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Cryptococcus gattii infections, especially including those with
severe clinical manifestations, may be related to underlying host
immunologic factors. We present 2 cases with autoantibodies to
granulocyte-macrophage colony-stimulating factor (GM-CSF),
a key cytokine in macrophage function. Immunologic evalua-
tion for anti-GM-CSF antibodies may be important to inform
management and counseling.
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Cryptococcus gattii is an emerging infectious disease with
expanding clinical manifestations and geographic distributions.
Recently it has become clear that underlying host immuno-
logic factors may explain some of these infections in previously
healthy adults. We describe 2 cases with severe manifestations
of C. gattii infection who were discovered to have autoantibod-
ies against granulocyte-macrophage colony-stimulating factor
(GM-CSE). These cases exemplify the role of GM-CSF in the
protection against C. gattii infection and highlight the role of
anti-GM-CSF autoantibodies in cases with disseminated disease.

METHODS

Patients underwent immunologic work-up including complete
blood counts, immunoglobulin levels, HIV testing, and CD4+
and CD8+ cell counts and percentages.
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Additional immunologic testing was performed as previ-
ously described [1]. Specifically, plasma from each patient was
screened for select anticytokine autoantibodies using a parti-
cle-based technology [2]. Fluorescing magnetic beads were
conjugated to 2.5 mcg each of recombinant human GM-CSE
INF-gamma, and IL-17A. Beads were combined and incubated
for 1 hour with subject or control plasma at 1:100 dilution,
washed, and incubated with phycoerythrin-labeled antihuman
IgG before being run on the Bio-Plex (Bio-Rad) instrument.
Fluorescence intensity for each bead type was plotted as a func-
tion of antibody titer.

To demonstrate that patient plasma samples were able to
block GM-CSF signaling, healthy control peripheral blood
mononuclear cells (5 x 10° cells) were cultured in complete
RPMI media containing control or patient plasma (10%) and
left unstimulated or stimulated with GM-CSF (10 ng/mL; R&D)
for 30 minutes at 37°C. Monocytes were identified by CD14
(BD Pharmingen) surface staining before being fixed and per-
meabilized for intracellular staining with phosphorylated signal
transducer and activator of transcription 5 (pSTAT-5) (Y694)
antibody (BD Pharmingen), as previously described [1]. Data
were collected using FACSCalibur (BD Biosciences), analyzed
using FlowJo (Treestar), and graphed with Prism5 (Graphpad).

RESULTS

Case1

A 42-year-old Caucasian man presented with acute lower
extremity paralysis over 24 hours. He reported a chronic cough
and progressive constipation. He denied trauma or prior med-
ical conditions. He lived in southern California and denied any
recent travel or other specific exposures.

Examination revealed a temperature of 37.0°C, blood pres-
sure of 133/72 mmHg, heart rate of 135/minute, respiratory rate
of 16/minute, and oxygen saturation of 97% on room air. He
had weakness of the lower extremities (1/5 strength of hip and
knee flexors and extensors) and reduced sensation and deep
tendon reflexes. Rectal tone was mildly diminished, and he had
urinary retention. Cranial nerve examination was normal, and
there was no papilledema. There was point tenderness over the
second lumbar spine.

His white blood count was 14 000/mm’ with 83% neutro-
phils, hemoglobin 12.8 g/dL, platelets 305/mm”, erythrocyte
sedimentation rate (ESR) 67 mm/h, and C-reactive protein
80.2 mg/L. Urinalysis and blood cultures were unremarkable.
A magnetic resonance image (MRI) of the lumbar spine with
and without gadolinium showed a L2 pathologic fracture with
osteomyelitis and a large epidural abscess as well as left paraspi-
nal abscess with extension into the psoas muscle (Figure 1A).
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Figure 1. (A) Spinal epidural abscess with pathologic fracture of the second lumber vertebrae and osteomyelitis due to Cryptococcus gattii. (B) Cryptococcus gattii on

Gomori methenamine silver stain of the surgical frozen specimens, 400x magnification.

Initial antimicrobial treatment included vancomycin,
cefepime, and metronidazole for suspected bacterial spinal epi-
dural abscess. Emergent decompressive laminectomies (L1-L3)
with abscess drainage identified an encapsulated cavity within
the epidural space with purulent material and severe destruc-
tion of the lumbar vertebrae. Frozen sections demonstrated
sheets of encapsulated organisms consistent with Cryptococcus
sp. (Figure 1B); 3 intraoperative specimens grew C. gattii,
while bacterial and acid-fast bacilli cultures were negative.
Cryptococcus serum antigen was positive at 1:5, and chest com-
puted tomography (CT) scan revealed a 4.2-cm left upper lobe
cavitary mass. MRI of the brain with and without gadolinium
was unremarkable; lumbar puncture was deferred given the
presence of the lumbar spinal infection at the location in which
the procedure is typically performed and the lack of clinical or
imaging findings of increased intracranial pressure.

Antimicrobials were changed to liposomal amphotericin
B (AmBisome 4mg/kg iv daily) and flucytosine (1000 mg po
every 6 hours). In addition, steroids (dexamethasone at 1 mg/
kg/d, followed by a prednisone taper) were added to reduce
spinal edema and inflammation. Molecular characterization
of the C. gattii isolate was VGIII, and susceptibility testing
showed minimum inhibitory concentrations (MICs) for
amphotericin of 1 pg/mL, flucytosine of 16 pg/mL, flucona-
zole 8 of ug/mL, posaconazole of 0.5 pug/mL, and voriconazole
of 0.12 pg/mL.

The patient’s immune system was evaluated. HIV and hepati-
tis panels were negative. CD4+ T cell count was 548 cells/mm’
and 29% (normal ranges, 365-1450 and 30%-60%), but CD8+
T cell count was low at 113 cells/ mm® and 6% (normal ranges,
180-825 and 16%-40%). Autoantibodies to GM-CSF were
identified, and the patient’s plasma blocked GM-CSF-induced
STAT-5 phosphorylation in normal monocytes; autoantibodies

to gamma-interferon and interleukin-17A were not detected
(Figure 2).

He had decompressive laminectomies on the day of admis-
sion, followed by an anterior corpectomy and fusion with cage
placement for stabilization. Antifungal therapy consisted of 8
weeks of combination amphotericin B liposomal and flucy-
tosine, followed by oral fluconazole 800 mg daily. The patient
regained strength in his lower extremities during the 84-day
hospitalization and ambulated without assistance at hospital
discharge. He was advised to remain on fluconazole 400 mg
daily as secondary prophylaxis.

Case 2

A 34-year-old Hispanic man presented with a 3-month his-
tory of a slowly enlarging, single facial lesion (Figure 3A). The
patient also endorsed a 15-pound weight loss, night sweats, mild
headaches, and bilateral visual acuity loss. He had no underly-
ing medical problems and was born and resided in southern
California.

Physical examination showed temperature of 36.9, blood
pressure of 128/80, pulse of 95 beats per minute, respiratory
rate of 16 breaths per minute, and an oxygen saturation of 98%
on room air. Mild bilateral papilledema was seen of ophthalmo-
scopy with full extraocular motility. There were no other skin,
neurologic, or other findings identified. Biopsy of his skin lesion
showed yeast consistent with Cryptococcus sp. (Figure 3B).

Brain MRI with gadolinium showed rim-enhancing intrac-
ranial masses in the left frontal lobe, right temporal lobe, and
left cerebellum with mass effect (Figure 3C). CT of the chest,
abdomen, and pelvis revealed only a 4.7-cm left lung upper lobe
mass (Figure 3D). Complete blood count, chemistry panel, and
blood cultures were within normal limits. The cryptococcal
serum antigen titer was weakly positive at 1:2. Amphotericin B
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Laboratory evaluation of anti-granulocyte-macrophage colony-stimulating factor (GM-CSF) autoantibodies in patient plasmas. (A) Multiplex screen for anticy-

tokine autoantibodies against GM-CSF, IFNg, and IL-17A in patient plasmas. Bars represent the mean and range values for healthy controls (n = 10). (B) Normal peripheral
blood mononuclear cells were incubated in the presence of 10% normal or patient plasma and left unstimulated or stimulated with GM-CSF. CD14+ monocytes were analyzed

for phosph-STATS by flow cytometry.

liposomal (4 mg/kg/d), flucytosine (100mg/kg/d), and steroids
were initiated.

Bronchoscopy was without lesions, and cultures were nega-
tive, but multiplex polymerase chain reaction (PCR; performed
at the University of Washington) demonstrated C. gattii.
Craniotomy with debridement of the frontal lesion confirmed
the C. gattii diagnosis and reduced the size (=3 cm) of the lesion.
Respiratory and brain biopsy cultures were obtained after anti-
fungal therapy had been initiated, likely accounting for the neg-
ative fungal culture results. Lumbar puncture revealed normal
values for opening pressure (16 cm H,0), glucose (65mg/dL),
and protein (48 mg/dL), but had an elevated white count of 17/
uL comprised of 92% lymphocytes and 8% monocytes; crypto-
coccal antigen and stains for encapsulated yeasts were negative.

HIV and hepatitis panels were negative, CD4+ T cell count
was normal at 675 cells/mm’ and 43%, and the CD8 count
was normal at 424 cells/mm’ and 27%, respectively. Auto-
antibodies to GM-CSF were identified, whereas autoantibodies
to gamma-interferon and interleukin-17A were not detected
(Figure 2).

After 10 weeks of amphotericin B liposomal and flucytosine,
the patient was transitioned to oral fluconazole 800 mg daily
and a steroid taper. The patient remained on this therapy for
~12 months, with gradual cessation of steroids. Given the iden-
tified underlying immune abnormality, the patient will remain
on secondary prophylaxis with fluconazole 200-400 mg daily.

DISCUSSION

C. gattii diverged from C. neoformans several millions of years
ago [3] and has become an increasingly recognized pathogen.
C. gattii infections typically occur in tropical and subtropical
areas and have been associated with exposure to eucalyptus

trees as well as other types of vegetation. This organism has
emerged as an important infection in an expanding number of
areas including the southwestern United States and Australia
as well as Spain, Italy, France, and the Netherlands [4]. Strains
causing human disease have emerged in North America, likely
via spread from South America [3]. As such, knowledge of this
infectious agent and the potential for underlying immunologic
factors predisposing to this emerging infection are important.

Life-threatening manifestations of C. gattii infections occur.
While spinal granulomas/abscesses are rarely part of dissemi-
nated C. neoformans infection in immunosuppressed persons
(eg, with AIDS, rheumatoid arthritis) [5, 6], this is the first
known report of C. gattii spinal epidural abscess resulting in
paraplegia. The second case exemplifies the cutaneous and
brain manifestations of cryptococcal infections.

C. gattii often affects seemingly immunocompetent adults,
but may also occur in those with cellular immunocompromise
including HIV infection [7]. Among otherwise immunocom-
petent persons, newly recognized immune deficits have been
recently described that may explain the underlying risks for
developing cryptococcosis. The combination of environmental
exposure to Cryptococcus after contact with vegetation/soil [4]
and host susceptibility factors likely explains its occurrence in
select persons. HIV testing and CD4 enumeration should be
obtained to exclude HIV infection and idiopathic CD4 lym-
phopenia, respectively. Additional genetic variants may coexist
with CD4 lymphopenia (“multi-hit model”) [8]. Autoantibodies
to GM-CSF appear to predispose to severe C. gattii infections
[1]. Similarly, autoantibodies to INF-gamma predispose to
disseminated mycobacterial infections [9, 10], and anti-IL-17
autoantibodies are associated with chronic mucocutaneous
candidiasis [11, 12].
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Figure 3. (A) Right face skin lesion due to cutaneous Cryptococcus gattii. (B) Skin biopsy, Gomori methenamine silver stain with 100x magnification with narrow based
budding yeast consistent with Cryptococcus. (C) Magnetic resonance image of the brain showing irregular rim-enhancing intracranial masses involving the left frontal lobe
and right temporal lobe (arrows). (D) Computed tomography scan of the chest with a 4.7-cm mass (arrow) in medial aspect of the left upper lobe.

In both of our cases, autoantibodies to GM-CSF were iden-
tified. Earlier studies showed a link between GM-CSF autoan-
tibodies and acquired pulmonary alveolar proteinosis (PAP)
[13]. In those cases, defects in alveolar macrophage function
including reduced chemotaxis, phagocytosis, and microbicidal
activity were noted [14, 15]. The subsequent identification of a
patient with both PAP and cryptococcal meningitis led to an
investigation of whether anti-GM-CSF autoantibodies were
specifically associated with cryptococcal infections [1]. Four
patients with cryptococcal meningitis (3 with C. neoformans
and 1 with C. gattii) tested positive for anti-GM-CSF-autoan-
tibodies [1]. Additional work included evaluating 67 archived
blood and CSF samples of immunocompetent patients with
cryptococcal meningitis; 3 (all with C. gattii) were found to

have anti-GM-CSF autoantibodies, while none of the con-
trol patients had them [1]. In another study, plasma from 30
patients with cryptococcal meningoencephalitis had speciation
of isolates to C. neoformans or C. gattii; 7 of the 9 patients with
C. gattii were found to have GM-CSF autoantibodies, but no
anti-GM-CSF autoantibodies were noted among those with
C. neoformans [16].

GM-CSF plays a critical role in the host immune response
to infection as a regulator of phagocyte and pulmonary mac-
rophage function, which are important in the initial immune
response after inhalation of Cryptococcus. Further, GM-CSF is
a key factor for dendritic cell development under both steady-
state and inflammatory conditions [17]. Autoantibodies to
GM-CSF disrupt these important immunologic controls.
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Interestingly, C. gattii itself may cause a reduction in T-cell
and natural killer cell production of GM-CSE, further hamper-
ing GM-CSF responses to fungi, as shown in a rat model [18].
Additionally, the fungus may inhibit production of TNF-alpha,
an important cytokine in promoting dendritic cell maturation
and T-cell-mediated immunity. Dendritic cells recognize and
phagocytize C. gattii through a process that depends on mat-
uration in the presence of TNF-alpha. Furthermore, C. gattii
can evade immune response by failing to induce dendritic cell
maturation and release of cytokines [19]. Overall, autoanti-
bodies against GM-CSF and reduced production of GM-CSF
and TNF-alpha likely impair cellular immunity against C. gat-
tii infection and allow for fungal dissemination [16, 19]. Our
patient plasmas prevented GM-CSF-induced STAT-5 phospho-
rylation in normal monocytes. The reasons for the development
of autoantibodies against GM-CSF as well as the duration of
antibodies prior to disease remain unknown.

Identifying GM-CSF autoantibodies may have clinical impli-
cations for understanding the pathogenesis of the infections
as well as for primary treatment, secondary prophylaxis, and
the risk for associated conditions such as PAP. In our cases, the
detection of GM-CSF autoantibodies assisted in understanding
our patients risk factors and management. C. gattii infections
are typically managed similarly to C. neoformans [20], despite
a paucity of specific literature. Disseminated disease is typically
treated with amphotericin and flucytosine, followed by flucona-
zole. Severe C. gattii infections in the brain or spinal fluid may
also benefit from transient suppression of host inflammatory
responses (with corticosteroids) along with microbiological
control [21].

Additional treatment considerations for patients with anti-
GM-CSF autoantibodies may include exogenous GM-CSF [22]
and/or B-cell-directed therapy (rituximab), especially among
those with poor responses to standard therapies. Both inhaled
and subcutaneous GM-CSF therapies have been trialed among
patients with PAP and GM-CSF autoantibodies, with improve-
ment of alveolar arterial gradients and symptomatic disease [23,
24]. Rituximab has also been utilized for PAP [25] and other
autoantibody-related infections (eg, mycobacterial infections in
the setting of anti-INF-gamma autoantibodies) [26], their role
among patients with cryptococcal disease remains unclear.

After the successful treatment of the infection, those with
persistent underlying immune deficits should be considered
for prolonged secondary antifungal prophylaxis given the risk
for recurrence. Among HIV-infected persons with low CD4
counts, maintenance therapy is advised per the Infectious
Diseases Society of America guidelines [20]. Similarly, ongoing
prophylaxis in the setting of persistent GM-CSF autoantibodies
seems prudent, despite a lack of prospective studies. Both of our
cases were advised to continue fluconazole indefinitely, as long
as their titers of autoantibodies remain elevated. Preemptive
counseling regarding the risk of other complications such as

PAP [1] should also be considered. Neither of our cases had PAP
on presentation, but each patient was counseled on its potential
future occurrence. The timing and reasoning for why some but
not all patients with GM-CSF autoantibodies develop 1 vs both
conditions remain unknown. Further, whether the presence of
GM-CSF autoantibodies predicts worse outcomes among those
with C. gattii infection, mirroring the previously published link
between other immune deficits (eg, CD4 lymphopenia) and
poor outcomes [27], remains to be defined. GM-CSF autoan-
tibodies have also been associated with severe extrapulmonary
Nocardia infections [28], although so far no patients have been
identified with both Nocardia and Cryptococcus disease.

The current cases illustrate the emerging infection C. gat-
tii, which has an expanding geographic distribution and var-
iable clinical manifestations. Underlying immunologic factors
should be sought to inform management decisions. Testing
for anti-GM-CSF autoantibodies, which predispose to dissem-
inated C. gattii infections, should be considered. The triggers
for development of anticytokine autoantibodies, their role in
disease pathogenesis, and immune-directed treatment for these
life-threatening infections are areas of future research.
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