant recipients at 3 medical centers in Arizona 
from 1960 to 2000 [24, 25]. In addition, the incidence of coc-
cidioidal infection during the first year was reported at 4.2% 
after liver transplantation [26] and as 5.8% among lung trans-
plant recipients [27]. In addition, there have been recent reports 
of an overall increase in the incidence of coccidioidomycosis 
that may be due to several factors such as an increase in the 
number of immunosuppressed patients, including organ trans-
plant recipients living in the endemic area [28]. However, at the 
same time, lower rates of infection have been reported among 
SOT recipients who have received antifungal prophylaxis [29].

The revised IDSA guidelines recommend prophylaxis (eg, 
200 mg of fluconazole daily) for 6–12 months for all SOT recipi-
ents who have no history of a past coccidioidal infection, whose 
coccidioidal serologies are nonreactive, and who are without 
evidence of active coccidioidal infection [9]. However, this rec-
ommendation leaves several important questions unaddressed. 
For one thing, it is unclear whether prophylaxis should be con-
tinued beyond 1 year. For another, it is clear that some patients 
who are serologically positive at the time of transplantation have 
been successfully managed with prophylaxis [30]. However, 
what dose and what duration of antifungal prophylaxis are ap-
propriate for this group remain unsettled. Finally, occasional 
coccidioidal infections in SOT recipients occur outside of the 
endemic region, suggesting that coccidioidal serologies should 
be routinely done prior to SOT anywhere in the country.

Although not common, donor-derived coccidioidomycosis 
has occurred in SOT recipients [31–35] and has received increas-
ing attention. The transmission rate of coccidioidomycosis from 
donors with active infection to recipients has been reported to 
be 43% (median of 30  days post-transplant), with a mortality 
rate of 28.5% [36]. Therefore, screening of living donors from the 
endemic areas is recommended [37]. Donors with active infec-
tion should be excluded, and donation should be delayed until 
resolution of infection [37]. In the cases of deceased donors 
with postmortem identification of Coccidioides spp. infection, 
testing including serology of stored serum or histologic exam-
ination of tissue samples should be pursued. Furthermore, the 
Organ Procurement Organizations and the United Network for 
Organ Sharing should be notified, and recipients should undergo 
evaluation for infection and receive antifungal prophylaxis [37]. 
Duration of antifungal prophylaxis varies by the organ trans-
planted and the severity of disease in the donor. Serological mon-
itoring of donor-positive recipients is recommended if antifungal 
prophylaxis is discontinued and is performed every 2–3 months 
in the first 12 months, followed by every 6–12 months [37].

SHOULD LUNG CANCER SCREENING PRACTICES BE 
DIFFERENT IN COCCIDIOIDES-ENDEMIC AREAS?

Several professional societies, including the US Preventive 
Services Task Force [38–40], have endorsed the use of low-dose 
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computed tomography (CT) of the chest for lung cancer screen-
ing in response to the results of the National Lung Screening Trial 
(NLST), which demonstrated a reduction in lung cancer mor-
tality with targeted screening [41]. For patients and practitioners 
living in areas with endemic mycoses, these recommendations 
present potential challenges as the burden of false-positive 
screening tests is likely to be higher. In areas endemic for coc-
cidioidomycosis, prior pulmonary infection may account for 
25–50% of solitary pulmonary nodules [42–44].

As patients undergoing CT screening all have an increased 
risk for lung cancer, any identified nodules would typically 
undergo further diagnostic workup. Serologic testing for coc-
cidioidomycosis is often negative, as these nodules represent 
residua of past infection. The features of these nodules on CT 
do not allow easy distinction from malignancy, as they may be 
spiculated, have irregular margins, and typically do not calcify 
[45]. Chronic cavitary disease may also be mistaken for cavitary 
malignancy. Coccidioidal nodules tend to have a lower SUVmax 
on Fludeoxyglucose PET/CT imaging than malignant nodules 
but frequently have values in a range suspicious for malignancy 
[46, 47]. Tissue assessment of such nodules, typically done by 
CT-guided transthoracic needle biopsy, is generally safe and 
has been demonstrated to have sensitivity and specificity for the 
diagnosis of coccidioidomycosis of 83% and 100%, respectively 
[48]. However, a series of cytologic specimens from known coc-
cidioidal nodules demonstrated immature or sparse spherules 
often on a necrotic background, increasing the risk for misdiag-
nosis of malignancy or nondiagnostic procedures [49]. Surgical 
intervention may be required for cases in which the diagnosis 
remains in question. Video-assisted thoracoscopic surgery has 
a low risk of complications [50], although the risk of complica-
tions increases with cavitary rather than nodular disease [51].

The exact burden of false-positive results of lung cancer 
screening due to coccidioidomycosis is not yet known and 
should be an area of further study as screening becomes more 
common. It is also important to consider the cost and stress 
burden of such screening in endemic areas. Over the 3-year 
study period in the NLST, 39% of patients screened with CT had 
at least 1 positive result, an incidence that could be expected to be 
higher in coccidioidal endemic regions. Furthermore, prevent-
ing 1 cancer-related death over the course of 3 years required 
the performance of 985 CT scans, 18 PET scans, 8 bronchosco-
pies, and 9 surgical procedures [52]. The number of procedures 
and the potential risk to patients would be expected to be higher 
in areas with a high prevalence of coccidioidomycosis.

In summary, a definitive statement regarding lung cancer screen-
ing with CT in coccidioidal endemic regions cannot be made. 
However, practitioners in these areas should be aware of the like-
lihood of false-positive screening, the limits of available diagnostic 
modalities, and the potential risk to patients of multiple diagnostic 
procedures. Further study is warranted to demonstrate the safety 
and cost-effectiveness of this screening strategy in these areas.
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