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Abstract

Background Recreational water activities at beaches are popular among Canadians. However, these activities can
increase the risk of recreational water illnesses (RWI) among beachgoers. Few studies have been conducted in Canada
to determine the risk of these illnesses. This protocol describes the methodology for a study to determine the risk

and burden of RWI due to exposure to fecal pollution at beaches in Canada.

Methods This study will use a mixed-methods approach, consisting of a prospective cohort study of beachgo-

ers with embedded qualitative research. The cohort study involves recruiting and enrolling participants at public
beaches across Canada, ascertaining their water and sand contact exposure status, then following-up after seven days
to determine the incidence of acute RWI outcomes. We will test beach water samples each recruitment day for cul-
ture-based E. coli, enterococci using rapid molecular methods, and microbial source tracking biomarkers. The study
started in 2023 and will continue to 2025 at beaches in British Columbia, Manitoba, Ontario, and Nova Scotia. The
target enrollment is 5000 beachgoers. Multilevel logistic regression models will be fitted to examine the relationships
between water and sand contact and RWI among beachgoers. We will also examine differences in risks by beachgoer
age, gender, and beach location and the influence of fecal indicator bacteria and other water quality parameters

on these relationships. Sensitivity analyses will be conducted to examine the impact of various alternative exposure
and outcome definitions on these associations. The qualitative research phase will include focus groups with beach-
goers and key informant interviews to provide additional contextual insights into the study findings. The study will
use an integrated knowledge translation approach.

Discussion Initial implementation of the study at two Toronto, Ontario, beaches in 2023 confirmed that recruitment
is feasible and that a high completion rate (80%) can be achieved for the follow-up survey. While recall bias could be
a concern for the self-reported RWI outcomes, we will examine the impact of this bias in a negative control analysis.
Study findings will inform future recreational water quality guidelines, policies, and risk communication strategies

in Canada.

Keywords Cohort study, Protocol, Beach water, Swimming, Gastrointestinal illness, Epidemiology, Environmental
health

*Correspondence:

lan Young

iyoung@torontomu.ca

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-024-19889-6&domain=pdf

Young et al. BMC Public Health (2024) 24:2502

Background

Going to the beach is a popular seasonal activity among
Canadians. For example, the percentage of Canadian
households that reported swimming, going to the beach,
surfing, scuba diving, or snorkeling close to home in the
past 12 months more than tripled (6% to 21%) from 2011
to 2021 [1]. These activities are associated with numer-
ous health benefits, including improved cardiovascular
health, mental health, quality-of-life, and well-being [2,
3]. In addition, beach tourism contributes substantially
to local economies. For example, in Ontario, Canada,
there were an estimated 6.5 million beach visits in 2014,
contributing $1.6 billion in beachgoer spending — repre-
senting 6.6% of all visitor spending in the province that
year [4]. Despite these benefits, recreational water activi-
ties can expose beachgoers to pathogens that cause rec-
reational water illness (RWI) [5—11]. Water contact at
beaches impacted by fecal pollution sources primarily
increases the risk of acute gastrointestinal illness (AGI),
but can also lead to an increased risk of respiratory, skin,
ear, and eye infections [5, 7-9, 11, 12].

In the U.S., approximately 90 million cases of RWI
occur each year, resulting in annual costs of US$2.2-3.7
billion [12]. The costs of AGI specifically due to swim-
ming or wading in beach water are>US$1,600 (range of
$425-2,743) per 1,000 beachgoers, with lost productiv-
ity (e.g., having to stay home from school or work due
to illness) the major driver of these costs [13]. Addition-
ally, recreational water quality is a health equity issue,
presenting disproportionate risks for different sociode-
mographic groups. For example, children and youth
experience more severe health outcomes from beach
water exposures [12]. They tend to spend more time in
the water and playing in the sand, swallow more water,
and have developing immune and digestive systems that
place them at greater risk of illness [5, 10, 14-16].

In Canada, Health Canada publishes guidelines for
recreational water quality at beaches. The most recent
updates to the guidelines were published in 2024 [17].
These guidelines are used by local and provincial pub-
lic and environmental health authorities across Canada
who are responsible for local beach water monitoring,
risk management, and risk communication. The guide-
lines recommend that authorities take public health
action (e.g., issue a swimming advisory, investigate pollu-
tion sources) if ‘beach action values’ (BAV) are exceeded
[17]. The BAVs are derived from epidemiological studies
conducted in the U.S. from the 1990s to 2010, and cor-
respond to an AGI rate of~36 illnesses/1,000 bathers
[18, 19]. The direct applicability and suitability of these
BAVs for Canadian settings is unclear, because RW1T inci-
dence and fecal indicator bacteria levels are driven by
diverse and varying pollution sources, environmental and
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weather patterns, and beachgoer activities [8, 20-22].
There is a need to conduct prospective research on RW1I
in Canadian settings to better inform these guidelines
and public health risk management decisions with Can-
ada-specific data.

While extensive data are available from the U.S. and
other countries on the risk and burden of RWTI in beach-
goers [8], the last prospective cohort study in Canada
to estimate the risk of RWI was conducted in 1980 [23].
Timely, updated information is needed on the incidence
of AGI and other types of RWI in Canada. This manu-
script describes a protocol for a national, prospective
beach cohort study that will provide important baseline
data on RWI risks at popular freshwater and marine
beaches across multiple Canadian provinces and settings.
The study will aim to identify RWI risks among demo-
graphic groups under different environmental and water
quality conditions to inform beach water management
policies and local risk management strategies.

Methods

Study objectives

The purpose of this study is to determine the burden of
RWI among beachgoers at beaches across five regional
sites in Canada. The specific objectives are to:

1. Measure the risk and burden of five different RW1I
outcomes (AGI, respiratory, eye, ear, and skin infec-
tions) in beachgoers that engage in different levels of
water and sand contact;

2. Identify differences in RWT risks by beachgoer gen-
der, age, and beach location;

3. Determine relationships between various fecal indi-
cator bacteria measures, environmental parameters,
and the risk of AGI among beachgoers; and

4. Understand beachgoer risk perceptions and behav-
iours related to recreational water quality and socio-
political issues that may impact RWI risks among
beachgoers.

Study design

We will use a mixed-methods approach in this study: a
quantitative prospective cohort study will be conducted
to address the first three objectives, with embedded
qualitative research to address the fourth objective [24].
This approach combines the strengths of both methods
to provide a more comprehensive understanding of this
complex public health issue [24]. A prospective cohort
study design was selected for consistency with and allow-
ing comparability to prior studies, including the U.S.
National Epidemiological and Environmental Assess-
ment of Recreational water (NEEAR) study [5, 8, 11, 14,
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25-28]. The qualitative research phase will include focus
groups with beachgoers during and after the cohort
study and key informant interviews to provide additional
contextual insights into the study findings. The study is
registered at ClinicalTrials.gov (ID: NCT06413485; regis-
tration date: May 9, 2024).

Study settings

The study will take place at beaches across five regional
sites in British Columbia, Manitoba, Ontario, and Nova
Scotia (Fig. 1). In British Columbia, recruitment will
be conducted at two City of Vancouver marine water
beaches in 2024: English Bay Beach and Kitsilano Beach.
In Manitoba, recruitment will be conducted at Grand
Beach East and West in 2024, both located on the East
side of Lake Winnipeg. Two sites will be included from
Ontario: Toronto and Niagara Region. In Toronto,
recruitment was conducted in the summer of 2023 at
Sunnyside and Marie Curtis Park East beaches on Lake
Ontario. In Niagara Region, recruitment will be con-
ducted in 2025 at Bay Beach in Fort Erie and Nickel
Beach in Port Colborne, both located on Lake Erie. In
Nova Scotia, recruitment will be conducted in 2025
at Birch Cove Beach on Lake Banook. The sites were
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selected to provide a diverse cross-section of beach types
(i.e., marine and freshwater), pollution sources, and geo-
graphic regions. The specific beaches at each site were
identified in consultation with regional collaborators as
the best candidate sites for this study because the beaches
are popular and frequently used for water and sand con-
tact activities by families with young children and beach
water quality is variable, reflecting one or more persistent
or recurring sources of fecal contamination [29].

Participant enrolment and eligibility

Trained data collectors will recruit beachgoers at one to
two beaches per site for ~35 days throughout the sum-
mer months (June to September). Data collectors will
approach as many beachgoers as possible each day for
enrolment, prioritizing families with children given
their higher risk of RWI. Based on initial study recruit-
ment in 2023 and prior studies [5, 25, 30], we anticipate
recruiting ~ 15 households per day, with~1.7 individu-
als per household. This corresponds to a total sample
size of ~5000 beachgoers (~3000 households), with an
average of~1000 per site. Household members will be
recruited and surveyed together. Each household mem-
ber will be considered a separate study participant.

o

Grand Beach East.
English Bay Beach
()] ()
Grand Beach West
‘Kitsilano Béach -

- Supnyside Beach !
° :UO Y »

()
Marie Curtis Park East Beach

Birch:Cove Beach
()
\,
Nickel Beach !
° .Bay Beéch

0 10 20 30 40 50km 01 k2 3 40
e e

Grand Beach West.Grand Beach East

Kitsilano Beach.Eninsh Bay Beach

(=

v

Marie Curtis-Park East Beach .Sunnyside Beach

Birch Cove Beach
®

0 300 600 900 1,200 1,500 km

@
Nickel Beach Bay Beach
I I .

Fig. 1 Locations of the targeted beach sites. Legend: Beach site locations for this prospective cohort study examining the burden of recreational
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Eligibility criteria will include: (a) ability to provide
informed consent for the study and complete the surveys
in English or French; (b) home address in Canada or the
U.S,; and (c) not having participated in the study in the
past 21 days. Given the acute and self-limiting outcomes,
individuals will be allowed to participate again after a
21-day washout period [14, 25, 30, 31].

Survey process

Two surveys will be conducted with each enrolled par-
ticipant: (1) beach survey, and (2) follow-up survey (see
Additional file 1). Upon recruitment, beachgoers will be
advised to visit our study tables setup near entrances to
complete the beach survey before they leave. The beach
survey will determine contact information, sociodemo-
graphic characteristics, other pre-identified confounding
variables, and exposures at the beach [14, 25-27, 30-32].
The beach survey will be implemented on tablets using
a web-based survey platform. The follow-up survey will
be completed seven days after participants’ beach visits.
Participants will have an option of completing the follow-
up survey online or by telephone. This survey will ask
about RWTI outcomes experienced since the beach visit.
Questionnaires were adapted from the U.S. NEEAR study
[14, 25], and initial pre-testing was conducted with 10
individuals using a cognitive interviewing approach [33].
We then piloted the questionnaires and study feasibility
at a Toronto beach in 2022 [34], made enhancements,
and implemented the initial round of recruitment at the
Toronto study site in 2023.

Exposures and outcomes of interest

The primary exposure of interest is level of recreational
water contact activities (vs. no water contact) among
beachgoers. Specifically, we will examine a graded classi-
fication of this exposure based on individuals’ minimum
level of water contact: 1) no water contact; 2) minimal
contact; 3) body immersion; and 4) swallowed water [5,
10, 28, 30]. This classification will allow us to determine a
possible dose-response relationship between water con-
tact and illness. Minimal contact is defined as water con-
tact that does not result in body immersion (e.g., wading
below one’s waist, boating, fishing). Body immersion
is defined as entering the water above one’s waist (e.g.,
swimming, surfing, snorkelling), and swallowing water as
ingestion of any amount of water [5, 28, 30]. A secondary
exposure of interest is sand contact activities (e.g., dig-
ging in the sand) [35].

The primary outcome measure is AGI in the 7-day
period following beach water contact, which corresponds
with incubation periods of viral and bacterial enteric
pathogens of concern [36, 37]. We define AGI using an
internationally accepted definition as one or more of:
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(a) diarrhea (>3 loose stools in 24 h); (b) vomiting; (c)
nausea with stomach cramps; or (d) nausea or stomach
cramps that interfere with regular daily activities (e.g.,
missed work or school) [5, 14, 25-27]. Secondary out-
come measures include: acute respiratory illness (fever
with sore throat, fever with nasal congestion, or cough
with phlegm); skin infection (rash or itchy skin); ear
infection or earache; and eye infection or irritation [14,
25-27, 31]. Days of missed work, school, or vacation, use
of medications to treat symptoms, and medical consulta-
tions related to AGI will also be collected as indicators of
illness severity [5, 38].

Water quality and environmental parameters

We will measure various water quality and environmen-
tal indicators of fecal contamination as effect modifiers
on the water contact-illness outcome relationships. In
Canada, culture-based E. coli is still primarily used as the
fecal indicator bacteria of interest for beach water qual-
ity. We will collect water samples each recruitment day to
test for E. coli following standard culture-based methods
[39]. In addition, we will also test water samples for ente-
rococci using the U.S. EPA-validated qPCR method and
for microbial source tracking (MST) biomarkers using
digital PCR analysis [40—44]. The molecular approach
to testing for enterococci was added to the most recent
version of the Canadian guidelines for recreational water
quality as a recommended, rapid approach for fecal indi-
cator bacteria monitoring [18]. The MST analysis will
detect and quantify host-specific DNA biomarkers to
characterize the contribution of different sources of fecal
contamination at study beaches [40, 44]. This analysis
will use standard probes and primers for human sewage
(HF183), seagulls (Gull4), Canada geese (mitochondrial
DNA), dogs (DG3), and ruminants (Rum-2-Bac) [40, 44].
Additionally, we will collect information on beach envi-
ronmental conditions, including air temperature and
precipitation from the nearest weather station and water
turbidity using a turbidimeter. Together, these data will
support future decision-making about which fecal indica-
tor and environmental measures are more strongly asso-
ciated with AGI in Canada under different conditions.

Confounding variables

We will measure and adjust for important confounding
variables in our analyses to mitigate the impact of pos-
sible confounding bias. We have compiled all potentially
confounding variables into directed acyclic graphs (DAG)
to determine the minimal sufficient adjustment sets for
each exposure-outcome of interest [45, 46]. The DAG
for the water contact and AGI relationship is shown in
Fig. 2. The key participant-level confounding variables
that require adjustment include age, gender, ethno-racial
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Fig. 2 Directed acyclic graph for the water contact and AGlI relationship. Legend: Directed acyclic graph of the minimal adjustment set
of confounding variables for the relationship between level of water contact and AGI. The water contact variable is the exposure of interest, while all
variables with white circles require adjustment in the analysis to determine unbiased estimates of effect

identity, education level, pre-existing or chronic condi-
tions, other beach activities engaged in before or after
the beach visit, sand contact, and consumption of food
on the beach. We will also adjust for beach site, year, and
beach water fecal indicator bacteria levels. Other listed
variables do not require adjustment in the main-effects
model. Confounders for other outcomes are summarized
in Additional file 2.

Data analysis plan

We will construct multilevel logistic regression models
under a Bayesian analysis framework to determine the
causal effects of water and sand contact exposures on
our five binary health outcomes of interest [47-49]. Each
of the five health outcomes, as well as missed activities,
medication use, and medical consultations due to AGI,
will be evaluated in separate models. Varying intercepts
will be included to adjust for clustering of participants by
household, recruitment date, and beach location [47, 49].
All models will adjust for a minimal set of confounding
variables specific to the exposure-outcome relationship.

Differences in risks by beachgoer age and gender will
be examined through their influence as effect modifiers.
We will examine gender-specific differences in RWI, fol-
lowing recommended categories: boy/man, girl/woman,
transgender, gender fluid [50]. We will examine risk dif-
ferences between the following age groups (0-4, 5-9,
10-14, 15-19, and 20+) [20]. The relationship between
different measures of beach water fecal indicator bacteria
(E. coli, enterococci, and MST biomarkers) and AGI will
be determined by examining their interaction with the
exposure.

Weakly informative prior probability distributions
for model parameters will be determined from prior
research and evaluated to ensure the model is skepti-
cal of highly unlikely or implausible values [47, 48]. The
appropriateness of priors will be assessed via prior pre-
dictive checking, and the impact of priors on each model
will be assessed via sensitivity analysis [51]. Causal effects
will be determined by examining and contrasting pos-
terior probability distributions of parameters and their
summary measures (mean and 95% credible intervals)
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[47-49]. Marginal effects plots will be created to visualize
the effects of each predictor of interest, as well as inter-
actions, on the predicted probability of each outcome
[52]. Sensitivity analyses will be conducted to evaluate
the impact of alternate exposure and outcome definitions
(e.g., time spent in the water vs. level of water contact,
diarrhea vs. AGI) and post-exposure illness timeframes
(e.g., 3 and 5 vs. 7 days). Alternative models and vari-
able specifications will be compared and selected using
leave-one-out cross-validation [53]. Additionally, we will
conduct a negative control analysis by examining the
association between fecal indicator bacteria levels and
AGI rates among the unexposed participants to identify
possible residual confounding or differential outcome
reporting bias [5, 54, 55]. Based on prior research, we
expect findings will be robust to these possible biases [5,
14, 26, 27].

Power and precision analysis

We conducted a power and precision analysis using the
planned approach described above for the main-effect
relationship between level of water contact and AGI inci-
dence [56]. For this analysis, we assumed that~60% of
beachgoers will have water contact, of which~35% will
immerse their body and ~ 10% will swallow water [13, 20,
34]. We specified weakly informative prior distributions
for each water contact parameter (minimal contact, body
immersion, and swallowing water compared to no water
contact), based on previously reported measures of effect
[8, 10, 25]. These mean effects correspond to odds ratios
of approximately 1.35, 1.5, and 1.8 for each respective
exposure level compared to no water contact. Across 500
simulated datasets and analyses, the anticipated sample
size of 5000 beachgoers (assuming a 20% attrition rate for
the follow-up survey) should have precise credible inter-
vals and an average power of 87% and 94%, respectively,
to detect a positive association with body immersion and
swallowing water compared to no water contact (with a
posterior probability >0.95). See Additional file 3 for full
details and results of this simulation.

Embedded qualitative research

Embedded qualitative research will be conducted to
inform, enrich, and enhance the value of the cohort study
[24, 57, 58]. We will approach the qualitative research
through a pragmatist paradigm that aims to produce pol-
icy-relevant outcomes that can prevent and mitigate RW1I
[58]. Focus groups will be conducted with parents and
guardians of beachgoing children and youth to identify
recreational water quality risk perceptions and behav-
iours [59]. Participants will be recruited through online
panels or advertisements. We will recruit participants
with diverse identity characteristics to capture a range of
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perspectives. Key informant interviews will also be con-
ducted with public health inspectors and managers who
oversee beach water quality programs in Canada and
with representatives of other stakeholder groups (e.g.,
beach operators, beachgoer associations). We anticipate
that these interviews will identify and highlight addi-
tional socio-political factors relevant to our data inter-
pretation and recommendations. Interview participants
will be recruited through professional listservs, stake-
holder referrals, online searches, and policy documents.

We will conduct six to eight focus groups with 6-8 par-
ticipants per group, and 15-20 key informant interviews,
which should provide adequate saturation of themes
[59-61]. Focus groups and interviews will be conducted
virtually and will follow semi-structured question guides.
The qualitative data will be analyzed using thematic
analysis [59, 62]. Analysis will be guided by the Health
Belief Model and Theoretical Domains Framework [63,
64]. Two independent analysts will conduct the analy-
sis by applying theory-based and inductive codes to the
transcribed audio recordings. Codes will be sorted and
grouped to determine key experiences, priorities, oppor-
tunities, and challenges for improving beach water qual-
ity risk management and communication.

The focus group and interview results will be integrated
with the cohort study at the interpretation level [57]. This
will include narrative integration, where findings of both
components will be jointly discussed by thematic area
[57]. Additionally, we will develop joint displays, where
cohort study results will be compared visually in tables
or figures alongside the focus group results [57, 65]. For
example, if we find sociodemographic differences in RW1I
risks, the focus group results may provide additional con-
textual insights that can explain and enrich the findings.

Knowledge translation plan

The study is using an integrated knowledge translation
approach. Knowledge users helped conceive the study,
set the objectives, and create the protocol. They will
continue to be involved throughout the study through a
stakeholder steering group that meets 2—3 times per year.
Results of the study will be submitted for presentations
at relevant conferences and published in peer-reviewed
journals. Additional knowledge translation techniques
will include but are not limited to presentations at
knowledge-user events or webinars, dissemination of
infographics and policy briefs, and implementation of a
project website.

Discussion

Our 2022 feasibility pilot study and 2023 implementa-
tion in the first study site achieved very high household
participation rates (60—70%), similar to prior studies [5,
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26, 27, 29, 30], suggesting that there should be no issues
with recruitment feasibility. In our 2022 limited-resource
feasibility study at a Toronto beach, we had a very high
attrition rate (65%), which was likely due to a lack of mon-
etary incentive [34]. Therefore, we made several enhance-
ments that have been incorporated into this protocol and
were implemented successfully in the 2023 initial recruit-
ment site, leading to a much lower attrition rate (20%).
The enhancements included: $10 gift card incentive for
each participating household (given after completion of
the first beach survey); additional prize draw for house-
holds that complete the follow-up survey; more frequent
follow-up reminders sent by multiple modes (email, text
message, phone); and enhanced training for data collec-
tors to emphasize the importance of the follow-up sur-
vey to participants upon enrolment [66—68]. Our 2023
data and prior research found that those who were lost
to follow-up had similar characteristics to those com-
pleting the follow-up survey [14, 25, 30, 31], suggesting
attrition should not affect our estimation of measures of
association and inferences [69]. If our recruitment targets
are not met after the 2025 season, additional recruitment
may be conducted at one or more other beaches in 2026
depending on available resources.

Conducting a feasibility pilot and full implementation
of the study at the first site has provided field experience
to anticipate and adapt to other logistical issues that may
arise over the course of the study. For example, recruit-
ment days will be flexible, scheduled each week depend-
ing on weather conditions to avoid days with expected
low attendance (e.g., rainy days). While recall bias could
be a concern for follow-up measures, prior studies have
found that associations were robust to this possible bias
[14, 26, 27, 30]. Use of non-specific, symptom-based, and
internationally comparable outcome measures allows a
pragmatic and cost-effective approach to assess numer-
ous possible etiological causes of RWI. Further, self-
reported RWI outcomes have been shown to be strongly
associated with laboratory-confirmed infection due to
common etiological agents of concern [70, 71]. Our
negative control analysis will assess possible impacts of
this bias, as the water fecal indicator bacteria levels are
unlikely to be related to participants’ recall of RWI.

This study will provide Canadian-specific data that
may be used to support updates to the Canadian rec-
reational water quality guidelines and inform policies
and risk communication strategies [17]. The results
can also be used to inform targeted surveillance strate-
gies, exposure and risk assessments, and source attri-
bution activities of Canadian enteric disease initiatives
[72]. Local and provincial public and environmen-
tal health authorities can use the results to guide risk
management at public beaches, including development
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of site-specific strategies for fecal indicator bacteria
monitoring and swimming advisories. In addition, the
risk perception and behaviour data from the embed-
ded qualitative research can enhance beach water risk
communication and public messaging strategies. This
will help beachgoers, particularly families with young
children, to make more informed decisions about when
to visit the beach and how to reduce their risk of RW1I
(e.g., lower vs. higher risk activities).
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