The microbiological safety of bathing water –
Waterborne pathogens beyond bathing water legislation

Ciska Schets
2011

F.M. Schets
Laboratory for Zoonoses and Environmental Microbiology
Centre for Infectious Disease Control Netherlands
National Institute for Public Health and the Environment (RIVM)
P.O. Box 1
3720 BA Bilthoven
The Netherlands
ciska.schets@rivm.nl

The microbiological safety of bathing water – Waterborne pathogens
beyond bathing water legislation

Author: F.M. Schets
ISBN: 978-90-393-5510-7
Thesis: Utrecht University
Subject headings: bathing water; waterborne disease; swimmer exposure
Cover: Lake Knarrbysjön, Fengersfors, Sweden, 2010
Cover photography and design: Leonard Bik
Printed by: Ipskamp Drukkers, Enschede

The microbiological safety of bathing water –
Waterborne pathogens beyond bathing water legislation

De microbiologische veiligheid van zwemwater –
Wateroverdraagbare ziekteverwekkers buiten
de zwemwaterwetgeving

(met een samenvatting in het Nederlands)

Proefschrift

ter verkrijging van de graad van doctor aan de Universiteit Utrecht op gezag
van de rector magnificus, prof. dr. J.C. Stoof, ingevolge het besluit van het
college voor promoties in het openbaar te verdedigen op donderdag
3 maart 2011 des ochtends te 10.30 uur

door
Franciska Maria Schets
geboren op 14 oktober 1963
te Dordrecht

Promotoren: Prof. dr. ir. A.H. Havelaar
		
Prof. dr. F. van Knapen
Co-promotor: Dr. A.M. de Roda Husman

Het onderzoek in dit proefschrift is gefinancierd door het Directoraat Generaal
Milieu van het Ministerie van Volksgezondheid, Ruimtelijke Ordening en
Milieu (Hoofdstuk 1, 2, 4 t/m 8) en GGD Amsterdam (Hoofdstuk 3).

...and through it all
they offer me protection
a lot of love and affection
whether I’m right or wrong
and down the waterfall
wherever it may take me
I know that life won’t break me
when I come to call
they won’t forsake me
I’m loving...
from: Angels
Robbie Williams

Voor Leonard, Niels en Laura

Contents

page

Chapter 1
Chapter 2
		
		
		
Chapter 3
		
		
		
		
		
		
Chapter 4
		
		
		
Chapter 5
		
		
		
		
Chapter 6
		
		
		
		
Chapter 7
		
		
		
		
		
Chapter 8

General introduction						
Disease outbreaks associated with untreated recreational
water use
FM Schets, AM de Roda Husman, AH Havelaar
Epidemiology and Infection, 2010; doi: 10.1017/S0950268810002347
Monitoring of waterborne pathogens in surface waters in
Amsterdam, The Netherlands and the potential health risk
associated with exposure to Cryptosporidium and Giardia
in these waters
FM Schets, JH van Wijnen, JF Schijven, H Schoon,
AM de Roda Husman
Applied and Environmental Microbiology 2008; 74: 2069-2078
Exposure assessment for swimmers in bathing waters and
swimming pools
FM Schets, JF Schijven, AM de Roda Husman
Water Research, revised version submitted for publication
Cercarial dermatitis in the Netherlands caused by 		
Trichobilharzia spp.
FM Schets, WJ Lodder, YTHP van Duynhoven,
AM de Roda Husman
Journal of Water and Health 2008; 06:187-195
Confirmation of the presence of Trichobilharzia by 		
examination of water samples and snails following
reports of cases of cercarial dermatitis
FM Schets, WJ Lodder, AM de Roda Husman
Parasitology 2010; 137: 77-83
Human pathogenic vibrios in marine and fresh bathing
waters related to environmental conditions and disease
outcome
FM Schets, HHJL van den Berg, A Marchese, S Garbom,
AM de Roda Husman
Submitted for publication
General discussion					

		
		
		
		
		

Samenvatting (Summary in Dutch)				
Summary						
Dankwoord (Acknowledgements)				
List of publications					
Curriculum vitae						

9
25

45

67

83

97

109

127
141
145
151
155
159

Chapter 1
General introduction

1

General introduction

Introduction
Surface water, either fresh or marine, is used for many leisure activities such as swimming,
boating, surfing and diving. Spending time in, on or in the vicinity of water is a favourite
pastime all over the world. In the United States (population approximately 306 million in
2005), people make an estimated number of 928 million day trips to the beach per year
(NOAA 2005). In The Netherlands, the population (about 16 million in 2005) made on
average approximately 8.7 million daytrips to coastal beaches and 5.7 million daytrips to
beaches near lakes per year, in the period 1990-2007 (http://statline.cbs.nl). The water
provides refreshment and cooling, space for exercise, excitement, or serenity and rest.
Due to its frequent use by large groups of people, water may impact heavily on the health of
those people when quality is poor, either chemical or microbiological. Chemical pollution of
surface water is beyond the scope of this work and will not be discussed any further, but it
should not be neglected (WHO 2003). Microbiological contamination continuously happens
in all surface waters, however, the size and impact differ and contamination may arise from
various sources. Contamination as a result of human activity may be direct through faecal
input during e.g. swimming activities (Gerba 2000) or when waste water from boats (either
recreational or professional boating) is discharged onto the surface water, but it may also
be indirect when (partly) treated sewage is discharged (WHO 2003). Contamination peaks
in recreational water may arise from sewage overﬂows as a result of heavy rainfall. Here,
untreated sewage enters the surface water and causes an instant rise of microbiological
contamination (Marsalek & Rochfort 2004) which may slowly decrease (Rechenburg et
al. 2006). Recreational waters may also become microbiologically contaminated through
faecal matter of animal origin, which may be directly brought into the water, e.g. when a
ﬂock of birds alights at a recreational lake during the night (Graczyk et al. 2008), or may
enter the water through run-off from agricultural land when animal manure is spread for
fertilization (Medema & Schijven 2001). Pets may also contribute to faecal contamination
of bathing waters when e.g. dogs defecate on beaches and their faeces are washed into the
water (Wright et al. 2009). Although bathing water legislation or guidelines for good bathing
water quality are guided by faecal contamination events, microbiological water quality may
also deteriorate due to proliferation of non-faecal micro-organisms (WHO 2003). Surface
waters inhabit a large population of indigenous micro-organisms that form the natural
microbiological ﬂora. These micro-organisms, some of which are human pathogens, have
evolved in these systems and have developed their own growth needs and preferences.
Several bacteria proliferate at elevated water temperatures and grow to concentrations that
can cause harm to humans (WHO 2003). In moderate climate zones, these elevated water
temperatures particularly occur during summer and coincide with increased recreational
water use during summer holidays and thus result in increased exposure and nuisance.
Other naturally occurring micro-organisms proliferate under the inﬂuence of changes
in the nutrient content of the water due to human activities, e.g. elevated phosphate
concentrations as a result of fertilization of agricultural land may stimulate cyanobacterial
growth (Smith & Schindler 2009). Or, in contrast to the above, measures taken to decrease
the inﬂuence of human activity may improve water quality such that e.g. populations of
snails that serve as intermediate hosts for bird schistosomes prosper and provide excellent
conditions for parasite reproduction.
11
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This chapter provides an overview of micro-organisms, either being part of the natural
aquatic ﬂora, or being introduced into natural waters through faecal contamination, that
may give or have given rise to individual cases or outbreaks of recreational water related
illness, mainly in the western world. Micro-organisms of sole importance in relation to
exposure to chlorinated swimming pools will not be discussed. Reported cases or outbreaks
related to bathing in natural waters will be summarized, the protective value of bathing
water legislation with respect to the outlined human pathogens and public health will be
discussed, knowledge gaps will be identified and the consequential research focus of this
thesis will be presented.

Waterborne pathogens and their potential to cause waterborne
disease
Pathogens of faecal origin
Viruses
Several viruses have been shown to cause recreational waterborne disease outbreaks; these
include adenoviruses, coxackieviruses, echoviruses, hepatitis A virus and noroviruses. In
their review of virus induced recreational waterborne disease outbreaks documented in
the published literature, Sinclair et al. (2009) identified 55 of such outbreaks in a time span
of over 50 years (1950–2006). Of these outbreaks 47% (n=26) were related to recreation in
surface water, the other outbreaks related to swimming pools (n=28) and a fountain (n=1).
Ranking the etiological agents by their reporting frequency puts noroviruses first.
Noroviruses are members of the family Caliciviridae; they are 28–35 nm, non-enveloped
viruses with a positive sense, single stranded RNA genome of approximately 7.7 kb (Glass
et al. 2009). Norovirus infections cause acute gastroenteritis in humans. Symptoms include
projectile vomiting, watery non-bloody diarrhoea with abdominal cramps and nausea
within 10 to 50 hours after exposure, and are usually self-limiting. Infected persons shed
large numbers of viral particles to the environment. Norovirus transmission occurs through
the faecal-oral route, and the viruses are extremely contagious (Glass et al. 2009). In about
two third (65%) of the surface water associated viral disease outbreaks, noroviruses were
identified as the cause of the illness (Sinclair et al. 2009). Coxackieviruses and echoviruses
were each identified as the cause of three (12%) surface water related outbreaks (Sinclair
et al. 2009).
Both coxackieviruses and echoviruses belong to the genus Enterovirus within the family
Picornaviridae. These are small (27–30 nm), positive sense, single stranded RNA viruses,
without envelope but with an icosahedral capsid (Tracy et al. 2006). Enterovirus transmission
is mainly through the faecal-oral route, but may also be respiratory. Clinical symptoms in
humans may be mild, such as conjunctivitis, respiratory illness and gastroenteritis, but more
serious illness, such as meningitis, paralysis, myocarditis or hand- foot- and-mouth disease,
may also occur (Tracy et al. 2006).
In two of the 26 surface water related virus induced outbreaks (8%) adenoviruses were
identified as the causative agent (Sinclair et al. 2009). Adenoviruses are medium-sized (70–
100 nm), non-enveloped icosahedral viruses composed of a nucleocapsid and a double12
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stranded linear DNA genome of 26–45 kb. Of the many types of adenoviruses, some (type
40 and 41) are associated with waterborne gastrointestinal illness, whereas other types (e.g.
3, 4, and 7) are associated with respiratory and ocular symptoms (Mena & Gerba 2008). The
reported outbreaks involved infections with adenovirus type 3 resulting from exposure to a
lake and a pond (Sinclair et al. 2009).
Only one of a total of four published water related outbreaks of hepatitis A infections was
related to surface water, and occurred in 1969 (Sinclair et al. 2009). Hepatitis A virus is
a small, non-enveloped RNA picornavirus with a diameter of 27–30 nm. The virus causes
an acute inﬂammation of the liver, so-called hepatitis A. Hepatitis A virus is shed in large
numbers by infected persons with their faeces. Transmission of hepatitis A virus mainly
occurs through the faecal-oral route, but can also take place via aerosols or water (Brundage
and Fitzpatrick 2006).

Protozoa
The protozoan parasites Cryptosporidium and Giardia have regularly been implicated as a
cause of waterborne disease outbreaks. Karanis et al. (2007) have reviewed waterborne
outbreaks of protozoan parasites worldwide and have identified 325 of such outbreaks
that occurred between 1954 and 2004. Of these, 97 (30%) were documented outbreaks
associated with recreational water, of which the majority (91%) involved swimming pools.
Only nine (9%) were associated with recreational use of lakes and rivers; Cryptosporidium
and Giardia were the etiological agents in five and four of these outbreaks, respectively.
Both Cryptosporidium and Giardia complete their lifecycle within a single host. Infected hosts
shed large numbers of environmentally robust (oo)cysts with their faeces (Thompson et al.
1993; Arrowood 1997). Cryptosporidium oocysts are spherical and about 4–6 μm in diameter
(first described by Tyzzer 1910; Arrowood 1997); Giardia cysts are ovoid and 12–15 x 6–8 μm
in size (first described by Lambl 1859, cited by Thompson 2004). Both Cryptosporidium and
Giardia cause gastroenteritis in humans. Transmission occurs through the faecal-oral route,
either directly from person-to-person or from animal-to-man, but may also be waterborne
(Arrowood 1997; Thompson 2004). The most obvious symptom of cryptosporidiosis is
profuse watery diarrhoea. In otherwise healthy individuals, symptoms generally persist for
1–2 weeks, but in immunocompromised persons infections can be chronic with diarrhoea
being severe and life threatening (Arrowood 1997). Human Cryptosporidium infections
are commonly caused by C. hominis and C. parvum. C. hominis is traditionally considered
infective for humans only. Experimental infections of other mammal species with high doses
of some C. hominis isolates were however successful. C. parvum is a zoonotic species that
infects mainly ruminants (cattle, sheep, goats, deer) and humans (Xiao et al. 2004). Giardia
infections are usually self-limiting, but chronic infections do occur (Thompson et al. 1993).
G. duodenalis (also referred to as G. lamblia or G. intestinalis) is the only species found in
mammals including man (Thompson 2004). Recent application of molecular techniques has
demonstrated that G. duodenalis is not a uniform species, but a species complex comprising
of various genotypes that are grouped in genotypic groupings or assemblages. Human
Giardia isolates fall into assemblages A and B (Thompson 2004).

13
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Bacteria
The faecally derived bacterial pathogens, Escherichia coli O157:H7 and Shigella sonnei have
been the cause of several recreational waterborne disease outbreaks (WHO 2003; WHO
2009). CDC reported 138 waterborne disease outbreaks related to untreated (i.e. surface
water) recreational water that occurred in the US from 1991 up until 2006 (Moore et al.
1993; Kramer et al. 1996; Levy et al. 1998; Barwick et al. 2000; Lee et al. 2002; Yoder et al.
2004; Dziuban et al. 2006; Yoder et al. 2008). Of these, 18 (13.0%) were caused by E. coli
O157:H7, and 16 (11.6%) by Shigella species, mainly S. sonnei. Both the zoonotic pathogen
E. coli O157:H7 and the human pathogen S. sonnei are small, non-motile, Gram-negative,
facultative anaerobic bacilli (Coia 1998; Niyogi 2005). E. coli O157 causes non-bloody
diarrhoea that may progress to bloody diarrhoea and haemolytic uremic syndrome (HUS)
with acute renal failure, mainly in children (Coia 1998). In 1993, four cases of HUS were
reported in The Netherlands, associated with swimming in a lake (Cransberg et al. 1996).
Symptoms of shigellosis include diarrhoea, fever and nausea; they usually last for 5–7 days
and are self-limiting (Niyogi 2005).

Pathogens of non-faecal origin
Parasites
Naegleria fowleri is a thermophillic free-living amoeba that is found in thermal freshwater
worldwide. It has been a frequently reported cause of waterborne disease in the US,
associated with swimming in surface water. From 1991 to 2006, 28 outbreaks were reported,
approximately 20% of the total of 138 recreational water related outbreaks (Moore et al.
1993; Kramer et al. 1996; Levy et al. 1998; Barwick et al. 2000; Lee et al. 2002; Yoder et al.
2004; Dziuban et al. 2006; Yoder et al. 2008). Although most cases are reported from sites
where the water temperature is above 30 °C (WHO 2003; e.g. Nicolas et al. 2010), cases
have also been reported from western European countries with a temperate climate such
as Belgium and England where people had been swimming in water warmed by industrial
eﬄuent water (WHO 2003). The lifecycle of the amoeba includes environmentally robust
spherical cysts with a diameter of 8–12 μm. The organism can successfully reproduce
in water from 30 °C up to 46 °C. In humans, N. fowleri may cause primary amoebic
meningoencepahlitis, a rare but usually fatal condition. Infections are usually acquired in
ponds, natural spas and artificial lakes (WHO 2003).
Despite their ubiquitous nature in aquatic environments, human infections with free-living
amoeba of the genus Acanthamoeba are rare worldwide (WHO 2003). Human pathogenic
Acanthamoeba cause granulomatous amoebic encephalitis in the immunocompromised,
and keratitis that may lead to blindness in healthy people, but CDC did not report recreational
water related cases of Acanthamoeba infections in the US in their surveillance summaries
from 1991 to 2006, and swimming related cases of keratitis reported in international
literature appear mostly to be related to contact lens wearers that use swimming pools (e.g.
Stapleton et al. 2009).
Outbreaks of presumptive swimmers’ itch or cercarial dermatitis after swimming in
freshwater lakes have been frequently reported (Kolářová 2007). Swimmers’ itch is the result
of the penetration of the human skin by cercariae of bird schistosomes, mostly of the genus
Trichobilharzia. Surveillance summaries in the US reported ten outbreaks of swimming
14
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related dermatitis from 1991 until 2006; here the etiological agents were Schistosoma spp.
(Moore et al. 1993; Kramer et al. 1996; Levy et al. 1998; Barwick et al. 2000; Lee et al. 2002;
Yoder et al. 2004; Dziuban et al. 2006; Yoder et al. 2008). The free-swimming schistosome
cercariae exhibit a high aﬃnity for the human skin and try to penetrate the skin resulting in
an allergic response. Short exposure and first contact will result in a weak reaction in allergic
persons, characterized by development of maculae, or coloured markings. Typical and more
severe symptoms develop after repeated exposure. Shortly after cercarial penetration
into the skin a primary itching (like fine prickling) occurs persistently for up to 1 h and the
allergic response manifests as an itchy maculopapular eruption. Severe responses can be
accompanied by fever, limb and lymph node swelling, nausea and diarrhoea (Horák et al.
2002).

Bacteria
Notwithstanding their ubiquitous presence in fresh and marine waters, Aeromonas species
have not frequently been reported as the cause of waterborne illness. In association with
recreational water use, infections of open wounds and cases of pneumonia after aspiration
of contaminated water have been reported (WHO 2003; Rund & Theegarten 2008).
Aeromonas species are Gram-negative rod-shaped bacteria that can cause human illness,
including gastroenteritis and wound infections, affecting primarily children under five years
of age and immunocompromised adults.
Recreational activities in both tropical and non-tropical areas have been associated with
cases or outbreaks of leptospirosis (Monahan et al. 2009). CDC counted six outbreaks of
leptospirosis in the US from 1991 to 2006 (Moore et al. 1993; Kramer et al. 1996; Levy et
al. 1998; Barwick et al. 2000; Lee et al. 2002; Yoder et al. 2004; Dziuban et al. 2006; Yoder
et al. 2008), whereas Monahan et al. (2009) reported an additional 12 outbreaks from all
over the world. In The Netherlands, on average two to seven individual, mostly non-related,
cases of leptospirosis related to recreational contact with surface water are reported per
year (Hartskeerl & Goris 2008). Leptospires are bacteria belonging to the genus Leptospira
that survive in moist environments such as soil, mud, ground water, streams and rivers.
Pathogenic Leptospira live in the kidneys of animal hosts (e.g. rats, cattle, pigs, dogs) and
are excreted in the urine (Monahan et al. 2009). The pathogen is transmitted via direct
contact with infected urine or indirectly via contaminated surface water; bacteria enter
the human body through breaches of the skin or mucosal surfaces. Leptospirosis may vary
from a mild ﬂu-like illness to severe disease with liver and kidney failure and haemorrhages
(Weil’s syndrome).
Pseudomonas aeruginosa is a frequent cause of swimming pool related infections, such as
folliculitis and otitis externa (Mena & Gerba 2009), but the latter infection may also occur
through surface water exposure (Van Asperen et al. 1995). CDC reported one outbreak of
P. aeruginosa infections in the US from 1991 to 2006 (Moore et al. 1993; Kramer et al.
1996; Levy et al. 1998; Barwick et al. 2000; Lee et al. 2002; Yoder et al. 2004; Dziuban et
al. 2006; Yoder et al. 2008). In The Netherlands, a large outbreak of otitis externa occurred
after swimming in fresh water lakes in 1994 (Van Asperen et al. 1995). During each summer
season, ear complaints associated with P. aeruginosa infections as a result of exposure to
contaminated surface waters are widespread and common in The Netherlands (Schets et al.
2006a). P. aeruginosa are aerobic, non-spore-forming, motile, Gram-negative rods that are
15
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ubiquitous in water, vegetation and soil. P. aeruginosa is an opportunistic pathogen that is
resistant to many commonly used antibiotics and is, as such, a feared cause of nosocomial
infections. P. aeruginosa multiplies in surface waters when the water temperature exceeds
18–20 °C, reaching levels of up to 106 per 100 ml (Mena & Gerba 2009).
During the warm summer of 2006, an uncommon increase in the number of bathers with
Vibrio infections was reported from several countries in north-west Europe, including
V. vulniﬁcus, V. alginolyticus and V. cholerae non-O1/O139 infections (Andersen 2006;
Andersson and Ekdahl 2006; Frank et al. 2006; Schets et al. 2006b, 2008). In their surveillance
summaries, CDC reported 143 recreational waterborne outbreaks of Vibrio infections in
the US in 2003–2004 and 189 in 2005–2006 (Dziuban et al. 2006; Yoder et al. 2008). Here,
the most frequently isolated species was V. vulniﬁcus, followed by V. alginolyticus and V.
parahaemolyticus. Wound and skin infections were the most frequently observed symptoms,
mostly accounted for by V. vulniﬁcus. Vibrio species are motile Gram-negative rods with
a single polar ﬂagellum that are common inhabitants of various aquatic environments.
Depending on the species, they tolerate a range of salinities and are common in marine
environments. They are capable of multiplication in marine water when water temperatures
exceed 17–20°C (Oliver & Kaper 1997). Human pathogenic Vibrio species have been
associated with wound infections (V. alginolyticus, V. vulniﬁcus, V. cholerae non-O1/O139)
and ear infections (V. alginolyticus) after exposure to contaminated recreational waters.
Ingestion of V. cholerae O1/O139 can cause acute watery diarrhoea (cholera) in humans,
which can lead to death, if left untreated (Oliver & Kaper 1997; Morris 2003; Austin 2010).

Cyanobacteria
Cyanobacteria have the same size as algae, contain blue-green and green pigments and
can perform photosynthesis (Chorus et al. 2000). Due to eutrophication of many water
bodies, as a result of human activities, excessive proliferation of cyanobacteria occurs,
resulting in extremely high cell densities which may cause considerable nuisance during
water recreation due to transparency loss, discoloured water, scum formation and stench.
The effects of cyanobacteria on human health are associated with algal toxins (Chorus et
al. 2000). Toxic cyanobacteria are found worldwide in inland and coastal waters. Marine
algal toxins are primarily a food borne problem due to accumulation in shellfish and fish
eaten by man. However, human exposure may also occur through dermal contact causing
‘seaweed dermatitis’, water ingestion or inhalation of water droplets (Osborne & Shaw
2008). Symptoms related to these exposure routes have primarily been observed in Japan,
Australia, New Zealand and the south-east of the US (WHO 2003). Respiratory illness in
humans has been observed from recreational exposure to the marine cyanobacterium
Ostreopsis ovata in Italy (Durando et al. 2007). In fresh water, the most widespread
cyanobacterial toxins are microcystins and neurotoxins. There are numerous reports of
lethal poisoning of animals that drank from water with cyanobacteria, and human cases of
illness or death through exposure to cyanobacterial toxins have been reported related to
renal dialysis and drinking water consumption (Chorus et al. 2000). Epidemiological studies
focusing on negative health effects of recreational exposure to fresh water cyanobacteria
have either found no significant differences between exposed and non-exposed people
(Stewart et al. 2006) or noted a significant trend of more mild and self-limiting health
complaints in the exposed compared to the non-exposed from longer duration of water
16
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contact and higher cyanobacterial cell counts. Papers on large outbreaks due to recreational
water exposure to freshwater cyanobacteria have not been published to date; most reports
describe individual cases or outbreaks that involved only a few patients (Stewart et al.
2006). The inability to determine a causal relation suggests that the acute negative health
impact of cyanobacteria and their toxins as a result of recreational water exposure may be
less severe than expected based on toxicological studies using mouse assays (Funari & Testai
2008). Theoretically, there may be long term effects such as liver damage and development
of tumors (Chorus et al. 2000; WHO 2003; Stewart et al. 2006; Funari & Testai 2008), but
solid data that demonstrate these effects in humans are lacking to date.

Guidelines and legislation for safe bathing water quality
Since many years, authorities are aware of their responsibility to provide microbiologically
safe bathing water and thus protect public health. Therefore, bathing water legislation is in
place in many parts of the world (e.g. Anonymous 2000; Anonymous 2006) and guidelines to
provide safe bathing water are available (WHO 2003; WHO 2009). Guideline and legislative
values are based on bacterial indicators of faecal pollution, like faecal coliforms, E. coli, faecal
streptococci or intestinal enterococci and as such cover gastrointestinal illness, although
some studies have demonstrated a relation between faecal indicator levels and respiratory
illness (Fleisher et al. 1996; Haile et al. 1999).
The value of these faecal indicator parameters in predicting the risk of human infection
with waterborne human pathogens of faecal origin is an ongoing subject of discussion, and
debate continues about how water quality indicators can best be used in bathing water
legislation (Kay et al. 2004; Wiedenmann et al. 2006; Boehm et al. 2009). Epidemiological
studies showed that no single microbiological indicator can predict illness at all times in all
environments (Wade et al. 2003). Moreover, bacteriological indicators of water quality do not
always address the risk of viral infections (Wong et al. 2009), or the risk of illness at beaches
where nonhuman faecal contamination sources dominate (Colford et al. 2007). In a review
of a selection of epidemiological studies on health effects from exposure to bathing waters
performed from 1953 until 1996, Prüss (1998) indicated that for fresh water, E. coli counts
correlated best with health outcomes (i.e. gastrointestinal symptoms), whereas enterococci
or faecal streptococci could be used to predict health outcomes for both fresh water and
marine water. Wade et al. (2003) analysed a (partially identical) selection of epidemiological
studies performed from 1953 until 2001 in order to quantify the association between
microbial indicators of bathing water quality and gastrointestinal illness. For marine waters,
they reported a significant association between enterococci densities and the relative risk of
gastrointestinal illness, whereas for fresh water they observed such an association for E. coli.
Some studies showed that bacteriological indicators did not properly predict the occurrence
of protozoan parasites such as Cryptosporidium and Giardia (Harwood et al. 2005; Coupe
et al. 2006), whereas others observed that enterococci counts were a good indicator of the
presence of these parasites (Grackzyk et al. 2010).
It is obvious that viruses, protozoan parasites and faecal pathogens of nonhuman origin may
exhibit other survival properties and strategies than faecal indicator bacteria due to their
divergent biology, and that faecal indicator derived guideline or legislative values do not
17
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address the many pathogens of non-faecal origin that may pose a health risk for bathers in
surface water, thus casting doubt on the appropriateness of the faecal indicator parameters
currently designated for predicting human health effects from recreational water exposure.

Towards risk assessment
Routine monitoring of bathing waters for a range of waterborne human pathogens, either
of faecal origin or not, is not a feasible option, due to the time-consuming and expensive
methods required for pathogen detection, but also because the aetiology of many
waterborne outbreaks is unclear and it is diﬃcult to choose a relevant and appropriate
selection of pathogens. Risk assessment could provide a proper basis for protection of
bathers’ health and prevention of waterborne disease. Assessing the risk of infection with
waterborne pathogens at least requires monitoring data of a set of waterborne human
pathogens, but also information on bather exposure and relevant pathogen characteristics
such as pathogenicity traits and environmental conditions that inﬂuence virulence. The
combination of specific bather and pathogen characteristics determine whether a bather
will be infected and become ill, or not. Bather exposure may vary considerably resulting
from the nature of water contact during different activities, such as swimming, surfing or
boating, but also from different periods of time with water contact, the amount of head
submersions and the amount of water ingested. Although specific risk groups can be
defined that are more susceptible to infectious diseases than others, such as children and
the elderly, people with immune deficiencies or pregnant women (Gerba et al. 1996; Wade
et al. 2008), the immune status of each individual may play an important role and is diﬃcult
to include in risk assessment models. Epidemiological studies, including those thoroughly
examining outbreaks of recreational waterborne illness, but also those addressing individual
and group responses in human volunteer trials, may provide information on dose-response
relations for pathogens. Fundamental studies on pathogen behaviour and factors involved
in pathogenicity provide additional information.
Yet there is a fair amount of information lacking, but research focused on identified
knowledge gaps will aid a shift towards a risk assessment based approach that does not
only address gastrointestinal illness from exposure to recreational waterborne pathogens
of faecal origin, but also illness as a result of infections with waterborne pathogens of nonfaecal origin or those of nonhuman sources.

Identification of knowledge gaps and focus of this thesis
Bathing water legislation and guidelines currently based on faecal indicator bacteria merely
address gastrointestinal illness. It is to be discussed whether future legislation should
consider waterborne illness and related pathogens that are not correlated with faecal
indicator bacteria. This thesis presents microbiological, epidemiological and risk assessment
approaches to inform such decision making.
Data from a long term surveillance program on recreational water related illness were
used to prioritize various categories of recreational waterborne illnesses by assessing their
18
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reporting frequency and the numbers of cases involved (Chapter 2).
Albeit the waterborne protozoan parasites Cryptosporidium and Giardia are of faecal origin,
their biology deviates from that of faecal indicator bacteria resulting in different survival in
the environment due to e.g. different responses to UV radiation and water temperature.
The occurrence of these micro-organisms in bathing waters in relation to faecal indicator
bacteria was studied, and their impact on bathing water quality and public health was
assessed (Chapter 3).
Bather exposure data required for risk assessment, appeared to be limited or lacking
and were collected amongst a representative selection of the Dutch population. Data
were obtained by administration of questionnaires addressing frequency and duration of
swimming events and volumes of water ingested. The newly obtained exposure data were
used to improve risk assessment for Cryptosporidium and Giardia (Chapter 4).
Swimmers’ itch is one of the most frequently reported recreational water related illnesses
in The Netherlands. Outbreak research that includes the collection and analysis of fresh
water snails to confirm the aetiology of the outbreak as a basis for public health protecting
measures is sometimes hampered by the inability to find snails in the implicated bathing
water, whereas the procedure is always time-consuming (Chapter 5). Therefore, a molecular
method for direct detection of Trichobilharzia cercariae in water samples was developed,
thus providing water managers with a tool for rapid identification of the etiological agent
once symptoms of cercarial dermatitis are reported (Chapter 6).
Vibrio species are among the waterborne human pathogens that are expected to profit
from increasing water temperatures as a result of global warming. In the moderate
climate of Western Europe they may increasingly be involved in recreational water related
illness in future years, but are not yet included in European bathing water legislation.
Recent information on the occurrence of Vibrio species in Dutch recreational waters was
not available, and insight into an association between diagnosed Vibrio infections and
recreational water exposure was lacking. This information was gathered by performing a
monitoring program for Vibrio spp. in Dutch coastal, brackish and fresh waters, collecting
data on recreational water related human Vibrio infections and comparison of Vibrio isolates
from patients and bathing water to evaluate potential causal relations (Chapter 7).
The research presented here provides data and tools in favour of bathing water management
of the future through its focus on human waterborne pathogens beyond current bathing
water legislation.
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Abstract
Annual overviews of waterborne disease outbreaks associated with untreated recreational
water use provided by authorities responsible for bathing water quality and public health
in The Netherlands revealed 742 outbreaks during 1991–2007 mainly comprising of skin
conditions (48%) and gastroenteritis (31%) and involving at least 5623 patients. The number
of outbreaks per bathing season correlated with the number of days with temperatures over
25 °C (r=0.8–0.9), but was not reduced through compliance with European bathing water
legislation (r=0.1), suggesting that monitoring of faecal indicator parameters and striving for
compliance with water quality standards may not suﬃciently protect bathers.
Bathing sites were prone to incidental faecal contamination events or environmental
conditions that favoured the growth of naturally occurring pathogens. Identification of all
possible contamination sources, awareness for changes that might negatively affect water
quality, and provision of adequate information to the public are important preventive
measures to protect public health.
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Introduction
Recreational exposure to surface water may have negative health effects when water quality
is microbiologically poor, possibly resulting in outbreaks of disease. Generally, when cases
of presumptive recreational water related illness are reported, symptoms are mild and nonspecific (WHO 2003). Even more, these reports are often about small groups of affected
people or individual cases. Often, epidemiological investigations have not been performed
and water quality data referring to the estimated time of exposure of cases are lacking or
are inadequate. These factors make it diﬃcult to attribute reported cases of presumptive
waterborne illness to recreational water contact. However, surveillance activities may help
to characterize the epidemiology of the illness and identify trends in etiological agents.
Further, major deficiencies in providing safe recreational water may be identified and the
collected data may be used to support interventions that should prevent illness in the future.
Systematic surveillance of waterborne disease outbreaks in the United States (US) has
revealed numerous outbreaks associated with untreated recreational water or swimming
pools over the years. From 1991 to 2006, 138 waterborne disease outbreaks related to
untreated recreational water were reported (Moore et al. 1993; Kramer et al. 1996; Levy
et al. 1998; Barwick et al. 2000; Lee et al. 2002; Yoder et al. 2004; Dziuban et al. 2006;
Yoder et al. 2008). The majority of these outbreaks involved cases of gastroenteritis
(36–89%), cases of neurological conditions such as meningoencephalitis and meningitis
caused by Naegleria fowleri (5–38%) or skin conditions related to schistosomes (5–21%).
Compilation of outbreaks of infectious intestinal disease in the United Kingdom (UK) from
1992 to 2003 has identified five outbreaks related to untreated recreational water, involving
recreational river use and exposure to fountains (Smith et al. 2006). Both in the US and the
UK, Cryptosporidium, Giardia and norovirus were frequently reported etiological agents.
The Netherlands does not have a nationwide US- or UK-like passive surveillance system
that reports clinically affected cases attributed to waterborne infectious disease. This lack
of systematic surveillance in The Netherlands previously resulted in a lack of insight into the
frequency of presumptive recreational waterborne outbreaks as well as in the severity of
disease, the number of patients and the types of pathogens involved. To fill this information
gap an epidemiological surveillance system was set up in 1991 to keep a record of health
complaints associated with untreated recreational water reported by the general Dutch
population to the responsible authorities.
This paper gives an overview of the types and numbers of outbreaks that were reported
and studied from 1991 to 2007. Based on the data obtained and the observed trends in
the number of outbreaks, new insights into disease burden in The Netherlands resulting
from exposure to untreated recreational water are presented. Moreover, factors associated
with the occurrence of disease outbreaks and the requirements for proper investigation and
prevention of such outbreaks are highlighted.
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Materials and Methods
Definitions
Recreational waterborne disease outbreaks were defined as water exposures in which two
or more persons were epidemiologically linked to untreated recreational water by location
of exposure, time and illness (Yoder et al. 2008). Single cases of leptospirosis and wound
infections were included in the outbreak counts; such infections affect individuals rather
than groups of people. Time was not limited to exposure on one single day, but could range
within one to five days. Family or household members that reported similar symptoms after
simultaneous exposure to the same recreational water were all included as patients in the
same outbreak; there were no reports of secondary cases.
Outdoor recreational water settings included all oﬃcial bathing sites in untreated fresh
and marine water in The Netherlands for which water quality data were reported to the
European Commission. In 2007, there were 641 oﬃcial bathing sites, of which 555 were
inland waters and 86 were coastal (North Sea) waters. From 1990 to 2007, the Dutch
population (approximately 16 million) made on average 8.7 million daytrips to coastal
beaches and 5.7 million daytrips to inland beaches per year. Approximately 80% of these
daytrips took place during summer. Population and daytrip data were retrieved from the
website of Statistics Netherlands (http://statline.cbs.nl) where oﬃcial national statistics are
available for policymakers and scientific research.
Only two of the reported outbreaks occurred outside the oﬃcial bathing season (one in
October 2002, one in April 2005) and these were included.
Additionally, outbreaks associated with exposure to an untreated recreational water body
that was not designated as an oﬃcial bathing site were reported; these outbreaks were also
included, but comprised only 3% of the total reported.
Surveillance specifically addressed illness related to exposure to untreated recreational
waters and therefore data concerning chlorinated swimming pools were not collected.

Data collection
In The Netherlands, by law, the 12 provinces are the authorities responsible for bathing
water quality; as such, they provide information about bathing water quality to the public
through leaﬂets, service telephone numbers and the internet, and encourage the public to
report back any issue addressing bathing sites, whether this is about aesthetics, suspected
bathing water related health complaints or water quality. However, the public may also
report health complaints related to bathing water to one of the public health services (due to
merging the number gradually declined from 63 in 1991 to 32 in 2007). Occasionally, general
practitioners notify public health services of increased numbers of cases of presumptive
waterborne illness.
A downloadable standard report form is available to provinces and public health services
to facilitate collection of relevant information concerning reported health complaints.
The report form elicits information on the implicated bathing site, date, time and type of
exposure, onset, type and severity of symptoms, contact with a physician, and possible
other exposures that may have caused the symptoms. Provinces and public health services
are not obliged to use the report form and are free in their choices on how to follow up
reported health complaints.
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The National Institute for Public Health and the Environment annually asked provinces
and public health services to provide overviews of the outbreaks and single cases of illness
associated with untreated recreational water use they were notified of during the most
recent preceding bathing season (May 1st to October 1st). Provinces and public health
services were requested to complete a standard form and subdivide the outbreaks and
single cases they encountered in six categories: (I) gastroenteritis, (II) skin conditions, (III)
ear conditions, (IV) eye conditions, (V) leptospirosis and (VI) other health complaints. The
request was usually made in October–November, followed by a reminder in December–
January.
From 2004 onwards, provinces and public health services were additionally asked to report
a presumptive outbreak as soon as they were notified of at least 10 cases presenting the
same symptoms that occurred after exposure to the same bathing site. This direct approach
enabled prompt investigation of presumptive outbreaks through questioning patients,
examination of clinical samples and analysis of water samples for the presumed etiological
agent.
During the bathing season, water quality at oﬃcial bathing sites was tested fortnightly for
compliance with standards for faecal indicator bacteria according to the European Bathing
Water Directive (Anonymous 1976; Anonymous 2006) as outlined in Table 1. Compliance data

Table 1
Faecal indicator parameters and compliance criteria for untreated recreational waters according to
European Bathing Water Directives 76/100/EC (Anonymous 1976) and 2006/7/EC (Anonymous 2006)
directive

water type

parameter
(cfua/100 ml)

excellent
quality

good
quality

evaluation

76/100/EC

inland,
coastal and
transitional

total coliforms

500**

10000*

faecal coliforms

100**

2000*

faecal streptococci

100***

no value

* imperative, 95% of
samples compliant
** guideline, 80% of
samples compliant
*** guideline,
90% of samples
compliant

Escherichia coli

500

1000

enterococci

200

400

Escherichia coli

250

500

enterococci

100

200

2006/7/EC

inland

coastal and
transitional

classification based
upon 95-percentile
evaluation of
data from four
subsequent bathing
seasons, comprising
of at least 16
samples

a: colony forming unit

29

2

Chapter 2
were obtained from the reports annually published by the European Commission whereas
information on water quality during outbreaks was retrieved from outbreak reports.
Information about the weather during the bathing seasons and summers of 1991–2007 was
obtained from the Royal Netherlands Meteorological Institute (www.knmi.nl).

Data analysis
Data analysis was done by using Excel 2003 (Microsoft Corporation, US). The number of
reported outbreaks and single cases of leptospirosis and wound infections was corrected
for double reporting (by both province and health service) and for reports that concerned
one patient only.

Outbreak classification
Outbreaks were classified according to the Centers for Disease Control and Prevention (CDC)
classification scheme for waterborne disease outbreaks that classifies outbreaks according
to the strength of evidence implicating water as transmission route, based on availability
of epidemiological and water quality data (Yoder et al. 2008). There are four outbreak
categories (Table 2).
Outbreaks that were reported without any details regarding water quality and epidemiology
and that were suspected to be recreational water related only because people reported
health complaints shortly after exposure to a specific body of water were classified as class
IV. Cases of leptospirosis that were clinically confirmed and accompanied by observations
of (traces of) rats in and around the implicated water were classified as class III. Similarly,
outbreaks of presumptive cercarial dermatitis (swimmers’ itch) supported by the finding
of snails that shed Trichobilharzia cercariae were classified as class III. All reports on water
quality providing indicator or pathogen counts or indicating that water quality was in
compliance with European bathing water legislation were considered adequate.
Table 2
Classification criteria for waterborne disease outbreaks (Yoder et al. 2008)
class

epidemiologic data

water quality data

I

adequate
data provided about exposed and unexposed
persons with relative risk or odds ratio >2 or
p-value <0.05
adequate
provided but limited
epidemiologic data did not meet the criteria
for class I or a claim was made that ill persons
had no other exposures in common than water
but no data provided
provided but limited

provided and adequate
historic information or laboratory
data

II
III

IV
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Results
Outbreaks
From 1991 to 2007, the National Institute for Public Health and the Environment received
1055 reports of untreated recreational water related illness from provinces and public health
services; 313 (30%) of these included only one patient and were therefore not included in
data analysis. The remaining 742 outbreaks were mainly comprised of skin conditions and
gastroenteritis, distantly followed by ear conditions, and mixed outbreaks of gastroenteritis
and skin conditions. Leptospirosis was not frequently reported and eye conditions were rare
(Table 3, Figures 1–2).

Figure 1
Waterborne disease outbreaks associated with untreated recreational water reported in
The Netherlands from 1991 to 2007, subdivided in types of health complaints, displayed as
a percentage of the total

Directly reported outbreaks
From 2004 to 2007, a total of 42 outbreaks were directly reported during the bathing
season; 24 (57%) comprised skin conditions, 10 (24%) gastroenteritis and 5 (12%) otitis
externa. There was one query about Weil’s disease, one report of wound infections and
one report of a patient that suffered from a phototoxic reaction of unknown aetiology.
Thirteen outbreaks were investigated extensively. In six outbreaks of presumptive cercarial
dermatitis snails and water were examined for the presence of Trichobilharzia, which was
detected in three outbreaks (Schets et al. 2008). During three outbreaks of gastroenteritis,
water samples were tested for enterovirus, norovirus and Salmonella. All water samples
were negative, while vomit samples from patients, available in one outbreak, contained
various norovirus variants (Duizer et al. 2004). There was no conclusive evidence that cases
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in these gastroenteritis outbreaks were waterborne rather than the result of person-toperson transmission. In two outbreaks of otitis externa, water samples from the implicated
lakes and ear swabs from patients contained P. aeruginosa. P. aeruginosa numbers were
low in two lakes (2–37 colony forming units (cfu) per 100 ml) whereas a third lake was
heavily contaminated (311–736 cfu/100 ml). From a third outbreak, clinical samples were
not available and water samples did not contain P. aeruginosa.
Two laboratory confirmed cases of wound infections and one case of an ear infection caused
by Vibrio alginolyticus instigated analysis of samples from the North Sea in which all three
patients had swum. Both V. alginolyticus and V. parahaemolyticus were found. The total
Vibrio spp. concentration in the water samples was 2.104–2.105 cfu/L (Schets et al. 2006a).

Figure 2
Trends in the number of waterborne disease outbreaks associated with untreated
recreational water reported in The Netherlands from 1991 to 2007
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Table 3
Waterborne disease outbreaks associated with untreated recreational water reported in
The Netherlands from 1991 to 2007
type of health complaint
GEa
year

no.b

skin
%c

no.b

%c

GE/skina

ear

no.b

no.b

%c

eye
%c

no.b

1991
5
31
9
56
1
6.3
1
6.3
0
1992
5
28
12
67
0
0.0
0
0.0
0
1993
1
11
4
44
1
11
0
0.0
0
1994
30
33
22
24
3
3.3
27
30
4
1995
19
28
24
35
4
5.9
15
22
1
1996
2
14
11
79
0
0.0
0
0.0
1
1997
14
33
20
46
1
2.3
3
7.0
0
1998
6
21
15
54
3
11
0
0.0
0
1999
10
30
18
54
3
9.1
0
0.0
0
2000
3
27
7
64
1
9.1
0
0.0
0
2001
10
20
33
66
4
8.0
0
0.0
0
2002
19
25
48
63
4
5.3
0
0.0
0
2003
31
39
33
41
10
12
2
2.5
1
2004
17
38
24
53
1
2.2
1
2.2
0
2005
9
20
28
61
2
4.3
4
8.7
0
2006
41
42
41
42
5
5.2
5
5.2
1
2007
7
39
10
56
0
0.0
1
5.6
0
Total
229
359
43
59
8
a: GE: gastroenteritis; GE/skin: gastroenteritis and skin complaints
b: number of outbreaks in which two or more patients were involved
c: percentage of the total number of outbreaks reported in a year

leptospirosis

other

total
no.

%c

no.b

%c

no.b

%c

0.0
0.0
0.0
4.4
1.5
7.1
0.0
0.0
0.0
0.0
0.0
0.0
1.3
0.0
0.0
1.0
0.0

0
1
2
1
4
0
2
4
2
0
1
1
1
1
1
0
0
21

0.0
5.6
22
1.1
5.9
0.0
4.7
14
6.1
0.0
2.0
1.3
1.3
2.2
2.2
0.0
0.0

0
0
1
3
1
0
3
0
0
0
2
4
2
1
2
4
0
23

0.0
0.0
11
3.3
1.5
0.0
7.0
0.0
0.0
0.0
4.0
5.3
2.5
2.2
4.3
4.1
0.0

16
18
9
90
68
14
43
28
33
11
50
76
80
45
46
97
18
742

Classification of outbreaks
Over three-quarter of the outbreaks was classified as class IV (Table 4) because water
quality data were not provided and epidemiological investigation of the outbreak was not
performed. The 160 outbreaks classified as class III mainly were comprised of outbreaks
of skin conditions or gastroenteritis (Table 5). For 71% of outbreaks of skin conditions the
nature of the symptoms induced examination of water and/or snails for the presence of the
parasite Trichobilharzia, which was detected in 65% of the tests. Outbreaks of gastroenteritis
frequently (76%) made the responsible authorities test water for the presence of faecal
indicator bacteria and compliance with European bathing water legislation, sometimes
supplemented with analysis for pathogens such as Salmonella and enteric viruses. However,
86% of these outbreaks could not be explained by poor water quality or detection of
pathogens. Outbreaks of ear complaints almost exclusively (94%) instigated analysis
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for P. aeruginosa, which was indeed detected in 75% of the tests. There were no class II
outbreaks (Table 4) and less than 1% of the outbreaks were classified as class I (Tables 4, 6).
Table 4
Classification of waterborne disease outbreaks associated with untreated recreational
water reported in The Netherlands from 1991 to 2007 according to CDC criteria (Yoder et
al. 2008)
outbreak type

no. of outbreaks per class
total
no.

skin
gastroenteritis
ear
GE/skina
other
leptospirosis
eye
total (%)

I

II

III

IV

1
3
3
0
0
0
0
7 (0.9)

0
0
0
0
0
0
0
0 (0)

69
58
17
8
4
4
0
160 (22)

289
168
39
35
19
17
8
575 (78)

359
229
59
43
23
21
8
742

a: GE/skin: gastroenteritis and skin complaints

Patients
For 155 of the 742 outbreaks (21%) the number of patients involved was not reported
in absolute numbers: ‘several’, ‘more than one’ and ‘tens’ were common indications. In
assessing the total number of patients involved, for those outbreaks the number of patients
was set at two, although there could have been (many) more. As a result of this approach,
the total estimated number of patients involved in the 742 outbreaks is at least 5623. Most
patients suffered from skin (40%) or gastro-intestinal (34%) conditions, followed by ear
conditions (18%). Patients that had gastroenteritis and skin complaints (5%), eye conditions
(0.3%), leptospirosis (0.4%) or other health complaints (2%) comprised only fractions of the
total number of patients (Table 7).

Bathing sites
The disease outbreaks reported from 1991 to 2007, and the reports of cyanobacteria scums
from the same period, related to about 60% of the Dutch bathing sites (n=385). Several sites
(128 inland waters, one coastal water) were involved in outbreaks in more than one bathing
season; the frequency of recurrence ranged from twice to ten times. Recurrent sites were of
all sizes and did not only include small water bodies. Generally, recurrent sites were involved
in more than one type of health complaint, suggesting different contamination sources,
although in some cases a particular type of health complaint prevailed over the other(s).
Twenty-six (4%) sites were involved in the same type of health complaint for several years,
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with a maximum of four; skin conditions (n=15) and gastroenteritis (n=6) most frequently
recurred. A high percentage of compliance with European bathing water legislation did not
correlate (r=0.1) with a low number of outbreaks reported (Figure 3).
Table 5
Specified outbreak types for class III outbreaks and tests done to identify etiological agents
outbreak type

total no.
outbreaks

no. outbreaks with bathing water
tested for

skin

69

gastroenteritis

58

ear

17

GE/skina

8

leptospirosis

4

other

4

49
10
9
1
44
14
16
1
4
2
1
2
2
4

Trichobilharzia
water quality
cyanobacteria
Vibrio
water quality
cyanobacteria
Pseudomonas aeruginosa
Vibrio
cyanobacteria
Trichobilharzia/cyanobacteria
water quality
rats
rats/clinical samples
water quality

no.
outbreaks
with test
positive

no.
outbreaks
with test
negative

32
2
8
1
6
8
12
1
4
0
0
2
2
0

17
8b
1
0
38b
6
4
0
0
2
1b
0
0
4b

a: GE/skin: gastroenteritis and skin complaints
b: water quality in compliance with European bathing water legislation (Anonymous 1976; Anonymous 2006)

Response
On average, 82% of the provinces and health services responded to the information request.
Poorer responses were obtained in the early years (1991–1992), but also in 2003 when
by mistake the reminder was not sent to non-responders (Figure 3). Non-responding was
random; there was no consistent pattern of non-responding provinces or public health
services. About 44% (range 17–80%) of the responding authorities encountered reports of
health complaints associated with untreated recreational water during bathing seasons.

Weather
The number of outbreaks reported per bathing season was strongly variable and ranged
from nine to 97, with a median of 43. The number of outbreaks reported per bathing
season did not increase with increasing numbers of provinces and public health services
responding to the information request (r=-0.02), but was, however, on track with the
weather during summer, particularly during the summer holidays (July–August) (Figure 4).
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The average monthly temperature in June, July and August and the number of summer
days (i.e. days with a maximum temperature of > 25 °C) and tropical days (i.e. days with a
maximum temperature of > 30 °C) in a summer were strongly associated with the number
of outbreaks (r=0.8–0.9).

Figure 3
The number of waterborne disease outbreaks associated with untreated recreational
water reported in The Netherlands from 1991 to 2007, the percentage of authorities that
responded to the request for information about such outbreaks, and compliance with
mandatory and guideline values for faecal indicator bacteria in European bathing water
legislation (Anonymous 1976; Anonymous 2006)

Cyanobacteria
During the study period, there were 170 reports of cyanobacterial scums in recreational
waters. Algal blooms generally occurred in lakes with high levels of eutrophication. In
summers with a high average temperature, cyanobacteria caused more inconvenience
because of (partial) closure of bathing sites. None of these 170 scum reports was
accompanied by reports of cases of illness. Alongside the 170 scum reports, occasionally,
some of the reported outbreaks of gastroenteritis or skin conditions were suspected to be
related to exposure to cyanobacteria (Table 5). However, none of these cases was further
investigated apart from testing the bathing water for the presence of cyanobacteria (Table
5). To date, no disease outbreaks due to exposure to fresh water cyanobacteria have been
observed in The Netherlands (Van Riel et al. 2007).
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Table 6
Details of class I outbreaks
outbreak type

water type

research

gastroenteritis

fresh water lake

epidemiological

gastroenteritis

fresh water lake

gastroenteritis

recreational fountain

eara

fresh water lakes

skinb

dune lake

result

lake most
likely source of
infection
epidemiological lake most
likely source of
infection
epidemiological, identical
water samples, norovirus strain
in water and
fecal samples
feces
epidemiological, Pseudomonas
water samples, aeruginosa in
water and ear
ear swabs
swabs
epidemiological, Trichobilharzia
water samples, in water and
snails
snails

reference
GGD Flevoland,
unpublished data,
1994
Medema et al.
1991
Hoebe et al. 2004

Van Asperen et al.
1995

Schets et al. 2008

a: three simultaneously occurring outbreaks of otitis externa, included in one matched case-control study
b: outbreak of cercarial dermatitis

Figure 4
The number of waterborne disease outbreaks associated with untreated recreational
water reported in The Netherlands from 1991 to 2007 in relation to the number of
summer days (i.e. days with a maximum temperature of > 25 °C) and tropical days (i.e.
days with a maximum temperature of > 30 °C) in a summer (www.knmi.nl)
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Table 7
The minimuma number of patients involved in waterborne disease outbreaks associated
with untreated recreational water reported in The Netherlands from 1991 to 2007
outbreak type

minimuma no. of patients involved
total

skin
gastroenteritis
ear
GE/skinb
other
leptospirosis
eye
total

2246
1933
1023
279
100
24c
18
5623

per bathing season
median

range

137
51
2
8
4
1
0
182

25–291
4–483
0–620
0–107
0–29
0–5
0–8
39–1300

a: for 21% of the outbreaks the number of patients involved was not reported in absolute numbers; for those
outbreaks the number of patients was set at two although there could have been more, resulting in an estimated
minimum total number of patients involved
b: GE/skin: gastroenteritis and skin complaints
c: total number of patients reported

Discussion
Outbreaks
The number of disease outbreaks associated with untreated recreational water use reported
in The Netherlands from 1991 to 2007 is high compared to the number of such outbreaks
reported in the US during roughly the same period (1991–2006): 742 vs. 138. However, in
the US, CDC excluded all outbreaks that lacked any epidemiological data linking the outbreak
to water from their Surveillance Summaries (Yoder et al. 2008) whereas, in The Netherlands,
all outbreaks suspected to be recreational water related were classified as class IV despite
limited available data. Excluding these outbreaks, the remaining number (n=167) is still
high compared to the number reported in the US, particularly given the relative population
numbers (The Netherlands 16 million; US 305 million). First, this discrepancy may reﬂect
that surveillance systems only detect a part of the waterborne disease outbreaks and
merely depend on the preparedness of the public and the authorities responsible for
bathing water quality to report outbreaks. Compared to the US, surveillance in a small
country like The Netherlands, with more centralized public healthcare, is characterized by
shorter communication lines which enable easy and direct reporting by the general public
as well as by the responsible authorities. Secondly, some outbreaks may have been falsely
attributed to recreational water because information on other possible common exposures
was inaccurate, and as a result these exposures were wrongly excluded as cause of the
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outbreak. It is assumed that responsible authorities only reported outbreaks as recreational
waterborne after checking other possible common exposures, as indicated on the standard
report form provided, but there were no means to verify this for all outbreaks retrospectively.
The true disease burden due to recreational water contact in The Netherlands is probably
underestimated. Since illness is often mild (WHO 2003), people do not seek medical attention
and cases of illness may go unnoticed. Moreover, the majority of recreational waters are
visited not only by the local population but also by people from outside the area (http://
statline.cbs.nl). Possible cases of illness disperse when these people return home and as a
result clustering of cases is not observed. Underreporting may, however, also occur when
general practitioners accept mild recreational water related illness as a fact: e.g. general
practitioners in Dutch areas with abundant water consider elevated numbers of cases of
otitis externa a common phenomenon in summer that does not require reporting to public
health services (Schets et al. 2006b).

Weather
High numbers of outbreaks were generally reported in warm summers, with the summer
of 2002 being the only exception. This summer was warm and humid throughout, which
probably accounted for many visits to recreational sites despite the lack of many summer
and tropical days. During warm summers, the number of bathers may increase greatly which
is likely to result in increased numbers of reports of illness independent of water quality.
When water quality deteriorates, large groups of people become exposed. Large numbers
of bathers may negatively affect water quality, particularly in smaller lakes with minimal
water refreshment (Graczyk et al. 2007a). Moreover, when water temperatures increase,
conditions become more favourable for common inhabitants of fresh and coastal waters
that ﬂourish at higher water temperatures, such as P. aeruginosa and Vibrio spp. Weather
conditions may also favour proliferation of cyanobacteria (WHO 2003) and Trichobilharzia
(Horák et al. 2002), but abundance of these organisms is only recognized as a problem when
many people (may) become exposed. These micro-organisms, indigenous to ecosystems
and only causing problems at elevated water temperatures, may play a more profound
role in causing waterborne outbreaks in the future, as a result of climate change. If water
temperatures increase due to global warming, these organisms may be present in high
concentrations during more prolonged hot periods which may lead to increased exposure.
Exposure may also increase when higher temperatures encourage more people to visit
recreational lakes at a higher frequency (Schijven & de Roda Husman 2005; Semenza &
Menne 2009).

Bathing water legislation
European standards for bathing water quality are based on faecal indicators, aimed at
protecting bathers from exposure to pathogens of faecal origin, either human or animal. In
The Netherlands, compliance with faecal indicator imperative values has largely increased
since the early 1990s and is generally high and stable at over 90% since the late 1990s
(European Commission 2008). Despite high compliance with European bathing water
legislation, suggesting good bathing water quality with respect to faecal contamination,
outbreaks of gastroenteritis have frequently been observed and comprised 31% of all
outbreaks reported from 1991 to 2007. These observations support the results of studies that
39

2

Chapter 2
have demonstrated the presence of enteric pathogens such as Cryptosporidium and Giardia
in recreational waters in the absence of (high numbers of) faecal indicators (Graczyk et al.
2007b; Schets et al. 2008), suggesting that monitoring for faecal indicator parameters and
striving for compliance with standards set by the European Commission may not suﬃciently
protect bathers from exposure to enteric pathogens. Moreover, more than half (56%) of the
outbreaks reported from 1991 to 2007 in The Netherlands were comprised of skin and ear
conditions caused by pathogens of non-faecal origin such as Trichobilharzia, P. aeruginosa
and Vibrio. European bathing water legislation does not address any of these pathogens,
although the revised Bathing Water Directive has introduced the so-called bathing water
profiles which characterize bathing sites physically, geographically and hydrologically, and
identify possible contamination sources of both faecal and non-faecal origin (Anonymous
2006).

Investigation of outbreaks
The majority of the reported outbreaks were not further investigated. Since most of the
outbreaks involved a limited number of patients, this practice seems valid. However,
when large groups of cases are reported, further investigation is wanted, particularly for
the prevention of disease in the future. The evidence required to attribute an outbreak to
exposure to a certain body of water is, however, diﬃcult to obtain. Outbreaks of skin and
ear conditions were more often supported by the detection of the presumed etiological
agent than outbreaks of gastroenteritis. These waterborne pathogens of non-faecal origin
are part of the normal aquatic ﬂora and therefore more likely to be detected. Moreover,
outbreaks of gastroenteritis may be waterborne, but may also arise from other exposures,
like the consumption of contaminated food; faecal contamination sources may be diffuse
or temporal and micro-organisms causing gastroenteritis generally do not proliferate in the
aquatic environment. Thus, faecal contamination is diﬃcult to detect, particularly when
water sampling is triggered by reported health complaints, introducing a delay of at least a
few days, during which pathogen numbers may already have decreased due to dispersion,
dilution or die-off. Detection of all waterborne pathogens may be hampered by the lack of
sensitivity of detection methods and inhomogeneous distribution of the pathogens in the
water, and there is a time interval between swimmer exposure and actual microbiological
testing of water samples. The presence or absence of a pathogen in an analyzed sample
does not prove the presence or absence of the pathogen at the time of exposure, while test
results do not reﬂect the current water quality and therefore, attribution of an outbreak to
recreational water exposure cannot be solely based on microbiological monitoring data, but
needs additional support of epidemiological data.
To improve and expedite outbreak investigations, the relevant authorities and researchers
could coordinate their responsibilities and possible actions in advance. The basic design of an
epidemiological study may be prepared beforehand, including the development of standard
questionnaires that minimize possible bias in data collection, analysis and interpretation. In
environmental investigations, the identification of contamination sources is expedited when
suﬃcient laboratory capacity is reserved ahead (Craun et al. 2001).
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Public health impact
The limited number of bathing sites in The Netherlands with recurrent outbreaks of the
same illness (4%) and the low frequency of recurrence (2–4 times) at these sites suggest that,
generally, water quality problems in The Netherlands resulting in disease outbreaks were
due to incidental (faecal) contamination events or environmental conditions that favoured
the growth of indigenous pathogens, which were the presumed etiological agents in the
majority of the outbreaks. Since these pathogens generally belong to natural ecosystems,
measures taken to eliminate them may disturb ecosystems which may be in conﬂict with the
European Water Framework Directive (Anonymous 2000), and thus undesirable. Therefore,
preventive measures to protect public health merely include identification of all possible
contamination sources and high risk situations combined in regularly updated bathing water
profiles (Anonymous 2006), alertness for changes that might have a negative effect on water
quality and provision of adequate and updated information to the public. People should be
informed of the possible negative health impacts of swimming in surface water, although
it should be stressed that illness is generally mild and self-limiting, and the positive health
effects of swimming should be emphasized.
The major findings of this long term study may also apply to situations internationally and
be of value for public health workers in other parts of the world where climatologic and
social behavioural circumstances are comparable to those in The Netherlands.
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Abstract
The water in the canals and some recreational lakes in Amsterdam is microbiologically
contaminated through discharge of raw sewage from houseboats, sewage eﬄuent, and
dog and bird faeces. Exposure to these waters may have negative health effects. During
two successive one-year study periods, the water quality in two canals (2003–2004) and
five recreational lakes (2004–2005) in Amsterdam was tested with regard to the presence
of faecal indicators and waterborne pathogens. According to Bathing Water Directive
2006/7/EC, based on Escherichia coli and intestinal enterococci counts, water quality in the
canals was poor, but was classified as excellent in the recreational lakes. Campylobacter,
Salmonella, Cryptosporidium and Giardia were detected in the canals, as was rotavirus,
norovirus and enterovirus RNA. Low numbers of Cryptosporidium oocysts and Giardia cysts
were detected in the recreational lakes, despite compliance with European bathing water
legislation. The estimated risk of infection with Cryptosporidium and Giardia per exposure
event ranged from 0.0002 to 0.007% and 0.04 to 0.2%, respectively, for occupational
divers professionally exposed to canal water. The estimated risk of infection at exposure
to incidental peak concentrations of Cryptosporidium and Giardia may be up to 0.01% and
1%, respectively, for people who accidentally swallow larger volumes of the canal water
than the divers. Low levels of viable waterborne pathogens, such as Cryptosporidium and
Giardia, pose a possible health risk from occupational, accidental and recreational exposure
to surface waters in Amsterdam.

46

Waterborne pathogens in surface waters in Amsterdam

Introduction
Exposure to microbiologically contaminated surface water may have adverse health effects
and may result in gastroenteritis, fever, skin-, ear- and eye complaints or more severe illnesses
such as hepatitis and meningitis (WHO 2003). Protozoan parasites have frequently been
the cause of water-associated outbreaks in Europe (Karanis et al. 2007). The surveillance
system in the United States has detected numerous outbreaks of disease associated with
recreational waters over the years in which pathogens such as Cryptosporidium, Giardia and
norovirus were regularly identified as the etiological agent (Craun et al. 2005). Illness as a
result of infections due to recreational water contact is diﬃcult to detect and to attribute
to water exposure (WHO 2003). In The Netherlands, records of health complaints possibly
related to recreational water demonstrate that each year over 50% of the authorities
responsible for recreational water quality are aware of water-related health complaints, the
majority comprising of gastroenteritis and skin conditions (Schets & de Roda Husman 2007).
Micro-organisms in surface waters may originate from several sources. In The Netherlands, it
has been demonstrated that pathogenic micro-organisms may enter surface waters through
discharges of raw and treated sewage and manure runoff from agricultural land (Van den
Berg et al. 2005; Lodder & de Roda Husman 2005).
In Amsterdam, particularly during summer, people jump, fall or get pushed into the canals
and thus are exposed to the canal water. Other people, like professional divers, are exposed
to canal water when exercising their profession. The Amsterdam canals are not oﬃcial
European bathing sites, and therefore, water quality is not routinely monitored. However,
Amsterdam Municipal Health Services is aware of contamination of the water in Amsterdam
canals by sewage discharge from houseboats in the canals that are not connected to
the sewer system, eﬄuents from sewage treatment plants in the vicinity of Amsterdam
transported into the canals by the river Amstel, runoff of dirt from the streets (including
dog faeces) and direct faecal droppings of birds. Several recreational lakes within the city
boundaries of Amsterdam are oﬃcial bathing sites at which water quality is tested as
required by the European Bathing Water Directive (Anonymous 1976; 2006). Bathing water
profiles (Anonymous 2006) have indicated that water quality in five of these lakes is affected
by the discharge of raw sewage from boats and houseboats, sewage eﬄuent, dog faeces on
the beaches, and direct faecal droppings from birds.
The presence of waterborne pathogens in bird faeces has frequently been reported. In
Europe, Campylobacter jejuni has been detected in gull (Larus spp.) faeces in North-Ireland
(Moore et al. 2002) and Sweden (Broman et al. 2002; Waldenström et al. 2002). Birds may
also contribute to the parasite load of recreational waters. Cryptosporidium and Giardia
have been detected in goose faeces in the United States (Graczyk et al. 1998) and in gull
faeces in Scotland (Smith et al. 1993) and the Czech Republic (Pavlásek 1993). Giardia cysts
have been found in the faeces of wild ducks (Anas spp.) in New Mexico (Kuhn et al. 2002). In
Finland, Cryptosporidium oocysts and Giardia cysts were detected in dog faeces (RimhanenFinne et al. 2007), whereas a Canadian study showed the presence of Giardia cysts and
Cryptosporidium antibodies in faecal samples from dogs (Shukla et al. 2006).
Previous studies have demonstrated an increase in the number of faecal indicators in surface
waters following heavy rainfall events, due to sewage overﬂow and surface runoff (Goyal
et al. 1977; Rechenburg et al. 2006). These data suggest that heavy rainfall events may
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contribute to surface water contamination in Amsterdam and may give rise to increased
concentrations of pathogens in the water.
Despite the awareness of sources possibly contributing to surface water contamination
in Amsterdam, no data were available on the water quality in the Amsterdam canals and
the occurrence of pathogenic micro-organisms in both the canals and recreational lakes.
Therefore, this study aimed at testing surface water in Amsterdam intended for recreational
and non-recreational purposes for the presence of a range of waterborne pathogens and
compliance with the standards for microbiological quality as required by the 1976 European
Bathing Water Directive (Anonymous 1976) as well as the revised Directive which came into
force in 2006 (Anonymous 2006). Obtained data were used to provide a rough estimate of
the risk of infection with Cryptosporidium and Giardia from occupational and accidental
exposure to canal water and recreational use of lakes in Amsterdam.

Materials and Methods
Sampling sites
Water from a canal with houseboats (Prinsengracht), a canal without houseboats
(Herengracht), the River Amstel and the IJmeer (Figure 1) was sampled eight times from
June 2003 to June 2004. Water from the recreational lakes Sloterplas, Amsterdamse
Bos, Gaasperplas, Nieuwe Meer and Nieuwe Diep (Figure 1) was sampled 11 times from
September 2004 to September 2005. Samples were taken and handled according to ISO
5667-2 (Anonymous 1991); sample volumes of approximately 40 litres were collected
in polypropylene vessels. All samples were tested for the presence of faecal coliforms,
Escherichia coli, faecal streptococci and intestinal enterococci. Samples from the canals
and the Amstel and the IJmeer were also examined for F-specific bacteriophages, somatic
coliphages, Campylobacter, Salmonella, Escherichia coli O157, Cryptosporidium, Giardia,
rotavirus, enterovirus, reovirus, norovirus, astrovirus and hepatitis A and E virus. Samples
from the lakes were additionally examined for the presence of Cryptosporidium and Giardia.

Analytical procedures
Faecal indicator bacteria
The faecal indicator parameters included in European Bathing Water Directive 76/160/
EEG, faecal coliforms and faecal streptococci, were enumerated according to Dutch
standards (Anonymous 1982, 1995a), using Lauryl Sulphate Agar (MELS, M500.02, Tritium
Microbiology, Veldhoven, The Netherlands) and KF Agar (76.4 g KF Streptococcus Agar (BD
Difco 249610, BD Benelux, Breda, The Netherlands), 2 ml 5% 2,3,5-triphenyltetrazolium
chloride solution (SR0211, Oxoid Ltd., Basingstoke, UK), 1 litre distilled water; prepared
according to manufacturer’s instructions) as isolation medium, respectively. Faecal indicator
parameters included in European Bathing Water Directive 2006/7/EC, E. coli and intestinal
enterococci, were enumerated by using the Rapid Test on Tryptone Soy Agar (P05012A,
Oxoid, Wesel, Germany) and Tryptone Bile Agar (P05017, Oxoid) in ISO 9308-1 (Anonymous
2000a) and according to ISO 7899-2 (Anonymous 2000b) on Slanetz and Bartley Agar
(P05018A, Oxoid), respectively.
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Figure 1
Non-recreational (Prinsengracht (1), Herengracht (2), Amstel (3), IJmeer (4)) and
recreational (Nieuwe Diep (5), Sloterplas (6), Nieuwe Meer (7), Amsterdamse Bos (8),
Gaasperplas (9)) sampling sites in Amsterdam

Bacteriophages
F-specific bacteriophages were enumerated according to ISO 10705-1 (Anonymous 1995b)
and grown on Tryptone Yeastextract Glucose Agar (20 g Bacto Agar (BD 214010, BD Benelux),
8 g sodium chloride (1.06404, Merck KGaA, Darmstadt, Germany), 10 g Trypticase Peptone
(BD 211921, BD Benelux), 1 g yeast extract (Lp0021, Oxoid Ltd.), 1 litre distilled water;
prepared according to ISO 10705-1). Somatic coliphages were enumerated according to ISO
10705-2 (Anonymous 2000c) and grown on Modified Scholtens Agar with nalidixic acid (20
g Bacto Agar (BD 214010, BD Benelux), 10 g peptone (Lp0034, Oxoid Ltd.), 12 g Lab Lemco
powder (Lp0029, Oxoid Ltd.), 3 g sodium chloride (1.06404, Merck KGaA), 5 ml Na2CO3
solution 150 g/litre (1.00392, Merck KGaA), 0.3 ml MgCl2.6H2O solution 2 g/ml (1.05833,
Merck KGaA), 250 mg nalidixic acid (190246, ICN Biomedicals Inc., Costa Mesa, USA), 1 litre
distilled water; prepared according to ISO 10705-2).

Cryptosporidium and Giardia
For enumeration of Cryptosporidium and Giardia, water samples (approximately 20 litres)
were concentrated by using Envirochek HV filtration capsules (Pall Gelman Laboratory, Ann
Arbor, USA) as described in ISO 15553 (Anonymous 2006). Concentrated samples were
purified by immunomagnetic separation using the Dynal GC-Combo system (Dynal Biotech
ASA, Oslo, Norway) according to the manufacturer’s instructions. Slides for microscopy were
stained with 50 μl Cryptosporidium and Giardia staining reagent without Evans Blue (Cellabs
Diagnostics, Brookvale, Australia) at 37 °C for 45 min in the dark, subsequently 5 μl of a
propidium iodide solution (PI) (1 mg/ml in phosphate-buffered saline (0.01 M, pH 7.2)) was
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added and incubated for 2 min at room temperature. Slides were subsequently washed
with phosphate-buffered saline, dried with a medium warm hairdryer, mounted with
DABCO-glycerol mounting medium, sealed with colourless nail-polish and examined at x250
magnification using epiﬂuorescence microscopy (Zeiss Axioskop, Carl Zeiss, Jena, Germany).
(Oo)cysts were examined in detail by using Nomarski Differential Interference Contrast at
x1000 magnification to verify the presence of internal structures. (Oo)cysts taking up PI and
staining red were considered dead, whereas Cryptosporidium oocysts that excluded PI and
contained sporozoites (Campbell et al. 1992) and Giardia cysts that excluded PI and had
non-granular cytoplasm were considered viable (Thiriat et al. 1998).

Viruses
For virus detection, water samples (approximately 20 litres) were concentrated by a
conventional filter adsorption-elution procedure (Van Olphen et al. 1984) followed by
a modified two-phase separation method (Lodder et al. 1999). Samples were further
concentrated and purified by spin column gel chromatography and ultrafiltration in a
Centricon microconcentrator (Lodder et al. 1999). RNA extraction was performed according
to Boom et al. (1990) with slight modifications (Lodder et al. 1999). Semi-quantitative RTPCR assays were used to detect the presence of enterovirus, rotavirus, norovirus, astrovirus
and hepatitis A and E virus RNA. Enterovirus detection was performed according to Schwab
et al. (1995) using primer pair Entero1 and Entero2. Rotaviruses were detected by using
primer pair VP6-3 and VP6-4 (Villena et al. 2003). Norovirus detection was done according
to Vennema et al. (2002) using the modified primer pair JV12Y and JV13i. For detection of
astrovirus the method described by Guix et al. (2002), applying primers A2 and A1, was
used. Primer pairs HAV240 and HAV68 were used for hepatitis A detection (Bosch et al.
2001). Detection of hepatitis E virus was performed according to Van der Poel et al. (2001)
and used primer pair Orf2-S1 and Orf2-A1. A fraction of the concentrated water samples,
obtained as described above, was used to inoculate monolayers of Buffalo Green Monkey
cells. The assay was performed as described by Lodder and de Roda Husman (2005).

Campylobacter
The presence or absence of Campylobacter in one litre volumes was determined by using
the method described in ISO 17995 (Anonymous 2005). The primary selective enrichment
medium was Preston broth (12.5 g Nutrient Broth no. 2 (CM0067, Oxoid Ltd), 475 ml
distilled water, 25 ml Lysed Horse Blood (SR0048, Oxoid Ltd), 1 vial Campylobacter Growth
Supplement (SR0232, Oxoid Ltd), 1 vial Preston Selective Supplement (SR0117, Oxoid Ltd);
prepared according to ISO 17995) and Karmali agar (P05041A, Oxoid) was used as the
secondary growth medium. Typical colonies were examined for the characteristic spiral
shape and corkscrew-like motility of Campylobacter by microscopy.

Salmonella
The presence or absence of Salmonella in one litre volumes was determined according
to ISO 6579 (Anonymous 2002). Buffered Peptone Water (K168, bioTRADING Benelux BV,
Mijdrecht, The Netherlands) was used as primary enrichment broth and Rappaport Vassiliadis
Soya Peptone Broth (26.75 g RVS (CM0866, Oxoid Ltd.), 1 litre distilled water; prepared
according to manufacturer’s instructions) as secondary selective enrichment broth. Brilliant
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Green Agar (P05033A, Oxoid) was used as selective solid culture medium. Typical colonies
were confirmed on Urea agar (U010.86.0008, Tritium Microbiology), Triple Sugar Iron agar
(T352.26.0008, Tritium Microbiology) and in Lysine Decarboxylationmedium (L401.25.0005,
Tritium Microbiology). Colonies displaying results characteristic for Salmonella were typed
by the National Reference Laboratory for Salmonella at the Laboratory for Infectious
Diseases and Perinatal Screening of the RIVM.

Escherichia coli O157
For molecular detection of E. coli O157, approximately 500 ml volumes were filtered
through 0.4 μm pore size polycarbonate membrane filters (Isopore; Millipore Corporate,
Billerica, USA). DNA was extracted by using a DNeasy Tissue Kit (Qiagen Benelux BV, Venlo,
The Netherlands) according to the manufacturer’s instructions. Real-time PCR assays using
a LightCycler real-time PCR device were performed to detect the rfbE gene present in E. coli
O157 as described previously (Schets et al. 2005).

European Bathing Water Directive
Compliance with the 1976 European Bathing Water Directive requires that 80% of the
samples taken during a bathing season (n=11–12) meet the quality standards for the faecal
indicators as outlined in Table 1. Moreover, Salmonella and enteroviruses must be absent
in one litre and ten litres, respectively. The revised 2006 Directive distinguishes separate
standards for coastal and fresh waters. At least four observations obtained during the
current bathing season, supplemented with observations from previous bathing seasons
(total n=16) should be tested for compliance with the standards for faecal indicators (Table 1).

Precipitation
Rainfall and rainfall intensity data on sampling days and the three days preceding sampling
were obtained from the Royal Netherlands Meteorological Institute (www.knmi.nl). For all
microbiological parameters at all sampling sites, the correlation coeﬃcient between the
observed numbers and the amount of rainfall and rainfall intensity was calculated by using
the CORREL function in Excel (Microsoft, version 2003).

Risk assessment
For both professional and accidental contact with canal water and recreational use of the
studied lakes in Amsterdam, the risk of infection with Cryptosporidium and Giardia per
exposure event was estimated (International Life Sciences Institute 2000). The range of
estimated ingested volumes per contact event used in the calculations was based on the
results obtained in a survey of diving behaviour and water ingestion among occupational
and sport divers (Schijven & de Roda Husman 2006) and the outcome of a study on water
ingestion by swimmers in an indoor swimming pool (Dufour et al. 2006). The risk of infection
was estimated by using the exponential dose-response model (Haas 1983) for which
Pinf = 1-e-rμ, where Pinf is the probability of infection, and the dose μ = CV (where C is the
measured concentration of viable (oo)cysts in the water samples (n/litre) and V is individual
consumption of water (litres)). Dose-response parameter values (rCryptosporidium = 0.0040 and
rGiardia = 0.0199) were used (Teunis et al. 1996). Calculations were done using Mathematica
(Wolfram Inc., version 5.1.0).
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Table 1
Standards for faecal indicators according to European Bathing Water Directive 76/160/EEC
and revised European Bathing Water Directive 2006/7/EC
directive

water type

parameter

76/160/EEC

all

total coliforms

500

10000

faecal coliforms

100

2000

faecal
streptococci

100

Escherichia coli

500b

1000b

900c

intestinal
enterococci

200b

400b

330c

Escherichia coli

250b

500b

500c

intestinal
enterococci

100b

200b

185c

2006/7/EC

inland waters

coastal and
transitional
waters

excellent quality
cfua/100 ml

good quality suﬃcient quality
cfua/100 ml
cfua/100 ml

a: colony forming unit
b: based upon a 95-percentile evaluation
c: based upon a 90-percentile evaluation

Results
Faecal indicators and bacteriophages
E. coli, faecal coliforms, intestinal enterococci, and faecal streptococci were detected in
the majority of the samples from all sites. Concentrations varied throughout the sampling
years and per sampling site but were generally lower in the recreational lakes than in the
canals and the Amstel and the IJmeer; arithmic means, medians and concentration ranges
are displayed in Table 2. Somatic coliphages were detected in all samples from the canals,
the Amstel and the IJmeer, except one from the last site (Table 2). Concentrations varied
throughout the year and were highest in the Amstel and lowest in the IJmeer. F-specific
phages occurred at much lower concentrations (Table 2).
In the canals and the Amstel, the faecal indicator parameters, except E. coli, and both
somatic and F-specific phages displayed peak concentrations on 15 December 2003, which
coincided with heavy rainfall events on this sampling day and three days before sampling
(25.5 mm in four days; average intensity 1.42 mm/h). E. coli concentrations in the canals,
the Amstel and the IJmeer peaked on 27 October 2003; the total amount of rainfall on
this day and the preceding three days was 10.7 mm, the average intensity was 1.35 mm/h.
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Table 2
Faecal indicator bacteria and bacteriophages in surface waters in Amsterdam
sitec

quantity FCa
FSa
ECa
IEa
FPa
(n/100 ml) (n/100 ml) (n/100 ml) (n/100 ml) (n/ml)

non-recreational sites
IJmeer
mean
median
range
mean
Amstel
median
range
mean
Herengracht
median
range
mean
Prinsengracht
median
range
recreational sites
Amsterdamse Bos

Gaasperplas

Nieuwe Diep

Sloterplas

Nieuwe Meer

mean
median
range
mean
median
range
mean
median
range
mean
median
range
mean
median
range

SCa
(n/ml)

575
400
100–1900
1550
1350
400–4200
1838
550
100–9000
1462
450
300–6000

112
50
0–400
300
100
0–1500
225
100
0–1200
212
100
0–700

1928
200
8–10000
1404
450
28–6300
1552
338
40–8100
1354
475
80–7000

127
100
0–425
140
100
35–350
158
155
0–350
148
160
90–200

0.06
0
0–0.3
1.4
0.4
0.1–5.3
2.2
0.1
0–0.94
2.6
0.2
0–14

2.2
1.8
0–5.4
21
18
2.3–54
16
6.3
0.7–54
13
5.6
0.9–45

35
18
0–160
12
16
0–28
33
14
0–130
45
20
0–230
8
6
0–30

71
33
2–400
8
10
0–16
75
38
0–400
105
48
8–500
27
18
0–90

130
50
0–800
41
24
0–110
74
80
0–140
122
100
0–400
34
20
0–160

33
2
0–200
5
0
0–30
72
6
0–600
42
10
0–190
3
0
0–14

ndb

ndb

ndb

ndb

ndb

ndb

ndb

ndb

ndb

ndb

3

a: FC: faecal coliforms; FS: faecal streptococci; EC: E. coli; IE: intestinal enterococci; FP: F-specific bacteriophages;
SC: somatic coliphages
b: not done
c: non-recreational sites were sampled eight times from June 2003 to June 2004; recreational sites were sampled
11 times from September 2004 to September 2005
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Correlation between faecal indicator and bacteriophage concentrations and rainfall intensity
was average to strong, with correlation coeﬃcients from 0.5 to 0.9.
Faecal indicator concentrations in the recreational lakes varied throughout the sampling
year and showed a clear peak at all sites on 7 July 2004. The total amount of rainfall on this
day and the preceding three days was 57.3 mm, the average rainfall intensity was 7.0 mm/h.
Correlation between faecal indicator concentrations and rainfall amount and intensity varied
strongly (-0.3 to 0.9) and there was no common pattern for all recreational sites.

Compliance with European bathing water legislation
The water quality at none of the studied non-recreational sites in Amsterdam complied
with the standards for excellent water quality in Bathing Water Directive 76/160/EEC. Water
quality in the IJmeer and the Prinsengracht was, however, good, but standards for good
quality were not met in the Herengracht due to high numbers of faecal indicators and the
presence of culturable enteroviruses and Salmonella, and in the Amstel due to the presence
of Salmonella. The water quality at these sites did not meet the standards for acceptable
bathing water quality as required by revised European Bathing Water Directive 2006/7/EC
and was therefore classified as ‘poor’. It should, however, be noted that compliance with
European bathing water standards was assessed by using data collected throughout a year
and not by using data obtained during the bathing season only. Also, fewer observations
(n=8) than required by the directives were obtained and used for compliance testing.
The water quality in the Amsterdam recreational lakes complied with the standards for
excellent water quality, according to both Bathing Water Directive 76/160/EEC and 2006/7/
EC. The required number of samples (n=11) was used to test for compliance with Directive
76/160/EEC; however, this is fewer observations than required for compliance testing with
Directive 2006/7/EC.
Table 3
Enteric viruses in surface water at four non-recreational sites in Amsterdam from June
2003 to June 2004
no. of positive samples / total no. of samples

site

norovirus
RNA

rotavirus
RNA

enterovirus
RNA

culturable
enterovirus

culturable
reovirus

IJmeer
Amstel
Herengracht
Prinsengracht

1/8
4/8
2/8
2/8

3/8
7/8
7/8
5/8

4/8
7/8
3/8
2/8

0/8
0/8
1/8
0/8

0/8
2/8
3/8
2/8

Pathogenic viruses and bacteria in canals, the Amstel and the IJmeer
Astroviruses and hepatitis A and E viruses were not found in any of the samples, whereas
rotavirus, norovirus and enterovirus RNA was detected in several samples from all sites
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(Table 3). Culturable enteroviruses were found in one sample from the canal Herengracht at
a concentration of 3.2 plaque forming units (pfu) per litre. Samples taken from the Amstel
and the Herengracht and Prinsengracht canals on 15 December 2003 and 9 February 2004
contained culturable reoviruses. Concentrations were 25–37 pfu/litre in the Amstel, 36–42
pfu/litre in the Herengracht and 18–19 pfu/litre in the Prinsengracht. The sample taken from
the Herengracht on 7 June 2004 contained 3.3 pfu/litre culturable reovirus. No culturable
viruses were detected in water from the IJmeer.
Salmonella Newport and Salmonella Virchow were isolated from the Amstel on 15
December 2003 and 9 February 2004, respectively. Salmonella Typhimurium phagetype 690
was isolated from the Herengracht on 9 February 2004. Salmonella was not detected in
samples from the IJmeer and the Prinsengracht.
Campylobacter was found in three of seven samples from the IJmeer and the Amstel and in
six of seven samples from the Herengracht and Prinsengracht canals. E. coli O157 was not
detected in any of the samples.
Table 4
Protozoan parasites in surface waters in Amsterdam
Cryptosporidium

site

Giardia

viable
no. positive/ total
viable
no. positive/ total
count
count
total no.
count
count
quantity total no.
(n/10 L) (n/10 L)
(n/10 L) (n/10 L) samples
samples

non-recreational sitesa
IJmeer

7/8

2/8
mean
median
range

0.4
0
0–2

0.2
0
0–1

2.4
1
0–9

1.2
0
0–5

mean
median
range

2.2
1
0–10

1
0
0–7

mean
median
range

5.7
2.6
0–29

4.4
0.5
0–29

mean
median
range

53
44
7.2–157

45
27
1–118

37
48
0–94

70
69
2–167

55
55
2–134

8/8

6/8

Prinsengracht

68
60
8–157
8/8

5/8

Herengracht

30
16
0–84

8/8

5/8

Amstel

35
34
0–105

Table continued on page 56
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Table 4 continued
Cryptosporidium

site

Giardia

viable
no. positive/ total
viable
no. positive/ total
count
count
total no.
count
count
quantity total no.
(n/10 L) (n/10 L)
(n/10 L) (n/10 L) samples
samples

recreational sitesb
Amsterdamse Bos

0/11

4/11
mean
median
range

0.5
0
0–2

0
0
0

0.6
0
0–4

0.6
0
0–4

mean
median
range

0.1
0
0–1

0
0
0

mean
median
range

1.4
0
0–12

0.3
0
0–1

mean
median
range

0.3
0
0–2

0.2
0
0–1

mean
median
range

2.5
1
0–11

1.2
0
0–5

1.1
1
0–4

0.3
0
0–4

2.2
0
0–8

1.2
0
0–8

5/11

2/11

Nieuwe Meer

0
0
0

6/11

5/11

Sloterplas

0.4
0
0-2
6/11

1/11

Nieuwe Diep

0
0
0

3/11

2/11

Gaasperplas

0
0
0

a: non-recreational sites were sampled eight times from June 2003 to June 2004
b: recreational sites were sampled 11 times from September 2004 to September 2005

Protozoan parasites
Cryptosporidium was found at all non-recreational sites, but detection frequency and
concentration varied (Table 4). Detection frequency was lowest in the IJmeer and highest
in the Prinsengracht. Concentrations in positive samples were generally low, ranging from
one to seven viable oocysts per 10 litres, with one outlier of 29 oocysts/10 litre (Table
4). Giardia cysts were detected in all of these samples except one from the IJmeer. The
number of viable Giardia cysts in positive samples was higher than the number of viable
Cryptosporidium oocysts and ranged from one to 157 cysts per 10 litres (Table 4). For all sites
except the Prinsengracht, there was a moderate to high correlation between the number of
(oo)cysts and the amount of rainfall (correlation coeﬃcient 0.5 to 0.9); the correlation with
rainfall intensity was moderate (correlation coeﬃcient 0.4 to 0.7). Cryptosporidium oocysts
were found in all studied recreational lakes in Amsterdam, but with a low frequency (Table 4);
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in positive samples, numbers ranged from one to four viable oocysts per 10 litres. Giardia
cysts were detected in all lakes except the Amsterdamse Bos. The detection frequency was
also low, and in positive samples, numbers ranged from one to eight viable cysts per 10 litres
(Table 4).
Table 5
Risk of infection with Cryptosporidium or Giardia at exposure to recreational and nonrecreational water in Amsterdam, assuming ingestion of different volumes of water and
taking into account mean and maximum detected parasite concentrations
site

pathogen

3

infection risk (%) at ingested volume (ml) of
16b

5.7a
mean

mean

max

mean

max

non-recreational sites
Cryptosporidium 0.00006 0.0002
IJmeer
0.0003 0.001
Amstel
0.0002 0.002
Herengracht
0.007
0.001
Prinsengracht
0.09
0.03
Giardia
IJmeer
0.2
0.06
Amstel
0.1
0.04
Herengracht
0.2
0.06
Prinsengracht

0.0002
0.0008
0.0006
0.003
0.09
0.2
0.1
0.2

0.0006
0.003
0.004
0.02
0.3
0.5
0.3
0.4

0.0004
0.002
0.002
0.006
0.2
0.4
0.3
0.4

0.002
0.007
0.01
0.04
0.6
1.2
0.7
1.0

recreational sites
Amsterdamse Bos
Gaasperplas
Nieuwe Diep
Sloterplas
Nieuwe Meer
Amsterdamse Bos
Gaasperplas
Nieuwe Diep
Sloterplas
Nieuwe Meer

0
0.0004
0
0.0002
0.0001
0
0.0003
0.004
0.001
0.004

0
0.003
0
0.0006
0.0006
0
0.003
0.02
0.003
0.03

0
0.0009
0
0.0005
0.0003
0
0.0007
0.009
0.003
0.009

0
0.006
0
0.002
0.002
0
0.007
0.04
0.007
0.06

Cryptosporidium 0
0.0002
0
0.00008
0.00004
0
Giardia
0.0001
0.001
0.0004
0.001

max

37c

0
0.0009
0
0.0002
0.0002
0
0.001
0.007
0.001
0.009

a: average volume ingested by occupational divers in fresh water (Schijven & de Roda Husman 2006)
b: average volume ingested by adult swimmers in swimming pools (Dufour et al. 2006)
c: average volume ingested by non-adult swimmers in swimming pools (Dufour et al. 2006)
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Figure 2
The risk of infection with Cryptosporidium (Cr) and Giardia (Gi) in surface water in
Amsterdam for mean (a) and maximum (b) concentrations detected at non-recreational
sites (Prinsengracht (Pr), Herengracht (He), Amstel (Am), IJmeer (IJ)), and mean (c) and
maximum (d) concentrations detected at recreational sites (Nieuwe Diep (Nd), Sloterplas
(Sp), Nieuwe Meer (Nm), Amsterdamse Bos (Ab), Gaasperplas (Ga))
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Risk assessment
Estimated average volumes of water ingested by occupational divers in fresh water (5.7 ml)
(Schijven & de Roda Husman 2006), and by adult (16 ml) and non-adult (37 ml) swimmers
in a swimming pool (Dufour et al. 2006), were used to calculate the risk of infection with
Cryptosporidium and Giardia for an exposed individual.
The infection risk per exposure event at ingestion of 5.7 to 37 ml ranges from 0.00006
to 0.006% for average detected Cryptosporidium concentrations at the four studied nonrecreational sites in Amsterdam (Table 5). For Giardia, the infection risk ranges from 0.03 to
0.4% (Table 5). For all sites and ingested volumes of 5.7 to 37 ml, maximum Cryptosporidium
concentrations result in an infection risk of 0.0002 to 0.04%, whereas maximum Giardia
concentration lead to an infection risk of 0.09 to 1.2% (Table 5). At the recreational sites, the
low average parasite concentrations give rise to an estimated infection risk of 0 to 0.0009%
for Cryptosporidium and 0 to 0.009% for Giardia, whereas the maximum concentrations
result in an infection risk of 0 to 0.006% for Cryptosporidium and 0 to 0.06% for Giardia
(Table 5). Figure 2 displays estimated infection risks for ingested volumes of 0 to 100 ml.

Discussion
Water quality
The water in the Amsterdam canals Prinsengracht and Herengracht is faecally contaminated.
Testing for compliance with the stringent standards outlined in revised European Bathing
Water Directive 2006/7/EC demonstrated that water quality was poor and unsuitable for
safe swimming. The water contained high numbers of faecal indicators and the presence of
the waterborne pathogens Salmonella, Campylobacter, Cryptosporidium, Giardia, rotavirus,
norovirus, enterovirus and reovirus was confirmed in several samples. International
literature does not provide much information on the microbiological quality of canal water
in other Western cities. In the 1980s, Aeromonas sobria was isolated from canal water
in London (Nazer et al. 1990). The water isolates could be related to faecal isolates from
children in a children’s hospital. Some other papers report the presence of pathogens in city
canals in less developed countries. Large numbers of Enterobacteriaceae, including a wide
range of Salmonella serotypes, were found in the city canals in Jakarta (Gracey et al. 1997).
In a Thai study, Campylobacter was detected in the canals of the Bangkok Metropolitan
Area (Dhamabutra et al. 1992), whereas Giardia cysts were found in Mexico City canals
(Juárez-Figueroa et al. 2003). However, in these parts of the world, city canals serve
different purposes than canals in cities in developed countries, such as washing, drinking,
and cooking, and are subject to other contamination sources, like the disposal of raw waste
by the part of the population that is not connected to the sewer systems. The Amsterdam
canals are not designated for recreation, but exposure does occur through professional,
accidental, and purposeful contact. In case of the last two, information should be provided
to the public to prevent exposure, whereas in case of the first, advice should be given on
protection of e.g. professional divers (Schijven & de Roda Husman 2006).
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Contamination sources
The previously reported relation between heavy rainfall and increased numbers of faecal
indicators in surface water (Goyal et al. 1977; Rechenburg et al. 2006) was confirmed for
the Amsterdam canals. High faecal indicator concentrations, the detection of elevated
numbers of Cryptosporidium and Giardia (oo)cysts, and the occurrence of Salmonella and
culturable enteroviruses appeared to be related to rainfall events of high intensity. During
these events, dirt from the streets is washed into the canals, sewage systems may overﬂow,
and discharged water from nearby polders, containing runoff from agricultural land is
transported into the canals. High faecal indicator counts and rainfall were less obviously
related in the recreational lakes in Amsterdam. Only extreme rainfall intensity caused peaks
in indicator levels at all recreational sites, suggesting that the lakes are subject to sewage
overﬂow and surface runoff to a lesser extent than the non-recreational sites.
The assay applied for the detection of culturable entero- and reoviruses detects only human
viruses, indicating that the culturable enteric viruses in the canals and the Amstel were most
likely of human origin (Lodder & de Roda Husman 2005). Enteroviruses (Hauri et al. 2005)
and reoviruses (Johansson et al. 1996) have been demonstrated to be the cause of meningitis
in humans, and therefore their presence in the Amsterdam canals may pose a health threat
to people that are exposed to this water. However, because of limited quantitative virus data
and the unavailability of dose-response parameters for reoviruses, no attempts were made
to estimate the risk of infection with these viruses. The molecular detection of pathogenic
rota- and noroviruses indicates the possible presence of infectious virus particles. Moreover,
it has been shown that at low levels of norovirus PCR detectable units both infection and
illness may be established in human volunteers (Lindesmith et al. 2003).
The isolated Salmonella species can cause human gastroenteritis, and their presence
therefore poses a health risk. Salmonella serovars Virchow and Newport, which were
isolated from the Amstel, have been isolated from both animal and human samples in The
Netherlands (Mevius et al. 2004; Mevius & Van Pelt 2005). Increased antibiotic resistance of
these Salmonella types, which was observed in France (Cailhol et al. 2006) and the United
States (Lopes et al. 2006), has not been observed in The Netherlands to date (Mevius et
al. 2004; Mevius & Van Pelt 2005). In The Netherlands, Salmonella serovar Typhimurium
phagetype 690, isolated from the Herengracht, has been found mainly in doves, but also in
humans (W. van Pelt, RIVM, personal communication).
The detection of Campylobacter was frequent at all non-recreational sampling sites and
was not related to heavy rainfall events, suggesting that sources such as sewage overﬂow
and runoff from agricultural land and streets play a less profound role. Large numbers of
ducks and gulls are regularly observed in the Amsterdam canals. Considering the frequent
isolation of Campylobacter from various birds (Smith et al. 1993; Broman et al. 2002; Kuhn
et al. 2002; Moore et al. 2002; Waldenström et al. 2002), including ducks and gulls, the
direct input of bird faeces may be an important source of Campylobacter contamination of
the canal water. Bird types may be zoonotic and pose a potential risk for public health.
The levels of faecal indicator parameters in the canal with houseboats (Prinsengracht) and
the canal without houseboats (Herengracht) were almost equal and did not suggest that
houseboats contributed to the faecal contamination of canals to a larger extent than other
sources did. However, Cryptosporidium and especially Giardia numbers were much higher
in the Prinsengracht than in the Herengracht, suggesting that waste water from houseboats
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may have been a source of these parasites. Moreover, the Prinsengracht was the only site
for which there was no correlation between parasite concentrations and rainfall, suggesting
that other sources than sewage overﬂow caused contamination of the water. Data on the
prevalence of Giardia infections among people who live on houseboats is not available.
Typing could have provided more information on the origin of the isolated Giardia cysts,
but was however not included in the original assignment. Retrospective genotyping of (oo)
cysts present in the stored remainder of the concentrated samples failed due to low (oo)
cyst numbers in the concentrates and limited sensitivity of the available molecular methods.

Risk assessment
Our data indicate that there is a health risk for occupational divers and people that are
accidentally exposed to pathogens in the water of the Amsterdam canals. For divers
swallowing maximum volumes of approximately 6 ml canal water (Schijven & de Roda
Husman 2006), the estimated infection risk per dive is generally low (0.0002–0.001% for
Cryptosporidium; 0.04–0.06% for Giardia). Exposure to incidental peak concentrations that
were detected in the canal Prinsengracht and the river Amstel may, however, result in higher
infection risks per dive (0.007% for Cryptosporidium and 0.2% for Giardia). Most pathogens
detected in the canals cause mild illness such as gastroenteritis; prevention of infection can
be achieved by minimizing the ingested volume of water as much as possible. Wearing a
full face mask provides more protection than an ordinary diving mask (Schijven & de Roda
Husman 2006). People that are accidentally exposed to the canal water and assumingly
swallow more water than divers, but at most the same volume as non-adult swimmers
(37 ml; Dufour et al. 2006), are particularly at risk of an infection with Giardia. When cyst
concentrations peak, like in the Prinsengracht and the Amstel, the infection risk is 1.0 to
1.2% per exposure event, indicating that approximately one in 100 exposed persons may
become infected.
The recreational lakes in Amsterdam contained viable Cryptosporidium and Giardia, despite
their compliance with European bathing water legislation. The concentrations were lower
than those in canals, and consequently, the estimated risks of infection per exposure event
were generally 10 to 1,000-fold lower. The risk estimates were consistent with results
reported by Coupe et al. (2006), who estimated the risk of infection with Cryptosporidium
and Giardia associated with swimming in surface water near Paris, France. They reported
infection risks below 0.01% when (oo)cyst concentrations were less than two per 10 litres.
These concentrations were observed both in Paris and Amsterdam recreational lakes. (Oo)
cyst concentrations of two or more per 10 litres, found in canal water in Amsterdam and
river water near Paris, resulted in risks of infection of 0.01% or more.
From a prospective population-based cohort study, the gastroenteritis incidence for
the general population in The Netherlands was estimated to be 283 per 1,000 personyears, indicating an average annual gastroenteritis risk of 28% (De Wit et al. 2001). The
case-control study that was nested in this cohort study yielded estimated average risks of
gastroenteritis due to Giardia and Cryptosporidium infections of 1.4% and 0.6%, respectively.
For Giardia, infection risks due to exposure to canal water were estimated in our study to be
approximately 2 to 50 times lower. However, when cyst concentrations peak, the infection
risk per exposure event is in the same order of magnitude as reported by De Wit et al.
(2001), namely 1.0 to 1.2%. For Cryptosporidium, the estimated infection risks due to canal
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water exposure are 15 to 10,000 times below the baseline level of 0.6%. For the recreational
lakes, the estimated risks of infection per exposure event are 10 to 1,000 times lower than
those estimated for canal water exposure. Although the frequency of exposure to canal
water and recreational lakes in Amsterdam is unknown, the number of gastroenteritis cases
caused by Giardia or Cryptosporidium as a result of contact with these waters will most
likely not exceed the baseline level of Giardia or Cryptosporidium gastroenteritis cases in the
general Dutch population and will go unnoticed.
The infection risks we report here may be overestimated since a fraction of the (oo)cysts
that were considered viable based on the outcome of the applied viability tests may not
be infectious. It has been demonstrated that the results of viability assays do not always
correlate with the outcome of in vivo (Neumann et al. 2000) and in vitro infectivity assays
(Bukhari et al. 2000). Moreover, parasite genotypes could not be confirmed and a fraction
of the (oo)cyst may belong to species other than those infectious to humans. It should also
be noted that Cryptosporidium and Giardia analyses in the recreational lakes obtained many
zero counts resulting in increased uncertainties in infection risk estimates.
The results of this study demonstrate the presence of waterborne pathogens in surface
water in Amsterdam and show that both occupational and accidental exposure to water in
the Amsterdam canals may pose a health risk. Although the Amsterdam canals are unique,
their microbiological status may not be very different from canals in other developed
countries, and therefore, the data presented here may be of use for health care workers
in other cities. The presence of Cryptosporidium and Giardia in recreational lakes may
pose a possible health risk for bathers, despite faecal indicator parameters indicating safe
swimming.
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Abstract
Bathing water compliant with bathing water legislation may nevertheless contain pathogens
to such a level that they pose unacceptable health risks for swimmers. Quantitative
Microbiological Risk Assessment (QMRA) can provide a proper basis for protective measures,
but the required data on swimmer exposure are currently limited or lacking. The objective of
this study was to collect exposure data for swimmers in fresh water, seawater and swimming
pools, i.e. volume of water swallowed and frequency and duration of swimming events.
The study related to swimming in 2007, but since the summer of 2007 was wet and this might
have biased the results regarding surface water exposure, the study was repeated relating
to swimming in 2009, which had a dry and sunny summer. Exposure data were collected
through questionnaires administered to approximately 19000 persons representing the
general Dutch population.
Questionnaires were completed by 8000 adults of whom 1924 additionally answered the
questions for their eldest child (< 15 years). The collected data did not differ significantly
between 2007 and 2009. The frequency of swimming and the duration of swimming were
different for men, women and children and between water types. Differences between men
and women were small, but children behaved differently: they swam more often, stayed in
the water longer, submerged their heads more often and swallowed more water.
Swimming pools were visited most frequently (on average 13–24 times/year) with longest
duration of swimming (on average 67–81 min). On average, fresh and seawater sites were
visited 6–8 times/year and visits lasted 41–79 min. Dependent on the water type, men
swallowed on average 27–34 ml per swimming event, women 18–23 ml, and children 31–51 ml.
Data on exposure of swimmers to recreational waters could be obtained by using a
questionnaire approach in combination with a test to measure mouthfuls of water for
transformation of categorical data to numerical data of swallowed volumes of water.
Previous assumptions on swimmer exposure were replaced with estimates of exposure
parameters, thus reducing uncertainty in assessing the risk of infection with waterborne
pathogens and enabling identification of risk groups. QMRA for Cryptosporidium and
Giardia was demonstrated based on data from previous studies on the occurrence of these
pathogens in recreational lakes and a swimming pool.
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Introduction
As a result of poor microbiological water quality, exposure to bathing waters may pose
health risks for swimmers. They may contract illnesses such as gastroenteritis from infections
with bacteria, viruses or parasites of faecal origin (WHO 2003), but also skin disorders like
cercarial dermatitis as a result of contact with the larvae of the parasite Trichobilharzia
(Horak & Kolarova 2001), or otitis externa due to an infection with Pseudomonas aeruginosa
(Van Asperen et al. 1995). Bathing water legislation is in place to protect swimmers from
faecal contaminants, although guideline values are not based on pathogen concentrations
but on faecal indicator levels (Anonymous 2006). Previous studies have demonstrated that
bathing water that complies with bathing water guideline values may contain pathogens
(Graczyk et al. 2007; Schets et al. 2008), whether of faecal origin or not, and thus still pose
an unacceptable health risk for swimmers. Management actions solely triggered by noncompliance with faecal indicator standards may therefore not effectively protect bathers.
A Quantitative Microbiological Risk Assessment (QMRA) of bathing in surface water may
provide insights that can be translated into effective protective measures (Ashbolt et
al. 2010). QMRA requires information on the concentration of pathogens in the water,
swimmer exposure to these pathogens and dose-response relations for different pathogens.
In this regard, there is little information available on swimmer exposure, i.e. the amount of
swallowed water and how much skin contact there is with water. WHO guidelines assume
that 20 to 50 ml of water is swallowed per hour of swimming activity (WHO 2003); however,
these values are not supported by studies on water ingestion. Schijven & de Roda Husman
(2006) estimated the exposure of occupational and sport divers and found that both groups
swallowed about the same volume per dive in marine waters (9.8 vs. 9.0 ml), whereas sport
divers swallowed more than occupational divers in fresh (recreational) waters (13.0 vs. 5.7
ml). Sport divers diving in swimming pools swallowed a mean volume of 20 ml per dive.
A study of water ingestion during active swimming in a swimming pool showed that nonadult swimmers (< 18 years) swallowed far more water than adult swimmers during the 45
minutes of their exposure (37 vs. 16 ml) (Dufour et al. 2006). The authors suggested that
these swallowed volumes of water may also apply to fresh water swimmers due to similar
frequencies of head submersions and time spent in the water, but not to marine water
swimmers because of different behaviour. The study does, however, not provide data on
exposure of swimmers to fresh and marine water to substantiate this suggestion. Recently,
Stone et al. (2008) estimated water ingestion and exposure among surfers and reported an
average of 171 ml swallowed per day.
These studies provided valuable information, but data on water ingestion among swimmers
in fresh and seawater are lacking and also, information on the duration and frequency of
swimming events in recreational waters, sea or swimming pools is not available.
The objective of this study was to collect data on exposure of swimmers to freshwater,
seawater and swimming pools; exposure data encompass the volume of swallowed water
and the frequency and duration of swimming events. In The Netherlands, swimming in
surface water typically occurs during the oﬃcial bathing season (May 1st – October 1st), but
mostly during the summer holidays (July–August). Water temperature in the North Sea
ranges between approximately 10 and 20 °C, with an average of 18 °C; water temperatures
in recreational lakes are highly variable depending on size and depth, but grossly range
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between 15 and 25 °C. Public swimming pools, both indoor and outdoor, use drinking water
as source water and are chlorine disinfected, as required by law (Anonymous 2009). In
indoor swimming pools the water temperature is 25–28°C, but in outdoor pools it is around
22–24 °C. Many outdoor pools close during the winter season.
The exposure data were used to estimate infection risks resulting from exposure to
recreational waters and a swimming pool. To the latter, concentration data on Cryptosporidium
oocysts and Giardia cysts in recreational waters (Schets et al. 2008) and a swimming pool
(Schets et al. 2004) were used. In the two cited studies, infection risks were estimated in
scenario’s using a range of set swallowed water volumes. In the current study, exposure
data were collected by means of questionnaires. To evaluate the impact of different years
characterized by different weather conditions, particularly during summer, exposure data
were collected in 2007 and 2009. The hypothesis that 2009 responders would report more
frequent and longer bathing in fresh and marine water than 2007 responders due to more
favorable weather conditions during summer was tested.

Materials and Methods
Data collection
Data on bathing water exposure were collected through administration of questionnaires to
a group of approximately 60000 to 75000 inhabitants of The Netherlands representing the
general Dutch population, hereafter referred to as the E-panel (Research institute Synovate
BV, Amsterdam, The Netherlands). Members of the E-panel have given their consent for
responding to questionnaires about various topics, in return for a small consideration. The
questionnaires were administered via the internet and the respondents had access to the
questions through a secured web link. E-panel members have also provided information on
basic demographic characteristics such as age, gender, postal code, socioeconomic status
and composition of family.
The questionnaire on bathing water exposure included questions about frequency of bathing,
duration of bathing, the amount of water swallowed during bathing, head submersion
while bathing, whether or not bathing took place at sites that were designated as oﬃcial
European bathing sites, and general health and health complaints after bathing. The E-panel
members were asked to provide answers for exposure to swimming pool water, freshwater
and seawater separately. A questionnaire referring to bathing in 2007 was administered
in December 2007–January 2008, and a questionnaire referring to bathing in 2009 was
administered in December 2009–January 2010. Descriptive characteristics of the summers
(June–August) of 2007 and 2009 were obtained from the Royal Netherlands Meteorological
Institute (http://www.knmi.nl). E-panel members who completed the 2007 questionnaire
were excluded from participation in 2009. People of 15 years of age or older answered the
questions for themselves and if they had children between zero and 14 years of age, they
also answered the questions for their eldest child. The goal was to get 4000 adult responses
from the E-panel for each year.
E-panel members were asked to report actual numbers of swimming events in freshwater,
seawater or swimming pools. The time spent in the water could be reported in classes of
minutes of water contact (0–30, 30–60, 60–120, 120–300 min) for each type of water. The
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participants were asked to report the volume of water they swallowed as an estimated
number of mouthfuls in four classes: 1) no water or only a few drops, 2) one to two mouthfuls,
3) three to five mouthfuls, and, 4) six to eight mouthfuls. To provide a frame of reference it
was indicated that the volume of one to two mouthfuls was comparable to the contents of
a shot glass, that of three to five mouthfuls to the contents of a coffee cup and that of six to
eight mouthfuls to the contents of a soda glass (Schijven & de Roda Husman 2006).

Data analysis
The data from the questionnaires were analyzed using Mathematica (version 7.0.1.0;
Wolfram Research Inc., Champaign, IL, USA). For both years, responders were compared
with the general Dutch population (CBS statistics Netherlands, http://statline.cbs.nl/
statweb) with respect to age and gender distribution in order to assess whether the study
population was a good representation of the general Dutch population. Age and gender
distributions for 2007 and 2009 were also mutually compared. Information on age and
gender was compared by means of a chi-square test.
Swimming frequency (f) was assumed to follow a negative binomial distribution, duration
of a swimming event (t) a log-normal distribution, and the swallowed volume of water
(v) a gamma distribution. The entities f, t and v form the basic measures of exposure to
bathing water. Correlations between f, t and v were tested by means of calculating Pearson’s
correlation coeﬃcients.
Distribution parameters were estimated from the data using the method of maximum
likelihood fitting, and maximum likelihood ratio tests were applied to compare distributions
between men, women and children (McCullagh & Nelder 1989).
The data from the questionnaires on the swallowed volume of water consisted of frequencies
of the four volume classes. These volume classes were converted to actual volumes as
follows. In total 119 persons (colleagues, friends and family of the authors, within the same
age range as the E-panel) took part in a test where they drank ten times from a glass of water.
The full glass was weighed before starting the test, and subsequently after each mouthful.
The mouthfuls were assumed to be gamma distributed and compared between women,
men, girls and boys. Each volume class from the questionnaires was assumed to be discrete
uniformly distributed, implying that, for example, in class two there is equal probability
of swallowing one or two mouthfuls of water. Actual volume distributions for the volume
classes 2, 3 and 4 were then obtained by multiplying Monte Carlo samples from the gamma
distributions from the test with Monte Carlo samples of the discrete uniform distributions
of the swallowed numbers of mouthfuls that were reported in the questionnaires. Volume
class 1 (zero to a few drops) was assumed to be a continuous uniform distribution of 0–5 ml.
Swallowed volume distributions (v) were obtained by 10000 times random sampling from
the reported frequencies of the volume classes and multiplying these frequency distributions
with the corresponding volume distributions. Finally, a gamma distribution was fitted to
these randomly obtained volumes in order to obtain the distribution parameters r and λ for
use in QMRA and for comparison of the volume distributions for men, women and children
and water type by likelihood ratio testing.
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Risk of infection
The swallowed volume data (v) were used in combination with concentrations of
Cryptosporidium oocysts and Giardia cysts in a swimming pool in The Netherlands (Schets
et al. 2004) and several recreational lakes in the vicinity of the city of Amsterdam, The
Netherlands (Schets et al. 2008) in order to estimate infection risks.
The raw data on the presence of Cryptosporidium and Giardia were available as counts of
(oo)cysts and sample size. To the count data, negative binomial distributions with parameters
r and λ were fitted. The corresponding concentrations of Cryptosporidium and Giardia are
gamma-distributed with parameters r and λ (Teunis et al. 1999). Distribution data of the
number of swallowed (oo)cysts per swimming event were obtained by multiplying Monte
Carlo samples of the v-distributions and concentration distributions. Infection risks Pinf were
estimated by applying the hypergeometric dose-response relation (Teunis and Havelaar
2000, Teunis et al. 2008) with beta-distributed dose response parameters α and β for
Cryptosporidium (Okhuysen et al. 2002, Teunis et al. 2002) and Giardia (Teunis et al. 1997):

Pinf (D;α , β ) = 1−1 F1 (α , α + β ,− D )

(1)

where 1F1 is a Kummer conﬂuent hypergeometric function with parameters α and β and
dose D = Cv with concentration distribution C (numbers of pathogens per liter) and volume
distribution v (litre).

Results
Descriptive parameters
In 2007, a total of 10621 E-panel members had to be contacted to achieve the goal of
4000 completed questionnaires (response 38%); in 2009 this number was 8004 (response
50%). In both years, responders did not significantly (p=0.01) differ from the general Dutch
population with respect to age and gender distribution indicating that the study populations
were a good representation of the general Dutch population. Moreover, age and gender
distributions for the 2007 and 2009 study populations did not significantly differ (p=0.01).
Also, in both years, about half of the responders were non-swimmers, indicating that the
questions were not only answered by people that took a special interest in swimming.
Of the 8000 adult responders, 4123 were swimmers; a total of 1924 adults answered the
questions for their eldest children, of which 1689 swam (Table 1). The majority of the
swimmers visited a swimming pool, whereas about a quarter of the responders swam in
freshwater or seawater. Almost half of the swimmers indicated that they had been swimming
in more than one water type; two thirds of the swimmers swam at an oﬃcial bathing site
(Table 1).
Both adults and children submerged their heads more often when they swam in a swimming
pool than in fresh and marine water. Children tended to submerge their heads much more
in fresh than in marine water (Table 1).
About 90% of the adult swimmers stated that their general health was excellent or good,
whereas about 80% of the non-swimming adults indicated this. Almost all parents considered
the health of their children, whether they had been swimming or not, excellent or good
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(Table 1). Of the adult swimmers, 320 (8%) filled in that they had had health complaints after
swimming; 179 swimming children (11%) experienced health complaints after swimming.
Twenty-five percent of the adults and 40% of the children with health complaints visited a
physician; 90% of the adults and 92% of the children received treatment.
In The Netherlands, the summers of 2007 and 2009 differed with respect to precipitation
(202 mm vs. 189 mm), hours of sunshine (591 h vs. 729 h) and the number of days with
average temperatures over 20 °C (54 vs. 66) or 25 °C (18 vs. 25).

Exposure parameters
The quantitative exposure parameters frequency of bathing (f), duration of bathing (t) and
swallowed volume (v) were independent variables, for both adults and children, in both
2007 and 2009 (-0.05 < correlation coeﬃcient < 0.3). Comparison of likelihood values of the
distributions describing the exposure parameters f, t and v for 2007 and for 2009 showed
that the 2007 and 2009 data did not significantly differ. Therefore, the data for 2007 and
2009 were pooled, yielding distributions of exposure parameters based on the responses
of 4123 adults and 1689 children that swam, either in 2007 or in 2009. The frequency of
bathing varied from once to 365 times per year for adults and from once to 300 times
per year for children. Negative binomial distributions described the frequency of bathing
for men, women and children; comparison of likelihood values showed that there were
significant differences between men, women and children and water types. Differences in
bathing frequency between men and women in fresh and marine water were nevertheless
small, whereas men, women as well as children swam much more often in swimming pools
than in freshwater and the sea. For all water types, bathing frequency was highest for
children (Table 2).
Log-normal distributions described the duration of swimming events. Here, comparison of
likelihood values also showed that there were significant differences between men, women
and children and water types, albeit they were again small between men and women. All
groups spent more time in the water during a swimming pool visit than while swimming in
fresh or seawater (Table 2).
The gamma distributions of the volumes of mouthfuls of water swallowed by either boys or
girls did not significantly differ; therefore data for boys and girls could be pooled, yielding a
distribution for children. On average, a mouthful of water swallowed by a child measured 25.0
ml (95% CI (Confidence Interval) 7.8–52.2; r=4.72, λ=5.30). Differences between men and
women were significant; on average men’s mouthful volume was 32.7 ml (95% CI 11.0–66.0;
r=5.27, λ=6.25) whereas women’s mouthfuls were on average 24.8 ml (95% CI 12.0–42.1;
r=10.27, λ=2.42). Gamma distributions described the volume of water swallowed during a
swimming event. Likelihood ratio testing showed that for men, women and children there
was no significant difference between fresh and seawater. In general, children swallowed
more water than adults, in all water types, whereas both adults and children swallowed
more water in swimming pools than in fresh and seawater (Table 2).
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Table 1
Descriptive statistics of responders to inquiries
adults (>15 years)

children (< 15 years)

2007
number
total responders
swimmers
male
female
age
non-swimmers
male
female
age
general health
swimmers
excellent
good
mediocre

poor
non-swimmers
excellent
good
mediocre
poor
water type used
swimming pool
fresh water
seawater
oﬃcial bathing site
fresh water
seawater
head submersion
swimming pool
fresh water
seawater
health complaints
after bathing
swimming pool
fresh water
seawater

74

4000
2149
1068
1081
15–79
1851
941
910
15–80

2009
%

54
50
50
46
51
49

number
4000
1974
969
1005
15-81
2026
1002
1024
15-98

2007
%

49
49
51
51
50
50

number
992
871
unknown
unknown
0–14
121
unknown
unknown
0–14

2009
%

88

12

number
932
818
405
413
0–14
114
52
62
0–14

%

88
50
50
12
46
54

1

427
1316
216
15

22
67
11
1

416
443
11
1

48
51
1
0

421
378
18
1

52
46
2
0

271
1177
361
42

15
64
20
2

321
1217
429
59

16
60
21
3

68
51
2
0

56
42
2
0

48
63
3
0

42
55
3
0

1919
560
605

89
28
26

1755
524
573

89
27
29

845
232
229

97
27
26

799
254
207

98
31
25

386
380

69
63

340
357

65
62

160
155

68
69

178
152

70
73

1053
256
264

55
46
44

916
238
234

52
45
41

563
138
111

67
60
48

518
149
96

65
59
46

176
118
39
19

8
6
7
3

144
104
27
13

7
6
5
2

97
74
12
11

11
9
5
5

82
64
15
3

10
8
6
1

435
1448
241

20
67
11

25

frequency

a: CI: confidence interval

swimming pool
fresh water
seawater

(gamma distribution, r, λ)

volume swallowed (ml)

swimming pool
fresh water
seawater

(log-normal distribution, μ, σ)

duration (min)

swimming pool
fresh water
seawater

(negative binomial distribution, r, λ)

v

t

f

34
27
27

68
54
45

13
7
6

women

μ
4.1
3.6
3.5

r
0.83
1.2
1.4

λ
71
60
60

σ
0.57
0.85
0.85

λ
0.06
0.15
0.18

23
18
18

67
54
41

16
7
6

λ
45
35
35

r
0.52
0.51
0.51
0.033–110
0.022–86
0.022–90

51
37
31

81
79
65

0.62–200
0.14–170
0.08–140

24–200
12–270
8–240

r
0.81
0.64
0.58

μ
4.2
4.1
3.8

σ
0.55
0.94
0.94

μ
4.0
3.5
3.2
19–170
6–220
4–180

λ
63
58
55

σ
0.55
0.80
0.80

λ
0.04
0.14
0.17

r
1.0
1.3
1.5
0-91
0-25
0-24

λ
0.05
0.17
0.21

r
0.84
1.3
1.5

0-65
0-23
0-19

24
8
7

distribution
parameters

children

distribution average 95% CIa
parameters

distribution average 95% CIa
parameters

r
0.022–170 0.48
0.016–140 0.45
0.016–140 0.45

19–180
7–200
6–160

0-54
0-25
0-22

average 95% CIa

men

adults

Table 2
Exposure parameters for swimmers in swimming pools, fresh water and seawater: frequency of swimming per year, duration of
swimming and volume swallowed per swimming event
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Risk assessment
The Cryptosporidium and Giardia concentrations in a Dutch swimming pool (Schets et al.
2004) and several Dutch recreational lakes (Schets et al. 2008) were described by gamma
distributions (Table 3). In the swimming pool, the average Cryptosporidium concentration
was 0.3 oocysts/L, whereas the average Giardia concentration was 0.025 cysts/L; for these
(oo)cysts, viability data were not available and in risk assessment total (oo)cysts counts were
used, assuming 100% viability. Average viable Cryptosporidium concentrations in recreational
lakes ranged from 0.02 to 0.07 oocyst/L and average viable Giardia concentrations ranged
from 0.01 to 0.14 cysts/L.
In the swimming pool, the estimated infection risk for Cryptosporidium was about
1.10-3–2.10-3, whereas for Giardia it was about 1.10-5–3.10-5, per swimming event per person.
Infection risks were higher for children than for men and women, who had comparable
risks of infection (Table 4). Due to concentration differences in the recreational lakes, the
estimated infection risks per swimming event per person differed, but generally ranged
between 1.10-4 and 5.10-4 for Cryptosporidium and between 4.10-6 and 1.10-4 for Giardia.
Children were at higher risk than adults due to the larger volume of water they swallow
during swimming activities (Table 4).
Table 3
Gamma distributions of Cryptosporidium and Giardia concentrations in a swimming pool
(Schets et al. 2004) and recreational lakes (Schets et al. 2008) in The Netherlands
Cryptosporidium

Giardia
distribution
parameters

distribution
parameters

location

average
(n/L)

95%c

r

λ

average
(n/L)

95%c

r

λ

swimming poola
recreational lakesb
Lake 1
Lake 2
Lake 3
Lake 4

0.3

1.6

0.19

1.6

0.025

0.14

0.11

0.24

0.02
0.029
0.067
xd

0.059
0.066
0.38
xd

1.0
2.3
0.11
xd

0.02
0.013
0.58
xd

0.12
0.039
0.01
0.14

0.56
0.075
0.047
0.51

0.28
4.1
0.27
0.53

0.44
0.0096
0.037
0.26

a: no viability data available
b: viable Cryptosporidium and Giardia
c: 95% of the concentrations lie below this value
d: no viable Cryptosporidium oocysts detected
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Table 4
Risk of infection for Cryptosporidium and Giardia in a swimming pool and recreational lakes
in The Netherlands
swimming pool
pathogen
Cryptosporidium

men
women
children

Giardia

men
women
children

average
95%a
average
95%a
average
95%a
average
95%a
average
95%a
average
95%a

1.5.10-3
8.2.10-3
1.1.10-3
6.2.10-3
2.2.10-3
1.3.10-2
1.9.10-5
8.3.10-5
1.3.10-5
5.5.10-5
2.8.10-5
1.3.10-4

recreational lakes
lake 1

lake 2

lake 3

lake 4

1.2.10-4
6.2.10-4
8.1.10-5
3.8.10-4
9.0.10-5
4.2.10-4
7.6.10-5
3.7.10-4
4.1.10-5
2.0.10-4
5.0.10-5
2.3.10-4

1.8.10-4
7.8.10-4
1.2.10-4
4.8.10-4
2.4.10-4
9.5.10-4
2.3.10-5
9.8.10-5
1.5.10-5
6.1.10-5
3.1.10-5
1.2.10-4

3.7.10-4
1.7.10-3
2.4.10-4
1.0.10-3
4.9.10-4
2.2.10-3
6.9.10-6
2.7.10-5
3.6.10-6
1.7.10-5
7.6.10-6
3.7.10-5

xb
xb
xb
xb
xb
xb
7.9.10-5
3.7.10-4
5.1.10-5
2.3.10-4
1.0.10-4
4.8.10-4

a: 95% of the risks are below this value
b: no Cryptosporidium oocysts detected

Discussion
The average volume of water swallowed per minute by children during an average visit to
a swimming pool of 81 minutes, is 0.63 ml/min; adult men swallowed 0.50 ml/min, and
women 0.34 ml/min. These average volumes are in the same order of magnitude as those
determined in the study of Dufour et al. (2006), where children swallowed 0.82 ml/min
(i.e. 37 ml in 45 min) and adults 0.36 ml/min. However, Dufour et al. (2006) considered all
individuals of 18 years of age and less children, whereas in the current study children were
younger than 15 years. For comparison, our data were re-evaluated by using the child-adult
definition of Dufour et al. (2006) which yielded average swallowed volumes for men, women
and children identical to those obtained by using our own child-adult definition. Thus, the
Dufour et al. (2006) data support our findings, despite differences in approach, suggesting
that using questionnaires in combination with a small sampling test may be as effective in
assessing the volume of water swallowed during swimming activities as using cyanuric acid
as a tracer. An additional advantage of the questionnaire approach is that it can be applied
to a larger group of participants, which contributes to the reliability of the data.
Dutch men and children of all ages swallowed more water per swimming event than Dutch
sport and occupational divers per dive in all water types (Schijven & de Roda Husman 2006),
and less than surfers in Oregon, United States, swallowed per day while surfing (Stone et
al. 2008). Female swimmers swallowed more water than sport and occupational divers in
marine and fresh water, but approximately the same as sport divers in swimming pools.
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These results reﬂect different frequency and intensity of water contact and different
behaviour during exposure to water for swimmers, divers and surfers. The duration of water
contact per swimming event or dive is comparable for sport divers and swimmers, but
longer for occupational divers (Schijven & de Roda Husman 2006). The number of dives per
year is highly variable, but the number of days with water contact for swimmers and divers
is in the same order of magnitude. However, divers use either ordinary diving masks or full
face masks that decrease or prevent the swallowing of water and swimmers do not use such
protective gear. On average, water contact is more frequent for surfers than for swimmers
(77 days /year (Stone et al. 2008) vs. 7 days/year (this study)), but this may reﬂect climatic
differences between North Sea beaches and Oregon Pacific Coast beaches. Moreover,
surfers are more likely to accidentally swallow gulps of water than swimmers as a result
of their activities in the water e.g. when they catch waves or fall off their surfboards and
submerge unexpectedly.
The exposure parameters f, t and v do not largely differ between men and women,
suggesting that they display similar swimming behaviour, although men swallow more
water per swimming event than women, in all water types. Children, however, behave very
different: they swim more often, stay in the water longer and submerge their heads more
often, and they swallow more water than adults. Children swim slightly more often than
adults in fresh and seawater, but they visit swimming pools one-and-a-half to nearly twice
as much. This may reﬂect behaviour of a specific age group: over 80% of the children for
which the questionnaires were completed were between four and fourteen years of age,
which includes the children of 4 to 12 years of age that attend swimming classes during
their primary school period, and the fraction of young adolescents (12 to 14 years) that
visit swimming pools with friends for leisure activities. Whether this behaviour in The
Netherlands is similar to other parts of Europe or can be extrapolated to other parts of the
world is yet unclear. The swallowed volume of water per swimming event may be person and
water type specific and therefore not necessarily apply for The Netherlands only. However,
frequency and duration of swimming may also be inﬂuenced by local factors such as climatic
and cultural aspects. Despite more favorable weather conditions in the summer of 2009
compared to the summer of 2007, the hypothesis that 2009 responders would report more
frequent and longer bathing in surface water was rejected; 2007 and 2009 data did not
significantly differ, suggesting that the exposure parameters f, v, and t are independent of
the observed summer weather ﬂuctuations, and are thus potentially applicable for other
parts of Europe.
The methodology to estimate the swallowed volume of water, applied in the current study,
is an alternative to measuring the concentration of cyanuric acid in urine samples from
swimmers that is less laborious, easier to extend to larger groups of participants of all ages
and independent of the water type studied. Moreover, finding a chemical tracer to measure
the swallowed volume of water and applying this approach in natural waters is diﬃcult. In
the test that estimates the volume of a mouthful of water, however, people drink a glass of
water and take controlled mouthfuls. Swallowing water during swimming activities may have
a more accidental nature and as a result the volume of swallowed mouthfuls may be larger
than estimated in this test. Nevertheless, the combination of this test and questionnaires
may be preferable due to its practical ease and ability to study large groups of subjects.
A drawback of collecting exposure data through questionnaires with closed-end questions
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completed by bathers and non-bathers is that bias is easily introduced, diﬃcult to identify
and diﬃcult to exclude (Craun et al. 2001; Fleisher & Kay 2006). For answering the questions,
study participants must recall their swimming activities in the past, i.e. days, weeks or months
ago. The reliability of their answers totally depends on their memory of such events. Data
may be obscured by poor remembrance resulting in choosing the wrong answer or picking
‘just an answer’ from the offered options. This recall bias may lead to misclassification of
exposure in terms of frequency and duration of swimming events. Participants may have
guessed the volume of water they swallowed and, for some, this guess may have been
inﬂuenced by the perception that it is wise to swallow a limited amount of bathing water,
whereas other may have overestimated the volume of water they swallowed. The large
group of participants, equally male and female, in a broad range of ages discounts for
spurious guesses and contributes to the reliability of the results. The fact that exposure
data obtained from different groups of responders in 2007 and 2009 do not significantly
differ supports the credibility of the results. Unambiguous formulation of the questions is
to minimize the chance of receiving erroneous answers, whereas collecting exposure data
immediately after swimming events or by asking a group of participants to keep a diary of
their swimming behaviour for a prolonged period, e.g. a year, are means to overcome poor
memory. The questionnaire approach used in the current study may have rendered biased
data, but nevertheless gave insight in swimming behaviour of men, women and children in
freshwater, seawater and swimming pools and provided data that were previously lacking.
Based on the updated exposure data, and using the hypergeometric dose-response
model for Cryptosporidium and Giardia (Teunis & Havelaar 2000; Teunis et al. 2008), the
risk of infection per swimming event with Cryptosporidium and Giardia during exposure
to Dutch recreational lakes was estimated. Depending on the lake and the corresponding
Cryptosporidium and Giardia concentrations, approximately on average one to five in
10000 swimmers (0.01–0.05%) may become infected with Cryptosporidium, whereas
approximately on average four to 100 in a million swimmers (0.0004–0.01%) may contract a
Giardia infection. In the studied swimming pool, the risk of infection with Cryptosporidium
was about tenfold higher than in the recreational lakes, whereas the risk of infection with
Giardia was alternately higher, lower or equal. This swimming pool was dealing with a
faecal contamination incident and filter malfunctioning during the time of sampling and
data collection (Schets et al. 2004). It should be noted that in the studies of Schets et al.
(2004, 2008) exponential dose-response relations were applied, using the dose-response
parameters published by Teunis et al. (1996); the use of updated dose-response information
in the present study yielded Cryptosporidium infection risks that were a factor 10-100 higher
than those previously reported; Giardia infection risk were in the same order of magnitude
(Schets et al. 2004, 2008).
Cryptosporidium and Giardia have been chosen to demonstrate the use of the updated
exposure data in QMRA. However, the frequent reporting of skin disorders and ear conditions
after contact with recreational waters (Schets et al. 2010) warrant the use of these exposure
data for evaluation of risks of conditions caused by waterborne pathogens of non-fecal
origin, such as Trichobilharzia and P. aeruginosa. Currently, such risk evaluations are limited
by the lack of dose-response data.
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Conclusions
Major gain of this study is that previous assumptions on swimmer exposure in fresh and
marine bathing waters were replaced with estimates of the exposure parameters frequency
and duration of swimming events and volume of water swallowed, whereas existing data
on the volumes of water swallowed by swimmers in swimming pools were confirmed, and
extended with data on frequency and duration of swimming in such facilities. Replacing
assumptions on bather exposure, with estimates of exposure parameters may reduce the
uncertainty in assessing the risk of infection with waterborne pathogens. The swallowed
volume of water appears different for men, women and children, but also in freshwater,
seawater and swimming pools. This knowledge enables risk assessment for specific target
groups, e.g. children during swimming classes. Moreover, the other measures of exposure,
i.e. frequency and duration of swimming, do also differ for men, women and children and
in different water types, and provide a basis for the identification of high risk populations
under specific circumstances, e.g. due to their extended water contact and frequent head
submersions, children may be more prone to contract otits externa due P. aeruginosa
infections. Preventive measures may be targeted at specific risk groups.

Acknowledgements
The authors thank Arie Havelaar for critically reading of the manuscript.

References
Anonymous. 2006. Directive 2006/7/EC of the European Parliament and of the Council of 15 February 2006
concerning the management of bathing water quality and repealing Directive 76/160/EEC. Oﬃcial Journal of
the European Union L64: 37-51.
Anonymous. 2009. Besluit hygiëne en veiligheid badinrichtingen en zwemgelegenheden. Staatsblad van het
Koninkrijk de Nederlanden nr. 604, 29 december 2009 (in Dutch).
Ashbolt NJ, Schoen ME, Soller JA, Roser DJ. 2010. Predicting pathogen risks to aid beach management: the real
value of quantitative microbial risk assessment (QMRA). Water Res 44:4692-4703.
Craun GF, Frost FJ, Calderon RL, Hilborn ED, Fox KR, Reasoner DJ, Poole CL, Rexing DJ, Hubbs SA, Dufour AP. 2001.
Improving waterborne disease outbreak investigations. Int J Environ Health Res 11:229-243.
Dufour AP, Evans O, Behymer TD, Cantú R. 2006. Water ingestion during swimming activities in a pool: a pilot study.
J Water Health 04(4):425-430.
Fleisher JM, Kay D. 2006. Risk perception bias, self-reporting of illness, and the validity of reported results in an
epidemiologic study of recreation water associated illnesses. Mar Pollut Bul 52:264-268.
Graczyk TK, Sunderland D, Tamang L, Lucy FE, Breysse PN, 2007. Bather density and levels of Cryptosporidium,
Giardia, and pathogenic microsporidian spores in recreational bathing water. Parasitol Res 101:1729-1731.
Horák P, Kolářová L, 2001. Bird schistosomes: do they die in mammalian skin? TRENDS Parasitol 17(2):66-69.
McCullagh P, Nelder JA. 1989. Generalized linear models, volume 37 of Monographs on statistics and applied
probability. Chapman and Hall, London.

80

Exposure assessment for swimmers

Okhuysen PC, Rich SM, Chappell CL, Grimes KA, Widmer G, Feng XC, Tzipori S. 2002. Infectivity of a Cryptosporidium
parvum isolate of cervine origin for healthy adults and interferon-gamma knockout mice. J Infect Dis
185(9):1320-1325.
Schets FM, Engels GB, Evers EG, 2004. Cryptosporidium and Giardia in swimming pools in the Netherlands. J Water
Health 02(3):191-200.
Schets FM, van Wijnen JH, Schijven JF, Schoon H, de Roda Husman AM. 2008. Monitoring of waterborne pathogens
in surface waters in Amsterdam, the Netherlands, and the potential health risk associated with exposure to
Cryptosporidium and Giardia in these waters. Appl Environ Microbiol 74(7):2069-2078.
Schets FM, de Roda Husman AM, Havelaar AH. 2010. Disease outbreaks associated with untreated recreational
water use in the Netherlands, 1991-2007. Epidemiol Infect, doi: 10.1017/S0950268810002347
Schijven JF, de Roda Husman AM. 2006. A survey of diving behavior and accidental water ingestion among Dutch
occupation and sport divers to assess the risk of infection with waterborne pathogenic microorganisms. Environ
Health Persp 114(5):712-717.
Stone DL, Harding AK, Hope BK, Slaughter-Mason S. 2008. Exposure assessment and risk of gastrointestinal illness
among surfers. J Toxicol Environ Health Part A 71:1603-1615.
Teunis PFM, van der Heijden OG, van der Giessen JWB, Havelaar AH. 1996. The dose-response relation in human
volunteers for gastrointestinal pathogens. RIVM report nr. 284550002. National Institute for Public Health and
the Environment, Bilthoven, The Netherlands.
Teunis PFM, Medema GJ, Kruidenier L, Havelaar AH, 1997. Assessment of the risk of infection by Cryptosporidium
or Giardia in drinking water from a surface water source. Water Res 31(6):1333-1346.
Teunis PFM, Evers EG, Slob W. 1999. Analysis of variable fractions resulting from microbial counts. Quant Microbiol
1:63-88.
Teunis PFM, Havelaar A.H. 2000. The Beta Poisson model is not a single hit model. Risk Anal 20(4):511-518.
Teunis PFM, Chappell CL, Okhuysen PC. 2002. Cryptosporidium dose response studies: variation between isolates.
Risk Anal 22(1):175-183.
Teunis PFM, Ogden ID, Strachan NJC. 2008. Hierarchical dose response of E. coli O157:H7 from human outbreaks
incorporating heterogeneity in exposure. Epidemiol Infect 136(6):761-770.
Van Asperen IA, de Rover CM, Schijven JF, Oetomo SB, Schellekens JF, van Leeuwen NJ, Collé C, Havelaar AH,
Kromhout D, Sprenger MWJ, 1995. Risk of otitis externa after swimming in recreational fresh water lakes
containing Pseudomonas aeruginosa. BMJ 311:1407-1410.
WHO. 2003. Guidelines for safe recreational water environments. Volume 1, Coastal and fresh waters. World
Health Organization, Geneva, Switzerland.

81

4

Chapter 5
Cercarial dermatitis in the Netherlands caused by
Trichobilharzia spp.
FM Schets, WJ Lodder, YTHP van Duynhoven,
AM de Roda Husman
Journal of Water and Health 2008; 06:187-195

5

Chapter 5

Abstract
Outbreaks of cercarial dermatitis that occurred in recreational lakes in The Netherlands
were studied and a method for direct rapid detection of the parasite Trichobilharzia in
water samples was developed. A standardized questionnaire with questions on health
complaints and exposure was distributed to individuals that developed symptoms of
cercarial dermatitis after visiting fresh water lakes. Snails from the suspected lakes were
examined for the presence of Trichobilharzia by microscopy and PCR. Water samples were
concentrated by filtration and examined by PCR. Water quality was tested according to
European Bathing Water Directive 76/160/EEG. Trichobilharzia was detected in snails and
water samples from lakes that met European bathing water standards. Despite a response
of 25.5%, epidemiological data suggested that longer and more frequent exposure to the
water resulted in increased reporting of symptoms of cercarial dermatitis and confirmed the
importance of exposure as risk factor. A novel method for direct detection of Trichobilharzia,
which includes concentration of water samples by filtration and detection of the parasite
by PCR proved to be a valuable and simple tool for confirmation of presumptive outbreaks,
particularly when snails could not be found in the suspected water and public health
protecting measures were necessary.
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Introduction
Recreational or occupational exposure to microbiologically contaminated surface water may
have adverse health effects. To protect public health, the European Bathing Water Directive
76/160/EEG (Anonymous 1976) has been operational since 1976. According to this Directive,
member states of the European Union have to test water quality at their oﬃcial bathing
sites for compliance with imperative values for total and faecal coliforms. However, several
epidemiological studies (Kay et al. 1994; Van Asperen et al. 1998; Wiedenmann et al. 2006)
have shown that these faecal indicator parameters do not optimally reﬂect the presence of
faecal contamination of human or animal origin and that current guideline values for these
parameters do not suﬃciently protect public health. Responding to these new findings, the
European Committee and the European Parliament have recently agreed on revised bathing
water legislation including new faecal indicator parameters and more stringent guideline
values (Anonymous 2006a). Compliance with the imperative values for the new parameters
Escherichia coli and intestinal enterococci, which display a much better relation between
faecal contamination and negative health effects in bathers, however, will not protect
bathers from illness caused by micro-organisms of non-faecal origin including pathogens
causing eye, ear or skin conditions. In 2003 and 2004 about 40% of the reported incidents
of water related health complaints in The Netherlands were skin conditions, presumably
due to schistosomes or toxic cyanobacteria (Schets & de Roda Husman 2005a,b). In 2005,
59% of the reported outbreaks were incidents of skin complaints; in 55% of these outbreaks
patients had symptoms of swimmers’ itch (Schets & de Roda Husman 2007).
Swimmers’ itch or cercarial dermatitis is the result of the penetration of the human skin
by cercariae of non-human schistosomes. Cercarial dermatitis is considered an emerging
disease in Europe (De Gentille et al. 1996). Due to high eutrophication of the water and
colonization of water bodies by susceptible snails and nesting ducks, the number of
outbreaks of cercarial dermatitis has increased (De Gentille et al. 1996). In Europe the most
frequently reported species causing swimmers’ itch belong to the genus Trichobilharzia (De
Gentille et al. 1996). These bird schistosomes have a two-host life cycle with freshwater
snails as their intermediate host and waterfowl as their final host. Development of larvae
takes place in freshwater bodies that may also be used for recreational activities.
Each summer, outbreaks of presumptive cercarial dermatitis in freshwater lakes are reported
in The Netherlands (Schets & de Roda Husman 2005a,b). Generally the affected bathers are
diagnosed solely on the basis of their health complaints consisting of reddening of the skin,
an itching sensation and macular eruptions of different size and intensity. The diagnosis is
seldom confirmed by detection of Trichobilharzia spp. in water or snails. In the summer
of 2004, two outbreaks of presumptive cercarial dermatitis were investigated; water and
snails were examined for the presence of Trichobilharzia spp. and bathers were questioned
for exposure to the suspected water and symptoms of swimmers’ itch. Water quality was
tested according to European Bathing Water Directive 76/160/EEG. In 2005 and 2006 a
novel method for direct detection of Trichobilharzia in water samples was tested at two
outbreak sites.
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Materials and Methods
Site description recreational lake the Wed
The Wed is a dune lake located in the Kennemer dunes along the North-Holland coast. It
is a former sand reclamation originating from the 1950’s. The lake covers about 30000 m2;
the average water depth is 3–4 m, with a maximum of 9 m. Green algae (Characeae) are
present in the water and mallards (Anas platyrhynchos) and European herring gulls (Larus
argentatus) are regular visitors of the lake. During the summer months, children participating
in holiday camps spend several days together playing in the dunes and swimming in the Wed
or one of the other dune lakes nearby. The Wed has a history of swimmers’ itch.

Site description recreational lake the IJzeren Man
The IJzeren Man is a recreational lake within the city boundaries of Eindhoven. The isolated
lake is a former sand reclamation originating from the 1930’s. It covers about 40000 m2 and
has a maximum water depth of 3–4 m. Heavy growth of waterweed (Elodea canadensis),
particularly in the deeper parts of the lake, has been reported. Before the start of the
bathing season, the waterweed is mechanically removed, but the plants rapidly grow to
their original size. Mallards (Anas platyrhynchos), great crested grebes (Podiceps cristatus)
and cormorants (Phalacrocorax carbo) colonize the lake. The IJzeren Man is used for both
swimming and other recreational activities such as sailing, windsurfing, rowing and cycling
by pedal boat. The IJzeren Man has a history of swimmers’ itch.

Outbreak report the Wed
On July 22nd, 2004, the public health services of the Kennemerland region reported that
11 of 170 children attending a children’s holiday camp developed a skin condition with
macular eruptions and mild to severe itching after swimming in the Wed on July 16th. The
local authorities released a press communication to inform the public of possible swimmers’
itch. Despite information in the local news papers, numerous bathers continued visiting the
lake and many other cases of presumptive cercarial dermatitis were subsequently reported
to the public health services. In July 2005 the public health services of the Kennemerland
region received renewed reports of swimmers’ itch among school children after swimming
in the Wed.

Outbreak report the IJzeren Man
On August 11th, 2004, the municipal health services of the city of Eindhoven reported skin
complaints among 30 persons who swam in the IJzeren Man on August 8th and 9th. All 30
persons visited general practitioners that diagnosed cercarial dermatitis. The manager of the
IJzeren Man informed the visitors of possible swimmers’ itch and advised showering after
swimming. A period of bad weather during which visits to the IJzeren Man declined to a
very low level was followed by a weekend of fair weather on 4–5 September. On September
7th new cases of cercarial dermatitis were reported and the IJzeren Man was subsequently
closed for the remainder of the bathing season.
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Epidemiological investigation
Following the reported skin complaints associated with the Wed, a standardized questionnaire
was designed for participants of the holiday camp. The questionnaire was set up to obtain
information about age, sex, the duration of water exposure for each day from July 26th up
until July 30th 2004, the part of the lake where persons swam, nature of symptoms (tick
boxes for diarrhoea, vomiting, itch, reddening of the skin, skin eruptions, fever, headache
or ‘other complaints’), onset and duration of symptoms. Participants were also asked to
provide information on the size of skin eruptions, location of the eruptions on the body,
previous complaints of itching skin eruptions and swimming in other open waters during
the 2004 bathing season. However, the forms could not be distributed to participants of
the holiday camp from which the first cases were reported because the camp management
refused collaboration. Nevertheless, the management of two other simultaneously held
holiday camps, from which cases of presumptive cercarial dermatitis were also reported,
agreed to collaborate. On July 29th questionnaires were distributed to 200 participants.
Questions for visitors of the IJzeren Man were identical, but comprised the period August
5th up until August 9th 2004. Due to logistic problems, the forms could not be distributed to
all people visiting the IJzeren Man, but only ten cases that consulted a general practitioner
could be asked to complete the form.

Environmental investigation
Both the Wed and the IJzeren Man are oﬃcial European bathing sites at which water quality
was tested at a two-weekly interval. The water was examined for the presence of total
and faecal coliforms by using membrane filtration methods according to Dutch standards
(Anonymous 1982a,b); pH was measured and the aesthetic parameters transparency,
colour, odour, presence of scum, oil and litter were assessed.
On July 23rd and 30th, 2004 approximately 500 snails were collected from the Wed and 25
respectively 60 snails were collected from the IJzeren Man on August 12th and September
7th, 2004. The snails were transported to the laboratory in a container with water from
the lake from which they were collected. Shell height was measured and the snails were
identified using an identification key (Werkgroep Zwemmersjeuk 2004; http://www.infomil.
nl/contents/pages/132715/zwemmersjeukprotocolnov2004.pdf; access date 2006-09-27).
The snails were transferred to a beaker with fresh tap water which was placed under a desk
lamp for approximately 3 h to stimulate release of cercariae (Sluiters et al. 1980). The tap
water was subsequently examined for the presence of ocellate furcocercariae by microscopy
(magnification 50–100x).
For isolation of DNA (Desoxyribo Nucleic Acid), a volume of 30–50 ml of the tap water in
which the snails were stimulated to shed cercariae was filtered through a 0.4 μm pore size
polycarbonate membrane filter (Isopore; Millipore Corporate, Billerica, USA). DNA was
extracted by using a DNeasy kit (Qiagen Benelux BV, Venlo, The Netherlands) according
to the manufacturers’ instructions. Polymerase Chain Reaction (PCR) detection of the
Trichobilharzia tandem repeated DNA sequence ToSau3A was performed as described by
Hertel et al. (2002). The isolated PCR products were sequenced directly. PCR detection of
the ITS1 and ITS2 regions was performed as described by Dvořák et al. (2002).
On July 18th, 2005 water samples (20 L) were taken from the Wed at a beach with onshore
wind and a beach with offshore wind. Small snails (< 4 mm shell height) were abundant in
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the bathing area, but were not collected; larger snails were collected. Water and snails were
transported to the laboratory for analyses. Shedding of cercaria from snails was stimulated
as described previously. Water samples were concentrated by filtration through Envirochek
filtration capsules (Pall Gelman Laboratory, Ann Arbor MI, USA) at a ﬂow rate of 2 L/min
following the manufacturers’ instructions and ISO 15553 (Anonymous 2006b). Filtered
samples were eluted from the filter with approximately 130 ml elution buffer (Anonymous
2006b) by agitation in a wrist-action laboratory shaker for 5 min at 600 rpm. After decanting
the eluate into a 250 ml conical centrifuge tube, the elution procedure was repeated.
After centrifugation (10 min, 1080 x G, without centrifuge break) of the total eluate the
supernatant was aspirated. DNA was extracted from the pellet and PCR was performed as
described earlier.
On July 24th, 2006, public health services Zuidoost Brabant and district water board Aa en
Maas reported tens of cases of swimmers’ itch among people who visited the recreational
lake Prinsenmeer during the previous three weeks. Four water samples were taken from this
lake on July 27th. Sample concentration, DNA extraction and PCR of the ToSau3A repeat were
performed as described above.

Results and Discussion
Epidemiological investigation
Fifty-one (25.5%) of the forms that were distributed to visitors of the Wed were returned.
The respondents were (parents of) children from three months to 13 years of age, 25 girls
and 26 boys (Figure 1). Twenty-seven (53%) of the respondents (16 girls, 11 boys) reported
adverse health effects after swimming in the Wed. Ninety-six percent of the children with
health complaints reported skin conditions that comprised of skin eruptions as a single
symptom or in combination with itching or red macula (Table 1). The macular eruptions
generally appeared on arms, legs and trunk. Twenty of the 27 (74%) children with symptoms
had no history of similar symptoms after swimming in open water in 2004 or previous years,
two (7.4%) did not know, and five (18.5%) reported to have had similar symptoms after
swimming in dune lakes, including the Wed, in 2003.
On average, children with skin complaints had contact with the water on 3.6 days of the
5-day study period, whereas children without complaints had water contact on 3.2 days of
these 5 days (Table 2). In general, children with symptoms spent more time in the water on
the days of exposure than children without complaints. Both groups almost equally used the
deep and the shallow part of the lake for their recreational activities (Table 2).
Seven of the ten forms that were sent to cases from the IJzeren Man were returned. Six
of seven persons reported itching, whether or not accompanied by macular eruptions,
after swimming in both the deep and shallow part of the IJzeren Man on 3–6 August 2004.
They all stayed in the water for more than two hours each day they swam and never had
similar symptoms after swimming in open water before. The seventh person only visited the
shallow part of the lake and reported fever and headache.
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Table 1
Frequency of observed health complaints among 27 children that
visited the Wed during the study period in the summer of 2004
health complaint

diarrhoea
vomiting
itch*
reddening of skin*
skin eruptions*
fever
headache
other

frequency
n

%

1
0
20
11
25
1
3
3

3.7
0
74.1
40.7
92.6
3.7
11.1
11.1

* in total 26 children reported at least one of these

5

Figure 1
Distribution of age, sex and presence or absence of health complaints among children that
visited the Wed in the summer of 2004
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Despite the relatively low response, the results suggest that longer and more frequent
exposure to the Wed resulted in an increase in reported symptoms of swimmers’ itch.
These results confirm previous epidemiological studies that identified exposure as one of
the risk factors for cercarial dermatitis (Chamot et al. 1998; Verbrugge et al. 2004). The high
attack rate (53%) observed in our study is probably biased since (parents of) children with
complaints probably were more prone to return questionnaires than (parents of) children
without complaints, resulting in a possible overestimation of the attack rate. Similar (55%)
or higher (81-82%) attack rates are however known from other outbreak reports (Bourée &
Caumes 2004).
Table 2
Bathing behaviour of children with and without health complaints that visited the Wed
during the study period in the summer of 2004
children with
complaints

children without
complaints

number

(%)

number

(%)

deep and shallow
deep
shallow

19
4
4

(70.3)
(14.4)
(14.8)

18
2
4

(75.0)
(8.3)
(16.7)

total whole group
average

98
3.6

>1
0.5 – 1
<0.5
don’t know

49
7
3
39

bathing area visited

number of days with water contact
76
3.2

frequency of reported hours of
water contact per day
(50)
(7)
(3)
(40)

28
16
3
29

(37)
(21)
(4)
(38)

Environmental investigation
During the 2004 bathing season, water quality in the IJzeren Man and the Wed complied
with European bathing water legislation (Table 3). Although ca. 1000 fresh water snails
(Lymnaea stagnalis) from the Wed were examined in 2004, Trichobilharzia was neither
detected microscopically nor by PCR. The collected snails had an approximate shell height
of 4 mm. About 0.5% of the snails (n=3) had shells of approximately 40 mm high, which is
the average size of adult snails. The small, presumably young snails may not yet have been
infected or may have had pre-patent infections that could not be detected in the laboratory.
90

Swimmers’ itch in The Netherlands
Both in field and laboratory studies with lymnaeid Stagnicola elrodi snails Graham (2003)
demonstrated a positive relation between snail size and infection intensity, with larger snails
displaying higher infection intensities and shedding larger numbers of cercariae. At the time
of sampling in 2004 only few larger snails could be retrieved from the bathing area at the
Wed. Large specimens inhabiting the part of the lake that was diﬃcult to reach for snail
sampling may however have shed large numbers of cercariae, that were transported to the
beach by onshore wind and water ﬂow. It has been demonstrated that single infected snails
can release huge numbers of cercariae (Sluiters et al. 1980), whereas in areas known for the
occurrence of cercarial dermatitis, the prevalence of Trichobilharzia in L. stagnalis and Radix
spp. is generally low (Kolářová et al. 1997; Niewiadomska et al. 1997; Loy & Haas 2001). In
a pond system in Southern Germany T. ocellata showed a constant prevalence of 0.17% in
L. stagnalis during a 20 year study period (Loy & Haas 2001).
Two L. stagnalis snails with shells of approximately 35 mm high were collected from the
Wed in 2005. One snail appeared dead, the other shed large numbers of Trichobilharzia
cercariae as was confirmed by microscopy. PCR detection of the ToSau3A repeat confirmed
the presence of Trichobilharzia in the snail and in the water sampled from the lake at the
beach with onshore wind; the sample taken at the beach with offshore wind was negative.
Sequence analysis of the obtained PCR product showed 95% similarity with T. ocellata DNA
sequences in the GenBank database (GenBank accession no. AF442689). PCR detection of
the ITS site confirmed the presence of Trichobilharzia DNA in the snail; sequence analysis
of the PCR product showed 98% similarity with T. szidati DNA (GenBank accession no.
AY713973). PCR products obtained after performing ITS PCR on water samples were purified
for sequence analysis, which revealed Echinostoma DNA sequences but no Trichobilharzia
sequences. Water quality was in compliance with European bathing water legislation (data
not shown).
Table 3
Microbiological, physical and esthetic parameters determined in water from the
recreational lakes the IJzeren Man and the Wed during the 2004 bathing season and the
standard values for these parameters as required by European Bathing Water Directive
76/160/EEG
parameter

The IJzeren Man

The Wed

EU standard

total coliforms (cfu/ 100 ml)
faecal coliforms (cfu/ 100 ml)
transparency (m)
pHc
water temperaturec (° C)
colour, odour, scum, oil, litterd

44a
83a
1.7a
8.1 - 10.0
16 - 22
no abnormalities

43b
40b
0.9b
8.5 - 9.5
14 - 23
no abnormalities

10.000
2.000
1-2
6-9
no abnormalities

a: average of 7 data points
b: average of 6 data points
c: observed range
d: identical observation on all sampling dates
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Although the symptoms suggested that the cases reported from the Wed in 2004 had
cercarial dermatitis, the diagnosis was not supported by the detection of the parasite
Trichobilharzia. The detection of Trichobilharzia in a water sample and a snail from the
Wed in 2005, however, confirmed the cases of presumptive cercarial dermatitis reported in
2005 and supports the hypothesis that the children participating in the holiday camps in the
summer of 2004 indeed had swimmers’ itch.
Snails (Radix spp.) collected from the IJzeren Man in August 2004 did not shed ocellate
furcocercaria; data on snail size are not available. The Radix spp. collected in September 2004
had shell heights ranging from 5 to 15 mm, with the majority of shells being 10 mm high. In
the tap water in which release of cercariae from Radix spp. was stimulated, large numbers
of ocellate furcocercariae were detected by microscopy. The presence of Trichobilharzia was
confirmed by PCR detection of the ToSau3A repeat. ToSau3A positive bands were purified
for sequence analysis. Comparison of the detected sequences with other sequences in the
GenBank database showed 95% similarity with the ToSau3A region of T. ocellata (GenBank
accession no. AF442689) and 94% with the ToSau3A region of T. regenti (GenBank accession
no. AF442688). Sequence analysis of purified ITS PCR products encountered problems with
Echinostoma DNA as described earlier.
In two of four water samples from Prinsenmeer taken in 2006, PCR detection of the ToSau3A
repeat confirmed the presence of Trichobilharzia. Sequence analysis of the PCR products
showed 95–97% similarity with T. ocellata DNA sequences in the GenBank database
(GenBank accession no. AF442689). No snails were found in this lake and an epidemiological
study was not performed. Water quality was in compliance with European bathing water
legislation (data not shown).
The detection of Trichobilharzia in fresh water snails and water samples from recreational
lakes that met European bathing water standards confirms that legislation based on faecal
indicator parameters does not protect bathers from conditions caused by micro-organisms
of non-faecal origin. Although the revised European Bathing Water Directive (Anonymous
2006a) does require appropriate monitoring and adequate management measures when
proliferation of cyanobacteria, which are also of non-fecal origin, is expected and health
risks are presumed, it does not address cercarial dermatitis.
The presence of Trichobilharzia in snails from the IJzeren Man in 2004, water and snails from
the Wed in 2005 and water from Prinsenmeer in 2006 was demonstrated by microscopy and
confirmed by PCR. Dvořák et al. (2002) showed that sequences of the internal transcribed
spacers ITS1 and ITS2 can be used for species identification. We were however unable to
obtain Trichobilharzia ITS sequences from the IJzeren Man and the water sample from
the Wed due to the presence of Echinostoma DNA. The primers that were used in the ITS
PCR (Dvořák et al. 2002) amplified a generic DNA fragment that resulted in equally sized
PCR products for both Trichobilharzia and Echinostoma. For further characterization of the
Trichobilharzia DNA optimization of the PCR protocol is required and will be performed.
Species identification by sequence analysis was further hampered by the complicated
phylogeny within the genus Trichobilharzia. Nomenclature is still subject of debate (Horák
et al. 2002) and at present DNA sequence data are only available for four Trichobilharzia
species: T. ocellata, T. szidati, T. regenti and T. franki (Rudolfová et al. 2005). Sequence
analysis of the DNA of various Trichobilharzia isolates demonstrated that recent European
descriptions of T. ocellata (including those from The Netherlands by Sluiters (1983)) were
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identical with T. szidati. We observed that ToSau3A sequences obtained from L. stagnalis
from the Wed identified T. ocellata. ITS sequences obtained from the same specimen
identified T. szidati, suggesting that these Trichobilharzia species may be identical.
We demonstrated that direct detection of Trichobilharzia in water samples by concentration
followed by PCR is possible. The method however requires further evaluation since PCR
can detect DNA from both live as well as deteriorated organisms. Background signals of
Trichobilharzia DNA in lakes that do and do not have a history of cercarial dermatitis need to
be established. When sampling water for direct detection of Trichobilharzia, it is important
to take into account the wind direction, and sample the upper water layer. Cercariae
released from snails display a positive phototactic and a geonegative orientation and
tend to be present in the upper layers of the water body (Horák et al. 2002). Cercariae are
capable of active movement but wind and water ﬂow transport them over longer distances
(Horák et al. 2002). As we demonstrated, samples containing cercariae are most likely taken
at beaches with onshore breeze. If this method appears broadly applicable, it saves the
time-consuming and sometimes hazardous collection of snails and the tedious microscopic
examination that does not always produce unambiguous results (Rudolfová et al. 2005). The
method is a valuable tool for confirmation of presumptive outbreaks when snails cannot be
found in the suspected water and public health protecting measures are necessary at short
notice.

Conclusions
The detection of Trichobilharzia in fresh water snails and water samples from recreational
lakes that met European bathing water standards confirmed that legislation based on faecal
indicator parameters does not protect bathers from conditions caused by micro-organisms
of non-faecal origin.
Despite a relatively low response, epidemiological data suggested that longer and more
frequent exposure to the water resulted in an increase in reported symptoms of cercarial
dermatitis and confirmed the importance of exposure as a risk factor.
Optimization of the current ITS PCR protocols is needed to enable Trichobilharzia species
identification when DNA of other parasites such as Echinostoma is present.
A novel method for direct detection of Trichobilharzia, which includes concentration of a
water sample by filtration and detection of the parasite by PCR proved a valuable and simple
tool for confirmation of presumptive outbreaks, particularly when snails could not be found
in the suspected water and public health protecting measures were necessary.
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Abstract
In case of cercarial dermatitis after exposure to freshwater lakes, managers responsible for
bathing water quality wish to confirm the presence of Trichobilharzia, which substantiates
taking measures to protect bathers from further exposure. A novel approach, including
concentration of suspected water samples by filtration and PCR detection of the parasite,
is proposed. This approach has been applied to bathing sites with a history of cercarial
dermatitis, sampled from 2005 to 2008. Examination of snails, the standard procedure
for confirmation of the parasite’s presence, and analysis of water samples, appear to be
complementary procedures that enhance the chance of parasite detection in implicated
bathing water. Water analysis is particularly valuable when snails cannot be found; it
confirmed the presence of Trichobilharzia on 25% of sampling days with reported skin
conditions and no snails found. PCR of the ToSau3A repeat directly confirmed the parasite in
the water. The application of the combination of analysis of water samples and examination
of snails is suggested when cases of (presumptive) cercarial dermatitis are reported or when
lakes with a history of cercarial dermatitis are inspected prior to the bathing season in order
to guide interventions to prevent (further) cases of swimmers’ itch.
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Introduction
Exposure to recreational water may have adverse health effects due to the presence of
human pathogenic micro-organisms in the water. In The Netherlands, the most frequently
reported disorders related to exposure to surface water are skin conditions. A substantial
part of the patients that report these skin conditions have (presumptive) cercarial dermatitis
(Schets & de Roda Husman 2007, 2008a). Cercarial dermatitis has been recognized as an
increasing problem with respect to recreation in surface water not only in The Netherlands
and Europe (De Gentile et al. 1996; Kolářová et al. 1999; Loy & Haas 2001; Zbikowska 2004;
Jouet et al. 2008; Fraser et al. 2009), but also in other parts of the world (Rao et al. 2007;
Valdovinos & Balboa 2008).
Cercarial dermatitis or swimmers’ itch is primarily caused by the larvae (cercariae) of the
schistosome Trichobilharzia. This parasite of water fowl has a two-host life cycle with
freshwater snails as the intermediate host in which asexual multiplication takes place.
Mature cercariae are released from the snail tissue into the water and penetrate the skin
of a new final host. Physical and chemical factors stimulate attachment to and penetration
of the host skin. The similarity of lipid concentrations in the skin of water birds and humans
explains why cercariae also penetrate the skin of swimmers. In humans, cercariae generally
penetrate the dermis and epidermis and are subsequently captured and destroyed by the
human immune system. Cercarial dermatitis is an allergic response to this penetration
represented by maculopapular skin eruptions and (intense) itching of the skin (Horák &
Kolářová 2001). Upon first exposure symptoms are mild or absent, but repeated contact
with cercariae may lead to more severe symptoms and may also include fever, limb swelling,
nausea and diarrhoea (Horák et al. 2002).
In case bathers report symptoms of cercarial dermatitis after exposure to recreational
lakes, managers responsible for water quality and safe bathing wish to confirm whether
Trichobilharzia is present in the bathing water or not. If the presence of the parasite can be
confirmed, Trichobilharzia is considered as the most likely cause of the reported symptoms,
although it should be borne in mind that the symptoms may also be caused by other microorganisms, insects or algae. Upon confirmation of the presence of Trichobilharzia, measures
to protect bathers from further exposure may be taken, which mainly comprise of putting
up warning signs or installing a swimming ban and attempting to remove snails from the lake
or at least from the bathing zone.
In The Netherlands, the standard procedure to demonstrate the presence of Trichobilharzia
in recreational lakes consists of snail collection, stimulating the shedding of cercariae from
the collected snails in the laboratory and confirmation of the presence of Trichobilharzia
cercariae by microscopy. This procedure is, however, labour intensive and prone to errors
particularly when done in routine laboratories that do not have specific parasitological
expertise. Erroneous identification of cercariae may result in ongoing exposure of bathers
(if the conclusion is that they are not Trichobilharzia, while in fact they are), or in putting up
warning signs or installation of swimming bans whilst this is unnecessary (if the conclusion
is that they are Trichobilharzia, while in fact they are not). Moreover, in The Netherlands
(presumptive) cercarial dermatitis is often reported whilst snails cannot be found in the
implicated water (Schets et al. 2008b) and also, collected snails do not always shed cercariae
(Loy & Haas 2001; Zbikowska 2004). Therefore, a novel approach for the confirmation of
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Trichobilharzia in bathing water including concentration of water samples by filtration and
PCR detection of the parasite in these samples is proposed. Previously, Hertel et al. (2002)
aimed at developing a method for PCR detection of Trichobilharzia in lakes. This method
successfully detected Trichobilharzia cercariae that were added to snail and plankton
samples, but is was, however, not tested on water samples.
The proposed novel approach was applied to three different bathing sites with ongoing
reports of cercarial dermatitis sampled from 2005 until 2008. Detection of Trichobilharzia in
surface waters used for bathing was optimized and compared to the standard procedure of
snail collection and examination in order to guide interventions to prevent (further) cases of
cercarial dermatitis among bathers.

Materials and Methods
Sampling sites and sampling
Water samples were taken from oﬃcial bathing sites with a history of cercarial dermatitis
problems; all samples were taken between 8 and 11 a.m. Het Wed is a dune lake along
the North-Holland coast (52°23’ N, 4°35’ E), both Prinsenmeer (51°25’ N, 5°44’ E) and
Westpolderplas (51°35’ N, 4°39’ E) are recreational lakes located in the south of The
Netherlands, in the province North-Brabant close to Eindhoven and Breda, respectively.
Samples were taken during the bathing seasons of 2005–2008. In 2005 and 2006 sampling
was done after the reporting of symptoms of cercarial dermatitis by bathers. In 2007 and
2008 samples were taken according to a previously set sampling plan. Since Trichobilharzia
cercariae are merely found in the upper layers of the water body and, although they are
capable of active swimming towards their hosts, are transported over longer distances
by wind and water ﬂow (Horák et al. 2002), samples were taken at beaches with onshore
winds. A wind meter (Skywatch Explorer 3) was used to determine wind direction. On
each sampling day, within a timeframe of one to two hours, samples from Het Wed and
Westpolderplas were taken at three different beaches, whereas sampling of the larger
Prinsenmeer was done at five different spots. Regardless of wind direction, a sample from
the oﬃcial bathing zone was always included. Water samples (approximately 15–20 L) were
collected in polypropylene vessels that were not submerged but filled at the water surface.
Samples were transported to the laboratory at ambient temperatures. On every sampling
day, snail collection was attempted and whenever found, snails were stored in a container
filled with water from the lake from which they were collected and transported to the
laboratory at ambient temperatures.

Concentration of water samples
Approximately 10 L of each water sample was filtered through an Envirochek filtration
capsule (Pall Gelman Laboratory, Ann Arbor MI, USA) at a ﬂow rate of 2 L/min following
the manufacturer’s instructions and the procedure described in ISO 15553 (Anonymous
2006). Additionally, another approximately 2 L of the 2007 and 2008 samples was filtered
through a 142 mm diameter 0.45 μm pore size cellulose nitrate membrane filter (type 113;
Sartorius Mechatronics Netherlands BV, Nieuwegein, The Netherlands) using standard
membrane filtration equipment. Filtered samples were eluted from the Envirochek capsules
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with approximately 130 ml of elution buffer (Anonymous 2006) by agitation in a wrist action
laboratory shaker (5 min, 600 rpm). After decanting of the eluate, the elution procedure was
repeated. A fraction of the eluate was examined for the presence of ocellate furcocercariae
by microscopy (magnification 50–100 x). The cellulose nitrate membrane filters were rinsed
with 5–10 ml of phosphate buffered saline (PBS). A fraction of the obtained suspension
was examined for the presence of ocellate furcocercariae by microscopy. Subsequently, the
membrane filters were washed with 25 ml of lysis buffer. PBS and lysis buffer were pooled and
further treated as one. Envirochek eluates and membrane filter washes were concentrated
by centrifugation (10 min, 1080 x G, without centrifuge brake), the obtained pellets were
suspended in 30–35 ml of lysis buffer and the suspensions were stored at 4 °C overnight to
allow sedimentation of large particles. DNA was extracted from the supernatants by using a
magnetic extraction kit (bioMerieux Benelux BV, Boxtel, The Netherlands) according to the
manufacturers’ instructions.

Snail processing
Shell height of each snail was measured and the snails were identified by using an identification
key (Glöer & Meier-Brook 2003). Release of cercariae was stimulated by putting snails in a
beaker with fresh tap water and placing this under a desk lamp for approximately 3 h at room
temperature (Sluiters et al. 1980). In The Netherlands, tap water is not chlorinated. The tap
water was subsequently examined for the presence of ocellate furcocercariae by microscopy
(magnification 50–100 x). Volumes of 30–50 ml of the tap water were filtered through a 0.4
μm pore size polycarbonate membrane filter (Isopore; Millipore, Billerica, USA) which was
washed with approximately 10 ml of lysis buffer. DNA was extracted as described above.

Molecular detection of Trichobilharzia DNA
The presence of Trichobilharzia in the water samples was demonstrated by using different
PCR methods that targeted different parts of the Trichobilharzia genome. Detection of the
Trichobilharzia ToSau3A tandem repeated sequence was done as described by Hertel et
al. (2002), whereas detection of the ITS1 and ITS2 regions was performed as described by
Dvořák et al. (2002). PCR of the D2 domain was performed as described by Jouet et al. (2008).
Direct sequence analysis of the obtained PCR-products allowed either detection of the genus
Trichobilharzia (ToSau3A) or identification of the Trichobilharzia species present (ITS and D2).

Results
Water
From 2005 until 2008 a total of 79 water samples were taken from the three recreational
lakes on 21 different days; snails were found on 10 of these days. On four other sampling days
snails were found and tested, but water samples were not taken. Trichobilharzia was detected
in water samples by ToSau3A PCR and in snails by microscopy on two of these 10 days (Table
1). PCR also demonstrated the presence of the parasite in water samples taken on two other
days on which snails were not found (Table 2). In total, Trichobilharzia was detected by PCR
in five of 79 water samples (6%). Microscopic examination of all concentrated water samples
did not result in any positive finding and may therefore be omitted from the procedure.
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Positive PCR results were obtained with ToSau3A PCR only. The ITS1 and ITS2 and D2 primers
did not yield DNA fragments that could be identified as Trichobilharzia DNA. Sequence
analysis of the obtained ITS and D2 PCR products neither provided information on the
presence of Trichobilharzia, nor on which Trichobilharzia species was present in the water.
Attempts to optimize ITS PCR by using other primer combinations (ITS3 and ITS4, ITS2 and
ITS5, ITS4 and ITS5) did not result in the intended enhanced specificity.
In 2007 and 2008, water samples were concentrated by use of Envirochek capsules and
membrane filters in parallel, yielding one sample positive with both membrane filter and
Envirochek and another sample positive with membrane filter only.
Table 1
The presence of Trichobilharzia in snails and water samples from dune lake Het Wed and the
reporting of skin conditions by bathers, 2005–2008

date

water samples

snails

Trichobilharzia
no. positive/total

no.

skin condition
reported
microscopy

18-7-05
30-6-06
26-5-08

yes
yes
no

0/2
0/3
0/3

02-7-08
29-7-08
19-8-08
total

no
yes
no
–

0/3
0/3
0/3
0/17

species

size
(mm)

PCR
2
1
17
2
0/3 30
0/3 60
1/3 9
2/17 119
2
1/2
0/3
0/3

Trichobilharzia
no. positive/total
microscopy

L. stagnalis
L. stagnalis
L. stagnalis
Radix spp.
L. stagnalis
L. stagnalis
L. stagnalis
L. stagnalis
Radix spp

35
nda
13–26
25–28
22–42
20–52
28–44
–
–

1/2
1/1
0/17
0/2
0/30
3/60
1/9
6/119
0/2

PCR
1/2
nda
0/17
nda
0/30
3/60
1/9
5/118
nda

a: analysis not done

Snails
At each of the six sampling days snails were found in Het Wed, whereas they were regularly
found (six of nine days) in lake Westpolderplas but were recovered from lake Prinsenmeer
on two of ten sampling days only (Tables 1–3). The majority of snails were identified as
Lymnaea stagnalis, but some were Radix spp. and Planorbarius corneus. When combining
the results of the entire study period, microscopic examination demonstrated that 5% of the
L. stagnalis from Het Wed (n=6), 0% of the L. stagnalis from Prinsenmeer (n=0) and 12% of L.
stagnalis from Westpolderplas (n=9) were infected by Trichobilharzia (Tables 1–3). In total,
Trichobilharzia was detected in 15 of 203 L. stagnalis (7%). The parasite was not detected in
the Radix spp. and Planorbarius corneus.
Shell height was measured for 179 of the 203 L. stagnalis examined. The average shell
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height of Trichobilharzia negative snails (n=165) was 30 mm (range 13–52 mm), whereas
the average shell height of positive snails (n=14) was 40 mm (range 26–50 mm). Infected
snails were significantly (p<0.0001) larger than non-infected snails.
Table 2
The presence of Trichobilharzia in snails and water samples from recreational lake
Prinsenmeer and the reporting of skin conditions by bathers, 2006–2008
water samples
date

27-7-06
06-6-07
18-5-07
16-7-07
27-8-07
09-9-07
10-6-08
26-6-08
14-7-08
11-8-08
total

snails

skin conditions Trichobilharzia
reported
no. positive/total

yes
yes
yes
yes
yes
yes
no
no
no
no

size
(mm)

microscopy

PCR

no.

species

0/4
0/5
0/5
0/5
0/5
0/5
0/5
0/5
0/5
0/5
0/49

2/4
0/5
1/5
0/5
0/5
0/5
0/5
0/5
0/5
0/5
3/49

0
0
0
0
0
0
0
0
4
5
9

–
–
–
–
–
–
–
–
L. stagnalis
L. stagnalis
L. stagnalis

–
–
–
–
–
–
–
–
31–44
41–47

Trichobilharzia
no. positive/total
microscopy

PCR

–
–
–
–
–
–
–
–
0/4
0/5
0/9

–
–
–
–
–
–
–
–
nda
nda

a: analysis not done

Skin conditions and parasite detection
Symptoms of cercarial dermatitis were reported on 12 of the 25 sampling days (Tables 1–3).
Examination of collected snails confirmed the presence of Trichobilharzia in Het Wed on
three days with reported health complaints, whereas simultaneous analysis of water samples
gave positive results on one of these days. Water samples from Prinsenmeer were positive
on two of eight days with reporting of skin complaints on which no snails were found. On
the other hand, one water sample from Het Wed was found positive and snails that shed
Trichobilharzia cercariae were collected from both Het Wed and the Westpolderplas in the
absence of reported (presumptive) cercarial dermatitis on three different sampling days.
Analysis of water samples and examination of snails were compared by calculating method
sensitivity and specificity (Noordhuizen et al. 1997). Analysis of water samples combined
a high sensitivity (75%) with a moderate specificity (53%) and examination of snails was
moderately sensitive (50%) and highly specific (88%), indicating that both methods produce
false-positive and false-negative results.
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Table 3
The presence of Trichobilharzia in snails and water samples from recreational lake
Westpolderplas and the reporting of skin conditions by bathers, 2007–2008

date

skin conditions
reported

water samples

snails

Trichobilharzia
no. positive/total

size
(mm)

microscopy

PCR

no.
16
1
0
0
20
3
0
19
1
2

31-7-07

yes

nda

nda

27-8-07
09-9-07
17-4-08
22-5-08
16-6-08
17-7-08

yes
yes
no
no
no
no

0/2
0/2
nda
nda
0/3
0/3

0/2
0/2
nda
nda
0/3
0/3

25-8-08
22-9-08
total

no
no

0/3
nda
0/13

0/3
nda
0/13

9
8
75
2
2

species
L. stagnalis
Radix spp.
–
–
L. stagnalis
L. stagnalis
–
L. stagnalis
Radix spp.
Planorbarius
corneus
L. stagnalis
L. stagnalis
L. stagnalis
Radix spp.
Planorbarius
corneus

Trichobilharzia
no. positive/total
microscopy PCR

22–41
13
–
–
nda
nda
–
24–50
12
21

0/16
0/1
–
–
0/20
0/3
–
8/19
0/1
0/2

0/16
nda
–
–
nda
nda
–
8/19
nda
nda

24–45
29–41

0/9
1/8
9/75
0/2
0/2

nda
nda

a: analysis not done

Discussion
Analysis of water samples and examination of collected snails from bathing sites with cercarial
dermatitis problems appear to be complementary procedures in terms of sensitivity and
specificity that, when performed simultaneously, increase the probability of Trichobilharzia
detection and thus provide substantiation of measures to be taken to protect bathers from
further exposure and prevent additional cases of swimmers’ itch.
The standard procedure of snail collection and examination does not always provide the
required information on parasite presence. Snails cannot always be found (Schets et al.
2008b) and due to the low prevalence of Trichobilharzia in snails, collected snails do not
always shed cercariae (Loy & Haas 2001; Zbikowska 2004). In these situations analysis of
water samples could give a decisive answer on parasite presence, which was the case on
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25% of the sampling days with reported skin conditions on which snails could not be found.
Although positive water samples confirm the presence of the parasite, negative water
samples do not necessarily indicate its absence. False-negative water samples most likely
result from non-coinciding sampling and release of cercariae from snails into the water or
spatial heterogeneity, but also from parasite concentrations that are below the detection
limit of the PCR methods used. However, true negative water samples and snails may occur
when reported symptoms are not caused by Trichobilharzia, but by other (micro-)organisms
in the water or through other exposure routes than recreational water.
Due to the low number of positive samples obtained during the parallel use of Envirochek
capsules and membrane filters for concentration of water samples, it is impossible to draw
conclusions on superior suitability of one of the filters. Membrane filters are cheaper, easier
to handle and require simpler equipment, but further comparison should ground whether
they are the best choice.
Direct confirmation of the presence of Trichobilharzia in concentrated water samples and
snails appeared to be possible with the ToSau3A PCR only. Due to lack of specificity, both the
ITS and D2 PCR did not only amplify DNA fragments of Trichobilharzia, but also of Echinostoma
and Diplostomum. Sequence analysis of the obtained fragments did not provide information
on the presence of Trichobilharzia, nor on the Trichobilharzia species present. However,
confirmation of the presence of Trichobilharzia, without species identification, as done by
ToSau3A PCR, is suﬃcient for water quality managers who should take action in response to
the reports of cercarial dermatitis.
Positive snails confirmed the presence of Trichobilharzia on several sampling days with
reported symptoms of cercarial dermatitis, but were also found in the absence of reported
skin conditions. A limited number of exposed bathers most likely caused the absence of
reports of cercarial dermatitis despite the presence of Trichobilharzia, because sampling
according to the sampling plan coincided with periods of cool, cloudy and rainy weather or
was done after the oﬃcial bathing season. However, underreporting of cases of cercarial
dermatitis may also play a role since people may be inclined to refrain from reporting mild
symptoms. Moreover, delayed development of more serious symptoms and a time gap
between exposure, seeking health care and reporting to health authorities may blur the
relation between recreational water contact and reported health complaints.
The prevalence of Trichobilharzia positive L. stagnalis was variable: none of the collected
snails from lake Prinsenmeer was infected with the parasite, whereas 5–12% of the snails
from the other two lakes was positive. This variable prevalence is in concurrence with the
results obtained by Loy & Haas (2001) in their 20-year study of a pond system in Germany.
They observed a high variation in prevalence of bird schistosomes in L. stagnalis between
different ponds and also for individual ponds over different years, which they however could
not attribute to ecological characteristics. The overall prevalence of Trichobilharzia in 43441
L. stagnalis examined in the German study was 0.17%. Ferté et al. (2005) found the parasite
in 0.4% of 2304 examined L. stagnalis from a French lake with cases of cercarial dermatitis.
The overall prevalence in L. stagnalis from the three Dutch lakes was 7%, which may be truly
higher due to the inclusion of recreational lakes with known cercarial dermatitis problems
only, but may also be distorted by the low number of 203 snails examined. The lack of
detection of Trichobilharzia in other snail species is most likely the result of the very low
number of specimens of these species examined. The reported prevalence of Trichobilharzia
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in Radix spp. is generally low, ranging from 0.05%–0.07% in France (Ferté et al. 2005, Jouet et
al. 2008) and 0.24% in Germany (Loy & Haas 2001) to 4.8% in Iceland (Skírnisson & Kolářová
2008). In their review, Horák et al. (2002) mention reports of Trichobilharzia cercariae in
snails of the family Planorbidae, to which Planorbarius corneus belongs, but they caution
that these cercariae may be of Trichobilharzia species with unknown lifecycles or belong to
another genus.
Besides Trichobilharzia cercariae, the examined L. stagnalis also contained cercariae of
Diplostomum and Echinostoma, and Xiphidiocercariae. Some snails had mixed infections of
Diplostomum and Trichobilharzia, but the exact number of snails with these mixed infections
was not recorded. Mixed infections of bird schistosomes in L. stagnalis were previously
reported by Loy & Haas (2001) who found Diplostomum cercariae combined with each of
the other cercariae they detected. Mixed infections may hamper correct identification of
cercariae.
Trichobilharzia positive L. stagnalis snails were significantly larger than negative snails. This
may be due to parasite-induced gigantism (Horák et al. 2002), but likewise it may be the
effect of snail age (Graham 2003). Older and thus larger snails are more likely to have a
patent infection than juvenile snails smaller than 10 mm (Sluiters et al. 1980). Loy & Haas
(2001) collected snails with shell height of at least 35 mm only and thus did not generate
data on smaller snails. Of the 14 Trichobilharzia positive snails we collected, three (21.4%)
were smaller than 35 mm (26, 32 and 33 mm). It is therefore suggested that snails of at least
20 mm are collected for examination.
Both examination of snails and analysis of water samples have their limitations and thus it
is suggested that the search for snails and water sampling is done simultaneously, both in
case of reports of (presumptive) cercarial dermatitis or when lakes with a history of cercarial
dermatitis are examined prior to the bathing season. Since examination of snails more
often demonstrated the presence of Trichobilharzia than did analysis of water samples, the
analysis of environmental samples preferably starts with examination of collected snails,
followed by analysis of water samples in case of negative results. In the absence of snails,
analysis of water samples would be a useful alternative.
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Abstract
Several marine Vibrio species are human pathogens that have increasingly been associated
with wound and ear infections after exposure to contaminated bathing waters both in NorthWest Europe and the United States. Monitoring of four bathing sites in The Netherlands in 2009
for human pathogenic Vibrio species to observe possible associations with environmental
conditions and health complaints showed that waters were generally positive for Vibrio from
May until October. Median Vibrio concentrations in positive samples ranged from 4 to 383
MPN per litre with maximum values of 105 MPN per litre. Three slightly different enrichment
procedures were used to isolate Vibrio species with different growth requirements. Isolated
Vibrio species included V. alginolyticus (50.6%) and V. parahaemolyticus (8.5%) from bathing
sites with salinities ranging within 2.8–3.5% and V. cholerae non-O1/O139 (6.9%) from sites
with much lower salinities (0.007–0.08%). Although more samples were positive for Vibrio
at elevated water temperatures, a quantitative relation between Vibrio numbers in water
samples and the water temperature was not observed which may be explained by maximum
water temperatures of 21 °C. Active surveillance yielded one case of a recreational waterrelated Vibrio infection. V. cholerae non-O1/O139 was cultured from the patient’s wound
and the implicated bathing water; PFGE profiles of the isolates were not identical. The
number of patients that contracts a Vibrio infection through exposure to Dutch bathing
waters seems low, but may be underestimated. The common occurrence of Vibrio species
in these waters stresses the need for providing information on Vibrio to prevent infections.
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Introduction
Vibrio species are inhabitants of various aquatic environments; they are more common
at water temperatures over 17–20°C. The different species tolerate a range of salinities
(Morris 2003). Like other marine bacteria, Vibrio species enter a viable but non culturable
state to survive adverse environmental conditions (Roszak & Colwell 1987). In this state,
bacterial metabolic activities are minimal and bacteria cannot be cultivated, but they retain
pathogenicity (Baffone et al. 2003) and when conditions become more favourable the
organisms can be readily resuscitated (Roszak & Colwell 1987).
Several Vibrio species are human pathogens that have been associated with wound
infections (V. alginolyticus, V. vulniﬁcus) and ear infections (V. alginolyticus) after exposure
to contaminated waters, and gastroenteritis (V. parahaemolyticus, V. cholerae non-O1/
O139, V. ﬂuvialis) after consumption of contaminated food (Austin 2010). V. vulniﬁcus may
also cause more serious complications such as septicaemia, but these are rare and mainly
occur in the immunocompromised or people with underlying illness (Oliver & Kaper 1997;
Morris 2003; Austin 2010). V. cholerae O1/O139 can cause acute watery diarrhoea (cholera)
in humans, which can lead to death, if left untreated (Oliver & Kaper 1997).
During the warm summer of 2006, an increase in the number of bathers with Vibrio infections
was reported from several countries in North-West Europe. Wound infections associated
with contact with Baltic Sea water were reported from Germany (V. vulniﬁcus) (Frank et al.
2006) and South-East Sweden (V. cholerae non-O1/O139) (Andersson & Ekdahl 2006). In
Denmark, 14 human infections with marine bacteria of the genus Vibrio were diagnosed that
were mainly wound and ear infections caused by V. alginolyticus and V. parahaemolyticus.
(Andersen 2006). Four people in The Netherlands developed V. alginolyticus infections
after swimming in the Oosterschelde, a large inlet on the North Sea, at separate but nearby
locations. Two patients had wound infections and two had ear infections (Schets et al. 2006,
2008). Both V. alginolyticus and V. parahaemolyticus were found in water samples from the
Oosterschelde.
Surveillance of recreational waterborne disease outbreaks in the United States has revealed
143 Vibrio cases in 2003–2004 and 189 in 2005–2006 (Dziuban et al. 2006; Yoder et al.
2008). The most frequently isolated species was V. vulniﬁcus, followed by V. alginolyticus
and V. parahaemolyticus. Wound and skin infections were the most frequently observed
symptoms, mostly accounted for by V. vulniﬁcus, which also caused severe illness, such as
bacteraemia, shock and amputations, and death. V. alginolyticus accounted for the majority
of ear infections. In January 2007, vibriosis was added to the list of nationally notifiable
diseases in the United States (Dziuban et al. 2006; Yoder et al. 2008).
In the European Union, bathing waters are monitored for faecal indicator parameters
according to the European Bathing Water Directive (Anonymous 2006a). European bathing
water legislation does not address the monitoring of indigenous waterborne pathogens
such as Vibrio. Several studies, performed in Canada (Badley et al. 1990), Italy (Dumontet
et al. 2000) and Brazil (Gonzalez et al. 2009), have shown the lack of a quantitative relation
between Vibrio spp. and faecal indicator parameters such as faecal coliforms, Escherichia
coli and enterococci. These findings suggest that bathing water legislation based on faecal
indicators does not provide suﬃcient protection for bathers against infections with Vibrio
spp. However, a positive correlation between faecal indicator counts and V. parahaemolyticus
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counts was observed by Robertson and Tobin (1983) and Watkins and Cabelli (1985). In
these studies, the effect of sewage on V. parahaemolyticus densities was believed to be
indirect, through input of nutrients, which favoured the growth of V. parahaemolyticus.
A study that was performed in The Netherlands in the 1990s demonstrated the presence of
V. parahaemolyticus, V. alginolyticus and V. vulniﬁcus in various water samples taken from
the North Sea (Veenstra et al. 1994), however no information on faecal contamination of the
sea water was provided. More recent data on the occurrence of Vibrio spp. in Dutch coastal
bathing waters are lacking, or comprise of data addressing the Oosterschelde only (Schets
et al. 2006, 2008). Moreover, since vibriosis (except V. cholerae O1/O139 infections) is not
a notifiable disease in The Netherlands, knowledge of the number of patients that contract
Vibrio infections due to exposure to recreational waters is limited.
This study aimed at the quantification and typing of potentially human pathogenic Vibrio
species in marine and fresh bathing waters in The Netherlands. Variations of the enrichment
procedure were used to allow isolation of Vibrio species with different growth requirements.
Vibrio numbers in bathing water were related to environmental conditions such as water
temperature and salinity, and European legislative requirements for bathing water quality.
Active surveillance for patients with ear and wound infections caused by Vibrio spp. related
to exposure to recreational waters was performed.

Materials and Methods
Sampling sites and sampling
Water samples were taken at four bathing sites that were designated as oﬃcial bathing
sites for which water quality data were annually reported to the European Commission:
Bergen aan Zee (Bergen, North Sea; N52°39.622’, E004°37.577’), Enkhuizen (IJsselmeer;
N52°41.483’, E005°16.815’), Katwijk aan Zee (Katwijk, North Sea; N52°12.908’, E004°23.975’)
and Bergsediepsluis (Tholen, Oosterschelde; N51°30.726’, E004°10.501’). Sampling was
done according to ISO 19458 (Anonymous 2006b) at biweekly (May up until September
2009) or four weekly (April and October 2009) intervals. The site Binnenschelde (Bergen op
Zoom, N51°29.145’, E004°16’.586) was sampled once (July 14th, 2009), following a reported
human Vibrio infection on July 13th, 2009. Water temperatures were recorded on site at the
time of sampling. Samples were transported to the laboratory on melting ice (Anonymous
2006b) and analysed within 24 h from sampling.
Salinity in the Oosterschelde ranges within 2.8–3.1%, in the North Sea it ranges within
3.4–3.5% (data provided by National Institute for Coastal and Marine Management,
Middelburg, The Netherlands). The salinity of the IJsselmeer water is variable, depending
on the amount of salt water entering the lake from the Wadden Sea, but generally ranges
within 0.007–0.015% near the Enkhuizen sampling point (data provided by Rijkswaterstaat
IJsselmeergebied, Lelystad, The Netherlands). In the Binnenschelde, salt concentrations
range between 0.04 and 0.08% (data provided by Water Board Brabantse Delta, Breda, The
Netherlands).
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Vibrio detection in water samples
All water samples were tested for the presence of Vibrio spp. by using a culture method that
included enrichment of the samples in alkaline buffered peptone water (ABPW, pH 8.6 + 0.2;
Biotrading, Mijdrecht, The Netherlands) prior to cultivation on Thiosulphate Citrate Bile
Sucrose agar (TCBS, pH 8.6 + 0.2; Tritium Microbiology, Eindhoven, The Netherlands). Three
variants of the enrichment step were applied in parallel: 1) incubation of ABPW for 6–8 h
at 36 + 2 °C, 2) incubation of ABPW for 18–20 h at 41.5 + 1 °C (Anonymous 2007), and 3)
enrichment in ABPW without NaCl, incubated for 18–20 h at 36 + 2 °C (Schets et al. 2010).
Enrichment procedures 1), 2), and 3) were applied to all samples from the Oosterschelde,
the IJsselmeer, and the sample from the Binnenschelde, whereas enrichments 1) and 3)
were applied to all samples from the North Sea; choices were driven by the availability of
laboratory capacity and based on previous research (Schets et al. 2010). The method was
done in a three-tube-five-dilutions Most Probable Number (MPN) format; sample volumes
of 100, 10, 1, 0.1 and 0.01 ml were tested in triplicate. Sample volumes of 0.01 to 1 ml
were directly inoculated into 10 ml portions of ABPW; the 10 and 100 ml sample volumes
were membrane filtered (Millipore, 0.45 μm pore size; Millipore corporation, Billerica,
USA), followed by incubation of the membrane filters in 50 ml portions of ABPW. From all
ABPW cultures, a 10 µl loop was spread onto TCBS plates which were incubated at 36 + 2 °C
for 16–20 h. Presumptive Vibrio spp. colonies on TCBS were smooth and either green
(presumptive V. parahaemolyticus, V. mimicus or V. vulniﬁcus) or yellow (presumptive V.
cholerae, V. alginolyticus or V. ﬂuvialis). For further identification, five yellow and five green
colonies per sample, if present, were individually grown on Marine Agar plates (BD Difco,
Breda, The Netherlands) that were incubated at 36 + 2 °C for 16–20 h. Colonies were taken
from the smallest and second smallest sample volume that produced colonies on TCBS.
The obtained pure cultures were tested for oxidase activity by using DrySlides (BD BBL, Breda,
The Netherlands), and sensitivity for the vibriostatic agent O129 by using 10 μg and 150 μg
disks (Oxoid Ltd., Cambridge, UK). For identification of isolates, the API20E identification
system (bioMérieux, Marcy L’Etoile, France) was used according to the manufacturer’s
instructions which include suspension of presumptive Vibrio isolates in 0.85% NaCl solution.
Isolates identified as V. cholerae were tested for the presence of O1 (Vibrio Cholerae
Antiserum Poly; BD Difco, Breda, The Netherlands) and O139 (Vibrio Cholerae Antiserum
Bengal; Denka Seiken Co, Coventry, United Kingdom) antigens with agglutination tests.
Additionally, all isolates identified as V. cholerae and V. parahaemolyticus by API20E, were
subjected to molecular testing.

Molecular detection of pathogenicity genes in V. parahaemolyticus and
V. cholerae isolates
Isolates identified as V. parahaemolyticus or V. cholerae were subjected to DNA extraction
using NucliSense magnetic silica particle suspension (bioMérieux, Boxtel, The Netherlands)
following the manufacturer’s instructions. V. parahaemolyticus DNA was tested for the
presence of the outer membrane protein regulation operon gene (toxR), the thermostable
direct haemolysin gene (tdh) and the tdh-related haemolysin gene (trh) by PCR, using
primers and applying PCR conditions identical to those described by Wagley et al. (2008).
V. cholerae DNA was used as a template in a multiplex real time PCR for detection of the
gene encoding the central regulatory protein toxR and the cholera toxin ctxA gene as
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follows. A 25 μl reaction mixture consisted of (final concentration): 1 × Probe Mastermix
(cat. nr. 04707494001; Roche Nederland BV, Woerden, The Netherlands), 400 nM of each
of the toxR and ctxA forward and reverse primers (Table 1), 200 nM of each of the 5’ probes
within the toxR and ctxA gene (Table 1), and 5 μl DNA template. Primers and probe for the
toxR PCR were designed using AlleleID software (Premier Biosoft International, Palo Alto,
CA, USA); those for the ctxA PCR were constructed according to Blackstone et al. (2007). All
primers and probes were purchased from Biolegio (Nijmegen, The Netherlands). Real time
PCR thermal cycling was done using a Roche LC480 system with an initial denaturation and
polymerase activation step at 95 °C for 3 min, followed by 40 cycles of 15 s denaturation at
95 °C and 60 s annealing at 60 °C. Fluorescence signals were measured in each cycle, at the
end of the annealing step. Positive controls were V. parahaemolyticus strains (tdh+/trh-,
tdh+/trh+, tdh-/trh-) provided by the Centre for Environment, Fisheries and Aquaculture
Science (Cefas), Weymouth, UK, and V. cholerae O1 Inaba (NCTC8039) and O139 biotype
Bengal (BD94-00410) provided by The Laboratory for Infectious Diseases and Perinatal
Screening of the National Institute for Public Health and the Environment.
Table 1
Primers and probes used in a multiplex real time PCR for the detection of toxR and ctxA
genes in V. cholerae isolates
target
gene

primer/
probe

nucleotide sequence

amplicon size
(bp)

toxR

forward
reverse
probe

5’-GTGCCTTCATCAGCCACTGTAG-3’
5’-AGCAGTCGATTCCCCAAGTTTG-3’
5’-Cy5-CACCGCAGCCAGCCAATGTCGT-BHQ2-3’

89

ctxA

forward
reverse
probe

5’-TTTGTTAGGCACGATGATGGAT-3’
5’-ACCAGACAATATAGTTTGACCCACTAAG-3’
5’-FAM-TGTTTCCACCTCAATTAGTTTGAGAAGTGCCC-BHQ2-3’
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Enumeration of faecal indicators in water samples
In all water samples, faecal indicators E. coli and intestinal enterococci were enumerated by
using the membrane filtration methods as specified in European Bathing Water Directive
2006/7/EC (Anonymous 2006a) according to ISO 9308-1 (Rapid Test) (Anonymous 2000a)
and ISO 7899-2 (Anonymous 2000b), respectively.

Surveillance of patients with Vibrio infections
Clinical microbiology laboratories in the Dutch provinces adjacent to the North Sea, the
Oosterschelde and the IJsselmeer tested all ear and wound swabs that were submitted for
clinical diagnosis from June up until September 2009 for the presence of Vibrio spp. Swabs
were spread onto TCBS agar plates that were incubated at 36 + 2 °C for 16–20 h. Isolates
from positive cultures were sent to the National Institute for Public Health and Environment
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(RIVM) where they were stored. Taking into account laboratory and hospital privacy policies,
patients with Vibrio infections were contacted and asked for their consent to participate in
the study. An employee of a local public health service, or a physician treating the patient,
administered a short questionnaire to patients that agreed to participate. Questions were
about bathing water exposure that might have resulted in the Vibrio infection; if a bathing
site was identified, sampling of the bathing water was done as soon as possible. Patients
with gastroenteritis were not included because Vibrio associated gastroenteritis through
recreational water exposure is rare (De Wit et al. 2001; Yoder et al. 2008) and such infections
are unlikely to occur due to the high infectious dose (US-FDA 2005).

Pulsed-field gel electrophoresis of V. cholerae isolates
The genetic relatedness of V. cholerae isolates from water and patients was determined
by molecular typing using pulsed-field gel electrophoresis (PFGE). DNA was prepared
according to the PulseNet standardized PFGE protocol for sub typing of V. cholerae with
minor modifications (Cooper et al. 2006). In brief, agarose plugs were made by mixing 150
μl of cell suspensions with an optical density of 0.40–0.45 with 150 μl 1% NuSieve GTG
agarose (Lonza, ME, USA). Lysis of the cells in the plugs was done in lysis buffer (50 mM Tris,
50 mM EDTA pH 8.0, 1% sarcosine, 0.5 mg/ml proteinase K) for 1 h at 54 °C. Subsequently,
the plugs were washed twice with ultra pure water and four times with TE buffer (10 mM
Tris, 1 mM EDTA pH 8.0) for 10–15 min at 50 °C. The extracted genomic DNA was digested
in a restriction enzyme mixture containing 20 Units of SﬁI (20 units/μl stock; New England
Biolabs Inc., MA, USA) for 24 h at 50 °C after which the restriction mixture was replaced
with 0.5 × TBE buffer (Biorad, Milan, Italy). Chemical reagents were purchased from SIGMA
(Milan, Italy) unless indicated otherwise. PFGE separation was done by using the CHEF DRII
device (Biorad, Hercules, CA, USA). The electrophoresis conditions consisted of a two-block
program: 1) ramp times set for an initial switch time (IST) of 2 to a final switch time (FST)
of 10 s, run time 13 h; 2) ramp times set for an IST of 20 to a FST of 25 s, run time 9 h. Both
blocks were run with a gradient of 6.0 V/cm, at 14 °C. After electrophoresis, the gels were
stained with ethidium bromide (50 μg/ml) for 30 min and then destained in 0.5 × TBE buffer
for 1 h. The banding patterns were interpreted visually by published guidelines (Tenover et
al. 1995). Each profile was indicated with a capital letter.

Data analysis
The maximum likelihood method was used to estimate the most probable numbers of
total Vibrio spp. in the water samples by using Mathematica 5.1 (Wolfram Research Inc.,
Champaign, USA).
Pearson’s correlation coeﬃcients were calculated by using Excel 2003 (Microsoft Corporation,
Redmond, Washington).

7

Results
Vibrio detection in water samples
Vibrio spp. were detected at all studied sites; the number of positive samples, the observed
Vibrio concentrations and the isolated Vibrio species were different for each site, as were
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the results obtained with the different enrichment procedures.
Oosterschelde samples were positive from May up until October 2009; North Sea samples
contained Vibrio from late May up until October 2009, although not all samples were positive.
Samples from the IJsselmeer were incidentally positive from May up until October 2009.
Oosterschelde samples were more often positive, after enrichment 2) (18–20 h 41.5 °C) and
the observed Vibrio concentrations were generally higher as compared with enrichment
1) (6–8 h 36 °C). The number of positive samples from the IJsselmeer was too small to
allow comparison of enrichment procedures 1) and 2). In general, samples were less often
positive with enrichment 3) (w/o NaCl 18–20 h 36 °C), and in positive samples, the Vibrio
concentrations were lower, compared to the other two enrichment procedures. Enrichments
1) and 3) yielded equal Vibrio numbers in the one sample from the Binnenschelde, whereas
enrichment 2) yielded a lower number (Table 2).
The three enrichment procedures yielded different ratios of Vibrio species. The predominant
Vibrio species isolated from all three enrichments was V. alginolyticus, but its part declined
when the incubation temperature was elevated to 41.5 °C (procedure 2) or enrichment
was done in broth without sodium chloride (procedure 3). Most V. cholerae isolates were
obtained with enrichment 2), but the bacterium was also recovered with enrichments 1)
and 3). V. ﬂuvialis was not found with enrichment 2), whereas V. parahaemolyticus was only
found with enrichment 1). Enrichment at 36 °C in broth without sodium chloride (procedure
3) enhanced growth of Aeromonas and other non-Vibrio species (Figure 1).

Figure 1
Vibrio species and competition ﬂora isolated by applying enrichment in ABPW for 6–8 h
at 36 + 2°C , in ABPW for 18–20 h at 41.5 + 1°C, and in ABPW without sodium chloride for
18–20 h at 36 + 2°C
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Table 2
Vibrio concentrations in water samples from various recreational sites in The Netherlands;
water temperatures were recorded on site while sampling
site

Oosterschelde

Katwijk

Bergen

IJsselmeer

enrichment
procedurea

1
2
3
1
2
3
1
2
3
1
2
3

Vibrio (MPN/L)

water temperature (°C)

range

mean

median

range

mean

median

0–149357
31–239790
0–424
0–230
ndb
0–1469
0–2312
ndb
0–428
0–23116
0–92
0–4

23448
28527
111
43
ndb
140
282
ndb
67
2170
12
3

383
2256
36
9
ndb
0
4
ndb
1
0
0
0

9.7–20.4

16.1

16.6

9.6–20.9

16.0

16.4

10.8–20.3

16.1

16.4

11.2–20.8

17.1

17.9

a: Vibrio counts were obtained by applying different enrichment procedures: 1) in ABPW for 6–8 h at 36 + 2°C, 2)
in ABPW for 18–20 h at 41.5 + 1°C and 3) in ABPW without sodium chloride for 18–20 h at 36 + 2°C.
b: not done

Vibrio species isolated
Overall, 447 isolates from water samples were obtained and identified of which 50.6%
were V. alginolyticus (n=226) and 8.5% were V. parahaemolyticus (n=38). All API20E species
identifications displayed similarity with reference profiles in the API database (%ID) of 95% or
above. All V. parahaemolyticus isolates were toxR positive, but did not possess the virulence
genes tdh and trh confirming other published results on environmental V. parahaemolyticus
(Masini et al. 2007; Wagley et al. 2008). All 31 V. cholerae isolates (6.9%) were non-O1/
O139; 27 isolates survived storage and were tested for toxR and ctxA genes, of which 24
were toxR positive and none contained the ctxA gene. Six isolates (1.3%) were V. ﬂuvialis
and another 112 isolates (25.0%) were Aeromonas spp., whereas the remaining 7.6% were
neither Vibrio nor Aeromonas spp., but were not further identified (Table 3).
Most V. alginolyticus strains were isolated from Oosterschelde and North Sea samples,
whereas the majority of the V. cholerae non-O1/O139 isolates were recovered from
IJsselmeer and Binnenschelde samples. Some V. cholerae non-O1/O139 came from
Oosterschelde samples, but this bacterium was not isolated from North Sea samples.
Aeromonas was isolated from all sampling sites, but most frequently from the IJsselmeer
(Table 3).
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Water temperature
At all sampling sites, the water temperature ranged from 10 to 20-21 °C during the study
period (Table 2). A quantitative relation between the water temperature and Vibrio
concentrations in water samples, i.e. high levels of Vibrio at high water temperatures, was
not observed, however, water samples were more often positive with increasing water
temperature. When the water temperature declined to below 11 °C Vibrio was no longer
detected in any of the water samples.
Table 3
Vibrio species and competition ﬂora isolated from various recreational waters in The
Netherlands
species

number (%) of Vibrio species per sitea
Oosterschelde Katwijk

V. alginolyticus
V. parahaemolyticus
V. cholerae non-O1/O139
V. ﬂuvialis
non-Vibrio
Aeromonas
total

121 (69.5)
14 (8.0)
2 (1.2)
1 (0.6)
21 (12.1)
15 (8.6)
174

46
11
0
0
11
8
76

(60.5)
(14.5)
(0)
(0)
(14.5)
(10.5)

Bergen
59
10
0
5
3
1
78

(75.6)
(12.8)
(0)
(6.4)
(3.8)
(1.3)

IJsselmeer

Binnenschelde

0 (0)
3 (2.9)
15 (14.6)
0 (0)
2 (1.9)
83 (80.6)
103

0
0
14
0
0
2
16

(0)
(0)
(87.5)
(0)
(0)
(12.5)

a: sites Oosterschelde, Katwijk, Bergen and IJsselmeer were sampled 11 times from April up until October 2009,
site Binnenschelde was samples once in July 2009

Faecal indicators
Water quality at the studied sites was generally good. In most samples, faecal indicator levels
were below the mandatory 95-percentile values for good quality of coastal and transitional
waters according to European Bathing Water Directive 2006/7/EC, i.e. 500 cfu/100 ml
E. coli and 200 cfu/100 ml intestinal enterococci (Table 4). Occasionally, these values were
exceeded, at all sites, except Bergen. Sampling days with elevated faecal indicator levels
were not characterized by heavy rainfall on that day or the preceding days (www.knmi.nl),
so higher faecal indicator levels were not attributable to sewage overﬂows. Other possible
contamination sources were not identified. Overall correlation between E. coli and Vibrio
counts was moderate (r=0.71), but correlation was strongly variable for different sites,
ranging from strong for the Oosterschelde (r=0.8) to absent for the IJsselmeer (r=0.04). The
overall correlation between intestinal enterococci and Vibrio counts was weak (r=0.27),
but again there was considerable variation between sites, ranging from strong for Bergen
(r=0.87), through moderate for the Oosterschelde (r=0.55), to weakly negative for the
IJsselmeer (r=-0.16) and Katwijk (r=-0.25).
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Table 4
E. coli and intestinal enterococci concentrations in water samples from various recreational
sites in The Netherlands
site

Oosterschelde
Katwijk
Bergen
IJsselmeer

E. coli (n/100 ml)

intestinal enterococci (n/100 ml)

range

mean

median

range

mean

median

0–4100
10–1145
0–61
6–1000

437
227
16
221

13
34
6
95

0–291
0–350
0–21
0–260

48
52
3
56

10
13
0
29

Human cases
One case of a bathing water related Vibrio infection was reported. The patient fell during
a visit to oﬃcial bathing site Binnenschelde on July 4th 2009, got injured and developed a
serious wound infection within several hours which led to hospitalization. The patient was
treated with ciproﬂoxacin and fully recovered. Two V. cholerae non-O1/O139 isolates were
cultured from the wound. Both isolates were toxR positive and ctxA negative.

PFGE of V. cholerae non-O1/O139 isolates
Clonal diversities were observed in V. cholerae non-O1/O139 isolates from geographically
different sampling sites, but also in isolates from the same site: PFGE of 22 V. cholerae
non-O1/O139 isolates from four water samples yielded 14 different PFGE profiles (Figure
2). V. cholerae non-O1/O139 isolates from the Binnenschelde showed a greater richness
in PFGE profiles (10 profiles for 13 isolates) in comparison to IJsselmeer isolates (3 profiles
for 8 isolates). The PFGE profiles of the two isolates from the patient were identical, but
this profile did not match with any of the 10 PFGE profiles of the 13 isolates from the one
Binnenschelde water sample.
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Figure 2
PFGE profiles of V. cholerae non-O1/O139 isolates. Lanes 1–9, 11–13 and 20: isolates from
Binnenschelde with profiles A4, A, A, C, C1, D, E, F, G, H, F, I, and C; Lane 10: Lambda Ladder
PFG marker (New England Biolabs Inc., MA, USA); Lanes 14 and 21: patient isolates with
profiles L and L; Lanes 16–19 and 22–25: isolates from IJsselmeer with profiles M, M, N, N,
O, O, O, and O; Lane 15: isolate from Oosterschelde with profile B.

Discussion
Water temperature and salinity
Pathogenic Vibrio species were detected at various bathing sites in The Netherlands; levels
were not very high (<10–105 per litre) compared to numbers found in bathing waters in Italy,
with levels of up to 107–108 per litre at water temperatures of 25–26 °C (Masini et al. 2007).
During the summer of 2009, water temperatures in Dutch bathing waters were not very
high and always below 21 °C. This may explain the low numbers and the absence of a clear
quantitative relation between Vibrio numbers in water samples and the water temperature.
The isolated species V. alginolyticus and V. cholerae non-O1/O139 are of relevance in relation
to bathing water activities because of their association with bathing water related infections
(Andersen 2006; Andersson & Ekdahl 2006; Schets et al. 2006, 2008), but V. vulniﬁcus,
the major cause of bathing water related infections in the United States (Dziuban et al.
2006; Yoder et al. 2008), was not isolated. In the United States, however, most V. vulniﬁcus
infections were the result of exposure to the Gulf of Mexico, where water temperatures
in summer are much higher than water temperatures in the North Sea. V. vulniﬁcus numbers
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rapidly increase with increasing water temperatures up to 26 °C (Motes et al. 1998), and with
increasing water temperatures as a result of global warming, V. vulniﬁcus may also be isolated
from Dutch coastal waters, since its presence was previously shown (Veenstra et al. 1994).
More recently, V. vulniﬁcus has been isolated from the geographically nearby Baltic Sea in
Germany where the bacterium caused wound infections in people that were exposed to
Baltic Sea water (Ruppert et al. 2004; Frank et al. 2006). In the current study, V. vulniﬁcus
may not have been isolated due to low water temperatures, but the lack of isolation may
also be the result of overgrowth by V. alginolyticus during culturing, for this species was
abundantly present in the analysed samples. Application of a modified detection method to
future samples, e.g. using Chromagar Vibrio as the plating medium after enrichment, may
elucidate whether this is the case.
The Vibrio species that were isolated from the various sampling sites reﬂect their ability to
tolerate different salinity levels. V. alginolyticus, V. parahaemolyticus and V. ﬂuvialis, species
that tolerate higher salt concentrations (Oliver & Kaper 1997), were isolated from sites
with high salinity (Oosterschelde and North Sea). The study sites with much lower salinity,
IJsselmeer and Binnenschelde, yielded almost exclusively V. cholerae non-O1/O139 isolates.
These sites provide a more favourable environment for Vibrio species that prefer lower
salinity, such as V. cholerae (Oliver & Kaper 1997), but also V. vulnificus (Motes et al. 1998).

Enrichment procedures
The merit of an enrichment procedure, in terms of total Vibrio spp. levels detected and
variety of species isolated, depended on the predominant species present, which was
strongly associated with the salinity of the water under investigation. From IJsselmeer and
Binnenschelde, sites with low salinity, the predominant V. cholerae non-O1/O139 could
be isolated by using all three enrichments. From the Oosterschelde, with higher salinity
and V. alginolyticus dominance, V. cholerae non-O1/O139 isolation required enrichment
conditions that were less favourable for V. alginolyticus. These observations confirm
previous results (Schets et al. 2010). Surprisingly, V. parahaemolyticus could only be isolated
from enrichment cultures grown for 6–8 h at 36 °C and not from those grown for 18–20 h at
41.5 °C, although the bacterium is capable of growth at these conditions; growth in ABPW
without sodium chloride was not expected to be abundant since V. parahaemolyticus does
not prosper at low salinity (Oliver & Kaper 1997). The detection method for V. parahaemolyticus
and V. cholerae in food and environmental samples in the area of food production according
to ISO/TS 21872-1 (Anonymous 2007) requires incubation of ABPW at 41.5 °C. Application
of this enrichment procedure to water samples may thus result in lack of detection of
V. parahaemolyticus, and underestimation of the number of positive samples in case V.
parahaemolyticus is the only Vibrio species present. This may, however, also be true for the
detection of V. parahaemolyticus in shellfish.
The choice of an enrichment procedure may be guided by knowledge regarding salinity
of, and predominant Vibrio species in, the water to be examined, and the aim of the
investigation. Enrichment at 41.5 °C yielded the highest number of samples positive for
total Vibrio spp., which may be the result of the longer incubation period, but missed all
V. parahaemolyticus, suggesting that a combination of enrichment procedures may be
required when identification of all species present is aimed for. Enrichment in broth without
sodium chloride is not recommended for the analysis of marine, brackish and fresh bathing
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waters because it enhanced growth of non-Vibrio species.

V. cholerae non-O1/O139 from water and patient
V. cholerae non-O1/O139 isolates from water and patient did not possess the ctxA gene. The
absence of this gene in environmental and clinical V. cholerae non-O1/O139 has previously
been described (Singh et al. 2001; Blackstone et al. 2007; Fraga et al. 2007). The toxR gene
is commonly present in all V. cholerae, but its absence in V. cholerae non-O1/O139, as
observed in three isolates from Dutch bathing waters, has also been reported by others
(Singh et al. 2001; Fraga et al. 2007).
The V. cholerae non-O1/O139 isolates from the patient with the wound infection and those
from the Binnenschelde water sample did not have identical PFGE profiles. However, this
does not exclude recreational contact with the implicated bathing water as the cause of the
infection. Only one water sample was taken from the Binnenschelde site ten days after the
patient was exposed, and only a limited number of typical colonies from each enrichment
procedure were subjected to further identification and molecular typing. Molecular analysis
by PFGE indicated a substantial clonal heterogeneity among the V. cholerae non-O1/
O139 isolates from the Binnenschelde suggesting that selection of colonies on the basis
of phenotypic appearance does not allow identification of all clones. Previous reports
concerning Vibrio infections linked to bathing in the Baltic Sea did not perform molecular
analysis of the isolates (Ruppert et al. 2004 ; Andersson & Ekdahl 2006; Frank et al. 2006).
Our results, in view of increasing relevance of such infections, underline the need of further
molecular studies on a larger number of clinical isolates and isolates from water samples to
understand clonal distribution within seawater V. cholerae non-O1/O139 isolates in relation
to bacterial pathogenicity, water salinity or other environmental parameters.

Public health
The number of cases of Vibrio infections detected by active surveillance during the summer
of 2009 was low. This may be due to relatively low bathing water temperatures during this
summer, but it may also be an underestimation of the number of cases as a result of the
study design. Medical microbiology laboratories are generally associated with hospitals
and examine clinical specimens from patients that usually endure more serious infections.
Patients with mild illness that either or not visit their general practitioner are missed.
In a follow-up study, this issue will be addressed by seeking cooperation with general
practitioners. At present, data on recreational water related Vibrio infections in other
European countries are not publicly available for comparison.
The common occurrence of Vibrio species in Dutch bathing waters, even at relatively low
water temperatures, indicates that education of public health workers, bathing water
managers and the general public is essential to prevent Vibrio infections from bathing water
exposure especially in high risk populations such as people with underlying illness or people
with open wounds (Weiss et al. 2010). In future years, when water temperatures in Western
Europe increase due to global warming, more favourable growth conditions for indigenous
waterborne pathogens such as marine Vibrio species may develop (Hunter 2003; Schijven &
de Roda Husman 2005). As a result, the number of Vibrio cases due to bathing water contact
may increase and illness may be more severe if species such as V. vulniﬁcus or V. cholerae
become more abundant.
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Legislation and risk assessment
European bathing water legislation
Bathing water quality monitoring according to European bathing water legislation
(Anonymous 1976; Anonymous 2006) is based on faecal indicator parameters. The water
quality in the majority of the bathing waters in The Netherlands complies with European
standards for bathing water quality. Nevertheless, as described in this thesis, recreational
waterborne disease outbreaks are reported each year during the bathing season (Chapter
2). The majority of these outbreaks encompass outbreaks of swimmers’ itch caused by the
parasite Trichobilharzia. This parasite is of non-faecal origin and is therefore, like other
pathogens of non-faecal origin, not covered by current bathing water legislation. Outbreaks
of gastroenteritis are the second largest group of outbreaks reported, that occur despite
compliance with standards for faecal indicator parameters.
The legally required bathing water quality testing is done on a regular basis, but the frequency
is low: sampling of oﬃcial bathing sites is done once every two weeks and information on
water quality in between samplings is not available, although it has been demonstrated
that variation in faecal indicator levels in time may be considerable (Bordalo 2003; Nevers
& Whitman 2010). Moreover, the results of water quality monitoring that are reported back
from the laboratories to the responsible authorities do not reﬂect current bathing water
quality but water quality of a few days earlier. The entire process of bathing water sampling,
sample transport, performing analytical procedures and reporting of results may take three
up to five days. So, by applying this approach, it is impossible to proactively protect bathers
during their visit to a bathing site from actual health risks imposed by pathogens of faecal
origin. The revised European Bathing Water Directive 2006/7/EC (Anonymous 2006) has
made a step forward by introducing the imperative establishment of so-called bathing water
profiles, and classification criteria for water quality at bathing sites. Bathing water profiles
are comparable to water safety plans for drinking water (WHO 2008) and sanitary surveys
for shellfish production areas (European Communities 2004). They include all possible
sources that might have a deteriorating effect on bathing water quality, whether they are of
faecal origin or not (e.g. Ostoich et al. 2010). The classification criteria qualify bathing waters
on the basis of long-term (i.e. four subsequent bathing seasons) faecal indicator monitoring
results thus aiming at limiting the effect of short term ﬂuctuations in faecal indicator levels
in surface waters on classification. Classification gives an indication of the general bathing
water quality at a site based on historic data; degradation to a lower or upgrading to a
higher quality class is done after the monitoring data of the most recently elapsed bathing
season have been added.
European bathing water legislation does not provide nor require standard values for indicator
parameters in single bathing water samples, which trigger action once exceeded during
the current bathing season. However, legislation does require the provision of adequate
information to the public e.g. on short-term pollution events. To be able to provide such
information, responsible authorities request standard values for single samples. The choice
of these values is ongoing subject of debate among researchers and policy makers in many
European countries, because bathing water that satisfies the indicator levels that determine
classification may still be associated with increased health risks as suggested by the
outcome of bathing water trials in which the level of no adverse health effects for indicator
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parameters was determined (Kay et al. 1994; Wiedenmann et al. 2006). Consequently,
choosing strict standard values, as the outcomes of the bathing water trials suggest, will
result in exceeding these values at many bathing sites at many instances, despite current
classification indicating good or excellent water quality. Choosing less stringent values e.g.
based on the indicator levels that determine classification, will lead to increased health risks
for bathers. Nevertheless, none of the chosen single sample values will solve the problem
of authorities responding to non-compliance in the past and providing information to the
public on bathing water quality of a few days earlier. So, single sample standard values do
not adequately protect public health and the public may be better informed on short-term
pollution events based on bathing water profiles or predictive models (Telech et al. 2009;
Wong et al. 2009).
For the time being, the combination of regularly reviewed and, if necessary, updated, bathing
water profiles, and classification of bathing waters based on long term monitoring results
seems a better choice for protection of public health than depending on single sample
results. The European Bathing Water Directive requires a minimal reviewing frequency, but
demands an earlier updated profile in case of significant local changes (Anonymous 2006).
One could, however, debate about the classification criteria and the number of samples used
to classify sites. According to European bathing water legislation 95-percentile values of 200
to 400 enterococci per 100 ml classify bathing sites as excellent or good (Anonymous 2006);
however, at this level of enterococci, one in 10 to 20 swimmers may contract gastroenteritis
per single exposure (WHO 2003). More stringent classification criteria should be based on a
tolerable level of risk of illness, which most likely is lower than 5 to 10 percent per occasion.
Additionally, the use of a relatively low number of samples for classification may lead to
misclassification of bathing sites resulting in inadequate protection of public health (WHO
2009). With a biweekly sampling scheme, each five-month bathing season accounts for ten
to 12 samples per bathing site, producing a total of 40 to 50 data points used for classification.
WHO suggests using 100 samples for classification to minimize misclassification to less
than 1%. The percentage of misclassification should be as low as possible to avoid contact
with bathing water of poor quality on the one hand, and to avoid unnecessary economic
losses on the other hand. This requires intensification of the monitoring frequency to at
least one sample per week, which has the additional advantage of more up-to-date detailed
information on bathing water quality during the current bathing season.

Risk assessment approach
In future, a more effective approach for adequate protection of bathers may be a
combination of a high frequency monitoring system using rapid detection methods such
as quantitative PCR or microarrays, information available from bathing water profiles and
risk assessment, as is also suggested by WHO (2003), and currently explored in the US and
Australia (Ashbolt et al. 2010; Nevers & Whitman 2010). We suggest that for bathing water
such an approach is not solely based on indicator parameters and (index) pathogens of
faecal origin, but that it also includes non-faecal waterborne (index) pathogens. However,
most of the reported studies exploring rapid detection methods focus on quantification of
faecal indicator parameters (Haugland et al. 2005; Wade et al. 2006; Griﬃth et al. 2009).
An example of a risk assessment approach already in use is the quality control of drinking
water in The Netherlands according to the Dutch Drinking Water Act (Anonymous 2001): high
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frequency monitoring of faecal indicator and process indicator parameters is supplemented
with risk assessment based on pathogen data in source water and determination of the
elimination capacity of water treatment processes. The Act requires monitoring of index
pathogens representing enteric bacteria (Campylobacter), viruses (enteroviruses) and
protozoan parasites (Cryptosporidium and Giardia) and specifies an acceptable risk of less
than one infection per 10000 inhabitants per year due to consumption of untreated drinking
water. The selection of pathogens to be included in bathing water monitoring could be done
through prioritizing etiological agents that have been identified in surveillance or outbreak
studies. Surveillance data from The Netherlands indicate that this selection should at least
include Trichobilharzia and Pseudomonas aeruginosa (Chapter 2), whereas data from the US
(Craun et al. 2005) and the UK (Smith et al. 2006) suggest also considering Cryptosporidium
spp., Giardia spp., Shigella spp., Escherichia coli O157, and norovirus. At present, risk
assessment for most waterborne pathogens is hampered by lacking dose-response relations.
Pathogen monitoring at about 650 oﬃcial bathing sites requires significant laboratory
capacity and funding, and may only be feasible when rapid tests for the simultaneous
detection of indicators and pathogens can be used, thus implying the need to focus research
on development of such tests. As for drinking water, an acceptable risk of infection from
bathing in surface water must be decided upon, which is scientifically sound, acceptable to
the general public, and feasible for bathing water management, while taking into account
the health benefits of bathing, and that zero risk in life does not exist. The aim should be
the establishment of a balance between an acceptable level of risk and an acceptable level
of swimming bans. This requires input from the general public, experts, policymakers and
responsible authorities. The results of bathing water trials and outbreak studies can be used
to ground a scientific basis, whereas evaluation of bathing water monitoring data can give
insight in the effect of a suggested or intended tolerable risk level.

Surveillance
Underreporting of cases
Surveillance systems commonly face underreporting of cases and may have a tendency
towards the more severe cases because these patients consider their condition serious
enough to seek medical attention or report to the authorities responsible for bathing water
quality (Craun et al. 2001). Underreporting of cases of recreational water associated illness
may result from dispersion of bathers to other parts of the country after their visit to a
bathing site. If these people contact their local physician, the connection with other possible
cases and a common exposure may be lost. Even more, patient and physician may not even
associate the health complaints with bathing in surface water. Consequently, the case will
be treated as a single case, lacking a common exposure with other cases and not meeting
outbreak criteria, and is therefore not further investigated nor included in surveillance of
recreational waterborne illness, although it may be part of an unidentified diffuse outbreak.
In our analysis of data from the Dutch surveillance of recreational waterborne illness
(Chapter 2), we have included all reports of illness associated with untreated recreational
water that comprised of two or more persons (with an exception made for inclusion of
single cases of leptospirosis and wound infections), thus following the CDC definition of
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a waterborne disease outbreak (Yoder et al. 2008). About 30% of the reports received
concerned single cases of illness; a significant proportion of these cases had skin conditions
(43%) and about one third (35%) had symptoms of gastroenteritis. The exclusion of these
single cases from the data analysis will have contributed to underreporting of recreational
water associated illness. It is therefore useful to study these single cases to estimate to what
extent they contribute to underreporting. This may be done by retrospectively scrutinizing
the yet available data for information about single cases, but also by collecting data through
general practitioners who are specifically asked to include bathing water exposure in their
anamneses. Such a study should include general practitioners in a wide area, for possible
identification of diffuse outbreaks. Illness and exposure data for single cases may be collected
through questionnaires, whereas clinical samples may be analysed for identification of
the aetiology of the illness. This approach requires the inclusion of an adequately defined
control group.
Underreporting may also occur when clusters of recreational water associated cases are
not recognised, because the level does not exceed the level of such cases that occur in the
general population resulting from various exposures, which may be the case for recreational
waterborne Cryptosporidium and Giardia infections in The Netherlands. These protozoan
parasites have been detected in Dutch recreational waters despite compliance with
standards for faecal indicator parameters specified in European bathing water legislation
(Chapter 3). Cryptosporidium and/or Giardia outbreaks associated with untreated
recreational water use have not been reported in The Netherlands to date, but case-control
studies identified swimming as a risk factor for sporadic Cryptosporidium and Giardia
associated diarrhoea (Van Asperen et al. 1996; De Wit et al. 2001). Although Yoder et al.
(2010) identified swimming in fresh water as one of the risk factors for cryptosporidiosis and
giardiasis transmission, the number of Cryptosporidium and Giardia outbreaks associated
with recreational water reported worldwide is limited (Karanis et al. 2007). However,
Cryptosporidium outbreaks related to drinking water consumption and use of swimming
pools frequently occur in the United States and the United Kingdom. Despite demonstrated
contamination of Dutch swimming pools with Cryptosporidium and Giardia, and an identified
health risk from these protozoan parasites through exposure to these swimming pools,
outbreaks in The Netherlands have not occurred thus far (Schets et al. 2004). The infection
risks for Cryptosporidium and Giardia from swimming in surface water estimated on the
basis of (oo)cyst counts in recreational lakes (Chapter 3) and bather exposure data collected
through questionnaires (Chapter 4) were low: a factor ten to thousand below the estimated
baseline average risk of gastroenteritis due to Cryptosporidium and Giardia infections in
the general Dutch population (de Wit et al. 2001). These estimates indicate that it is likely
that the number of Cryptosporidium and Giardia cases as a result of swimming in surface
water does not contribute significantly to the baseline level of gastroenteritis cases due to
Cryptosporidium and Giardia, and most of these recreational water associated cases will go
unnoticed and will not be included in surveillance. Since the presence of Cryptosporidium
and Giardia has been demonstrated in recreational waters in non-outbreak situations,
these parasites may be among the unidentified etiological agents and account for more
gastroenteritis outbreaks related to untreated recreational water use than detected and
reported now, and thus deserve additional research efforts.
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Identification of aetiology
In outbreaks, cases have in common that they are exposed to a specific bathing site at a
particular moment in time, and even then it is diﬃcult to attribute the disease to contact
with contaminated bathing water (Craun et al. 2001). Case-control studies to investigate
the strength of an association are rarely carried out and identification of the aetiology
of an outbreak is diﬃcult. In The Netherlands, where skin conditions and gastroenteritis
are the most frequently reported recreational waterborne diseases, outbreaks of skin
conditions were far more often supported by the detection of a possible etiological agent
in the implicated bathing water than outbreaks of gastroenteritis (Chapter 2). Pathogens
that cause skin conditions, such as Trichobilharzia and P. aeruginosa, are part of the natural
aquatic ﬂora and capable of multiplication in the aquatic environment. When environmental
conditions favour their proliferation, they are likely to be present in detectable numbers.
The aetiology of gastroenteritis outbreaks for the larger part remained unknown. In most
gastroenteritis outbreaks, standards for faecal indicator parameters were not exceeded,
suggesting that there was no gross faecal contamination, thus ceasing further testing of
water samples. When examination of samples from implicated bathing water was done, it
was initiated after the reporting of health complaints. This is the normal sequence of events
that however introduces a delay of at least a few days during which pathogen numbers may
have decreased to levels that are no longer detectable.
Additionally, pathogen detection in surface waters is complicated and methods are often
hampered by various environmental factors, such as particulate matter in water bodies
affecting enumeration of Cryptosporidium and Giardia (Medema et al. 1998), or wind
direction inﬂuencing Trichobilharzia detection (Chapter 5). Therefore, the actual number of
pathogens in a water sample may be underestimated or results may be false-negative. This
stresses the need for development of rapid and sensitive detection methods for waterborne
pathogens which at present can only be detected by complicated, tedious, lengthy and
expensive methods.

Erroneous attribution of outbreaks
If the targeted waterborne pathogens cannot be detected in the implicated bathing water,
this may confirm the complicated identification of the aetiology of waterborne outbreaks,
but it may also reﬂect that the reported outbreaks resulted from other common exposures.
Outbreaks of gastroenteritis may e.g. also result from consumption of contaminated food or
drinking water, or direct person-to-person transmission, whereas outbreaks of skin conditions
may have been caused by micro-organisms, algae or jellyfish in the water, or contact with
e.g. insects such as sand ﬂeas (Talitrus saltator), plants like stinging nettle (Urtica dioica)
or giant hogweed (Heracleum mantegazzianum), or the hairs of the caterpillars of the Oak
Processionary (Thaumetopoea processionea) and the Brown-tail (Euproctis chryssorrhoea)
moths in recreational areas.
Unjust exclusion of other common exposures and erroneous attribution of such outbreaks
to recreational water contact may lead to overestimation of the total number of outbreaks
in surveillance databases, whereas attribution to the wrong waterborne pathogen will affect
the prioritization of etiological agents involved in outbreaks, thus indicating the importance
of thorough and adequate examination of possible common exposures. Nation-wide
coordination of surveillance and investigation of recreational waterborne disease outbreaks
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will aid to a standardized follow-up of reported cases, e.g. by the provision of standard
protocols and forms that clearly address the possibility of other common exposures than
recreational water contact as the cause of the outbreak. Authorities should be instructed not
to report outbreaks or cases that have a doubtful link with recreational water, and to refrain
from reporting probable aetiology without any analytical or epidemiological evidence.

Contribution to future bathing water legislation
There are numerous papers that report outbreaks of recreational waterborne disease
from countries all over the world and review papers have been published summarizing
outbreak reports for specific groups of micro-organisms such as viruses (Sinclair et al. 2009)
or protozoan parasites (Karanis et al. 2007) or focusing on particular syndromes such as
gastroenteritis (Smith et al. 2006). These reports indicate that recreational waterborne
disease outbreaks do occur worldwide, but due to limited surveillance, the actual number
of outbreaks and patients involved is unknown, and there is only sparse information on
sporadic cases (Chapter 2). We demonstrate that surveillance for recreational waterborne
disease in The Netherlands provides significant insight in the nature and severity of
recreational waterborne disease. This information may contribute to grounding of future
bathing water legislation. The identification of the types of illness that frequently occur and
those that seem of lesser relevance, directs future legislation towards inclusion of relevant
waterborne pathogens. Based on the Dutch surveillance data we suggest inclusion of the
bird schistosome Trichobilharzia, for this organism caused the majority of disease outbreaks
(Chapter 2), and propose the use of a novel molecular approach for confirmation of the
presence of this parasite in bathing water (Chapter 6). However, since other European
countries do not have (the tools for) systematic surveillance of recreational waterborne
disease outbreaks, or at least do not publish the results of such surveillance, the data
collected in The Netherlands could not be compared with those from other countries. In
Europe, bathing water legislation applies to the entire European Union, where climatic
differences between the northern and the southern countries are considerable. This
implies the importance of data collection on recreational waterborne disease throughout
the European Union to identify common patterns, which can be translated into EU-wide
legislation, or regional differences that require specific regulations. Individual member
states of the European Union can each collect their national data, but these should be
brought together in regularly published overviews, as is done in the US by CDC (e.g. Yoder et
al. 2008). Here, a covering organization such as the European Centre for Disease Prevention
and Control (ECDC) could play an important role.

Future challenges
Climate change
With the expected increase of atmospheric temperature due to global warming, bathing
water temperatures are expected to rise (IPCC 2007). Elevated water temperatures enhance
the growth of indigenous waterborne pathogens such as Vibrio spp. and P. aeruginosa.
Moreover, increase of global atmospheric temperature may result in prolonged warming
of water, enabling these indigenous pathogens to proliferate for longer periods. As a
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consequence, the time frame with high concentrations of these pathogens in recreational
waters will be extended, which may result in increased exposure of bathers. Cyanobacteria
may bloom more often and longer (Peperzak 2005) and waterborne pathogens that are
currently not indigenous may be introduced through travel or migration from warmer
countries (Semenza & Menne 2009). These exotic pathogens may have possibilities to settle
and multiply, thus potentially introducing new waterborne infectious diseases.
Enteric pathogens that enter the aquatic environment through shedding by infected hosts
cannot multiply outside the host and are subsequently inactivated in the environment.
Elevated water temperatures may increase the inactivation rate of enteric pathogens
(Schijven & de Roda Husman 2005), whereas increased UV radiation from sunlight may
cause DNA damage in various waterborne pathogens, and die-off of enteric pathogens
(Boyle et al. 2008). Decrease of enteric pathogens may have a beneficial effect on bathing
water quality.

Climate factors aﬀecting indigenous waterborne bacteria
We have demonstrated the presence of Vibrio spp. in marine and brackish Dutch bathing
waters (Chapter 7), and P. aeruginosa is a frequently detected pathogen in fresh bathing
waters in The Netherlands (Schets et al. 2006). With their ability to proliferate in warm
surface water, they both have the potential of becoming increasingly important waterborne
pathogens when water temperatures rise as a result of global warming. Vibrio spp. that
currently do not pose a serious health problem in Western Europe, such as V. vulniﬁcus,
may benefit from changing environmental conditions and find a habitat. At present, the
reported number of Vibrio cases due to recreational water contact in The Netherlands is
low, but increased numbers seem to be associated with warm summers (Schets et al. 2008),
implying that the number of cases may increase with the expected increase of atmospheric
temperature. Cases of otitis externa caused by P. aeruginosa through swimming in surface
water are common in The Netherlands, but they are underrepresented in the surveillance
database. Because of their low disease burden and common occurrence in warm summers
general practitioners generally do not report cases to public health services (Schets et al.
2006). As for Vibrio infections, the number of P. aeruginosa infections may increase with
increasing water temperatures. Adequate protection of public health related to these
pathogens includes the establishment of risk based guidelines, and education of the
public that addresses the increasingly common occurrence of these pathogens in bathing
waters, the associated health risks, and action perspectives. Establishing guidelines requires
additional monitoring of bathing waters (e.g. when water temperatures exceed 18 °C) and
active surveillance specifically addressing these pathogens. Data on pathogen levels that
pose risks of illness are currently limited or lacking.

Climate factors aﬀecting bird schistosomes
In warmer water, development of Trichobilharzia in freshwater snails accelerates resulting
in increased shedding of cercariae. If elevated water temperatures additionally result in
more dense algal populations, snails will have excessive feeding opportunities thus resulting
in higher numbers of intermediate hosts for Trichobilharzia. As a consequence of global
warming, bird migration southward decreases and birds become sedentary, leading to the
presence of the parasite’s final host for prolonged periods resulting in an extended replication
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season (Mas-Coma et al. 2009). Cercarial dermatitis caused by Trichobilharzia is one of the
major recreational water associated health conditions reported in The Netherlands to date
(Chapter 2) and has been considered an emerging disease in Europe for over a decade (De
Gentille et al 1996). With the above scenario in mind, the number of cases of swimmers’
itch may grow even further in future years and should be anticipated. For adequate public
health protection, appropriate monitoring should be requested when bathing water
profiles indicate a potential for Trichobilharzia proliferation, and when health risks from
Trichobilharzia have been identified or presumed, management measures shall be taken
to prevent exposure. Research focused on the identification of environmental factors that
relate to the occurrence of snail populations and the reproductive cycle of the parasite, may
reveal other possible measures than warning the public or installation of swimming bans,
which are currently the only available options. Moreover, the method for direct detection
of Trichobilharzia in water samples (Chapter 5, 6) requires optimization in order to provide
a robust, practical and sensitive method that can be readily applied in routine laboratories
that perform analysis of bathing water samples.

Peak concentrations of enteric pathogens
Due to climate change, more intense rainfall events are expected to occur during summers,
and with rainfall, pathogenic micro-organisms of human and animal faecal origin may
enter bathing waters through sewage overﬂow and runoff from land resulting in peak
concentrations of enteric pathogens. The effect of increased inactivation due to UV radiation
and elevated water temperatures is expected to be overshadowed by peak concentrations
(Schijven & de Roda Husman 2005). These peak concentrations determine the risk of
infection, as was demonstrated for Cryptosporidium and Giardia in recreational waters
with generally low concentrations of these parasites (Chapter 3). Here, incidental elevated
pathogen concentrations in the bathing water related to heavy rainfall events. Considering
the impact of peak events on the health risk for bathers and the diﬃculty of predicting
such events (Westrell et al. 2006), research efforts on the use of rapid detection methods
in combination with predictive models (Wong et al. 2009; Telech et al. 2009) are required.

Swimming behaviour
The resultant of the anticipated temperature increase may be that more people swim; this
may impact on bathing water quality through increased introduction of pathogens from
the bathers’ skin or excreta, either or not introduced from abroad, that may survive or
even proliferate in the water. Alternatively, extreme hot atmospheric conditions may make
people stay inside air-conditioned buildings, thus reducing the use of untreated recreational
water venues for swimming. Although the effect of increased bather density on bathing
water quality has been demonstrated (Elmir et al. 2007; Graczyk et al. 2010), neither
survival of exotic micro-organisms introduced from abroad, nor the effect of climate change
on human bathing behaviour have been subject of thorough research to date, but need to
be addressed in preparation of public health protecting measures of the future. Collected
bather exposure data (Chapter 4) require regular updates to reﬂect behavioural changes
regarding swimming in various water types.
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Closing remarks
For protection of bather’s health, current bathing water legislation is in place, based on
faecal indicator parameters and feasible for the relative ease and rapidity of the analytical
procedures. It does, however, not address waterborne pathogens, either of faecal origin or
not, and either affected by climate change or not. The growing importance of non-faecal
pathogens due to the effects of global warming may make current bathing water legislation
even less appropriate. Scientist, public health workers and policymakers may find a challenge
in drafting new sustainable bathing water legislation that protects bathers now and in the
future. Research results presented in this thesis may guide this process.
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Samenvatting
Wanneer ziekteverwekkende micro-organismen in oppervlaktewater voorkomen, kunnen
mensen die het gebruiken om in te zwemmen, surfen of duiken hier ziek van worden. In
Hoofdstuk 1 wordt beschreven hoe zwemwater besmet kan raken en welke micro-organismen
via zwemwater ziekte kunnen veroorzaken. Besmetting van oppervlaktewater met microorganismen kan van verschillende bronnen afkomstig zijn. Mensen kunnen bijdragen aan
deze besmetting doordat fecaal materiaal direct in het oppervlaktewater terechtkomt,
bijvoorbeeld tijdens zwemmen of bij het lozen van afvalwater van boten. Mensen besmetten
het water indirect wanneer (on)gezuiverd rioolwater in het oppervlaktewater terecht komt.
Dieren kunnen rechtstreeks fecaal materiaal in het water brengen waardoor bijvoorbeeld
Cryptosporidium en Campylobacter uit watervogels in het zwemwater komen, maar ook
indirect doordat dierlijke mest van landbouwgronden spoelt of dierlijke feces van stranden
in het water terecht komt.
De microbiologische kwaliteit van recreatiewater kan echter ook achteruitgaan door microorganismen die niet uit feces komen, maar door de micro-organismen die van nature in
oppervlaktewater aanwezig zijn. In oppervlaktewater zijn van nature veel verschillende
micro-organismen aanwezig en sommige van deze micro-organismen, zoals Vibrio en
Pseudomonas aeruginosa, zijn ziekteverwekkers. Bij hoge watertemperaturen kunnen
zij zich in het water vermeerderen en daardoor in aantallen aanwezig zijn die schadelijk
zijn voor de gezondheid van mensen. Andere van nature voorkomende micro-organismen
kunnen zich vermeerderen in het water door de invloed van de mens op het milieu; zo
kunnen verhoogde hoeveelheden fosfaat in het oppervlaktewater als gevolg van bemesting
van landbouwgrond de groei van blauwalgen stimuleren.
Er worden door de Nederlandse en Europese overheid eisen gesteld aan de kwaliteit van
zwemwater. Deze eisen houden in dat de mate van fecale verontreiniging van het water onder
wettelijk vastgestelde grenzen moet liggen. Of dit zo is, wordt bepaald door regelmatig de
aantallen zogenaamde fecale indicator bacteriën in het water te tellen. Deze fecale indicator
bacteriën zijn zelf geen ziekteverwekkers, maar hun aanwezigheid toont aan dat het water
fecaal verontreinigd is door mens en/of dier en dat er mogelijk ziekteverwekkers uit feces
aanwezig zijn. De wettelijke eisen aan de kwaliteit van zwemwater hebben echter geen
betrekking op ziekteverwekkers die niet uit feces afkomstig zijn. Hoofdstuk 1 gaat daarom
ook in op de lopende discussie over de geschiktheid van fecale indicator bacteriën om de
gezondheid van zwemmers te beschermen en geeft tevens aan dat dit proefschrift bijdraagt
aan het zwemwaterbeheer van de toekomst door niet alleen te kijken naar ziekteverwekkers
van fecale oorsprong maar ook naar ziekteverwekkers van niet-fecale oorsprong.
In Hoofdstuk 2 staat beschreven welke en hoeveel ziektegevallen die mogelijk te maken hadden
met recreatie in oppervlaktewater de provincies en GGD-en van 1991 tot 2007 registreerden.
In totaal over die 17 jaren waren dat 742 ziekteuitbraken (d.w.z. twee of meer personen met
dezelfde gezondheidsklachten die op dezelfde tijd en plaats contact hadden met hetzelfde
recreatiewater). De patiënten hadden voornamelijk huidklachten en maagdarmklachten, en
in mindere mate oorklachten. Leptospirose (o.a. ziekte van Weil), oogklachten en overige
klachten werden weinig gemeld. Het aantal ziekteuitbraken per badseizoen varieerde, maar
nam niet toe in de jaren waarin meer provincies en GGD-en gegevens aanleverden. Het aantal
klachten hield wel sterk verband met het aantal zomerse (maximum temperatuur > 25 °C)
141

en tropische (maximum temperatuur > 30 °C) dagen in een zomer. Dit kan komen doordat
in warme zomers meer mensen zwemmen, maar ook doordat mensen worden blootgesteld
aan water waarin meer ziekteverwekkers voorkomen. De microbiologische waterkwaliteit
kan achteruit gaan doordat grote aantallen mensen het water meer besmetten en doordat
sommige micro-organismen bij verhoogde watertemperatuur in het water vermeerderen.
In de loop der jaren verbeterde de zwemwaterkwaliteit op een toenemend aantal
zwemlocaties, voldoend aan de kwaliteitseisen in de Europese zwemwaterwetgeving, maar
het aantal gemelde ziekteuitbraken werd niet minder. Dit suggereert dat de zwemmer
niet voldoende beschermd wordt tegen ziek worden door zwemmen in oppervlaktewater
wanneer alleen de controles worden uitgevoerd die in de Europese zwemwaterwetgeving
staan. Om ziekteuitbraken door zwemmen in oppervlaktewater te voorkomen is het nodig
om alle mogelijke bronnen van verontreiniging van het zwemwater in kaart te brengen,
situaties met een verhoogd risico op verontreiniging te identificeren en alert te zijn op alle
mogelijke veranderingen die achteruitgang van de microbiologische zwemwaterkwaliteit
kunnen veroorzaken. Bovendien moet het publiek tijdig voorzien worden van de juiste
informatie zodat risicovolle situaties vermeden kunnen worden.
Hoofdstuk 3 behandelt onderzoek naar een breed scala aan wateroverdraagbare
ziekteverwekkers in twee grachten en vijf recreatieplassen in Amsterdam. Het water in deze
grachten en recreatieplassen wordt besmet door rioolwaterlozingen van woonboten, lozing
van gezuiverd rioolwater, en feces van honden en vogels. Het water in de recreatieplassen
was volgens de Europese zwemwaterwetgeving van uitstekende kwaliteit, maar toch werden
er lage aantallen Cryptosporidium en Giardia in gevonden. De waterkwaliteit in de grachten
was volgens deze wetgeving slecht; ziekteverwekkers zoals Campylobacter, Salmonella,
Cryptosporidium, Giardia, rotavirus, norovirus en enterovirus werden in het water
aangetoond. Uit berekeningen bleek dat het risico om een infectie met Cryptosporidium of
Giardia op te lopen groter was voor mensen die per ongeluk grachtenwater inslikten dan
voor mensen die water uit de recreatieplassen inslikten. De aantallen van deze parasieten
waren in de recreatieplassen veel lager dan in het grachtenwater.
Om het risico op een infectie bij zwemmen in oppervlaktewater goed te kunnen schatten is
informatie nodig over de hoeveelheid water die mensen inslikken bij het zwemmen. Deze
informatie was er nog niet. In Hoofdstuk 4 staat beschreven hoe gegevens over blootstelling
van zwemmers in zoetwater, zoutwater en zwembaden werden verzameld door aan
ongeveer 19000 personen, representatief voor de Nederlandse bevolking, vragen te
stellen over de frequentie en duur van hun zwembezoeken en de hoeveelheid water die ze
tijdens het zwemmen inslikken. De vragenlijsten werden ingevuld door 8000 volwassenen;
ongeveer een kwart daarvan beantwoordde de vragen voor hun oudste kind (< 15 jaar). De
zwemfrequentie (hoe vaak) en de zwemduur (hoe lang) waren verschillend voor mannen,
vrouwen en kinderen. Ze waren ook verschillend voor zwemmen in zoetwater, zoutwater
of zwembaden. De verschillen tussen mannen en vrouwen waren klein, maar kinderen
gedroegen zich anders: zij zwommen meer, bleven langer in het water, gingen vaker kopje
onder en slikten meer water in. Zwembaden werden het vaakst bezocht (gemiddeld
13–24 keer per jaar) en ook het langst (gemiddeld 67–81 min). Gemiddeld werden zoeten zoutwater locaties 6–8 keer per jaar bezocht en duurden bezoeken 41–79 minuten.
Afhankelijk van het watertype slikten kinderen per zwembezoek 31–51 ml water in, mannen
27–34 ml, en vrouwen 18–23 ml. Met de nieuwe gegevens over blootsteling van zwemmers,
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werd de risicoschatting uit hoofdstuk 3 herhaald. In de recreatieplassen in Amsterdam was
het gemiddelde risico op een infectie met Cryptosporidium 1 tot 5 infecties per 10000
blootgestelde zwemmers en voor Giardia varieerde het risico van 4 infecties per miljoen tot
1 infectie per 10000 blootgestelde zwemmers, afhankelijk van de aantallen Cryptosporidium
en/of Giardia in de verschillende recreatieplassen. Voor kinderen waren de infectie risico’s
het hoogst.
In hoofdstuk 2 werd duidelijk dat de meerderheid van de ziekteuitbraken die te maken
hadden met recreatiewater, uit huidaandoeningen bestond. In de meeste van deze
uitbraken hadden de patiënten zwemmersjeuk (cercariën dermatitis). Zwemmersjeuk
ontstaat doordat larven (cercariën) van de parasiet Trichobilharzia de huid binnendringen.
Hoofdstuk 5 beschrijft een aantal uitbraken van zwemmersjeuk in recreatieplassen en de
ontwikkeling van een nieuwe methode om Trichobilharzia in water aan te tonen. Onderzoek
van een uitbraak van zwemmersjeuk onder kinderen die zomerkampen in de duinen in
Noord-Holland bezochten toonde aan dat langere en frequentere blootstelling aan het
verdachte zwemwater resulteerde in meer meldingen van zwemmersjeuk.
In Hoofdstuk 6 wordt een voorstel gedaan voor een nieuwe aanpak voor onderzoek na
melding van gevallen van mogelijke zwemmersjeuk. Tot nu toe werd de aanwezigheid van
Trichobilharzia aangetoond door in het verdachte zwemwater naar slakken te zoeken en
deze te verzamelen en te onderzoeken. Dit is arbeidsintensief en gevoelig voor fouten.
Bovendien worden in het verdachte zwemwater niet altijd slakken gevonden en scheiden
verzamelde slakken niet altijd cercariën uit. Het voorstel is om bij melding van gevallen
van zwemmersjeuk zowel slakken te verzamelen als monsters water te nemen. Door
beide te onderzoeken wordt de kans op detectie van de parasiet in verdacht zwemwater
groter, wat van belang is voor het nemen van de juiste maatregelen. Monsters water
worden onderzocht door ze te filtreren en het erfelijke materiaal (DNA) van Trichobilharzia
met behulp van moleculaire methoden aan te tonen. Wanneer de aanwezigheid van
Trichobilharzia in verdacht zwemwater kan worden bevestigd, vormt dit de onderbouwing
voor het nemen van maatregelen om zwemmers te beschermen en nieuwe gevallen van
zwemmersjeuk te voorkomen. Deze maatregelen zullen veelal bestaan uit het plaatsen van
waarschuwingsborden.
Hoofdstuk 7 beschrijft onderzoek naar ziekteverwekkende Vibrio-soorten in recreatiewater.
Uit meldingen van ziektegevallen uit Noordwest Europa en de Verenigde Staten blijkt dat
verschillende Vibrio-soorten wond- en oorinfecties kunnen veroorzaken bij mensen die
hebben gezwommen in besmet oppervlaktewater. Op de vier onderzochte Nederlandse
zwemlocaties werden verschillende Vibrio-soorten in het water gevonden. Het zoutgehalte
van het water en de watertemperatuur hadden invloed op welke Vibrio-soorten waar en
wanneer werden gevonden. V. alginolyticus en V. parahaemolyticus werden gevonden in
water met een hoger zoutgehalte, terwijl V. cholerae non-O1/O139 werd aangetroffen in
water met een lager zoutgehalte. Alle Vibrio-soorten werden vaker gevonden bij hogere
watertemperatuur. Het aantal patiënten dat in Nederland een Vibrio-infectie oploopt door
zwemmen in oppervlaktewater lijkt laag, maar wordt mogelijk onderschat. Dit wordt verder
onderzocht.
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Conclusies
» Controle van zwemwater volgens de Europese zwemwaterwetgeving kan het optreden
van uitbraken van ziekte door zwemmen in oppervlaktewater niet helemaal voorkomen
doordat de fecale indicator bacteriën die gebruikt worden om de zwemwaterkwaliteit vast
te stellen onvoldoende zeggen over de aanwezigheid van alle mogelijke ziekteverwekkers
in zwemwater.
» In warme zomers treden meer ziekteuitbraken op. In zulke zomers zwemmen meer
mensen en bovendien gaat de microbiologische waterkwaliteit achteruit doordat meer
mensen het zwemwater besmetten en door vermeerdering van micro-organismen bij
verhoogde watertemperatuur.
» Lage aantallen Cryptosporidium en Giardia in recreatiewater dat voldoet aan de Europese
eisen voor zwemwaterkwaliteit vormen een gezondheidsrisico voor zwemmers, hoewel
het geschatte aantal ziektegevallen laag is.
» De frequentie en duur van een zwembezoek en de ingeslikte hoeveelheid water tijdens
het zwemmen zijn verschillend voor mannen, vrouwen en kinderen, maar ook in
zoetwater, zoutwater of zwembadwater.
» Lange en frequente blootstelling aan zwemwater waarin Trichobilharzia aanwezig is, is
een belangrijke risicofactor voor het oplopen van zwemmersjeuk.
» Door bij melding van gevallen van zwemmersjeuk zowel slakken als water te onderzoeken,
wordt de kans op het aantonen van Trichobilharzia vergroot, waardoor maatregelen
worden onderbouwd die verdere gevallen van zwemmersjeuk voorkomen.
» Ziekteverwekkende Vibrio-soorten komen algemeen voor in zwemwater, maar het aantal
Vibrio-infecties door zwemmen in Nederlands oppervlaktewater lijkt vooralsnog gering.
In Hoofdstuk 8 wordt bediscussieerd hoe de resultaten van het uitgevoerde onderzoek
kunnen bijdragen aan een betere bescherming van de zwemmer door rekening te houden
met wateroverdraagbare ziekteverwekkers van fecale en niet-fecale oorsprong, gebruik
te maken van (deels nog te ontwikkelen) snelle methoden om micro-organimsen in water
aan te tonen en informatie uit zwemwaterprofielen toe te passen. Ook wordt ingegaan op
het onderzoek dat nodig is om in de toekomst tot een verbeterde zwemwaterwetgeving
te komen, die rekening houdt met de gevolgen van klimaatverandering voor de microbiologische veiligheid van zwemwater.
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Summary
Introduction
The use of recreational water of poor microbiological quality may negatively impact on the
health of the people that are exposed during a diversity of leisure activities. Microbiological
contamination of surface waters with recreational use may arise from various human and
animal sources. Humans may contribute through direct faecal input e.g. during swimming
activities or discharge of waste water from boats, but also indirectly when (un)treated
sewage enters surface waters. Animals may bring faecal matter directly into the water, or
contribute indirectly through run-off of manure from agricultural land or washing off of
animal faeces from beaches into the water.
Current European bathing water quality standards are guided by faecal contamination events,
but the microbiological quality of bathing water may also deteriorate due to proliferation of
micro-organisms of non-faecal origin. Of the natural microbiological ﬂora in surface waters,
some micro-organisms are human pathogens that can grow in the water at elevated water
temperatures to concentrations that can harm humans, e.g. Pseudomonas aeruginosa and
Vibrio species. Other naturally occurring micro-organisms proliferate under the inﬂuence of
human changes to the aquatic environment: e.g. elevated phosphate concentrations from
fertilization of agricultural land may stimulate growth of cyanobacteria, whereas measures
taken to improve water quality are beneficial for the growth of populations of freshwater
snails that serve as intermediate hosts for bird schistosomes such as Trichobilharzia.
Chapter 1 provides an overview of micro-organisms that may give or have given rise to cases
or outbreaks of recreational water related illness, distinguishing between pathogens of faecal
and of non-faecal origin. It also addresses the ongoing discussion on the appropriateness of
the current faecal indicator parameters for predicting human health effects from recreational
water exposure, and protection of public health, for these parameters merely address
gastrointestinal illness. In future, a risk assessment based approach could provide a proper
basis for protecting bather’s health. This thesis provides data and tools to support bathing
water management of the future that considers waterborne illness and related pathogens
that are correlated with faecal contamination but also those that are not.

Surveillance
Chapter 2 describes the results of long term surveillance of recreational water related illness
in The Netherlands. Provinces and public health services reported 742 outbreaks (i.e. two
or more persons epidemiologically linked to recreational water by location, time and illness)
of recreational waterborne disease from 1991 to 2007 in which at least 5623 patients were
involved. The outbreaks mainly comprised of skin conditions (48%) and gastroenteritis
(31%), distantly followed by ear conditions (8%) and mixed outbreaks of gastroenteritis
and skin conditions (6%). Leptospirosis and health conditions categorized as ‘other’ were
each reported with a low frequency (3%) and eye conditions were rarely reported (1%). The
number of outbreaks reported per bathing season ranged from nine to 97, with a median of
43, and did not increase with increasing numbers of authorities responding. It was, however,
strongly associated with the number of summer days (with maximum temperature > 25 °C)
and tropical days (with maximum temperature > 30 °C) in a summer. This may reﬂect more
people swimming during warm summers, but also increased exposure to water of poorer
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quality due to increased bather load and proliferation of indigenous micro-organisms under
the inﬂuence of elevated water temperatures. Compliance with European bathing water
legislation did not reduce the number of outbreaks, suggesting that monitoring of faecal
indicator parameters and striving for compliance with the required water quality standards
may not suﬃciently protect bathers. Prevention of outbreaks should include identification
of all possible contamination sources and high risk situations, awareness of changes that
might negatively affect water quality, and provision of adequate and updated information
to the public.

Protozoan parasites, exposure and risk
Chapter 3 addresses the monitoring of waterborne pathogens in surface waters in
Amsterdam and the potential health risks associated with exposure to Cryptosporidium
and Giardia in these waters. Amsterdam canals and recreational lakes are microbiologically
contaminated through sewage discharge from houseboats, sewage eﬄuent, and dog and
bird faeces. During two successive one-year study periods, the water quality in two canals
and five recreational lakes was tested with regard to the presence of faecal indicators and
waterborne pathogens. According to Bathing Water Directive 2006/7/EC, water quality in the
recreational lakes was excellent based on Escherichia coli and intestinal enterococci counts,
but the water nevertheless contained low numbers of Cryptosporidium and Giardia. Water
quality in the canals was classified as poor; Campylobacter, Salmonella, Cryptosporidium
and Giardia were detected in the water, as was rotavirus, norovirus and enterovirus RNA.
Quantitative Microbiological Risk Assessment (QMRA) can provide a proper basis for
measures that protect public health, but requires solid data on swimmer exposure to be a
powerful tool. In chapter 3, preliminary exposure data were used to provide rough estimates
of the risk of infection with Cryptosporidium and Giardia. It was shown that estimated
infection risks were higher for people who accidentally swallow larger volumes of canal
water than occupational divers, and incidental peak concentrations which were related to
heavy rainfall events led to higher estimated risks of infection. At the recreational sites,
with much lower parasite concentrations, the risks of infection per exposure event were
generally 10 to 1000-fold lower than in the canals.
To provide more accurate exposure assessment, exposure data were collected in a study
among swimmers in freshwater, seawater and swimming pools (Chapter 4). Exposure data
encompass the volume of water swallowed and the frequency and duration of swimming
events. Data were collected in 2007 and 2009, through questionnaires administered to
approximately 19000 persons representative of the general Dutch population. Data collected
in 2007 and 2009 were not significantly different and were therefore pooled. Questionnaires
were completed by 8000 adults of whom 1924 additionally answered the questions for their
eldest child (< 15 years). The frequency of swimming and the duration of swimming were
different for men, women and children and between water types. Differences between men
and women were small, but children behaved differently: they swam more often, stayed in
the water longer, submerged their heads more often and swallowed more water. Swimming
pools were visited most frequently (on average 13–24 times/year) with the longest duration
of swimming (on average 67–81 min). On average, fresh and seawater sites were visited 6–8
times/year and visits lasted 41–79 min. Dependent on the water type, children swallowed
on average 31–51 ml per swimming event, men 27–34 ml, and women 18–23 ml.
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The new exposure data replace previous assumptions on swimmer exposure, thus reducing
uncertainty in risk assessment. The QMRA for Cryptosporidium and Giardia described in
chapter 3 was repeated using the new exposure data in combination with updated doseresponse information. In recreational lakes concentration differences resulted in different
estimated infection risks per person, but average infection risks generally ranged between
0.01 and 0.05% for Cryptosporidium and between 0.0004 and 0.01% for Giardia, with
highest infection risks for children.

Swimmers’ itch
Chapter 2 showed that the majority of outbreaks of recreational waterborne disease comprised
of skin conditions. Most of these outbreaks concerned patients with cercarial dermatitis
(swimmers’ itch), which is the result of the penetration of the human skin by cercariae of nonhuman schistosomes; in Europe most species belong to the genus Trichobilharzia. Chapter 5
describes the study of outbreaks of cercarial dermatitis in recreational lakes, and presents the
development of a method for direct detection of Trichobilharzia in water samples, whereas
Chapter 6 relates to a novel approach proposed for examination of environmental samples
after the reporting of cases of presumptive cercarial dermatitis.
When children attending holiday camps in the North-Holland dunes reported symptoms
of cercarial dermatitis, a standardized questionnaire with questions on health complaints
and exposure was designed, and distributed among the participants of the camps. About a
quarter (25.5%) of the questioned participants responded. Epidemiological data suggested
that longer and more frequent exposure to the suspected water resulted in increased
reporting of symptoms of cercarial dermatitis and confirmed the importance of exposure as
risk factor. The high attack rate (53%) may have been biased, since (parents of) children with
health complaints probably were more prone to return questionnaires than those without
health complaints. The examination of about 1000 Lymnaea stagnalis freshwater snails did
not reveal the presence of Trichobilharzia (Chapter 5).
The standard procedure for confirmation of the presence of Trichobilharzia includes snail
collection and examination of cercariae shed by the collected snails by using microscopy;
a labour-intensive procedure, prone to errors. Moreover, presumptive cercarial dermatitis
is often reported whilst snails cannot be found in the implicated water, and collected
snails do not always shed cercariae. The newly developed method for direct detection of
Trichobilharzia in water samples described in chapters 5 and 6 includes concentration of
water samples by filtration, and PCR detection of the ToSau3A repeat of the parasite’s DNA.
The method proved to be a valuable tool for confirmation of presumptive outbreaks of
cercarial dermatitis, although it required further optimization and evaluation. Therefore,
bathing sites with a history of cercarial dermatitis were sampled from 2005 to 2008 (Chapter
6). Simultaneous testing of collected snails and water samples demonstrated that neither
procedures always confirm the presence of the parasite. They are, however, complementary
and enhance the chance of parasite detection in implicated bathing water. Water analysis
confirmed the presence of Trichobilharzia on 25% of sampling days with reported skin
conditions and no snails found. Confirmation of the presence of Trichobilharzia in suspected
bathing waters substantiates taking measures to protect bathers from further exposure and
therefore, an approach combining the analysis of water samples and examination of snails is
suggested when cases of (presumptive) cercarial dermatitis are reported or when lakes with
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a history of cercarial dermatitis are inspected prior to the bathing season.

Vibrio
Chapter 7 describes the examination of marine and fresh bathing waters in The Netherlands
for the presence of human pathogenic Vibrio species. Several marine Vibrio species are
human pathogens that have increasingly been associated with wound and ear infections
after exposure to contaminated bathing waters both in North-West Europe and the United
States. The four monitored Dutch bathing sites were generally positive for Vibrio from
May until October 2009. Median Vibrio concentrations in positive samples obtained by
using enrichment at 36 + 2 °C ranged from 4 to 383 MPN per litre with maximum values
of 105 MPN per litre. The use of three slightly different enrichment procedures yielded the
isolation of Vibrio species that included V. alginolyticus (50.6%), V. parahaemolyticus (8.5%)
and V. cholerae non-O1/O139 (6.9%). Environmental conditions such as salinity and water
temperature were associated with the Vibrio species that were isolated and the number
of positive samples. V. alginolyticus and V. parahaemolyticus were isolated from bathing
sites with higher salinities (2.8–3.5%), whereas V. cholerae non-O1/O139 was isolated
from sites with lower salinities (0.007–0.08%). More samples were positive at elevated
water temperatures, but a quantitative relation between Vibrio concentrations and water
temperature was not observed which may be explained by maximum water temperatures
not reaching above 21 °C. Active surveillance yielded one case of a recreational water related
Vibrio infection. V. cholerae non-O1/O139 was cultured from the patient’s wound and the
implicated bathing water. The number of patients that contracts a Vibrio infection through
exposure to Dutch bathing waters seems low, but may be underestimated, however, the
common occurrence of Vibrio species in these waters stresses the need for education to
prevent infections, particularly in risk groups, such as people with underlying illness or open
wounds.

Conclusions
» Due to lacking quantitative relations between faecal indicator parameters and waterborne
pathogens of faecal and non-faecal origin, monitoring of faecal indicator parameters and
striving for compliance with standards for these parameters in European bathing water
legislation does not prevent all outbreaks of recreational waterborne disease, such as
gastroenteritis and swimmers’ itch.
» The number of outbreaks reported in a summer is strongly associated with summer
weather conditions; increased numbers of outbreaks in warm summers may reﬂect
more people swimming, but also increased exposure to water of poorer quality, arising
from increased bather load and proliferation of indigenous micro-organisms at elevated
water temperatures.
» Exposure to low levels of viable Cryptosporidium and Giardia in recreational waters
compliant with European bathing water quality standards poses a health risk for
swimmers, although the estimated number of cases is low.
» Resulting from different swimming behaviour, frequency and duration of a swimming
event, and volume of water swallowed, are different for men, women and children, and
for different water types (i.e. freshwater, marine water and swimming pools).
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» Longer and more frequent exposure to recreational waters with Trichobilharzia results in
increased reporting of symptoms of cercarial dermatitis.
» Testing of collected snails and analysis of water samples are complementary procedures
that enhance the chance of Trichobilharzia detection in bathing waters implicated in
cases of presumptive cercarial dermatitis, thus guiding interventions to prevent (further)
cases of swimmers’ itch.
» Human pathogenic Vibrio species commonly occur in bathing waters, stressing the need
for education of public health workers and the general public to prevent infections,
particularly in risk groups, such as people with underlying illness or open wounds.

Future directions
The revised European Bathing Water Directive 2006/7/EC aims at protecting bather’s
health based on faecal indicator parameters and the inclusion of bathing water profiling. It
is practical because of the relative ease and rapidity of the analytical procedures. It does,
however, not directly address waterborne pathogens, either of faecal origin or not, and
the entire process of bathing water sampling, sample transport, performing analytical
procedures and reporting of results may take several days. So, by applying this approach, it is
impossible to proactively protect bathers from actual health risks. A more effective approach
for adequate protection of bathers may be a combination of a high frequency monitoring
system using rapid (yet to be developed or evaluated) molecular detection methods such as
quantitative PCR or microarrays, information available from bathing water profiles and risk
assessment. The growing importance of non-faecal pathogens due to the effects of global
warming warrants the inclusion of non-faecal waterborne (index) pathogens. Continued
nation-wide coordinated surveillance and investigation of recreational waterborne disease
outbreaks will support the choice of pathogens relevant to be included (Chapter 8).
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Dankwoord
Het is makkelijk om bij het schrijven van een dankwoord in clichés te vervallen, maar het
is natuurlijk een feit dat dit boekje hier niet zou liggen zonder de bijdrage, in welke vorm
dan ook, van een aantal mensen. Want zonder ideeën en mogelijkheden geen onderzoek,
zonder labwerk geen data en zonder data niets om over te schrijven. Om nog maar niet
te spreken van het vertrouwen dat er achter een besluit ligt om promotieonderzoek te
starten; vertrouwen in mijn kunnen om het tot een goed einde te brengen, vertrouwen
dat het onderzoek wat zal toevoegen aan de (inter)nationale wetenschappelijke kennis. Dat
vertrouwen werd door verschillende mensen uitgesproken, in verschillende stadia van het
traject.
Alle ingrediënten waren er, en daar ben ik veel mensen dankbaar voor. Meer mensen dan
ik hier bij naam kan noemen, want in de ruim 23 jaar die ik bij het RIVM werk hebben
vele collega’s mijn pad gekruist en op verschillende manieren bijgedragen aan mijn
wetenschappelijke vorming. Sommigen deden meer dan dat: Kirsten Mooijman, Gertjan
Medema, Mahdieh Bahar, George Engels en Marcel During, het was een genoegen om
samen met jullie onderzoek te doen, en de met jullie ontstane vriendschappen koester
ik nog steeds. Dat geldt ook voor Ria de Bruin, maar Ria heeft helaas het einde van mijn
promotietraject niet meer mogen meemaken.
Voor hun bijdrage aan de succesvolle afronding van mijn promotietraject wil ik een aantal
mensen in het bijzonder bedanken.
Allereerst Arie Havelaar. Arie, onze geschiedenis gaat terug tot mijn sollicitatiegesprek in de
zomer van 1987. Jij hebt mij destijds aangenomen als (letterlijk) ‘jongste bediende’ in het
lab; je hebt me de fascinatie voor de watermicrobiologie bijgebracht, die tot op de dag van
vandaag duurt. Ik vind het leuk dat onze lange geschiedenis er nu in resulteert dat jij mijn
promotor bent en ik ben er trots op bij jou te promoveren! Ik heb veel van je geleerd en doe
dat nog steeds, want je deelt je kennis graag. Jouw heldere, kritische, maar altijd positieve,
kijk op het onderzoek heeft me tijdens dit promotietraject regelmatig geholpen. Je hebt
vanaf het allereerste begin bij het RIVM je vertrouwen in mijn kunnen laten blijken en dat
is voor mij van grote waarde geweest. Het heeft me meer zelfvertrouwen gegeven en daar
dank ik je voor.
Frans van Knapen, als tweede promotor begeleidde jij mijn promotietraject wat meer op
afstand. Met jouw enthousiasme voor mijn onderzoek heb je me gestimuleerd er iets moois
van te maken. Doordat je me voorhield dat dit boekje een deel van mijn wetenschappelijke
carrière beschrijft en geen levenswerk hoeft te zijn, want hierna kan er weer mooi onderzoek
gedaan worden en kunnen er weer goede stukken geschreven worden, heb je me geholpen
het onderzoek af te bakenen en de dikte van het boekje bescheiden te houden!
Met mijn co-promotor Ana Maria de Roda Husman heb ik de afgelopen jaren veel gedeeld. Ana
Maria, wij zijn uitgegroeid tot een hecht team dat zichzelf wel samen de pensioengerechtigde
leeftijd ziet halen, onderwijl leuk en relevant onderzoek doend! Dat is tekenend voor onze
werkrelatie, waarin we elkaar uitstekend aanvoelen. Tijdens mijn promotieonderzoek heb
ik veel aan je gehad, op inhoudelijk gebied hield je me regelmatig een spiegel voor en kon ik
heerlijk met je sparren, daarbij gebruik maken van je grote kennis en verrassende inzichten.
Maar ook mijn mentale en fysieke welbevinden lagen je na aan het hart en ik ben je dan ook
dankbaar voor je steun, en je beslissing om mij de laatste maanden een beetje in de luwte
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te houden ten aanzien van de dagelijkse beslommeringen in onze afdeling.
Jack Schijven dank ik voor zijn hulp bij al het rekenwerk in dit proefschrift. Jack, wij werken
al heel lang samen, soms heel intensief, soms gedurende langere tijd heel weinig. Ik heb
samenwerken met jou altijd als plezierig ervaren en ik heb veel respect voor hoe jij dataanalyse aanpakt en het altijd weer voor elkaar krijgt dat Mathematica datgene uitrekent wat
wij nodig hebben!
Zoals al gezegd, zonder labwerk geen microbiologische data en voor het doen van dat
labwerk verdienen een aantal mensen mijn dank. Een deel van mijn promotieonderzoek heb
ik samen met Harold van den Berg gedaan. Harold, jouw enthousiasme voor het onderzoek
was altijd groot en je betrouwbare bijdrage aan de onderzoeksresultaten waardeer ik (nog
steeds) zeer. In het onderzoek naar Vibrio in recreatiewater hebben we een gezamenlijke
onderzoekspassie gevonden die de komende jaren vast nog mooie resultaten gaat opleveren!
Ook Willemijn Lodder heeft haar steentje bijgedragen aan mijn promotieonderzoek.
Willemijn, de manier waarop jij je vol overgave op de slakken en de parasiet Trichobilharzia
hebt gestort om wat meer grip op het fenomeen zwemmersjeuk te krijgen, waren
bewonderenswaardig. Nu is de tijd gekomen voor je eigen promotieonderzoek! Ronald
Italiaander, Arieke Docters van Leeuwen en Froukje Lodder waren wat meer zijdelings bij
de analyse van monsters recreatiewater betrokken, maar stonden wel altijd klaar om bij
te springen in tijden van grote drukte. Ronald, Arieke en Froukje: dank daarvoor! Mierelle
Schuijt dank ik voor haar enthousiaste inzet en waardevolle bijdrage tijdens haar stage.
Martijn Bouwknegt, Hetty Blaak en Marjolijn Schalk, jullie droegen bij door de discussies over
mijn onderzoek tijdens de projectoverleggen recreatiewater of gewoon door tussendoor
belangstelling te tonen voor het wel en wee van mijn promotieonderzoek. Ik heb dat zeer
gewaardeerd en ik dank jullie niet alleen daarvoor maar ook voor jullie bijdrage aan de
plezierige werksfeer binnen de afdeling.
Een bijzondere werkrelatie heb ik met Saskia Rutjes. Saskia, doordat jij je voornamelijk
bezig houdt met drinkwater en ik met recreatiewater, doen we bijna geen projecten
samen. Maar doordat er zoveel raakvlakken zijn, voelt dat heel anders. We weten elkaar te
vinden en wisselen regelmatig praktische tips en wetenswaardigheden uit. Daarnaast ben
je mijn vraagbaak als het gaat over moleculaire detectie van micro-organismen. Je warme
belangstelling voor mijn promotieonderzoek (en mij) deed (en doet) mij erg goed. Dank!
Voor allerlei hand- en -spandiensten dank ik de ‘dames van het secretariaat’, Jeanette, Noel,
Loes en Hennie, het is fijn om met allerlei ‘huishoudelijke zaken’ bij jullie terecht te kunnen.
Jeanette, ik ben blij met jouw trouwe bijdrage aan de jaarlijkse zwemwaterenquête.
Alle niet met naam genoemde medewerkers van het Laboratorium voor Zoönosen en
Omgevingsmicrobiologie, de LZO-ers, verdienen een woord van dank voor de plezierige
werksfeer en de collegialiteit. Niet alleen leuk werk, maar ook fijne collega’s maken het de
moeite waard om naar het werk te komen! In dat opzicht mogen ook de collega’s van de
andere eenheden binnen het Centrum voor Infectieziektenbestrijding (CIb) en de collega’s
binnen de sector Milieu en Veiligheid (MEV), waarmee ik in verband met mijn onderzoek
contacten heb, niet ongenoemd blijven. Yvonne van Duynhoven (en daarvoor Anne Mensink)
dank ik voor de mij geboden mogelijkheid om dit promotieonderzoek te doen.
A special thanks to Petr Horák from Charles University in Prague for teaching me about bird
schistosomes. Petr, joining your student course in the beautiful Czech Republic, together
with Willemijn, was a special experience that I did not want to miss! We are more confident
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in identifying the cercariae now. Thank you for sharing your knowledge!
Anna Marchese and Carla Pruzzo from the University of Genoa, and Sara Garbom from the
Swedish Food Administration are acknowledged for their help in our Vibrio research. Anna,
Carla and Sara, I look forward to continuation of our collaboration!
Zonder de medewerkers bij GGD-en, provincies en waterschappen met het onderwerp
‘zwemwater’ in hun portefeuille, had veel van mijn onderzoek niet uitgevoerd kunnen
worden. Zij droegen gegevens aan, faciliteerden monstername of voerden deze uit. Ook de
medewerkers van waterschaps- en medisch microbiologische laboratoria stelden gegevens
en materialen ter beschikking. De lange lijst van namen van de vele mensen die in de loop
der jaren bijdroegen, zou enkele extra pagina’s aan mijn proefschrift toevoegen; ik doe het
dan ook maar zo: allemaal heel hartelijk bedankt voor jullie inzet en bijdragen!
Sybrand Landman van het Ministerie voor Infrastructuur en Milieu (tijdens mijn
promotieonderzoek nog VROM) dank ik voor de vrijheid die hij mij bood bij het invullen van
de kennisvragen, zijn oprechte belangstelling voor het onderzoek en de plezierige discussies
die wij hadden over de resultaten. Sybrand, ik hoop dat we nog lang door discussieren!
Buiten het werk waren er mijn moeder en mijn zus, maar ook mijn vriendinnen, die mij met
hun belangstelling stimuleerden door te gaan, maar ook aﬂeiding boden met een middagje
winkelen, wandelen, naar de sauna, uit eten of zomaar lekker kletsen met een grote pot
thee erbij. Bedankt allemaal!
Mijn prachtige rode kater Guus ben ik dankbaar voor zijn warme, gezellige en vooral
kritiekloze aanwezigheid tijdens de vele uren die ik op mijn zolderkamer achter mijn laptop
doorbracht. Zijn kopjes en gespin brachten regelmatig de broodnodig ontspanning.
Leonard, Niels en Laura, het is raar om jullie helemaal aan het einde van dit dankwoord
te noemen, want jullie zijn het meest belangrijk in mijn leven. Jullie bieden mij een veilige
thuishaven en onvoorwaardelijke liefde. Zonder jullie zou ik niet zijn wie ik ben, en was ik
niet eens aan dit project begonnen. Leonard, jij verdient een bijzonder woord van dank voor
je hulp bij het maken van de figuren bij mijn artikelen, de foto’s in mijn proefschrift, en niet
te vergeten de bijzonder fraaie kaft om dit boekje.
Vooral het laatste jaar was het zwaar om thuis, werk en het schrijven van dit proefschrift
te combineren. Nu is het af en kan ik mijn dierbaren weer meer aandacht geven. Dat past
beter bij mij dan de noodgedwongen wat egocentrische instelling tijdens de laatste fase van
mijn promotietraject. En verder? Naast het werk een nieuwe uitdaging zoeken, dat zeker.
Dus eindelijk eens beginnen aan ‘mijn tweede keus’, de opleiding tot vertaler Engels? Of
toch maar Zweeds leren? Of kijken of het met vioolspelen nog wat wil worden? Ik zie wel…
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