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Abstract
Background: Freshwater sports can be associated with infections from pathogenic microorganisms. In
French Brittany, such infections are a major concern since a leptospirosis outbreak in 2016.

Objectives: We aimed to estimate the prevalence of infectious diseases related to the practice of
freshwater sports and identify the factors associated with these pathologies in Brittany, France.

Methods: We conducted a cross-sectional study from March 18 to May 8, 2019, among freshwater sport
licensees (online study) and clubs (phone study). Licensees were 18 years old or more, and practiced at
least one freshwater sport, in one of the 79 Brittany clubs. Club presidents and instructors were also
surveyed. We used logistic regression models to study the association between our variables of interest
and potential risk factors.

Results: In total, 551 licensees (20.3% of the total number of licensees) and 38 clubs (48.1%) were
surveyed. A diagnosis of leptospirosis was reported by 29 (5.3%) licensees, of which 41.3% occurred in
the last �ve years. The most reported symptoms were skin symptoms (24.3%) and 7.1% of individuals
reported at least one hospitalization in their lifetime for a disease related to freshwater sports. The
occurrence of leptospirosis was negatively associated with boarding from a pontoon (OR=0.20 [0.06-
0.56]), practicing for less than 4 years (OR=0.17 [0.04-0.56]) compared to more than 10 years, and the
occurrence of leptospirosis was positively associated with taking a soapy shower after practice (OR=4.38
[1.90-10.51]). Eskimo roll was positively associated with the occurrence of otitis and conjunctivitis
(OR=3.22 [1.82-6.03]) and skin irritations (OR=1.66 [0.99-2.84]).

Conclusion: This study provides a better understanding of the proportion and factors associated with
infectious diseases linked to the practice of freshwater sports in French Brittany. Complementary studies
are necessary to better understand the link between these diseases and the practice of freshwater sports.

Background
Freshwater activities, mostly represented by canoe-kayak (CK), but also by dragon boat, rafting, open
water swimming and paddle (1), are popular in many countries in the world. Brittany, in the North-West of
France, is a region where these activities are particularly developed, with 79 clubs gathering 5,359
members in 2017.

Besides traumatic injuries, the main health risks related to freshwater activities are infectious. They arise
from the presence of pathogenic bacteria, viruses, yeasts, or parasites in water, mainly due to pollution
(2). Most infections lead to mild manifestations (e.g. digestive disorders or skin irritations) but they may
be more severe causing ear or eye infections, respiratory symptoms, acute gastroenteritis and skin and
soft tissues infections. The risk of infection depends on the amount of contact between the body and
water, especially when practicing freshwater sports such as kayaking, canoeing, rafting, or swimming in
open water (3–6).
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The poor microbiological quality of water has been linked to waterborne diseases outbreaks (7). Fecal
pollution, due to the proximity of bathers, water-treatment plants, and livestock farming, has shown to
cause acute febrile respiratory illnesses, and acute gastrointestinal and dermatologic illnesses among
exposed individuals (8–10). In addition, recreational water users can be exposed to free-living
microorganisms that are naturally present in water, such as cyanobacteria (8, 11), held responsible for
outbreaks encompassing gastroenteritis, abdominal pain, �u-like symptoms, ear and eye irritations and
rashes (12, 13).

Another major concern is leptospirosis, which is the most important zoonotic disease worldwide with one
million cases and 60,000 deaths each year (14, 15). It is caused by nine distinct species of spirochetes
from the genus Leptospira, and is mainly transmitted by urine from terrestrial mammals (16). Human
infections are often asymptomatic or pauci-symptomatic (17), but they can lead to severe diseases with
hemorrhagic and hepatic complications, especially with the icterohemorrhagic serogroup (18, 19).
Identi�ed risk factors of this infection are occupational exposure to rodents or fecal pollution (e.g.
sewage workers or water-treatment plant workers), but also leisure practices such as CK, for 10–24% of
cases according to a study carried out in France (6). In recent years, the number of leptospirosis cases in
France has increased (20), with a total of 600 cases over the 2014–2016 period (21, 22). Furthermore, in
September 2016, a cluster of 14 leptospirosis cases was reported in Brittany among kayakers practicing
in the Vilaine river(17).

There are two posited pathways for the prevention of infections related to freshwater sports practice. On
the one hand, water quality is a key environmental determinant to prevent such infections. In France,
water testing is not systematically mandatory for areas dedicated to freshwater sports and depends on
regional recommendations. For example, in Brittany, the Regional Health Agency (ARS - “Agence
Régionale de Santé”) recommends a water testing twice a month. Regarding leptospirosis, detection tests
are still not satisfactory; one of the reasons for this under-detection is that reporting this pathology is not
mandatory. Most cases are voluntarily reported to the National Reference Center for Leptospirosis (21,
22), which limits its detection. On the other hand, behavioral determinants such as wearing individual
protective equipment (long dry suit, shoes, gloves, etc.), the adoption of preventive practices (e.g.
protecting wounds before practicing or rinsing equipment with clean water), or even vaccination in the
case of leptospirosis, have shown to be effective in preventing infections. All these measures were
compiled by the ARS of Brittany in a booklet available on its website, and which is distributed to the
clubs. However, the knowledge and implementation of these measures by practitioners and clubs remain
unclear.

The assessment of illnesses related to the freshwater sports practice can help to put into context public
health protections and improve monitoring and noti�cation programs. Nevertheless, literature describing
illnesses related to freshwater sports practice in France is still scarce. Therefore, the aim of this study
was to assess the prevalence of infectious diseases related to freshwater sports practice in Brittany,
France, and identify their associated factors. Additionally, the study aimed at deciphering the extent of



Page 5/21

prevention knowledge and practices among freshwater sport licensees, as well as evaluating the role of
the clubs in preventive measures advertisement and implementation.

Materials And Methods

Study population
We conducted a cross-sectional study from March 18, 2019 to May 8, 2019, in Brittany. Two separate
surveys were conducted. One dedicated to freshwater sport licensees and another one to club directors
and monitors. Interviews were carried out by 29 trainees of the �eld epidemiology course IDEA
(“International Course in Applied Epidemiology”), under the supervision of epidemiologists from the
French School of Public Health (“Ecole des Hautes Etudes en Santé Publique” - EHESP), and Santé
publique France (the French national public health agency).

Licensees
The source population for the “licensees survey” were licensees from French Federation of Canoe-Kayak
(FFCK), aged over 18 years old, who practice at least one freshwater sport in one of the 79 Brittany clubs.
To collect information on their type of sport practice, their practice and prevention habits, medical history
they would attribute to their sport practice, and their knowledge level regarding infectious risks, they were
surveyed using an online questionnaire created on Wepi© (23). All voluntary members practicing at least
one freshwater sport and who agreed to answer the online survey were included. We sent the survey by
email on March 28, 2019, and two reminders were sent on March 29 and March 31, 2019. Out of the
2,838 provided email addresses, only 2,714 were valid and enabled to reach a recipient. A total of 676
recipients responded to our survey (response rate 24.9%), out of which we included 551 members that
met our inclusion criteria.

Clubs
Club presidents and instructors were contacted by phone and surveyed using a second questionnaire
addressing the prevention measures implemented in their club. In the case of unsuccessful contact
attempts, recipients were not reached more than 4 times. We contacted 72 clubs of which 38 responded
to the survey (response rate 52.8%).

Data collection

Licensees
Variables of interest were the occurrence of leptospirosis during lifetime, and the occurrence of
conjunctivitis, otitis, skin irritations, or gastroenteritis during the last two years. We also collected literacy
of freshwater sports related diseases, health prevention measures and their compliance level.
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To assess the level of knowledge of the licensees, we created two different scores (see Additional File 1).
The �rst evaluated their knowledge of the health risks linked to freshwater sports practice and the second
quanti�ed their knowledge of the prevention measures. The levels of knowledge were considered as good
when the scores were over 3 out of 6 and over 5 out of 10, respectively.

We also assessed licensee's compliance with recommendations by a third score ranging from 0 to 8 (see
Additional File 1). We considered that recommendations were followed by the participants when the score
was over 3 out of 8.

Clubs
We asked the clubs’ directors and monitors about their proximity with health risks elements, especially the
presence of rodents, a sewage treatment plant, a rainwater discharge plant, and/or livestock that have
access to the water body. We also asked them about the closing periods of the club, the organization of
excursions outside the nautical base, and the organization of competitions. Regarding their control of
health risks, we asked the clubs about water testing (frequency, tested microorganisms, person in charge
of sampling), but also whether health records and reports of leptospirosis cases in their club are
available.

In addition, two club-speci�c scores were created in this study for descriptive purpose (no threshold
de�ned). The �rst one evaluated the level of infrastructures of the clubs aiming at limiting health risks
(see Additional File 1). The second one assessed the level of information that clubs provide to their
licensees about the health risks associated with their practice, which was called awareness score (see
Additional File 1).

Practices
Depending on the time and degree of exposure to water, some freshwater sports were considered riskier
than others regarding waterborne diseases. CK in white waters (WW CK, i.e. slalom, descent, CK in rivers),
kayak polo, rafting, open-water swimming, and stand-up paddle are associated with direct skin or
mucosal contact with water. Moreover, they are associated with a higher risk to drink water, especially
when practicing an eskimo roll (method to right a capsized kayak, either by body moving, or by using a
paddle), and were thus classi�ed as exposing activities in our study. On the other hand, paracanoe, sprint
canoe, handikayak, still water CK (SW CK), and dragon boat are associated with a lower risk of water
exposure and were thus classi�ed as non-exposing.

Statistical analysis
We used logistic regression models to evaluate associations between variables of interest and practice of
freshwater sports or sociodemographic factors. All variables signi�cant in univariate analysis (p < 0.2)
were included in the multivariate model. We used the stepwise method to select our �nal variables,
considering the Akaike Information Criterion (AIC) (24). A p-value lower than 5% was considered
statistically signi�cant, and odds ratios (ORs) were displayed with their 95% con�dence intervals (95%



Page 7/21

CIs). Participants with missing data were excluded from the analysis. All analyses were performed with R
(version 3.6.1) (25).

Ethics
This investigation did not include any experimentation on human beings and thus did not necessitate any
approval by the People Protection Comity (CPP). Besides, no name or identi�er of participants was
collected, therefore no declaration to the National Commission on Informatics and Liberty (CNIL) was
required.

Results
Table 1 gathers the characteristics of the 551 surveyed licensees. Most licensees were males (70.4%),
had been practicing for less than 10 years (55.5%), and competitively (50.6%). SW CK was the main type
of practice (57.5%) and natural river the main practice site (71.1%). Most participants (56.6%) reported
having an exposing activity. These exposing activities were mostly practiced by men (78.2%) and younger
members (34.3% among 18–29 years old, and 11.2% among 62–77 years old). Eskimo roll was practiced
by 61.7% of the licensees.
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Table 1
Characteristics of the surveyed licensees (N = 551) strati�ed by sex

Variable Total (N = 551) Female (n = 163) Male (n = 388)

Age (years)      

18–29 126 (22.9%) 37 (22.7%) 89 (22.9%)

30–45 130 (23.6%) 28 (17.2%) 102 (26.3%)

46–61 199 (36.1%) 72 (44.2%) 127 (32.7%)

62–77 96 (17.4%) 26 (16.0%) 70 (18.0%)

Practiced sporta      

WW CK 246 (44.6%) 54 (33.1%) 192 (49.5%)

SW CK 317 (57.5%) 98 (60.1%) 219 (56.4%)

Dragon Boat 33 (6.0%) 25 (15.3%) 8 (2.1%)

Handi-Kayak or Para-Canoe 7 (1.3%) 1 (0.6%) 6 (1.5%)

Canoe Sprint 77 (14.0%) 24 (14.7%) 53 (13.7%)

Open-Water Swimming 13 (2.4%) 5 (3.1%) 8 (2.1%)

Stand-up Paddle 23 (4.2%) 4 (2.5%) 19 (4.9%)

Kayak-Polo 95 (17.2%) 16 (9.8%) 79 (20.4%)

Rafting 2 (0.4%) 0 (0.0%) 2 (0.5%)

Activity type      

Exposingb 312 (56.6%) 68 (41.7%) 244 (62.9%)

Non-exposingc 239 (43.4%) 95 (58.3%) 144 (37.1%)

Practice of the eskimo-roll      

Missing 6 (1.1%) 2 (1.2%) 4 (1.0%)

Yes 340 (61.7%) 67 (41.1%) 273 (70.4%)

No 205 (37.2%) 94 (57.7%) 111 (28.6%)

Practice duration      

WW CK: White water canoe-kayak. SW CK: Still water canoe-kayak.

a Several answers possible per licensee. b WW CK, kayak-polo, rafting, open water swimming, and
stand-up paddle. c Paracanoe, sprint canoe, handikayak, SW CK, and dragon boat.
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Variable Total (N = 551) Female (n = 163) Male (n = 388)

Missing 4 (0.7%) 1 (0.6%) 3 (0.8%)

0–4 years 172 (31.2%) 68 (41.7%) 104 (26.8%)

5–9 years 134 (24.3%) 42 (25.8%) 92 (23.7%)

> 10 years 241 (43.7%) 52 (31.9%) 189 (48.7%)

Practice frequency      

More than once a week 174 (31.6%) 44 (27.0%) 130 (33.5%)

Less than once a week 377 (68.4%) 119 (73.0%) 258 (66.5%)

Competition practice      

Missing 94 (17.1%) 21 (12.9%) 73 (18.8%)

Yes 279 (50.6%) 69 (42.3%) 210 (54.1%)

No 178 (32.3%) 73 (44.8%) 105 (27.1%)

WW CK: White water canoe-kayak. SW CK: Still water canoe-kayak.

a Several answers possible per licensee. b WW CK, kayak-polo, rafting, open water swimming, and
stand-up paddle. c Paracanoe, sprint canoe, handikayak, SW CK, and dragon boat.

 

In total, 43.6% of the licensees had a good level of knowledge regarding health risks (score greater than 3
out of 6). The risk of leptospirosis was known by 72.2% of the licensees. Members were less aware about
otitis, gastroenteritis, and conjunctivitis risks, with respectively 30.7%, 28.7%, and 18.1% who knew about
these risks. Despite these scores, almost 80% said someone had raised their awareness about these risks.
Clubs were the main source of information (48.5%), followed by relatives (21.2%).

Concerning the preventive measures, 76.2% of the licensees had a good knowledge (score greater than 6
out of 10). Participants identi�ed risk factors as: practicing amongst rodents (84.6%), drinking water
(82.0%) and swimming (65.7%). They identi�ed protective factors as: washing, disinfecting, and covering
wounds (89.8%), taking a shower immediately after the activity (86.9%), rinsing the equipment with
drinkable water (74.8%), and being vaccinated against leptospirosis (67.3%).

Only 21.1% of participants had a good compliance score (score greater than 3 out 8). We noted that
46.5% of the participants systematically rinsed their equipment with potable water, 37.2% systematically
used a pontoon, 34.3% systematically took a soapy shower after practice, and 3.3% systematically
checked for water quality before practice. Only 8.2% reported wearing a long dry suit all year round, and
3.5% were vaccinated against leptospirosis. Average scores were better for licensees with less than 10
years of practice.
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In the sample, 29 (5.3%) licensees had at least one episode of leptospirosis between 1990 and 2019, of
which 12 occurred after 2013 (Table 2). Over the last 2 years, the most reported medical events were skin
symptoms (24.0%), otitis (12.3%) and conjunctivitis (5.8%). Licensees practicing eskimo roll had more
skin symptoms and otitis than the others (p < 0.001). Abdominal pain, diarrhea, and vomiting were less
noti�ed (respectively 2.2%, 1.8% and 0.5%). We observed that 12.5% of the licensees had consulted a
physician over the last 2 years due to symptoms related to their practice. A hospitalization for a
freshwater sport related disease during their lifetime was reported by 39 participants (7.1%).
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Table 2
Diseases associated characteristics linked to freshwater sports practice

(N = 551)
Variable n (%)

Medical consultation for symptomsb  

Missing 8 (1.5%)

Yes 69 (12.5%)

No 474 (86.0%)

Gastro-intestinal symptomsb  

Yes 18 (3.3%)

No 533 (96.7%)

ENTa or other symptomsb  

Yes 94 (17.1%)

No 457 (82.9%)

Leptospirosis historyc  

Missing 10 (1.8%)

Yes 29 (5.3%)

No 512 (92.9%)

Hospitalization for a freshwater sport-related disease  

Missing 5 (0.9%)

Yes 39 (7.1%)

No 507 (92.0%)

Vaccination against leptospirosis  

Yes 19 (3.4%)

No 532 (96.6%)

a Ear, Nose, Throat symptoms. b Over the last 2 years. c Over lifetime.

 

In the multivariable model presented in Fig. 1, boarding from a pontoon seemed to protect participants
from developing leptospirosis (OR = 0.2, 95% CI [0.1–0.6]) as well as practicing for less than 4 years (OR 
= 0.2, 95% CI [0.1–0.6]). There was a positive association between being vaccinated against leptospirosis
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and having declared leptospirosis in the past (OR = 8.8, 95% CI [2.2–32.0]), as well as taking soapy
showers after practicing freshwater sports and having a history of leptospirosis (OR = 4.4, 95% CI [1.9–
10.5]).

Practicing eskimo roll was positively associated with otitis or conjunctivitis (OR = 3.2, 95% CI [1.8–6.0])
(Fig. 2). Practicing on a canal was positively associated with skin irritations (OR = 1.6, 95% CI [1.0–2.5])
(Fig. 3). On the opposite, being older seemed to protect against skin irritations (62–77 years old
compared to 18–29 years old (OR = 0.3, 95% CI [0.1–0.6])).

Out of the 38 responding clubs, we could reach the directors of only 24 clubs (63.2%). The information on
the other clubs were obtained through the interview of monitors.

Table 3 gathers the characteristics of the surveyed clubs. The main practice site for clubs was rivers
(44.7%) followed by arti�cial lakes (18.4%). Two-thirds of the clubs had no seasonal closing period; the
others reported closing seasonally, at least once a year (34.3%). Most of the clubs (78.9%) organized
excursions outside the club more than 10 times a year and 76.3% of the clubs organized at least one
competition per year. Among the various health risk elements exposed during the interview, all the clubs
were concerned by at least one. Most of them reported having rodents near the club (86.8%), followed by
a rainwater discharge plant for 65.8% of them. Regarding the infrastructure score, 29 clubs (76.3%)
scored 4 or more out of 5 (being 5 the best level a club could have in terms of health risks prevention).
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Table 3
Characteristics of the surveyed clubs (N = 38)

Variable n (%)

Main practice site  

Missing 3 (7.9%)

Natural river 17 (44.7%)

Canal 6 (15.8%)

Arti�cial lake 7 (18.4%)

White-water stadium 5 (13.2%)

Closeness of practice site to risk factorsa  

Rodents 33 (86.8%)

Livestock 20 (52.6%)

Water treatment plant 24 (63.2%)

Rainwater collection 25 (65.8%)

Trip frequency outside from the practice site (by year)  

Never 1 (2.6%)

From 1 to 5 times 1 (2.6%)

From 6 to 10 times 6 (15.8%)

More than 10 times 30 (78.9%)

Eutrophication of the practice site  

Yes 23 (60.5%)

No 15 (39.5%)

Frequency of water sampling  

More than twice a month 9 (23.7%)

Less than twice a month 13 (34.2%)

Does not know 16 (42.1%)

Health record to notify events  

Yes 6 (15.8%)

aSeveral answers possible per club
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Variable n (%)

No 30 (78.9%)

Does not know 2 (5.3%)

Closing periods  

Missing 1 (3.0%)

Never 24 (63.2%)

In winter 3 (7.9%)

In summer 8 (21.1%)

In summer and winter 2 (5.3%)

aSeveral answers possible per club

 

The maximum awareness score of 12 out of 12 was reached by two clubs (5.3%), and 19 clubs (50%)
scored over 7 out of 12 (being 12 the best level of information that a club can provide to their licensees
about the health risks associated with freshwater sport practice).

The ARS guide which lists the individual and collective preventative measures was known to 25% of the
clubs. Most of the clubs (60.5%) had their sites eutrophicated, yet only thirteen clubs tested their water for
cyanobacteria (34.2%), 8 clubs for bacteria (21.1%), and 4 for other microorganisms (10.5%). Among
them, the incentive to sample was given by local authorities (44.7%) or by clubs themselves (10.5%).

Only 6 clubs (15.8%) reported having a health record to collect licensees’ symptoms and illnesses related
to their sport practice. Moreover, 11 clubs (28.9%) informed licensees of the need to report their potential
symptoms and/or practice-related illnesses to the club. Fifteen clubs (39.5%) reported that at least one
leptospirosis case occurred in their club. Among them, 9 reported it happened during the last 5 years,
including one club with a cluster of cases.

Discussion
This study aims at improving our understanding of the knowledge level of freshwater sport practitioners
regarding health risks, preventive measures, and their compliance with recommendations in Brittany,
France.

The knowledge level of preventive measures among licensees was good, but these measures were not
well-followed in daily practice and were even followed less with more years of experience. Thus, despite
being aware of preventive measures related to freshwater sport practices – through their respective club
or relatives’ recommendations – only a quarter of licensees reported implementing a majority of the
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recommendations. However, compliance with recommendations was better when licensees knew about
freshwater sports related diseases, especially for licensees with less than 10 years of practice.
Furthermore, the level of information provided by instructors and presidents of all FFCK clubs in Brittany,
de�ned as club's awareness scores, was found to be high, but best practices recommendations published
by the ARS were unknown to most of them. These �ndings underline gaps in communication of
preventative advice. A possible explanation could be that clubs are directly informed by their local
federation, but that communication channels between local health authorities and the clubs are
ine�cient.

A high proportion of otitis, conjunctivitis, and skin symptoms was reported, which is consistent with
�ndings from other studies (21). Moreover, we found that ear, nose, and throat symptoms were positively
associated with eskimo roll, which is coherent with the regular and repeated contacts with water due to
this technique. Only few gastrointestinal symptoms were reported, which are anyhow not speci�c, and
could hardly be linked with freshwater sports practice. We also got a high number of leptospirosis cases
among freshwater sports licensees which could be partly explained by the cluster of 14 kayakers reported
along the Vilaine river in 2016 (17).

The high observed proportion of infectious diseases, and the lack of compliance with recommendations,
emphasize the need for strengthening information about prevention measures. Regular communication
campaigns could be organized with dedicated training courses for licensees and supervisors, and o�cial
materials should be shared with every club. Clubs should be encouraged to provide equipment such as
showers with soap, freshwater sports out�ts, places to rinse water equipment, or pontoons. Water
samplings could be organized twice a month by the ARS or city halls, with an alert system in case of
abnormality. Clubs should therefore report their places of practice to public administration to target
sampling sites. This indexing work is already implemented by the FFCK but has not yet been completed
(26). In case of abnormality in water testing results, clubs should inform licensees, close the concerned
sites, and forbid practice until a healthy level is reached. Licensees practicing eskimo roll should be
informed of the risk of otitis and conjunctivitis, and the ways to prevent that risk. The risk of leptospirosis
was not known by 27.8% of practitioners. It is important to inform practitioners about the disease so that
they consult a doctor at the �rst sign of symptoms.

This study is cross-sectional, thus we had some inherent troubles interpreting temporality between
explanatory variables and dependent variables. Indeed, we identi�ed a positive association between a
history of leptospirosis and taking a soapy shower or being vaccinated against leptospirosis, which may
be quite confusing. However, we cannot reject that it may be due to the correct application of the
recommendations following the diagnosis of leptospirosis which may play a role in raising awareness of
related health risks, and therefore not respecting the criterion of temporality between exposition and
disease. We were also not able to assess incidences, which would have been useful in prioritizing
prevention measures to be emphasized. Due to the online survey, we can doubt the representativeness of
our sample despite the acceptable response rate. Indeed, this type of survey has potentially favored the
participation of licensees who are interested in their health status or have already had one of the
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outcomes of interest. Moreover, the survey being declarative, it is possible that the diseases frequencies
were either overestimated, due to the selection bias, or underestimated since asymptomatic and pauci-
symptomatic forms may have not been reported. Finally, clubs were surveyed by different interviewers by
phone, leading to a potential measurement bias. However, this bias may be limited as the interviewers
were trained and had guidelines for asking questions.

Conclusion
This study highlights the potential burden of infectious diseases related to the practice of freshwater
sports in French Brittany. It also shows that the knowledge of health risks among licensees remains
insu�cient and the recommendations of good practices are not perfectly followed. This suggests a need
to strengthen prevention methods and good practices in clubs to prevent infectious diseases. Moreover,
further analytical studies are required to better understand the eventual causalities of the diseases
occurrence that are attributable to the practice of freshwater sports.
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Figures

Figure 1

Factors associated with the occurrence of leptospirosis (multivariate logistic model, N=538)
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Figure 2

Factors associated with the occurrence of otitis and/or conjunctivitis (multivariate logistic model, N=545)
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Figure 3

Factors associated with the occurrence of skin irritations (multivariate logistic model, N=545)
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