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Granulocyte-macrophage colony-stimulating factor (GM-CSF) 
is known to play a key role in enhancing multiple immune 
functions that affect response to infectious pathogens including 
antigen presentation, complement- and antibody-mediated 
phagocytosis, microbicidal activity, and neutrophil chemotaxis. 
Reduced GM-CSF activity and immune response provides a 
mechanism for increased infection risk associated with auto-
immune pulmonary alveolar proteinosis (aPAP) and other dis-
orders involving the presence of GM-CSF autoantibodies. We 
present a case series of five patients with persistent or unusual 
pulmonary and central nervous system opportunistic infections 
(Cryptococcus gattii, Flavobacterium, Nocardia) and elevated 
GM-CSF autoantibody levels, as well as 27 cases identified on 
systematic review of the literature.
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Granulocyte-macrophage colony-stimulating factor (GM-CSF) 
is known to play a key role in enhancing multiple immune 
functions that affect response to infectious pathogens including 
antigen presentation, complement- and antibody-mediated 
phagocytosis, microbicidal activity, and neutrophil chemo-
taxis [1]. Loss of GM-CSF function can alter lipid homeostasis, 
causing lipid accumulation within alveolar macrophages and a 
reduction in surfactant clearance [2]. Excess surfactant may ex-
acerbate inhibition of immune function by preventing effector 
cells from neutralizing pulmonary infections and removing 

associated cellular debris, leading to pulmonary disease [3, 4]. 
In patients with autoimmune pulmonary alveolar proteinosis 
(aPAP), a rare autoimmune disease, elevated levels of neu-
tralizing autoantibodies to GM-CSF inhibit normal alveolar 
macrophage and neutrophil immune functions [5]. Reduced 
GM-CSF activity and immune response provide a mechanism 
for increased infection risk associated with aPAP and other dis-
orders involving the presence of GM-CSF autoantibodies. Both 
patients with aPAP and knockout mice deficient in GM-CSF ex-
hibit increased susceptibility to a variety of bacterial and fungal 
infections [6–10] including systemic and/or central nervous 
system (CNS) opportunistic infections (OIs) [11–13].

Diagnosis of aPAP can precede, accompany, or follow infec-
tions, and fungal infections in particular are associated with a 
high mortality rate [13, 14]. Numerous case reports document 
C. gattii or Nocardia infections, often within the CNS, occurring 
concurrently with aPAP; in other cases, aPAP developed subse-
quent to an OI [15–18]. In a cohort of Japanese patients with 
aPAP, 5.7% were diagnosed with intercurrent infections (pri-
marily Aspergillus, atypical mycobacteria, and Mycobacterium 
tuberculosis), at least half of which were pulmonary in na-
ture [19]. An increased incidence of unusual pulmonary and 
extrapulmonary fungal infections has been reported in patients 
with aPAP [20]. Conversely, some patients with infections and 
GM-CSF autoantibodies may not have clinically apparent aPAP 
but could be at increased risk for infectious complications [21–
24]. Here we present a case series of patients with OIs and ele-
vated GM-CSF autoantibody levels (some with clinical evidence 
of aPAP, diagnosed either before or after infection). Similar 
cases reported in the literature are also reviewed.

CASE REPORTS

Case 1

An 11-year-old female with well-controlled asthma presented 
with worsening cough, dyspnea, tachycardia, and tachypnea 
(new cases summarized in Table 1). A computed tomography 
(CT) scan of the chest (Figure 1A) was suggestive of necro-
tizing pneumonia with left upper lobe abscess and associated 
left-sided effusion. Cryptococcus gattii was isolated from lung 
abscess biopsy and pleural fluid cultures and was confirmed as 
the etiology of pneumonia; other lung parenchyma was normal. 
Serum cryptococcal antigen titers were elevated (>1:2560) but 
negative in the cerebrospinal fluid (CSF). She was started on 
amphotericin and flucytosine (later transitioned to fluconazole 
prophylaxis). An extensive immunodeficiency workup was 
unrevealing for underlying immunocompromised conditions. 
GM-CSF autoantibodies were elevated (476 µg/mL), and STAT5 
phosphorylation was abnormal. Repeat lung imaging following 
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recovery from infection was unrevealing, with no evidence of 
aPAP. Bronchoscopy showed lipid-laden macrophages but no 
evidence of proteinaceous material (Figure 2). The patient con-
tinues to be followed for possible development of clinically ev-
ident aPAP.

Case 2

A 20-year-old previously healthy female presented with 
dyspnea and fever. Chest CT (Figure 1B) revealed a dense left 
lower lobe consolidation with ground-glass opacities bilater-
ally and intralobular septal thickening (crazy-paving pattern). 
She was treated empirically for pneumonia, with resolution 
in symptoms. Four years later, she presented with 3 months 
of worsening hemoptysis and was found to have a large left 
lower lobe cavitary lesion and diffuse patchy ground-glass in-
filtrates. No immunodeficiency was detected, but infectious 
evaluation indicated a cryptococcal antigen titer of 1:256. 
Bronchoalveolar (BAL) fluid culture was positive for C. gattii. 
Periodic acid-Schiff (PAS) stain was inconclusive. A repeat 
bronchoscopy with biopsy demonstrated pathology findings 
consistent with PAP. Lumbar puncture revealed elevated in-
tracranial pressure with positive CSF cryptococcal antigen. 
Brain magnetic resonance imaging (MRI) was significant for 
frontal and temporal lobe contrast-enhancing lesions. She was 
started on amphotericin and flucytosine and underwent serial 
lumbar punctures with improvement in opening pressures. 
Upon discharge, she was transitioned to fluconazole. GM-CSF 

autoantibody level was subsequently found to be elevated (120 
µg/mL), confirming the diagnosis of aPAP. She continued 
treatment for the pulmonary and CNS cryptococcal infections 
for 4.5 years (discontinued December 2017 after improve-
ment of the brain lesions on serial MRI). During this time, 
pulmonary symptoms worsened, requiring 4 whole-lung lav-
ages (WLLs), the last in February 2017. As of last follow-up in 
December 2018 (5.5 years after the infection was diagnosed), 
her symptoms were well controlled apart from mild dyspnea 
on exertion, and she had returned to work.

Case 3

A 20-year-old male with well-controlled asthma and childhood 
eczema presented with a 1-month history of progressive oc-
cipital headaches, nausea, and palpitations. He reported casual 
tobacco and marijuana use. Head CT revealed 2 separate com-
plex cerebellar parenchymal masses with cystic and solid com-
ponents, with enhancing margins. Chest x-ray and CT (Figure 
1C) indicated a left lingular cystic lesion; the remaining lung 
parenchyma was normal. Bronchoscopy showed an exophytic, 
friable endobronchial lesion that revealed C. gattii upon bi-
opsy, which was also detected following resection of the brain 
lesion. He was treated with amphotericin and flucytosine while 
hospitalized. The patient underwent left upper lobe lobectomy 
for a large (7.3-cm) cryptococcoma, which showed atelectatic 
lung with necrotizing and non-necrotizing granulomas con-
taining fungal organisms. The patient was positive for GM-CSF 

A B

C D

Figure 1.  Chest CT scans of new cases of cryptococcal infection in patients with elevated GM-CSF autoantibody levels. A, Case 1. B, Case 2. C, Case 3. D, Case 4. 
Abbreviations: CT, computed tomography; GM-CSF, granulocyte-macrophage colony-stimulating factor.
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autoantibodies, although extensive workup did not reveal an 
underlying immunocompromised state or confirm an aPAP 
diagnosis.

Case 4

A 44-year-old previously healthy male presented with de-
velopment of daily headaches. He had papilledema on 
ophthalmology exam and ultimately was hospitalized for 
cryptococcal meningitis discovered on lumbar puncture, re-
quiring a ventriculoperitoneal shunt. He was also found to 
have cryptococcal pneumonia with a cavitary lesion caused 
by C. gattii (Figure 1D). Treatment consisted of amphotericin 
and flucytosine, followed by a prolonged course of steroids 
along with fluconazole and trimethoprim/sulfamethoxazole 
prophylaxis due to MRI-enhancing brain lesions concerning 
for a postinfectious inflammatory syndrome related to the C. 
gattii infection. One month after hospitalization, his GM-CSF 
autoantibody level was 70-fold higher than normal (other 
immune assessment data not available). About 1 year after 
Cryptococcus diagnosis, new persistent, bilateral, diffuse 
ground-glass opacities on serial CT scans were found, raising 
concerns for aPAP. He underwent transbronchial biopsies that 
were nondiagnostic, although BAL fluid was PAS positive. A 
repeat GM-CSF autoantibody level was elevated (15.7 µg/mL), 

consistent with an aPAP diagnosis. With outpatient rehabilita-
tion, dyspnea and exertional capacity have improved, and he 
has returned to work. He is currently being weaned off cortico-
steroids and remains on trimethoprim/sulfamethoxazole pro-
phylaxis. To date, he has not required WLL or GM-CSF therapy, 
but his symptoms and pulmonary function tests will be moni-
tored for aPAP disease progression.

Case 5

A 50-year-old previously healthy male presented with dyspnea 
and abnormal chest imaging, which did not resolve after 2 
courses of antibiotics. He subsequently underwent an open 
lung biopsy 6 months after symptom onset, revealing PAP. 
GM-CSF autoantibodies were elevated (80 µg/mL), consistent 
with aPAP (other immune assessment data not available). He 
underwent bilateral WLL, with marked improvement in symp-
toms and normalization of pulmonary function testing and ox-
ygenation except for a mild diffusion impairment. The patient 
resumed working and exercising. Approximately 2 months later 
and despite the lack of any pulmonary symptom recurrence, he 
was hospitalized with an acute alteration in mental status re-
lated to a large brain abscess requiring emergent craniotomy. 
Subsequent cultures were positive for Flavobacterium and 
Nocardia, and he was treated with trimethoprim/sulfamethox-
azole and amoxicillin/clavulanate. In the 18 months following 
infection, he required 4 additional WLLs, 2 in the context of 
a severe aPAP flare leading to respiratory failure necessitating 
mechanical ventilation. He was subsequently treated intermit-
tently with sargramostim (yeast-derived recombinant human 
[rhu] GM-CSF) for ~2.5 years plus chronic trimethoprim/sul-
famethoxazole prophylaxis. He has required only 1 additional 
WLL over the subsequent 9 years and now maintains near-
normal pulmonary function.

LITERATURE REVIEW

A systematic literature review was conducted using search 
terms (title or abstract) combining GM-CSF AND antibodies 
AND infection, limiting results to English-language publica-
tions from January 2001 through November 2021 (Table 2). Of 
27 identified cases (including 1 patient with 2 separate infec-
tious cases), 10 (37.0%) patients had only pulmonary infection, 
6 (22.2%) had only CNS infection, 10 (37.0%) had both, and 1 
(3.7%) had an infection at a different site. Most infections (19 
[70.4%]) were due to Cryptococcus, while 4 (14.8%) were from 
Nocardia and 4 (14.8%) were from other pathogens.

DISCUSSION

The cases presented here include patients with persistent or un-
usual pulmonary and CNS infections, all of whom also exhibited 
elevated GM-CSF autoantibody levels. Several were diagnosed 
with aPAP based on active pulmonary findings, while in other 

Figure 2.  Photomicrograph of foamy lipid-laden alveolar macrophages obtained 
by bronchoscopy. No evidence of proteinaceous material was observed.
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cases, signs and symptoms were suggestive of aPAP or its pos-
sible future onset.

Deficiencies in GM-CSF due to autoantibodies may play a 
role in infection with C. gattii or Nocardia, which primarily 
target immunocompromised patients but also can affect those 
who are immunocompetent [11, 12, 16, 24, 25]. In patients 
diagnosed with disseminated or unusual cryptococcosis, 26% 
were positive for GM-CSF autoantibodies, with higher serum 
titers in CNS cryptococcosis [16]. A study of 4 cases and 103 
archived samples from patients with cryptococcal meningitis 
found GM-CSF autoantibodies in 7 previously healthy patients; 
1 subsequently developed symptomatic PAP, while another ex-
hibited radiographic and cytopathologic changes consistent 
with PAP but remained asymptomatic [21]. In another report, 
such autoantibodies were detected in 7 of 30 otherwise immu-
nocompetent patients with meningoencephalitis due to C. gattii 
and in 1 of 20 healthy subjects [26]. Previously healthy patients, 
therefore, could have underlying risk factors such as GM-CSF 
autoantibodies that might predispose them to infection. In a lit-
erature review of C. gattii infections, 76% of otherwise healthy, 
immunocompetent patients had GM-CSF autoantibodies, sup-
porting the idea that these autoantibodies are an unrecognized 
risk factor for such infections [27]. Infection with Nocardia is 
also common in patients with aPAP. A review of aPAP cases 
found 13% to be associated with OIs, 61% of which were due 
to Nocardia spp. [20]. In 1 study, 5 of 7 otherwise healthy, im-
munocompetent patients with CNS nocardiosis had elevated 
GM-CSF autoantibody levels compared with 0 of 14 controls 
[18]. In patients with C. gattii or Nocardia infection, GM-CSF 
autoantibodies can inhibit induction of STAT5 phosphoryla-
tion in monocytes, thus reducing the normal immune response 
to these pathogens [18, 28]. Consequently, patients with unex-
plained pulmonary, disseminated, or extrapulmonary OIs such 
as Cryptococcus and Nocardia should be evaluated for GM-CSF 
autoantibodies and monitored for future development of aPAP 
or other OIs.

In patients with aPAP, studies have demonstrated the benefit 
of treatment with rhu GM-CSF (eg, yeast-derived sargramostim 
and bacteria-derived molgramostim)—particularly when ad-
ministered by inhalation—to increase GM-CSF levels and re-
duce surfactant accumulation [29–31]. Inhaled rhu GM-CSF 
may be more beneficial when preceded by WLL as prior lavage 
can remove excess surfactant that could impede rhu GM-CSF 
distribution and biological activity [32–34]. In addition to its 
use in patients diagnosed with aPAP, rhu GM-CSF therapy 
could be considered for those with GM-CSF autoantibodies 
who do not respond to standard anti-infectives, even without 
clinical evidence of frank aPAP. For patients with no confirmed 
infection but who have significant aPAP disease and thus are 
more susceptible to OIs, prophylaxis with trimethoprim/sulfa-
methoxazole can be considered, along with close monitoring 
for possible infectious complications [35].A
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In patients with unusual or recurrent infections, diagnosing 
associated aPAP is critical as it could reduce use of inappro-
priate treatment and facilitate effective aPAP therapy. Early 
consideration of an aPAP diagnosis by clinical, radiological, and 
GM-CSF autoantibody assessments—even in seemingly im-
munocompetent patients—is, therefore, warranted. Currently, 
aPAP diagnosis can be delayed an average of 18 months because 
the nonspecific symptoms are often assumed to be related to 
other respiratory diseases [10]. An accurate diagnosis is im-
portant as inappropriate corticosteroid use, for example, could 
suppress immune function and worsen aPAP disease severity 
[36]. As elevated GM-CSF autoantibodies could portend fu-
ture development of clinical aPAP and because aPAP may be 
asymptomatic in up to one-third of all patients [19], testing for 
GM-CSF autoantibodies should be considered for an immuno-
competent patient with C. gattii infection (brain, lung, or both) 
or other unexplained OI such as Nocardia, and in the setting of 
suspected PAP. Testing is readily available by a simple serum 
test in the United States through Cincinnati Children’s Hospital 
Medical Center, National Jewish Health, and the National 
Institutes of Health, as well as in Japan, Germany, and China 
[37]. Knowledge of the test is not well known, however, and re-
quires greater community awareness.
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