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Abstract: Cryptosporidium and Giardia are 2 protozoan parasites responsible for waterbormne diseases outbreaks worldwide.
In order to assess the prevalence of these protozoans in drinking water samples in the northern part of Portugal and the risk
of human infection, we have established a long term program aiming at pinpointing the sources of surface water, drinking water,
and environmental contamination, working with the water-supply industry. Total 43 sources of drinking water samples were
selected, and a total of 167 samples were analyzed using the Method 1623. Sensitivity assays regarding the genetic char-
acterization by PCR and sequencing of the genes, 18S SSU rRNA, for Cryptosporidium spp. and 3,-giardin for G. duodenalis
were set in the laboratory. According to the defined criteria, molecular analysis was performed over 4 samples. Environmen-
tal stages of the protozoa were detected in 25.7% (43 out of 167) of the water samples, 8.4% (14 out of 167) with cysts of
Giardia, 10.2% (17 out of 167) with oocysts of Cryptosporidium and 7.2% (12 out of 167) for both species. The mean con-
centrations were 0.1-12.7 oocysts of Cryptosporidium spp. per 10 L and 0.1-108.3 cysts of Giardia duodenalis per 10 L. Our
results suggest that the efficiency in drinking water plants must be ameliorated in their efficiency in reducing the levels of con-
tamination. We suggest the implementation of systematic monitoring programs for both protozoa. To authors’ knowledge,
this is the first report evaluating the concentration of environmental stages of Cryptosporidium and Giardia in drinking water

samples in the northern part of Portugal.
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INTRODUCTION

Cryptosporidium spp. and Giardia duodenalis are 2 protozoan
parasites that affect humans and a wide range of domestic and
wild animals [1-3]. These parasites are a major cause of diar-
theal disease in humans and animals worldwide, causing high
morbidity in their hosts, and in immunocompromised hosts,
they can lead to death.

The Cryptosporidium genus comprises of more than 20 species,
12 of which are reported to infect mammals. G. duodenalis is a
species complex of the genus Giardia, comprising several geno-
types or assemblages. The transmission of these 2 parasites is su-
stained by zoonotic (animal to human) and anthroponotic (hu-
man to human) cycles where several species and genotypes are
enrolled [3-5]. Water is the major transmission route of Cryptos-
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poridium and Giardia, where they can resist and remain infective
due to their robust form, the oocyst and cyst, respectively [6,7].
The infected hosts shed in the environment a large number of
these transmissive and infective stages, contributing to an increase
of environmental contamination, in particular water courses.
Cysts and oocysts not only remain infective for long periods in
environment but are also resistant to the conventional treatment
processes of water, representing a serious problem of public he-
alth [2,8-12]. This problem is also potentiated by the fact that
the number of parasites required to induce infection is small, i.e.,
infectious dose of 83-123 oocysts for Cryptosporidium spp.and
19-50 cysts for G. duodenalis [1,13]. Extrapolations from the
data collected in the world largest Cryptosporidium outbreak asso-
ciated with water consumption, the Milwaukee outbreak, indi-
cate an even lower infectious dose from 1 to 10 oocysts [14].
The sources of drinking water include rivers, reservoirs, canals,
or low land reservoirs. The pathogens can enter these surface wa-
ters from agricultural or urban runoff, wastewater treatment di-
scharges or biosolids causing a cycle of infection to humans and
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animals [7,8,15]. In many countries, such as Portugal, there are
no requirements for testing surface waters for the presence of
these parasites; it is now clear, even through the analysis of out-
breaks, that the pathogens can pass into recreational and drink-
ing water [9,10,12].

The northern region of Portugal contains the highest density
of bovine farms and also a high population density (176 inhabi-
tants per km?) of the country. Curiously, only 84% of the whole
resident population has access to drinking water supply system.
Significant concentrations of the infectious stages of both para-
sites have been found in water samples collected from rivers in
the southern region of Portugal [12,16,17]. Also, studies on hu-
man and animal biological reservoirs indicated an important
presence of zoonotic species [18-22].

The specific aim of the present study was to evaluate the pre-
valence and levels of concentration of the environmental stages
of Cryptosporidium spp. and G. duodenalis in drinking water sam-
ples from the network plants of the northern region of Portugal,
assessing the risk of human infections associated with water con-
sumption.

MATERIALS AND METHODS

The northern region of Portugal

In the north of Portugal there are 5 major hydrographical ba-
sins forming the most important water resources of the country.
These hydrographical basins are named after the main rivers;
Minho, Lima, Cavado, Ave, and Douro (Figs. 1, 2). Cavado and
Ave rivers run entirely inside national (Portuguese) borders, while
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Fig. 1. Geographic location of the North of Portugal and its 5 hydro-
graphical basins into Iberian Peninsula.

Minho, Lima, and Douro are international rivers, with sources
in Spain. Global features of the area, based on data provided by
CCDRN, are as follows: The resident population in 2006 is
3,744,341 inhabitants; animal husbandry is an important eco-
nomic activity; there are poorly developed sanitation infrastruc-
tures with wastewater plants discharging into these hydrograph-
ical basins; 64% of resident population has access to sanitation
and 84% has access to treated drinking water; the region has the
highest population density of the country, reaching 176 inhab-
itants per km?, there are a high number of recreational areas, river
beaches as well as pumping areas for drinking water plants.

Water samples

Drinking water samples were collected twice a year from Janu-
ary 2004 to December 2006 in 43 sampling points in the drin-
king water treatment plants, from upriver to downriver, from all
the 5 hydrographical basins (Fig. 2). The volume of each sample
ranged from 80 to 100 L. Samples were collected locally, filtered
through Filta-Max filters (IDEXX Laboratories, Inc., Westbrook,
Maine, USA) with a pump on the inlet side of the filter accord-
ing to the recommendation of the manufacturer. Intact filters
were kept in refrigerated containers and transported immedi-
ately to the laboratory. The filter was taken from the container
and processed with the aid of a Filta-Max Manual Wash Station
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Fig. 2. Location of the 5 hydrographical basins in the North of Por-
tugal. 1. Minho; 2. Lima; 3. Cavado; 4. Ave; 5. Douro.
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(IDEXX Laboratories, Inc.) for further elution and concentration
process which consisted of decompression of the filter, passing
the sample through a membrane, and centrifugation. A sample
pellet (around 2 ul) was obtained and transferred to a Leighton
tube for subsequent immunomagnetic separation (IMS).

Parasite detection

The IMS procedure was performed according the US EPA me-
thod 1623 (USEPA, 2001). Briefly, anti-Giardia and anti-Cryptos-
poridium magnetic beads were mixed with SL Buffer A and SL Bu-
ffer B in each Leighton tube containing the sample concentrate
(Dynabeads GC-Combo, Invitrogen Dynal, A. S., Oslo, Norway)
and incubated for 1 hr at room temperature. Using 2 magnetic
particle concentrators, beads were collected, washed, and trans-
ferred into a 1.5 ul tube. Then, 50 ul of 0.1 N HCI were added
to each sample to dissociate beads from the target organisms, the
beads were rejected and the suspension was transferred to the
wells of the slides containing 5 ul of 1.0 N NaOH. The samples
were air dried overnight and stained with FITC-conjugated anti-
Cryptosporidium spp. and anti-Giardia spp. monoclonal antibod-
ies, according the manufacturer’s instructions (Crypto/Giardia
Cells, Cellabs, Australia). The excess of FITC-MAb was removed
by adding 100 ul of PBS to each well, leaving the slides for 5 min,
and aspirating the excess of PBS. A 50-ul aliquot of 4’-6’-dia-
mino-2-phenylindole (DAPI) solution (0.4 ug/ml in PBS) was
introduced into each well. The slides were left at room temper-
ature for 15 min, and excess DAPI solution removed by washing
the slides in PBS. Slides were examined by epifluorescence mi-
croscope. Giardia cysts and Cryptosporidium oocysts were inden-
tified and counted based on their shape and size using a Nikon
Optiphot fluorescence microscope (Nikon Corporation, Tokyo,
Japan). The number of cysts and oocysts per each well was re-
corded and concentrations extrapolated per 10 L of sample. Po-
sitive and negative controls were performed as indicated by the
manufacturer and recommended in the Method 1623.

The mean recovery percentages of oocysts of Cryptosporidium
spp. and cysts of G. duodenalis using Filta-Max system and IMS
procedures from water samples were, according to the manu-
facturer, 50 % 13% and 41 = 79%, respectively [23].

DNA extraction and PCR

PCR analysis was performed in the samples with the highest
density of infectious stages of both parasites detected by the di-
rect fluorescence assay (DFA). The criterion utilized was the dete-
ction of a minimum of 100 cyst or oocyst stage of any parasite

in the total sample volume. In this context, the genetic charac-
terization was executed in 80 samples. The cover slip was sepa-
rated from the slide, and with the aid of cotton swab soaked with
100 ul of distillated water, the surface of the slide was scraped
in order to collect the sample. It was confirmed, under microsco-
pic observations, that the slide had no remaining cysts or oocysts.
The tip of the cotton swab was cut and placed in a 1.5 ul tube
for subsequent DNA extraction with a QIAamp DNA Mini Kit
(QIAGEN GmbH, Berlin, Germany), according to the manufac-
turer’s instructions.

For determining the species of Cryptosporidium and Giardia pre-
sent in the samples, a PCR analysis was performed. A 2-step nes-
ted PCR was performed to amplify a portion of the small-sub-
unit (SSU) ribosomal RNA gene of Cryptosporidium [24]. For the
molecular typing of G. duodenalis, a semi-nested PCR was per-
formed to amplify a portion of the f-giardin gene [25]. For all
PCR reactions, negative and positive controls were prepared, with
sterile water and reference DNA, respectively. The PCR products
were analyzed in agarose gel (1.4%) stained with ethidium bro-
mide under UV light. Images were captured with a gel documen-
tation system (GelDoc2000, BioRad, Hercules, California, USA).

RESULTS

IMS and DFA detection of infectious stages of Cryptospo-
ridium and Giardia

The number of validated drinking water samples in this study
was 167. In Fig. 3, the percentage and concentration of isolates
from the 5 hydrographical basins are shown. Negative results, for
both protozoa, were obtained in 124 out of 167 drinking water
samples. Infectious stages of the protozoa were detected in 25.7%
(43 out of 167) of the water samples. Among them, 8.4% (14
out of 167) of the samples were with cysts of Giardia, 10.2% (17
out of 167) with oocysts of Cryptosporidium, and 7.2% (12 out
of 167) with both parasites. In positive water samples, no empty
(i.e., without internal characteristics, or ghosts) or DAPI nega-
tive oocysts of Cryptosporidium spp. or cysts of G. duodenalis were
found. Furthermore, the mean concentrations of G. duodenalis
cysts were much higher than those of the Cryptosporidium spp.
oocysts (0.1-108.3 cysts per 10 L and 0.1-12.7 oocysts per 10 L,
respectively). A number of cysts and oocysts greater than to the
minimal infectious dose (83-123 oocysts for Cryptosporidium
and 19-50 cysts for Giardia) were detected in 2 samples. Except
a third sample, where the amount of cysts of Giardia was 12.6
aysts per 10 L, none of the samples had more than 5 cysts or
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Fig. 3. Distribution of the results obtained by Method 1623 EPA-USA for infectious stages of Cryptosporidium spp. and Giardia duodenalis

in drinking water samples collected in the 5 hydrographical basins.

oocysts per 10 L, showing a low level of contamination.

Genetic characterization of species and genotypes isolated

It was not possible by PCR to amplify DNA extracted from
slides containing less than 50 oocysts of Cryptosporidium and 50
cysts of Giardia. Furthermore, positive amplifications over 3 re-
plicates were never obtained with the number of cysts and ooc-
ysts smaller than 1,000 per slide. With this criterion, of all the
positive IMS samples, PCR amplification was performed only
over 4 samples. In these samples, it was not able to obtain am-
plification. In the correspondent raw water samples at the entr-
ance of the drinking water plant, Cryptosporidium andersoni, Cry-
ptosporidium parvum, Cryptosporidium hominis, and Cryptowspori-
dium muris have been detected (personal communication). Also,
G. duodenalis assemblage A-II (in 4 samples), assemblage B (1
sample), and assemblages A, B, and E together (in 3 samples)
was found in the same raw water (personal communication).
It is expected that at the end of the treatment process the same
species and genotypes will be found.

DISCUSSION

The results of a previous study indicated that the infectious
stages of Cryptosporidium spp. and G. duodenalis are widely dis-
tributed in the rivers of northern Portugal in very significant co-
ncentrations (personal communication). In that work, it was fou-
nd that 73% of a total number of 283 raw water samples were
positive for environmental stages of Cryptosporidium or Giardia.
Also, the levels of contamination were very high; a range of 0.17-

50,000 cysts of Giardia per 10 L and 0.2-726.1 oocysts of Cryp-
tosporidium per 10 L. Moreover, studies on human and animal
biological reservoirs in the northern region of Portugal indicat-
ed an important presence of zoonotic species [18-21].

Surface waters (rivers, reservoirs, canals, and low land reser-
voirs) are used to produce drinking water for human consump-
tion. However, no special treatment is applied to the water for
animal consumption. The surface water collected from the rivers
is used as drinking water for the animals or used for agricultur-
al purposes, by the majority of farmers. The contamination of
husbandry in these conditions is greater. In fact, has been shown
in a previous study a prevalence of 25% of Cryptosporidium in-
fections in 467 bovine fecal samples in northern Portugal [21].
Producers must be advertized about the risk of infection for both
protozoa, and the low efficiency in animal production.

In the present study, it is observed that drinking water for hu-
man consumption is produced in very efficient plants regarding
the elimination of these parasites. In the majority of samples, no
environmental stages of Cryptosporidium or Giardia were obser-
ved. In the positive samples, the amounts were largely lower than
the infectious dose [1,13,14]. Although lack of efficiency was
observed only in 1 plant, the levels of the environmental stages
were above the infectious dose determined for these protozoa.
In fact, the concentrations of both protozoa found in the respec-
tive collection point of raw water of this water treatment plant
were similar to the ones observed in treated water, although the
time of sampling was not the same. Moreover, the 3 samples pre-
senting levels of contamination above 5 cysts or oocysts per 10
L were collected in the same water treatment plant.
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Molecular typing was unsuccessful on these water samples.
Sensitivity assays were set in the laboratory for the PCR reactions,
and the number of 50 cysts or oocysts was our limit of sensitiv-
ity. Due to this fact and taking into account the low levels of con-
tamination in the samples obtained in this study, the majority
of the samples were out of selection for PCR amplification. The
remaining samples, in which the number of cysts or oocysts was
higher than this sensitivity limit, were subjected to DNA extrac-
tion and PCR, although the amplification did not occur. In the
sensitivity assays set in the laboratory, it is not observed reprodu-
cibility in the PCR when the number of cysts or oocysts used in
the slide ranged from 50 to 1,000 oocysts or cysts. The parasite
load in the samples subjected to DNA extraction and PCR was
in all cases much less than 1,000 oocysts or cysts. To our know-
ledge, there are no set protocols to perform DNA extraction and
PCR over these protozoa from the slides. Moreover, even if IMS
is applied in the isolation of the parasite, the final samples are
not always free of contamination or inhibitors; therefore, nega-
tive PCRs may also be due to this fact [26)].

The results of this study seem to indicate that the risk assess-
ment for cryptosporidiosis and giardiasis for humans is low in
the north of Portugal. However, for this, the condition that whole
population has access to the network system for drinking water
needs to be fulfilled, and, in this case, this condition is not obser-
ved for a very significant segment of the northern population.
First of all, according to the national statistics, only 84% of the
population has access to the drinking water system; second,
among the population covered by the drinking water distribu-
tion systems (84%), a significant segment are provided by water
obtained in wells or other origin. Old habits, water prices, and
lack of information about the quality of the treated water are the
main reasons referred. Taking into account these aspects and the
real number of people consuming water for the drinking water
systems supply, it is expected that one third of the northern Por-
tuguese population is exposed to the infection by Cryptosporidi-
um and Giardia due to consumption of water.

Portuguese scientific programs take into account the Euro-
pean strategic plan for Animal Health (2007-2013), “preven-
tion is better than cure”. Thus, research is directed to increase
competitiveness of the livestock production systems, to improve
standards of animal health and welfare, and to prevent and con-
trol animal pathologies with particular emphasis on emerging
diseases and zoonosis. The assessment of biological contami-
nation of the environment and superficial waters, as a pre-har-
vest requirement, has been an increasingly important area of

research.

Drinking water produced in the north of Portugal presents very
good standards of microbiological quality, concerning these 2
protozoa. Inefficient water treatment plants were identified and
a rebuilt program was implemented. Also, after the correction of
the identified failures in the process of drinking water produc-
tion guided by Portuguese water-supply companies, a great pri-
ority needs to be implemented; the guaranty of access of whole
population to the drinking water-supply system.
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