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Abstract
BACKGROUND 
Pulmonary alveolar proteinosis (PAP) is a pulmonary syndrome wherein large 
volumes of phospholipid and protein-rich surfactants accumulate within the 
alveoli. PAP forms include primary (auto-immune PAP), secondary, and 
congenital. Nocardiosis is a form of suppurative disease induced upon infection 
with bacteria of the Nocardia genus. Clinically, cases of PAP complicated with 
Nocardia infections are rare, regardless of form. Unfortunately, as such, they are 
easily overlooked or misdiagnosed. We describe, here, the case of a patient 
suffering from simultaneous primary PAP and nocardiosis.

CASE SUMMARY 
A 45-year-old Chinese man, without history of relevant disease, was admitted to 
our hospital on August 8, 2018 to address complaints of activity-related 
respiratory exertion and cough lasting over 6 mo. Lung computed tomography 
(CT) revealed diffuse bilateral lung infiltration with local consolidation in the 
middle right lung lobe. Subsequent transbronchial lung biopsy and CT-guided 
lung biopsy led to a diagnosis of primary PAP (granulocyte-macrophage colony-
stimulating factor antibody-positive) complicated with nocardiosis (periodic acid-
Schiff-positive). After a 6 mo course of anti-infective treatment (sul-
famethoxazole), the lesion was completely absorbed, such that only fibrous foci 
remained, and the patient exhibited significant symptom improvement. Follow-
up also showed improvement in pulmonary function and the CT imaging 
findings of PAP. No whole-lung lavage has been conducted to date. This case 
highlights that active anti-nocardia treatment may effectively improve the 
symptoms and alleviate PAP in patients with PAP and nocardia, possibly 
reducing the need for whole-lung lavage.

CONCLUSION 
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When evaluating patients presenting with PAP and pulmonary infections, the 
potential for nocardiosis should be considered.

Key Words: Pulmonary alveolar proteinosis; Nocardiosis; Vitek mass spectroscopy; 
Whole-lung lavage; Case report

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We present the case of a patient suffering from simultaneous primary 
pulmonary alveolar proteinosis (PAP) and nocardiosis. This case highlights the 
importance of considering the potential for nocardiosis when evaluating patients 
presenting with PAP and pulmonary infections. The successful management of our 
case also shows that active anti-nocardia treatment may effectively alleviate the 
concomitant PAP and may also reduce the need for whole-lung lavage.

Citation: Wu XK, Lin Q. Pulmonary alveolar proteinosis complicated with nocardiosis: A case 
report and review of the literature. World J Clin Cases 2021; 9(12): 2874-2883
URL: https://www.wjgnet.com/2307-8960/full/v9/i12/2874.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i12.2874

INTRODUCTION
Pulmonary alveolar proteinosis (PAP) is a rare diffuse pulmonary syndrome of 
unknown etiology characterized by the accumulation of large volumes of 
phospholipid and protein-rich substances within the alveoli[1-3]. PAP is believed to 
develop as a consequence of abnormal alveolar surfactant metabolism and clearance, 
resulting in surfactant-derived substance deposition in the alveolar cavity[4-7]. Its forms 
include primary PAP, secondary PAP, and congenital PAP (surfactant dysfunction 
syndrome). The primary form is characterized by the presence of antibodies to 
granulocyte-macrophage colony-stimulating factor (GM-CSF). As such, the gold-
standard for primary PAP diagnosis is enzyme-linked immunosorbent assay detection 
of the anti-GM-CSF antibodies (> 19 mg/mL provides specific diagnosis, and < 10 
mg/mL has good negative predictive value)[8]. In general, however, the diagnosis of 
PAP begins with a computed tomography (CT) scan, which is followed by 
confirmatory staining of bronchoalveolar lavage fluid (BALF) or biopsied lung tissue. 
PAP patients typically present with symptoms such as cough, dyspnea, and chest 
tightness, and exhibit the CT imaging findings of "pavement stone" and "gravel-road-
like" patterns[9,10]. Meanwhile, the BALF from these patients shows milky white 
coloration and both the BALF and lung biopsy tissue show positivity to periodic acid-
Schiff (PAS) staining[11,12]. Finally, pulmonary function testing can demonstrate 
restrictive ventilation dysfunction and diffusion dysfunction. The standard of care for 
symptomatic PAP patients is whole-lung lavage[13-15].

Nocardia is a genus of filamentous, Gram-positive, acid fast weak-positive, aerobic 
bacteria found in soils worldwide[16,17]. It is responsible for acute or chronic infections, 
primarily occurring in immunocompromised hosts and particularly those with 
impaired cell-mediated immunity related to autoimmune deficiency syndrome and 
transplant. The Nocardia asteroides complex accounts for approximately 85% of all 
nocardial infections and most pulmonary infections[17-19]. The sulfonamide anti-
infectives (e.g., sulfamethoxazole) serve as both the first-line treatment for Nocardia 
infection and the first choice for empirical treatment. For people with normal immune 
function, the treatment is generally administered in a 3-6 mo course; while, for people 
with immune deficiency, the duration is at least 1 year[20].

Herein, we report the case of a patient diagnosed with PAP with nocardiosis. 
Through this report, we hope to alert clinical care providers to the possibility of PAP 
complicated with rare infections, such as Nocardia infection. For such patients, early 
diagnosis and active anti-infective therapy are necessary, and may reduce the need for 
whole-lung lavage treatment.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v9/i12/2874.htm
https://dx.doi.org/10.12998/wjcc.v9.i12.2874
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CASE PRESENTATION
Chief complaints
A 45-year-old Chinese man was admitted to our hospital in August 2018 after 
presenting with complaints of persistent and ongoing activity-related respiratory 
exertion and cough.

History of present illness
The patient reported that his symptoms had begun 6 mo prior.

History of past illness
The patient’s medical history was unremarkable.

Physical examination
Physical examination detected diminished breath sound in both lungs. No other 
positive sign was observed, including fever, chest pain, sputum production, 
hemoptysis, or other discomfort.

Laboratory examinations
Routine blood work-up revealed elevated leukocyte count (10.60 × 109/L; reference 
range: 3.5-9.5 × 109/L), platelet count (355 × 109/L; reference range: 125-350 × 109/L), 
and CD8+ T cell percentage (39.9%; reference range: 15.8%-37.5%). All other blood 
parameters were within normal range, including CD4+ T cell percentage (32.0%), 
absolute value of neutrophils (6.08 × 109/L), neutrophil percentage (0.574%), red blood 
cell count (5.43 × 1012/L), hemoglobin concentration (165 g/L), and blood gas pH 
(7.421).

Other abnormal findings were elevated keratin 21-1 level (10.7 ng/mL; reference 
range: 0-3.3 ng/mL) and neurogene-specific enolase level (19.5 ng/mL; reference 
range: 0-15 ng/mL). Normal levels of squamous cell carcinoma antigen (0.50 mg/L) 
and gastrin-releasing peptide precursor (44 ng/L) were found.

Tests of pulmonary gas pressures and respiratory physiology showed decreased 
oxygen partial pressure (50.7 mmHg; reference range: 80-100 mmHg), carbon dioxide 
partial pressure (32.3 mmHg; reference range: 35-45 mmHg), and oxygen saturation 
(86.1%; reference range: 91%-99%). Pulmonary function tests revealed mild restrictive 
ventilation dysfunction with moderately decreased dispersion (Table 1).

No abnormalities were detected in tests of renal and hepatic functions, D-dimer, 
erythrocyte sedimentation rate, C-reactive protein, pro-calcitonin, coagulation 
function, sputum smears, thyroid function, immunoglobulin levels, auto-antibody 
levels, antineutrophil cytoplasmic antibodies-related antibody levels, (1,3)-D glucan 
test, galactomannan, and Cryptococcus capsular antigen.

Imaging examinations
Thin-slice lung CT revealed the presence of diffuse bilateral pulmonary interstitial 
changes as well as the presence of local consolidation within the middle lobe of the 
right lung (Figure 1A-D).

Further diagnostic work-up
After evaluating the patient for any possible contraindications, a series of 
bronchoscopy-based diagnostic analyses, including bronchoalveolar lavage and 
transbronchial lung biopsy (TBLB, lower left lobe), were conducted on August 8, 2018. 
The lavage fluid appeared white and turbid (Figure 2A and B), and the composition of 
the right lung lesion remained to be established. CT-guided lung biopsy was 
subsequently conducted successfully on August 17, 2018 (Figure 2C and D). The TBLB 
results revealed chronic inflammation accompanied by alveolar cavity expansion in 
the lower left lung lobe, with evidence of mucinous exudation, peripheral fibrous 
tissue hyperplasia, chronic inflammatory changes, and the presence of a pink mucoid 
substance filling a portion of the alveolar cavity (Figure 3A and B). In addition, PAS 
staining was positive (Figure 3C and D), consistent with a diagnosis of PAP.

The overall biopsy results suggested that the observed chronic inflammation was 
associated with alveolar narrowing, neutrophil infiltration in the focal area, and 
chronic inflammatory cell infiltration of the regions of pulmonary interstitial fibrous 
tissue hyperplasia. Mass spectroscopy (MS) analysis of the lung biopsy culture from 
the middle right lung lobe identified Nocardia infection (Vitek MS automated MALDI-
TOF-MS instrument; Biomérieux, Marcy-IÉtiole, France) (Figure 4). Microscopic 
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Table 1 Pulmonary function testing before and after treatment

August 2018 April 2019 December 2019

FEV1 in L 3.12 3.18 3.43

FVC in L 3.2 3.3 3.8

FEV1/FVC, % 97.5 96.4 90.3

FEV1/pred, % 90.6 92.4 95.3

FVC/pred, % 77.0 79.3 91.3

DLCO SB in mmol/min/kPa 4.50 4.74 7.62

DLCO SB/pred, % 46.4 48.9 78.6

DLCO SB: Diffusing capacity of the lungs single-breath; FEV1: Forced expiratory volume in one second; FVC: Forced vital capacity; pred: Predictive value.

Figure 1 Lung computed tomography findings. A-D: In August 2018, diffuse interstitial changes were observed within the lung, with local consolidation in the 
right middle lobe (arrow); E-H: In April 2019, significant absorption of the consolidated area in the middle lobe of the right lung was observed, while diffuse interstitial 
changes were largely unchanged (arrow); I-L: In December 2019, significant absorption of the diffuse bilateral interstitial changes was observed (arrow).

analysis confirmed cultural characteristics of Nocardia in the lung biopsy culture 
(Figure 5). Drug-susceptibility testing indicated sensitivity to sulfamethoxazole 
(Table 2).

The serum of this patient was detected by enzyme-linked immunosorbent assay, 
and the results indicated elevated levels of anti-GM-CSF antibodies.

FINAL DIAGNOSIS
The patient was tentatively diagnosed with primary PAP complicated with 
nocardiosis.

TREATMENT
The patient received a 6-mo treatment course with sulfamethoxazole (September 2018 
to April 2019).
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Table 2 Drug-susceptibility testing

Drug Sensibility Result in μg/mL Method

Amoxicillin S 1 MIC

Ceftriaxone sodium S 1 MIC

Imipenem S 2 MIC

Clarithromycin R > 64 MIC

Linezolid S 1 MIC

Minocycline S 1 MIC

Ciprofloxacin S 8 MIC

Moxifloxacin R 4 MIC

Tobramycin S 1 MIC

Amikacin S 1 MIC

Sulfamethoxazole S 0.5 MIC

MIC: Minimum inhibitory concentration; R: Resistant; S: Sensitive.

Figure 2 Bronchoalveolar lavage fluid and computed tomography-guided lung biopsy. A and B: The bronchoalveolar lavage fluid appeared milky 
white and turbid; C and D: Computed tomography revealed the location of the consolidation in the middle lobe of the right lung.

OUTCOME AND FOLLOW-UP
The patient attended regular follow-up visits. Pulmonary function testing performed 
in April 2019 provided findings similar to those in August 2018. However, in 
December 2019, the findings improved substantially, especially for forced vital 
capacity (FVC), FVC/predictive value, diffusing capacity of the lungs single-breath 
(DLCO SB), and DLCO SB/predictive value (Table 1). Chest CT imaging in April 2019 
(Figure 1E-H) revealed further improvements, particularly in the consolidation in the 
middle lobe of the right lung, but the alveolar protein deposition remained largely 
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Figure 3 Transbronchial lung biopsy pathology. A and B: Hematoxylin-eosin-stained lung biopsied tissues (A: 40 ×; B: 100 ×); C and D: Periodic acid-Schiff-
stained lung biopsied tissues (C: 40 ×; D: 100 ×).

Figure 4 Bacterial mass spectrometry. Nocardia was identified. The horizontal axis represents the mass/charge ratio, and the vertical axis represents the 
absolute intensity.

unchanged. Chest CT imaging conducted in December 2019 (Figure 1I-L) showed the 
long-awaited improvements in alveolar protein deposition.

The patient's symptoms were gradually relieved over the course of follow-up. 
Details of the effectiveness of the anti-nocardia treatment, illustrated by findings from 
before and after treatment, are summarized in Table 3. As of October 2020, the patient 
remained in stable condition and had not undergone whole-lung lavage.
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Table 3 Efficacy before and after treatment

August 2018 April 2019 December 2019

Dyspnea index 2 2 0

Supplemental O2 in L/min 5 3 0

PaO2 in mmHg 50.7 62.6 95.8

SaO2 in mmHg 86.1 91.5 97

Dyspnea index: 0: Asymptomatic while climbing stairs; 1: Symptomatic while climbing stairs; 2: Symptomatic after walking 100 m on flat ground; 3: 
Symptomatic with the least effort (e.g., talking, getting dressed); 4: Symptomatic in bed, at rest. PaO2: Arterial partial pressure of oxygen (blood gas); SaO2: 
Arterial oxygen saturation (blood gas).

Figure 5 Microscopic appearance of Nocardia in the lung biopsy culture. A: Bacterial culture colonies; B: Filamentous bacteria were positive for Gram 
staining (40 ×); C and D: Filamentous bacteria were weakly positive for acid-fast staining (100 ×).

DISCUSSION
PAP is a rare disease characterized by alveolar accumulation of surfactant, composed 
of proteins and lipids, that is due to defective surfactant clearance by the alveolar 
macrophages. Among the three forms of PAP[21-23], primary PAP accounts for the 
majority of cases (85%-90%). Its pathomechanism is a loss of GM-CSF signaling due to 
elevated GM-CSF antibody levels or genetic mutations in the receptors for GM-CSF 
that inhibit or prevent GM-CSF signaling. Loss of GM-CSF signaling prevents 
differentiation of macrophages in the lung, and mature macrophages are imperative 
for appropriate surfactant levels in the lungs. All primary PAP patients demonstrate 
circulating, neutralizing anti-GM-CSF autoantibodies[24-26]. Secondary PAP, on the other 
hand, is an entity that occurs in the presence of other diseases, such as acute 
myelogenous leukemia, acute lymphocytic leukemia, chronic myelogenous leukemia, 
or infections (e.g., nocardiosis and tuberculosis). The congenital form of PAP results 
from very rare gene mutations. Typically, these cases manifest in patients without any 
history of relevant disease or a positive GM-CSF antibody testing result.

Our patient, described herein, was considered to have primary PAP. The current 
standard of care for all forms of PAP is whole-lung lavage. However, this procedure is 
associated with a wide range of complications, with the most frequent being low 
oxygen saturation, convulsions, pneumothorax, pleural effusion, and fever; the latter 
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of these may indicate an infection complication. Our patient did not undergo whole-
lung lavage because of our concerns about introducing a secondary or aggravated 
infection. Although PAP can wax/wane or even spontaneously improve on its own, 
we were surprised to find that during follow-up the patient’s PAP became 
significantly alleviated after an active anti-Nocardia treatment course. Importantly, our 
patient has been able to avoid undergoing whole-lung lavage to date.

Cases of nocardiosis in cows and humans were first described in 1888 and 1890[27], 
respectively. Cell-based immune responses are the primary means of combatting these 
Nocardia infections, and PAP can also arise as a consequence of pulmonary infections, 
including nocardiosis[28,29]. Pulmonary nocardiosis always manifests on CT as lung 
consolidation, presenting a solitary or, more often, multiple lung nodules of various 
sizes[30]. Therefore, in cases of PAP associated with such pulmonary manifestations, it 
is necessary that the clinical care team be alert to the possibility of a Nocardia infection. 
It has been reported that patients with PAP are prone to pulmonary infection (e.g., 
fungal infection and tuberculosis), which may be related to the impaired alveolar 
surface clearance mechanism leading to decreased immunity of the body.

Because of the decreased immunity of the body caused by the impaired alveolar 
surface clearance mechanism, we speculated that our patient’s nocardiosis was likely 
secondary to the PAP incidence. To date, there have been few reported cases of PAP 
associated with nocardiosis. In one such reported case[31], the patient’s condition 
improved significantly following active treatment. Owing to the active anti-Nocardia 
treatment, our patient has been able to avoid whole-lung lavage while obtaining a 
substantial improvement in his PAP symptoms.

CONCLUSION
In summary, the present case emphasizes the importance of evaluating PAP patients 
for rare pathogenic bacterial infections, such as Nocardia infection. Active anti-Nocardia 
treatment may be sufficient to improve the symptoms in patients who suffer from PAP 
associated with Nocardia infection, thereby decreasing the likelihood that a patient will 
need undergo the inherently risky whole-lung lavage procedure.
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