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Abstract
Objectives: The purpose of this study was to characterize a new respiratory syndrome associated with exposure to a humidifier disinfectant (HD) in 
South Korea that is distinct from the well-known HD-related lung injury (HDLI). The authors identified this condition in 24 study subjects who were 
family members of patients with definite or probable HDLI (referred to as index cases), and were exposed to HD in the same room as the index cases. 
Material and Methods: The authors reviewed medical records of 236 family members in 110 families who were exposed to HD in the same rooms and 
residences as the index cases. Results: They identified 24 family members who were exposed to HD in the same rooms and residences as the index cases, 
and who developed respiratory disorders that were distinct from HDLI. The clinical signs and symptoms of these individuals were in the upper respira-
tory tract, such as allergic rhinitis and croup, or in the lower respiratory tract, such as bronchitis and pneumonia. The diffusing capacity of the lung for 
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nation of the HD-relatedness of lung diseases, these criteria 
focused on rapidly progressive damage and severe intersti-
tial lung disease with interstitial fibrosis on the terminal 
bronchioles and alveoli that can be differentiated from 
other interstitial lung diseases, such as acute interstitial 
pneumonia and hypersensitivity pneumonitis (HP). Howev-
er, these criteria are likely too restrictive to cover the whole 
spectrum of HD-related respiratory symptoms, which likely 
include mild or atypical forms of interstitial lung disease 
and lung parenchymal diseases other than interstitial lung 
diseases, or upper airway injuries [12].
The authors examined the clinical features of family mem-
bers of patients with definite or probable HDLI (referred 
to as index cases) to clarify the whole spectrum of respira-
tory symptoms and signs related to exposure to HD. All 
family members were exposed to HD in the same rooms 
and residences as the HDLI patients.

MATERIAL AND METHODS
The authors used data from the Korea Environmental In-
dustry and Technology Institute (KEITI), which officially 
collected information on individuals with lung disease who 
claimed that their disease was related to the use of HD. 
The Korean government sent a notice about the nation-
wide investigation to all persons who had reported or had 
simply raised concerns about an illness or death potentially 
due to the use of HD, via an internet webpage, mass media 
or advertisements providing contact telephone numbers. 
All registered claimants were asked to submit all relevant 
medical records, including radiographic images and pa-

INTRODUCTION
Humidifier disinfectant-related lung injury (HDLI) is a se-
rious HD-induced damage to the lungs that occurred ex-
clusively in South Korea and was first reported in 2011 [1]. 
An antimicrobial biocide, polyhexamethylene guanidine 
(PHMG) phosphate, was the causative ingredient in 
the commercially available product [1], and it was sub-
sequently banned. The symptoms of HDLI were cough, 
dyspnea, and occasionally fever, and the progression was 
subacute or rapid, similar to acute respiratory distress syn-
drome (ARDS). Radiologically, HDLI is characterized by 
diffuse centrilobular ground-glass opacity and nodules, 
which spares the subpleural spaces and often accompanies 
spontaneous air leaks, such as pneumothorax or pneu-
momediastinum, but with no evidence of air trapping or 
reticular opacity. The histopathological features typically 
include a bronchocentric distribution of fibroinflamma-
tory lesions, which become more pronounced over time. 
Epidemiological studies have indicated that HDLI occurs 
during dry seasons and is clustered within families [2–6].
A rodent study has reported that intratracheal instillation 
or inhalation of PHMG phosphate induces severe lung in-
flammation and fibrosis, similar to the pathological features 
in affected humans [7–9]. The aerosol form of PHMG (na-
no-sized PHMG) that is released by humidifiers can pene-
trate and accumulate deep in the lungs [10]. The analysis of 
the pathological, radiological and clinical features of HDLI 
cases, and lung histopathology of HD-exposed experimen-
tal animals, led to the refinement of the diagnostic criteria 
for HDLI in 2013 [11,12] (Tables 1 and 2). In the determi-

carbon monoxide was reduced in 9 of 12 children (data not available for 1 child), and in 4 of 5 adults (data not available for 6 adults). The percent forced 
vital capacity and forced expiratory volume in one second/forced vital capacity ratios were within the normal ranges in most patients. The computed 
tomography findings, which mostly indicated non-specific inflammation, were inconsistent with the radiological diagnostic criteria for HDLI, but were 
abnormal in 8 of 11 adults, and in 2 of 13 children. Conclusions: The authors propose a new condition, i.e., HD-related respiratory syndrome (HDRS), 
which is characterized by mild to moderate or atypical respiratory symptoms and signs, and is related to HD exposure, but is distinct from HDLI. 
The recognition of HDRS may provide a basis for understanding the natural history of HD-related respiratory problems, and for capturing the whole 
spectrum of HD-related clinical manifestations in the respiratory tract. Int J Occup Med Environ Health. 2020;33(6):829–39
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ferences that were attended by adult and pediatric pul-
monologists, radiologists, pathologists, and environmental 
medicine specialists. They closely reviewed the clinical 
manifestations, high-resolution computed tomography 

thology specimens to KEITI. The claimants were then clin-
ically examined by the Lung Injury Investigation Commit-
tee in KEITI for the diagnosis and confirmation of HDLI. 
The committee periodically held multidisciplinary con-

Table 1. Diagnostic criteria for humidifier disinfectant-related lung injury (HDLI) [15]

Criteria Lung injury
Clinical  – strong clinical history of symptoms, physical signs, and radiological features consistent with humidifier disinfect-

ant exposure without evidence of infectious, autoimmune and other typical interstitial lung diseases 
CT imaging  – initially multifocal, patchy consolidation sparing the subpleural areas, then with the disappearance of consolida-

tion followed by progression to diffuse, centrilobular, ground-glass opacity
 – no evidence of air trapping or reticular opacity
 – persistent, diffuse and extensive centrilobular ground-glass nodular opacities with no evidence of air trapping 

on follow-up HRCT
Pathological  – non-suppurative necrotizing and obliterate bronchiolitis with various stages of peribronchiolar organizing  

alveolar damage
 – relative sparing of the subpleural and paraseptal parenchyma
 – patchy distribution of alveolar damage with predominant centrilobular distribution
 – cellular and fibrosing interstitial pneumonia with predominant centrilobular distribution but without granuloma

CT – computed tomography; HRCT – high-resolution computed tomography.
Copyright© (2017) Korean Society of Environmental Health and Toxicology (KOSEHT). From Environmental Health and Toxicology; by Leem JH, 
Lee JH. Reprinted by permission of KOSEHT.

Table 2. Classification of injuries in patients with different levels of humidifier disinfectant-related lung injury (HDLI) [12]

Level Injury classification
1 (definite) as a confirmed case of humidifier disinfectant exposure, the case can be verified through centrilobular radiological 

findings, typical clinical findings on the basis of the clinical course of the disease, and/or pathological findings; 
the possibility of HDLI (disease of the terminal bronchiole caused by a humidifier disinfectant) is almost certain 
or highly probable without any other causes for lung disease

2 (probable) as a confirmed case of humidifier disinfectant exposure, the case can be verified through centrilobular radiological 
findings, typical clinical findings on the basis of the clinical course of the disease, and/or pathological findings; 
the possibility of HDLI (disease of the terminal bronchiole caused by humidifier disinfectant) is probable 
or somewhat likely even though other causes cannot be ruled out completely

3 (possible) as a confirmed case of humidifier disinfectant exposure, the case can be suspected through centrilobular 
radiological findings, typical clinical findings on the basis of the clinical course of the disease, and/or pathological 
findings, but those findings are not compatible with typical HDLI; the possibility of HDLI (disease of the terminal 
bronchiole caused by humidifier disinfectant) is not probable because other causes cannot be ruled out

4 (unlikely) as a confirmed case of humidifier disinfectant exposure, the case is different from centrilobular radiological 
findings, typical clinical findings on the basis of the clinical course of the disease, and/or pathological findings; 
the possibility of HDLI (disease of the terminal bronchiole caused by humidifier disinfectant exposure) is almost 
certainly unlikely because other causes may be suspected

Indeterminate lack of data to identify HDLI

Copyright© (2016) Korean Society of Environmental Health and Toxicology (KOSEHT). From Environmental Health and Toxicology; by Choi JE, 
Hong SB, Do KH, Kim HJ, Chung S, Lee E, et al. Reprinted by permission of KOSEHT.
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round of investigations, conducted in July 2013–December 
2015. From the first to third round of investigations, 1196 
individuals in 748 families who claimed that their HD ex-
posure was related to their diseases received final decisions 
from the investigation. At that time, 110 of 748 families had 
≥1 members who were recognized as HDLI cases. The au-
thors reviewed the medical records of all the 110 families, 
defining family member(s) with HDLI as index case(s). 
They identified 236 family members who were exposed to 

(HRCT) observations, and the findings of examinations 
of various pathology specimens, such as biopsy specimens, 
and explanted or autopsy lungs of patients in the light of 
the diagnostic criteria for HDLI (Tables 1 and 2).
The combination of clinical manifestations, radiological 
findings, exposure to HD, and the temporal relationship 
between the clinical course and exposure to HD, as well 
as pathological findings, were used for the confirmation 
of HDLI. The subjects were selected from the first to third 

a) b)

Figure 2. High-resolution computed tomography in a patient 
of the Asan Medical Center performed on December 8, 2016 – 
regional, subtle tiny centrilobular nodules in bilateral lower 
lobes (case 4) 

Figure 3. High-resolution computed tomography in a patient 
of the Asan Medical Center performed on Dec ember 15, 2016 – 
regional, subtle tiny nodules and fine reticulation in bilateral 
lower lobes (case 5)

Figure 1. High-resolution computed tomography in a patient of the Asan Medical Center performed on July 15, 2016 a) inspiratory 
(inhomogeneous lung opacity is visible), and b) expiratory (marked accentuation of inhomogeneity due to air trapping, suggestive 
of small airway disease) (case 3)
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ground-glass opacity and nodules sparing of subpleural 
spaces, often with spontaneous air leaks, such as pneumo-
thorax or pneumomediastinum, but with no evidence of 
air trapping or reticular opacity.
The differential diagnosis should differentiate HDLI from 
HP and acute exacerbation of idiopathic pulmonary fibro-
sis (IPF). Subacute HP shows characteristic radiological 
findings, such as mosaic attenuation due to air trapping; 
this is rare in HDLI, although HP also shows ill-defined 
centrilobular opacities [13]. Moreover, the lack of re-
sponse to corticosteroid therapy is inconsistent with a di-
agnosis of HP [2]. Pathologically, HP is characterized by 
bronchiolocentric granulomatous lymphocytic alveoli-
tis, whereas HDLI is characterized by diffuse alveolar 
damage [11]. Acute exacerbation of IPF often presents as 
a rapid progression of respiratory failure, similar to HDLI, 
but a bronchocentric distribution of lung injury is inconsis-
tent with IPF [4]. A bronchocentric injury pattern suggests 
inhalation of HD as the causative mechanism [4].
In the present study, approximately 10% of the study sub-
jects presented with a variety of respiratory symptoms 
and signs, such as rhinitis, sinusitis, pharyngitis, laryngi-
tis, asthma, bronchitis, bronchiolitis, and pneumonia, 
that were inconsistent with HDLI, defined as severe in-
terstitial lung disease focused on the terminal bronchioles 
and alveoli. However, each of the 24 subjects had family 
members with confirmed HDLI, so it seemed likely that 
these subjects also had a high level of exposure to HD. 
The spectrum of HD-related respiratory injuries included 
lung parenchymal diseases other than interstitial lung dis-
eases, and URT injuries. Thus, the respiratory effects of 
HD exposure include respiratory diseases such as rhinitis, 
sinusitis, pharyngitis, laryngitis, asthma, bronchitis, bron-
chiolitis and pneumonia, as well as HDLI, the most severe 
and (sub)acute form of lung damage.
The present study suggests that other atypical signs, in ad-
dition to centrilobular radiological findings used as a cri-
terion of HDLI, can occur in HD-related lung injuries. 

HD in the same rooms and residences as the index cases in 
these families. After receiving an explanation of the survey, 
all participants provided written informed consent for par-
ticipation. This survey was approved by the Institutional 
Review Board of the National Institute of Environmental 
Research (NIER-2018-04-02-075).

RESULTS
The authors identified 24 family members (11 adults and 
13 children) with respiratory symptoms, who were exposed 
to HD in the same rooms and residences as the index cases 
(Table 3). Their clinical signs and symptoms were compat-
ible with a history of HD exposure, diverse laboratory find-
ings of the diffusing capacity of the lung for carbon monox-
ide (DLCO), and computed tomography (CT). Their clini-
cal signs and symptoms were in the upper respiratory tract 
(URT), such as URT infection, allergic rhinitis, croup, or 
the lower respiratory tract (LRT) infection, such as bron-
chitis and pneumonia, but were distinct from typical HDLI. 
Most individuals received care in an outpatient depart-
ment. The DLCO was reduced in 9 of 12 children (data not 
available for 1 child), and in 4 of 5 adults (data not available 
for 6 adults). The percent forced vital capacity (%FVC)  
and forced expiratory volume in 1 second/forced vital ca-
pacity (FEV1/FVC) ratios were within the normal ranges in 
almost all patients. The CT findings mostly indicated non-
specific inflammation, and were inconsistent with the ra-
diological diagnostic criteria of HDLI, but were abnormal 
in 8 of 11 adults and in 2 of 13 children (Figures 1–3).

DISCUSSION
Generally, HDLI manifests as cough, dyspnea, and occa-
sionally as fever. It usually has a rapidly progressive clini-
cal course, similar to ARDS [2,5], and develops during 
winter and early spring, the seasons when humidifiers are 
mainly used in Korea due to low humidity [6]. In numer-
ous cases, HLDI is refractory to steroid therapy. Radio-
logically, HLDI is characterized by diffuse centrilobular 
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members responded to supportive care, such as symptom-
atic therapy or antibiotic treatment, and they did not fulfill 
the diagnostic criteria of HDLI. A previous study of HDLI 
reported that patients who experienced mild hypoxemia 
responded to supportive care, such as conventional oxygen 
therapy, antibiotic treatment and steroids [3]. However, 
patients with refractory hypoxemia exhibited rapid pro-
gression despite the administration of antibiotics, antivi-
rals, antifungals, steroids and other immunosuppressants, 
as well as mechanical ventilation and extracorporeal mem-
brane oxygenation [3]. Most of the index cases in the pres-
ent study were in this latter category.
Recent research has shown that exposure to HD also 
increases the risk of asthma and interstitial pneumoni-
tis [18,19]. Taken together, it is possible that HD-related 
respiratory manifestations have clinical features ranging 
from mild to moderate or atypical upper/lower airway 
diseases to severe interstitial lung damage, such as HDLI. 
This interpretation is compatible with the toxico logical 
perspective implying that the severity of a toxicant-relat-
ed disease depends on the dose, exposure pattern, and 
host factors. The current diagnostic criteria of HDLI 
focused on a rapidly progressive and severe lung injury, 
and were developed to exclude patients whose clinical 
symptoms may have been similar but were not due to 
HD exposure. As a result, these criteria excluded many 
patients who were exposed to HD but only experienced 
mild to moderate respiratory symptoms or atypical respi-
ratory problems. The present findings suggest that these 
patients with mild to moderate or atypical respiratory 
symptoms should be classified as clinical manifestations 
related to HD exposure.
Thus, the current diagnostic criteria of HDLI consider 
the causal relationship between severe lung injury and ex-
posure to HD as highly specific, but it is very rare to have 
highly specific causes of diseases in human toxicology. 
Instead, most causal relationships in toxicology are non-
specific, in that there may be multiple causes of a single 

The HRCT findings of the individuals exposed to HD 
vary with the disease severity and the time since exposure. 
Those who did not survive HDLI more often had sponta-
neous air leaks, with a wide area of consolidation and dif-
fuse ground-glass opacity, compared with survivors [4,14]. 
The major radiological features of HDLI show unique 
changes over time. There are initially areas of patchy con-
solidation involving the upper lung periphery and posterior 
lower lung zones, but sparing the subpleural areas. These 
areas evolve into centrilobular opacities with the disap-
pearance of consolidation, and gradually disappear at 
about 5 years after cessation of exposure [11,15]. A recent 
paper has shown that HDLI likely has a diverse clinical 
course, and that emphysema and bronchiectasis can occur 
in the advanced stages, based on long-term follow-up [1].
As DLCO is a measure of the conductance of gas transfer 
from inspired gas to the red blood cells [16], when reduced, 
it may indicate a condition that affects the effective alveo-
lar surface area [17]. A previous study examined 39 HDLI 
patients who underwent a pulmonary function testing at 
diagnosis, and reported a restrictive lung disease pattern 
and reduced DLCO. However, lung function recovered to 
normal in 54% of these patients, with the return of mean 
FVC (%) values to the normal range, whereas the mean 
DLCO remained low during follow-up [1]. Thus, reduced 
DLCO may be considered a marker of lung injury. Fur-
thermore, many of the present 24 patients who experi-
enced previous respiratory symptoms and signs had low 
DLCO, even though their %FVC and CT results were 
normal. Hence, DLCO may be a useful biomarker of 
a past lung injury from HDLI in individuals whose current 
pulmonary function test and CT results are normal.
The clinical spectrum of HD-related respiratory symp-
toms and signs appears to range from asymptomatic to 
full-blown acute respiratory failure and death [3,11]. 
Thus, some family members who were exposed to HD in 
the same rooms as HDLI patients (the index cases) expe-
rienced no respiratory symptoms. However, most family 
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and LRT, and was present in 24 of 236 family members 
that had an HDLI index case. The differences in clinical 
manifestations among family members could be explained 
by differences in exposure to HD, in which exposure to 
a higher concentration and/or longer duration may lead 
to HDLI, and by differences in individual susceptibility to 
PHMG phosphate among family members.
The present study had several strengths. The authors 
examined family members of recognized HDLI pa-
tients (definite or probable) who were exposed to HD in 
the same room. The cohabitation of a family member with 
an HDLI patient provides a reliable assessment of a high 
level of exposure. The present study also had some limita-
tions. First, the authors could not quantify HD exposure, 
and were, therefore, unable to compare the dose, dura-
tion, frequency and cumulative dose, or the effect of short-
term high-level exposure to HD, among family members 
although they limited the study subjects to those family 
members who were exposed to HD in the same rooms 
as the HDLI (a homogenous exposure group). Second, 
they did not examine differences in susceptibility between 
family members. Finally, they had no control population, 
and were unable to compare these results with those in 
the control population.

CONCLUSIONS
The authors identified 24 family members of HDLI index 
cases who were exposed to HD in the same rooms and 
residences as the index cases. These family members 
showed respiratory signs or symptoms that were distinct 
from typical HDLI. Thus, the authors propose a new dis-
ease, HDRS, defined by the presence of mild to moderate 
or atypical respiratory symptoms and signs related to HD 
exposure, that is distinct from HDLI. The recognition of 
HDRS may improve the overall understanding of the nat-
ural history of HD-related respiratory problems by captur-
ing the whole spectrum of HD-related clinical manifesta-
tions in the respiratory tract.

disease, and a single factor may cause multiple diseas-
es [20]. In the case of the health effects of HD, a complex 
combination of causes may lead to a spectrum of effects, 
from specific to non-specific. This is because the physical 
characteristics, dose and host factors of a toxicant deter-
mine its effects [20].
Therefore, a new classification is needed which is compati-
ble with the natural history and the whole spectrum of tox-
icant-related diseases. Thus, the authors propose the con-
dition of HD-related respiratory syndrome (HDRS), 
which is defined by the presence of mild to moderate or 
atypical respiratory symptoms and signs related to HD ex-
posure, and is distinct from HDLI. The diagnostic criteria 
for HDRS are:
 – a status as a family member of an HDLI index case, who 

was exposed to HD in the same room and residence;
 – mild to moderate or atypical clinical symptoms and 

signs involving URT and LRT, but distinct from typical 
HLDI;

 – non-specific HRCT findings, distinct from typical cen-
trilobular radiological findings used to diagnose HDLI, 
or reduced DLCO;

 – a history of exposure to HD, clinical manifestations, 
and CT findings that are compatible.

The present study is the first to evaluate the clinical fea-
tures of family members of recognized HDLI patients who 
were also exposed to a high level of HD. Little is known 
about the natural history or the whole spectrum of HD-
related clinical manifestations in the respiratory tract, 
except for full-blown HDLI. Therefore, the recognition of 
HDRS may provide a better understanding of the natural 
history of HD-related respiratory problems by capturing 
the whole spectrum of HD-related clinical manifestations 
in the respiratory tract.
In the present study, the authors identified HDRS as  a new 
type of respiratory syndrome that is distinct from HDLI. 
The syndrome is characterized by the presence of mild 
to moderate clinical symptoms and signs involving URT  
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