
1/5https://apallergy.org

ABSTRACT

Eosinophils rapidly release extracellular filamentous chromatin fibers (extracellular traps, 
ETs) when they are stimulated. Reticulated ETs have been recently shown to affect secretion 
viscosity in eosinophilic inflammatory diseases. Here we report a 43-year-old woman 
with infiltrative shadows in both upper lungs that did not respond well to antibiotics. 
She admitted to occasional coughing and sputum, but had poor viscous regulation. 
Bronchoalveolar lavage fluid (BALF) collected from the upper left lobe showed many 
eosinophils (65%). She was diagnosed with chronic eosinophilic pneumonia, per previously 
reported criteria, and began treatment with prednisolone. The infiltration shadow gradually 
improved, and she was discharged 28 days after admission. Later, we immune-stained her 
BALF cell components with antibodies against major basic protein, an eosinophil granule 
protein, which showed a large number of agglomerating eosinophils; and antibodies against 
citrullinated histone H3 (CitH3-a marker for ETs), which showed CitH3-positive ETs, spread 
in a network. These findings confirmed that some BALF eosinophils released eosinophil 
ETs. This case shows the existence of ETs from BALF in patients with chronic eosinophilic 
pneumonia. Concentration of eosinophil ETs in eosinophilic inflammatory diseases may 
affect secretion viscosity in sputum, and so on.
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INTRODUCTION

Chronic eosinophilic pneumonia (CEP) is characterized by accumulation of eosinophils 
and macrophages in the interstitium and alveoli. Although the role of eosinophils in CEP is 
unclear, production of inflammatory cytokines such as interleukin (IL)-5 and IL-25 activates 
eosinophils. Eosinophil infiltration and granule protein release in tissues are therefore 
thought to affect CEP pathology [1-3].

Extracellular-trap cell death (ETosis) is an apoptotic process originally found in neutrophils. 
Upon activation by various stimuli including cytokines and pathogens, cells release net-
like filamentous chromatin fibers (extracellular traps, ETs) [4]. Reticulated ETs retain 
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cytotoxic histones and granule proteins that enforce innate immunity by capturing and 
killing microorganisms [5]. Excessive ETs caused by neutrophilic inflammatory reactions 
can increase viscosity of secretions such as sputum and pus [6]. We previously reported that 
stimulated eosinophils may lead to ETosis (EETosis), causing eosinophils to release ETs [7]. 
As aggregated eosinophil ETs (EETs) are more stable than neutrophils, they may form highly 
viscous eosinophilic secretions, as found in allergic bronchopulmonary aspergillosis (ABPA), 
eosinophilic chronic rhinosinusitis (ECRS), and eosinophilic otitis media [8-10]. However, 
the presence of EETs in bronchoalveolar lavage fluids (BALFs) from CEP has not been 
previously recognized. Here, we assessed EETs in BALF from a patient with CEP.

CASE REPORT

A 43-year-old woman presented to her primary-care physician with cough and sputum of 
2-week duration, and a fever of 1-day duration. Chest x-ray showed an infiltration shadow in 
her left upper lung. She was diagnosed with pneumonia and treated with oral garenoxacin. As 
her symptoms and infiltration shadow did not improve, she consulted a nearby hospital. Blood 
tests showed elevated white blood cells with marked eosinophilia (white blood cell, 13,800/μL; 
eosinophils, 50.3%), and high levels of C-reactive protein (2.84 mg/dL) and immunoglobulin 
E (72 IU/mL). Test results for myeloperoxidase-specific antineutrophil cytoplasmic antibody 
(ANCA) and proteinase 3-ANCA were negative. Chest computed tomography showed 
infiltration shadows in both peripheral upper lungs. She was transferred to our department 
that day, for suspicion of eosinophilic pneumonia. She had no remarkable medical history, 
except for sinusitis 5 years previously. She also had no symptoms of asthma attacks or history 
of asthma or smoking. Her oxygen saturation was 96% in room air. Lung and bronchial sounds 
were normal. Examination of her heart, abdomen, and extremities showed no abnormalities. 
She did not have viscous sputum, as shown by few mucus plug formation. On her first day 
after admission (day 1), she received a bronchoscopy, during which we collected BALF from 
the upper left lobe. The BALF showed marked eosinophil elevation (total cell count, 1.79 × 106; 
neutrophils, 1%; eosinophils, 65%; lymphocytes, 15%; macrophages, 19%). No pathogenic or 
acid-fast bacteria were detected. She was diagnosed with CEP per previously reported criteria, 
and treated with prednisolone (PSL) (50 mg/day initially; reduced over time) [11]. Five days after 
starting PSL, the infiltration shadow started to improve. She was discharged on day 28 (Fig. 1).

After her discharge, we smeared the BALF cells on slides, fixed them with paraformaldehyde, 
and immune-stained them, with antibodies against major basic protein, an eosinophil granule 
protein, which showed a large number of agglutinated eosinophils (Fig. 2A, B); and antibodies 
against citrullinated histone H3 (CitH3), a marker for ETs [10], which showed CitH3-positive ETs 
spread in a network. These finding confirmed that some eosinophils detected in BALF cause 
ETosis and released EETs (Fig. 3). The BALF specimen did not show Charcot-Leyden crystals.

DISCUSSION

Patients with ABPA and ECRS often have viscous eosinophilic mucin [12-14]. We recently 
reported eosinophil ETs’ possible role in a mechanism to produce highly viscous eosinophilic 
mucin in ECRS [8]. EETs have been found to have thicker and stronger chromatin fibers than 
ETs from neutrophils [15]. EETs have been confirmed in secretion and tissue specimens from 
various eosinophilic diseases [8-10, 16].
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This case is the first to demonstrate the existence of EETs from BALF in patients with 
CEP. We tested the BALF using immunofluorescent staining with CitH3 (a marker for ETs 
[10]), and found CitH3-positive EETs spread in a network, confirming that some cells have 
EETosis. Generally, secretions from patients with eosinophilic pneumonia are less viscous 
than those of ABPA patients. Actually, our findings indicate that patients with eosinophilic 
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Fig. 1. Post-hospital course in this case. 
On first day after admission (day 1), this 43-year-old woman patient received a bronchoscopy. Bronchoalveolar lavage fluid (BALF) was collected from the upper 
left lobe. She was diagnosis with chronic eosinophilic pneumonia, and treated with prednisolone—initially at 50 mg/day, but reduced over time. On day 26, the 
shadow on her upper left lung had improved (per chest computed tomography [CT]), and she was discharged on day 28. Vertical axis: numbers of white blood 
cells and eosinophils; horizontal axis: days of hospitalization. Chest CT shows findings on her day of admission and 26 days after admission. PSL, prednisolone.

A B

Fig. 2. Major basic protein (MBP) immunostaining for localization of eosinophils in bronchoalveolar lavage fluid (BALF). 
BALF taken from this patient before she received steroid treatment was applied to slides, which were fixed with 
paraformaldehyde and immunostained with MBP, an eosinophil granule protein. Red: MBP; blue: DNA. Images 
were obtained with a LSM780 confocal microscope (Carl Zeiss, Oberkochen, Germany). Scale bars are 50 µm (A) 
and 10 µm (B).



pneumonia had fewer EETs than did previously reported cases of ABPA and ECRS [8, 10]. 
This is consistent with this patient’s low mucus plug formation. In fact, she had mild sputum 
excretion, but it was not highly viscous. Differences in ET concentration in eosinophilic 
inflammation (EI) may affect secretion viscosity. Although EI in the lung interstitium is the 
main pathological condition in CEP, its pathophysiology may differ from that of diseases 
such as ABPA in which EI occurs in the lumen and forms mucus plugs [17]. The roles of EETs 
warrant further study, which may lead to novel therapies for severe EI.
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