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Highlights 147 

 Bathing water quality in the UK has improved over the last few decades 148 

 A cross-sectional study of self-reported illness in bathers and non-149 

bathers was done 150 

 Bathers reported a higher frequency of illness compared to non-bathers  151 

 The reported risks of illness were similar to those measured in the 1990s 152 

 153 

Abstract  154 

 155 

The risks of illness associated with bathing in UK coastal waters have not been 156 

quantified since the early 1990s. Efforts have been made since then to improve 157 

the quality of bathing waters. The aim of this study was to quantify the 158 

prevalence of symptoms of illness associated with sea bathing in bathers in 159 

England and Wales. A cross-sectional study was conducted between June 160 

2014 and April 2015. An online survey collected information from sea bathers 161 

and non-bathers on their visits to beaches in England and Wales along with the 162 

occurrence of symptoms of illness. 2631 people (1693 bathers, 938 non-163 

bathers) responded to the survey. Compared to non-bathers, bathers were 164 

more likely to report skin ailments (adjusted prevalence odds ratio (AOR) = 165 

2.64, 95% confidence interval (CI) 1.23 to 5.65, p=0.01), ear ailments (AOR = 166 

3.77, 95% CI 1.84 to 7.73, p<0.001), and any symptoms of illness (AOR = 3.73, 167 

95% CI 2.63 to 5.29, p<0.001). There was weak evidence of an increase in the 168 

odds of gastrointestinal illness (AOR = 1.59, 95% CI 0.96 to 2.65, p=0.07), 169 

respiratory ailments (AOR = 2.44, 95% CI 0.92 to 6.48, p=0.07) and eye 170 

ailments (AOR = 2.12, 95% CI 0.83 to 5.39, p=0.11). While the study design 171 

does not allow inference of causality, we do observe an association between 172 
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sea bathing in England and Wales and reported symptoms of ill health. This 173 

suggests that despite higher rates of compliance with water quality criteria 174 

among bathing waters nowadays, the odds of illness for bathers relative to non-175 

bathers is similar in magnitude to estimates made in the 1990s.   176 
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1. Introduction 177 

The introduction and survival of faecal microorganisms in seawater poses a 178 

health risk to people who use these environments for recreation. Many studies 179 

around the world, including in high-income countries, have reported an 180 

association between bathing in seawater affected by faecal pollution and an 181 

increased risk of a range of self-reported illnesses, such as gastrointestinal (GI), 182 

respiratory, skin, ear, and eye ailments (Leonard et al. 2018a, Wade et al. 183 

2003). In 2003, Shuval et al. reported that every year over 120 million cases of 184 

GI illnesses are caused by swimming and bathing in polluted coastal waters 185 

worldwide (Shuval 2003). Since the introduction of the European Bathing Water 186 

Directive (76/160/EEC) in the 1970s, designated bathing waters have been 187 

monitored during the bathing season for levels of faecal indicator bacteria (FIB) 188 

in order to “preserve, protect and improve the quality of the environment and to 189 

protect human health” (European Parliament Council of the European Union 190 

2006). The levels of faecal indicator bacteria present in bathing waters in 191 

England and Wales has decreased over the past 29 years (Supplementary 192 

Material Figure S1), and the proportion of designated bathing waters in the UK 193 

compliant with the European Bathing Water Directive has increased over the 194 

past 20 years from 77.1% in 1990 to 98.7% in 2014 (European Environment 195 

Agency 2008, 2014). In 2012 the UK started to transition to the revised Bathing 196 

Water Directive (2006/7/EC), which requires lower levels of the FIB i, Escherichia 197 

coli and intestinal enterococci, to be reported at designated beaches in order for 198 

sites to be classified as compliant with the mandatory standard (European 199 

Parliament Council of the European Union 2006). In 2015, when the first 200 

classifications under the revised Bathing Water Directive were complete, 94.5% 201 

of bathing waters in the UK were compliant with these stricter standards 202 
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(European Environment Agency 2016). Improvements in water quality have 203 

been attributed to significant investment by the government and the water 204 

industry to upgrade facilities responsible for wastewater collection, treatment 205 

and disposal (Blackburn et al. 2017). However, waterways in the UK are still 206 

affected by treated and untreated faecal material introducing pathogenic 207 

microorganisms of human and animal origin, especially during wet weather 208 

(Arnold et al. 2017, Blackburn et al. 2017, Hall et al. 2012). Previous research 209 

has shown that wastewater treatment plant effluent is associated with increased 210 

prevalence of human pathogens and antibiotic resistant bacteria to river 211 

catchments which ultimately discharge to coastal waters (Amos et al. 2014). 212 

Bathers are therefore at risk of exposure to a variety of microorganisms, 213 

including those which are pathogenic or resistant to antimicrobials (Leonard et 214 

al. 2018b).  215 

Academics, public health professionals, politicians and special interest groups 216 

debate the effectiveness of the current monitoring methods used to assess 217 

bathing water quality and safety (European Parliament Council of the European 218 

Union 2006). A concern being that FIB densities vary substantially throughout 219 

the course of the day and week, and vary along the length of a beach (Enns et 220 

al. 2012) and do not reflect risk of symptoms caused by other pathogenic 221 

microorganism, like viruses. Therefore, existing sampling efforts, which take 222 

place at a single site on each designated beach approximately once a week 223 

during the bathing season, may fail to capture spikes in FIB levels caused by 224 

sporadic pollution events, such as combined sewer overflows. Furthermore, 225 

people go in the sea outside the bathing season, and bathe at unmonitored 226 

beaches (Mills and Cummins 2013). Therefore, monitoring during the bathing 227 
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season and at designated beaches for FIB may not reflect the public’s true 228 

exposure to contaminants present in coastal waters.  229 

Assessing the health risks to bathers of exposure to coastal waters can be 230 

achieved through conducting epidemiological surveys. However, there have 231 

been no large scale epidemiological studies of bathers in the UK since the 232 

1990s when Kay and colleagues conducted a randomised controlled trial of 233 

1216 adults which showed increased risk of illness among bathers compared to 234 

non-bathers (Fleisher et al. 1996, Kay et al. 1994). Therefore, the primary aim 235 

of the current study was to assess whether there is an association between 236 

water use and experiencing a variety of symptoms commonly associated with 237 

bathing. A secondary aim of this survey was to investigate whether there is an 238 

association between visiting beaches, as an indication of exposure to 239 

aerosolised seawater, and reporting symptoms of respiratory illness. To the 240 

best of our knowledge, the association between inhalation of aerosolised 241 

seawater by beach visitors and the risk of experiencing symptoms of respiratory 242 

infections has not been investigated using an online survey before.   243 
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2. Materials and methods  244 

Between June 2014 and April 2015 a cross-sectional survey was conducted 245 

using a web-based questionnaire, called the Beach User Health Survey, hosted 246 

by Jisc Online Surveys (https://www.onlinesurveys.ac.uk, formerly Bristol Online 247 

Surveys). After giving informed consent, adults living in England and Wales 248 

completed the survey, which asked participants to retrospectively report their 249 

exposure to coastal waters in England and Wales in the previous two weeks, as 250 

well as the occurrence of symptoms of illness during the first and second week 251 

of recall. A copy of the survey is available in the supplementary materials.  252 

2.1 Participant recruitment 253 

It was calculated that 957 bathers and 957 non-bathers would need to be 254 

recruited to the study to detect a difference of five percentage points (15% 255 

versus 10%, respectively) in the percentage reporting illness with 90% power at 256 

the 5% (2-tailed) level of significance. The background rate of 10% of 257 

gastrointestinal (GI) illness among non-bathers was obtained from Kay and 258 

colleagues (1994) over a three-week period. These parameters were chosen in 259 

order to detect the same difference as reported by the last study to quantify 260 

bather illness in the UK.    261 

Participant recruitment was facilitated by Surfers Against Sewage (SAS), a 262 

marine conservation charity based in the southwest of England, with members 263 

from across the UK. The Beach User Health Survey was advertised to SAS 264 

members (more than 40 000 individuals) via email as well as being shared on 265 

social media (Facebook and Twitter). The survey was made available on four 266 

separate occasions throughout a one-year period. It was available twice during 267 

the bathing season (between 2 June 2014 and 15 June 2014, and again 268 

https://www.onlinesurveys.ac.uk/
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between 19 August 2014 and 1 September 2014), and twice outside the bathing 269 

season (between 10 November 2014 and 23 November 2014, and again 270 

between 13 April 2015 and 26 April 2015). Each time the survey was available 271 

for two weeks for people to participate, and was available to all eligible people, 272 

whether or not they had taken part in previous waves of data collection.  273 

People were eligible to take part in this study if they were adults (aged 18 and 274 

above) who lived in England and Wales. People were excluded from the survey 275 

if they reported going into the sea anywhere other than in England or Wales in 276 

the previous two weeks.  277 
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2.2 Exposure definitions  278 

Responses to questions about recent visits to the beach were used to assign 279 

respondents to the following exposure categories: 280 

Bathers: people who reported any contact with the sea in the past two 281 

weeks, regardless of whether or not they reported visiting a beach; 282 

Non-bathers: Beach-going non-bathers (people who reported visiting the 283 

beach in the past two weeks but did not report going into the sea in this 284 

time) and non-beachgoers (people who reported not going to the beach nor 285 

going into the sea in the previous two weeks). 286 

2.3 Health outcomes 287 

Six health outcomes were investigated: cases of gastrointestinal illness, acute 288 

febrile respiratory infection (AFRI), skin ailments, ear ailments, eye ailments, 289 

and any illness. The case definitions for the first five of these were the same as 290 

those reported by Kay et al. (1994) and Fleisher et al. (1996) (Figure 1). In 291 

addition, a composite measure of illness, any illness, was included. This was 292 

defined as reporting one or more symptoms of illness. 293 

Participants were asked to report symptoms of illness they experienced in the 294 

previous two weeks and symptom data were recorded separately for the first 295 

week of recall and the second week of recall. Cases were counted if responders 296 

reported a symptom in the second week which they had not reported during the 297 

first week of recall (i.e. new symptoms). 298 
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 299 

 300 

Figure 1. Case definitions for the health outcomes investigated 301 

 302 

2.4 Statistical analyses 303 

To assess whether there is an association between bathing in the sea and 304 

experiencing symptoms of illness, respondents who reported going into the sea 305 

in the previous two weeks (bathers) were compared to people who reported not 306 

going into the sea in the same period (non-bathers). For this primary 307 

comparison, beach-going non-bathers and non-beachgoers were combined into 308 

a single non-bathing group as we were specifically interested in the effect of 309 

bathing itself and not the effect of going to the beach. The extent to which the 310 

main relationship of interest (exposure to bathing water and illness) differed 311 

across the four waves of data collection was examined using logistic regression 312 

models with tests of interaction for the effect of bathing season. Since the 313 
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season during which responses were submitted had a negligible effect on the 314 

association of interest (Supplementary Materials Table S1), data were pooled 315 

across the four waves of data collection, and logistic regression was used to 316 

estimate crude prevalence odds ratios which were adjusted for confounding 317 

factors where possible. A limit was set on the number of confounders included 318 

in each model: The maximum number of confounders that could be adjusted for 319 

was 10% of the total number of cases (or non-cases, depending on which 320 

number was the smaller of the two) of each health outcome. Confounders 321 

considered for inclusion were selected from the following: time of year, pre-322 

existing condition, diet, age, sex, level of educational attainment, regular 323 

bathing, whether members of their household were unwell with similar 324 

symptoms, animal ownership, smoker, exposure to recreational waters other 325 

than seawater, immunosuppressed, recent international travel, and risk 326 

perception. These confounders were prioritised for inclusion in order of their 327 

suspected importance (Supplementary Table S2). Since it was possible for 328 

participants to submit data in all four waves of data collection, repeat 329 

responders were identified by the email address they provided upon completion 330 

of the survey and analyses allowed for the correlation between scores that were 331 

provided by the same respondent by calculating information sandwich ("robust”) 332 

estimates of standard error for the odds ratios (Hanley et al. 2003). Adjusted 333 

odds ratios (AOR) are reported along with 95% confidence intervals (CI) and p-334 

values. 335 

To assess whether there was an association between visiting the beach and 336 

experiencing respiratory illness, symptom data were compared between 337 

respondents who reported going to the beach but did not go in the sea (beach-338 

going non-bathers) and those who did not report going to the beach in the 339 
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previous two weeks (non-beachgoers). Again, data from all four waves were 340 

pooled in a single analysis, and logistic regression with robust standard errors 341 

was used to estimate odds ratios for cases of acute febrile respiratory illness.  342 

This study was approved by the University of Exeter Medical School Research 343 

Ethics Committee (reference number 14/02/039).   344 
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3. Results 345 

3.1 Recruitment 346 

Between June 2014 and April 2015, a total of 2,644 respondents completed the 347 

Beach User Health Survey: 769 in the first wave of data collection, 492 in the 348 

second, 546 in the third, and 837 in the final wave (Figure 2). Thirteen people 349 

were excluded because the beaches they had visited were not in England or 350 

Wales, leaving 2631 responses for analysis. The characteristics of participants 351 

in each exposure group are reported in Table 1.  352 

 353 

 354 

Figure 2. Participant recruitment flow diagram 355 

 356 
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Table 1. Characteristics of survey participants. * Level of educational attainment 357 

based on Office for National Statistics 2011 Census categories: Level 1: 1-4 358 

General Certificate of Secondary Education (GCSEs) or equivalent; Level 2: 5+ 359 

GCSEs or equivalent; Level 3: 2+ A-levels or equivalent; Level 4: Bachelor’s 360 

degree or equivalent, higher qualifications. See Supplementary Materials Table 361 

S3 for how these educational attainment categories map onto the International 362 

Standard Classification of Education 2011. A repeat responder was an 363 

individual who responded to more than one wave of data collection, identified 364 

using email address submitted by participants. 365 

  366 
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  367 

Characteristics Bathers 
N=1,693 

Beach-going 
non-bathers 
N=412  

Non-beachgoers 
N=526 

Males, n (%) 979 (57.8%) 127 (30.8%) 220 (41.8%) 

Age      18 – 24, n (%) 
25 – 34, n (%) 
34 – 44, n (%) 
45 – 54, n (%) 
55 – 64, n (%) 
65+, n (%) 

276 (16.3%) 
483 (28.5%) 
490 (28.9%) 
309 (18.3%) 
105 (6.2%) 
30 (1.8%) 

51 (12.4%) 
123 (29.9%) 
102 (24.8%) 
72 (17.5%) 
50 (12.1%) 
14 (3.4%) 

109 (20.7%) 
147 (27.9%) 
142 (27.0%) 
77 (14.6%) 
41 (7.8%) 
10 (1.9%) 

Level of educational attainment 
No formal qualifications, n (%) 
Level 1*, n (%) 
Level 2*, n (%) 
Apprenticeship, n (%) 
Level 3*, n (%) 
Level 4*, n (%) 
Other, n (%) 

 
13 (0.8%) 
34 (2.0%) 
97 (5.7%) 
34 (2.0%) 
343 (20.3%) 
1092 (64.5%) 
80 (4.7%) 

 
2 (0.5%) 
15 (3.6%) 
17 (4.1%) 
4 (1.0%) 
61 (14.8%) 
284 (68.9%) 
29 (7.0%) 

 
4 (0.8%) 
17 (3.2%) 
23 (4.4%) 
7 (1.3%) 
85 (16.2%) 
350 (66.5%) 
40 (7.6%) 

Household member ill in the past 2wks, n (%) 185 (10.9%) 30 (7.3%) 44 (8.4%) 

Diet (eaten the following in the past 2wks) 
Shellfish, n (%) 
Mayonnaise, n (%) 
Takeaway food, n (%) 
Chicken, n (%) 
Eggs, n (%) 
Cold meat pies, n (%) 
Salad, n (%) 
Barbequed food, n (%) 
Any of the above, n (%) 

 
553 (31.5%) 
975 (57.6%) 
660 (39.0%) 
1242 (75.8%) 
1334 (78.8%) 
290 (17.1%) 
1405 (83.0%) 
468 (27.6%) 
1627 (96.1%) 

 
138 (33.5%) 
251 (61.7%) 
155 (37.6%) 
296 (71.8%) 
336 (81.6%) 
59 (14.3%) 
359 (87.1%) 
85 (20.6%) 
398 (96.6%) 

 
165 (31.4%) 
307 (58.4%) 
218 (41.4%) 
380 (72.2%) 
402 (76.4%) 
89 (16.9%) 
417 (79.3%) 
102 (19.4%) 
489 (93.0%) 

Pre-existing medical conditions 
Digestive, n (%) 
Respiratory, n (%) 
Skin, n (%) 
Allergies, n (%) 
Other, n (%) 
Any of the above, n (%) 

 
196 (11.6%) 
189 (11.0%) 
221 (13.1%) 
329 (19.4%) 
138 (8.2%) 
711 (42.0%) 

 
53 (12.9%) 
42 (10.2%)  
50 (12.1%) 
88 (21.4%) 
33 (8.0%) 
181 (43.9%) 

 
65 (12.4%) 
58 (11.0%) 
76 (14.4%) 
108 (20.5%) 
49 (9.3%) 
240 (45.6%) 

Immunosuppressed, n (%) 39 (2.3%) 15 (3.6%) 20 (3.8%) 

Smoke, n (%) 210 (12.4%) 40 (9.7%) 68 (12.9%) 

International travel in the past 2wks, n (%) 123 (7.3%) 21 (5.1%) 76 (14.4%) 

Bathing other than in sea in past 2wks, n (%) 617 (36.4%) 142 (34.5%) 192 (36.5%) 

Animal ownership, n (%) 934 (55.2%) 253 (61.4%) 250 (47.7%) 

Risk perception, n (%)    
Oil spills, n (%) 634 (37.4%) 142 (34.5%) 192 (36.5%) 
Objects floating in the water, n (%) 992 (58.6%) 248 (60.2%) 349 (66.3%) 
Chemical pollution, n (%) 1025 (60.5%) 231 (56.1%) 325 (61.8%) 
Sewage pollution, n (%) 1485 (87.7%) 354 (85.9%) 467 (88.8%) 
Rip currents, n (%) 790 (46.7%) 241 (58.5%) 328 (62.4%) 
Algal blooms, n (%) 334 (19.8%) 87 (21.1%) 129 (24.5%) 
Weaver fish, n (%) 
Worried about any of these, n (%) 

613 (36.2%) 
1605 (94.8%) 

180 (43.7%) 
385 (93.4%) 

200 (38.0%) 
250 (47.5%) 
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3.2 Illness in bathers compared to non-bathers 368 

Compared to non-bathers, a greater proportion of bathers reported new 369 

symptoms of illness for all investigated health outcomes (Table 2). After 370 

adjusting for confounders, bathers were more likely to report skin ailments 371 

(AOR=2.64, 95% CI 1.23 to 5.65, p=0.01), ear ailments (AOR=3.77, 95% CI 372 

1.84 to 7.73, p<0.001), and any symptoms of illness (AOR=3.73, 95% CI 2.63 to 373 

5.29, p<0.001), compared to non-bathers. There was only weak evidence of an 374 

increase in gastrointestinal illnesses (AOR=1.59, 95% CI 0.96 to 2.65, p= 0.07), 375 

or of acute febrile respiratory infection (AFRI) (AOR=2.44, 95% CI 0.92 to 6.48, 376 

p= 0.07), and little evidence of an increase in eye complaints (AOR=2.12, 95% 377 

CI 0.83 to 5.39, p=0.11).378 
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 379 

Table 2 Number (%) of cases of health outcomes reported among bathers during the last seven days of recall compared to participants 380 

who reported not going into the sea (non-bathers). Confounders adjusted for in final models: a time of year, diet, pre-existing conditions 381 

affecting digestive health, similar illness in household, regular bather, any contact with recreational waters in the past two weeks that 382 

were not the sea; b time of year, pre-existing conditions affecting respiratory health; c time of year, pre-existing conditions affecting skin, 383 

immunosuppressed, sex; d time of year, regular bather, sex, immunosuppressed, age, level of educational attainment; e time of year, pre-384 

existing conditions affecting eye health, regular bather, age, level of educational attainment; f time of year, any pre-existing conditions, 385 

regular bather, diet, age, level of educational attainment, similar illness in household, sex, risk perception, immunosuppressed, any 386 

contact with recreational waters in the past two weeks that were not the sea, pet ownership, smoker, recent overseas travel 387 

Health outcome  Bathers  
(N=1693) 

Non-bathers 
(N=938) 

Crude risk 
ratio  

Crude 
prevalence 
odds ratio 

Adjusted prevalence odds 
ratio (95% CI) p-value 

Gastrointestinal illness a n (%) 80 (5.1%) 25 (2.8%) 1.84 1.89 1.59 (0.96, 2.65) p=0.07 

Acute febrile respiratory infection b n (%) 21 (1.3%) 5 (0.5%) 2.32 2.34   2.44 (0.92, 6.48) p=0.07 

Skin ailments c n (%) 36 (2.3%) 9 (1.0%) 2.30 2.33 2.64 (1.23, 5.65) p=0.01 

Ear ailments d n (%) 58 (3.7%) 9 (1.0%) 3.80 3.91 3.77 (1.84, 7.73) p<0.001 

Eye ailments e n (%) 32 (2.0%) 6 (0.6%) 3.08 3.12 2.12 (0.83, 5.39) p=0.11 

Any symptoms of illness f n (%) 258 (24.0%) 54 (7.2%) 3.33 4.07 3.73 (2.63, 5.29) p<0.001 
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3.3 Respiratory illness in beach-going non-bathers compared to non-beachgoers 388 

The reporting of acute febrile respiratory infection (AFRI) was rare for both beach-389 

going non-bathers and non-beachgoers, and therefore the sample size was too small 390 

to adjust the odds ratio for confounders. Three out of 405 (0.7%) beach-going non-391 

bathers reported symptoms that indicated a case of AFRI compared to two out of 392 

521 (0.4%) of non-beachgoers. Therefore there is no evidence of an association 393 

between visiting a beach and reporting acute febrile respiratory infection: AOR = 394 

1.94 (95% CI 0.32, 11.7), p=0.47. 395 
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4. Discussion 396 

This is the first study conducted in England and Wales to quantify the prevalence of 397 

experiencing symptoms of ill health in bathers and non-bathers following the 398 

transition to the revised Bathing Water Directive (2006/7/EC) in 2012, and since the 399 

last study which was conducted in the 1990s. The primary objective of the Beach 400 

User Health Survey was to assess whether bathers are more likely to report 401 

symptoms of infection than non-bathers. The results suggested that among people 402 

who reported having been in the sea in the previous two weeks (bathers), a higher 403 

proportion reported symptoms of illness in the second week period, compared to 404 

people who reported not going into the sea (non-bathers). There was strong 405 

evidence of an association between sea bathing and reporting of skin ailments, ear 406 

ailments, and any symptoms of illness. While a higher proportion of bathers reported 407 

cases of gastrointestinal (GI) illness, acute febrile respiratory infection (AFRI) and 408 

eye ailments compared to non-bathers, there was only weak evidence of an 409 

association between sea bathing and these health outcomes.  410 

The odds ratios reported here are higher than those reported in a recent meta-411 

analysis on the risks of gastrointestinal illness, ear ailments and any illness following 412 

sea bathing in other high-income countries (Leonard et al. 2018a). While at the 413 

higher end of the systematic review estimates, these results are still within limits 414 

expected from data gathered from other high-income countries. The odds ratios 415 

reported in this study are similar in magnitude to those reported by Kay et al. (1994) 416 

and Fleisher et al. (1996) from the randomised controlled trial conducted between 417 

1989 and 1992 (Figure 3), which collected incident cases of these health outcomes 418 

occurring over a three week period. Previous studies have reported an increase in 419 

the risk of GI illness associated with sea bathing (Kay et al. 1994, Leonard et al. 420 
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2018a), yet here there was only weak evidence of an association between bathing 421 

and GI illness. This was also the case for eye ailments. 422 

The sample size calculation was based on data from Kay et al. 1994, which reported 423 

that 14.8% of bathers and 9.7% of non-bathers experienced incident cases of GI 424 

illness. However, the data collected in our 2014-2015 survey suggests that the rates 425 

of GI illness in bathing and non-bathing participants of the study population have 426 

decreased to 5.1% and 2.8% respectively. In addition, the risk differences in the 427 

present study are smaller compared to this earlier study. Therefore, if the relationship 428 

is causal in nature, the numbers needed to harm are greater than before, with 43 429 

bathing water exposures resulting in 1 case of gastrointestinal illness in 2014 to 2015 430 

compared to 20 exposures from 1989 to 1992 (Supplementary Materials Tables S4). 431 

These differences could be explained by differences in study design, participant 432 

recruitment, and length of follow-up.  433 

 434 
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Figure 3. Forest plot displaying the odds of experiencing illness in bathers compared 435 

to non-bathers in the Beach User Health Survey (2014-2015) and the trial conducted 436 

between 1989 and 1992 (data extracted from Kay et al. 1994 and Fleisher et al. 437 

1996). AFRI: acute febrile respiratory infection.  438 

The web-based survey format allowed the efficient collection and analysis of data 439 

from a large number of adults in England and Wales between June 2014 and April 440 

2015, and collected useful information on the bathing habits and symptoms 441 

experienced by members of the public visiting coastal waters in England and Wales. 442 

Despite more than 99% of coastal bathing waters in England and Wales meeting the 443 

minimum standard of the European Bathing Water Directive in 2014 and more than 444 

80% meeting the guideline standard (Department for Environment Food & Rural 445 

Affairs 2014), bathers were still reporting greater numbers of new cases of several 446 

categories of illness compared to non-bathing participants. Other studies have 447 

reported similar increases in risk of illness among bathers exposed to bathing waters 448 

that have been classified as being of excellent quality (Papastergiou et al. 2012). 449 

One possible explanation for these observations could be that faecal indicator 450 

bacteria are not optimal indicators for the agents present in coastal bathing waters 451 

responsible for illnesses among bathers (Benjamin-Chung et al. 2017, Papastergiou 452 

et al. 2012). It has been suggested that the majority of bather illnesses are caused by 453 

viral pathogens, such as enterovirus and adenovirus (Fleisher et al. 1996, Maunula 454 

2007). Other agents present in coastal waters that may be responsible for bather 455 

illness are non-faecal microorganisms, like Staphylococcus aureus (Charoenca and 456 

Fujioka 1995), Pseudomonas aeruginosa (Wade et al. 2013), and non-457 

microbiological agents in the water introduced by pollution. Even seawater itself may 458 

play a role in the occurrence of ear ailments by increasing the pH and reducing the 459 
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amount of wax in the ear canal, thus making the ear more prone to infection due to 460 

over growth of bacteria in the outer ear (Wade et al. 2013). The levels of some of 461 

these are not routinely monitored in bathing waters, are not targeted for reduction 462 

during wastewater treatment, and may not correlate well with faecal indicator bacteria 463 

densities (Benjamin-Chung et al. 2017, Wade et al. 2018, Wu et al. 2011). However, 464 

it is not possible to identify the agents responsible for the symptoms reported in the 465 

survey by collecting participants’ self-reported symptoms alone. Further research 466 

needs to be done on bathing communities to elucidate the aetiology of these bathing-467 

associated health complaints. Another explanation for higher prevalence of bather 468 

illness despite high compliance with water quality standards could be that nearly half 469 

of responses from bathers were submitted outside the bathing season, when water 470 

quality is not monitored at beaches. However, there were no differences in the odds 471 

of reporting symptoms of illness outside the bathing season compared to during the 472 

bathing season (Supplementary Material Table S5). Nearly a quarter (24.6%) of 473 

recruited bathers reported visiting undesignated beaches (sites that have not been 474 

selected for water quality monitoring) and these bathers might be exposed to higher 475 

levels of pollution compared to bathers visiting designated beaches (Blackburn et al. 476 

2017, Department for Business Engergy & Industrial Strategy 2018).  477 

A second objective of this study was to compare the prevalence of reporting acute 478 

febrile respiratory infection (AFRI) between beach-going non-bathers and non-479 

beachgoers because inhalation of pathogens in aerosolised seawater during beach 480 

visits could cause symptoms of respiratory illness in beach goers. There was little 481 

evidence that the prevalence of AFRI was higher among beach-going non-bathers 482 

than people who did not go to the beach. There was also little evidence of difference 483 

in AFRI between bathers and non-bathers, which is consistent with results reported 484 
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in several recent studies conducted in other high-income countries (Arnold et al. 485 

2017, Arnold et al. 2013, Colford et al. 2012, Fleisher et al. 2010, Papastergiou et al. 486 

2012). This may be due to the case definition for AFRI being very specific: at least 487 

three different symptoms must be reported simultaneously in order to be considered 488 

a case. One of these symptoms must be fever, which people are especially 489 

unreliable at self-diagnosing (Nguyen et al. 2010) and the sample size was 490 

insufficient to detect a small increase in a rare condition. It is also possible that 491 

participants visiting coastal areas that are not beaches were exposed to aerosolised 492 

seawater, but were classed as unexposed in the analysis (misclassification bias). 493 

The results suggest that visiting a beach carries with it no increase in the likelihood of 494 

experiencing symptoms of respiratory illness. Additionally, visiting a beach was not 495 

associated with increased prevalence of any of the other health outcomes 496 

investigated (Table S6). 497 

Web-based surveys have been successfully utilised to collect information in a cost-498 

effective way from sea bathers for epidemiological surveys (Arnold et al. 2017, 499 

Harding et al. 2015, O'Halloran et al. 2017), but the information provided by 500 

participants is self-reported and is therefore susceptible to self-selection, recall and 501 

self-report biases. The effects of these biases in the present study have been 502 

reduced by asking respondents about their exposures and health in the recent past, 503 

and by controlling for potential confounders (for example age, sex, and risk 504 

perception) in the analyses where the sample size permitted this (Fleisher and Kay 505 

2006). However, all sources of bias cannot be eliminated. Due to the cross-sectional 506 

design of the study, it was not possible to determine whether exposure preceded the 507 

occurrence of new symptoms of illness, and therefore the causal nature of the 508 

association with bathing water cannot be determined. Recruitment was primarily 509 
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through Surfers Against Sewage (SAS), which is an environmental charity whose 510 

remit is to improve the quality of marine environments. People self-selecting for this 511 

study were likely to be either more aware about the potential health risks of 512 

swimming in water polluted by sewage, or to be more motivated to participate and to 513 

over-report symptoms of ill health to provide evidence that pollution of seawater is 514 

still an issue. By analysing only symptoms of illness that occurred in the last seven 515 

days of recall and not in the first week of recall, respondents would have to over-516 

report only in the second week of recall for this to have an impact on the results. 517 

Analysis of the prevalence of health outcomes reported over both weeks of recall is 518 

provided in the Supplementary Materials (Table S7). By using a web-based survey 519 

and recruiting participants via social media, the survey had the potential to be shared 520 

and circulated more widely outside the SAS membership base. Despite this, the 521 

sample here is not likely to be representative of the general population, limiting the 522 

generalisability of these findings. For example, data were only submitted by adults, 523 

since children were not eligible to take part in the study. Children tend to swallow 524 

more water compared to adults (Dufour et al. 2017) and have less developed 525 

immune systems, contributing to higher risk of illness in this population (Arnold et al. 526 

2016). Therefore the results reported here may underestimate the size of the 527 

association between sea water exposure and the reporting  of illness for a significant 528 

portion of the bathing community. 529 

5. Conclusions 530 

This is the first large-scale study conducted in England and Wales to investigate the 531 

prevalence of illness associated with sea bathing since the 1990s. While causality 532 

cannot be inferred, the results of this study indicate that bathers experience a variety 533 

of non-enteric symptoms of illness, particularly skin ailments, ear ailments, and any 534 
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symptoms of illness at a greater level than non-bathers. An increased proportion of 535 

bathers reported symptoms of gastrointestinal illness but this was not statistically 536 

significant. Limited data exist on the current likelihood of bathers in England and 537 

Wales experiencing non-enteric symptoms of illness. This study provides useful, up-538 

to-date information for public health practitioners and policy makers to bear in mind 539 

alongside other evidence, when considering bathing waters in England and Wales for 540 

recreational use.  541 
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