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Abstract

Background: Studies that investigated the association between the CC16

A38G polymorphism and the risk of asthma yielded conflicting results. The

aim of this study among schoolchildren was to assess the relationships of CC16

A38G polymorphism with aeroallergen sensitization and fractional exhaled

nitric oxide (FeNO), two outcomes predicting asthma later in life.

Methods: The study included 139 children (72 boys), median age of 7.7.

Information on each child's health, lifestyle, and environment was collected

through a questionnaire completed by their parents. CC16 genotypes were

determined using urinary DNA. We measured FeNO, the CC16 protein in

urine and nasal lavage fluid and aeroallergen‐specific immunoglobulin E in

nasal mucosa fluid.

Results: Children with the homozygous mutant CC16 38AA genotype had

higher odds of increased FeNO (>30 ppb) compared with their peers with the

wild‐type genotype 38GG (OR, 9.85; 95% CI, 2.09‐46.4; P= .004). This asso-

ciation was female gender specific (P= .002) not being observed in boys

(P= .40). It was also independent of allergic sensitization, which yet emerged

as the strongest predictor of FeNO along with the use of bleach for house

cleaning. Children with the CC16 38AA genotype had lower covariates‐
adjusted urinary CC16 levels than those with 38GG (median, μg/L, 1.17 vs

2.08, P= .02).

Conclusion: Our study suggests that the CC16 38AA allele promotes airway

inflammation as measured by FeNO through a gender‐dependent association.
Deficient levels of CC16 in the deep lung, measured noninvasively in urine, as

a possible proxy for serum CC16, might underlie this promoting effect.
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1 | INTRODUCTION

The club cell protein (hereafter referred to as CC16, for-
merly known as urine protein 1, uteroglobin, CC10, or
Clara cell protein) is a small protein (16 kDa) mainly
produced by club cells in the distal bronchioles of the
lung, by nasal epithelium cells and all along the trachea‐
bronchial tree.1,2 In healthy individuals, CC16 secreted in
the lining fluid of the respiratory tract, leaks in small
amounts across the airway epithelium into the blood
from where it is rapidly cleared by glomerular filtration.2

The biological function of CC16 has not yet been
fully elucidated. However, anti‐inflammatory and im-
munomodulatory properties3,4 including a protective role
of CC16 in the respiratory tract are supported by a range
of studies associating lower levels of serum CC16 with
decreased lung function and increased risks of a number
of respiratory diseases.5‐7 Among them is asthma, for
which several studies in children have also shown that
elevated fractional exhaled nitrogen oxide (FeNO) values
are predictive of developing asthma and impaired lung
function later in life.8

In addition to being a potential biomarker of future
lung diseases, serum CC16 is a well‐documented bio-
marker of the airway epithelium integrity. Serum CC16
rapidly rises when the airway epithelial barrier is dis-
rupted by inflammatory processes or respiratory irritants
such as ozone.9 When the epithelial barrier is preserved,
serum CC16 is a reflection of the number of club cells in
the deep lung, which are known to be reduced following
chronic exposure to a variety of air pollutants including
tobacco smoke and chlorination products in swimming
pools.2,7 There is also evidence of inherited variations in
the CC16 gene expression that, according to some stu-
dies, might predispose to respiratory diseases. Indeed,
one of the most investigated identified CC16 poly-
morphisms is characterized by an adenine to a guanine
substitution at position 38 (A38G). Some studies have
reported associations between this polymorphism and
both reduced serum levels of CC16 and an increased in-
cidence of asthma.10,11 These findings, however, were not
always confirmed.12

The measurement of CC16 in serum is not always
possible, especially in children, due to ethical reasons.
Therefore, noninvasive samples such as urine and nasal
lavage fluid (NALF) can be used as alternatives for CC16
measurements.13,14 However, an adjustment is required
for variations in the epithelial lining fluid (ELF) recovery
and for the physiological variations of urine dilution and
protein tubular reabsorption capacity in respectively the
NALF and urine, to allow correct interpretation of
the results. Usually, NALF urea and urinary creatinine
are used for this adjustment but the latter only accounts

for correcting for variations in dilution in urine and not
for tubular reabsorption capacity. Instead, the use of a
protein with similar biochemical properties and size as
CC16 and which is not influenced by the investigated
conditions, would be more suitable as adjuster for protein
tubular reabsorption and variations in dilution. The
retinol‐binding protein 4 (RBP4) was previously de-
scribed as a functional biomarker of tubular function.15,16

Due to its small size (21.2 kDa) it is rapidly eliminated
from plasma by glomerular filtration, then reabsorbed
and catabolized in the proximal tubular cells. Levels are
expected to be low in healthy individuals, but increase
considerably with changing renal tubular function, for
instance influenced by exercise or medication intake.
Therefore, urinary RBP4 might be considered as a sen-
sitive index of the kidney's ability to reabsorb low mole-
cular weight proteins in the proximal tubuli. However,
this protein was not yet investigated as a potential ad-
juster of variations in dilution and tubular reabsorption
capacity when measuring urinary CC16 levels in a
population‐based study involving young children.

In the present study among young schoolchildren, we
used noninvasive tests to explore the associations of CC16
A38G genotypic status with exhaled nitric oxide (FeNO)
and allergic sensitization, both predictors of asthma.17

We also examined whether variations in the expression of
CC16 linked to the A38G genotypes are reflected by levels
of CC16 in urine or NALF.

2 | MATERIALS AND METHODS

2.1 | Population

The urine and NALF samples were collected from chil-
dren recruited in the framework of a 2‐year (2008‐2010)
prospective epidemiological study on the impact of en-
vironmental stressors on the child's health. Parents
completed a questionnaire inquiring about the child's
health, lifestyle, and environment. Children participated
in the study with the signed informed consent of their
parents and their oral assent at the time of examination.
The Ethics Committee of the Faculty of Medicine of the
Catholic University of UCLouvain approved the study
protocol. More details regarding the study set‐up can be
found elsewhere.14,18

2.2 | Sample collection and analyses

The protocols for the collection of urine and NALF are
described in detail elsewhere.14,18 The concentration of
nitric oxide (FeNO) was measured in exhaled air with the
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NIOXTM analyzer (Aerocrine AB, Solna, Sweden) by fol-
lowing the guidelines of the American Thoracic Society.
For diagnosing increased FeNO values, we used a cut‐off
of 30 ppb, which in our study corresponded to the 95th
percentile of baseline values, excluding subjects with
asthma or allergic diseases. Aeroallergen sensitization was
screened by performing the Rhinostick test, a noninvasive
test with similar sensitivity but with a greater specificity
than the skin‐prick tests.19 The test, screening specific
immunoglobulin E (IgE) to cat dander, house dust mite
(HDM) and grass, weeds, or tree pollen, was calibrated
with serum standards and was categorized as positive at
specific IgE≥ 0.35 kIU/L.20 The concentrations of urinary
CC16, NALF CC16 and urinary RBP4, selected as potential
adjuster for variations in dilution and tubular reabsorption
capacity, were measured using immunoassays as described
elsewhere.21,22 Urea and creatinine were quantified with
the Beckman Synchron CX5 Delta Clinical System. To
correct for variations in the ELF recovery, we expressed
CC16 in NALF as raw concentrations or as concentrations
adjusted to the median NALF concentration of urea. The
concentrations of CC16 in urine were expressed as raw
concentrations or as a ratio to urinary creatinine. Ad-
ditionally, the urinary CC16 was adjusted for the physio-
logical variations of dilution and protein tubular
reabsorption capacity with the geometric mean of RBP4 on
the basis of the regression coefficient between the two
proteins as obtained by multiple regression analysis
(log‐log correlation, R2 = .097; P< .001). The screening of
aeroallergen‐specific IgE and the FeNO test were suc-
cessfully performed for a total of 139 schoolchildren who
were retained for this study. Data for protein quantifica-
tion in urine and NALF were missing for two subjects
while CC16 and urea concentrations in NALF were
missing for 9 and 32 subjects, respectively.

2.3 | DNA extraction from the urine
samples and genotyping assay

DNA was extracted from urine from the existing biobank,
followed by conducting the genotyping assay for the SNP
(single‐nucleotide polymorphism) CC16 A38G polymorph-
ism as previously described.23 The CC16 SNP genotyping
was successfully performed for the 139 schoolchildren.

2.4 | Statistical analyses

All continuous variables were described as median with
interquartile range (IQR). A log transformation was used
for the normalization of FeNO values and of CC16 and
RBP4 concentrations. Depending on the type of variable,

the differences between boys and girls were compared
with the χ2 test, the Wilcoxon‐Mann‐Whitney test, the
Mann‐Whitney U test or Student's t test. Differences in
CC16 and FeNO levels across CC16 A38G genotypes were
assessed by analysis of variance (ANOVA) followed by
the Dunett post hoc test. The determinants of FeNO were
identified through backward stepwise regression analyses
by testing as potential predictors gender, CC16 A38G
genotypes, sensitization to HDM, pollen or cat dander,
house cleaning with bleach, parental smoking or asthma,
breastfeeding, day care attendance, living less than 100m
from a busy street, and lifetime hours of chlorinated pool
attendance. The CC16 genotypes and chlorinated pool
attendance (tertiles) were tested as dummy variables. The
logistic regression models were used to investigate the
association between high FeNO values (>30 ppb) and
the CC16 38A/G genotypes, while adjusting or stratifying
for significant covariates identified by multiple regression
analysis. Multiple and logistic regression analyses models
were also run by adding an interaction term between
gender and the CC16 38A/G genotypes. Trends of higher
FeNO odds across the different CC16 A38G genotypes
were assessed using the Cochran Armitage test. All
analyses were performed using JMP Pro version 14 (SAS
Institute Inc, Cary, NC). All P values were two‐sided with
the level of statistical significance set at P< .05.

3 | RESULTS

The characteristics of the children are described in Table 1,
showing no meaningful differences between boys and
girls. The cohort included 139 children (72 boys) with a
median age of 7.7 years. Thirty‐one children (22.3%) had
ever been diagnosed with asthma, hay fever, or perennial
allergic rhinitis. Almost all children had ever attended a
chlorinated swimming pool and 34 (24.5%) of them were
living in a house cleaned with bleach.

Table 2 shows the results of biomarker measure-
ments, of the CC16 A38G genotyping in children for both
sexes and does not show any meaningful differences be-
tween both genders. In our study, 25% of children were
sensitized to any aeroallergen, 18% to HDM, 17% to
pollen, and 6% to cat dander. The prevalence of
FeNO> 30 ppb was significantly higher in children with
ever asthma (36.8%; P= .002) and in those sensitized to
aeroallergens (HDM, 24.3%; P= .03; pollen, 27.3%;
P= .047; cat dander, 36.4%; P= .02). Results of CC16
A38G genotyping indicate that 51% of the children are
homozygous wild‐type 38GG, 38% are heterozygous
38AG, and 11% are homozygous mutant 38AA. The
concentrations of CC16 in NALF, crude or adjusted, did
not correlate with that in urine, crude or adjusted.
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TABLE 1 Characteristics of the
investigated children (n = 139)

Boys Girls P value

Children, N (%) 72 (51.8) 67 (42.8) .32

Age, y, median (IQR) 7.7 (7.4‐7.9) 7.7 (7.4‐7.9) .32

BMI, kg/m², median (IQR) 16.3 (15.2‐17.5) 15.9 (15.0‐17.8) .91

Parental asthma, N (%) 8 (11.1) 8 (11.9) .88

Smoking during pregnancy, N (%) 10 (13.9) 8.0 (11.9) .73

Day care attendance, N (%) 35 (48.6) 36 (53.7) .55

Breastfeeding, N (%) 60 (83.3) 52 (77.6) .39

Older siblings, N (%) 43 (43) 33 (50) .21

Parental smoking, N (%) 22 (30.6) 19 (28.4) .78

Living <100m from a busy road, N (%) 42 (58.3) 36 (53.7) .58

House cleaning with chlorine bleach, N (%) 15 (20.8) 19 (28.4) .30

Indoor and/or outdoor chlorinated pools

Ever attendance, N (%) 69 (95.8) 64 (95.5) .93

Lifetime attendance, hours, median (IQR) 231 (87‐406) 224 (78‐406) .96

Doctor‐diagnosed respiratory diseases, N (%)

Asthma 7 (9.9) 4 (6.0) .40

Perennial allergic rhinitis 6 (8.3) 3 (4.6) .85

Hay fever 7 (9.9) 5 (7.5) .52

Abbreviation: IQR, interquartile range.

TABLE 2 Allergic sensitization,
urinary, and NALF protein biomarker
concentrations

Boys (N= 72a) Girls (N= 67a) P value

Aeroallergen‐specific nasal IgE, N (%)

Any aeroallergen 23 (31.9) 25 (37.3) .51

House dust mite 18 (25.0) 19 (28.4) .65

Cat dander 7 (9.7) 5 (7.5) .64

Pollen 11 (15.3) 12 (17.9) .68

NALF biomarkers, median (IQR)

CC16, μg/L 28.7 (13.5‐47.5) 40.8 (19.3‐75.8) .02

Urea, mg/L 80.5 (63.0‐103) 62.5 (49.3‐89.3) .048

CC16 adjusted for urea, μg/mg 36.4 (16.5‐55.5) 69.1 (26.9‐131) .123

Urine biomarkers, median (IQR)

CC16, μg/L 1.9 (1.7‐2.1) 2.5 (1.6‐4.3) .28

Creatinine, g/L 0.96 (0.7‐1.3) 0.99 (0.63‐1.18) .31

RBP4, μg/L 87.1 (57.5‐112) 92.3 (63.4‐128) .54

CC16, μg/g creatinine 2.1 (1.2‐3.7) 1.4 (0.7‐3.3) .043

CC16 adjusted to RBP4, μg/L 2.4 (1.5‐4.6) 2.1 (1.3‐4.2) .26

CC16 SNP A38G genotype, N (%)

Homozygous wild‐type (CC16 38G/G) 36 (50.0) 36 (53.8)

Heterozygous mutant (CC16 38A/G) 27 (37.5) 25 (37.3) .78

Homozygous mutant (CC16 38A/A) 9 (12.5) 6 (9.0)

FeNO, ppb, median (IQR) 10.4 (7.7‐18.7) 9.9 (1.7‐13.9) .24

FeNO> 30 ppb, N (%) 10 (13.9) 9 (13.4) .94

Abbreviations: FeNO, fractional exhaled nitric oxide; IgE, immunoglobulin E; IQR, interquartile range;
NALF, nasal lavage fluid; ppb, parts per billion.
aNumbers of boys and girls: 55 and 52 for NALF biomarkers; 71 and 66 for urine biomarkers.
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There were no significant variations in the crude or urea‐
adjusted NALF concentrations of CC16 across the three
genotypes. By contrast, as shown in Figure 1, the
covariates‐adjusted concentrations of urinary CC16 were
significantly lower in children with the mutant 38AA
genotype. While the prevalence of doctor‐diagnosed
asthma, hay fever, or allergic rhinitis did not vary be-
tween the three genotypes, children with the 38AA
genotype had significantly higher FeNO levels than those
with the 38GG genotype (geometric mean 18.6 vs
10.5 ppb; P= .03). This finding was confirmed by the
multiple regression analysis showing that the log‐
transformed FeNO correlated positively with the mutant
38AA genotype (coefficient, 0.23; 95% confidence interval
[95% CI], 0.06 to 0.40; P= .008), the use of bleach for
house cleaning (coefficient, 0.23; 95% CI, 0.11 to 0.36;
P<.001) and the sensitization to any aeroallergen (coef-
ficient, 0.10; 95% CI, 0.04 to 0.16; P= .002). The model
also retained the female gender (coefficient, −0.08; 95%
CI −0.18 to −0.024; P= .13) and the interaction term
between the female gender and the 38AA genotype
(coefficient, 0.27; 95% CI −0.07 to 0.61; P= .13). On
average children living in a house cleaned with bleach
had FeNO levels 50% higher and a prevalence of elevated
FeNO more than four times higher than those not living
in a such a house (geometric mean 15.4 vs 10.1 ppb;
P= .002; FeNO> 30 ppb; 32.4% vs 7.6%; P< .001).

Similarly, the sensitization to any aeroallergen, increased
the geometric mean of FeNO by 58.5% (15.5 vs 9.77 ppb;
P= .002) and the prevalence of elevated FeNO by a factor
of 2.6 (FeNO> 30 ppb; 22.9% vs 8.8%; P= .04). This in-
creased prevalence of elevated FeNO among the children
sensitized to any aeroallergen, was more pronounced in
boys (40.0% vs 7.0%; P= .004) than in girls (26.3% vs 8.5%;
P= .11). Likewise for the association of FeNO with the
CC16 A38G polymorphism, the prevalence of elevated
FeNO with house cleaning bleach was significantly in-
creased in children not sensitized to any aeroallergen
(FeNO> 30 ppb; 30.0% vs 2.8%; P= .001) but not in those
sensitized (35.7% vs 17.7%; P= .26).

The odds of elevated FeNO (>30 ppb) were calculated
according to the CC16 genotypes while adjusting or
stratifying for the other significant predictors identified
by the multiple regression analysis. As shown in Table 3,
when considering the entire population, children with
the 38AA genotype were about 10 times more likely to
have an elevated FeNO with a statistically significant
trend across the three genotype groups. Of interest, these
associations between FeNO and the CC16 38AA genotype
were if anything strengthened by excluding children
sensitized to any aeroallergen. The stratification by gen-
der revealed that these associations were driven by girls,
being stronger by excluding boys (Ptrend = .0001) while los-
ing their statistical significance without girls (Ptrend = .71).
This interaction with the female gender also emerged when
running the logistic regression model with the gender and
38AA genotype interaction term (odds ratio [OR], 15.8;
95% CI, 2.72 to 127, P= .01). When considering only girls or
non‐sensitized children, the prevalences of elevated FeNO
were also increased in subjects with the heterozygote 38AG
genotype but without reaching the level of statistical
significance.

4 | DISCUSSION

To our knowledge, our study is the first to report a po-
sitive association between the CC16 A38G polymorphism
and the levels of FeNO. Children with the 38AA genotype
had up to a 10‐fold increased odds of elevated FeNO
compared with their peers with the 38GG genotype. This
association emerged mainly in girls and was independent
of the atopic status. Among girls and among non‐
sensitized subjects, there was a borderline significant
trend for an increase prevalence of elevated FeNO among
children with the heterozygote 38AG genotype.

The CC16 A38G polymorphism is the main genetic
determinant of serum CC16, a biomarker reflecting the
amount of CC16 secreted in the deep lung. As previously
reported, children with the mutant 38AA genotype show

FIGURE 1 Covariates‐adjusted urinary CC16 according the
CC16 A38G genotypes of all the participating children. The
middle horizontal bars represent the median values; the upper
and lower limits of the boxes, the interquartile range; and the
whiskers, the 10th and 90th percentiles. Urinary CC16 level was
adjusted for urinary RBP4 and lifetime cumulative attendance
at chlorinated pools. P values denote the level of statistical
significance by the Dunett post hoc test for the comparison with
the 38GG genotype
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reduced plasma levels compared with the 38GG
genotype.5 In light of the anti‐inflammatory properties of
CC16, the association between FeNO and the CC16 A38G
polymorphism, as found in this study, is most probably
due to the lower intrapulmonary pool of this secretory
protein in subjects with 38AA genotype. Of interest also,
this association is characterized by a strong female
gender specificity. Female‐dependent associations with
genetic polymorphisms are not uncommon and have
been reported for a variety of health conditions or dis-
eases including asthma.24,25 A modifying effect of gender
was however, not described in studies that have explored
the association between asthma and the A38G poly-
morphism. It is unclear whether this is because these
studies found no influence of gender or simply because
they did not investigate this issue. Further studies are
needed to investigate in more depth the reason for this
female gender‐specific association of elevated FeNO with
the CC16 A38G genotype. Of note also, the association
between the CC16 A38G polymorphism and FeNO was
independent of atopy, suggesting that the CC16 38A al-
lele predisposes to an increase of FeNO independently of

the Th1/Th2 processes. A similar observation was made
by Candelaria et al,26 who found a minimal influence of
atopic status on the increased risk of asthma in adults
with the 38AA genotype.

Several studies among children have shown that a
high FeNO is predictive of developing asthma and im-
paired lung function later in life.8 The predictive value of
an elevated FeNO level was established using FeNO cut‐
off values between 22 and 35 ppb, which are rather
comparable to that used in our study.27,28 FeNO predicts
asthma risk mostly in subjects with aeroallergen‐specific
IgE (especially HDM), which, as also observed in our
study, is strongly associated with elevated FeNO levels.
Data are lacking regarding the predictive value of in-
creased FeNO in non‐atopic children, who according to
our study, are the most concerned by the association
between FeNO and the CC16 A38G polymorphism. The
study by Caudri et al17 showed that in schoolchildren,
FeNO predicts asthma independently of IgE levels when
combined with other risk factors such as maternal asth-
ma or eczema. The increased odds of FeNO associated
with the 38AA genotype independently of atopy might

TABLE 3 Odds ratios (OR) (with 95% confidence interval [CI]) of elevated FeNO according to CC16 single‐nucleotide polymorphism
(SNP) genotype in all children or in children stratified according to aeroallergen sensitization or gender

OR (95% CI)

n/N (%) Unadjusted Adjusteda P P trend

All children

CC16 38G/G 6/71 (8.5) 1.0 (1.0‐1.0) 1.0 (1.0‐1.0) .0045

CC16 38A/G 7/53 (13.2) 1.71 (0.54‐5.43) 2.26 (0.62‐8.30) .22

CC16 38A/A 6/15 (40.0) 7.33 (1.94‐27.7) 9.85 (2.09‐46.4) .004

Children sensitized to any aeroallergen

CC16 38G/G 5/28 (17.9) 1.0 (1.0‐1.0) 1.0 (1.0‐1.0) .044

CC16 38A/G 2/13 (15.4) 0.84 (0.14‐5.01) 1.11 (0.16‐7.62) .91

CC16 38A/A 4/6 (66.6) 9.20 (1.30‐64.9) 11.7 (1.44‐94.0) .02

Children not sensitized to any aeroallergen

CC16 38G/G 1/43 (2.3) 1.0 (1.0‐1.0) 1.0 (1.0‐1.0) .024

CC16 38A/G 5/38 (12.8) 6.36 (0.71‐57.1) 9.48 (0.74‐121) .08

CC16 38A/A 2/9 (22.2) 12.0 (0.96‐151) 40.4 (1.71‐951) .02

Girls

CC16 38G/G 1/36 (2.8) 1.0 (1.0‐1.0) 1.0 (1.0‐1.0) .0001

CC16 38A/G 4/25 (16.0) 6.67 (0.70‐73.7) 8.97 (0.84‐95.6) .07

CC16 38A/A 4/6 (66.7) 70.0 (5.13‐956) 107 (5.92‐1940) .002

Boys

CC16 38G/G 5/36 (13.9) 1.0 (1.0‐1.0) 1.0 (1.0‐1.0) .71

CC16 38A/G 3/27 (11.1) 0.78 (0.17‐3.57) 0.65 (0.10‐4.25) .66

CC16 38A/A 2/9 (22.2) 1.77 (0.28‐11.1) 2.17 (0.26‐17.8) .40

Abbreviations: FeNO, fractional exhaled nitric oxide; n, number of children with elevated FeNO according to the specified CC16 38A/G SNP; N, number of
children with the specified CC16 38A/G.
aAdjusted for cleaning with bleach and for sensitization to any aeroallergen.
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similarly be predictive of asthma risk whether or not
associated with atopy.

The originality of our study in schoolchildren is that it
relied entirely on noninvasive biomarkers. Urinary DNA
was used for the CC16 SNP A38G genotyping assay, and
has recently been shown to be a reliable biofluid, if saliva
is not available.23 The observed allele frequencies followed
the same trend as frequencies described by the 1000
Genome Project (45% 38GG, 44% 38AG, 11% 38AA for the
CC16 A38G SNP).29 The slight deviation can be due to the
relatively small sample size of our study and presumably
also to ethnicity differences between our population and
that of the 1000 Genome Project. Because blood samples
were not available for measuring serum CC16, we used the
concentrations of CC16 in urine or NALF as surrogate
markers. The lack of association between CC16 levels in
NALF and CC16 A38G is most probably due to the diffi-
culty of properly adjusting NALF levels of CC16 for the
variable recovery of CC16 by NALF and the physiological
factors influencing the building up of the protein in the
nasal ELF.13 The proper adjustment of the urinary CC16
levels was investigated with RBP4, a protein with similar
biochemical properties and size to CC16, which has been
described to be a classical protein candidate for tubular
function.15,16 Interestingly, urinary CC16 adjusted for
RBP4 and chlorinated pool attendance was significantly
reduced in children with 38AA as compared with those
with the wild‐type 38GG. This decrease of urinary CC16
most likely mirrors the decrease of serum CC16 reported
by Laing et al10 in subjects with the 38GG genotype.

The strong association of bleach house cleaning with
FeNO is a rather unexpected finding as previous studies
among domestic cleaners using bleach or among ado-
lescents consistently reported no association between
FeNO and the use of bleach.30,31 This inconsistency
might perhaps be explained by the younger age of our
children and thus their greater sensitivity to the irritating
effects of chlorine released from bleach.

Our study presents several limitations linked to the
young age of children, which reduced the participation
rate and success rate of the tests performed. The first
limitation is the low numbers of children especially when
stratifying the groups of genotypes according to gender or
the atopic status. Fortunately, this limitation was ba-
lanced out by the particular strong statistical associations
that were unlikely to be explained by chance only.
Moreover, similar studies involving the investigation of
for instance other genetic determinants and FeNO or
sensitization parameters in small subject groups were
also able to demonstrate strong associations.13,32,33

Nevertheless, studies with a higher number of subjects
would be of interest to confirm the results of our study.
Secondly, for ethical reasons we could not collect blood

samples and check whether children with the 38AA
genotype had lower serum levels of CC16 as reported
previously. Thirdly, the lack of quantitative data on the
individual exposure of children to air pollutants and
other stressors may affect the levels of CC16 or exhaled
NO and therefore weaken the associations of these bio-
markers with CC16 A38G genotypes.

In conclusion, our findings suggest that the CC16
38AA allele promotes airway inflammation as measured
by FeNO through a gender‐dependent association. Defi-
cient levels of CC16 in the deep lung as reflected by lower
CC16 urinary levels might underlie this promoting effect.
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