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ABSTRACT
Aim: To present clinico-pathological findings in a case of pulmonary alveolar proteinosis complicated by fungal infection.
Case Report: A 48-year-old female presented with progressively increasing exertional breathlessness for the past 6 months. On 
imaging she showed extensive air space filling with crazy paving pattern in the left lung with multiple nodular lesions in the right 
lung and mild bilateral pleural effusions. Core needle biopsies of the lung showed features consistent with pulmonary alveolar 
proteinosis in the left lung and fungal infection in the right lung.
Discussion: Infections with unusual organisms can complicate pulmonary alveolar proteinosis (PAP) due to inherent alveolar 
macrophage dysfunction and intra alveolar accumulation of surfactant offering a good culture medium for the microbes. The risk 
is further increased if such patients are treated with steroids.
Conclusion: Opportunistic infections can complicate the clinical course of PAP which is associated with high mortality. High 
index of suspicion, early diagnosis and aggressive treatment can prevent the adverse outcomes
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INTRODUCTION

Pulmonary alveolar proteinosis (PAP) is a very rare entity 
characterized by accumulation of lipoproteinacious material 
in the alveoli which impairs gas exchange. [1] The incidence 
of PAP in the world is estimated to be around 0.2 cases per 
million. [1] To the best of our knowledge, not more than 13 
cases were reported in Indian literature till now. [2,3,4,5] 

Infections with unusual organisms can occur in PAP with 
lungs being the most common site of infection. The alveolar 
macrophage dysfunction and intra alveolar accumulation of 
surfactant in these patients offers a good culture medium for 
the microbes.[6,7] Literature showed that approximately 5 to 

13% of patients with autoimmune PAP present with these 
opportunistic infections. [7,8] These infections either precede 
or succeed the clinical course of PAP. The overall survival 
rate of PAP is very poor when complicated by these infec-
tions and the highest mortality is seen with fungal infections. 
[9] Here we present one such case of PAP complicated with 
fungal infection.

CASE HISTORY

A 48 year old female presented to us with progressively 
increasing exertional breathlessness for the past 6 months, 
with breathlessness at rest since the past 2 months. She was 
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complaining of loss of appetite for the past 4 months. There 
were no complaints of fever, cough and hemoptysis. She was 
a non-smoker and there was no significiant history of envi-
ronmental and occupational exposure. She was not a known 
diabetic or hypertensive. She was diagnosed with sputum 
negative pulmonary tuberculosis 2 years back and received 
anti tubercular therapy for 6 months.

Before presenting to us, she was admitted in a local pri-
vate hospital for similar complaints. Her chest radiograph 
showed extensive left lung consolidation with interspersed 
large nodular lesions and areas of patchy consolidation in 
the right lung (Fig.1A). High resolution computed tomogra-
phy (HRCT) of chest showed extensive consolidation of left 
lung parenchyma with areas of crazy paving pattern. Right 
lung also showed patchy areas of ground glass opacities 
(Fig.1B&C). Based on these clinical and radiological find-
ings, she was treated outside with antibiotics, steroids and 
supported with non invasive ventilation for 10 days dura-
tion and later referred to us in view of persisting respiratory 
distress.

The patient was thin built and ill-nourished. Routine blood 
investigations were within normal limits. Chest auscultation 
revealed bilateral lung crepitations. Her arterial blood gas 
analysis showed hypoxia with type I respiratory failure. Viral 
markers for HIV and HBsAg were negative. Sputum exami-
nation was negative for acid fast bacilli and fungal elements. 

A repeat chest radiograph at our institute showed total opaci-
fication of left lung with patchy consolidation in the right mid 
zone (Fig.2A). Repeat chest CT showed extensive air space 
filling with crazy paving pattern in the left lung with multiple 
nodular lesions in the right lung and mild bilateral pleural ef-
fusions. (Fig.2B&C) In view of the clinical and radiological 
findings and persisting lung lesions, a differential diagnosis 
of pulmonary alveolar proteinosis or invasive mucinous ade-
nocarcinoma of lung was considered. CT guided biopsy was 
obtained from both lung lesions on separate occasions due to 
varied morphology of the lesions in either lung.

Sections from the biopsy obtained from right lung nodular 
lesion showed inflammatory exudate within the alveolar 
spaces and septae along with numerous narrow septate acute 
angle branching fungal hyphae. Some of these hyphal struc-
tures showed bulbous ends. These fungal hyphae were high-
lighted by silver methanemine stain. (Fig.3A-C) These fea-
tures were consistent with invasive fungal infection possibly 
due to Aspergillus species. Biopsy obtained from left lung 
showed alveolar spaces filled with amorphous eosinophilic 
material. This material was PAS positive and diastase resist-
ant. These findings were consistent with PAP. (Fig.3D-F)

In view of above pathological findings patient was started 
on voricanazole. Her general condition did not improve and 

respiratory distress progressed in spite of antifungals and 
non invasive ventilatory support. Whole lung lavage (WLL) 
of left lung was done with 8 liters of saline under general 
anesthesia with double lumen endotracheal tube intubation, 
in view of her persisting respiratory distress. Her saturations 
improved and chest radiograph showed partial clearing of 
left lung opacities (Fig.2D). Further sequential lavage of the 
lung was planned, but she succumbed to sepsis with multi-
organ failure.

DISCUSSION:

Three main categories of PAP are defined based on etiol-
ogy. (i) Autoimmune/idiopathic PAP accounts for 90% of the 
cases and is characterized by loss of GM-CSF signaling due 
to presence of neutralizing GM-CSF auto antibodies. This 
leads to a state of functional deficiency which interferes with 
surfactant clearance mechanisms. [10] (ii) Secondary PAP may 
develop with chronic infections, hematological disorders, 
inhalation of dust and fumes and immunodeficiency disor-
ders. In secondary PAP, there is acquired loss of GM–CSF 
signaling due to reduction in number or certain functions of 
alveolar macrophages. (iii) Congenital or genetic PAP is a 
autosomal recessive disease occurring in children and exhib-
iting a wide range of phenotypic variations. [6]

PAP has a variable clinical course and presentation which can 
range from spontaneous resolution to progressive worsening. 
[11] Most of the patients present with progressive dyspnea on 
exertion although few of them are asymptomatic. Fever and 
hemoptysis are rare if present should suggest secondary in-
fection. [6,10]

Chest radiograph is often inconclusive which reveals bilat-
eral symmetric, patchy, peri - hilar alveolar opacities with-
out air bronchogram resembling pulmonary edema. [1] Chest 
CT is more diagnostic showing typical geographic pattern 
of ground glassing with superimposed septal reticulations 
forming a crazy paving pattern. Although the CT finding 
of crazy-paving is highly characteristic of PAP, it is also 
seen in many other conditions including left heart failure, 
pneumonia (especially pneumocystis pneumonia), alveolar 
hemorrhage, bronchoalveolar carcinoma, lymphangitic car-
cinomatosis, diffuse alveolar damage (adult respiratory dis-
tress syndrome), radiation or drug induced pneumonitis, hy-
persensitivity pneumonitis, and pulmonary veno-occlusive 
disease. Mediastinal lymph node enlargement, pulmonary 
nodules, pleural effusions and focal consolidation in the lung 
imaging are atypical and if present should suggest an oppor-
tunistic infection or malignancy. [12,13] 

The presence of interspersed nodular lesions and pleural 
effusions in the chest CT done after the administration of 
steroids suggested the possibility of superadded infection in 
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our patient which was proved to be invasive fungal infection 
of Aspergillus species on histopathological examination. We 
consider infection to be a secondary event due to synergis-
tic effect of inherent alveolar macrophage dysfunction, rich 
intra alveolar accumulation of surfactant offering a good cul-
ture medium for the microbes and to the administration of 
steroids.  Literature also suggests that most of the infections 
encountered in PAP are secondary to the disease process 
rather than a primary event, as the lavage fluid samples were 
found to be microbiologically sterile in many patients. [7] In 
the present case, the appearance of the nodules after starting 
steroid therapy gives more credence to the role of steroids.

The major complication of PAP is infections with opportun-
istic and unusual organisms like aspergillus species, nocar-
dia, mycobacterium species, pneumocystis jiroveci and vi-
ruses which are responsible for significiant mortality if not 
diagnosed early and treated aggressively. [6] In a recent article 
by Punatar et al,[9] opportunistic infections preceded (40%), 
occurred simultaneously (27%) or followed (33%) the diag-
nosis of PAP. Lungs were the most common site involved 
and most common opportunistic infections were mycobacte-
rial followed by fungal and nocardial species. The overall 
survival rate was found to be 56%, with mycobacterial be-
ing the greatest while the fungal carrying the poor survival 
with high mortality. The administration of steroids in PAP is 
found to be highly detrimental [6] as it can exacerbate these 
opportunistic infections as was seen in our case.

GM-CSF cytokine plays a key role in the pathophysiology 
of PAP. GM-CSF by inducing terminal differentiation of al-
veolar macrophages can cause normal surfactant clearance 
mechanisms and certain functions of alveolar macrophages 
like antigen presentation and phagocytosis. [14] Concomitant 
neutrophilic dysfunction due to GM- CSF antibodies, defec-
tive chemotaxis and phagocytosis due to impaired alveolar 
function, superoxide production and secretion of pro inflam-
matory cytokines predisposes PAP to opportunistic infec-
tions. [6,14] The presence of anti GM- CSF antibodies in the 
BAL which can differentiate between primary and second-
ary PAP couldn’t be demonstrated in our case due to lack of 
availability.

Although histopathological examination of lung tissue is 
gold standard, the diagnosis of PAP can be made confiden-
tially by characteristic HRCT appearance along with typi-
cal BAL findings. [15] The typical appearance of milky white 
opalescent, viscous material in the bronchial lavage confirms 
the diagnosis. Histopathology usually reveals granular lipo-
proteinaceous material filling the alveoli which stains deep 
pink with PAS stain. [7] However BAL and lung biopsy are 
usually done to exclude infections in case of clinical sus-
picion. The presence of atypical radiological findings and 
diagnostic dilemma in the present case prompted for more 

invasive procedures like lung biopsy which demonstrated 
concomitant fungal infection along with PAP.

Therapeutic whole lung lavage is the accepted standard of 
treatment in PAP. WLL, apart from physical removal of pro-
teinaceous material, can improve alveolar macrophage func-
tion by correcting the defects in phagocytosis and migration 
thereby decreasing the risk of opportunistic infections. [16] 
Sufficient accumulation of surfactant to cause progressive 
respiratory failure or exercise desaturation warrants WLL. 
Other modes of treatment are exogenous administration 
of GM-CSF, which by restoring the functional availability 
could alter the natural course of the disease. Reducing the 
levels of anti GM – CSF auto antibodies with plasmapher-
esis and rituximab are under investigation. The therapeutic 
efficiency of all these, when compared to WLL is found to 
be inferior. [7]

CONCLUSIONS

Opportunistic infections can complicate the clinical course 
of PAP which is associated with high mortality. High index 
of suspicion, early diagnosis and aggressive treatment can 
prevent the adverse outcomes. The presence of nodules, 
pleural effusions and focal consolidations in lung imaging 
along with crazy paving pattern should prompt for more 
invasive procedures for diagnosing these infections. Corti-
costeroids can aggravate these opportunistic infections and 
should not be used during the management or in the initial 
suspicion of PAP. [6]
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Figure 1: (A) Chest radiograph shows extensive left lung consolidation with interspersed large nodular lesions and areas of 
patchy consolidation in the right lung. (B) & (C) HRCT chest shows extensive consolidation of left lung parenchyma with areas 
of crazy paving pattern. Right lung  shows patchy areas of ground glass opacities.



Int J Cur Res Rev   | Vol 7 • Issue 19 •  October 201515

Narahari et. al.: Fungal infection complicating a case of pulmonary alveolar proteinosis leading to fatal outcome

Figure 2: (A) A repeat chest radiograph done two weeks later shows total opacification of left lung with patchy consolidation 
in the right mid zone. (B)&(C) Repeat chest CT shows extensive air space filling with crazy paving pattern in the left lung with 
multiple nodular lesions in the right lung and mild bilateral pleural effusions. (D) Repeat chest x-ray done after whole lung lavage 
shows partial clearing of left lung opacities.

Figure 3: (A) & (B) Sections from the biopsy of right lung nodular lesion shows inflammatory exudate within the alveolar spaces 
and septae along with numerous narrow septate acute angle branching fungal hyphae. Some of these hyphal structures show 
bulbous ends. (H& E Stain; A X40; B X400) (C) Fungal hyphae highlighted by silver methanemine stain.(GMS Stain; X400) (D) 
Section of biopsy from left lung shows alveolar spaces filled with amorphous eosinophilic material. (H&E; X100) The material 
within the alveolar spaces showing positivity with (E) PAS and is resistant to (F) diastase pre-treatment. (D X100; E X100).


