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ARTICLE INFO ABSTRACT

Keywords: A 68-year-old man exhibited fever and cough three weeks prior to hospital admission after three
Humidifier lung months of ultrasonic humidifier usage. Chest computed tomography showed bilateral ground-
Hyp_erseﬂSitiVity pneumonitis glass opacities, lymphocyte levels in the bronchoalveolar lavage fluid were elevated (60.8%), and
Antigen the histological examination of a transbronchial lung biopsy showed lymphocytic alveolitis. He

Serum-precipitating antibody
Vapor
16S rRNA metagenome

gradually improved without medication after he stopped using the humidifier. Accordingly, hu-
midifier lung was the diagnosis. Humidifier water and vapor collected from the patient's humidi-
fier were investigated. Humidifier vapor was obtained by collecting the condensed moisture. Lab-
oratory examinations exhibited gram-negative rods and a high concentration of endotoxin and
(1 — 3)-p-D-glucan in both vapor and water. The serum-precipitating antibodies showed a
stronger reaction against humidifier vapor than against humidifier water. 16S rRNA metage-
nomic analysis revealed a high percentage of sequences of Spirosoma lacussanchae and Sphin-
gomonas spp. in both the humidifier vapor and water. The percentages of sequence reads were
lower in humidifier vapor than in water; conversely, sequences of Pseudomonas spp. and Allorhi-
zobium-Neorhizobium-Pararhizobium-Rhizobium were more concentrated in the humidifier vapor
than in humidifier water. Although the reason for the different bacterial ratios between humidi-
fier vapor and water is uncertain, the bacteria that were more concentrated in humidifier vapor
than in humidifier water might have been the causative antigen underlying the humidifier lung
diagnosis. This is the first report to indicate the presence of causative antigens in humidifier va-
por.

1. Introduction

Humidifier lung is a rare phenotype of hypersensitivity pneumonitis (HP) caused by the inhalation of humidifier vapor [1-3], and
features of humidifier lung are different from those of other phenotypes of HP [2-4]. Many causative antigens of humidifier lung have
been reported, such as fungi, bacteria, amoebae, and endotoxins in humidifier water [1,4]. However, no report has demonstrated
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causative antigens in humidifier vapor. Therefore, we examined antigens in vapor collected from a patient's humidifier by using
serum-precipitating antibodies and 16S rRNA metagenomic analysis.

2. Case presentation

A 68-year-old man had fever and cough three weeks prior to admission after three months of using an ultrasonic humidifier 24
hours a day in his home for the first time. He had a medical history of esophageal hiatal hernia, duodenal ulcer, gallbladder polyp,
and alcoholic liver dysfunction. He had no smoking history and was allergic to cedar, ragweed pollen and house dust. A general physi-
cian diagnosed him with pneumonia based on chest radiography, but his symptoms did not improve despite antibiotic treatment
(Garenoxacin). Therefore, he visited our hospital.

He showed normal vital signs and inspiratory coarse crackles in both lung bases. Laboratory findings showed a white blood cell
count of 25,090 cells/pL with 93.2% polymorphic nuclear leukocytes, C-reactive protein level of 9.86 mg/dL, and serum Krebs von
den Lungen-6 (KL-6) level of 611 U/mL. Test results for serum antibodies against Trichosporon asahii, pigeons, budgerigars, and As-
pergillus were negative. Chest computed tomography (CT) showed bilateral ground-glass opacities (Fig. 1). The bronchoalveolar
lavage fluid (BALF) exhibited an elevated cell count (8.15 X 10%/mL) comprising lymphocytes (60.8%), neutrophils (6.6%), and
eosinophils (5.6%). The ratio of CD4+ to CD8* cells in the BALF was 1.7, which was normal. The histological examination of a trans-
bronchial lung biopsy showed lymphocytic alveolitis without granulomas. He gradually improved without medication after he
stopped using the humidifier. Accordingly, he was definitively diagnosed with humidifier lung (>90% confidence) based on the clini-
cal practice guidelines for HP [5].

Humidifier vapor and water were collected from his humidifier. Humidifier vapor was obtained by collecting the condensed mois-
ture on a sterile spitz without filters. Laboratory examinations exhibited gram-negative rods and a high concentration of endotoxin
(more than 25.0 EU/mL in both vapor and water) and (1 — 3)-B-D-glucan (158.0 pg/mL in vapor and 626.3 pg/mL in water). Fila-
mentous fungus was identified in only the humidifier water. Metagenomic analysis revealed a high percentage of sequences of Spiro-
soma lacussanchae and Sphingomonas spp. in both the humidifier vapor and water; however, the percentages of sequence reads were
lower in humidifier vapor than in water (Fig. 2). On the other hand, sequences of Pseudomonas spp. and Allorhizobium-Neorhizobium-
Pararhizobium-Rhizobium were more concentrated in the humidifier vapor than in humidifier water. Tests for serum-precipitating an-
tibodies against humidifier vapor and water were positive, and the reaction in the humidifier vapor was stronger than that in the hu-
midifier water (Fig. 3).

3. Discussion

This is the first report to reveal the presence of causative antigens of humidifier lung in humidifier vapor. Generally, causative
agents of humidifier lung are identified through serum-precipitating antibodies against humidifier water and/or specimens that are
cultured from humidifier water [1]. However, no study has investigated humidifier vapor. In our study, serum-precipitating antibody
results indicated that humidifier vapor also include causative antigens, like humidifier water. Furthermore, the reaction of serum-
precipitating antibodies against humidifier vapor was stronger than that in humidifier water, and the content ratio of bacteria that
were identified by metagenomic analysis was different between humidifier vapor and water. Specifically, bacteria which were more
concentrated in humidifier vapor than in humidifier water might have been the causative antigen underlying humidifier lung.

There are few reports on humidifier vapor. A total of 45% of humidifier vapor samples, which were collected by a microbial air
sampler, exhibited the presence of several bacteria and fungi, which were the same as those in humidifier water [6]. Another report
demonstrated that the concentration of environmental endotoxin increased in the areas around a running humidifier [7]. However,
those experimental studies did not investigate the use of a humidifier by a patient with humidifier lung. Humidifier vapor from the
patient's humidifier were collected in our study and revealed the presence of bacteria and endotoxin, similar to in humidifier water.

Fig. 1. Chest computed tomography scans showed bilateral diffuse subpleural nonsegmental ground-glass opacities.
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Fig. 2. 16S rRNA gene amplicon sequencing analysis identified the top 30 strains in the V2-V3 hypervariable region

Comparisons of sequence percentages between humidifier vapor, water, and control. Spirosoma lacussanchae and Sphingomonas spp. made up high percentages of the se-
quences in both the humidifier vapor and water; however, these sequences made up a lower percentage in the humidifier vapor than the humidifier water. Reads of
Pseudomonas spp. and Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium were concentrated in the humidifier vapor more than in humidifier water. The control was a
sample from humidifier water obtained from our hospital. rRNA ribosomal ribonucleic acid.

Fig. 3. Results of positivity for serum-precipitating antibodies against humidifier vapor and humidifier water.

The red arrows show the precipitation line between the patient's serum and the humidifier water or the humidifier vapor. S: patient serum (5x concentrated), 1: humidi-
fier vapor (10x concentrated), 2: humidifier water (10x concentrated), 3: humidifier water (original solution), A: sample antigens (from other humidifier water that was
not analyzed). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

1.001

Furthermore, our study showed that test results for serum-precipitating antibodies against humidifier vapor were positive. Generally,
the appearance of serum-precipitating antibodies is related to type III allergy (immune complex-mediated) [8], which is one of the
common mechanisms of other phenotypes of HP [5]. Various fungi and bacteria that have been identified from humidifier water have
been reported as causative antigens [1,2,4]; however, the mechanism of humidifier lung might be different from other phenotypes of
HP based on differences in the clinical features [2-4]. Furthermore, the reaction of serum-precipitating antibodies against humidifier
vapor was stronger, and the content ratio of bacteria in humidifier vapor and water were different based on metagenomic analysis.
The reason for the different ratios of bacteria between humidifier vapor and water is uncertain. A previous report suggested that some
pathogens are broken down by the vibrations of an ultrasonic humidifier [9], which might help explain the differential bacterial ratio
results in our study. However, this study did not statistically analyze this finding or the contribution of individual fungi. Metagenomic
analysis can be used to identify bacteria based on genotypic methods more accurately than the use of general phenotypic characteris-
tics [10]; therefore, causative antigens might not be identified by routine culture. In addition, the report demonstrates the presence of
concordant antigens in humidifier vapor and water by metagenomic analysis and tests for serum-precipitating antibodies; however,
the usefulness of humidifier vaper as a diagnostic tool when compared to humidifier water was uncertain. Further study is needed for
accurate identification of causative antigens which might lead to elucidation of the mechanism of humidifier lung.
3
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Another mechanism of humidifier lung is suggested to involve exposure to endotoxin [2,3], which is generated by bacteria in hu-
midifier water broken down by ultrasonic humidifiers [9]. Generally, a humidifier is associated with increased airborne endotoxin
levels [7,11], and our study is the first to demonstrate that humidifier vapor also includes high concentrations of endotoxin, similar to
humidifier water. Previous reports demonstrated that the different mechanisms of humidifier lung compared to other phenotypes of
HP might be related to the different features, such as lower KL-6 levels, fewer centrilobular ground-glass opacities and more common
consolidations on CT, and less common granulomas in histopathological findings [2-4]. Although there has been no report that
demonstrates this phenomenon, the evidence in our study that humidifier vapor contains high concentrations of endotoxin might be
essential for the elucidation of the mechanism.

4. Conclusion

This is the first report to indicate the presence of causative antigens in humidifier vapor, presumably bacteria that were more con-
centrated in the vapor.
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