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ARTICLE INFO ABSTRACT

Keywords: Background: Pulmonary alveolar proteinosis (PAP) is a rare lung disease that mainly presents with
Pulmonary alveolar proteinosis dyspnea. PAP diagnosis can be easily missed in the background of a coronavirus disease 2019
COVID-19

(COVID-19) infection, due to the similarity of their presentation and radiological findings. We
present a case report of a post-COVID-19 patient, who later developed severe PAP.

Case presentation: A 55-year-old male patient presented to the emergency department with pro-
gressive exertional dyspnea and hypoxia following a COVID-19 infection. Chest X-ray showed
severe bilateral infiltrates. Patient received multiple courses of broad-spectrum antibiotics and
prolonged course of corticosteroids without improvement. “Crazy paving” appearance in a follow
up chest computed tomography raised the suspicion of PAP of what was initially thought to be a
post-COVID-19 syndrome presentation. A diagnostic segmental bronchioalveolar lavage with a
lung biopsy revealed a proteinaceous material filling the alveoli, with a positive periodic acid-
-Schiff (PAS) stain. Due to severe hypoxia, therapeutic segmental followed by whole lung lavage
was performed with significant improvement.

Conclusion: Diagnosing PAP is challenging due to the rarity of the disease. An accurate diagnosis
of PAP requires a combination of medical history, imaging, and bronchoalveolar lavage staining
positive for PAS. Decision whether to treat with a segmental or whole lung lavage is individu-
alized to each patient. Further studies are needed to confirm whether COVID-19 or long-term use
of steroids might be contributing to PAP.

Bronchioalveolar lavage

1. Introduction

Pulmonary alveolar proteinosis (PAP) is a rare lung disease characterized by the accumulation of surfactant proteins within the
alveoli due to either increased surfactant production or decreased clearance. When PAP is clinically suspected, a bronchoalveolar
lavage (BAL) in addition to computed tomography (CT) scan typical presentation is often sufficient for the diagnosis of PAP [1-4].
Total or whole lung lavage (WLL) is considered the mainstay treatment in symptomatic patients. Trials of systemic corticosteroids were
ineffective in PAP cases and may increase mortality [5]. Rituximab and plasmapheresis were suggested as alternative therapy in
certain cases [1,6]. PAP is mostly autoimmune, and is treated by inhaled granulocyte-macrophage colony stimulating factor (GM-CSF)
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replacement therapy. Other types include secondary PAP, which lacks anti-GM-CSF antibodies, and congenital PAP, which is the least
common and it is caused by genetic mutations in GM-CSF receptor proteins or surfactant proteins [6,7]. The coronavirus disease 2019
(COVID-19) pandemic has brought attention to the potential impacts of viral infections on respiratory diseases including PAP. Some
case reports have suggested that COVID-19 may exacerbate PAP or even lead to the development of PAP in previously healthy in-
dividuals [8]. In this article, we present a case of a post-COVID-19 patient who developed PAP.

2. Case presentation

A 55-year-old white male was admitted with progressive exertional dyspnea and hypoxia for 3 months, associated with generalized
weakness and productive cough of brown sputum. He was evaluated in another facility a month earlier and was discharged on home
oxygen after receiving a course of levofloxacin and prednisolone without improvement. He has diabetes mellitus for 5 years, hyper-
tension for 6 years, and he is a 40-pack-years smoker. He works as a car dealer with no history of occupational inhalational injury. His
environmental history implies working in a car dealership that is in an open area in the United States. He lives in a well-ventilated two-
bedroom apartment.He was diagnosed with COVID-19 infection 2 months prior to his presentation, that was manifested as dry cough
and dyspnea. He was afebrile and his oxygen saturation (SpOs) was around 80% on room air. COVID-19 PCR was negative. Chest
imaging revealed diffuse bilateral infiltrates with diffuse ground glass opacities (GGO) and a crazy-paving appearance predominantly
involving the lower lobes. He was treated as a post-COVID fibrosis patient with a superimposed infection. The patient was discharged
against medical advice after one day on home oxygen at 5 L/minute, empirical antibiotics, and prednisolone.

Two weeks later, he returned to our ED with significantly increased dyspnea, occasional dry cough, general weakness, and fever
with a temperature of 38.6 °C. The patient had severe respiratory insufficiency, which prevented him from performing a pulmonary
function test (PFT). Chest examination yielded a decreased air entry at both lung bases with minimal crackles. His SpO3 on room air
was in the 70s. White blood cell count was 14.7 x 10%/mm® (neutrophiles = 86%, lymphocytes = 10%, monocytes = 2% and eo-
sinophils = 0.1%), Hemoglobin level of 13.9 g/dl and platelets count of 393 x 10°/mm?, C-reactive protein = 78 mg/L and an

Fig. 1. (A) A Chest X-ray (CXR) prior to diagnostic bronchoscopy. (B) CXR upon discharge. (C) CXR 6 weeks post lung lavage. (D) A CXR 3 months
post lung lavage.D.
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erythrocyte sedimentation rate = 60 mm/hour. Arterial blood gases, on a 100% FiO via a non-rebreather mask at rest, showed pH
7.41, PaCO4 37 mmHg, PaO2 58 mmHg and SpO2 86.6%. A repeat Chest X-ray (CXR) and CT scan indicated worsening of the extensive
GGO and crazy paving infiltrates with no evidence of pulmonary embolism (Fig. 1A, Fig. 2A and B). The patient was admitted to
medical ICU and started on broad spectrum antibiotics. Blood culture, sputum culture and COVID-19 nasopharyngeal swab PCR were
negative. The patient initially refused bronchoscopy due to fear of intubation and becoming ventilator dependent. His clinical course
and oxygen requirement deteriorated over the next 5 weeks and became dependent on high-flow oxygen with oxygen saturation of
88-92% on 100% FiO,. He eventually agreed to proceed with a diagnostic flexible bronchoscopy procedure. BAL of the right upper
lobe revealed thick milky white fluids (Fig. 3) and a transbronchial lung biopsy revealed a preserved lung parenchyma with alveoli
filled with pink proteinaceous material positive for periodic acid-Schiff (PAS) stain confirming PAP diagnosis (Fig. 4A-C). A decision
was made to perform a therapeutic lung lavage procedure.

A segmental lung lavage (SLL) using a single lumen endotracheal tube (ETT) was chosen rather than a whole lung lavage (WLL), to
evade the possible risk of worsening oxygenation during high volume lavage. The flexible bronchoscope was wedged into each
segment of the right upper, then middle and lower lobes, with good hemodynamic tolerance. After 2 hours of copious irrigation using
the lobar washing technique; the patient’s oxygenation started to improve significantly, and procedure plan was changed to attempt a
WLL of the left lung. A double lumen ETT was placed and partial WLL of the left lung was performed. At the end of the right SLL and left
WLL, a total of 14 L of warm normal saline was irrigated with a yield of about 12 L of thick milky secretions. The procedure was
concluded after 6 hours without achieving the goal of clear lavage fluid return. The patient was extubated in the recovery room
without complications. Although oxygenation requirement post lavage improved significantly; FiO of 40-50%, chest X-ray showed
only modest improvement. A week later, WLL of the right lung was performed using a total of 25 L of warm saline with clear fluid
return at the end of the procedure. The patient continued to improve and was discharged on home oxygen at 3 L/min per nasal cannula
3 days after the second lavage. His ABGs on room air upon discharge showed a pH of 7.37, a PaCO> of 44 mmHg, a PaO of 58 mmHg,
an HCO3 of 37 mmol/L and a SpO- of 83%. A month later, the patient was weaned off oxygen supplements and his dyspnea resolved. In
comparison to CXR from the time of diagnostic bronchoscopy (Fig. 1A) and discharge (Fig. 1B), a dramatic radiologic improvement

. A

Fig. 2. (A, B) Chest CT scan showing diffuse ground glass opacities and a crazy-paving appearance. (C, D) Chest CT scans 6 weeks post lavage.
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Fig. 3. Milky white thick fluids from bronchoalveolar lavage of the right middle lobe.
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Fig. 4. (A) Microscopic examination shows fragments of lung tissue with alveolar spaces filled with amorphous eosinophilic material. (B) High
power magnification shows alveolar spaces containing amorphous eosinophilic material. (C) PAS special stain highlights eosinophilic material.

was noted in a follow up imaging done 6 weeks (Fig. 1C) and 3 months and after discharge (Fig. 1D). The improvement was also noted
in CT images 6 weeks post-lavage (Fig. 2C and D).

Upon follow up in the clinic after 3 months, the patient was off oxygen supplementation, able to carry out his daily life activities
with ease and had no active respiratory complaints. His ABGs on room air were the following: pH of 7.41, a PaCO5 of 41 mmHg, a PaO,
of 81 mmHg, an HCO3 of 21 mmol/L and a SpO; of 94%.

Informed consent to the publishing of all clinical data and images was explained and obtained from the patient.

3. Discussion

Pulmonary alveolar proteinosis (PAP) is a rare syndrome with an incidence of 0.2 cases per million that causes an excessively slow
accumulation of surfactant proteins throughout terminal bronchioles and alveoli [9,10]. Previous reports estimate a clinically silent
disease in almost a third of all cases [11].

Few previous reports have found that PAP was associated with or mistaken for a recent COVID-19 infection [12,13]. Compared to
previously reported PAP cases, our case seems to have a more severe presentation of PAP with extensive diffuse parenchymal lung
involvement associated with severe hypoxia. PAP diagnosis may be missed initially in the pandemic era given that its presentation of
dyspnea and its characteristic radiological findings are like those of COVID-19 infection, which are typically described as bilateral GGO
appearance with a crazy paving pattern on CT scan [14]. Moreover, similar cases have reported a suspicion that COVID-19 infection
might be a direct culprit in exacerbating an underlying PAP syndrome [13,15]. PAP can be diagnosed through a combination of
medical history, imaging, and bronchoalveolar lavage [16]. Given our patient’s initial refusal for a diagnostic bronchoscopy/BAL;
history of a prior COVID-19 infection, and that PAP is a rare entity on its own; a post-COVID-19 syndrome, cryptogenic organizing
pneumonia, interstitial pneumonia/interstitial lung disease, atypical infection such as pneumocystis jirovecii pneumonia or super-
imposed infection were higher up in the list of our differential diagnosis [17]. From the clinical course of our case, we hypothesize that
PAP can be induced by a previous COVID-19 infection or aggravated by the chronic use of corticosteroids, which can inhibit the
clearing process of macrophages [13,18]. The use of corticosteroids not only can induce PAP, but it can also inhibit phagocytosis and
catabolism of alveolar macrophages, it can increase the susceptibility of infections by inhibiting bactericidal functions of granulocytes
and macrophages, and it can worsen the disease severity by accelerating surfactant production in type II pneumocytes, specifically in
autoimmune PAP [5]. Due to the unavailability of anti-GM-CSF antibody, primary autoimmune PAP could not be entirely ruled out.
There is also another possibility that the patient had PAP for several years and the COVID-19 infection and its interventions
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exacerbated and led to the diagnosis of PAP.

Most PAP cases previously reported through the literature, received a therapeutic lavage which played a role in lessening the
severity of the disease, and resulting in a more favorable clinical outcome [3]. Up to this time, WLL under general anesthesia (GA) to
aspirate lipoproteinous accumulations, is considered the golden standard of care [19]. However, an SLL can be used in high-risk cases
that cannot tolerate GA [20]. To date, our case was the first to start with SLL to then proceed with WLL. It is also worth mentioning that
even though the left lung WLL did not achieve the goal of clear lavage fluid return; progressive clearance of the left lung was indicated
on follow-up chest imaging, and subsequently a planned WLL of the left lung was canceled. This phenomenon supports an “over-
feeding” theory that macrophage become relatively immobile and macrophage clearance might be reactivated by the partial removal
of the lipoproteinous material filling the alveoli [21]. Our study possesses some limitations including the inability to perform PFTs or
exercise tolerance on the patient and the inability to rule out autoimmune PAP.

In conclusion, PAP is a rare condition characterized by the accumulation of surfactant proteins in the bronchioles and alveoli. An
accurate diagnosis of PAP requires a combination of high clinical suspicion, imaging, and bronchoalveolar lavage staining positive for
PAS. In the COVID-19 pandemic, diagnosing and treating PAP can be challenging.
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