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Abstract Coccidioidomycosis, a fungal infection endem-
ic in the southwestern United States, can cause life-threat-
ening infections in immunosuppressed patients. We report
the contrasting cases of two adolescents with lupus ne-
phritis, treated with intravenous pulse cyclophosphamide
and daily oral corticosteroids, who developed pulmonary
coccidioidomycosis. One patient developed afatal form of
fulminant disseminated coccidioidomycosis, while the
other patient developed a solitary pulmonary Coccidioides
immitis abscess which was responsive to intravenous lipo-
somal amphotericin and fluconazole therapy. Because se-
rologies and initial X-ray studies can be negative, defini-
tive diagnostic studies including bronchioaveolar lavage
and needle aspiration should be performed when there is
clinical suspicion of coccidioidomycosis in an immuno-
compromised patient. Immunosuppressed patients with
coccidioidomycosis should receive early intravenous am-
photericin therapy and may benefit from long-term sup-
pressive antifungal therapy to prevent relapse.
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Introduction

Intravenous pulse cyclophosphamide (IPC) in combina-
tion with oral daily corticosteroids is thought to be effec-
tive therapy for diffuse proliferative glomerulonephritis
(DPGN) in patients with systemic lupus erythematosus
(SLE) [1, 2]. Yet, the immunosuppression required to
control lupus nephritis impairs T-cell function, B-cell ac-
tivity and antibody formation [2, 3] and, as a conse-
guence, increases the risk of life-threatening bacterial,
viral and fungal infections[1, 4].

Coccidioidomycosis, a funga infection endemic in
the southwestern United States, Mexico and Central and
South America, most frequently causes a pulmonary in-
fection with a wide spectrum of clinical illness. In heal-
thy individuals, symptomatic infection is most common-
ly a subacute, self-limited pulmonary illness, which oc-
casionally may mimic bacterial pneumonia or sepsis. Im-
munocompromised patients, in endemic areas, are at risk
of developing disseminated coccidioidomycosis [5, 6],
since their normal immune response to Coccidioides
immitis is blunted [7, 8]. Coccidioidomycosis has be-
come a national health concern due to the increased
travel of immunosuppressed patients to and from the
southwestern United States [9].

We report two adolescent patients with lupus nephritis
who demonstrate the diverse presentation of coccidioido-
mycosis in immunosuppressed individuals. Both patients
lived in Tucson, Arizona, an endemic area for coccidio-
idomycosis. To our knowledge, this is the first case re-
port of coccidioidomycosis in adolescent patients with
SLE. The diagnostic and therapeutic dilemmas encoun-
tered in these cases are discussed.

Case reports

Casel

A 13-year-old female with recently diagnosed lupus nephritis
(DPGN) presented with fever, rhinorrhea and cough 15 days after
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Fig. 1 a Posterior-anterior chest radiograph revealing a right lower
lobe infiltrate consistent with right basal pneumonia. b Anterior-
posterior chest radiograph demonstrating progression of air space
disease with severe hilatera consolidation and areas of well-
defined rounded lucency within the right lung consistent with
pneumatoceles

her first intravenous pulse cyclophosphamide dose (500 mg/m2).
Admission physical examination was significant for a temperature
of 39.9°C, a blood pressure of 145/81 mmHg and a pulse of
137 bpm. A chest radiograph obtained on admission demonstrated
clear lung fields. Intravenous erythromycin and ceftazidime were
started on the 3rd hospital day, after a chest radiograph revealed a
right lower lobe infiltrate consistent with right basal pneumonia
(Fig. 1a). The next day the patient developed increasing respirato-
ry distress with oxygen saturations in the low 80s. Oxygen by na-
sal cannula was initiated at 3 |/min. There was progression of the
right lower lobe consolidation with left-sided patchy infiltrates. In-
tradermal coccidiodin and tuberculin skin tests were negative with
a positive mumps control. Coccidioidomycosis serologies (tube
precipitins and complement fixation antibodies by immunodiffu-
sion) were negative. During the 5th hospital day, the patient was
transferred to the pediatric intensive care unit for mechanical ven-
tilation. Bronchoal veolar lavage demonstrated coccidioidal spher-
ules. Antibiotic therapy was discontinued and intravenous ampho-
tericin B (1 mg/kg/day) and fluconazole (7 mg/kg/day) therapy
were initiated. By the 6th hospital day there was generalized in-
volvement of both lungs consistent with acute respiratory distress
syndrome (ARDS). High ventilatory parameters (FiO, 100%, R
20, PC 38, PEEP 14) were required to maintain hemoglobin oxy-
gen saturations >80%. Left and right pneumothoraces requiring
thoracostomy developed and a pleural fluid viral culture was posi-
tive for adenovirus. On the 11th hospital day, amphotericin B was
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Fig. 2 Giant cells are shown engulfing spherules. x140

discontinued and liposomal amphotericin (2.5 mg/kg) was initiat-
ed to minimize nephrotoxicity. The patient's pulmonary status
worsened despite maximal ventilatory support (FiO, 100%, R 30,
PC 50, PEEP 14). On the 18th hospital day there was progression
of air space disease with severe bilateral consolidation and areas
of well-defined rounded lucency within the right lung consistent
with pneumatoceles (Fig. 1b). Because of progressive respiratory
acidosis, hypoxemia, and hypotension due to overwhelming sep-
sis, ventilatory support was withdrawn on the 27th day of her hos-
pitalization.

On postmortem examination, disseminated coccidioidomycosis
involving the lungs, lymph nodes, liver, spleen, thyroid, parathy-
roids, myocardium, and brain was found. Severe and diffuse lung
injury was noted, characterized by consolidation, inflammation,
necrosis and microabscess formation with an overwhelming num-
ber of fungal organisms scattered throughout the pulmonary pa-
renchyma (Fig. 2). Coccidioides immitis and Staphylococcus
aureus were isolated from lung tissue.

Case 2

A 10-year-old girl with a 4-year history of lupus nephritis was ad-
mitted with a 1-day history of back pain, dyspnea and fever. The
patient had received a course of intravenous pulse cyclophospha-
mide (monthly x6 and quarterly doses x4) for treatment of DPGN.
Three months prior to her admission, she had an episode of SLE-
mediated acute renal failure which responded to pul se methylpred-
nisolone, a 2-week course of plasmapheresis, monthly intravenous
pulse cyclophosphamide and an increase in oral corticosteroids.
Admission physical examination revealed a female who appeared
acutely ill with a temperature of 38.9°C and a pulse of 115 bpm.
Lungs were clear to auscultation and percussion. Her back was
tender to palpation in the mid-lumbar spine but there was no bruis-
ing, erythema or swelling. Initial laboratory studies included a
WBC of 11,500/mms3 and no evidence of serologic activity attrib-
utable to SLE. The initial chest radiograph was unremarkable;
blood and urine cultures were negative. Empiric vancomycin and
tobramycin treatment were started on admission and one dose of
intravenous immune globulin was given due to low serum 1gG
levels. The patient had back pain that localized to her left lower
thoracic spine. A chest radiograph on the second hospital day re-
vealed around density in the left lower lobe (Fig. 3a) and comput-
erized tomography (CT) scans of the chest and abdomen demon-
strated a pleural based density measuring 3.5x2 cm in the left
lower lung with a necrotic center (Fig. 3b). Antibiotic therapy was
changed to ceftazidime and clindamycin, but fevers (39.4°C) per-
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Fig. 3 a Posterior-anterior chest radiograph showing a round den-
sity in the left lower lobe. b Computerized tomography (CT) scans
of the chest and abdomen demonstrating a pleural based density
measuring 3.5x2 cm in the left lower lung with a necrotic center

sisted. On the 6th hospital day, needle aspiration of the abscess
was performed when the CT scan showed an increase in the size
of the lung lesion to 3.8x2.5 cm. Cultures from the aspirate were
positive for C. immitis. Antibiotics were stopped and intravenous
amphotericin B (1 mg/kg/day) was started. Serum coccidioidomy-
cosis serologies obtained from pre-IVIG serum were negative.
However, repeat serologies (tube precipitins and complement fixa-
tion antibodies by immunodiffusion) on the 16th hospital day were
positive. Intravenous liposoma amphotericin was substituted due
to amphotericin B induced mild acute rena failure. Although the
patient felt better and was afebrile without back pain, there was no
change in the lung density detectable by CT scan. The prednisone
dose was tapered to 0.8 mg/kg/day to lessen her immunosuppres-
sion. The patient was discharged on oral fluconazole (200 mg/day)
for 1 year duration. Yearly chest radiographs and CT scans have
shown complete resolution of her lung abscess; there has been no
evidence of relapse with a 2-year follow-up.

Discussion

In patients with SLE, the risk of death from infection is
proportional to the intensity of immunosuppressive ther-
apy. Individuals with lupus nephritis receiving immuno-
suppressive therapy, with exposure to C. immitis, are at
risk for fulminant coccidioidomycosis [7, 10-12]. Al-
though early recognition and treatment of the disease is
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critical to improve the chances of patient survival, the di-
agnosis of coccidioidomycosis may be difficult, particu-
larly if the patient presents for medical care outside en-
demic areas [13]. The clinical presentation of coccidio-
idomycosis in the immunocompromised patient is var-
ied, sometimes presenting as in normal individuals,
mimicking bacterial pneumonia, influenza, reactivation
of lupus or sepsis [14]. The pulmonary disease may pres-
ent with focal alveolar infiltrates, hilar adenopathy, or
pleural effusions [15]. Pulmonary alveolar infiltrates
may undergo excavation leaving a residual peripheral
coccidioidal cavity or a coccidioidal nodule on chest
radiograph [16]. Occasionally, in immunocompromised
individuals, pulmonary coccidioidomycosis may also
cause a chronic persistent and progressive pneumonia
with pulmonary scarring and cavitation [16, 17]. Patients
with chronic progressive coccidioidal pneumonia may
have recurrent or persistent low-grade fever, productive
cough, and weight loss. Our cases demonstrate that vari-
able presentation and a normal chest radiograph on pre-
sentation do not exclude the diagnosis of coccidioidomy-
COSiS.

In less than 1% of cases, C. immitis can disseminate
from the lungs and thoracic cavity to involve other or-
gans through hematogenous spread [15, 18]. Spread of
infection may occur within a few weeks to a few months
after the initial infection. In disseminated coccidioido-
mycosis, the lesions are granulomatous with giant cells
and histiocytes. Spherules can be identified in the lesions
and within macrophages. The most common extrapul mo-
nary sites of infection are bone, skin, muscle, lymph
nodes, and the meninges. In case 1, lymph nodes, liver,
spleen, thyroid, parathyroids, myocardium, and brain
were involved.

At this time the best diagnostic tools are direct
C. immitis culture from blood, bronchoalveolar lavage,
cerebrospinal fluid, and serologic testing. Skin testing
for C. immitis is likely to be unreliable in immunosup-
pressed patients due to an impairment in the delayed hy-
persensitivity response [19]. C. immitis can be cultured
from the sputum; yet in our patients coccidioidomycosis
was diagnosed by identification of C. immitisin samples
obtained by needle aspiration and bronchoalveolar la-
vage. Serum complement fixation (CF) antibody titers
(IgG) are typically high in patients with disseminated
coccidioidomycosis; however, both of our patients had
negative serologies at the time of presentation. Immuno-
diffusion testing for anti-coccidioidomycosis IgG and
IgM was also negative. The initial immune response to a
coccidioidomycosis infection is a detectable rise in IgM
antibody with 50% of immunocompetent patients posi-
tive in the 1st week and 90% positive by 2—-3 weeks. 1gG
antibodies appear later and are present in 50-90% of im-
munocompetent patients by 3 months after the onset
symptoms. Together, 90% of infected immunocompetent
patients will be either IgM or 1gG positive [20]. Howev-
er, immunocompromised patients, including those with
SLE treated with IPC and corticosteroids, may have no
detectable antibody even in the context of disseminated
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coccidioidomycosis [17, 21, 22]. There are some newer
approaches to diagnosing coccidioidomycosis. Enzyme
immunoassay testing for coccidioidomycosis antibodies
compares favorably with older techniques [19]. Recently,
aproline-rich antigen (PRA), isolated from the spherules
of C. immitis, was reported to be sensitive and specific in
the detection of C. immitis antibodies [23]. A reliable
PCR useful in detecting coccidioidomycosisis not avail-
able at thistime.

Practice guidelines for the treatment of coccidioido-
mycosis in adults have been recently published [24]. All
immunosuppressed patients with symptoms or radio-
graphic evidence of progressive disease should be treat-
ed. C. immitis has been shown to be uniformly suscepti-
ble to amphotericin B in vitro; therefore, amphotericin
B, at a dose of 0.1-1 mg/kg/day [25], is the drug of first
choice in patients with invasive coccidioidal infections
as well as fulminant infections. Lipid formulations of
amphotericin B have been reserved for patients with am-
photericin-induced progressive renal dysfunction or with
fungal infections unresponsive to conventional ampho-
tericin B therapy. For patients with diffuse pneumonia,
amphotericin B therapy is continued for several weeks,
until there is significant improvement, then discontinued
in favor of oral azole therapy [24]. The total duration of
the combined therapy is 1 year if the patient is immuno-
competent; alonger course of therapy should be used for
patients with disseminated coccidioidomycosis. Because
amphotericin B and itraconazole do not cross the blood-
brain barrier well, patients with meningeal involvement
should be treated with intrathecal amphotericin or oral
fluconazole (3-12 mg/kg/day) [25]. Our patient (case 1)
was treated with intravenous fluconazol e to treat her cen-
tral nervous system disease. Relapses of coccidioidomy-
cosis can occur after treatment [26, 27]. Patients who are
symptomatic with pulmonary coccidioidal cavities
should be treated with an oral azole [24] and may benefit
from lobectomy [18, 24]. In patients with meningeal dis-
ease, concurrent use of fluconazole with amphotericin
has been shown to be beneficial [28]. Amphotericin can
be used until the disease becomes inactive, but acute
treatment must be followed by long-term suppressive
therapy with an oral azole to prevent relapse in immuno-
suppressed patients [24]. The appropriate duration of
secondary prophylaxisis unknown.

The long-term management of lupus nephritis pa-
tients with coccidioidomycosis poses a unigque challenge;
achieving control of the lupus nephritis may induce
worsening of the coccidioidomycosis. Even relatively
low doses (500 mg/m2) of intravenous pulse cyclophos-
phamide may increase the risk of fulminant coccidioido-
mycosis (case 1). The use of potentially less immuno-
suppressive drugs during the maintenance phase of lupus
nephritis, or the use of prophylactic therapy (fluconazole
or itraconazole) concomitantly with periodic administra-
tion of immunosuppressive agents, could be beneficial.

At present, there is no effective means available for
prevention of human coccidioidomycosis in immunosup-
pressed individuals in endemic areas besides avoidance

of outdoor activities[19]. In the cases presented, it is un-
clear whether the patients had preexisting latent coccid-
ioidomycosis infections that worsened with immunosup-
pression therapy or if they became infected after immu-
nosuppression therapy began. In endemic areas, serolog-
iC screening prior to immunosuppressive therapy to iden-
tify preexisting coccidioidomycosis infection should be
considered, given the possibility of reactivation [13,
29-33]. Reactivation has been described in pregnant
women [29, 30], patients with human immunodeficiency
virus [32, 33], renal transplant patients treated with im-
munosuppressive agents [31] and even in apparently
healthy individuals [13]. Fluconazole antifungal prophy-
laxis should be considered in immunosuppressed patients
with positive coccidioidomycosis serologies. However,
there is controversy over chemoprophylaxis due to the
substantial cost of azole antifungal drugs and induction
of antifungal resistance. Studies of coccidioidomycosis
in patients with human immunodeficiency virus revealed
that acquired immunodeficiency syndrome [34], low
CD4 counts [34, 35], black race [35] and a history of
oral candidiasis [35] were variables that were predictive
of active infection, where prior coccidioidal infection,
length of residence in the endemic area and even a prior
history of coccidioidomycosis were not [34]. Woods
et al. concluded that azole chemoprophylaxis was warranted
for HIV-infected individuals with any of the risks listed
above [35]. We speculate that the overall risks-benefit
ratio of chemoprophylaxis can be improved by treating
immunosuppressed children/adolescents that have low CD4
counts or patients receiving intense immunosuppressive
therapy, including rena transplant recipients and patients
receiving intravenous pul se cyclophosphamide therapy.

Pediatric nephrologists need to be aware of the early
signs of coccidioidomycosis infection in children/adoles-
cents with lupus nephritis, renal transplants or human
immunodeficiency virus-mediated glomerular diseases,
as these patients may present in non-endemic areas.
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