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Humidifier

« Humidifier
« 1 Use of humidifier in Korea, Especially more in pregnant women

» Proper humidity - bronchitis, cough....
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Disinfectant

e Definition of disinfectant

* "A chemical substance or compound used to inactivate or destroy microorganism on

inert surfaces”
» Distinguished from other antimicrobial agents such as antibiotics or antiseptics.
« Working by destroying the cell wall of microbes or interfering with their metabolism

« Household grade disinfectant: suitable for “general” purpose

U.S. Centers for Disease Control and Prevention. April 2016



Humidifier Disinfectant (HD)

« Humidifier disinfectant (HD)

n i1

 "Bacteria-breeding humidifier” “Humidifier sickness symptoms”
- Need of disinfectant for cleaning or sanitizing the humidifier (necessary)

- First commercial products in Korea (1994)

- Over 8 million persons for 18 years (estimated)

U.S. Centers for Disease Control and Prevention. April 2016
7tg7| AaX AZ ) At HA (2014)



HD associated tragedy in 2011, Korea

« Several severe, respiratory distressed, and pregnant pneumonia patients - ICU care
« Reported to KCDC for concern about outbreak of viral disease
« What's in common among patients?
« CC: Dyspnea
« Age: 20~30, perinatal, Onset: Feb ~ March
» Clinical course: slow progressive but abrupt aggravation
« CT: R/O Viral disease R/O Interstitial disease
« Microbes: no common pathogen, weak evidence of infection

« Treatment response: no response to antibiotics, anti-viral, and anti-fungal agents, mild

response to systemic corticosteroid

57| oM dZ s Ard WA (2014)



HD associated tragedy in 2011, Korea

 Turning point
* Lettering among Pulmonology specialists
 Similar adult patients in other referral hospitals, including "male” patient

« Similar patients in “child” also
« Repeatedly experience similar patients for years

 Especially in winter and spring season

Korean Journal of Pediatrics Vol. 51, No. 4, 2008
DOI : 10.3345/kjp.2008.51.4.383 Il Criginal article : Clinical study i
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Humidifier Disinfectant (HD) Tragedy in Korea

 Turning point
* In multidisciplinary meeting
 Pathology
. acute or subacute damage around small airway - possibility of inhaled materials
* Most patients are child and perinatal women

- Usually, live indoors = indoor use materials

» Seasonal: Late winter ~ early spring > possibility of humidifier related

Epidemic acute interstitial pneumonia in children occurred during the early 2006s. Korean J Pediatr. 2008 Apr;51(4):383-390.



Humidifier Disinfectant (HD) Tragedy in Korea

e Characteristics of Unknown disease with home humidifier use

 Acute progressive, refractory hypoxemia

Chest image: Bilateral diffuse infiltration and GGO - lobular micronodules

Pathology: Necrotizing bronchiolitis

No definite pathogen, No exposure to toxic agent

No response to corticosteroid or immunosuppressant



Case-Series Reports: HD-associated lung injury

ORIGINAL ARTICLE

A cluster of lung injury associated with home
humidifier use: clinical, radiological and pathological
description of a new syndrome
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Case-Series Reports: HD-associated lung injury

Table 1 Demographic and clinical characteristics of the 17 patients with humidifier disinfectant-associated lung injury®

Variable All patients (n=17) Patients who survived (n=12) Patients who died (n=5) p Valuet
Demographics
Female sex 15 (88.2%) 0 (83.3%) 5 (100%) 1.000
Age (years) 35 (28-49) 36 (29-49) 34 (28-36) 0.246
<30 years 3 (17.6%)
>30 to <40 years 11 (64.7%)
>40 to <50 years 3 (17.6%)
Peripartum 11 (64.7%) 6 (50.0%) 5 (100%) 0.102
Familial cluster 4 (23.5%) 4 (33.3%) 0 (0.0%) 0.261
Treatment and prognosis
Intensive care 10 (58.8%) 5 (41.7%) 5 (100%) 0.044
Mechanical ventilation 9 (52.9%) 4 (33.3%) 5 (100%) 0.029
Extracorporeal membrane oxygenation 8 (52.9%) 4 (33.3%) 4 (80.0%) 0.131
Lung transplantation 4 (23.5%) 4 (33.3%) 0 (0.0%) 0.261
Onset of symptoms before admission (days) 30 (1-120) 32.5 (20-120) 20 (1-80) 0.362
Admission to intubation (days) 11 (1-59) 40 (9-59) 10 (1-32) 0.914
Onset of symptoms before death (days) 61 (27-116)
Admission to death (days) 36 (20-60)
Laboratory data at admission
Leukocyte count (/1000 mm°) 10.9 (5.5-42) 9.5 (5.5-26.9) 16.1 (8-42) 0.141
C-reactive protein (mg/dL) 1.73 (1-14) 0.96 (0.1-8) 4.34 (1.7-14) 0.094

Hong S-B, et al. Thorax 2014;69:694-702.



Case-Series Reports: HD-associated lung injury

Hong S-B, et al. Thorax 2014;69:694-702.



Case-Series Reports: HD-associated lung injury

Case group Control group Univariate analysis’
(95%
Variable N (%o) N (%) Odds ratio Confidence
interval)
Marriage 11 (100) 16 (72.7) 6.6 (0.8-0)
Have children’ 10 (90.9) 11 (68.8) 53 (0.4-331)
Alir cleaner use 7 (63.6) 16 (72.7) 0.8 (0.1-5.2)
Air freshener use 5 (45.5) 4 (18.2) 3.6 (0.6-26.1)
Humidifier use 11 (100) 6 (27.3) 337 (4.5-00)
Humidifier disinfectant use 11 {(100) 3 (13.6) 47.8 (6.9-00)
House fungus 9 (81.8) 11 (50.00) 4.9 (0.7-20)
House-hold insecticide use 7 (63.6) 11 (50.0) 2.6 (0.4=20.7)
Sodium hypochlorite use? 8 (88.9) 15 (88.2) 0.95 (0.04—65.2)
Sauna 5 (45.5) 6 (27.3) 25 (0.4=16.1)
Chemical use injol:ﬁ 1 (11.1) 1 (4.6) 23 (0.03=174)
Chemical use in hcnl::rlzn:n,f§ 5 (45.5) 5 (23.8) 34 (0.5=27.1)
Hair spray 4 (36.4) 6 (27.3) 1.6 (0.2-9.8)

Hong S-B, et al. Thorax 2014;69:694-702.



Case-Control Study: HD-associated lung injury

ORIGINAL ARTICLE

A cluster of lung injury cases associated with home
humidifier use: an epidemiological investigation

Hwa Jung Kim," Moo-Song Lee,"* Sang-Bum Hong,” Jin Won Huh,’
Kyung-Hyun Do,* Se Jin Jang,” Chae-Man Lim,? Eun Jin Chae,* Hanyi Lee,®
Miran Jung,” Young-Joon Park,® Ji-Hyuk Park,” Geun-Yong Kwon,? Jin Gwack,’
Seung-Ki Youn,? Jun-Wook Kwon,'® Byung-Guk Yang,"' Byung-Yool Jun,'?
Yangho Kim,"® Hae-Kwan Cheong,'* Byung Chul Chun,"” Heon Kim, '
Kyuhong Lee,'” Younsuck Koh?

« Case definition 16
14
« Bilateral, centrilobular or diffuse GGOs observed on HRCT 4 I
« Symptoms or signs not consistent with other clinical Dx 10
8
* Young adults (20~54 years) 6
4
2 { }—rr
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Kim HJ et al. Thorax 2014;69:703-708 02011 MW2004~2010



Case-Control Study: HD-associated lung injury

Table 3 Strength of the association between the lung injury and indoor environmental factors

cOR (95% CI) aOR* (95% CI) aORt (95% ClI)

Compared with all controls (n=121)

Indoor moulds 4.39 (1.47 t0 13.13) 419 (1.30 to 13.53) 5.03 (1.35 to 18.80)

Humidifier 13,70 (1,77 to 106.26) 14,44 (1,77 to 117.91) —

Humidifier detergent 47.27 (6.05 to 369.69) - 53.01 (6.33 to 444.17)

Insecticide 3.90 (1.31 to 11.65) 3.86 (1.13 to 13.20) 4.00 (0.97 to 16.51)
Compared with controls with pulmonary disease (n=55)

Indoor moulds 3.90 (1.22 t0 12.49) 6.68 (1.52 to 29.38) 6.23 (0.94 to 41.41)

Humidifier 15,24 (1,89 t0 122.62) 22.87 (2,34 10 223.26) -

Humidifier detergent 54.92 (6.66 to 453.23) - 116.82 (9.88 to o0)

Insecticide 3.02 (0.94 to 9.64) 7.31 (1.46 to 36.55) 15.93 (1.94 to 130.84)
Compared with controls with allergic disease (n=30)

Indoor moulds 3.90 (1.10 to 13.80) 3.92 (0.82 to 18.63) 3.98 (0.63 to 25.05)

Humidifier 11.33 (1.33 to 96.80) 21.14 (1.70 to 263.40) -

Humidifier detergent 34.00 (3.94 to 293.32) - 72.87 (4.34 to o0)

Insecticide 5.20 (145 to 18.71) 473 (099 to 22.62) 5.55 (0830 37.05)
Compared with controls with obstetric disease (n=36)

Indoor moulds 9.09 (2.13 to 38.77) 8.59 (1.50 to 49.19) 15.03 (1.66 to 136.45)

Humidifier 11.20 (1.33 to 94.47) 10.01 (0.68 to 147.80) =

Humidifier detergent 42.00 (4.82 to 365.82) - 71.32 (3.71 to o0)

Insecticide 4.8/ (1.29 to 18.42) 2.92 (0.55 to 15.53) 1.32 (0.13 to 13.12)

*Adjusted OR from multivariable analysis that included exposure to indoor mould,

humidifier use and insecticide use.

tAdjusted OR from multivariable analysis that included exposure to indoor mould, humidifier detergent use and insecticide use.

aOR, adjusted OR; cOR, crude OR.




Case-Control Study: HD-associated lung injury

Table 4 Results of an additional survey on the humidifier
detergent exposure of cases

2011 cases 2004-2010
(n=16) case (n=12)
(Chemical type\
PGH 2 (12.5%) 0 (0.0%)
PHMG 12 (75.0%) 10 (83.3%)
\_Unknown ) 2 (12.5%) 2 (16.7%)
Exposure duration (months, mean+SD)
Lifetime cumulative 17.5+14.8 9.9+5.8
Between 2011F/W 4.7+1.2

and 20125/S

Unknown disease = related with Humidifier and Humidifier Disinfectant

Kim HJ et al. Thorax 2014;69:703-708



After prohibiting the use of HD

* Prohibiting the sale of HD products (2011.11)

« Monitoring of prospective nationwide monitoring system (Adult & Children)

20 -

N
(3]

Number of patients
o

Suspensionof
sale of the
humidifier
disinfectants

Date (month

Kim et al. Am J Respir Crit Care Med Vol 189, Iss 1, pp 48-56, Jan 1, 2014
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Chemical Materials of HD



PHMG, PGH, and CMIT/MIT

Lack of inhalation toxicity results

H H
*\|:\/\/N\H/N\/\4/x(H3PO4)
NH " PHMG Toxicology Results

(PHMG Dhospbatars e phospheld {ni=1=2) per oral (harmful), percutaneous (low), skin
CAS RN 89697-78-9 irritation (none), ocular irritation (severe), skin
- o m sensitization (limited evidence)
HzN\/’\\O/\/ \’/\NH
2

NH o

Py HCl PGH Toxicology Results
3 AN-NA, iR per oral (low), skin irritation (none), ocular

Oligo(2-(2-ethoxy)ethoxyethyl guanidinium irritation (none), Skin SenSitization (none)

chloride (PGH)
CAS RN 374572-91-5

HQCI aNfS\]/ CMIT/MIT Toxicology Results

skin irritation (severe), ocular irritation (+), 3m

O © inhalation (AR, 1.15 minimal)
5-Chloro-2-methylisothiazol-3(2H)-one 2-Methylisothiazol-3(2H)-one
(CMIT) (MIT) ) . : -
CAS RN 26172-654 CAS RN 2682-20-4 Rare evaluation data about inhalation toxicity

Lee et al. Refined Exposure Assessment for Three Active Ingredients of Humidifier Disinfectants Environ. Eng. Res. 2013 December,18(4) : 253-257



Reproduce analysis of HD exposure

Humidifier aerosols
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Reproduce analysis of HD exposure

Table 2. Derivation of health risk quotients for the use of humidifier disinfectants

Active ingredient PHMG PGH CMIT/MIT
Exposure assessment
Content of active ingredient in the product 0.125 0.5 0.019
Emission rate (mg/hr) 3.12 12.5 0.475
Time-weighted average concentration in the bedroom (mg/m?®) ) )
Scenario 1 0.056 0.040
Scenario 2 0.093 0.140
Scenario 3 0.780 0.530 0.021
Health risk quotient — —
Initial screening [4] 2,500 10,500 9.41
Scenario 1 1,400 1,000
Scenario 2 2,300 3,500
Scenario 3 20,000 13,000 12

PHMG: polyhexamethyleneguanidine, PGH: oligo(2-(2-ethoxy)ethoxyethyl guanidinium chloride, CMIT/MIT: chloromethyl/methyl
isothiazolinone, NOEC: no-observed effect concentration.

Lee et al. Refined Exposure Assessment for Three Active Ingredients of Humidifier Disinfectants Environ. Eng. Res. 2013 December,18(4) : 253-257



Reproduce analysis of HD exposure

2019 CMIT/MIT ==X Al

F 3-11. AFAE=EY @78 A0 W& CMIT/MIT A4 SHFE 2K AEF=3)

CMIT/MIT
e m | BAAEF 19 ARAEF ) AFALEZ 100)
378 (3 /hr) CMIT MIT CMIT MIT CMIT MIT
0.3 0.952 0.398 3.097 1.037 14.12 3.313
0.5 0.741 0.332 4.407 1.431 14.79 3.958
1.0 1.012 0.304 4.368 1.752 9,742 3.103

9 pg/m

PHMG, PGH, CMIT/MIT - confirm of HD exposure by humidifier



Entry to human body of HD particles

S\ HUMAN
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5 SYSTEM

Aerosolized HD particles
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Evidence from Animal and Human study



Animal Study - PHMG: Acute Exposure
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Animal Study - PHMG: repeated exposure
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Animal Study - PHMG: repeated exposure
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Animal Study — PGH: subacute inhalation
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Total protein (ug/ml)

Animal Study — PGH: subacute inhalation
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Animal Study — CMIT/MIT: chronic inhalation

Total Cell Count (Male)
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Human Histopathology: HD case
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American Journal of Respiratory and Critical Care Medicine Volume 190 Number 6 | September 15 2014



Evidence of possible mechanism



What is the process of HD diseases?
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Top 10 Terms of GO Functional Analysis
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What is the process of HD diseases?

« TGFB signaling = lung fibrosis

Metabolic pathways  Oxidative phosphorylation
Oxidative phosphorylation
Ribosome

RNA transport . .
Protein processing in endoplasmic reticulum QOXIdatlve Stress
Proteasome
Ras signaling pathway
MAPK signaling pathway QASthma, COPD, CaﬂCer7
TGF-beta signaling pathway
Hippo signaling pathway

Fox0 signaling pathway

PI3K-Akt signaling pathway * RAS and MAPK pathway
Cytokine-cytokine receptor interaction
Endocytosis
Phagosone - cell growth, differentiation, survival
Lysosome
Regulation of actin cytoskeleton
Focal adhesion
Adherens junction

Tight junction



Possible toxic mechanism of HD associated disease

: Interstitial
Pneumonia A fibrosis
| | Myofibroblast
PHMG, PGH, T-cell I
nflammatory
MIT/CMIT / CD4/CD8 & cells recruitment BOOPs
Macrophask\i i Cytokines Proinflammatory
Ph’a\gocytoms Signal transduction
Airway epithelial cell | | — (involvement of ROS,
| . protein kinases?)
- l Cytokines mRNA

Activation of transcription facto7

o® B "’ S —

( ) .’ Cytokine gene transcription )
N N &

Basal membrane

Figure 1. Polyhexamethylene guanidine phosphate, a humidifier disinfectant, induced cellular response: proinflammatory cytokines elevation and infiltration
of immune cells into the lungs. PHMG, polyhexamethylene guanidine; PGH, oligo(2-[2-ethoxy]ethoxyethyl) guanidinium chloride; MIT, methylisothiazolinone;
CMIT, chloromethylisothiazolinone; BOOPs, bronchiolitis obliterans and organizing pneumon; ROS, reactive oxygen species.

Leem et al. Environmental Health and Toxicology 2017;32:e2017017



HD associated health problem: Lung fibrosis

« PHMG
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HD associated health problem: Fetal effects
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Occurrence of asthma treatment (%)

Adjusted odds ratio (95% Confidence Interval)

HD associated health problem: Asthma
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HD associated health problem: Non-pulmonary

Rhinitis?
Dermatitis?

Bronchitis?

Pneumonia?

Hepatitis or Hepatopathy?
Ocular?
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HALIZ 738 X Mol

_—
= et

Az

H
=]

7t



Epidemiologic approach of HD associated disease
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HD related disease: Big data analyses
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HD related disease: Big data analyses
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Comprehensive decision of HD exposure correlation

Judgement of environmental exposure

[Object evidence of purchase, Degree of exposure}

Comprehensive decision

Judgement of clinical possibility

[ Histopathology, Radiology, Clinical relationship }
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Future direction of academic study

Long-term monitoring analysis of victims by Humidifier Disinfectant (HD)

« Activation of Health damage monitoring

Development of evidence of HD associated disease

 Systemic approach, Psychological approach

Pulmonary rehabilitation

e Return to normal life of HD victims

Biomarker development for monitoring or assessing HD related disease
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