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Synopsis
The occurrence of Cryptosporidium and Giardia in indoor swimming pools in the
Netherlands was studied at five locations. The backwash water from seven pool filters
was analysed for the presence of Cryptosporidium oocysts and Giardia cysts for a period
of one year. Of the 153 samples of filter backwash water analysed, 18 (11.8%) were
found positive for Cryptosporidium (4.6%), Giardia (5.9%) or both (1.3%). Oocysts and
cysts were also detected in the water of one toddler pool and one learner pool. Although
most of the (oo)cysts in the filter backwash water were dead, viable and potentially
infectious oocysts were detected in the learner pool. On the basis of numbers of
potentially infectious (oo)cysts detected in the learner pool, and assuming one visit to an
infected pool per year, risk assessment indicated an estimated risk of infection with
Cryptosporidium that exceeded the generally accepted risk of one infection per 10,000
persons per year. Guidelines for pool operators on how to manage faecal accidents and
public information on the importance of hygiene in swimming pool complexes are
recommended tools in controlling the risk of infection.
Introduction
Cryptosporidium and Giardia are pathogenic protozoan parasites that cause gastroenteritis in humans. Giardia infections may be asymptomatic and are usually selflimiting, but chronic infections also occur. Individuals with a healthy immune response
recover from Cryptosporidium infections in one or two weeks, but infections may be
severe and life threatening in immunocompromised persons (1). Many outbreaks of
cryptosporidiosis and giardiasis due to consumption of contaminated drinking water or
surface water or contact with recreational water have been reported throughout the years
(2, 3). Swimming pool related outbreaks have been frequently reported in the United
States (4, 5, 6), the United Kingdom (7, 8, 9) and Australia (10, 11). In some cases the
source of the outbreak was confirmed by the detection of Cryptosporidium oocysts in the
pool water (8, 12) or the filter backwash water (13). Contamination by infected
swimmers, malfunctioning of (part of) the water treatment system and minimal water
treatment were reported as the cause of contaminated pool water (4, 5, 7).
To date no outbreaks of cryptosporidiosis or giardiasis have been reported in the
Netherlands, although Cryptosporidium and Giardia do circulate in the Dutch population
(14, 15). Infected persons may therefore contaminate swimming pool water if they swim
while having diarrhoea whilst infectious (oo)cysts present in the pool water after
1

Previously published in Journal of Water and Health 2004, 02(3), 191-200

Swimming Pool & Spa International Conference 2009 - London, March 2009
Paper 1.2: Cryptosporidium and Giardia in swimming pools in the Netherlands
Authors:
F M Schets, G B Engels, E G Evers, and A M de Roda Husman,

Page 1 of 10

shedding allow faecal–oral person-to-person transmission (20).
Microbiologically safe swimming pool water is obtained by adding an instantly effective
disinfectant to the water, such as chlorine. When process indicator values comply with
legal standards, the applied chlorine concentrations of 0.5–1.5 mg/l provide sufficient
protection against bacterial or viral infections (16). Protozoan organisms like
Cryptosporidium and Giardia however, are less sensitive to chlorine than bacteria or
viruses (17, 18). At water temperatures commonly applied in swimming pools (>20°C)
and a chlorine concentration of 1.5 mg/l Giardia cysts are inactivated rapidly (17), but
there is no rapid inactivating effect on Cryptosporidium oocysts (18, 19). Efficient
elimination of infectious oocysts therefore relies mainly on coagulation and filtration.
We studied the occurrence of Cryptosporidium and Giardia in the backwash water of
pool filters from indoor swimming pools in the Netherlands in non-outbreak situations.
The pool water from toddler and learner pools was examined during peak hours. The
obtained data were used to estimate the risk of infection with Cryptosporidium or Giardia
by exposure to swimming pool water in the Netherlands.
Methods
Sampling of filter backwash and pool water
From May 2000 to June 2001 the backwash water from seven swimming pool filters
obtained from five pool complexes was sampled at biweekly intervals. The first 20–25 l
of backwash water was sampled; 1–25 l could be processed, depending on the turbidity.
Four toddler pools were sampled at weekly intervals from June to September 2001.
Samples were taken immediately after swimming classes for parents and children less
than 3 years of age. Envirochek HV filtration was used to concentrate 200–400 l pool
water on site. One learner pool was sampled each week for a period of six weeks during
parent-and-child swimming classes. About 1,000 l was filtered through Envirochek HV
capsules at the outlet side of the pool. The pH, turbidity and water temperature were
recorded and an extra sample for bacteriological analysis was taken from all pools.
Sample processing, purification and (oo)cyst detection
Backwash water samples smaller than 5 l were concentrated by centrifugation whereas
samples larger than 5 l were concentrated by Envirochek HV filtration. Elution of the
samples from Envirochek HV filters was done according to the manufacturers’
instructions. Concentrated water samples were purified by immuno magnetic separation
using the Dynal GC-Combo system. Purified (oo)cysts were stained with Cellabs FITClabelled monoclonal antibodies and propidium iodide and examined by epiuorescence
microscopy at magnification 250x. Magnification 1,000x and Nomarski differential
interference contrast microscopy were used for confirmation.
Bacteriological analysis of pool water samples
Pool water samples were analysed for total and faecal coliforms on LSA (21, 22) and
Escherichia coli using the direct plating method (23). Pseudomonas aeruginosa and
(spores of) Clostridium perfringens were enumerated on mPA-B (24) and mCP agar (25),
respectively. Heterotrophic plate count (HPC) at 37°C was done on PCA (26).
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Faecal accidents
Pool operators were asked to record their observations of faecal material in any of the
pools during the second half-year of the study and to report on the action taken following
a faecal accident.
Risk assessment
The infection risk for swimmers exposed to numbers of potentially infectious (oo)cysts as
found in the examined learner pool, was estimated by using the exponential doseresponse model (27) and dose-response parameter values as published by Teunis et al.
(28). One visit to a contaminated swimming pool per year was assumed.
Results and discussion
Filter backwash water
Of the 153 samples of filter backwash water analysed, 18 (11.8%) were found positive:
seven samples (4.6%) contained Cryptosporidium oocysts, nine (5.9%) Giardia cysts and
in two samples (1.3%) both Cryptosporidium and Giardia were detected. Numbers
ranged from 0.11 to 17 oocysts and from 0.06 to 24 cysts per litre backwash water (Table
1). Viability staining with PI, and DIC microscopy, showed that most of the oocysts
(85.4%) and cysts (81.1%) were dead or empty (oo)cyst shells. The presence of
Cryptosporidium oocysts and Giardia cysts in the filter backwash water indicates the
previous presence of (oo)cysts in the swimming pool water and it is conceivable that
viable and infectious (oo)cysts were present immediately after shedding by infected
swimmers.
Toddler pools
None of the 13 samples of toddler pool water contained total coliforms, faecal coliforms,
E. coli, P. aeruginosa or (spores of) C. perfringens. In one sample (7.7%) Giardia cysts
were detected; PI staining indicated that all cysts were dead. This sample exceeded the
HPC at 37°C standard (<100 cfp/ml) by more than tenfold, indicating the poor hygienic
quality of the pool water. The pool operator reported frequently observed problems with
pool water quality, related to the small capacity of this pool and the large number of
toddlers using it. This pool was regularly emptied and cleaned in an attempt to overcome
water quality problems.
Learner pool
The learner pool was probably contaminated with Cryptosporidium and/or Giardia on or
shortly before 24 September 2001 (Table 2). The subsequent examination of the pool
water during the next weeks showed that (oo)cysts were present in the pool water before
opening hours, but an increase of the (oo)cyst concentration during various swimming
classes was not observed. Viable Cryptosporidium oocysts were detected, but most of the
Giardia cysts were dead.
Cleaning of the pool walls and ‘dead corners’ and filter backwashing daily, did not result
in complete elimination of (oo)cysts, although concentrations declined gradually (Table
2). The pool operator reported large cracks in the filter bed on 12 October, which
Swimming Pool & Spa International Conference 2009 - London, March 2009
Paper 1.2: Cryptosporidium and Giardia in swimming pools in the Netherlands
Authors:
F M Schets, G B Engels, E G Evers, and A M de Roda Husman,

Page 3 of 10

confirmed the supposed malfunctioning of the pool filter. The cracks allowed circulation
of unfiltered pool water. A more stringent backwash procedure was applied, resulting in
rearrangement of the filter material and consequent closing of the cracks. From 22
October onwards, Cryptosporidium and Giardia concentrations declined to below the
detection limit.
The local public health service did not observe any clustered gastro-enteritis complaints
with Cryptosporidium or Giardia involved in October and November 2001, when viable
and potentially infectious (oo)cysts were detected in the learner pool. Individual cases
associated with this contaminated pool may have gone unnoticed, because no attempts
were made to trace and question individuals who visited their general practitioner with
gastro-enteritis complaints. Small outbreaks may also go undetected because in the
Netherlands clinical faecal samples are not routinely examined for Cryptosporidium and
Giardia.
The pool water quality in the learner pool complied with legal bacteriological standards
at the time of the incident, which also applied to 73% of the other pool water samples
taken during this study. Non-complying samples commonly exceeded the allowed upper
concentration limit of 1.5 mg/l free available chlorine, indicating that pool water
disinfection with regard to bacteria and viruses was sufficient. It is clear that compliance
of pool water quality with legal standards does not guarantee the absence of pathogenic
protozoa, although Giardia cysts will be rapidly inactivated at the temperatures and
chlorine concentrations applied in swimming pools (17).
The learner pool incident illustrates the importance of a properly functioning coagulation
and filtration process and stresses the need for guarding the efficiency of this process.
Continuous monitoring of the turbidity of the pool filter filtrate and regular visual
inspection of the condition of the filter bed may be useful tools that result in early notice
of poor filtration.
Faecal accidents
All pool operators regularly observed formed stools in most pool types, not particularly in
risk pools like toddler pools or learner pools. The frequency varied from about once
every two months to twice a month. In all cases the solid parts were removed from the
pools with a scoop or a landing net. There was no temporal relationship between faecal
accidents and positive protozoa findings. The sampling scheme was not changed
following a reported faecal accident and sampling and faecal accidents did not coincide.
Formed stools in swimming pool water are probably of minor importance for
Cryptosporidium and Giardia transmission (29). However, the frequency of these formed
stools in pool water observed in our study may be indicative of the frequency of loose
stools that are the most likely source of Cryptosporidium contamination of swimming
pool water. Loose stools are difficult to detect and pool operators are almost completely
dependent upon the preparedness of the public to notify them in case of a faecal accident.
This implies that the public should be well informed on the risk of transmission of
infectious diseases through swimming pools and the importance of hygiene in and around
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the pools. Besides proper training, it is important to provide pool operators with
guidelines for management of faecal accidents: for example, based on guidelines that are
already used in the USA (30, 31).
Risk assessment
Assuming one swimming pool visit per year, Cryptosporidium and Giardia
concentrations in swimming pool water which on average result in one infection in
10,000 persons per year were calculated as a function of ingesting volume using the doseresponse model of Haas (27) (Table 3). The concentration of viable Cryptosporidium
oocysts in the learner pool at the onset of the incident was within the range of
concentrations giving a yearly infection risk of 10-4 at the considered ingestion volumes,
as shown in Table 3.
Calculation of the infection risk, using the same model as described above and assuming
one visit to a contaminated swimming pool per year, showed that ingestion of 10 ml or
more contaminated pool water resulted in an estimated risk of infection with
Cryptosporidium that exceeds the generally accepted 10-4 infection risk (Table 4). The
much lower concentration of viable Giardia cysts resulted in a minor risk of infection
that did not exceed the 10-4 infection risk even at ingestion of 100 ml contaminated
learner pool water.
These results agree with data on poor inactivation of Cryptosporidium oocysts (18) and
rapid inactivation of Giardia cysts (17) in swimming pool water conditions, but do not
fully agree with results of epidemiological studies for Giardia (14, 15, 20), which
indicate swimming in a swimming pool as a risk factor for Giardia infections. However,
the estimated infection risks should be considered as a first indication of the extent of the
health impact that Cryptosporidium and Giardia may have through the use of indoor
swimming pools in the Netherlands, taking into account that the estimation of the
infection risks was based on one contamination incident in one pool and several
assumptions were made as a result of lack of detailed data (oo)cysts viability, swimming
behaviour and differences between oocyst isolates (32).
Conclusions
Cryptosporidium oocysts and Giardia cysts have been detected in both the filter
backwash water and the pool water of learner and toddler pools. Although most detected
(oo)cysts were dead as determined by vital dye staining, and precise data on oocyst
infectivity are lacking, it was shown that swimmers were exposed to a small viable and
potentially infectious fraction of the (oo)cysts present. The result of the preliminary
estimation of the infection risk indicates that indoor swimming pools cannot be excluded
as a source of cryptosporidiosis in the Netherlands. Giardia cysts are more rapidly
inactivated and form a minor risk. Public information and adequate training of the pool
operators are useful tools for reducing the risk. This study also showed that compliance
of pool water quality with legal standards does not guarantee the absence of protozoan
parasites. Regular inspection of the condition of the swimming pool filters and
continuous checking of the effectiveness of the filtration process will help to maintain
safe swimming pool water.
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Table1 Cryptosporidium and/or Giardia positive filter backwash water samples. The
third column displays the pool types corresponding to the pool filters: L, learner pool; R,
recreational pool; S, slide pool; T, toddler pool; W, whirlpool
number
sample
date

filter
code

pool
type

220501
170700
240401
091000
231000
051200
210501
050601
270201
070800
050201
030401
010501
290500
290501
050201
030401
010501

I
II

L,T,W
R,S,T,W

IIIa

R,S

IIIb
IVa

T,W
S,T

IVb

L

V

L

volume
examined
(l)
1.0
0.5
0.2
4.0
4.0
4.0
2.0
2.0
5.0
0.5
0.2
1.0
0.5
2.0
1.7
1.0
1.0
0.5

concentration
(n/l)

Cryptosporidium

Giardia

12
10
0
0
0
0
0
0
3
17
1
0
0
1
2
1
1
0

24
0
1
1
1
2
1
1
1
0
0
2
1
0
1
0
0
1

CryptoGiardia
sporidium
12
20.8
< 4.0
< 0.2
< 0.2
< 0.2
< 0.5
< 0.5
0.6
34
5.2
< 1.0
< 2.0
0.5
0.1
1.0
1.0
< 2.0

24
< 2.1
4.0
0.2
0.2
0.5
0.5
0.5
0.2
< 2.0
< 1.0
2.0
2.0
< 0.5
0.06
< 1.0
< 1.0
2.0

Table2 Concentration of Cryptosporidium oocysts and Giardia cysts in the pool water of
a learner pool; A: before opening hours, B: during therapeutic swimming class, C: during
parent-and-child swimming classes, E: 3 hours after termination of swimming classes

sample
date
240901
011001
081001A
081001B
081001C
081001E
151001
221001
291001

concentration (n/l)
Cryptosporidium Giardia pH turbidity
(NTU)
2.31
0.12
6.9
1.64
0.23
0.10
7.4
0.74
0.01
< 0.002 7.1
0.00
0.04
0.005 7.2
0.00
0.06
< 0.001 7.3
0.00
0.04
< 0.002 7.4
0.50
0.004
0.001 7.0
0.00
< 0.001
< 0.001 7.2
0.00
< 0.001
< 0.001 7.2
0.00
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Table 3 Cryptosporidium and Giardia concentrations in swimming pool water that result
in a yearly infection risk of 1 in 10,000 persons, as a function of ingestion volume. The
dose-response model of Haas (27) and the dose-response parameters of Teunis et al (28)
were used and one swimming pool visit per year was assumed

dose response parameters
ingestion volume (ml)
1
10
25
100

Cryptosporidium
r
0.00401
0.0249
μ
concentration
(n/ml)
24.9
2.49
0.998
0.249

Giardia
0.0199
0.00503
concentration
(n/ml)
5.03
0.503
0.201
0.050

Table 4 Infection risks at once-only exposure to various doses of Cryptosporidium
and Giardia in a contaminated learner pool
ingestion volume
(ml)
1
10
25
100

dose
Cryptosporidium
0.0128
0.1284
0.3211
1.284

infection risk
Giardia
0.00003
0.00032
0.00080
0.00319
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Cryptosporidium
5.1 x 10 -5
5.1 x 10 -4
1.3 x 10 -3
5.1 x 10 -3

Giardia
6.3 x 10-7
6.3 x 10-6
1.6 x 10-5
6.3 x 10-5
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