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Background: A high burden of lower airway symptoms is found in elite swimmers. To what extent elite swimmers suffer from

upper airway symptoms and how these associate with nasal inflammation is less clear. We here aimed to evaluate upper airway

symptoms and nasal inflammation in elite athletes.

Methodology: Elite swimmers, indoor athletes and age-matched controls were recruited. Upper airway symptoms were assessed

by sino-nasal outcome test (SNOT)-22 questionnaire. Visual Analogue score (VAS) for nasal symptoms as well as neurogenic and

inflammatory mediators in nasal fluid were assessed at baseline, immediately and 24-hours after sport-specific training. The effect

of hypochlorite on nasal epithelial cells was evaluated in vitro.

Results: Baseline SNOT-22 and VAS for nasal itch and impaired smell were significantly higher in swimmers compared to controls.

Nasal substance P and uric acid levels were increased in elite swimmers 24-hours after swimming compared to baseline. In elite

swimmers, uric acid levels 24-hours post-exercise correlated with baseline SNOT-22. As increased symptoms and inflammation

were found in swimmers but not in indoor athletes, we hypothesized that hypochlorite exposure might be the underlying mecha-

nism. In vitro, the highest dose of hypochlorite decreased nasal epithelial cell integrity and induced release of uric acid.

Conclusion: Upper airway symptoms are frequently reported in elite swimmers. Intensive swimming resulted in a delayed incre-

ase of epithelial injury and neurogenic inflammation.
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Introduction

Elite athletes perform intensive physical exercise on a daily
basis. There is an increased awareness that intensive training is
associated with a higher risk to develop exercise-induced bron-
choconstriction or asthma 2. Upper airway symptoms might be
present in an even higher proportion of athletes; however, this
has been less studied ¢9. A 12-year survey of 650 Italian Olympic

athletes showed the presence of rhinitis in 26% of cases ”. More
recently, 36% of elite athletes had physician-diagnosed rhinitis
@, In elite swimmers, it has been shown that a training session
induced nasal symptoms and reduced Rhinitis Quality of Life
Questionnaire score ©. During exercise, the airflow increases
meaning that the airways of athletes are exposed to increased
passage of air. Hence, more pollutants, allergens as well as ir-
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ritants can enter the airways 9. These factors may lead to airway
epithelial cell injury with the development of airway symptoms
related to asthma and/or rhinitis . Indeed, we previously
demonstrated an increase in damage associated molecular
patterns and pro-inflammatory cytokines in sputum of elite
swimmers 12,

To our knowledge, little research has been conducted to evalu-
ate the effect of intensive sports performance on upper airway
symptoms in elite athletes ">'7. Consequently, we evaluated
nasal symptoms using sino-nasal outcome test-22

(SNOT-22) questionnaire ® and visual analogue scales (VAS) in
elite swimmers, indoor athletes and age-matched controls. We
next evaluated whether sport-specific training, i.e. 90 minutes
swimming for elite swimmers and age-matched controls and a
90 minutes indoor sport-training for indoor athletes, resulted in
more nasal symptoms. Lastly, we evaluated markers for neuro-
genic inflammation and epithelial damage in nasal secretions of
elite athletes.

Subjects and methods

Subjects

Competitive swimmers (n=38) and indoor athletes (n=13; i.e.
volleyball or basketball players) were recruited among Belgian
teams performing at national and international level. Age-mat-
ched controls (n=15) were capable of swimming for 90 minutes
and did not perform sports for more than 4 hours on a weekly
basis. Details on the study protocol are published elsewhere 2,
Swimmers, indoor athletes and controls were initially evaluated
for exercise-induced bronchoconstriction and inflammation of
the lower airways 2. All study participants were evaluated be-
fore, immediately after and 24-hours after an intensive training
session, i.e. 90 minutes indoor swimming for swimmers and age-
matched controls and an indoor sport-specific training session
(either volleyball or basketball) for indoor athletes. All swimmers
trained in chlorinated pools, in identical circumstances as repor-
ted previously "2. Competitive swimmers were studied outside
pollen season as this might affect study outcome. More informa-
tion on the training protocol has been reported previously 2.
Baseline characteristics are depicted in Table 1.

The study was approved by the institutional review board and is
registered at clinicaltrials.gov (NCT01942096). All subjects gave
written informed consent before participation in this study.

Clinical evaluation

Baseline symptoms of upper airways were assessed by Dutch
Total Sino-Nasal Outcome Test (SNOT-22) questionnaire by Picci-
rillo et al. 29, SNOT-22 was divided in five subgroups; i.e. nasal,
paranasal and sleep-related symptoms, and social and emoti-
onal impairment ", VAS scores for runny nose; blocked nose;
facial pain; impaired smell; itchy nose; postnasal drip; sneezing;
and irritation in the nose, were assessed at baseline, immedia-

Table 1. Subject characteristics.

Swim- Indoor Controls P value
mers athletes
Number (n=) 38 13 15
Age (years) 17.0+24 185+1.8 19.2+3.6 18
Gender (M /F) 23/15 8/5 7/8 .05
Atopy (n=) 13 (34%) 3(23%) 4 (27%) 71
Training (years) 9.5+2.3 9.5+2.4 n.a. .97
Training / week (hours)  15.7+3.6  14.8+1.0 <4.0 49
Zﬁg:’::‘e PRV 1ea26)  1(8%)  10%) 007
Ior\nl})alled 2-agonists 2 (5%) 0 0 47
Inhaled corticosteroids 8 (21%) 0 0 .03
Nasal corticosteroids 4(11%) 0 1(7%)

Atopy was defined if skin prick test was positive for at least one aeroal-

lergen.

tely after and 24-hours after the intensive training.

Nasal fluid collection

To collect nasal fluid, a nasal sponge (Ivalon Surgical products,
San Diego, CA, USA: Post-Op Sinus Pack, K9) was weighed and
inserted into one of the nostrils for 5 minutes at three different
time points: baseline, immediately after and 24 hours after
sport-specific training. After 5 minutes, the sponge was removed
and weighed again. A volume of saline was added depending
on the weight of the collected sponge (1/5 dilution). The sponge
was then squeezed and centrifuged at 1500 g at 4°C for 5 mi-
nutes. Supernatant was stored at -20°C upon analysis.

Peak Nasal Inspiratory Flow (PNIF)

Nasal obstruction was evaluated using the peak nasal inspiratory
flow (PNIF) device (Cement Clarkx International, Essex, UK) and
was measured as previously described @2,

Analysis of mediators in nasal fluid

Due to the small volume of nasal fluid that was collected, IL-1p,
IL-6 and TNF were selected for analysis since these have been
shown to be significantly increased in sputum after swimming,
whereas no changes in T cell cytokines were observed (2. IL-1(3,
IL-6 and tumor necrosis factor (TNF) levels were determined in
nasal fluid by Cytometric Bead Array according to the manufac-
turers’ protocol (BD biosciences, Erembodegem, Belgium).

The levels of neuronal proteins Substance P (SP) and Nerve
growth factor (NGF) were determined in the nasal fluid of elite
swimmers as described previously @,
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Uric acid levels were quantified in the nasal fluid of elite swim-
mers by Amplex Red Uric Acid/Uricase Assay kit from Life Tech-
nologies (Carlsbad, CA, USA) according to the manufacturers’
protocol.

Isolation of primary nasal epithelial cells and trans-epitheli-
al electrical resistance measurements

Inferior turbinates of healthy, non-allergic, non-asthmatic, non-
smoking control subjects were used for isolation of nasal epithe-
lial cells (NECs). A highly purified NEC population was obtained
as reported previously 2%, Freshly isolated NECs were seeded on
0.4 um 0.33 cm? transwell inserts (Greiner Bio One, Vilvoorde,
Belgium) at a density of 100.000 cells/transwell. Culture medium
DMEM-F12, supplemented with 100 U/ml penicillin, 100 pg/ml
streptomycin, and 2% Ultroser G (Pall Life Sciences, Hoegaar-
den, Belgium) was refreshed every other day. Once epithelial
cells reached complete confluence, the apical culture medium
was removed to allow further cell differentiation in air-liquid
interface. At day 21 in air-liquid interface, epithelial integrity was
evaluated by trans-epithelial resistance (TER) measurements
using an EVOM/Endohm (WPI Inc, Sarasota, FL, USA).

Effect of hypochlorite on primary nasal epithelial cells inte-
grity and viability

NECs were stimulated at day 21 by adding different concentrati-
ons of hypochlorite (CIO-), a disinfectant with irritant capacities
25: the swimming pool concentration 0.0003% and a 10 and 100
times higher (0.003% and 0.03%) concentration. TER was mea-
sured in function of time and is expressed as relative change to
baseline values. To investigate hypochlorite-induced cytotoxici-
ty, NECs were stimulated with hypochlorite for 24 hours and cell
viability was analyzed via MTT (3-(4,5- dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) assays, as described previously
(26)

Statistical analysis

Data were analyzed using Graphpad Prism 5 (La Jolla, CA, USA).
One-way ANOVA or Kruskal-Wallis test with post-hoc analysis
(Holm-Sidak’s or Dunn’s, respectively) was used to compare
multiple groups. Normality was analyzed prior to group analyses
by Shapiro-Wilk test. Categorical values were compared using
the Fisher exact test. Pearson’s r or Spearman’s p were used to
determine correlations. Values were considered significantly
different when p < 0.05.

Results

Subjects

Baseline characteristics are presented in Table 1. Atopy was
equally distributed amongst the three groups (p=0.86). Previ-
ously physician diagnosed asthma (based on questionnaires)
was significantly higher in elite swimmers (n=16) compared to
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Figure 1. Baseline SNOT-22 scores in controls, elite swimmers and indoor
athletes. A) Total SNOT-22 score is significantly higher in elite swimmers
compared to controls. B), C) Sub-analysis of SNOT-22 scores showed
more nasal- and paranasal symptoms in elite swimmers compared to
controls. Data presented as median and interquartile range. Kruskal-

Wallis test with post-hoc analysis, NS = not significant.

indoor athletes and controls (p<0.01; Table 1). Ten swimmers
were using anti-asthmatic medication (inhaled corticosteroids:
n=8 and inhaled short-acting $2-agonists: n=2). Four swimmers
were using nasal corticosteroids daily.

Elite athletes reported more baseline upper airway symptoms
We first investigated whether elite athletes had more nasal
symptoms at baseline compared to controls. Therefore, upper
airway symptoms were evaluated using SNOT-22 questionnaire
and VAS scores. Elite swimmers scored significantly higher on
the SNOT-22 questionnaire compared to age-matched controls
(p<0.05, Figure 1A). Neither asthma nor atopy was associated
with increased SNOT-22 scores in elite swimmers. A sub-analysis
of baseline SNOT-22 scores showed significantly higher scores
for nasal (p<0.05, Figure 1B) and paranasal symptoms (p<0.01,
Figure 1C) in elite swimmers compared to age-matched con-
trols, which was not found in indoor athletes compared to age-
matched controls (Figure 1B-C).

In line with the SNOT-22 scores for nasal and paranasal
symptoms, baseline VAS for nasal itch (p<0.05, Figure 2A) and
impaired smell (P<0.05, Figure 2B) was significantly higher in
elite swimmers but not in indoor athletes compared to controls.
No significant differences in symptoms were found between
elite swimmers and controls for baseline nasal obstruction,
rhinorrhoea (Figure 2C, D) and sneezing (0.3 (0 - 1.8) vs. 0.2 (0 -
2.1), p=0.92, data not shown).

In contrast, sport-specific training significantly increased
symptoms of rhinorrhoea in indoor athletes immediately after
training, which decreased again after 24-hours to baseline
values (p<0.01, Figure 3A). Rhinorrhoea symptoms were not
affected by sport-specific training in elite swimmers. However,
VAS scores for rhinorrhoea in age-matched controls decreased
instantly after indoor swimming (p<0.05, Figure 3A). Interes-
tingly, VAS for nasal obstruction was significantly lower in elite
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Figure 2. Nasal symptoms at baseline in controls, elite swimmers and indoor athletes. A) VAS for nasal itch and B) VAS for smell impairment are signifi-
cantly higher in elite swimmers compared to controls. C), D) VAS for nasal obstruction and rhinorrhea did not differ between the groups. Data presented

as median and interquartile range. Kruskal-Wallis test with post-hoc analysis. NS = not significant
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Figure 3. Sport-specific training and the development of nasal symptoms. A) Sport specific training induced rhinorrhoea in indoor athletes but not in
elite swimmers. B) Nasal obstruction decreased after 90 minutes swimming in controls and elite swimmers but not in indoor athletes. Friedman test, NS

= not significant.

swimmers and age-matched controls immediately after indoor in indoor athletes (Figure 3B).
swimming compared to baseline (both p<0.05, Figure 3B), PNIF measurements did not significantly differ among three
whereas no changes in VAS for nasal obstruction were observed groups (Supplementary Table E1) nor altered immediately after
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Figure 4. Uric acid and substance P levels in nasal secretions of elite swimmers at baseline, 90 minutes and 24-hours after a 90 minutes swimming ses-

sion. A) Uric acid levels were significantly increased 24-hours after an intensive swimming session (n = 19). B) Correlation between uric acid levels after 24

hours and baseline SNOT-22 score for nasal symptoms. C) Substance P levels were significantly increased 24-hours post sport (n = 10). D) No correlation

between substance P and baseline SNOT-22 score for nasal symptoms. NF: nasal fluid.

or 24-hours after sport-specific training (Supplementary Figure
E1).

Swimming induced nasal epithelial injury and neurogenic
inflammation

As elite swimmers were the group with most baseline com-
plaints, we investigated whether swimming in an indoor chlori-
nated swimming pool could result in injury of the nasal epithe-
lium. For this, a danger associated molecular pattern molecule,
i.e. uric acid, was measured in the nasal fluid of elite swimmers
at baseline, immediately after and 24-hours after intensive trai-
ning (n=19). Uric acid levels were significantly elevated 24-hours
after intensive training compared to baseline levels (Figure

4A, p<0.05). No increased levels of uric acid levels after sport-
specific training were found in indoor athletes and age-matched
controls (data not shown). Moreover, in elite swimmers, uric acid
levels measured at 24-hours correlated with baseline SNOT-22
subscore for nasal symptoms (r = .52, p<0.05, Figure 4B).

In addition, SP levels were significantly elevated 24-hours after
an intense swimming session in elite swimmers (n=10) (Figure
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4C, p<0.05), while NGF levels remained unaltered (n=11) (26
(22-49) vs. 25 (22-32) pg/ml, p=0.38). No correlation was found
between SP levels and baseline SNOT-22 subscore for nasal
symptoms in elite swimmers (Figure 4D). Nasal fluid IL13 and
IL-6 levels were unchanged at both time points after swimming
compared to baseline (data not shown), whereas TNF could not
be detected.

Ultimately, as exposure to chlorinated pools might explain

why swimmers have more complaints, we studied if hypo-
chlorite (CIO-) could disrupt nasal epithelial cell integrity in
vitro. Therefore, primary NECs isolated from healthy controls
were stimulated with different concentrations (0.03 - 0.003 -
0.0003%) of CIO- and epithelial integrity was evaluated in time.
The swimming pool concentration of ClO-, i.e. 0.0003% did not
affect TER, while increased doses of CIO- (0.03%) decreased TER
after 24-hours (Figure 5A, p<0.05). The effect of CIO- (0.03%) was
linked with decreased cell viability, as measured by MTT assay
(Figure 5B, p<0.05). In addition, a significant increase in uric acid
was measured in the supernatant after stimulation with ClO-
(0.0003%) (Figure 5C, p<0.05). No significant increase in uric acid



Steelant et al.

A
150+
1254
g i I __:_..,,.-’-“—-—-A
E T #
= 75 T\T L
g
T; 501 -=— Control ?
-=— CIO"(0.0003%) ¢—— Q
251 —= CIO"(0.003%)
—= CIO"(0.03%)
R $ N\ Ly o
Q‘z“'
B Cc p=0078
7 p=0.0191
|
204 T
20—
® =
z 3 l
2 E
2 £ 10
3 5
o

> & & O
¢
¥ & &S

Q
Al
& & <

Figure 5. Effect of hypochlorite on primary nasal epithelial cells derived
from healthy controls (n=6). A) Effect of 24-hour stimulation with different
concentrations of hypochlorite (CIO-) on nasal epithelial cell (NEC) integ-
rity in vitro (n = 6). B) Cell viability measured with MTT assay. C) Uric acid
release measured in the supernatant of NECs stimulated for 24 hours with
ClO-. Kruskal-Wallis with post-hoc analysis. Black arrow indicates swim-

ming pool concentration of ClO-.

was measured compared to medium control.

Discussion

Rhinitis symptoms, either allergic or non-allergic, are frequently
observed in elite athletes and are the highest in elite swim-
mers %9, In the latter case, exposure to chlorination products

in swimming pools seems to play a relevant role, since it has
been shown that these products can exacerbate pre-existing
allergic nasal obstruction or induce non-specific irritation of the
nasal mucosa ?”. In this study, we explored nasal symptoms and
inflammation in elite swimmers and compared these to indoor
athletes and age-matched control subjects. To our knowledge,
only a limited number of studies has focused on the effect of a
training session on upper airway symptoms and inflammation in
athletes 3.

SNOT-22 scores were significantly higher at baseline in elite
swimmers compared to age-matched controls, independent of
the atopic or asthmatic status of the subject in our cohort. We
analysed SNOT-22 subscores for nasal, paranasal, sleep-related,
social and emotional factors ®. SNOT-22 subscores for nasal

and paranasal factors and not sleep-related, social or emotional
factors were significantly higher in elite swimmers compared to
controls. This confirms in a standardized way the high preva-
lence of elite swimmers reporting upper airway symptoms as
the most disturbing factor during the training season ©. Inte-
restingly, usage of a nasal clip for 30 days, significantly reduced
nasal VAS scores for nasal symptoms ©.

Moreover, at baseline, elite swimmers had an “impaired smell”
and “itchy nose” (assessed by VAS) compared to age-matched
controls and to a lesser extend to indoor athletes. The finding of
“impaired smell”is in line with a previous report by Ottaviano et
al. who tested the olfactory threshold for n-butanol in a popula-
tion of competitive swimmers and controls @°. Higher n-butanol
thresholds were found in competitive swimmers, which is one of
the most sensitive signs of toxic epithelial damage. We are aware
of the subjective measurement of "smell impairment” by VAS in
this study, but it at least could lead to more in-depth studies ob-
jectively studying smell in elite swimmers. The higher baseline
“nasal itch” found in elite swimmers compared to age-matched
controls might be partly explained by chronic chlorine-induced
activation of the transient receptor potential channel (TRP)A1
89, Indeed, TRPAT1 is a key channel responsible for the transmis-
sion of itch sensation ©", Twenty-four hours after an intensive
indoor swimming session, we found significantly increased SP
levels in nasal fluid of elite swimmers, which points towards
TRPA1 activation and the release of neuropeptide 24-hours after
intensive training. In mice, we have previously shown that hypo-
chlorite can stimulate TRPAT1, resulting in the local release of SP,
which could bind its neurokinin receptor 1 and the subsequent
induction of airway hyperreactivity ®°. We therefore hypothesize
that exposure to chlorination products can stimulate the release
of SP in the upper airways by activating TRPA1, which induces
symptoms and more specifically “nasal itch” by binding to the
neurokinin receptor 1, found on local mast cells and endothe-
lial cells 2. NGF, another neuro-mediator, was not altered after
intensive swimming.

Rhinorrhoea was increased in indoor athletes immediately after
sport-specific training compared to baseline, but not in elite
swimmers and controls. In our perception, the lack of increased
rhinorrhoea symptoms in elite swimmers might be explained

by the timing of the scoring and/or the high baseline levels in
swimmers and, to our surprise, also in age-matched controls.
Indeed, nasal symptoms were scored immediately after leaving
the water, making the perception of rhinorrhoea hard to distin-
guish from pool water dripping of the face. Moreover, we have
to stress that indoor athletes performed a sport-specific training,
which was obviously not in a swimming pool.

Nasal obstruction was lower after 90 minutes swimming in elite
swimmers and age-matched controls compared to baseline.
Forsyth and co-workers described already in 1983 a decrease

in nasal resistance, following stimulation of the sympathetic
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nervous system during physical activity ®3. However, in this
study the subjective drop in nasal airflow, was not accompanied
by a significant decrease in PNIF values. Despite the induction of
some nasal symptoms in elite swimmers and indoor athletes by
sport-specific training, nasal patency (PNIF) and the volume of
nasal secretions did not seem to decrease or increase respecti-
vely after sport-specific training, which is in line with previous
publications 2172934,

Lastly, we have investigated whether exposure to chlorination
products, used in swimming pools, is associated with nasal epi-
thelial cell injury and induction of nasal inflammation. Increased
sputum levels of danger associated molecular patterns such as
High Mobility Group Box-1 and uric acid, and increased serum
levels of Clara cell protein-16 are found in elite swimmers, poin-
ting to inflammation and epithelial cell damage in the lower
airways 239, These results support the hypothesis that epithelial
injury is contributing to exercise induced bronchoconstriction
in elite swimmers. Indeed, Carbonelle and colleagues demon-
strated a greater epithelial permeability in swimmers training in
chlorinated pools compared to those training in copper-sliver
pools 9. In order to translate these results to the upper airways,
we measured uric acid in nasal fluid from elite swimmers. Elite
swimmers showed a significant increase in nasal uric acid 24
hours after sport-specific training compared to baseline values.
Importantly, uric acid levels after 24 hours correlated with base-
line SNOT-22 subscores for nasal symptoms, suggesting that
exposure to chlorinated swimming pools can cause injury of the
upper airway epithelium and therefore facilitate the induction of
nasal symptoms.

Moreover, we found a dose dependent increase in uric acid
release from NECs after stimulation with hypochlorite in vitro.
However, swimming pool concentrations did not induce signifi-
cant changes. This was accompanied by cell death at the highest
concentration and loss of epithelial integrity. We hypothesize
however that prolonged exposure to these (higher) concen-
trations of hypochlorite might be able to induce some signs of
epithelial injury. Alternatively, sudden increase in by-products
in case of an over representation to chlorine products might

Nasal symptoms in athletes

therefore have harmful effects 9,

Conclusion

In conclusion, upper airway symptoms, and more specifically
baseline nasal and paranasal symptoms, were found in a signifi-
cant proportion of elite swimmers. Nasal symptoms correlated
with uric acid levels in nasal secretions 24-hours post-exercise,
which suggest that epithelial injury contributes to the develop-
ment of nasal symptoms in these swimmers. Neurogenic inflam-
mation might contribute to increased nasal symptoms, especi-
ally to increased itch in elite swimmers. Evaluation of treatment
strategies that interfere with these pathways in elite swimmers
are now needed to confirm the link between epithelial injury,
neurogenic inflammation and upper airway symptoms.
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Figure E1. Asthma, atopy, usage of inhalation corticosteroids (ICS) or intranasal steroids (INS) did not influence SNOT-scores in elite swimmers.



