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Summary Objectives: To describe the demographics, clinical manifestations, treatment,
and outcomes of patients with pulmonary alveolar proteinosis (PAP) who developed an oppor-
tunistic infection with Nocardia spp., mycobacteria or fungal pathogens.
Methods: A case of PAP and Nocardia spp. brain abscess is described. A comprehensive review
of the English-language literature was conducted to identify all reported cases of PAP and op-
portunistic infections between 1950 and July, 2010.
Results: Seventy five cases were reviewed. Thirty two patients (43%) had nocardial infection,
28 (37%) mycobacterial infection, and 15 (20%) fungal infection. Thirty nine patients (65%)
were male. Seventeen patients (23%) were immunosuppressed. Twenty patients (27%) were ac-
tive smokers. PAP was the initial diagnosis in 19 patients (33%), while infection presented first
in 23 patients (40%); 16 patients (27%) had a concurrent diagnosis of PAP and infection. The
average interval between PAP diagnosis and an opportunistic infection was 16 months. Lungs
were the most common site of infection; extra-pulmonary infection was present in 27 patients
(32%). Thirty nine patients (57%) survived through the follow-up period, while 31 died.
Conclusions: Opportunistic infections can either precede or follow a diagnosis of PAP. PAP
should be considered in apparently immunocompetent patients who present with an opportu-
nistic infection and diffuse alveolar infiltrates.
ª 2012 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Introduction

In 1958, Rosen et al. reported 27 cases of a rare disease
characterized by the filling of pulmonary alveoli by periodic
acid-Schiff (PAS) positive lipoproteinaceous material.1 It is
now recognized that PAP occurs in three clinically distinct
forms: congenital, secondary, and acquired. The congenital
form is associated with genetic mutations in surfactant pro-
teins or granulocyte macrophage colony-stimulating factor
(GM-CSF) receptor. Secondary PAP occurs in association
with functional impairment or reduced number of alveolar
macrophages following high-level toxic dust exposure, he-
matologic malignancies, or allogeneic stem cell transplan-
tation. Acquired PAP accounts for 90% of all cases and is
the result of anti-GM-CSF antibodies leading to macrophage
dysfunction and impaired processing of pulmonary surfac-
tant (autoimmune PAP).2,3

Patients with PAP are at an increased risk of opportu-
nistic infections caused by Nocardia spp., mycobacteria,
and fungal pathogens due to impaired macrophage and neu-
trophil function.3e5 Herein, we describe a case of Nocardia
farcinica brain abscess in a patient with PAP and summarize
published cases of PAP and opportunistic infections.

Patients and methods

AcaseofN. farcinicabrain abscesswith subsequent diagnosis
of PAP 4 months later prompted an investigation into the re-
ported cases of opportunistic infections in patients with PAP.

Literature review

We conducted a comprehensive search of the English-
language medical literature from 1950 through July, 2010
using Pub Med, the U.S. National Library of Medicine
database, to identify articles reporting patients with
opportunistic infections (Nocardia spp, mycobacteria, and
fungal pathogens) and PAP. The search terms “Alveolar Pro-
teinosis”, “Pulmonary Alveolar Proteinosis”, and “Pulmo-
nary Alveolar Lipoproteinosis” were combined with
“Zygomyces”, “Mucormycosis”, “Aspergillus”, “Histoplas-
mosis”, “Coccidiodomycosis”, “Blastomycosis”, “Crypto-
coccus”, “Nocardia”, “Mycobacterium”, “Fungus”, and
“Infection”. All search terms were exploded to maximize
yield. The search was repeated with the EMBASE database.
References cited by all articles were reviewed to identify
any additional cases.

Inclusion criteria

Patients had to meet criteria for PAP diagnosis (PAS-positive
lipoproteinaceous material filling pulmonary alveoli dem-
onstrated by lung biopsy or bronchoalveloar lavage [BAL])
and confirmed infection due to Nocardia spp., mycobacte-
ria, or fungal pathogens (pertinent clinical manifestations,
imaging studies, and growth of the pathogen in culture).
Patients were required to have a minimum follow-up of
one month from the time of presentation. Patients diag-
nosed at autopsy with either PAP or opportunistic infection
but met the above criteria were also included.
Exclusion criteria

Cases were excluded if sufficient data and follow-up was
lacking, if PAP diagnostic criteria were not met, or if
infection by pathogens of interest was not confirmed.

Definitions

‘Follow-up’ was defined as the time interval between the
initial presentation of either PAP or opportunistic infection
until the patient was no longer followed, or died. ‘Survival’
was defined as the patient being alive for at least 1 month
after the diagnosis of either an opportunistic infection or
PAP (whichever came last). ‘Disseminated infection’ re-
ferred to the involvement of 2 or more non-contiguous
organs. ‘Immunocompromised state’ was defined as pa-
tients with hematologic or solid-organ malignancy, cancer
chemotherapy or radiation therapy, organ transplantation,
HIV infection, and receipt of immunosuppressive medica-
tions such as, but not limited to, corticosteroids.

Software and statistics

Data tabulation was carried out using Microsoft Excel
(Microsoft Corp, 2003). Data analysis was performed using
the online statistical software program Interactive Statisti-
cal Pages (http://statpages.org).

Results

Case description

A 65-year-old male with a history of hypertension, hyper-
lipidemia, and diabetes mellitus presented to our institu-
tion following an episode of syncope. Chest computed
tomography (CT) demonstrated patchy alveolar consolida-
tion in the bilateral upper lobes. Magnetic resonance
imaging of the brain revealed a 2 � 2 cm left parietal
periventricular ring-enhancing lesion (Fig. 1). Culture of the
purulent material obtained by stereotactic brain biopsy
confirmed N. farcinica brain abscess. The patient received
combination antimicrobial therapy for 12 months with res-
olution of the abscess.

However, four months after the diagnosis of brain
abscess, he presented with dyspnea, cough, and intermit-
tent fevers. Chest CT demonstrated bilateral diffuse
alveolar infiltrates with peripheral sparing (Fig. 2). Bron-
choscopy with BAL revealed abundant alveolar PAS-
positive material confirming PAP. The patient was success-
fully treated with 3 bilateral whole lung lavages and subcu-
taneous injections of 300 mcg of GM-CSF every other day
for 16 weeks with complete resolution of PAP. GM-CSF auto-
antibody testing was not performed prior to GM-CSF admin-
istration. There was no evidence of PAP recurrence over the
next 2 years.

Total cohort

A total of 74 patients with PAP and concurrent infection
with one of the pathogens of interest were identified in our
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Figure 1 Magnetic resonance imaging of the brain of the in-
dex case with N. farcinica brain abscess. A heterogeneous rim-
enhancing lesion is seen within the left parietal periventricular
white matter with surrounding vasogenic edema.

Figure 2 Computed tomography of the chest of the index
case with pulmonary alveolar proteinosis. Bilateral diffuse pul-
monary infiltrates with relative sparing of the lung periphery.
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comprehensive literature review.6e50 The additional case
from our institution was included to arrive at a final cohort
of 75 patients.

Demographics (Table 1)

The numbers of patients reported in the literature per decade
were as follows: 1940e1949 (1 case), 1950e1959 (7 cases),
1960e1969 (22 cases), 1970e1979 (6 cases), 1980e1989 (2
cases), 1990e1999 (none), and 2000e2010 (3 cases). For 34
patients, the year of diagnosis and management were not ex-
plicitly stated. The mean age of our cohort (n Z 75) was 39
years with a male predominance (65%). Nineteen of 35 pa-
tients (54%) were Caucasian. Immune status was stated for
19 patients of whom, 17 were immunosuppressed. The most
common cause of immunosuppression was long term steroid
use (13 patients) and cancer chemotherapy (10 patients).

Pathogens (Table 2)

The most commonly reported opportunistic infection in pa-
tients with PAP was due to Nocardia spp. (n Z 32, 43%), the
majority of which was caused by Nocardia asteroides
(n Z 19). Mycobacteria accounted for a total of 28 cases
(37%), of which 21 were due to M. tuberculosis. Fungal in-
fections were diagnosed in 15 (20%), with Aspergillus spp.
and Cryptococcus spp. being the most common (Table 2).

Presenting symptoms

The most common presenting symptoms were cough (nZ 30,
64%), dyspnea (nZ 29, 62%), fever (nZ 24, 51%), and weight
loss (nZ 11, 23%).
Table 1 Demographics.

Characteristics n (%)

Mean Age (n Z 60) 39 Years (3e68 years)
Gender (n Z 60)

Male 39 (65%)
Female 21 (35%)

Race (n Z 35)
Caucasian 19 (54%)
Black 7 (20%)
Othera 9 (26%)

Immunocompromised (n Z 75)
Yes 17 (23%)
No 2 (3%)
Unknown 56 (75%)

Comorbiditiesb

Corticosteroid therapyc 13
Cancer 10
Diabetes Mellitus 2
Hypertension 2
Peptic Ulcer Disease 2

a Brazilian 1, Columbian 1, Italian 2, Japanese 2, Mixed race 1,
Venezuelan 1, Indian 1.
b Underlying comorbidities were not stated for the majority of

the patients in this study.
c Seven patients had an underlying malignancy and were also

treated with corticosteroids.
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Table 2 Pathogens.

Pathogen n (%)

Nocardia (n Z 32)
N. asteroides 19 (59%)
N. brasiliensis 1 (3%)
N. farcinica 1 (3%)
Nocardia spp. 11 (34%)

Mycobacteria (n Z 28)
M. tuberculosis 21 (75%)
M. kansasi 4 (14%)
M. avium intracellulare 3 (11%)

Fungi (n Z 15)
Aspergillus spp. 4 (27%)
Cryptococcus spp. 5 (33%)
Histoplasma capsulatum 4 (27%)
Aspergillus spp. and Cryptococcus spp. 1 (7%)
Zygomyces 1 (7%)

TOTAL 75
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Site of infection (Table 3)

The lungs were the most common site of infection with No-
cardia spp. (n Z 24, 75%), mycobacteria (n Z 24, 86%), and
fungi (n Z 12, 80%). Brain involvement was noted in 6 pa-
tients (19%) with Nocardia spp. infection. Fungal infection
was more likely to be disseminated.

Initial disease

Among 58 patients for whom the time of onset of PAP and
infection was stated, PAP was the initial presentation in 19
(33%), infection preceded PAP diagnosis in 23 (40%), and the
two were diagnosed concurrently in 16 patients (27%). PAP
diagnosis preceded infection by a mean of 16 months (range
Table 3 Site of infection.

Site of infection n

Nocardia spp.a

Lung 24
Brain 6
Otherb 5

Mycobacterium spp.a

Lung 24
Liver 2
Lymph nodes 2
Otherc 4

Fungia

Disseminated 7
Lung Only 6
Skin 1

a Site of infection was unknown for 1 patient with nocardial
infection, 1 patient with mycobacterial infection, and 1 patient
with fungal infection.
b Other Z Abscess 2, Skin 1, Joint 1, Disseminated 1.
c Other Z Brain 1, Eyes 1, Abscess 1, Bone Marrow 1.
2e51 months), whereas, infection preceded PAP diagnosis
by a mean of 17 months (range 1.2e36 months).

Diagnostic methods

Diagnosis of opportunistic infections was established most
often with microbial smears and cultures of sputum, BAL
samples, or tissue biopsy specimens (n Z 43, 72% of
cases). Diagnosis was made at autopsy in 17 cases (28%).
Over half (n Z 7, 54%) of fungal infections were diagnosed
at autopsy in comparison to 8 (26%) and 2 (13%) of Nocar-
dia spp and mycobacterial infections, respectively.

Management of opportunistic infections

No specific therapy was stated for 14 patients. Twenty
patients (53%) with Nocardia spp infection were treated
with antibacterial agents alone, while 6 patients (21%) re-
quired additional surgical intervention. All 26 patients
with mycobacterial infection received antimicrobial ther-
apy alone (which included some combination of isoniazid,
rifampin, streptomycin, and ethambutol). Among patients
with fungal infection, 2 (29%) received antifungal therapy
and 1 (14%) required additional surgical intervention. Over-
all, 11 of 75 patients (15%) died before receiving any ther-
apy for their underlying infection.

Management of PAP

Sixteen patients from the total cohort underwent bron-
choscopy and whole lung lavage for the treatment of PAP.
Seven patients who underwent whole lung lavage had an
initial diagnosis of PAP (median 15 months prior to in-
fection), 5 had an initial opportunistic infection (median 12
months prior to PAP) and 4 presented with concurrent PAP
and an opportunistic infection. All 16 patients survived
through the follow-up period. None of the 31 patients who
died during follow-up had undergone whole lung lavage.
Only one patient (our case) in the entire cohort received
GM-CSF therapy in addition to lung lavage for PAP.

Survival and follow-up

Survival data was explicitly stated in 70 of the 75 cases. The
median length of follow-up was 19.5 months (range 1e72
months). The overall survival was 56% (39 of 70). Survival
was greatest in patients with mycobacterial infection
(70%), whereas only 21% of patients with fungal infection
survived. Nine out of 10 patients with aspergillosis, histo-
plasmosis, or mucormycosis died during follow-up. Three of
6 patients with cryptococcal infection died. Twelve of 29
patients (41%) with Nocardia spp infection died.

Overall, 31 patients died during the follow-up period.
Among them, 5 patients each had an opportunistic infection
or PAP as their initial diagnosis, 8 were diagnosed with both
concurrently, while specific information was not available
for the remainder. Seventeen of these patients were
diagnosed with PAP at autopsy, while nine required a di-
agnostic surgical biopsy. None of these 31 patients un-
derwent whole lung lavage for PAP.
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Discussion

PAP was first described by Rosen et al. in 1958 as a rare
disorder characterized by the abnormal accumulation of
lipoproteinaceous material within the alveoli.1 The esti-
mated prevalence of PAP is 0.37 cases per 100,000 popula-
tion.2 Three forms of PAP are recognized: congenital,
secondary, and acquired. Congenital PAP is generally of
neonatal onset and rapidly fatal. Secondary PAP has been
described in adults following hematologic malignancies,
bone marrow transplantation, and following high-level
toxic dust exposure. Acquired (autoimmune) PAP accounts
for over 90% of the cases, and is a result of anti-GM-CSF an-
tibodies. The median age at diagnosis is 39e51 years, with
a male to female ratio of 2:1.2,3

Insidious onset of dyspnea is themost common presenting
symptom of PAP, although, one-third of patients can be
completely asymptomatic. On chest radiography, most pa-
tients display bilateral symmetric alveolar infiltrates with
peripheral sparing in a “bat wing” or “butterfly” distribu-
tion.1 This appearance resembles a “butterfly” pattern or
“bat-wings.” BAL reveals a milky lavage fluid, engorged alve-
olar macrophages, and PAS-positive lipoproteinaceous
material.

Research involving genetically altered mice has demon-
strated that PAP results from alterations in the GM-CSF
pathway.4 GM-CSF is necessary for the terminal differentia-
tion of alveolar macrophages in order to effectively carry
out surfactant homeostasis, antigen presentation, and
phagocytosis. Lack of alveolar macrophage differentiation
with accumulation of lipoproteinaceous material and con-
comitant neutrophil dysfunction leads to an enhanced sus-
ceptibility to infection.5 Pulmonary macrophages have also
demonstrated ineffective chemotaxis, phagocytosis, and
phagolysosomal fusion. Interestingly, normal macrophages
incubated in lavaged fluid from patients with PAP become
defective, supporting the hypothesis that such defects in
pulmonary macrophages are acquired.51 Auto antibodies
against GM-CSF are present in the majority of patients
with acquired PAP, and can be measured in the serum or
BAL fluid.52

In our initial review of the literature, we realized that
opportunistic infections due to Nocardia spp, mycobacte-
ria, and fungal pathogens were most commonly reported,
and hence limited our analysis to infections caused by these
organisms. The prevalence of opportunistic infections in
patients with PAP is unclear; in a 6-year analysis of a Japa-
nese national registry, 248 patients with PAP (223 with au-
toimmune PAP) were enrolled. A total of 4 cases of
Aspergillus spp. and 5 cases of mycobacterial infection
were encountered (additional details were not specified).
There was no indication of increased risk of other infections
in this study.3

The majority of patients with PAP in our cohort lacked
other traditional risk factors (such as systemic corticosteroid
use, HIV infection, cancer chemotherapy, or organ trans-
plantation) for opportunistic infections, thereby reaffirming
the unique role played by PAP toward predisposing patients
to such infections. Therefore, PAP should be considered and
excluded in an apparently immunocompetent patient with
an underlying opportunistic infection in the presence of
diffuse bilateral alveolar infiltrates on chest imaging. In 17
patients (23%), either systemic corticosteroids or cancer
chemotherapy could have contributed to a higher risk of
opportunistic infections in addition to PAP.

Lungs were the most frequent site involved by any
pathogen in these patients, given the localized dysfunction
of pulmonary macrophages and presence of GM-CSF auto-
antibodies.5 Diagnosis of an opportunistic infection pre-
ceded PAP diagnosis by a mean of 17 months in 40% of pa-
tients. The initial diagnosis of PAP may have been missed
because of the rarity of PAP and a lack of knowledge among
health care professionals. Fungal infections were more of-
ten diagnosed at autopsy, while patients with mycobacte-
rial infection had the lowest mortality (29%).

Since its first description as a successful therapeutic
intervention in 1967, the mainstay of PAP management has
been whole lung lavage for patients with moderate to
severe symptoms.53 Therapeutic whole lung lavage has
been shown to enhance migration and phagocytic capabil-
ities of alveolar macrophages.54 Interestingly, all 16 pa-
tients who underwent whole lung lavage in our cohort
survived. None of the 31 patients who died had undergone
whole lung lavage (17 of whom were, in fact, diagnosed
with PAP at autopsy).

Experimental GM-CSF therapy has been utilized in small
case series of patients with autoimmune PAP with a re-
sponse rate of 43e48%.55,56 In our cohort, only one patient
received GM-CSF, as most cases predated our understanding
of the central role played by GM-CSF in the pathophysiology
of PAP. Additional studies are warranted.

Our study has several limitations. Since we performed
a retrospective analysis of published cases, details pertain-
ing to individual cases were limited to published informa-
tion. However, while assessing an uncommon complication
(opportunistic infection) of a rare disease (PAP), it is almost
impossible to perform a prospective study. Most published
reports did not provide sufficient information to assign
patients into secondary or acquired (autoimmune) PAP
categories. Case reports and short case series are also
subject to publication bias. Given the heterogeneity, small
numbers of patients in each category of opportunistic
infection, lack of contemporary diagnostic and treatment
options for several cases, and missing data, a more rigorous
statistical analysis could not be performed, and risk factors
for mortality could not be ascertained. For the 17 patients
who were considered immunocompromised, the relative
contributions of PAP and immunosuppressive therapy to-
ward their opportunistic infection remain unclear.

In conclusion, opportunistic infections with Nocardia
spp., mycobacteria, or fungal pathogens can complicate
the clinical course of patients with PAP. Opportunistic in-
fections can precede the diagnosis of PAP by several
months. Therefore, a diagnosis of PAP should be considered
in any patient with diffuse alveolar infiltrates in the setting
of one of the above infections. Bronchoscopy with demon-
stration of PAS-positive lipoproteinaceous material in la-
vage fluid is diagnostic of PAP. Likewise, in those patients
with underlying PAP, an opportunistic infection should be
aggressively sought and treated in a timely fashion to avoid
adverse outcomes. Diagnosis of a concurrent opportunistic
infection with PAP may be a challenge given the abnormal
baseline chest imaging in these patients.
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