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A B S T R A C T

We report a 60-year-old man with humidifier lung showing diffusely distributed centrilobular mi-
cronodules and branching opacities on chest computed tomography (CT). Fever and dyspnea oc-
curred 2 months after using an ultrasonic humidifier. KL-6 and SP-D were within normal ranges.
Bronchoalveolar lavage showed elevated lymphocytes (53 %) and histological findings of trans-
bronchial lung biopsy demonstrated organizing pneumonia. His condition improved after cessa-
tion of the humidifier. A provocation test exhibited a positive response to the humidifier. Humidi-
fier lung should be considered as a differential diagnosis in patients with these CT findings. De-
tailed clinical, pathological and microbiological examinations are needed to exclude other dis-
eases.

1. Introduction
Various diseases, including mycobacterial infections, bacterial and viral infections, diffuse pan-bronchiolitis, and connective tis-

sue diseases-associated follicular bronchiolitis show diffusely distributed centrilobular micronodules and branching opacities on
chest computed tomography (CT) [1]. The micronodules usually associate with nonfibrotic hypersensitivity pneumonitis (HP) are
typically poorly defined and associated with ground glass opacities and/or consolidations [2,3]. Humidifier lung is a type of home en-
vironment HP [4], and it has been reported that these centrilobular micronodules are less common in humidifier lung than in sum-
mer-type HP [5]. We herein describe a case of humidifier lung presenting with diffusely distributed centrilobular micronodules and
branching structures as the main chest CT manifestations.

2. Case presentation
A 60-year-old man was referred to our hospital for evaluation of fever and dyspnea. He was a former-smoker (20 pack-years), and

had a medical history of parapsoriasis treated with etretinate. His symptoms occurred 2 months after the use of an ultrasonic humidi-
fier. No crackles were audible on auscultation. Chest CT before admission showed diffusely distributed centrilobular micronodules
(2–3 mm in diameter) and branching structures that did not extend to the pleural surface, some resembling “tree-in-bud opacities”
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(Fig. 1). Laboratory examination revealed a white blood cell count of 25,700/μL and C-reactive protein of 11.53 mg/dL. Serum KL-6
(327 U/ml) and SP-D (93.1 ng/ml) levels were within the normal ranges. He was admitted for further evaluation.

Pulmonary function tests revealed moderately reduced diffusing capacity (% single-breath carbon monoxide diffusing capacity
58.6 %), but the forced vital capacity (3.31 L, 90.4 % of predicted) and forced expiratory volume in 1 (3.12 L, 102.6 % of predicted)
were within normal ranges. Bronchoalveolar lavage fluid (BALF) from the right B5

a revealed increased numbers of total cells
(2.44 × 105/ml BALF), lymphocytes (53.0 %), neutrophils (29.8 %), and eosinophils (6.6 %). The CD4/CD8 ratio of BALF lympho-
cytes was 1.41. No pathogenic organisms were detected in the BALF. A transbronchial lung biopsy specimen showed intra-luminal or-
ganization in the respiratory bronchiole and alveolar ducts without granulomas (Fig. 2).

The patient's condition and his laboratory and chest roentgenogram findings improved immediately after stopping use of the hu-
midifier. Based on the clinical course, we suspected HP associated with humidifier use (humidifier lung). He underwent a provocation
test using this humidifier [6] with written informed consent. Briefly, the humidifier (Fig. 3a and b) was operated in a hospital room
measuring approximately 8 m2 with the windows and door closed. The patient was exposed to the humidifier mist for 1 h. Seven
hours after humidifier use, he developed fever (38.3 °C), dry cough, dyspnea, and fatigue. Laboratory examination revealed periph-
eral leukocytosis (16,200/μL) and elevated C-reactive protein (9.14 mg/dL). His PaO2 was also decreased (59.5 mmHg). Chest
roentgenograms were not changed before and after the provocation test. He was accordingly diagnosed with humidifier lung. His
symptoms and laboratory findings improved spontaneously within three days.

Several microorganisms were isolated from the humidifier water (Fig. 3c), including Acinetobacter species, Chryseobacterium
species, Brevundimonas albigilva, Pseudomonas alcaligenes, Cladosporium species, Candida guilliermondii, and Candida parapsilosis.
Serum antibody against Trichosporon asahii was negative. The humidifier water also contained high concentrations of endotoxin
(more than 1000 pg/dL) and β-D glucan (10,879.6 pg/ml). A lymphocyte stimulation test for the humidifier water was negative.

3. Discussion
Chest CT findings in non-fibrotic HP demonstrate diffuse parenchymal infiltration with or without abnormalities suggestive of

small airway disease [3]. The former includes ground-glass opacities and mosaic attenuation, and the latter includes ill-defined, small
(under 5mm in diameter) centrilobular nodules on inspiratory images [3]. Some types of HP (Japanese summer-type HP [7] or pool-
water spray and fountain associated HP [8]) demonstrate diffusely distributed, ill-defined centrilobular nodules 2–3 mm in diameter
without parenchymal abnormalities on chest CT. There have been few reports of the chest CT findings of humidifier lung; however,
Sakamoto et al. [5] notably reported that centrilobular micronodules were less common in patients with humidifier lung. In our case,
diffusely distributed centrilobular micronodules and branching structures were the main CT manifestations.

Fig. 1. a-c. Serial chest computed tomography images showing diffusely distributed centrilobular nodules and branching structures away from the pleura and interlob-
ular septa. d. Enlarged area in b.
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Fig. 2. Transbronchial lung biopsy specimen showing intra-luminal organization in the respiratory bronchiole to alveolar duct without granulomas (a, b). Alveolar
septal thickening by scant inflammatory cells is seen (a). a: Hematoxylin and eosin staining, b: Elastica van Gieson staining, bar indicates 200 μm.

Fig. 3. a. Ultrasonic humidifier used by the patient. Asterisk shows water reservoir. b. Aerosol dispersion nozzles (arrows). c. Humidifier water and ultrasonic generator
in the tank. There was grayish residue in the water (arrow heads).
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Normal bronchioles have a diameter of under 1 mm and a wall thickness of under 0.1 mm [1]. In patients with mycobacterial in-
fections, filling of the intraluminal airways with inspissated secretions or mucus plugs results in bronchiolar distension and increased
density, allowing the direct visualization of small airways as micronodules and branching opacities on chest CT [1]. In patients with
diffuse pan-bronchiolitis, the accumulation of foamy cells accompanied by infiltration of lymphocytes and plasma cells in the peri-
bronchiolar area corresponds to these micronodules [9], and in patients with follicular bronchiolitis, these findings presumably repre-
sent abundant lymphoid follicles distributed along the bronchiole [10]. In the current patient, the respiratory bronchiole to the alveo-
lar duct was filled with fibrous organizing tissues, and we therefore speculated that the centrilobular micronodules and branching
structures corresponded to these pathological findings; however, the tissue samples obtained by transbronchial lung biopsy were not
sufficient to examine the correlation between the CT and pathologic findings.

Some previous reports have suggested that endotoxins may induce humidifier lung [11,12]. Endotoxins are toxins that occur on
the cell wall of Gram-negative bacteria [13,14]. In this case, endotoxin levels in the humidifier water were elevated (more than 1000
pg/dL). Organizing pneumonia is one of the histopathological findings of lung injury caused by various toxic insults [15]. We there-
fore speculated that, in addition to type III and type IV allergic reactions, endotoxin reaction might also contribute to the pathogenesis
of lung disease in our patient, as reported previously [11,12].

It is unclear why the lung disease in the present case was mainly localized to the small airways. One possible reason may be the
size of the inhaled particles; ultrasonic humidifiers generate water droplets of 0.5–3.0 μm [16,17], some of which may coalesce to
form doublets with a diameter of 3.0–5.0 μm [17], and maximal retention of inhaled particles of 3.0–5.0 μm may occur in the small
air ways [18]. Inhaled water droplets containing bacterial endotoxins can cause neutrophilic inflammation through the release of
complement cascade component C5a and interleukin-8 from bronchial epithelial cells [13], inducing tissue injury mainly around the
small air-ways. Other factors may contribute to the particle size such as structure of the humidifier, temperature and humidity in the
atmosphere, microorganisms in the humidifier, and et al., but we could not find any evidence. Further investigations are needed to
clarify them.

Although water droplets generated by ultrasonic humidifiers range from 0.5 to 5 μm, centrilobular micronodules are rare in pa-
tients with humidifier lung [5], suggesting that other factors may contribute to these CT findings. There is considerable inter-
individual variability in the extents of both the clinical and inflammatory responses to endotoxin inhalation [11]. A polymorphism in
the TLR4 gene causes differences in endotoxin responsiveness in humans [19], which is also affected by polymorphisms in the genes
encoding the pro-inflammatory lipopolysaccharide-induced cytokine tumor necrosis factor-α and the lipopolysaccharide receptor CD-
14 [13]. These above host factors may have contributed to the pathogenesis in our patient. Moreover, various microorganisms, in-
cluding Gram-negative bacteria, fungi, and non-tuberculous mycobacteria, have been implicated in the development of humidifier
lung [6,12,20,21]. In the current case, various fungi and bacteria were isolated from the humidifier water. Although the precise
mechanisms are unknown, many factors, such as the causal antigens, particle size, and variability in endotoxin sensitivity, may thus
have contributed to the pathogenesis of lung disease in this patient.

4. Conclusion
Humidifier lung should be included in the differential diagnosis in patients with diffusely distributed centrilobular micronodules

and branching opacities without parenchymal abnormalities. Detailed clinical, pathological and microbiological examinations are
needed to exclude other diseases.
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