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The children told us that different
pools at times smell unusually
strongly of "chlorine," and cause 
chest discomfort with cough after
an hour or more spent
swimming... They are colloquially
known as being due to "coughing
water." These symptoms typically
follow prolonged periods of
vigorous swimming, when
inevitably large volumes of air 
including gaseous chlorine
liberated at the water's surface are 
inhaled

....it is pertinent that for many
known asthmatic patients
swimming is a form of exercise
that is recommended above
others because of a possibly
lesser tendency to cause 
exercise-induced symptoms. 
Possibly many asthmatic
subjects have experienced
effects from bathing in 
chlorinated water, and the 
symptom of "coughing water" 
might be sought when
interviewing these patients.



Swimming and asthma Swimming and asthma 

• Swimming ranks high among preferred types of physical activity 
in both children and adults 

• Availability of swimming pools � higher levels of physical 
activity in the general population.

• Injuries  
• Infections  
• Swimming and asthma? 

World Health Organization. Guidelines for safe recreational water Environments. Volume 2. 
Swimming pools and similar environments. World Health Organization, Geneva, 2006.  

Goodman M. Asthma and Swimming: A Meta-Analysis. J. Asthma 2008;45:639–47
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Swimming and asthma  - epidemiology Swimming and asthma  - epidemiology 

• Belgium - � risk of childhood asthma vs indoor & outdoor 
swimming pool attendance 

• Ireland  - � risk of asthma vs # of years/pools

Bernard A, Nickmilder M, Voisin C, Sardella A. Impact of chlorinated
swimming pool attendance on the respiratory health of adolescents.

Pediatrics 2009;124:1110–111

Cotter A, Ryan CA. The pool chlorine hypothesis and asthma among
boys. Ir Med J 2009;102:79–82



Swimming and asthma  - epidemiology Swimming and asthma  - epidemiology 

• No such findings: 

• Germany 
• Italy 
• Spain 

Kohlhammer Y. Swimming pool attendance and hay fever rates later in life. 
Allergy 2006;61:1305–9

Schoefer Y. Health risks of early swimming pool attendance. 
Int J Hyg Environ Health 2008;211: 367–73

Carraro S. Swimming pool attendance and exhaled nitric oxide in children. 
J Allergy Clin Immunol 2006;118:958–60

Font-Ribera L. Swimming pool attendance and risk of asthma and allergic symptoms in 
children. Eur Respir J 2009;34:1304–10



Swimming and asthma Swimming and asthma 

I – asthma in elite swimmers vs other elite athletes

II – asthma vs swimming pool attendance during childhood

III – swimming training programs vs asthma severity /pul-
monary function

IV – immediate respiratory effects of swimming among 
asthmatics vs those of other types of exercise. 

Goodman M. Asthma and Swimming: A Meta-Analysis. J. Asthma 2008;45:639–47



III -Swimming training programs vs asthma severity 
/pulmonary function

III -Swimming training programs vs asthma severity 
/pulmonary function

• Swimmers’ asthma severity improve 42-46% more than 
controls

Goodman M. Asthma and Swimming: A Meta-Analysis. J. Asthma 2008;45:639–47



III -Swimming training programs vs asthma severity 
/pulmonary function

III -Swimming training programs vs asthma severity 
/pulmonary function

• No discernable difference in PFT

Goodman M. Asthma and Swimming: A Meta-Analysis. J. Asthma 2008;45:639–47



Among children aged 13–14 years, the 
prevalence of asthma across Europe increased
respectively by 2.73% (95% CI 1.94 to 3.52), 
with an increase of one indoor chlorinated pool 
per 100 000 inhabitants.

Bernard A, Nickmilder M, Voisin C, Sardella A. Impact of chlorinated swimming pool 
attendance on the respiratory health of adolescents. Pediatrics. 2009 Oct;124(4):1110-8

Impact of chlorinated swimming pool attendance on the 
respiratory health of adolescents
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. 

Drowning in disinfection byproducts ?Drowning in disinfection byproducts ?

Zwiener C. Drowning in disinfection byproducts? Assessing swimming pool water. 
Environ Sci Technol. 2007;41:363-72



Tecniche di disinfezioneTecniche di disinfezione

• Flocculation used only in Germany
• Concentration:
-0,3-0,6 mg/L   Germany
-0,6-1,2 mg/L   Italy
-1-3 mg/L USA, UK, Aus

The disinfectant used must have the potency to remove the indicator microorganism, 
Pseudomonas aeruginosa, by 99.99% within 30 seconds

Cl2 + H2O = HOCl + HCl

Zwiener C. Drowning in disinfection byproducts? Assessing swimming pool water. 
Environ Sci Technol. 2007;41:363-72



Quali sostanze ?Quali sostanze ?

Weisel CP. Childhood asthma and environmental exposures at swimming pools: state of the science 
and research recommendations. Environ Health Perspect. 2009;117:500-7. 



Accumulation of dissolved organic carbon (DOC) 
Formation of total organic halide (TOX) 
in a public outdoor pool with flocculation and filtration treatment.

Zwiener C. Drowning in disinfection byproducts? Assessing swimming pool water. 
Environ Sci Technol. 2007;41:363-72

Prodotti Prodotti clorinaticlorinati e frequentazione delle piscinee frequentazione delle piscine
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Among children, eye irritation occurred in 50.0%, nose and throat problems in 4.5%,
any respiratory symptoms (shortness of breath,wheezing, cough) in 71.6%.

Agabiti N. Short-term respiratory effects of acute exposure to chlorine due to a swimming pool 
accident. Occup Environ Med 2001;58:399–404.

Esposizione accidentale a vapori di cloro Esposizione accidentale a vapori di cloro 



Bonetto G. Longitudinal monitoring of lung injury in children after acute chlorine exposure in a 
swimming pool. Am J Respir Crit Care Med. 2006;174:545-9.

Chlorine, lung function impairment & Chlorine, lung function impairment & 
biochemical exhaled breath alterationsbiochemical exhaled breath alterations
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Piacentini GL.  Airway inflammation in elite swimmers. 
J Allergy Clin Immunol. 2007;119:1559-60 

Effects of chlorine derivatives inEffects of chlorine derivatives in
éélite swimmerslite swimmers



I – asthma in elite swimmers vs other elite athletesI – asthma in elite swimmers vs other elite athletes

Asthma prevalence highest in swimmers

Goodman M. Asthma and Swimming: A Meta-Analysis. J. Asthma 2008;45:639–47



Factors who may decrease EIB/EIAFactors who may decrease EIB/EIA

- Warm temperatures (34-37°C)

- High humidity (100%) 

- Absence of allergens 

- Low air pollution

- Short episodes of fast/slow running with brief rests

- Good control of underlying asthma and BHR

- Physical conditioning: warm-up and cool-down sessions

- No respiratory tract infections

- Short time since last exercise

Dryden DM. Exercise-induced bronchoconstriction and asthma. 
Evid Rep Technol Assess 2010;189:1-154.



Factors who may increase EIB/EIAFactors who may increase EIB/EIA

- Cold temperatures, dry air

- Airborne pollutants, allergens, moulds, dust Irritants

- Chlorine 

- Continuous activities at near maximum aerobic capacity 

- Poor control of underlying asthma and BHR

- Sudden burst of activity, fatigue, emotional stress, athletic ovetraining

- Sinusitis, viral rhinitis

- Pre-exercise foods eaten

Dryden DM. Exercise-induced bronchoconstriction and asthma. 
Evid Rep Technol Assess 2010;189:1-154.



IV- Asthmagenicity of Swimming
and Dry Land Exercises

IV- Asthmagenicity of Swimming
and Dry Land Exercises

Running and/or cycling  4- to 6-fold more asthmogenic
than swimming

Goodman M. Asthma and Swimming: A Meta-Analysis. J. Asthma 2008;45:639–47



Recommended Activities Recommended Activities 

• Baseball
• Downhill skiing
• Golf
• Some track and field events
• Swimming
• Tennis 
• Volleyball
• Wrestling



Exercise-induced asthma in different sportsExercise-induced asthma in different sports

• High level endurance training in sports may increase 
BHR:

- cross-country skiing
- soccer

- long distance running.

• Exposure to cold air, inhaled irritants, allergens.

Bjermer L,. Bronchial hyperresponsiveness in athletes: mechanisms for
development. In: Carlsen K-H, Delgado L, Del Giacco S, eds. Diagnosis, prevention and

treatment of exercise-related asthma, respiratory and allergic disorders in sports. 
Wakefield, UK: European Respiratory Society Journals Ltd; 2005:19-34.

Price B. The asthma Rundell KW JD. Exercise-induced bronchospasm in the elite athlete. 
Sports Med 2002;32:583-600 



•• Asma e nuotoAsma e nuoto
•• EpidemiologiaEpidemiologia
•• DisinfezioneDisinfezione
•• Esposizione acutaEsposizione acuta
•• Dati negli atletiDati negli atleti
•• Dati nei bambiniDati nei bambini
•• Meccanismi di azioneMeccanismi di azione
•• PossibilitPossibilitàà di interventodi intervento
•• Impatto globale sulla saluteImpatto globale sulla salute
•• ConclusioniConclusioni

Nuoto ed asma Nuoto ed asma 



Bernard A. Impact of chlorinated swimming pool attendance on the respiratory health of 
adolescents. Pediatrics. 2009;124:1110-8

Outdoor chlorinated swimming pool & asthmaOutdoor chlorinated swimming pool & asthma
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Bernard A. Outdoor swimming pools and the risks of asthma and allergies during 
adolescence. Eur Respir J. 2008;32:979-88

Outdoor chlorinated swimming pool attendance is 
associated with higher risks of asthma, airways 

inflammation and some respiratory allergies

Outdoor chlorinated swimming pool attendance is 
associated with higher risks of asthma, airways 

inflammation and some respiratory allergies



Bernard A. Outdoor swimming pools and the risks of asthma and allergies during 
adolescence. Eur Respir J. 2008;32:979-88

Outdoor chlorinated swimming pool attendance is 
associated with higher risks of asthma, airways 

inflammation and some respiratory allergies

Outdoor chlorinated swimming pool attendance is 
associated with higher risks of asthma, airways 

inflammation and some respiratory allergies



II – asthma vs swimming pool attendance 
during childhood

II – asthma vs swimming pool attendance 
during childhood

• Swimming pool attendance is not related to asthma 
prevalence 

Goodman M. Asthma and Swimming: A Meta-Analysis. J. Asthma 2008;45:639–47
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Exercise-induced asthma & sportExercise-induced asthma & sport

- � endurance despite conditioning

- � athletic performance 

- � recovery time following exercise

Dryden DM. Exercise-induced bronchoconstriction and asthma. 
Evid Rep Technol Assess 2010;189:1-154.



Respiratory water loss

Mucosal cooling

Vasoconstriction

Mucosal dehydration

Increased osmolarity

McFadden ER. Thermally induced asthma and airway drying. Am J Respir
Crit Care Med 1999;160:221-6.

Rapid rewarming
of airways

Vascular engorgement,
edema

Smooth muscle contraction, 
edema

Airway narrowing

Mediator release



The low FeNO levels
observed after

chlorine inhalation
may be the 

consequence of
massive epithelial

destructionwith
subsequent damage

of NO-producing cells
of the airway wall—

that is, epithelial, 
endothelial, and 

nervous cells

Bonetto G. Longitudinal monitoring of lung injury in children after acute chlorine exposure in a 
swimming pool. Am J Respir Crit Care Med. 2006;174:545-9.

Chlorine, lung function impairment & Chlorine, lung function impairment & 
biochemical exhaled breath alterationsbiochemical exhaled breath alterations



Holgate ST. The sentinel role of the airway epithelium in asthma pathogenesis. 
Immunol Rev. 2011;242:205-19



Variable bronchial 
obstruction (=asthma) is 
a consequence of long-

term mucosal 
inflammation 
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Warm-up and Cool-down PeriodsWarm-up and Cool-down Periods

• Help prevent asthma attacks

• Prevent the air in the lungs 
from quickly changing 
temperature

• Hydrate before, during and 
after exercise



Identification of Asthma Phenotypes Is CriticalIdentification of Asthma Phenotypes Is Critical

Is the child completely well 
between symptomatic periods?

Yes No

Are colds the most 
common precipitating 

factor?

Is exercise the most
common or only

precipitating factor?

Does the child have 
clinically relevant

allergic sensitization?

Yes Yes Yes No

Virus-induced
asthmaa

Exercise-induced
asthmaa

Allergen-induced
asthma

Unresolved
asthmaa,b

No No

aChildren may also be atopic.
bDifferent etiologies, including irritant exposure and as-yet not evident allergies, may be included here.

Adapted from Bacharier LB, et al. Allergy. 2008;63(1):5–34.

Asthma Phenotypes in Children >2 Years of Age



Montelukast once daily inhibits exercise-induced 
bronchoconstriction in 6- to 14-year-old children with asthma

Montelukast once daily inhibits exercise-induced 
bronchoconstriction in 6- to 14-year-old children with asthma

Pre-study Period  1 Washout Period  2

Montelukast 5 mg* 

Placebo 

0 10

Days

Montelukast 5 mg* 

Placebo 

3 7

E E E E

N=25

Kemp JP. Montelukast once daily inhibits exercise-induced bronchoconstriction in 6- to 14-
year-old children with asthma. J Pediatr. 1998;133:424-8



Montelukast riduce la caduta massima
percentuale del FEV1

Montelukast riduce la caduta massima
percentuale del FEV1

Caduta
massima del

FEV1 (%), 
media

–30

–20

–10

0

–26

–18

31% inibizione
(p=0.009)

PlaceboMontelukast

N=25

Kemp JP. Montelukast once daily inhibits exercise-induced bronchoconstriction in 6- to 14-
year-old children with asthma. J Pediatr. 1998;133:424-8



Prolonged effect of montelukast in asthmatic children with 
exercise-induced bronchoconstriction

Prolonged effect of montelukast in asthmatic children with 
exercise-induced bronchoconstriction

Kim JH. Prolonged effect of montelukast in asthmatic children with exercise-induced

bronchoconstriction. Pediatr Pulmonol. 2005;39:162-6.

0 16

Weeks

8

Period 1
(Double-blind)

Period  2
(Single-blind)

E E E

Placebo 
(n=28)

Montelukast 5 mg* 
(n=40)

Placebo 
(n=24)



Montelukast riduce la caduta massima
percentuale del FEV1

Montelukast riduce la caduta massima
percentuale del FEV1

Variazione % dal
basale della

caduta massima
percentuale del 

FEV1, media

–30

–15

–10

0

–27**

–14.3*

–5

–20

–25 –24**

Placebo
(n=24)

Montelukast
(n=40)

Switched da
montelukast
a placebo

(n=28)

Periodo 1
(Sett 8)

Periodo 1
(Sett 8)

Periodo 2
(Sett 16)

*p = NS vs basale; **p<0.01 vs basale

Kim JH. Prolonged effect of montelukast in asthmatic children with exercise-induced

bronchoconstriction. Pediatr Pulmonol. 2005;39:162-6.



Montelukast ruduce il tempo di recuperoMontelukast ruduce il tempo di recupero

Variazione % dal
basale del tempo 
medio di recupero

entro il 10% del  
FEV1 pre-esercizio

–40

–10

0

–20

–30

–34***

–12*

–39**

Placebo
(n=24)

Montelukast
(n=40)

Switched da
montelukast
a placebo

(n=28)

Periodo 1
(Sett 8)

Periodo 1
(Sett 8)

Periodo 2
(Sett 16)

*p = NS vs basale; **p<0.01 vs basale; ***p<0.05 vs basale

Kim JH. Prolonged effect of montelukast in asthmatic children with exercise-induced

bronchoconstriction. Pediatr Pulmonol. 2005;39:162-6.



Massimo decremento 
percentuale del FEV1 
dopo esercizio e prima 

della prima dose di 
SABA 

–30

–20

–10

0

–13.8
–10.6

30% inibizione
(p=0.009)

SalmeteroloMontelukast

N=153

Tutti in FP 100 mcg x 2

Gruppo A: + Salmeterolo 50 
mcg x 2

Gruppo B: + MK, 5mg

Fogel RB. Effect of montelukast or salmeterol added 
to inhaled fluticasone on exercise-induced 

bronchoconstriction in children Ann Allergy Asthma 
Immunol. 2010;104:511–7

Montelukast vs. salmeterolo – asma da sforzo
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There is inconsistent evidence from crossThere is inconsistent evidence from cross--sectional studies sectional studies 
for an association between swimming pool attendance for an association between swimming pool attendance 
and the risk of asthma in childhoodand the risk of asthma in childhood

5,700 children with prospectively collected data on5,700 children with prospectively collected data on
swimming and respiratory symptoms and measurementsswimming and respiratory symptoms and measurements

Nuoto ed asma Nuoto ed asma 

Font-Ribera L. Swimming pool attendance, asthma, allergies, and lung function in the Avon 
Longitudinal Study of Parents and Children cohort. Am J Respir Crit Care Med. 2011;183:582-8



At 7 years, > 50% swam once per week or more. At 7 years, > 50% swam once per week or more. 

Swimming frequency vs. rhinitis, wheezing, asthma,Swimming frequency vs. rhinitis, wheezing, asthma,
eczema, hay fever, asthma medication: nseczema, hay fever, asthma medication: ns

Swimming frequency vs. rhinitis, wheezing, asthma,Swimming frequency vs. rhinitis, wheezing, asthma,
eczema, hay fever, asthma medication in atopics: nseczema, hay fever, asthma medication in atopics: ns

Nuoto ed asma Nuoto ed asma 

Font-Ribera L. Swimming pool attendance, asthma, allergies, and lung function in the Avon 
Longitudinal Study of Parents and Children cohort. Am J Respir Crit Care Med. 2011;183:582-8



Children with a high vs low cumulative swimming poolChildren with a high vs low cumulative swimming pool
attendance from birth to 7 years: attendance from birth to 7 years: 

OR 0.88 (95% CI 0.56OR 0.88 (95% CI 0.56––1.38) for ever asthma 1.38) for ever asthma 
OR 0.50 (95% CI 0.28OR 0.50 (95% CI 0.28––0.87) for current asthma at 7 years 0.87) for current asthma at 7 years 

Swimming associated with higher lung function and fewer Swimming associated with higher lung function and fewer 
respiratory symptoms, particularly among children with respiratory symptoms, particularly among children with 
asthmaasthma

Nuoto ed asma Nuoto ed asma 

Font-Ribera L. Swimming pool attendance, asthma, allergies, and lung function in the Avon 
Longitudinal Study of Parents and Children cohort. Am J Respir Crit Care Med. 2011;183:582-8
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“Meanwhile, the chlorine levels and temperature in 
swimming pools should be carefully regulated, indoor 

pools should be properly ventilated and bathers should 
be told about how good personal hygiene can reduce the 

irritant nature of swimming pool environments.”



1. Nuoto sì

2. Attenzione alla qualità dell’aria 

3. Attenzione alla qualità delle acque (UV?... Biguanidi?…) 

4. PRACTALL!

Nuoto ed asma Nuoto ed asma 

Bacharier LB, Boner A, Carlsen KH, et al European pediatric asthma group. Diagnosis and 
treatment of  asthma in childhood: a PRACTALL consensus report. Allergy2008;63:5–34.
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