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◆   Sensitizer 
l  Meaning immunological sensitization IgE, IgG 

through adaptative immunity and innate immunity 

◆   Irritant  
 " Irritant are non corrosive substances that cause a 
 temporary inflammation on direct contact " USA 
 Occupational Safety and Health Administration (OSHA) 

 

ü  Intensity, duration sufficient _ Inflammatory and 
remodeling process 

 Vandenplas O.et al Allergy, 2014 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Actions of an irritant g non specific but 
l  Activation and recrutment of inflammatory and 

immunocompetent cells : 
 
ü  Epithelial damage 
ü  Proinflammatory responses 
ü  Neurogenic inflammation 
ü  Increased bronchial permeability 
ü  Remodeling airway epithelium 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 

Vandenplas O. et al, Allergy, 2014. 
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◆   Pathophysiology : Animal - irritant vs sensitization  
l  : Mice CBA/J 

ü  Contact to allergens 
Ø  k B cell activation 
Ø  Local lymph nodes 
Ø  k percentage B220 or IgG+/IgM B cells 

3 consecutive days on the ear 

Allergens            Irritants 
Flow cytometric    Significant increase     No increase  
Analysis   B 220+ B cells 

Allergen : ratio B 220+ cells chemical / B220+ cells vehicle > 1.25 
   Irritant : ratio                     < 1.25 

Gerberick G. F. et al, Toxicological sciences, 2002, 68, 420. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Pathophysiology : Animal  

 BAC (2 %) was considered as an irritant 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 

Gerberick G. F. et al, Toxicological sciences, 2002, 68, 420. 



Frédéric de Blay, Hôpitaux Universitaires de Strasbourg 

◆   Experimental data : Animal 
l  Atopic dermatidis in NC/Nga mice 

1 Injection of mite allergen (Dpt) g skin lesion 

2 Application at the same time: 
Benzalkonium chloride 0.2 % 
Povidone Iodine 10 % 
Ethanol 80 % 
Chlorhexidine 0.5 % 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 

Sadakane K. et al, Int. J. Med. Sci., 2015. 
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Cleanings agents and disinfectants : irritant and/
or sensitizer ? 

Sadakane K. et al, Int. J. Med. Sci., 2015. 
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Cleanings agents and disinfectants : irritant and/
or sensitizer ? 

Sadakane K. et al, Int. J. Med. Sci., 2015. 
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◆  Immunological reactivity : 

l  Specific IgE to quaternary ammonium : 

ü  n = 583 (health care workers) 
Ø  7 % : detectable IgE to QAT 
Ø  No relation with symptoms 

ü  3 cases reported with positive SIC to QAT 
Ø  No specific IgE to quaternary ammonium 
 

l  Ig E demonstrated for Chloramine T, enzymes 

Purohit A. et al, Int. Arch. Occup. Environ. Health, 2000. 

Gonzales M. et al, Clin Exp Allergy 2013. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Sensitizer : adjuvant effect in human 

l  194 pig farmers (at least 5 h / day)  

l  124 farmers with NSBH test to histamine 

l  Use of QACs (less than 15 min / week) 

l  Personal endotoxin dust samples were performed 

l  Atopy : more than one positive specific IgE to 
common allergens 

Preller et al., ERJ, 1996. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Sensitizer : adjuvant effect in human 

l  Use of QACs : increase atopy OR = 7.4 [1.3 - 43.1] 

l  Use of other disinfectant : non significant 

l  No effect of exposure to endotoxin 

Preller et al., ERJ, 1996. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Experimental data : Human 
l  65 volunteers 

l  Results : No difference in the 3 groups 
ü  Symptoms scores 
ü  Acoustic rhinometry 
ü  Saccharin clearance time 
ü  Ciliary beat frequency 

 

BAC seems to have no effect on the human nasal mucosa 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 

Saline     Fluticasone         PCB 
    propionate  All ingredients  
   Nasal spray      but no Fluticasone 
   0.02 % BAC     propionate 

2 weeks device daily 

McMahon C. et al, Clin. Otolaryngol., 1997. 
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◆   Epidemiology : Swimming pool 
l  Children : 

ü  Discrepancies between : 
Ø  Swimming pool attendance in the first year of life and 

higher rates of atopic disease 

Ø  Swimming pool attendance before the age of 2 y. vs 
after 4 y. o. 

Asthma : OR : 0.79 [0.43 - 1.46] 
Rhinitis : OR : 0.86 [0.68 - 1.08] 
Slightly less upper and lower respiratory tract 
symptoms 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 

Font-Ribera L. et al, ERJ., 2009. 

Bernard A. et al, Environ. Health Perspect., 2006. 
Schoefer Y. et al, Int. J. Hyg. Envir. Health, 2008. 
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◆   Epidemiology : Swimming pool 
l  Pool workers : 

ü  624 

ü  38 swimming facilities 

ü  Chloramine measurement (2h) 

ü  Work related symptoms 

ü  Atopy 

ü  Bronchial hyperresponsiveness 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 

Jacobs J. H. et al, ERJ., 2007. 
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◆   Epidemiology : Swimming pool 
l  Pool workers : 

ü  Higher exposure g upper respiratory symptoms 
Ø  Hoarseness : OR : 1.6 [1.2 – 2.1] 
Ø  Lost voice : OR : 1.5 [1.1 – 2.0] 
Ø  Sinusitis : OR : 1.4 [>1.0 – 1.8] 

l  Pool workers vs Dutch population: more general 
respiratory symptoms: OR: 1.4-7.2 

 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 

Jacobs J. H. et al, ERJ., 2007. 
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◆   Symptoms : New onset of asthma 
ü  43 female domestic cleaners (aged 49) 
ü  Recent history of asthma : 

Ø  Asthma attack 
Ø  Shortness of breath 

ü  Chronic bronchitis 
ü  Daily change in symptoms and PEF 

ü  Diagnosis based  

ü  2 weeks study  

-  on computerised diagnosis system 
-  on expert occupational asthma 

Medina-Ramon M. et al, ERJ, 2006. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Symptoms : 
l  Lower respiratory symptoms related with working 

day  

          OR [IC] 
ü  Exposure to bleach    2.5 [1.1-5.8] 
ü  Degreasing spray    2.6 [1.1-6.6] 
ü  Air fresheners spray    6.5 [2.1-20] 

Only 30% scored positively of occupational asthma 

Medina-Ramon M. et al, ERJ, 2006. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Diagnosis of Irritant Induced Asthma : 
l  (Nested) case-control study of female cleaners (30-65 

y) 
l  40 cases (asthma or chronic bronchitis) – 155 

controls 
ü  Higher risk of asthma if use of bleach (dose-related) 
ü  Higher risk of asthma if reported inhalation incident 

(frequent !) 
l  RADS 

ü  Inadequate mixture of bleach with ammonia or 
hypochloria acid è free chlorine or chloramine 

Medina-Ramon M. et al, Occup. Environ. Med., 2005. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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Medina-Ramon M. et al, Occup. Environ. Med., 2005. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Symptoms : Work exacerbated asthma  
l  25 women with asthma vs 19 without asthma 
l  12 weeks study 
l  No effect on PEF : 

ü  After cleaning, in the 2 groups 
l  Change in number of lower respiratory symptoms 

ü  Significant in the asthma groups 

Cleaning activities è increased lower respiratory symptoms 
in asthmatic (independently of the chemical, severity of 
exposure, duration of cleaning). 

Bernstein J.-A. et al, Ann. Allergy Asthma Immunol., 2009. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Symptoms : Work associated irritable larynx 
syndrome (WILS) 

l  Episode of dyspnoea, dysphonic 

l  Cough, sensation of tension in the throat 

l  Female 

l  More frequently report of gastro-oesophageal reflux 

l  Triggers = odours, fumes, perfumes, cleaning agent 

 
Hoy F. et al, Occup. Med., 2010. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Diagnosis 
l  Measure non specific airway hyperactivity 

ü  Adults (age : 32) 

ü  10  

ü  Exposed to 1.0 ppm chlorine (ceiling short term 
exposure) for 60 min 

5 HR : PD20 methacholine 0.6 ng/mL 

5 normal : PD20 methacholine 38.0 ng/mL 

D’Alessandro A. et al, Chest, 1996. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Non specific airway hyperactivity 

Patients with NSHR manifest an exaggerated airway response to chlorine at 1.0 ppm. 

But no change with 0.4 
ppm chlorine. 

D’Alessandro A. et al, Chest, 1996. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Diagnosis : Specific inhalation challenge  
l  4 patients / 13 è positive SIC (0.4 ppm) 

Ø  2 late phase reaction 
Ø  1 dual reaction 
Ø  1 with an increase of PC 20 methacholine of one 

doubling dose 

l  6 negative controls 
l  No change in FeNO 
l  No change in induced sputum  

No difference between patient with or without NSHR to 
metacholine for positivity to SIC. 

Sastre J. et al, Am. J. Ind. Med., 2011,54. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Irritants : human 

l  Effects of Ipratropium bromide and sodium 
cromoglycate 

l  9 patients with atopic mild asthma 
l  Pre inhalation of ipratropium bromide (0.25 mg / mL 

to 1 mg/mL) or 0.9 % saline, same day 2 separate 
occasions 

l  Pre-inhalation of sodium cromoglycate (10 mg / mL) 
or Saline 

l  45 minutes after dose response to BAC (0.4 - 50 mg / 
mL) 

Miszkiel K.-A. et al, Br. J. Clin. Pharmacol., 1987. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Results : 

Bronchoconstriction in asthmatic induced by BAC was obtained  though a 
combination of mast cells activation and stimulation of peripheral and central 
neural pathways.  

Miszkiel K.-A. et al, Br. J. Clin. Pharmacol., 1988. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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Quaternary ammonium : specific inhalation challenges 

Bellier M. et al, JACI in practice 2015. 

POSITIVE SIC	
   NEGATIVE SIC	
  

Gender (%)	
   12 (10 women)	
   10 (10 women)	
  

Mean age (SD)	
   47.6 (± 6.9)	
   45.8 (± 9.1)	
  

Atopy (%)	
   5 (45)	
   3 (30)	
  

Rhinitis (%)	
   8 (73)	
   5 (50)	
  

Conjunctivitis (%)	
   4 (36)	
   3 (30)	
  

Baseline FEV 1 
(%) [range]	
  

100 [66 – 114]	
  
	
  

97 [79 – 117]	
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Bellier M. et al, JACI in practice, 2015.  

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 

There	
  was	
  no	
  difference	
  	
  
between	
  pa5ents	
  with	
  a	
  posi5ve	
  or	
  
a	
  nega5ve	
  SIC	
  .	
  
	
  
SIC	
  seems	
  necessary	
  to	
  make	
  	
  
the	
  diagnosis	
  of	
  OA	
  to	
  QATs	
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Vandenplas O. et al, BMJ, 2016. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 

Pa5ents	
  who	
  had	
  a	
  posi5ve	
  SIC	
  were	
  more	
  severe:	
  higher	
  obstruc5on	
  and	
  more	
  frequent	
  
	
  use	
  of	
  beta	
  2	
  agonists	
  	
  
Pa5ents	
  with	
  a	
  posi5ve	
  SIC	
  had	
  an	
  increase	
  in	
  NSHR	
  and	
  in	
  eosinophils	
  	
  
sugges5ng	
  a	
  «	
  sensi5za5on	
  ».	
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◆   Primary prevention 
l  Avoidance specific exposure : 

ü  Avoid mixing bleach + Ammonium 

ü  Avoid to use bleach in non ventilated room 

ü  Avoid to spray 

ü  Avoid glutaraldehyde g change to a less volatile 
ortho-phthaldehyde 
Ø  Use product non sprayed but wiped and with low 

volatility 
[ m asthma 

Siracusa A. et al, Allergy, 2013. 
Arif A. et al, OEM, 2012.  

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Primary prevention 
l  Use « green products » 

�  But they are not necessarily safer for inhalation  
�  USA EPA Website : 

https://www3.epa.gov/epp/pubs/guidance/
standards.htm 

 

� Computerized quantitative structure activity program 
 [ Predict possible sensitizing potential  

 
RM Agius ++++ 

Seed M. et al, Occup. Med., 2010. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Secondary prevention  
l  Records of incidents workplace 

l  Analyse group results to identify problem exposure 

l  Replacement agent less hazardous 

l  Health education 

l  Protective respiratory devices 

Siracusa A. et al, Allergy, 2013. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Early recognition of possible WRA 

l  14 items self administered screening questionnaire 

l  Good reproducibility 

Killorn K. R. et al, J. Asthma, 2014.  

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆   Education – Information 
◆   Cleaning entreprises (Norway) 
◆   Chemical health hazards 
◆   Definition of a conceptual risk level 
◆   322 enterprises g 8 300 workers 

l  9 % no training programs 
l  65 % had difficulties due to poor language 
l  No difference between small and large enterprises 

Suleiman A. M. et al, Safety and Health at Work, 2015.  

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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Lunt J. A. et al, Occup. Med., 2011. 

Cleanings agents and disinfectants : irritant and/
or sensitizer ? 
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◆ The cleaning or disinfectant products could induce 
sensitization and irritation. 

◆ Specific inhalation challenge appears to be 
necessary to make the diagnosis. 

◆ For QATs, it seems that a positive SIC corresponds 
to a sensitization mechanism but more studies are 
needed to confirm the preliminary results.  

Conclusion 
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◆ For chlorine, the data seem less convincing for a 
sensitization mechanism, however larger studies are 
needed. 

◆ Neurogenic inflammation appears to be a possible 
mechanism. 

◆ About prevention, behavioural-related interventions 
seem to be efficient . 

◆  It is mandatory to avoid sprays and to associate 
different method to decrease the exposure. 

Conclusion 
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Cleaning agents : Specific inhalation challenge 

◆ Results 
l  Patient with a positive SIC 

ü  Use more often of β2  agonists 
ü  use of higher doses of inhaled corticosteroids  
ü  Lower baseline FEV 1  
ü  More baseline airway obstruction (FEV1/FVC<70%, 

FEV1<80%) 

 

Vandenplas O. et al, iBMJ open in press 


