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Abstract: Molluscum contagiosum (MC) and warts are common viral infections of the skin. Data
regarding the prevalence of MC and verruca in swimmers are very poor and lacking in the literature.
The purpose of this study was to determine the incidence of Molluscum Contagiosum (MC) and warts
cases among young competitive swimmers participating in Greek swimming clubs. Of 244 swimmers
enrolled in this study, 12.3% reported MC and 43% warts, during their swimming career, diagnosed
and treated by dermatologists. There was no difference between sexes for MC but diagnoses of
warts were higher in females. Axillae and trunk were the most common sites of primary infection
for MC but warts mainly appeared on the soles. The incidence of MC and warts in swimmers who
use outdoor facilities was higher. In our study, the incidence of warts and MC in Greek swimmers
is considered high. Moist walking surfaces, placing towels on locker room benches, and sharing
equipment are behaviors that cause infections. An early diagnosis of warts and MC lesions must be
implemented in every swimmer through dermatological examination. Taking proper measures for
reducing the risk of warts and MC transmission in Greek swimmers is mandatory.

Keywords: viral cutaneous infections; swimming pool; molluscum contagiosum; warts; young
competitive swimmers; Greece

1. Introduction

Swimming is a sport with fewer injuries compared with other athletic disciplines.
Swimmers are less likely to suffer from injuries caused by contact with opponents, surfaces,
or equipment. However, the special environment of a swimming pool creates its own
special group of skin conditions that are either unique to the sport or shared with other
sports [1]. Public swimming pools can be the source of infections due to micro-organisms.
Cutaneous diseases and dermatological problems may appertain to the sports medicine
field especially for the activity of swimming [1].

Molluscum contagiosum (MC) and warts are common viral infections of the skin.
Molluscum contagiosum is a benign, self-limited, self-transmitting, viral infection caused
by molluscum contagiosum-virus, poxviridae family affecting the skin and rarely of the
mucous membranes [2,3]. The disease is usually seen in children, sexually active indi-
viduals, and immunocompromised patients. Transmission occurs from person to person
contact, equipment, and autoinoculation. The average time of incubation is 2 to 8 weeks
and lesions persist for 2 to 4 months [2,4]. Many epidemiologic studies of MC in the general
population confirm an association between swimming pool use and MC [5].

Warts are benign growths of skin and mucosa caused by the human papillomavirus
(HPV). Common warts are associated mainly with HPV types 2, 4. Flat warts are caused by
types 3, 10, and 28. Deep palmoplantar warts are caused by type 1. Cystic warts are caused
by type 60 and focal epithelial hyperplasia is caused by types 13 and 32 [5]. The disease is
diffused in the worldwide population. It is transmitted by direct contact with infected skin
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or indirectly via objects carrying the virus [6,7]. Warts represent one of the most common
dermatoses in everyday practice. They are widespread in the general population, especially
among primary schoolchildren. The prevalence ranges from 4% to 33% [1,8]. Exposure
to HPV in families and school class has been associated with the development of warts.
Bruggink et al. claim that the use of public swimming pools showed a low risk [9]. On
the other hand, the use of communal showers is considered to be a risk factor for getting
plantar warts because damp floors are HPV-friendly surfaces [10].

Incorrect behaviors are rife among swimming pool users and there is little awareness
of the importance of pool rules for restricting health risks [11]. According to the Greek
swimming pool regulation, swimmers have obligations regarding swimming pool use.
Personal hygiene by taking a shower before swimming, the absence of dermatological or
other infections, and compliance with safety rules are elements that are mandatory for the
proper use of the swimming facility. The facility operator is the person who will take care of
the entire facility maintenance, for the cleaning and disinfection program, and the control
of swimming pool users’ bathing load. All the above are some basic parameters for the
safe operation of a swimming facility and the avoidance of contagious viral dermatological
and other infections [12]. Furthermore, WHO indicates that education can encourage
swimming pool users to adopt safer behaviors for themselves and other swimmers. Facility
operators, swimming clubs, and public health bodies must provide information about the
importance of pool rules and signs that can be used to inform swimmers and reinforce
previous educational messages [4]. Regardless of the regulation in force and the measures
taken in swimming pools, attendance at swimming pools is a significant risk factor for
an MC and warts in children [3,7,13]. However, epidemiological data referring to the
incidence of Warts and MC among swimmers are lacking.

The purpose of this study was to determine the incidence of MC and warts cases
among young competitive swimmers participating in Greek swimming clubs.

2. Materials and Methods

This study was conducted with the approval of the Ethics Committee of the University
of West Attica (52645-20 July 2020) and the Hellenic Swimming Federation (787/ε-15 March
2019). Due to COVID-19 pandemic restriction measures, an online survey was conducted,
from March 2021 to May 2021. Five swimming clubs from Attica Region with 531 swimmers
and five from different Greek province cities (472 swimmers) were chosen to participate in
this study. The Attica region swimming clubs were from different municipalities and they
were not using the same swimming pool facilities. The swimming clubs were randomly
chosen and were based on the willingness of the team coaches and general managers to
accept the initial invitation, from the researchers, to participate.

Swimmers’ parents and adult swimmers of these swimming clubs were asked to
complete an anonymous questionnaire which was sent via email and swimming clubs’
social media by coaches and general managers of these Greek swimming clubs. The total
number of questionnaires’ receivers was 1004 athletes or their parents. Participation in this
study was not mandatory.

The questionnaire was created by the researchers and transferred on Google Forms.
Before the online survey, a pilot study was provided for the validity and understanding of
the questions.

The questionnaire was divided into two parts. The first part concerned general
information such as demographics, training routine, behavior in the swimming pool area,
and general information about skin health. The second part consisted of questions related
to multiple infections, locations of infections, the season of appearances, absence from
the training program because of the infections, and dermatologist treatment. In case of
recurrent infections, participants were asked to report on the last episode of the infection
as it is easier for survey respondents to recall with accuracy.
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Statistical Analysis

The categorical variables are presented as absolute (n) and related (%) frequencies.
Monde Carlo exact test was applied to test normality between categorical variables. The
chi-square test—Fisher’s exact test, was used to investigate the existence of a relationship
between two categorical variables. To investigate the existence of a relationship between
a categorical and an ordinal variable, the chi-square trend test was used. A binomial
test was used to determine if the proportion of dichotomous variables equals a specific
claimed value (0.50). Risk Estimate was performed to determine which factors—a type of
facility, region of facility, allergies, family history of skin diseases, hygiene habits (sharing
equipment and behavior)—might be independently associated with MC and warts, through
which the odds ratio (OR) with 95% Confidence Interval was calculated. The two-sided
level of statistical significance was set at 0.05. The data analysis was estimated with the
statistical package IBM SPSS 26.0 (Statistical Package for Social Sciences).

3. Results
3.1. Demographic Characteristics

Two hundred and forty-four (n: 244) were enrolled in this study. The response rate
was 24.3%. 136 were females (55.7%) and 108 were males (44.3%). The enrolled participants
were from the junior categories (9–12 years old, n: 86, 35.2%) and the age group categories
(13+, n: 158). 146 swimmers (59.8%) were used and an outdoor facility for their training
and 98 swimmers (40.2%) an indoor facility. Respondents who swam in the Attica region
swimming pools were three times more (n: 181) than those in the Greek province (n: 63).
102 swimmers involved in swimming training for more than 10 years, 69 swimmers for 7
to 9 years, 57 swimmers for 4 to 6 years, and 16 swimmers for less than 3 years. Most of the
swimmers (n: 138) were swimming six or more times per week and 169 swimmers (69.3%)
were swimming for two or more hours per day (Table 1).

3.2. Molluscum Contagiosum

According to parents’ and swimmers’ responses, 12.3% (n = 30) had MC during their
swimming career, diagnosed and treated by dermatologists. Most of the responders with
MC were in the 13 to 14 age category (n: 11, 19.3%), but the infection rate was higher
among adult swimmers (n: 10, 20.4%), while in younger ages and 15–18 age categories the
infection rate was very low. The prevalence did not differ between the sexes. 13% of the
respondents who had been infected by MC have used an outdoor facility for their training.
The infection rate of MC in the province were higher than in Attica Region. The prevalence
of MC increases with years of training—from 6.3% to 17.2%—but without a statistically
significant difference (Table 1). Most of the swimmers with MC were infected one time
(86.7%), 3.3% two times 10% three times. Twenty-one (n: 21, 70%) of those who had been
infected by MC reported that had been infected from warts too. Thus, swimmers with MC
showed an increased risk of having warts (OR = 3.611 CI 95% 1.578–8.262 p = 0.001).

Almost all responders, interrupted their attendance of the training program during
treatment. The absence period was less than a month for 51.7%. Seven swimmers (n:
7, 24.1%) interrupted their training for 3 months and four swimmers (13.8%) for only
one week.

MC infections occurred mainly in wintertime. The proportion of infections in the
winter showed a statistically significant difference compared to those who did not infect
this season (n: 20, 66.7%, p < 0.001). Spring (33.3%, p < 0.001), autumn (13.3%, p < 0.001)
and summertime (10%, p = 0.002) had a reduced reference to the lesion occurrences.

Trunk, axillae (73.3%, p = 0.016), and upper limbs (43.3%), were the most common
sites of primary infection. Lower limb (10%) and face (6.7%) had a reduced reference as
sites of infections. Swimmers with seasonal allergies had an increased risk of heaving MC
(OR = 3.026 CI 95% 1.379–6.640, p = 0.004). Athletes with other types of allergy showed no
increased risk of having MC. None of the family skin diseases related to psoriasis, warts,
and atopy showed a significant risk of having MC (Table 2).
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Of the sharing equipment report, only sharing training fins had an increased risk
of having MC (OR = 3.336 CI 95% 1.507–7.384 p = 0.002). Wearing flip-flops was a hy-
giene rule which was observed from almost all the participants. Placing towels and
bathrobes on the locker’s room bench had also an increased risk of having MC (OR = 2.385
CI 95% 0.981–5.799 p = 0.05). Factors related to walking barefoot on the pool’s deck or
placing clothes on the communal bench had a high rate to all of the swimmers but without
a significantly different (Figure 1A).

Table 1. Bivariate analyses using molluscum contagiosum and warts as dependent variables.

Characteristics
Molluscum Contagiosum

p-Value
Warts

Yes (%) No (%) Yes (%) No (%) p-Value

Total 30 (12.3) 214 (87.7) 105 (43) 139 (57)

Gender 0.499 a 0.244 a

Male 15 (13.9) 93 (86.1) 42 (38.9) 66 (61.1)
Female 15 (11) 121 (89) 63 (46.3) 73 (53.7)

Age categories 0.084 b 0.094 a

9–12 years old 5 (5.8) 81 (94.2) 32 (33.2) 54 (62.8)
13–14 years old 11 (19.3) 46 (80.7) 24 (42.1) 33 (57.9)
15–16 years old 3 (9.4) 29 (90.6) 13 (40.6) 19 (59.4)
17–18 years old 1 (5) 19 (95) 12 (60) 8 (40)
Open (Men-Women) 10 (20.4) 39 (76.9) 24 (49) 25 (51)

Swimming pool 0.677 a 0.567 a

Outdoor facility 19 (13) 127 (87) 65 (44.5) 81 (55.5)
Indoor facility 11 (11.2) 87 (88.8) 40 (40.8) 58 (59.2)

District of facilities 0.147 a 0.149 a

Capital 19 (10.5) 162 (89.5) 73 (40.3) 108 (59.7)
Province 11 (17.5) 52 (82.5) 32 (50.8) 31 (49.2)

Training years 0.077 b 0.234 b

<3 1 (6.3) 15 (93.8) 5 (31.3) 11 (68.8)
4–6 years 4 (7) 53 (93) 21 (36.8) 36 (63.2)
7–9 years 9 (13) 60 (87) 35 (50.7) 34 (49.3)
10–12 years 6 (13.6) 38 (86.4) 15 (34.1) 29 (65.9)
>12 years 10 (17.2) 48 (82.8) 29 (50) 29 (50)

Weekly training 0.966 b 0.709 b

<3 training sessions 4 (13,3) 27 (12.6) 16 (51.6) 15 (48.4)
4–5 trainings sessions 9 (30) 66 (30.8) 29 (38.7) 46 (61.3)
<6 trainings sessions 17 (56.7) 121 (56.5) 60 (43.5) 78 (56.5)

Hours of daily training 0.220 b 0.209 b

<1 h/day 0 (0) 2 (100) 0 (0) 2 (100)
<1.5 h/day 5 (6.8) 68 (93.2) 28 (38.4) 45 (61.6)
2 h/day 19 (15.6) 103 (84.4) 57 (46.7) 65 (53.3)
>3 6 (12.8) 41 (87.2) 20 (42.6) 27 (57.4)

Values are expressed as n (%) unless stated otherwise. a n X2 test. b X2 test for trend.
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Table 2. Allergies and family history of skin diseases in relation to Molluscum Contagiosum and Warts.

Molluscum Contagiosum Warts

Yes No p-Value Yes No p-Value

Allergies N (%) N (%) N (%) N (%)

Dermatological allergy 0.624 a 0.155 a

Yes 10 (13.9) 62 (86.1) 36 (50) 36 (50)
No 20 (11.6) 152 (88.4) 69 (40.1) 103 (59.9)

Respiratory allergy 0.219 b 0.511 a

Yes 4 (20) 16 (80) 10 (50) 10 (50)
No 26 (11.6) 198 (88.4) 95 (42) 129 (57.6)

Food allergy 0.077 b 0.272 a

Yes 4 (28.6) 10 (71.4) 8 (57.1) 6 (42.9)
No 26 (11.3) 204 (88.7) 97 (42.2) 133 (57.8)

Drug allergy 0.312 b 0.269 a

Yes 3 (18.8) 13 (81.3) 9 (56.3) 7 (43.8)
No 27 (11.8) 201 (88.2) 96 (42.1) 132 (57.9)

Seasonal allergy 0.004 a 0.06 a

Yes 14 (22.6) 48 (77.4) 33 (53.2) 29 (46.8)
No 16 (8.8) 166 (91.2) 72 (39.6) 110 (60.4)

Family history of skin diseases

Psoriasis 0.208 b 0.349 b

Yes 2 (28.6) 5 (71.4) 4 (57.1) 3 (42.9)
No 28 (11.8) 209 (97.7) 101 (96.2) 42.6 136 (57.4)

Warts (HPV) 0.256 b 0.012 b

Yes 2 (25) 6 (75) 7 (87.5) 1 (12.5)
No 28 (11.9) 208 (88.1) 98 (93.3) 41.5 138 (58.5)

Atopy 0.134 b 0.024 a

Yes 5 (21.7) 18 (78.3) 15 (65.2) 8 (34.8)
No 25 (11.3) 196 (88.7) 90 (40.7) 131 (59.3)

Values are expressed as n (%) unless stated otherwise. a Chi-square. b Fisher’s exact test.

3.3. Warts

One hundred and five participants (n: 105, 43%) had warts during their swimming
career. In all cases, diagnosis and treatment were performed by dermatologists. Infected
females were more than males however, the prevalence did not differ between sexes
(p = 0.244). Although younger swimmers were more, elder groups were more likely to be
infected with warts (60% of 17–18 years old and 49% of adults had warts while 37.2% of
9–12 years old and 40.6% of 15–16 years old). The years and the daily duration of training
seem to affect the infection rate of warts. Accordingly, two hours of daily training seems
to be the most common duration for swimmers which justifies high warts’ infection rate
(Table 1).

The participation in the training program was interrupted in 84.3% (n: 86) of the
swimmers during warts’ treatment but for a different time period. Sixteen swimmers
(15.7%) continued swimming training during treatment. More than half of the infected
swimmers (55.9%) had “less than a month” absence period and 18.6% “less than three
months” absence period. Four swimmers interrupted swimming for more than six months
because of warts.

Almost half of the warts infections occurred in wintertime and there was not a signifi-
cant difference with the athletes that were affected other seasons (n: 47, 44.8% p = 0.329).
Spring (31.4% p < 0.001), summertime (28.6%, p < 0.001) and autumn (16.2%, p < 0.001) had
a significant reduced reference to the lesion occurrences. The soles (45.7%, p < 0.435) were
the most common sites of primary infection. The significance of sites infected with warts
occurs in lower limb (25.7%, p < 0.001), hands (12.4%, p < 0.001), trunk (9% p < 0.001), upper
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limb (7% p < 0.001) and face (7%, p < 0.001). Athletes with allergy showed no increased risk
of warts. A family history of warts (OR = 2.107 CI 95% 1.557–2.852 p = 0.012) and atopy
(OR = 2.729 CI 95%1.111–6.706 p = 0.024) had an increased risk of warts infection (Table 2).

Swimmers who share training fins had an increased risk of having warts (OR = 1.818
CI 95% 1.076–3.072, p = 0.026). Wearing flip-flops was a hygiene rule which was observed
from almost all the participants. Walking barefoot on the pool’s deck and placing towels
on the pool’s or locker’s room bench were some behaviors that had been observed by more
than half of participants in general (Figure 1B).
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4. Discussion

Based on our findings the incidence of warts among Greek swimmers has been consid-
ered high [14] and MC’s incidence is almost quadrable compared to Kyriakis et al. [2,15].
To our knowledge, this is the first study that exclusively refers to cutaneous viral infections
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among competitive swimmers and not in the general population [2,10,14,16]. The years
and the duration of training may hold an important role in the spread of forgoing viruses.
Our findings on the prevalence of warts infections indicate that the rates of infections
by age categories are proportional to the years and duration of training. This proportion
for the prevalence of MC are not clear, possibly due to the lower number of MC infected
swimmers in the 15–18 age categories. Nevertheless, the high percentages of infections of
our study, possibly demonstrate what is generally accepted that: both these skin infections
are typically caused by moist walking surfaces such as swimming pools, or by sharing
items and equipment [4,13].

4.1. Molluscum Contagiosum

In our findings, 12.3% of swimmers were infected with MC in comparison to Mahe
et al., who found MC in 3.6% of the general infant population [17]. Kyriakis et al. reported
that the incidence of MC in Greece, among children outpatients, was 3.2% [2]. In the past, a
5% attack rate of MC, in an area of Germany, was coincided with a public swimming pool’s
opening and declined after the pool was closed [18].

Males and females were equally affected by the MC virus, according to our data. The
same results were found in previous studies in Greece and Australia [2,19] but in a Spanish
study, boys were double than girls [20]. The majority of our cases were reported at the ages
of 9 to 14, but the infections rate was higher in the adult swimmers which was associated
with the years and duration of the training and probably the sexual activity. Evidence in
young ages was reported by Olsen et al. who showed that 5 to 14 years old children had a
high incidence rate [21]. Other studies have reported the high prevalence of MC in younger
ages [3,22].

We found no data of a possible association between MC and warts. The co-existence
of both viral infections in some participants was reported in our study and is possible due
to the impaired epidermal barrier and noncompliance with the hygiene rules. Some studies
have correlated MC with a history of atopy, which has been reported as a potential risk
factor, in children who shared a bath with other children or swam at a school swimming
pool [3,6,13].

Regarding the anatomical distribution of the MC lesions, our findings are similar
and support previous relevant findings. They were located on the truck, axillae, and
upper limbs in older children while the face was reported only in children aged ≤2 years
old [3,15,20]. Niizeki et al., described MC lesions on the extremities, back, and axillae [21].
According to WHO, indirect transmission of MC via water in swimming pools is not
considered possible [4]. In agreement with Choong et al., we believe that other behaviors
such as direct contact of swimmers, use of bath sponges and towels, or putting clothes and
bathrobes on a locker’s room bench, produced infection rates more often than to people
who did not share such fomites [13]. Niizeki et al. assumed that the high incidence of
lesions on the side of the body is the result of contact with kickboards used in the swimming
pool [22]. Other sources of MC transmission may be training fins and hand paddles.

According to our findings, an outdoor facility may have a higher risk of virus trans-
mission. Although the primary source of virus in swimming pool facilities is infected
bathers, an outdoor facility needs a demanding hygiene protocol because of the open-air
environmental exposure (animals, nature, pollution) [4]. Weismann related 75% of MC
cases to the use of an outdoor swimming pool [23]. In Australia, outdoor school swimming
pool attendance was found to be a significant risk factor for MC [13]. Regional differences
in MC incidence were found in different regions of Holland. There were no differences in
the climate, temperatures, or urbanization between the areas [21]. On the other hand, refer-
ences mentioned the region’s climate for the transmission of MC lesions. A high incidence
of MC has been reported in temperate climates. A Dutch study showed an incidence of
17% of MC in children younger than 15 years old [24]. In addition, cool climates facilitate
the transmission of MC in children aged 10 to 12 years old, but warm countries favor the
transmission at younger ages [25]. Regional differences also were found in North America
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but there was no explanation of what could attribute the higher prevalence of a region [21].
All reported references focused on the general population. In our study, the swimming pool
region seemed to play a role in the potential spread of MC or warts. Due to the numerous
responses from the Attica region, the comparison with the province data are not clear. The
occurrence of MC among swimmers of different regions in Greece would be of interest.

Wintertime and spring were the seasons with a higher incidence of MC, noting that
this is a preparation period for competitive swimmers in Greece. Koning et al. also,
found that the incidence was higher between January and June than between July and
December [24]. These findings disprove the general belief that warm, humid conditions
are more favorable to a viral transmission. Weismann reported that, a seasonal variation in
the number of cases of MC, with an increased incidence between February and September,
related to the opening of a new outdoor public swimming pool [23].

4.2. Warts

Our findings are not in agreement with Van Haalen et al. who reported 33%, infection
of warts in elementary school children [7]. Koning et al. reported 44%, infection of warts
but in elementary school children [24]. Plantar warts affect 7–12% of the population with
a higher prevalence in school-aged children [7]. Females seem to be more prone to HPV
infections than males although Giannaki et al. found no significant difference in the
prevalence of warts between sexes [14] or most frequent effect in males [26].

Our findings for the incidence of warts were in relation with Van Haalen et al. The
peak age of warts occurring at 9–10 years and common presence in teenagers may relate
to school attendance and sports activities [7]. The high incidence rate to 17 and older
swimmers in our study is probably associated with the years and duration of training.
Vaile et al. noted a positive correlation between the amount of swimming and the incidence
of warts [27]. Plantar warts occur most frequently in children and adolescents, although
they are rare in patients younger than 5 years [28].

Bruggink et al. mentioned that school class prevalence and having a family member
with warts, were important risk factors for the transmission of warts, which is in agreement
with our findings [9]. Atopy was mentioned as a risk factor in a Greek study for warts [14].
Another France study showed an association between warts, swimming pool frequentation,
and atopy [29]. Seasonal allergy may be associated with the HPV appearance but there are
no relevant data in the literature.

The soles are considered the most common site of warts infection among swimmers
probably because of their participation in swimming pool training, other sports activi-
ties [28], and the use of communal showers [30]. In school children, common warts mainly
occurred on hands and feet, confirming that warts are usually spread by direct skin-to-skin
inoculation of the virus from one person to another.

Sharing equipment and fomites as training fins and kickboards is a serious risk factor
for the transmission of warts [31]. Despite the extensive use of flip flops, a large number
of participants walked barefoot on the pool’s deck and placed the towel/bathrobe on the
communal bench. Walking barefoot increases the likelihood of contracting HPV, especially
if other people walk barefoot as well [30,32]. It is believed that the rough surfaces of
a swimming pool promote microtrauma to the sole of the foot, and the warm, moist
environment promotes viral infection. The virus can survive several months on any surface
until encountering a host [33].

Rates of plantar warts are noted to increase during the winter months [28]. Tamer et al.
resulted that warts were mostly detected in summer than wintertime [34]. The competitive
swimmers’ training period is from autumn to early summer and the prevalence of warts in
winter and springtime is justified considering the daily attendance in the swimming pool.

An outdoor facility may have a higher risk of virus transmission due to the open-
air environmental exposure but Vaile et al. reported a greater prevalence of warts in
swimmers in covered pools compared to uncovered pools, concluding that this difference
was noted in a different period of exposure [27]. For other cutaneous infections, the
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spreading role of bathing places such as indoor swimming pools or fun parks has been
well established [31,35]. Regarding the occurrence of skin infections, further research is
required to estimate the role of environmental factors.

To our knowledge, this is the first study assessing the incidence of MC and warts
in competitive swimmers, worldwide. However, it includes limitations. Due to COVID-
19 pandemic restriction measures, we used an online questionnaire without a clinical
examination. Data were all self-reported and the survey required participants to recall past
conditions. We thought that this approach was quicker and attractive for the participants
because they had time to think about their answers without pressure. The questionnaire
concerned a variety of skin infections which was not reported in this study. Thus, it
cannot be ensured that the participants responded because they experienced MC or warts
infections. Water quality and hygiene measures were not included in our study. In the
future, we intend to correlate our findings with water quality measures to determine the
risk assessment of the transmission of infectious diseases.

Relying on the data our participants submitted, a correlation between molluscum
contagiosum, warts, and swimming pool environment was well documented. Fomites, pool
equipment, and pool areas have been suggested as carriers of such viruses but the exact
source of infections is not clear. Good practices can minimize the negative health impact
of swimmers. The establishment manager is responsible for the proper operation and
management of the swimming pool. Poor air and water quality, overcrowding in the facility,
and poor maintenance of equipment are some parameters that must be considered for the
operation of a swimming facility and the avoidance of contagious viral cutaneous and
other infections [4]. The Greek swimming pool regulation includes preventive measures
such as limiting the number of swimmers, continuous disinfection of the water, better
cleaning of sanitary installations and the facilities, and regular maintenance of the technical
equipment such as filters. Furthermore, swimmers have obligations regarding the use of the
facility and compliance with safety and hygiene rules. Taking a shower before swimming,
excluding swimmers with infectious disease, and using a swimming cup are elements that
are mandatory for the proper use of the swimming facility and the avoidance of infections
transmission [12]. Recommendations must be made to swimmers such as a visit to the
dermatologist every year, to wear flip flops, or not to walk barefoot in public places [11].
Education of the swimmers is necessary for them to adopt proper behaviors. Competent
authorities, facility operators, and swimming club managers can provide information on
the rules of the facility and the importance of their implementation [4].

5. Conclusions

A high prevalence of MC and warts was observed in competitive swimmers in Greece.
An early diagnosis of warts, MC lesions, and other skin viruses must be made for every
swimmer through dermatological examination. In this way, possible transmission to other
swimmers will be prevented. For skin infections related to swimming pool participa-
tion, further research is required on environmental factors such as indoor and outdoor
facilities, detailed measures of water quality as well as hygienic control of the swimming
pool auxiliary facilities. Taking proper measures for reducing the risk of warts and MC
transmissions, such as strict swimming pool rules and recommendations for swimmer’s
behavior, is mandatory.
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