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Seasonal variations in the risk of gastrointestinal illness
on a tropical recreational beach
Lyzbeth Cordero, Jose Norat, Hernando Mattei and Cruz Nazario

ABSTRACT
The objectives of this study were to examine the seasonal changes in the risk of gastrointestinal (GI)
illness of beachgoers in the tropics, to compare the association between GI illness and water quality
using various indicator organisms, and to study other beach health hazards. A prospective cohort
study during two seasonal periods (summer and autumn) was conducted in a beach surrounded by
intensive residential development. Analyses demonstrated that although densities of indicators were
well below water quality standards throughout the study, they were signiﬁcantly higher during the
autumn season. The incidence of GI illness among beachgoers was also higher during the rainy
season. A higher incidence of GI illness was observed for bathers during the autumn season when
compared to non-bathers, while a somewhat lower incidence was observed during the summer. This
study showed that rainfall contributes to higher levels of microbial contaminants and GI risk to
beachgoers. The association between GI illness and Enterococcus using culture counts showed the
highest odds ratio among all indicator parameters including those using molecular methods. A much
higher risk of GI illness among children under 5 years was observed among all beachgoers.
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INTRODUCTION
Many of the world’s coasts are becoming increasingly urban.

Climatic events also are a major factor in assessing the

In Puerto Rico, the urbanization of coasts has brought with

level of risk to bathers of recreational water illness. Fecal

it demands for fresh water and sewage treatment, as well as

indicator bacteria and pathogen concentrations are inﬂu-

damage to coastal ecosystems. As coastal communities

enced, in part, by their ﬂux from the land, which is

grow, sewage can become a threat to local waterways.

exacerbated during rainfall (Walters et al. ). Levels of

Studies have shown that populations living near the coast

microorganisms in water can increase by several orders of

may increase the chance of water pollution with urban,

magnitude after as little as 2 cm of rainfall (Schwab ).

industrial wastes and sewage efﬂuents with increased

Extensive research with the aim of establishing guidelines

levels of pathogenic agents (Corbett et al. ; Crowther

and standards for recreational water quality has been con-

et al. ). Also, regional domestic sewage outlets and

ducted all over the world (Elmanama et al. ). In Puerto

urban runoff problems potentiate beach contamination

Rico, the Environmental Quality Board (EQB), under the

(Turbow et al. ). Exposure to sewage-contaminated

Beach Monitoring and Notiﬁcation Program, has the respon-

water can cause infections and transmit diseases, particu-

sibility of performing bacteriological monitoring on the

larly among children under 5 years (Creel ).

beaches most used by bathers. This program was created by

Other factors that promote survival and dispersion of

the United States (US) Federal Government through the Bea-

pathogens in the beach include tidal phenomena, the pres-

ches Environmental Assessment and Coastal Health Act

ence of animals, and bather load, among others (Pan

(BEACH Act), which was promulgated by US Congress in

American Health Organization (PAHO) ; WHO ).

2000 (United States Environmental Protection Agency
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(USEPA) ). Bacteriological monitoring consists of taking

on Costa Azul beach, located in Luquillo, Puerto Rico.

samples of marine water to look for fecal coliforms and Enter-

Luquillo is a municipality located in the northeast coast of

ococcus

densities,

which

are

indicators

of

fecal

Puerto Rico, an island in the northeastern Caribbean Sea.

contamination. The Water Quality Standards Regulation of

The study area was selected speciﬁcally because it was

the EQB establishes: (1) the fecal coliform geometric mean

potentially affected by the discharge of both point and

of a series of representative samples (at least ﬁve samples) of

non-point sources (Figure 1). The Sabana River, which orig-

the waters taken sequentially shall not exceed 200 colony

inates in the municipality of Luquillo, and measures

forming units (CFU)/100 mL; and (2) the enterococci density

approximately 12.6 km (Encyclopedia of Puerto Rico

in terms of geometric mean of at least ﬁve representative

), discharges into the north coast of Luquillo one mile

samples taken sequentially shall not exceed 35 CFU/100 mL

east (up-stream) of the study site. This river receives the

(Puerto Rico Environmental Quality Board (PREQB) ).

efﬂuent of the Luquillo Wastewater Treatment Plant as

Exposure to microbiological contaminants in recreational

well as efﬂuent from overﬂow of malfunctioning septic

sea waters of Puerto Rico is a public health concern represent-

tanks near the coast. These efﬂuents accumulate in a small

ing actual and potential hazards to bathers and other users of

lagoon retained by a sand bank at the Sabana River mouth

the beach for sport and recreation. Epidemiologic investi-

during low ﬂow periods. During intense rainfall events, the

gations of illness in fresh and marine recreational bathers

discharge of this river breaks the sand barrier and carries

have addressed health effects from exposure to point sources

storm water with very high levels of fecal organisms from

of fecal contamination (Fleisher et al. ; McBride et al.

this lagoon. The treatment plant served at the time nearly

; Pruss ; Prieto et al. ; Wade et al. , ,

twelve thousand people (12,000), and discharged approxi-

), storm-drain runoff (Haile et al. ), and non-point

mately one mile inland from the Sabana River mouth.

sources (Colford et al. ; Fleisher et al. ; Marion

The study transect 5 at Costa Azul beach receives the

et al. ; Abdelzaher et al. ). Few studies have been con-

direct discharge of a storm water sewer which serves an

ducted in subtropical and tropical marine waters except for

adjacent densely populated residential and tourist condomi-

those performed by Fleisher et al. in Florida (2010), Abdelza-

nium

her and collaborators (2011), also in Florida, and the

malfunctioning septic tanks, animal droppings, and lixivi-

Boquerón Beach study in Puerto Rico by Wade et al.

ates from overﬂowed commercial garbage dumpsters

(USEPA ). We carried out an epidemiological study to

during intense storms (Figure 2).

area,

and

receives

the

overﬂow

of

some

obtain more information about the possible health hazards

The beach also receives the natural discharge of a

associated with bathing in Puerto Rico’s tropical marine

nearby creek (Mata de Plátano), a few tens of meters east

environment and to compare different recreational water qual-

of the study area during intense storms (Figure 3). This

ity indicators. Accordingly, in the cohort study presented here,

creek drains a catchment area with malfunctioning septic

the incidence of gastrointestinal (GI) illness among beach-

tanks and receives bypass ﬂows of raw wastewater from a

goers visiting Costa Azul beach, located in Luquillo, Puerto

sewage pumping station adjacent to the creek. It is estimated

Rico was determined, and comparisons of illness risks were

that the catchment area contains septic tanks that serve

made between the exposed (bathers) and non-exposed

close to 8,000 people, since the Luquillo wastewater treat-

groups (non-bathers). We also considered the difference in ill-

ment plant serves 12,000 people and the estimated

ness risks between bathers’ age groups and between exposure

population of the municipality in 2010 was 20,068 (City

seasons.

Population.DE ). This number is consistent with statistics offered by the Puerto Rico Aqueduct and Sewers
Authority, which estimates that 50% of Puerto Rico’s popu-

METHODS

lation relies on septic tanks that offer poor treatment and
therefore pollute ground water and surface water island

We conducted a prospective cohort study of beachgoers

wide (Díaz ). Most of the Luquillo residences lie

during two seasonal periods (summer and autumn 2008)

within the catchment area of the Mata de Plátano creek.
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Map showing urbanized portions of Mata de Platano Creek and Sabana River near study area.

This pumping station has regular malfunctions and cor-

smell and decaying conditions observed in it. Extremely

responding bypass ﬂows into the creek, as documented by

high fecal indicator counts were recorded in one sample

reports from the sewer utility to the Environmental Protec-

taken of this pond during the study. This provokes sewage

tion Agency (EPA) as required by law. This discharge

discharges into the sea during heavy rainfall events.

causes accumulation of raw wastewater in the nearby

Costa Azul beach was also of particular interest since it

creek, which acts as a pond during dry periods when

is one of the beaches most visited by residents from different

retained by a coastal sand bank, probably causing the foul

municipalities of Puerto Rico, as well as by itinerant
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Outﬂow from main culvert draining storm water from residential area into transect 5 of the study area.

Figure 3

|

Mata de Plátano creek draining into Costa Azul beach after breaching sand bar and receiving raw wastewater discharges from pumping station bypass ﬂows.
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occupants of adjacent condominiums who have short-term

water-related activities, contact with unknown animals,

and long-term rentals. Usually, beachgoers bring their own

and contact with ill people since the beach visit. The tele-

food and drinks, and also cook on the beach. Even though

phone interviewers were blinded with regard to water

this beach does not have bathroom or shower facilities, it

exposure of the participants and the results of the water

is especially crowded on holidays and weekends. It is esti-

samples.

mated that approximately 8,000 people visit Costa Azul
beach during the summer season to engage in recreational

Collection of water samples

activities.
All study instruments and protocols were reviewed and

Water samples were collected and analyzed on each study

approved by the Committee for the Protection of Human

day. They were collected three times a day (10:00 a.m.,

Subjects at the University of Puerto Rico, Medical Sciences

12:00 p.m. and 2:00 p.m.), along each of three transects per-

Campus, San Juan, Puerto Rico. All participants had to sign

pendicular to the shoreline, one in shin-high water (0.3 m

an informed consent form before enrollment in the study.

deep) and one in waist-high water (1 m deep). In addition,
100 mL were taken from each transect sample at shin and

Health data collection

waist depth and a mixture (composite) was made. Transects
were located 60 m apart to encompass the swimming area,

Data were collected using standard questionnaires from the

maintaining the sampling points throughout the whole study

EPA utilized for the National Epidemiological and Environ-

in the areas with maximum density of swimmers (Haugland

mental Assessment of Recreational Water Study (USEPA

et al. ). Water samples were placed in coolers and main-

). Questionnaires were adapted and calibrated for the

tained in ice at 1–4 C during the time before analyses.

Puerto Rican population prior to its use. Spanish and English versions of the questionnaires were available.

W

Water samples were analyzed within 6 hours of collection using membrane ﬁltration or culture methods. Fecal

Exclusion criteria included: (1) participation in the

indicator bacteria by culture methods, Enterococcus and

study within the last 28 day period; (2) unaccompanied

fecal coliforms, were quantiﬁed in colony forming units

minors (<18 years); and (3) inability to speak Spanish or

(CFU/100 mL). Viable Enterococcus was enumerated by

English. In brief, interviewers approached all beachgoers

the USEPA Method  () on membrane-Enterococcus

and those who agreed to participate were recruited after

indoxyl-β-D-glucoside agar (mEI) plates. Viable fecal coli-

signing consent. Participants answered questions for other

forms were enumerated by the American Public Health

household members who were at the beach. Information

Association (APHA) Method 9222D on membrane-fecal

on swimming status was ascertained before leaving the

coliform agar (mFC) plates (APHA ).

beach. The survey was mostly conducted on Sundays from

We also ﬁltered water samples for quantitative polymer-

14 June 2008 to 3 August 2008, and from 14 September

ase chain reaction (qPCR) analysis, within 6 hours of water

2008 to 19 October 2008, between 10:30 a.m. and 5:00 p.m.

sample collection, for the detection of Enterococcus species

During the interview at the beach, respondents were

and Bacteroidales. We decided to include Bacteroidales in

asked about the presence of underlying health conditions

the analysis of water quality since it has been used in various

and that of their household members (acute and long-term

studies in subtropical and tropical environments (Colford

chronic conditions), demographic information, bathing

et al. ; USEPA ; Sinigalliano et al. ). This rela-

and other beach activities, use of protective clothing or

tively new alternative indicator is abundant in the intestinal

equipment, food and drink consumption, use of insect repel-

ﬂora; is highly concentrated in human feces; is unlikely to

lant, and contact with unknown animals.

persist or reproduce in aquatic environments; and results

Follow-up telephone interviews were conducted 10–12

can be obtained in a matter of hours (Bernhard & Field

days after the beach interview to collect information about

; Converse et al. ; Haugland et al. ). Results

health symptoms developed subsequent to the beach visit.

of the logistic regression analysis served to compare the

The survey included questions regarding other bathing or

qPCR parameters with culture method parameters as
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recreational water quality indicators. A detailed description

without fever. Diarrhea was also considered as a stand-

of sample preparation and analysis has been described by

alone outcome because it is a commonly used deﬁnition of

Haugland et al. (). In brief, fecal indicator organisms

GI illness in population-based surveillance (Herikstad

in water samples were collected by polycarbonate mem-

et al. ; Imhoff et al. ; Wade et al. ).

brane ﬁlters, total DNA was extracted, and polymerase
chain reaction (PCR) ampliﬁcations of a genus speciﬁc

Data analysis

DNA sequence of Enterococcus and Bacteroidales were carried out using the TaqMan PCR product detection system.

GI incidence rates were calculated for bathers and non-bath-

The reactions were performed in a thermal cycling instru-

ers. Bathers were deﬁned as individuals who completely

ment (Smart Cycler System, Cepheid, Sunnyvale, CA) that

immersed their body and head in the water. Body immersion

automated the detection and quantitative measurement of

without head immersion was not considered for analysis

the ﬂuorescent signals produced by probe degradation

since only 11% of respondents (158) reported immersing

during each cycle of ampliﬁcation. Ratios of the target

their bodies up to the waist and shoulders. The small

sequences in a test sample were compared with a calibrator

number of participants in this exposure category (body

sample using an arithmetic formula, referred to as the Com-

immersion without head immersion) imposes caution in

parative Cycle Threshold Method (Applied Biosystems

the interpretation of results (due to this small sample size,

). If no threshold was achieved after 45 cycles, the

making conclusions about this speciﬁc group was difﬁcult).

sample was considered below the limit of detection

Non-bathers were deﬁned as those who spent the day at

(LOD). Results are reported in qPCR cell equivalents (CE)

the beach during the survey date but did not have direct

per 100 mL of original sample.

water contact (did not wade, play in the water, or swim).
Logistic regression models were constructed to describe

Health assessments

the strength of the association between types of water
exposure and the incidence of illness among bathers and

Although respiratory, ear, eye, and skin rash symptoms were

non-bathers, and to evaluate the association between risk

also evaluated, we are presenting results only for GI illness.

of illness and water quality (as measured by the fecal indi-

Data collected for respiratory, ear, eye, and skin rash symp-

cator organisms).

toms are currently under analysis and will be reported in a

The arithmetic mean of the log-transformed (base 10)

future paper. GI illness was deﬁned as any of the following:

values was utilized to summarize water quality at a given

diarrhea (having more than three loose stools within a 24-

day and time. The analyses were focused primarily on the

hour period); episodes of vomiting; nausea and stomach

daily average of all samples. The daily average represented

ache symptoms; stomach ache that affected regular activity;

average water quality at the beach on a particular day.

nausea that affected regular activity; and stomach ache and

Robust estimates of variance were used to account for the

fever symptoms. This deﬁnition was used to improve the

correlation of observations within households to avoid an

sensitivity and identiﬁcation of GI cases, to minimize

exaggeration of the statistical precision.

losses due to inter-individual variations in the general per-

The adjusted odds ratio (AOR) of GI illness and associ-

ception of what constitutes a case of GI illness and to

ated 95% conﬁdence interval (CI) were calculated with

provide compatibility with the deﬁnition of this illness

logistic regression models that compared bathers and non-

used in other studies (Fleisher et al. , ; McBride

bathers. For models assessing the association between

et al. ; Colford et al. ; Wade et al. , ). Con-

water quality indicators among bathers, the AOR was

sistent with several studies (McBride et al. ; Colford

expressed as the increase in the odds of illness per unit of

et al. ; Wade et al. , ; Fleisher et al. ; Sini-

increase in the water quality measure among all partici-

galliano et al. ) GI illness was not restricted to

pants, with the associated 95% CI.

individuals with fever, since infections such as norovirus

Covariates strongly associated with illness, water quality

and Escherichia coli 0157:H7 can produce GI illness

and water contact, or those considered to be potential
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confounding factors were considered and evaluated in the

for incident GI illness where respondents (bathers and non-

logistic regression models. Confounding was ﬁrst examined

bathers) with underlying GI illness (3 days before their

using a backwards elimination approach starting with a full

beach visit) were also excluded.

model that included all covariates. Covariates that resulted
in <5% change, in one or more of the estimates for water qual-

Water quality

ity exposure and illness relationship were then dropped from
the model until a ﬁnal reduced model was obtained. Potential

The mean daily average density (CFU/100 mL) of Entero-

confounding factors evaluated in initial models were age; sex;

coccus by culture method was signiﬁcantly higher (p ¼

contact with unknown animals; contact with other people

0.001) in the autumn season (log10 ¼ 0.33) than in the

with GI illness; presence of chronic GI illness; sand exposure

summer season (log10 ¼ 0.19). The current Puerto Rico rec-

(collecting shells, making sand castles, burying body in sand,

reational water standard for Enterococcus is 35 CFU/

and getting sand into mouth); consumption of raw meat,

100 mL as geometric mean (log10 ¼ 1.54), and was not

ﬁsh or undercooked eggs; and swimming after the beach inter-

exceeded on any sampling date. It was also observed that

view. The selection procedure reduced the number of

the mean daily average density of fecal coliforms was signiﬁ-

covariates to age, sex, chronic GI illness, and sand exposure.

cantly higher (p ¼ 0.001) in the autumn season (log10 ¼

We used Stata, version 10.1 (StataCorp. , College Station,

0.82) than in the summer season (log10 ¼ 0.64). The current

TX) for the data analysis.

Puerto Rico recreational water standard for fecal coliforms
is 200 CFU/100 mL as geometric mean (log10 ¼ 2.30), and
was not exceeded either. The results of daily analyses of

RESULTS

samples are shown in Table 1.

A total of 828 households were offered enrollment. Of these,

methods showed similar mean levels at shin depth (0.66)

26 households refused to participate or were ineligible. A

and waist depth (0.61). Collection time was not a signiﬁcant

total of 1,699 individuals from 802 households agreed to

factor in the variability of Enterococcus densities. Mean

Enterococcus counts (log10 CFU/100 mL) by culture

participate and were enrolled in the study. Data were avail-

levels of log10 Enterococcus CFU/100 mL were 0.57, 0.66,

able for a total of 718 households (1,531 individuals) who

and 0.67 at 10:00 a.m., 12:00 p.m., and 2:00 p.m., respect-

completed the follow-up telephone interview and were eli-

ively. Mean levels of fecal coliforms log10 densities at shin

gible for analysis. Of note, the household interviewing

depth (1.27) were also similar to waist depth densities

response rate (completed/attempted) through the com-

(1.37). Collection time was not an important factor in the

pletion of the telephone interview was 90%.

variability of fecal coliforms densities. Mean levels of log10

Note that in the following tables, deviations of the total
from 1,531 were due to missing responses, except for tables
Table 1

|

fecal coliforms CFU/100 mL were 1.52, 1.17, and 1.18 at
10:00 a.m., 12:00 p.m., and 2:00 p.m., respectively.

Summary statistics by season for log10 indicator organisms, measured by culture methods

Indicator

Enterococcus a

Season

Summer

No. of days
No. of samples

Fecal coliformsa
Autumn

Summer

Autumn

8

5

7

5

144

90

126

90

Log10 CFU/100 mL
Mean of daily averages

0.19

0.33

0.64

0.82

Median of daily averages

0.13

0.28

0.48

0.76

Standard deviation

0.19

0.41

0.40

0.69

Minimum/maximum

0.02/0.61

0.21/1.28

0.06/1.71

a

p-value ¼ 0.001 for seasonal difference in mean of log10 averages (chi-squared test).
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The average qPCR CE results for the measurements of

bathers were more likely to have had prior chronic GI ill-

indicator organisms are shown in Table 2. There were no

ness (6.6%) than bathers (3.9%). Beachgoer and activity

results below the LOD for Bacteroidales or for Enterococ-

data are shown in Table 3.

cus, and levels were generally low, indicating clean waters.

Data were collected and analyzed across seasons

The mean of daily average qPCR CE for Bacteroidales was

(summer and autumn), which are characterized by rainfall

higher than for Enterococcus.

differences. The ﬁrst period was from 14 June to 3 August,

Densities of (log10) Bacteroidales showed similar mean

and the second one was from 14 September to 19 October

levels at shin depth (2.62) and waist depth (2.62). Collection

2008. The average 72-hour total rainfall before each survey

time was not a signiﬁcant factor in the variability of Bacteroi-

date was 9.6 mm (0.38 inches) during the ﬁrst period and

dales qPCR CE. Mean levels of log10 Bacteroidales qPCR

17.57 mm (0.69 inches) during the second period.

CE/100 mL were 2.46, 2.47, and 2.82 at 10:00 a.m., 12:00

The incidence of GI illness among bathers and non-

p.m., and 2:00 p.m., respectively. Mean levels of log10 den-

bathers is shown in Table 4. The incidence of GI illness

sities of Enterococcus qPCR CE at shin depth (1.14) were

among beachgoers was 5.08 per 100. When beach activities

also similar to waist depth densities (1.14). Collection time

were considered, the overall incidence of GI illness among

was not an important factor in the variability of Enterococ-

those who had no direct contact with water (non-bathers)

cus qPCR CE. Mean levels of log10 Enterococcus qPCR

was 6.35 per 100, while the incidence of GI illness among

CE/100 mL were 1.15, 1.12, and 1.16 at 10:00 a.m., 12:00

those who had direct contact with water (bathers) was

p.m., and 2:00 p.m., respectively.

4.56 per 100. However, when stratiﬁed by season, the percent incidence of GI illness was, during summer, bathers
3.87 and non-bathers 5.93, and during autumn (rainy

Incidence of GI illness by beach activities and seasonal
period

season), bathers 7.60 and non-bathers 7.41. The overall incidence of GI illness during the autumn period was 7.53 per

Overall, bathers were younger (median age ¼ 26; ±16.4)

100 compared to 4.41 per 100 during the summer period.

than non-bathers (median age ¼ 37; ±17.9); more likely to
eat or drink beverages at the beach, and more likely to

Adjusted odds ratios of GI illness by bathing activities

experience sand exposure (collecting shells, making sand

and seasonal period

castles, burying body in sand, getting sand into mouth, and
digging in beach sand). There were more female (53%)

The AORs estimated from logistic regression models

than male beachgoers. Among non-bathers, 61% were

included the following covariates: (1) age; (2) sex; (3)

female. Sex distribution was equal among bathers. Non-

chronic GI illness; and (4) sand exposure. The AORs for

Table 2

|

Summary statistics by season for log10 indicator organisms measured by qPCR

Indicator

Enterococcus

Season

Summer

No. of days
No. of composite samplesa

Bacteroidales
Autumn

Summer

Autumn

8

5

8

5

48

30

48

30

Log10 qPCR CEb/100 mL
Mean of daily averages

1.14

1.07

2.70

2.40

Median of daily averages

1.15

0.93

2.72

2.12

Standard deviation

0.13

0.45

0.24

0.63

Minimum/maximum

0.90/1.30

0.65/1.84

2.34/3.09

2.08/3.51

a

The composite samples were a mixture of three individual samples, each representing one transect location.

b

CE ¼ cell equivalents.

Downloaded from https://iwaponline.com/jwh/article-pdf/10/4/579/395383/579.pdf
by guest
on 18 October 2018

587

Table 3

L. Cordero et al.

|

|

Seasonal variations in the risk of GI illness in a tropical recreational beach

Journal of Water and Health

|

10.4

|

2012

General characteristics of beachgoers on Costa Azul beach, Luquillo, Puerto Rico

Bathers
Characteristics

Non-bathers

Total

No.

(%)

No.

(%)

No.

(%)

<5

75

(6.82)

13

(3.35)

88

(5.91)

5–14

250

(22.75)

10

(2.58)

260

(17.47)

15–24

239

(21.75)

85

(21.65)

324

(21.77)

25–34

190

(17.29)

83

(21.39)

273

(18.35)

35–44

158

(14.38)

61

(15.72)

219

(14.72)

45–54

126

(11.46)

68

(17.53)

194

(13.04)

>54

61

(5.55)

69

(17.78)

130

(8.74)

Age (years)

a

Mean age (±SD )

26 (±16.4)

37 (±17.9)

29 (±17.5)

Sex
Females

567

(50)

243

(61)

810

(53)

Males

567

(50)

154

(39)

721

(47)

Food and beverages consumption at the beach

977

(86.23)

319

(80.30)

1,296

(84.71)

Sand exposure

349

(30.78)

36

(9.09)

385

(25.15)

Chronic GI illness

44

(3.88)

26

(6.57)

70

(4.58)

Lost to follow-up

105

(8.48)

57

(12.58)

162

(10)

a

SD ¼ standard deviation of mean.

Table 4

|

Incidence of GI illness by water contact and season (excluding those with pre-

Water quality and GI illness

existing GI illness)

GI illness

GI illness

GI illness

Overall risks of GI illness associated with daily averages of

Number of

incidence

incidence

incidence

participants
(% of total)

per 100
overall

per 100
summer

per 100
autumn

Enterococcus and fecal coliform densities (measured by culture method) are shown in Table 6. A log10 increase in the

Bathers

921 (71)

4.56

3.87

7.60

daily average density of Enterococcus was associated with

Non-bathers

378 (29)

6.35

5.93

7.41

a 3.59 (95% CI: 0.63–20.57) increase in the odds of GI ill-

1,299 (100)

5.08

4.41

7.9

ness for bathers. The AOR observed for those having no

Total

contact with water was 2.30 (95% CI: 0.31–17.21).
No association was observed between overall daily average of fecal coliform densities (measured by culture method)
bathing activity and season, estimated from logistic

and the odds of GI illness for any type of water contact.

regression models, are shown in Table 5. The overall AOR

For parameters measured by the qPCR technique, the

of GI illness associated with the autumn period was 1.77

AOR of GI illness associated with the overall daily average

(95% CI: 0.93–3.38) compared to the summer period.

of Enterococcus and Bacteroidales are shown in Table 7.

When stratiﬁed by season of exposure, an AOR of 1.35

No associations were observed between overall daily aver-

(95% CI: 0.39–4.63) for GI illness was observed for bathers

age of Enterococcus and Bacteroidales CE and the odds of

during the autumn season, while an AOR of 0.73 (95% CI:

GI illness for bathers.

0.36–1.45) was observed during the summer when com-

Adjusted multivariate GI illness predictive models were

pared to non-bathers. Overall AOR of GI illness among

constructed and stratiﬁed by season using Enterococcus

bathers with respect to non-bathers was 0.88 (95% CI:

measured by culture as a water quality covariate. Results

0.47–1.63). These ﬁndings were not statistically signiﬁcant.

showed that among summer participants, a one log10 increase
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Number of participants
(% of total)

|

Multivariate
AOR overall

(95% CI)b

Multivariate AORsa
Bathers

(95% CI)b
For bathing activity

Autumn

315 (22)

1.77

(0.93–3.38)c

1.35

(0.39–4.63)

Summer

1,142 (78)

1.00

Reference

0.73

(0.36–1.45)

Total

1,457 (100)

0.88

(0.47–1.63)

2012

The multivariate logistic regression model was used to adjust for age, sex, chronic GI illness, and sand exposure.

b
c

10.4

Adjusted odds ratio (AOR) of GI illness among beachgoers by season and water contact (excluding those with pre-existing GI illness)a

Season

a

|

CI ¼ conﬁdence interval.

p-value ¼ 0.088.

Table 6

|

AORs of GI illness associated with each log10 increase in indicator densities by culture methods
Enterococcus a
Multivariate AORsb

Indicator

Fecal coliformsa
(95% CI)c

Multivariate AORsb

(95% CI)c

Bathers

3.59

(0.63–20.57)

0.70

(0.28–1.76)

Non-bathers

2.30

(0.31–17.21)

0.89

(0.30–2.64)

a

Based on daily averages of log10 indicator parameter.

b
c

The multivariate logistic regression model was used to adjust for age, sex, chronic GI illness, and sand exposure among all beachgoers.

CI ¼ conﬁdence interval.

Table 7

|

AORs of GI illness associated with each log10 increase in indicator densities by qPCR
Enterococcus a

Indicator

Multivariate AORsb

Bacteroidales a
(95% CI)c

Multivariate AORsb

(95% CI)c

Bathers

0.39

(0.05–2.81)

0.57

(0.18–1.74)

Non-bathers

0.53

(0.05–5.23)

0.54

(0.15–1.91)

a

Based on daily averages of log10 indicator parameter measured by qPCR.

b
c

The multivariate logistic regression model was used to adjust for age, sex, chronic GI illness, and sand exposure among all beachgoers.

CI ¼ conﬁdence interval.

in the daily Enterococcus average density resulted in a 6.73

DISCUSSION

increase in the adjusted odds of GI illness (95% CI: 0.44–
103.92). During autumn, this AOR was 1.38 (95% CI: 0.32–

In this prospective cohort study we assessed differences in the

5.89). Women reported more GI illness than men, with a

risk of GI illness between seasons, between participants with

1.04 times higher risk during the summer (95% CI: 0.57–

and without water contact, and as a function of fecal indicator

1.89) and 2.59 times higher risk during autumn (95% CI:

densities. We also studied beachgoer characteristics as predic-

1.02–6.58). This elevated risk for women during the rainy

tors of GI illness. Findings suggest that precipitation

season was found to be statistically signiﬁcant (p < 0.05).

contributes to higher densities of Enterococcus and fecal coli-

The odds among children younger than 5 years was 12.35

forms by culture methods during the rainy season (p < 0.001)

times higher than those aged 5–14 years during the summer

as compared to the summer season (Table 1). Even though

(95% CI: 2.76–57.26). This difference was statistically signiﬁ-

microbial densities were well below regulated water quality

cant (p < 0.05). During autumn, the odds among children

standards, a borderline signiﬁcant increase in the odds of

younger than 5 years was 6.51 higher than the reference

GI illness (p ¼ 0.088) was observed during the rainy season

group (95% CI: 0.77–55.02). Data from these multivariate pre-

as compared to the summer season (Table 5). We can infer

dictive models are shown in Table 8.

that increased rainfall runoff during the autumn is carrying
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AORs of GI illness based on multivariate model using the Enterococcus (log10)

have been shown to increase in water bodies after rain

culture method indicator excluding participants with pre-existing and chronic

events (Crowther et al. ; Lipp et al. ; Abdelzaher

GI illness

et al. ). More investigation is needed focusing on the
Gastrointestinal (GI) illness

fecal indicators response to signiﬁcant rainfall events and

Summer
AORsa (95% CI)b

timing of antecedent rainfall events.

Outcome
Season

Autumn
AORsa (95% CI)b

Type of water contact

Many of the previous studies have identiﬁed beaches
affected mainly by sewage outﬂows from wastewater treat-

Bathers

0.69 (0.34–1.38)

1.33 (0.38–4.61)

ment plants, in other words point sources of water

Non-bathers

1.00 (Reference)

1.00 (Reference)

contamination (Fleisher et al. ; Pruss ; Prieto et al.

Female

1.04 (0.57–1.89)

2.59 (1.02–6.58)c

affected by non-point sources such as septic tanks, since

Male

1.00 (Reference)

1.00 (Reference)

higher levels of bacterial counts were found in coastal rec-

12.35 (2.76–55.26)c

6.51 (0.77–55.02)

5–14

1.00 (Reference)

1.00 (Reference)

reaching our study beach, the lack of a statistically signiﬁ-

15–24

3.87 (0.83–18.13)

1.35 (0.17–10.59)

cant difference in GI illness risk between bathers and non-

25–34

3.68 (0.76–17.90)

2.20 (0.37–13.97)

bathers in this study is probably due to overall clean water

35–44

7.09 (1.49–33.64)c

0.42 (0.03–5.15)

conditions observed during the study. As observed in

45–54

c

6.51 (1.43–29.65)

2.68 (0.31–23.18)

Table 1, this study measured very low bacteria indicator

>54

3.20 (0.56–18.21)

1.14 (0.07–19.58)

levels when compared with the Puerto Rico recreational

Yes

1.35 (0.57–3.23)

0.92 (0.27–3.14)

water-quality criteria for recreational coastal waters. The

No

1.00 (Reference)

1.00 (Reference)

clean water conditions at this study site suggest that dis-

; Wade et al. , , ). Our study site is mostly

Sex

Age (years)
<5

reational water during the rainy season.

Sand exposure

water quality standard and the EPA recommended bacterial

Water quality
Daily average of log10
indicator parameter

Notwithstanding the occasional loads of organisms

charges from the Luquillo sewage treatment plant into the
6.73 (0.44–103.92)

1.38 (0.32–5.89)

a

Adjusted for water contact, sex, age, sand exposure, and water quality.

b

CI ¼ conﬁdence interval.

c

p-value <0.05.

nearby Sabana River were actually not impacting on the
beach as suspected, despite the proximity of the Sabana
River’s mouth (one mile east upstream). The Sabana River,
carrying the efﬂuent from the Luquillo sewage treatment
plant, empties into the Atlantic Ocean, where strong wave

a load of pathogens of fecal origin to the Costa Azul beach

action probably disperses its contaminants into the open

and thus increasing the risk of GI illness. It is known that

ocean and away from Costa Azul beach. If the study beach

nearly half the population of Puerto Rico uses septic tanks

were affected by the discharge of the Luquillo wastewater

as means of domestic wastewater disposal and that a large

treatment plant, a continuous input of bacteria affecting

proportion of those facilities are of inadequate design and

the water at the beach would be expected. Results of this

operation. Also, increased ﬂow through the nearby Mata de

study are comparable to those found by Wade and collabor-

Plátano creek during storm ﬂow conditions can create a

ators at Boquerón Beach in Puerto Rico (2009) where low

breach in the sandbar that holds the efﬂuent of bypass ﬂows

levels of indicator bacteria were found despite the presence

from a nearby raw wastewater pumping station, therefore per-

of two nearby wastewater treatment plants.

mitting the access of large amounts of fecal organisms to the
Costa Azul beach.

Although not statistically signiﬁcant, a somewhat elevated overall risk of GI illness in non-bathers compared to

According to the results of this study, microbial contami-

bathers was found in this study. However, when we stratiﬁed

nants affecting water quality originate mostly from non-

the data among seasons, an expected pattern was observed

point sources, and their densities in recreational water

of a slightly elevated GI illness risk among bathers during

increase with rainfall. In prior studies, high bacterial loads

the rainy season. This is the season in which water quality
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is worse due to rainfall runoff. On the other hand, during the

). The study in South Florida (Bonilla et al. )

summer non-bathers showed a higher incidence of GI illness

found indicator densities in dry sand 100 times that of adja-

than bathers. This occurred under very clean water con-

cent recreational water, under conditions similar to the

ditions and during the absence of extreme storm ﬂow events.

tropical Costa Azul beach during the summer. This could

A higher incidence of GI illness in bathers has been

explain why clean water conditions can be found in Costa

demonstrated in most published studies (Wade et al. ,

Azul beach waters during the summer when few rainfall

). This is probably due to the fact that most other studies

events occur, while the sand could be harboring and allow-

found higher levels of microbial contaminants in water than

ing the reproduction of bacteria of fecal origin.

our study. Also, the variability observed across beaches in

It was beyond the scope of this study to sample beach

other studies could indicate that the risks may be site-

sand. However, our ﬁndings suggest that beach sand may

speciﬁc. Risks may depend on differences in the populations

play a role in supporting a higher density of fecal organisms

such as susceptibility to the etiologic agents, cultural differ-

than water, which can increase the risk of marine water-

ences and uses of recreational waters and beach areas.

related illnesses. The extent of beachgoers’ exposure to

Under the clean water conditions of this study,

sand with higher densities of fecal indicator bacteria than

especially during the summer, pathways of exposure to

water at Costa Azul beach during the summer should be

pathogens of fecal origin other than head immersion in

explored. This is especially important for children under 5

the water may gain relevance.

years, who showed a much higher risk of GI illness than

We theorize that on Costa Azul beach, microbial con-

other age groups during the summer.

taminants in storm water may present a risk of GI illness

The association between Enterococcus densities in

among beachgoers due to their longer survival in beach

water (measured by culture methods) and GI illness

sand than in water. The storm water can reach the sand

showed the highest odds ratio (OR) among water quality

due to the direct discharge of the main culvert serving the

indicator parameters. This association was not statistically

Costa Azul residential area and to the waves and tides carry-

signiﬁcant when the multivariate model was constructed.

ing water with bacterial loads from the contaminated creek

The lack of a consistent association between enterococci

into the sand. Sand ﬁlters bacteria out of the water and sus-

densities in water and bather health has been observed in

tains their growth, especially after it dries (Mohammed et al.

previous studies of subtropical marine beaches impacted

). Thus sand can harbor pathogens even when rec-

by non-point sources (Fleisher et al. ; Abdelzaher et al.

reational water has had time to clean after rainfalls. This

).

condition exists during the summer in Costa Azul beach.

Fecal coliform densities were not associated with GI ill-

This could represent an elevated risk to beachgoers spend-

ness in this study. It has been demonstrated that these

ing more time exposed to sand or lower risk to bathers

microbes do not survive long in sea water, and that their

who wash their bodies through immersion in clean marine

presence in marine waters is considered an indicator of

water during the summer.

recent fecal contamination. Fecal coliforms as a group

Several studies have shown that beach sand can harbor
signiﬁcant levels of bacteria, which are often present in

have been determined to be a poor indicator of the risk of
digestive system illness (USEPA ).

higher concentrations than in the water column (Ghinsberg

In this study, CE densities of Enterococcus and Bacteroi-

et al. ; Oshiro & Fujioka ; Obiri & Jones ).

dales using the qPCR method were low, and no association

Bacteria harbored in the sand may persist longer than in

was found between GI illness and these indicators. QPCR

the water because they can adhere to sand particles.

parameters showed low densities in water throughout the

Beach sand may also act as a physical barrier protecting

study and less seasonal variability than culture parameters.

pathogens from solar and UV radiation that has been

They showed no signiﬁcant statistical association with GI ill-

shown to inﬂuence cell inactivation (Noble et al. ).

ness in this study site. It is possible that we saw little

Beach sand contact has been associated with GI illness in

relationship of qPCR parameters and GI illness because

prospective cohort studies (Bonilla et al. ; Heany et al.

the water was of high quality. Wade et al. () recognized
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that the relationships observed between Enterococcus den-

collaborators (2009) showed a similar proportion of swim-

sities measured by qPCR CE and GI illness could not be

mers compared to non-swimmers.

extrapolated to marine beaches, or to recreational waters
affected by different sources of fecal contamination.

Sand monitoring was not done in this study, so the validity of the sand contamination contention is supported only

Addressing which indicators the Puerto Rico EQB

by results of other studies in subtropical beaches, and

should keep measuring will require additional research to

because it is the most plausible explanation of the apparent

understand how the bacterial indicators relate to the pres-

protective effect of swimming during the higher water qual-

ence of pathogens that directly impact public health. It

ity period in the summer at Costa Azul beach. Plans are

should be taken into consideration that measuring fecal coli-

being made to include sand monitoring in upcoming studies

form densities is probably not cost-effective and if budgets

of marine recreational waters in the near future.

are limited, the effort expended in monitoring it should be
reconsidered. A better approach would be to sample more
beach sites or sample at more frequent intervals to protect

CONCLUSIONS

public health.
Additional research is recommended on recreational marine
sites in tropical environments impacted by non-point polGeneral limitations

lution, especially after rain events, before extrapolating
results to other beaches. Beach sand samples should be col-

This study used a prospective cohort design which has been

lected and analyzed not only for fecal indicator bacteria, but

used by numerous others to evaluate the risks associated

also for common pathogens of fecal origin. Additional

with recreational water exposures (Corbett et al. ;

studies should also focus on identifying the local sources

Haile et al. ; Prieto et al. ; Colford et al. ;

of contamination and a determination of whether the indi-

Wade et al. , ). In spite of the fact that this type of

cator microbes are of human, animal or environmental

study design is affected by participant losses in the follow-

origin. As stated by Cheung et al. (), it is important

up, the 10% lost to follow-up was equally distributed

that individual countries can conduct their own epidemiolo-

among bathers and non-bathers.

gical studies, so that health-related bathing water quality

Bathers and non-bathers differed with respect to bathing, demographic characteristics, and pre-existing GI

standards which suit their particular conditions could be
developed.

illness. Non-bathers were older (mean 37 years old) than

The use of fecal coliforms in Puerto Rico to measure

bathers (mean 26 years old). More non-bathers were

water quality should be further evaluated to determine if

female (61%) than male (39%). A higher proportion of

this fecal indicator is valid from a regulatory perspective.

non-bathers reported pre-existing GI illness. Differences in

Also, actions should be taken by the Puerto Rico EQB to

the study population may have been responsible for the

advice potential beachgoers of increased risks of bathing

higher overall risk in GI illness among non-bathers com-

during the rainy season. These advisories should make

pared with bathers.

speciﬁc reference to the much higher risk faced by small

Water quality at Luquillo beach was good. This fact

children exposed to beach water after recent rainfall events.

could have affected the association between fecal indicators
densities and incidence of GI illness. Perhaps with more
polluted waters, this result might have differed importantly.
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