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Abstract

Introduction: Chronic rhinitis impairs sleep quality, mood, and overall quality of life, which is
critical in competitive athletes, for whom optimal respiratory function is a prerequisite for high
physical performance. The prevalence of rhinitis in the athlete population is higher than in the
general population, with the highest rates observed in swimmers and winter sports athletes.
Training in a closed swimming pool provides specific exposure to water disinfection byproducts
(chloramines, trichloramine, trihalomethanes), which can damage respiratory tract epithelium
and lead to rhinitis.

Materials and methods: A review of selected literature in the PubMed database was conducted
using the following keywords: 'rhinitis', 'swimmers', 'chlorinated water', "trichloramine",
'Disinfection byproducts.'

The development of rhinitis in swimmers is multifactorial. Contact with disinfection byproducts
plays a role in the pathogenesis of swimmer's rhinitis, leading to irritation, increased epithelial
permeability, and the development of mucosal hyperreactivity, which promotes the dominance
of the non-allergic irritant rhinitis phenotype in competitive swimmers. A significant
deterioration in quality of life has been demonstrated in swimmers with rhinitis, as assessed
using validated scales, in particular the miniRQLQ. The review emphasises the role of chronic
exposure to the swimming pool environment as a modifiable risk factor and indicates that
limiting contact with irritants — through the use of swimming clips, optimising ventilation, and
improving water quality — can lead to reduced symptom severity and partial reversibility of

changes in the nasal mucosa. Attention was drawn to the significant heterogeneity in definitions
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and diagnostic criteria in the literature, which makes it difficult to assess the disease's
prevalence and mechanisms clearly.

Conclusions: Understanding the phenotypes and endotypes of rhinitis in swimmers is crucial
for effective prevention and treatment. Multidisciplinary care should include
otorhinolaryngologists and allergists, focusing on identifying the rhinitis phenotype and
reducing exposure to disinfectants. Preventing swimmer's rhinitis can be achieved by using
swimming nose clips and ensuring well-ventilated swimming pools. There's a pressing need to
create consistent definitions in clinical settings, especially when it comes to non-allergic rhinitis
(NAR). We need to ensure that NAR is included in research studies and conduct thorough
observations to understand how changes might improve after reducing exposure to triggers.
Additionally, we should dive deeper into the molecular mechanisms that lead to damage in the
epithelial barrier. This will pave the way for developing targeted treatments and preventive

measures that can really make a difference.

Keywords: swimmer's rhinitis; non-allergic rhinitis; water disinfection byproducts; quality of
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1. Introduction

Chronic rhinitis is a condition characterised by persistent inflammation of the nasal mucosa,
leading to impaired sleep, mood, and overall quality of life. In competitive athletes, these
disorders are significant because of their impact on breathing efficiency and on achieving high
physical performance, for which optimal respiratory function is a key requirement (Bousquet
et al., 2020). Athletes as a group show a high incidence of upper respiratory tract symptoms; in
reviews, the incidence of rhinitis in this population is estimated at 27-74%, with the highest
values observed in swimmers and winter sports athletes (Bougault et al., 2010). Training in

indoor swimming pools involves specific exposure to irritants such as hypochlorite,



chloramines, trichloramine, and trihalomethanes, which can lead to epithelial damage and
exacerbate rhinitis symptoms (Bernard et al., 2015; Kanikowska et al., 2018; Villanueva et al.,
2015). This review aims to present the current state of knowledge on chronic rhinitis in
competitive swimmers and, secondarily, in swimming pool workers, a professional group
exposed to similar environmental conditions, in a practical way beneficial to athletes, coaches,

and specialists interested in this issue.

2. Definitions and classification of rhinitis

Most clinical and epidemiological studies on rhinitis are based on its classic division into
allergic and non-allergic forms:

— allergic rhinitis (AR) — is a type I hypersensitivity reaction, dependent on immunoglobulin E
(IgE), occurring in the nasal mucosa in response to exposure to an allergen in a previously
sensitised individual. (Bousquet, 2001; Wise et al., 2023)

— Non-allergic rhinitis (NAR) — is a chronic condition diagnosed by excluding other causes,
such as CRSwNP, NARES, AERD, infectious rhinitis, anatomical defects, drug-induced rhinitis,
adverse drug reactions, cerebrospinal fluid leakage, or pregnancy-related rhinitis. It is primarily
characterised by nasal congestion and watery discharge, as well as postnasal drip (without
reflux) and coughing. (Kaliner et al., 2009)

The definition of both entities varies considerably between authors and centres. A global review
by Savouré et al. identified 156 definitions of rhinitis in the literature, which the authors
grouped into categories: unspecified rhinitis, AR, and NAR, with additional subdivisions based
on symptoms, medical diagnosis, and IgE/SPT tests (Savouré¢ et al., 2022). This enormous
heterogeneity translates directly into a wide range of frequency estimates — this problem is

repeated in studies of swimmers and significantly hinders analysis.

3. Epidemiological data

In a systematic review of 13 studies by Surda et al., the prevalence of AR in athletes ranged
from 21% to 56.5%, with NAR assessed in only one study (6%) (Surda et al., 2017). In an
analysis by training environment, no increased incidence of rhinitis was found in athletes (land
sports) compared to the general population. In contrast, in swimmers (water sports), the
incidence of rhinitis (AR+NAR) was 40—-74%, and in cross-country skiers (cold environment),

it was 46% (Surda et al., 2017).



The 2018 study by Surda et al., involving 101 elite swimmers, 107 non-elite swimmers, 38 non-
swimming athletes, and 50 control subjects who did not practise sport (Surda et al., 2018)
showed the prevalence of rhinitis (according to the ISAAC questionnaire) at: 45% in elite
swimmers, 31% in non-elite swimmers, 32% in non-swimming athletes, and 24% in the control
group, which means a significantly higher incidence of rhinitis in elite swimmers compared to
the control group (Surda et al., 2018). The incidence of AR was similar across groups (12—18%),
whereas NAR was significantly more common in swimmers: 33% in the elite group and 22%
in the non-elite group, compared with the control group and land athletes (Surda et al., 2018).
Quality of life analysis (miniRQLQ) showed a significantly poorer overall quality of life and in
most domains in swimmers compared to other groups, and the number of hours spent in the
pool correlated with symptom severity and deterioration in quality of life (Surda et al., 2018).

In a study by Bougault et al., an intensive training season was associated with increased rhinitis
symptoms and deterioration in RQLQ scores in competitive swimmers; after a 2-week break
from training, RQLQ scores improved, highlighting the role of exposure to the pool
environment (Bougault et al., 2010). Similarly, Gelardi et al. described the coexistence of
allergic and non-allergic rhinitis in a group of swimmers, with a predominance of cytological
features of neutrophilic inflammation and improvement of symptoms after 30 days of using

swimming nose clips to limit mucosal contact with pool water (Gelardi et al., 2012).

4. Studies on rhinitis among swimming pool employees

Although the primary focus of this review is on swimmers, studies of swimming pool
employees provide important insights into the impact of the swimming pool environment on
the nose. In a study by Erkul et al., 27 indoor swimming pool employees were compared with
49 individuals from a control group; the group of employees showed a higher incidence of
rhinitis symptoms, a higher number of epithelial cells and eosinophils in nasal swabs, and no
difference in the frequency of positive skin tests, which can be interpreted as features of chronic
mucosal irritation and mainly non-allergic inflammation (Erkul et al., 2014). Similar
conclusions can be drawn from the study by Fornander et al., which found that swimming pool
staff had elevated markers of inflammation in nasal washings (Fornander et al., 2012).
Reviews by Kanikowska et al. and Villanueva et al. emphasise that swimming pool employees
(lifeguards, technical staff) complain more often than other occupational groups of sinusitis,
sore throat, chronic cough, and symptoms of rhinitis, and some studies observe increased

percentages of inflammatory cells in nasal cytology (Kanikowska et al., 2018; Villanueva et al.,



2015). At the same time, trichloramine concentrations in the air of most swimming pools are
below WHO thresholds, and the results of epidemiological studies are inconclusive, suggesting
a significant impact of local conditions (ventilation, pool load, water quality standards)

(Villanueva et al., 2015).

5. The role of the chlorinated indoor swimming pool environment and rhinitis
Chlorination of water with sodium hypochlorite or chlorine gas leads to the formation of
chloramines (including trichloramine) and organic compounds such as trihalomethanes and
haloacetic acids, which accumulate just above the water surface and can irritate the skin,
conjunctiva, and mucous membranes of the respiratory tract (Villanueva et al., 2015). These
compounds are collectively defined as disinfection byproducts. Trichloramine is a volatile
substance with a characteristic odour that most of us identify as the 'smell of a swimming pool';
at high concentrations, it causes a sharp cough, shortness of breath, and symptoms of nasal
irritation (Villanueva et al., 2015).

Long-term, low-level exposure — typical for swimmers and swimming pool workers — can lead
to damage to the epithelial barrier, increased permeability of the respiratory epithelium, chronic
inflammation, and the development of bronchial hyperresponsiveness, asthma, and rhinitis,
especially in children and competitive swimmers (Bernard et al., 2015; Kanikowska et al.,
2018). However, it should be noted that some studies — including the prospective ALSPAC
cohort analysed by Font-Ribera et al. and an extensive population-based cross-sectional study
conducted by Jacobs et al. among 2,359 Dutch children aged 6-13 — did not confirm a
significant increase in the risk of asthma or allergic symptoms in children attending swimming
pools; in the ALSPAC cohort, swimming was associated with better lung function and a lower
incidence of asthma, especially in children with previous airway obstruction, compared to their
non-swimming peers (Jacobs et al., 2012; Font-Ribera et al., 2011).

Regarding rhinitis, cytological and clinical data in swimmers indicate that, in addition to the
classic allergic form, a non-allergic irritant phenotype also plays an important role: neutrophilic
rhinitis is frequently observed (Surda et al., 2018). In the study by Surda et al., the high
prevalence of NAR in swimmers with a comparable prevalence of AR in other groups supports
the hypothesis that chronic irritation of the mucosa, rather than an increased prevalence of
sensitisation to environmental allergens, plays a key role in this population (Surda et al., 2018).
Similar conclusions can be drawn from studies of swimming pool employees, who were found

to have features of chronic rhinitis and an increased number of inflammatory cells in smears,



with no difference in the frequency of positive skin tests compared to the control group, which
supports the toxic-irritating effect of the swimming pool environment (Erkul et al., 2014;
Fornander et al., 2012). Surda et al. showed that in swimmers, the miniRQLQ score and
symptom severity increase with the number of hours spent in the pool per week. Bougault
showed that after stopping training (2 weeks), nasal symptoms decreased, further supporting
the influence of exposure. Gelardi observed an improvement in symptoms after using a

swimming nose clip in a group with neutrophilic inflammation.

6. Limitations of available studies

Analysis of the available literature reveals several recurring methodological and conceptual
limitations, which significantly influence the interpretation and generalisability of findings
concerning rhinitis in swimmers.

First, a major challenge is the heterogeneity of definitions used to classify rhinitis. Studies rely
on various diagnostic approaches, including self-reported symptoms, physician diagnosis,
ISAAC-based questionnaires, or the presence or absence of sensitisation confirmed by skin
prick tests or serum IgE. These differences result in inconsistent classification of AR and NAR
and often do not distinguish between acute viral symptoms and chronic inflammatory
conditions, increasing the risk of misclassification bias.

Another limitation is the underrepresentation of non-allergic rhinitis (NAR) in epidemiological
reports. Despite evidence indicating that NAR may constitute a substantial proportion of rhinitis
cases in swimmers, most studies have historically focused on allergic mechanisms, likely due
to the availability of allergy testing and traditional interest in IgE-mediated diseases.
Consequently, irritant-induced phenotypes, including neutrophilic rhinitis, are insufficiently
described, and their actual prevalence is likely underestimated. This limitation is particularly
relevant in populations exposed to chlorination byproducts, where irritant-driven inflammation
may predominate.

The predominance of cross-sectional designs is another significant constraint. Most data are
derived from single-time-point assessments, which do not allow evaluation of seasonal
fluctuations, training-cycle influences, or long-term changes in nasal mucosal function. Cross-
sectional studies cannot determine causality or temporal relationships—thus, they cannot
answer whether swimming triggers rhinitis, exacerbates pre-existing conditions, or merely

unmasks subclinical mucosal susceptibility. Prospective cohort studies are rare, despite their



essential role in characterising the trajectory of symptoms across training seasons or
competitive periods.

A further limitation is the insufficient integration of clinical phenotypes with biological
endotypes, which not only hinders accurate identification of swimmer-specific rhinitis
mechanisms, but may also reduce the long-term usefulness of these studies as classification
systems for rhinitis evolve. Although selected studies incorporate nasal cytology or
inflammatory markers, this remains the exception rather than the rule. This gap makes it
difficult to distinguish between allergic and irritant-driven inflammation, or to identify mixed
phenotypes, which are frequently reported in swimmers. The lack of biomarker-driven
stratification may mask heterogeneity within study populations and limit the ability to define
swimming-specific rhinitis endotypes. Finally, studies rarely consider environmental variability,
including differences in water treatment protocols, pool ventilation systems, bather load,
training intensity, and the chemical composition of byproducts across facilities. These factors
vary substantially and may profoundly influence local exposure levels. Their omission limits
the comparability of studies and may explain inconsistent epidemiological findings. Together,

these limitations underscore the need for methodological standardisation in future research.

6. Summary

The literature indicates that rhinitis is common among swimmers, especially at the competitive
level, and that the non-allergic phenotype is associated with exposure to pool water disinfection
byproducts. In contrast, the prevalence of allergic rhinitis does not differ significantly from that
of the general population .At the same time, the high heterogeneity of definitions and diagnostic
methods makes it difficult to compare research results and accurately assess the real burden of
rhinitis. Standardising definitions, accounting for contemporary concepts of phenotypes and
endotypes, and better characterising environmental exposures should be a priority for future
research on rhinitis in swimmers.

The authors also emphasise that, in addition to promoting strict hygiene protocols among pool
users as a low-cost and potentially effective method of reducing the chemical burden of the pool
environment, ensuring adequate ventilation within indoor pool facilities and encouraging the
use of nose clips among swimmers may further decrease chronic mucosal exposure to irritant
disinfection byproducts and help mitigate the development or persistence of rhinitis symptoms.

However, further studies are required to confirm the efficacy of these preventive strategies.
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