
and shock. The provocative dose of aspirin was insuffi-
cient to block urinary COX metabolites—PGE2-M and
11-dehydro-TXB2. In fact, levels of both these metabolites
rose rather than declined. This indicates that a patient with
unusually high overproduction of cys-LTs was extremely
susceptible to pharmacological inhibition of COXs, at the
doses that did not depress any systemic metabolites of
these enzymes. Reactions to both drugs were accompanied
by an increase in PGD2, the marker of mast cell activa-
tion.7 Thus, this cell seemed critical for triggering of an
acute episode, progressing to a life-threatening shock
when cys-LTs were involved by aspirin.

Our patient produced extreme amounts of cys-LTs, and
the severity of the respiratory reactions during aspirin
challenge was reported8 to be associated with the degree of
baseline LTE4 urinary excretion. We suspect that massive
cys-LTs overproduction was related to severe chronic rhi-
nosinusitis9 and inheritance of 1 genetic variant of LTC4

synthase. The remarkable efficacy of the leukotrienes bio-
synthesis inhibitor, zileutone,10 which caused a regression
of sinusitis concurrently with a return of urinary LTE4 to
the normal range, suggests that the patient’s upper airway
inflammation was mediated mainly by cys-LTs. Thus, in a
patient with severe sinusitis and asthma, pharmacologic
inhibition of leukotriene biosynthesis might be a worthy
therapeutic option.
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Swimming pool attendance and exhaled
nitric oxide in children

To the Editor:
In Western countries many children regularly attend

indoor swimming pools, and swimming is recommended
as the most appropriate sport for asthmatic children.1 In
the last few years, however, a certain interest has focused
on the potentially harmful effects of chronic lung exposure
to low concentrations of the chlorine derivatives that are
used to disinfect the water in swimming pools.2,3 Free
chlorine reacts with substances containing nitrogen (eg,
sweat and urine) to form byproducts that can be detrimen-
tal to the respiratory system.2 The most important of these
byproducts seems to be nitrogen trichloride, a trichlor-
amine that is almost insoluble in water and consequently
highly concentrated in the air above the surface of the
water. Bernard et al2 recently showed that, in children
who regularly attend swimming pools, serum surfactant
proteins, biomarkers of lung epithelial damage, are in-
creased, and their concentrations correlate with serum
IgE levels. Moreover, these authors found a significant as-
sociation between asthma prevalence and swimming pool
attendance, suggesting that repeated exposure to chlorine
derivatives can predispose to asthma development.2,4

Exhaled nitric oxide (NO) levels are significantly
increased in asthmatic patients, and they are considered
an accurate biomarker of eosinophilic airway inflamma-
tion.5,6 The maneuver required to measure exhaled NO is
quick and can easily be performed by children starting
from the age of 4 years.7

Moving from the above-reported findings, we hypoth-
esized that if chlorine exposure is associated with asthma
development, then increased concentrations of exhaled
NO, as a marker of eosinophilic airway inflammation,
should be detectable in children regularly attending
swimming pools.

To test this hypothesis, children attending a primary and
a secondary school in Padova were asked to perform
fractional exhaled NO (FENO) measurement. FENO was
measured with the NIOX system (Aerocrine, Stockholm,
Sweden)8 by using a single-breath online technique, with
a target expiratory flow of 50 mL/s, according to the
American Thoracic Society/European Respiratory Society
recommendations.7 Two hundred forty-one subjects were
enrolled in the study. After obtaining written consent from
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TABLE I. Demographic characteristics and clinical history of the studied population

Total sample

(n 5 241)

Non-SP children

(n 5 141)

SP children

(n 5 100)

n % n % n % P value

Demographic data

Age (y), median (IQR) 9 (7-10) 9 (8-10) 7 (7-10) .001*

Female sex 121 50.2 72 51.1 49 49.0 .752�
Anamnestic data

Atopic diseases in the family 85 35.3 49 34.7 36 36.0 .842�
Upper airway infection in last week 76 31.5 44 31.2 32 32.0 .896�
Asthmatic symptoms 43 17.8 26 18.4 17 17.0 .774�
Allergic rhinitis 43 17.8 25 17.7 18 18.0 .957�
Atopic eczema 40 16.6 28 19.9 12 12.0 .106�
Passive smoke exposure 24 10.0 16 11.3 8 8.0 .393�

SP, Swimming pool.

*Student t test.

�x2 test.

FIG 1. Distribution of FENO by swimming pool attendance. Box plots represent medians and IQRs. The error

bars extend to the upper and the lower adjacent value, which is defined as the largest data point less than

or equal to 75th percentile 1 1.5 3 IQR and the smallest data point greater than or equal to 25th percentile 1

1.5 3 IQR, respectively. Circles represent outliers.
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their parents, children were given a modified International
Study of Asthma and Allergies in Childhood (ISAAC)
questionnaire,9 with additional questions on swimming
pool attendance (they were asked whether they were regu-
larly attending a swimming pool, since when, and for how
many hours a week). We classified as swimming pool
attendees (SP children vs non-SP children) those children
who, at the time of recruitment for the study, had been
attending an indoor swimming pool for at least 6 months
and for at least 1 hour a week. The study was reviewed
and approved by the ethics committee of our hospital.

One hundred children were regularly attending a
swimming pool, and 141 were not. The children’s demo-
graphic characteristics and clinical history, considering
the group as a whole and the 2 subgroups, are given in
Table I. The distribution of FENO levels is presented in
Fig 1. The median values of FENO and interquartile ranges
(IQRs) were similar in the 2 subgroups: 9.9 ppb (IQR, 7.1-
14.6) in non-SP children and 10.5 ppb (IQR, 7.2-15.4) in
SP children (P 5 .4, median test). The number of outliers
was also similar: 15 in the non-SP group and 11 in SP
group. FENO levels higher than 75 ppb were found in
6 subjects (1 non-SP child and 5 SP children), all with
self-reported (International Study of Asthma and Allergies
in Childhood questionnaire) personal or family histories of
atopic diseases. Multiple linear regression was performed
to control confounding in the relationship between FENO

and swimming pool attendance. Because of the marked
skewness of FENO values, robust methods10 were used
(STATA 8; Stata Corp, College Station, Tex). FENO levels



Correlation of FCERIB gene haplotypes
with histamine release from basophils
in atopic asthma

To the Editor:
The pathophysiologic features of atopic disorders,

including atopic asthma, consist of enhanced IgE produc-
tion, increased mediator release from inflammatory cells,
and hypersensitivity of target organs.1 The interaction be-
tween allergen-specific IgE and its high-affinity receptor,
FceRI, which is present on the surface of human mast cells
and basophils, is the key to the onset and propagation of
allergic diseases.2
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were not different in children attending and not attending
swimming pools (mean difference, 0.43 ppb; 95%
CI, 20.79 to 1.65), whereas they were higher both in chil-
dren with upper airway infections in the last week (mean
difference, 2.20 ppb; 95% CI, 0.85 to 3.55) and in those
who had a history of asthmatic symptoms (mean differ-
ence, 2.51 ppb; 95% CI, 0.75 to 4.27).

Therefore the present study showed that FENO level, an
exhaled biomarker of eosinophilic airway inflammation,
is similar in children who regularly attend a swimming
pool and in those who do not.

The potentially harmful effect of chlorinated substances
on the respiratory health of swimmers and persons work-
ing at swimming pools has only lately become a matter of
interest.3 Helenius et al11 demonstrated increased bron-
chial responsiveness and mild eosinophilic and lympho-
cytic airway inflammation in highly trained competitive
swimmers. These elite swimmers used to train for up to
30 hours a week, actively inhaling large amounts of air
right above the water surface, where nitrogen trichloride
concentrations are reportedly in the range of 0.14 to 0.8
mg/m3.2 Conversely, the children enrolled in our study
were recreational swimmers attending the pool for an
average 1.7 hours a week, which is probably typical of
the time spent at the pool by children attending swimming
lessons. Our findings suggest that this level of exposure to
chlorine derivatives does not induce eosinophilic inflam-
mation in children, as reflected by exhaled NO levels. In
keeping with this result, we found no difference in asthma
symptoms between SP and non-SP children.

Although our data lead us to believe that an asthma-
like inflammation in the airways of SP children is un-
likely, few data are available in human subjects on the
pathobiology of chlorine-induced lung damage, and we
cannot rule out an underlying inflammatory response
driven by cells other than eosinophils and unrelated to
FENO levels.

In the present study we also evaluated several other
variables potentially related to exhaled NO, and we found
a significant correlation between FENO levels and a per-
sonal history of asthma and of recent upper airway infec-
tion, confirming previous results.12

In conclusion, we found that children regularly attend-
ing indoor swimming pools for 1 to 2 hours a week do not
have increased FENO levels, suggesting that intermittent
exposure to chlorine derivatives does not induce eosino-
philic airway inflammation. Further studies might be use-
ful to evaluate whether such exposure can induce any
other inflammatory responses in the airways of recrea-
tional swimmers.
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