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sible for only a small part of the reported out-
breaks. This review is intended to provide an over-
view of the current state of knowledge regarding 
these  medically  important  parasites,  to  present 
results on their prevalence in water supplies and to 
stimulate research questions on different aspects of 
their developmental biology and water transmis-
sion.   

 
 

INTRODUCTION 
 
Waterborne diseases occur worldwide,  and 

outbreaks caused by the contamination of commu-
nity water systems have the potential to cause dis-
ease in large numbers of consumers. Waterborne 
outbreaks  have economic consequences  beyond 
the cost of health care for affected patients, their 
families and contacts, and the economic costs of 
illness and disease, as they also create a lack of 
confidence in potable water quality and in the wa-
ter industry in general. A number of outbreaks 
have been associated with drinking and recrea-
tional water worldwide but most of the information 
is available from USA and GB (Barwick, et al., 

SUMMARY 
 
Water borne parasites are ubiquitous proto-

zoan pathogens that affect humans, domestic ani-
mals and wildlife throughout the world. From a 
water perspective, several protozoan parasites are 
important but till now mostly Giardia and Crypto-
sporidium  have  been  highlighted  as  significant 
waterborne parasitic pathogens. For many years 
WHO took under consideration the intestinal pro-
tozoa and Giardiasis and Cryptosporidiosis  are 
already included into the “Neglected Diseases Ini-
tiative”. At least 325 water associated outbreaks of 
parasitic protozoan diseases have been reported 
worldwide. Giardia lamblia and Cryptosporidium 
parvum account for the majority of the outbreaks, 
since Entamoeba histolytica, Cyclospora cayeta-
nensis, Toxoplasma gondii, Isospora belli, Blasto-
cystis hominis,  Balantidium coli,  Microsporidia, 
Acanthamoeba and Naegleria fowleri were respon-
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2000, Kramer et al., 2001, Lee et al., 2002; Kara-
nis et al., in press). Interest in the contamination of 
drinking water by enteric pathogenic protozoa has 
increased considerably during the past three dec-
ades and a number of protozoan parasitic infec-
tions of humans are transmitted by the waterborne 
route  (Table  1).  In  industrialized  countries, 
Giardia lamblia and Cryptosporidium spp. are of 
major concern as waterborne pathogens. Infective 
(oo)cysts are environmentally robust, sufficiently 
small to penetrate the physical barriers of water 
treatment (Table 1) and insensitive to disinfectants 

used in the water industry (Smith and Grimason; 
2003). 

A variety of properties of these protozoan 
pathogens, particularly the size of the transmissive 
stage, their environmental abundance and robust-
ness, augment their potential for waterborne trans-
mission.  Cyclospora  cayetanensis  is  a  recently 
recognized waterborne parasite, with small oocysts 
that are environmentally robust, but no validated 
methods, currently used to assure the safety of 
drinking water supplies, are available for its detec-
tion (Soave, 1996). Information on the waterborne 

Table 1: Waterborne parasitic protozoa and the water route of transmission 

(adapted and modified from: Dowd et al., 2003; Karanis et al., in press; Mota et al., 2000, Schuster and Visves-
vara, 2004a, b; Shields & Olson 2003; Smith et al., 1995; Smith, 1999, Soave, 1996).  

Organism Disease/symptoms Geographic 
distribution 

Transmissive stage (size 
range) and route of infec-
tion 

Entamoeba histo-
lytica 

dysentery, liver abscess cosmopolitan cyst (9 - 14.5 µm) 
ingestion 

Giardia intestinalis diarrhoea, malabsorption cosmopolitan cyst (8 - 12 µm) 
ingestion 

Cryptosporidium  
spp. 

diarrhoea cosmopolitan oocyst (4 - 6 µm) 
ingestion 

Balantidium coli diarrhoea, dysentery cosmopolitan cyst (50 - 60 µm) 
ingestion 

Sarcocystis sp. diarrhoea, muscle weakness cosmopolitan oocyst (7.5 - 17 µm) 
ingestion 

Toxoplasma gondii lymphadenopathy, fever, 
congenital infections 

cosmopolitan oocyst (10 - 12 µm) 
ingestion 

Neospora caninum Abortion, meningoencepha-
litis, myositis  

cosmopolitan oocyst (10 - 12  µm) 
ingestion  

Cyclospora cayeta-
nensis 

protracted diarrhoea cosmopolitan oocyst (8 - 10 µm) 
ingestion 

Microsporidia enteritis, hepatitis, peritoni-
tis, kerato-conjunctivitis 

cosmopolitan spore (1.8 - 5.0 µm) 
ingestion/contact with eye 

Acanthamoeba 
Naegleria 
Balamuthia 
  

Granulomatous amoebic 
encephalitis, amoebic 
keratitis, primary amoebic 
meningoencephalitis, head-
ache, fever, abnormal be-
haviour, intense pain, pho-
tophobia, vomiting, loss of 
consciousness 

cosmopolitan 
  

trophic amoeba  (5-85 µm), 
cyst (10-37 µm) 
  
  



transmission of E. histolytica, B. hominis, B. coli, 
I. belli, T. gondii, microsporidia, Naegleria, Acan-
thamoeba, Balamuthia is even scarcer. Protozoan 
infections are common in humans, worldwide. In 
September  2004,  Giardia  and  Cryptosporidium 
were included in the ‘Neglected Diseases Initia-
tive’ (Savioli, in press) . 

 
 

GENERAL ASPECTS 
 
The topic of emerging pathogens and related 

waterborne diseases is a worldwide problem. Hu-
man activities are expanding and travel between 
different countries is increasing, for both tourism 
and business. Occurrence of an infectious disease 
or emerging infection in one area, therefore, is of 
concern, should it be able to quickly spread to 
other areas. Data on the distribution of parasites in 
water supplies of different countries will be useful 
and may contribute to the protection of public 
health  and  to  effective  surveillance  strategies. 
Parasitic illness is one significant health aspect 
associated with the planning and management of 
the drinking water resources and waterborne para-
sites  are the most  prevalent  waterborne agents 
worldwide.  They are important causes of diar-
rhoea, nutritional and other disorders in developing 
and developed countries. Emerging pathogens that 
may be of  concern to  drinking water  supplies 
needs to be introduced as emerging pathogens in 
relation to drinking water in order to focus respec-
tively the problem and to define any related re-
search needs. We need to keep in mind that some 
outbreaks or infections have recently appeared in a 
population even they have been existed but are 
rapidly increasing in  incidence or  geographical 
range. Furthermore there is an apparent emergence 
of pathogens due to increased medical knowledge, 
recognition of a previously undetected infections 
or realisation that a disease is caused due to a spe-
cial pathogen.  

There are many reasons why a pathogen may 
become emergent and these reasons have been 
reported from the WHO and can be summarised 
into 4 categories: a) new environments; b) changes 
in human behaviour and vulnerability; c) new tech-
nologies;  d)  scientific  advances;  (WHO 2003).  
The phenomenon of emergence is a continuous 
process  which  involves  ongoing recognition  of 
organisms that can be pathogenic to humans. Con-
sidering the distribution of emerging pathogens 
according to the main group of micro-organisms to 
which they belong, Taylor et al. (2001) estimated 
that 11% of the emerging pathogens were proto-
zoa, 6% were helminths in comparison to viruses 
or prions (44%), bacteria or rickettsia (30%), and 
fungi (9%). These percentages illustrate the sig-
nificant  contribution  of  parasites  as  emerging 
pathogens of concern to human health, and this 
may be also true for some unknown or potentially 
waterborne emerging protozoan parasites. 

Detection of emerging or re-emerging water-
borne parasites relies upon appropriate investiga-
tions,  reporting  and  assessment  of  information 
from the medical community, coupled with dis-
semination of the information to increase aware-
ness of newly characterised potential parasites or 
re-emerging parasites to appropriate people in the 
medical, public health and water and food commu-
nities.  Further  understanding  of  such  parasites 
would then be dependant upon their developmental 
biology, the application of suitable methods, con-
ventional and molecular tools for their detection in 
clinical  and environmental  samples,  genotyping 
and infectivity studies. Taking into consideration 
that there are a lot of discussions, recommenda-
tions, strategies and concepts and the reasons for 
emergence, it is necessary to be focused on a lar-
ger group of pathogens including viruses, bacteria, 
and parasites, which are currently of interest for 
suppliers.  Knowledge  of  emerging  waterborne 
parasites (biology and transmission routes, patho-
genicity, dose-response, zoonotic transmission) is 
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needed in combination with a worldwide informa-
tion exchange system evaluating the significance 
of waterborne parasites for the water industries. 

 
 

HOW  CAN  WE  IDENTIFY  RELEVANT 
PARASITES IN DRINKING WATER? 

 
Epidemiological investigations are a key ac-

tivity that can lead to the identification of water-
borne parasites, and establish relationship between 
outbreaks and waterborne parasitic diseases. The 
main purposes of such investigations are: a) docu-
menting disease characteristics and distribution, 
for which a good system of surveillance is neces-
sary; b) understanding life cycle and disease trans-
mission;  c)  epidemiological  approaches  can  be 
used in order to investigate associations between 
parasites and contaminated drinking water. 

Well established disease surveillance systems 
have been very effective in detection and control 
of outbreaks of waterborne parasitic disease from 
both treated and untreated drinking water supplies 
as well as recreational waters. Several examples 
from the UK, USA, Germany, Japan, and few 
other countries have been already reported (Craun 
et al., 2005, Jakubowski and Craun, 2002, Karanis 
et al., 1996, 1998, Olson et al., 2002; Nichols et 
al.,  2003;  Ono et  al.,  2001,  Yamamoto et  al., 
1996). These studies are valuable that they resulted 
in an improved understanding of the protection of 
the water sources and protection of water supplies 
from contamination, improvements of water treat-
ment technologies, and initiation to develop strate-
gies to prevent further outbreaks.  

 
 

HOW  TO  ADDRESS  THE  PATHOGEN 
PROBLEM? 

 
The WHO Water Safety Plans (WSPs) will be 

the most appropriate way forward in managing 

drinking water treatment and distribution and un-
derstanding of the environmental occurrence, sur-
vival in the nature and removal by the water treat-
ment process of emerging protozoan (WHO, 1991, 
2003). This, however, is strongly associated and 
depends upon techniques that allow the detection 
of these protozoans in source water. Analytical 
methods for assaying protozoan parasites in water 
are  being  developed  and  molecular  diagnostic 
tools became a part of the detection techniques 
(Appelbee et al., 2005; Caccio et al., 2005, Monis 
et al., 2005). This creates new opportunities: more 
specific and rapid detection of protozoan parasites, 
direct detection and identification of contamination 
sources. Emerging technologies for the detection 
and genetic characterization of waterborne proto-
zoan parasites provides a large research horizon 
for analytical tools, which will be very useful for 
clinical, environmental and biosecurity settings.  

Such research work has been developed in the 
USA, UK, in part in some European countries, and 
in Australia. Although water treatment technolo-
gies are effective to remove microorganisms in 
water during the treatment process, current data on 
the prevalence of Giardia and Cryptosporidium in 
water clearly show that these parasites evade the 
filter barriers in the absence of treatment deficien-
cies and contaminate drinking water (Karanis et al. 
1996, 1998). It remains to estimate the same risk 
for the other waterborne or potentially waterborne 
parasites. In general, protozoan parasites are resis-
tant to chlorine and chlorine dioxide at the dosage 
levels that can be used for disinfection of drinking 
water. Disinfection by UV-light became more reli-
able for parasites and water utilities, worldwide, 
because UV could be used as an additional disin-
fection step as has been shown for Giardia and 
Cryptosporidium (Karanis et al., 1992, Wallis and 
Campbell 2002). UV-irradiation (7 – 25 mJ/cm2) 
inactivates C. parvum (Rochelle et al., 2004; Ro-
chelle et al., 2005) and G. duodenalis [100 – 400 
mJ/cm2 (Linden et al., 2002)], but also this alterna-
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tive needs more detailed investigations in order to 
define the conditions in the practical water treat-
ment process of large scale disinfection systems. 
Protection of the raw water from contamination 
including identification of the sources; protection 
of the watersheds as much as possible from human 
and animal wastes and avoiding re-introduction of 
cysts and oocysts e.g. by recycling of backwash 
water will be the best protection measures for the 
protection of water supplies.  Using always the 
multiple barrier concept (filtration, disinfection) 
for production of drinking water, production of 
filtered water with low turbitidy of 0.1 Ntu and 
improving drinking water technologies comprise 
the only effective approach to treatment strategies.  

 
 

MORE SPECIFIC INFORMATION ON THE 
PARASITES 

 
Cryptosporidium/Giardia 

Giardia lamblia and Cryptosporidium parvum 
account for the majority of outbreaks (Karanis et 
al., in press). Cryptosporidium and Giardia are 
waterborne pathogens that have caused many wa-
terborne outbreaks, especially in systems without 
filtration or where the filtration was compromised. 
They are very resistant to chemical disinfection. 
The first priority for water utilities is to provide 
information on the occurrence or absence of the 
pathogens, as well as on practices to protect the 
water resources, and on treatment processes for 
effective (oo)cyst removal. United states EPA vali-
dated a method (Method 1623) for simultaneous 
detection  of  Cryptosporidium and  Giardia  and 
developed  quality  control  acceptance  criteria 
(Anonymous, 2001). The taxonomy of both proto-
zoa is still developing with a large extent of the 
molecular typing methods. For the water industry, 
it is important to be able to genotype isolates that 
are found either in source or treated waters, for 
source tracking, for setting of treatment goals and 

for use in the investigation of outbreaks that are 
considered waterborne. Studies on the taxonomy 
of Giardia and Cryptosporidium will shed new 
light to the identification of isolates in nature that 
are able to infect humans and their potential for 
zoonotic transmission. Different genotypes have 
been linked to different symptomatology in spo-
radic human giardiasis and cryptosporidiosis cases, 
but more information is required regarding asso-
ciation between different risk factors and different 
genotypes, particularly for human adapted Giardia 
and Cryptosporidium genotypes and for zoonotic 
genotypes.  

 
Toxoplasma and Isospora 

Infection  by  Toxoplasma gondii  is  widely 
prevalent in humans and virtually any species of 
warm-blooded animals throughout the world. T. 
gondii is the causing agent of toxoplasmosis, one 
of the most common parasitic zoonoses, which is 
especially dangerous in congenital form and in 
people with immunologic deficiency. It is esti-
mated that up to 30% of the human population, i.e. 
every third person in the world, has been exposed 
to T. gondii (Jackson and Hutchison, 1989; Wong 
and Remington, 1993). However, the frequency of 
infection  varies  considerably  among  different 
countries, different geographical areas within one 
country and different ethnic groups living in the 
same area (Tenter et al., 2000). Postnatal transmis-
sion may be more important in the epidemiology 
of human toxoplasmosis and is believed to occur 
via two major routes: a) ingestion of tissue cysts 
by consumption of raw or undercooked infected 
meat, and b) ingestion of sporulated oocysts by 
consumption of contaminated food or water, or 
after handling contaminated soil and infected cat 
feces.  

T. gondii oocysts exhibit remarkable resis-
tance to environmental influences and sporulated 
oocysts could keep infectivity for long time period. 
T. gondii oocysts may be introduced into the envi-
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ronment via infected domestic cats or wild felines. 
Further spread may occur by wind, rain, water, 
manure,  or even by invertebrate hosts such as 
earthworms  and  arthropods.  They  may  subse-
quently contaminate surface water, soil, harvested 
feeds, fruits and vegetables. Although Toxoplasma 
oocysts have been recovered from contaminated 
soil, they have never been recovered from water 
due to the lack of detection techniques. In the last 
years few papers have been published on the de-
velopment of strategy for the detection of oocysts 
in water (Dumetre and Darde, 2003; Kourenti et 
al., 2003; Kourenti and Karanis, 2004; Villena et 
al., 2004). Six acute toxoplasmosis outbreaks in 
humans have been correlated so far with ingestion 
of oocysts via contaminated soil or water (Karanis 
et al., in press). The best-documented outbreak 
occurred in British Columbia (Canada) in 1994 
and affected approximately 8.000 people. It was 
the first toxoplasmosis outbreak to be linked to 
municipal drinking water. Fecal contamination of 
the unfiltered water supplies by infected animals 
(cougars, domestic and feral cats) was suspected. 
Field investigations for the detection of the para-
site in the implicated reservoir 12 weeks after the 
last  human infection  were  unsuccessful  (Isaac-
Renton  et  al.,  1998).  Two  more  waterborne 
toxoplasmosis outbreaks in humans were associ-
ated with untreated stream water and unfiltered 
ground water, respectively. The outbreak in a dairy 
farm in Brazil in 1982 was the only case so far 
where successful recovery of infectious oocysts 
from the implicated matrix (soil) was documented 
(Coutinho et al., 1982). However, because only 
cats shed oocysts that survive in water, concentra-
tions of oocysts in surface water could be probably 
generally low. It is expected that coagulation and 
filtration processes will remove Toxoplasma in a 
similar manner as Cryptosporidium and Giardia 
but  nothing  is  known  about  the  removal  of 
Toxoplasma oocysts by the water treatment proc-
ess.  

Neospora 
Neospora caninum was first recognized as a 

cause of neonatal paralysis in dogs and has been 
found to be the major cause of bovine abortions. It 
is similar in the structure to T. gondii and accord-
ing to Lindsay et al. (1999) and McAllister et al. 
(1998) dogs are the definitive hosts of N. caninum, 
but they are one of the most important causes of 
abortion in cows (Haddad et al., 2005). Nothing is 
known about the water transmission of Neospora 
and there is a need for data on its occurrence in 
water. 

 
Cyclospora 

Cases of cyclosporiasis have been recognised 
in the late 1970s after Ashford (1979) described 
the parasite in an infected man in Papua New 
Guinea. Ortega et al. (1993; 1994) classified the 
parasite  and  several  foodborne  outbreaks  have 
been  described  in  America  (Curry  and  Smith, 
1998; Mansfield and Gajadhar, 2004, Mota et al., 
2000, Shields and Olson, 2003) and also one in 
Europe. The outbreak in Germany was associated 
with mixed lettuce imported from Italy (Doeller et 
al., 2002). Except this outbreak very little informa-
tion is available on the occurrence of Cyclospora 
in water in Europe. Although this is a newly recog-
nised pathogen, the number of cases is limited and 
information from surveillance does not suggest a 
strong increase of prevalence in European coun-
tries. This is partly due to the lack of appropriate 
detection methods. Most food (fresh produce) out-
breaks of Cyclospora have been observed in the 
US and water has been identified as a source in 
particular in South America and Nepal (Soave 
1996, Shields and Olson, 2003). In countries like 
Haiti, Peru, Nepal,  C. cayetanensis is endemic. A 
high positive rate has been reported in children in 
Nepal (Kimura et al., in press, Mota et al. 2000).  
Our knowledge about Cyclospora widely increased 
in the last years but the epidemiology of this para-
site especially the role of waterborne transmission 
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and the role water of plays in the contamination of 
fresh products. Only one study confirmed identifi-
cation of C. cayetanesis in source water used for 
consumption (Dowd et al., 2003). Detection meth-
ods are based on those for other parasitic protozo-
ans like Giardia and Cryptosporidium but infor-
mation on occurrence in the aquatic environment 
and removal/inactivation by water treatment proc-
esses doesn’t exist. 

 
Entamoeba, Acanthamoeba, Balamuthia, Naegle-
ria  

Entamoeba histolytica has been the aetiologi-
cal agent in six (1.8%) outbreaks. Acanthamoeba 
and Naegleria fowleri were responsible for one 
outbreak, each (0.3%) (Karanis et al., in press). 
Entamoeba histolytica and dispar is a typical para-
site on tropical countries and often associated with 
drinking water but less likely to be an issue for 
Europe. Normal water treatment practice is able to 
remove the large cysts. Only in the case of gross 
contamination with sewage transmission through 
water may occur. 

 Acanthamoeba culbertsonii and Balamuthia 
mandrillaris can cause rare but fatal granuloma-
tous amoebic encephalitis, but this is not consid-
ered as water–related. Keratitis by Acanthamoeba 
polyphaga and A. castellanii amongst contact lens 
wearers is water-related. The risk factors are poor 
hygienic practices with contact lenses and control 
should be aimed at improved information and hy-
giene. There is increasing interest in the potential 
role of free-living amoebae as reservoirs and vec-
tors of pathogenic bacteria. The best example of 
such  pathogenic  bacteria  is  Legionella,  which 
cause  pneumonia.  An  indirect  health  issue  of 
Acanthamoeba and other free-living protozoa is 
that they live in distribution networks and they 
may act as protective coat against disinfection and 
transmission vehicle and passage may even in-
crease the virulence of the endosymbiontic patho-
gens. Acanthamoeba keratitis is an emerging com-

plication  of  orthokeratology  in  young  myopes. 
There have been an increasing number of reports 
of microbial keratitis in association with overnight 
wear of orthokeratology lenses. Most cases of mi-
crobial  keratitis  were  reported  from East  Asia 
(80% )  and  most  affected  patients  were  Asian 
(88%) and the peak age ranged was from 9 to 15 
years (61%) (Watt and Swarbrick, 2005). 

Naegleria fowleri causes rare but fatal pri-
mary  amoebic  meningoencephalitis.  Most  cases 
have occurred through exposure to warm surface 
water, although in long overground pipes in hot 
climate, N. fowleri may occur in drinking water. 
The rare but fatal occurrence of the infections of 
the nervous system, it is important to ascertain the 
availability of expertise on these amoebas. This 
should  include  clinical  aspects  and  the  water-
related aspects (detection methods, treatment effi-
ciency); (Schuster and Visvesvara, 2004a, b; Watt 
and Swarbrick, 2005).  

 
Microsporidia, Isospora, Balantidium, Blastocys-
tis. 

Microsporidia have been responsible for one 
outbreak (0.3%), Isospora belli has been responsi-
ble for three outbreaks (0.9%), Balantidium coli 
for one outbreak (0.3%), Blastocystis hominis for 
two outbreaks (0.6%) (Karanis et al., in press). Of 
these, only Microsporidia have been included in 
the Contaminant Candidate List of the US EPA. 
Only one study confirmed identification of En-
cephalitozoon intestinalis in source water used for 
consumption (Dowd et al., 2003). Of the others, 
transmission through water is considered not im-
possible but unlikely (Mota et al., 2000 ). Micro-
sporidia  are  opportunistic  pathogens that  cause 
infections in severely immunocompromised per-
sons (Sheikh et al., 2000). There are suggestions 
but not proof that these organisms may be trans-
mitted  through  water.  The  number  of  micro-
sporidia infections in humans has increased rapidly 
in the last years due to the accurate diagnosis and 
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microsporidiosis has been considered as one of the 
most common opportunistic infections in AIDS 
patients (Mota et al., 2000, Weiss and Keohane, 
1997; Vavra et al., 1998). They are transmitted 
through the fecal-oral route and produce life stages 
that are environmentally robust and small, hence 
more difficult to remove by conventional water 
treatment. These parasites are not high on the pri-
ority list of emerging pathogens and of course the 
question is how much the water route is involved 
in the transmission of these parasites and needs to 
be investigated.  

 
 

DIAGNOSIS AND BIOLOGICAL/MOLECULAR 
ASPECTS 

 
Microscopy is the gold standard for detecting 

protozoan parasites. Conventional diagnosis will 
be always important for protozoan parasites and it 
needs to remain a strong part in parasitology teach-
ing and research. In the last 15 years, progress has 
been  made  in  developing  and  validating  non-
morphologically based diagnostic tests for some 
referred  parasite’s  antigen  (immunofluorescence 
microscopy, enzyme linked immunosorbent assay, 
and parasite DNA) which can offer increased sen-
sitivity. Sensitivity of detection is influenced by 
the method(s) used. To overcome any problems for 
an accurate diagnosis a strong protocol for each 
one organism has to be developed, modified and 
adapted  to  the  sampling  conditions.  Molecular 
tools for specific diagnosis of the parasites remain 
too costly for diagnostic laboratory use, based on 
the requirement to screen samples for a variety of 
pathogens.  

Human-derived Giardia are often assigned to 
a separate species (G. lamblia) but there is no de-
finitive evidence that they differ genetically from 
organisms of the “duodenalis“ type isolated from 
various animals. Isolates from humans are in fact 
very heterogeneous genetically and they can be 

divided into two major genetic assemblages on the 
basis of enzyme electrophoresis data and analysis 
of DNA amplified from structural genes. 

The extreme genetic diversity represented by 
the  human-derived  isolates  composing  genetic 
assemblages A and B raises two important ques-
tions.  Firstly,  what  is  the relationship between 
other Giardia of the “duodenalis“ type (in particu-
lar, those from animals that share the human envi-
ronment) and those from the two genetic assem-
blages discerned among isolates from humans? 
Secondly, are any “duodenalis“ type organisms 
capable of zoonotic transmission between animals 
of different species or between animals and hu-
mans? Some animal-derived Giardia are similar to 
some  isolates  from humans  but  others,  whilst 
clearly of the “duodenalis“ type, possess genotypes 
not yet observed in humans. Infectivity studies 
utilising Giardia isolated from both humans and 
animals have shown that zoonotic transmission is 
possible (Thompson and Monis, 2004; Karanis and 
Ey 1998, Traub et al., 2004, Thompson et al., 
2005).  In  many situations,  giardiasis  is  clearly 
transmitted  between  humans  by  the  faecal-oral 
route, either directly or by contamination of water 
by human sewage. However, some epidemics in 
North America have been linked circumstantially 
to contamination of water with cysts excreted by 
animals such as beavers and muskrats, which have 
reported carriage rates of 7-16% and > 95% re-
spectively. Other animal species, including agri-
cultural livestock, are potential contaminators of 
surface waters. Mean Giardia spp. carriage rates of 
30% have been reported for 5 livestock species 
from diverse geographic localities (Thompson et 
al., 1994, 2005, Olson et al., 2002).   

The occurrence of numerous foodborne and 
waterborne outbreaks of cryptosporidiosis world-
wide has led to a need for the detection of Crypto-
sporidium isolates from various hosts and contami-
nating sources. Current research is now emphasiz-
ing on the detection of various Cryptosporidium 
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isolates, as well as on the identification of geneti-
cal and phenotypic differences in C. parvum and 
other species in this genus (Gobet et al., 2001; 
Hunter and Thompson 2005; Sulaiman et al., 2000; 
Peng et al., 1997; Patel et al., 1999; Thompson et 
al., 2005, Widmer et al., 1998; Xiao et al., 1999). 
Although  current  knowledge  has  certainly  in-
creased our understanding about Cryptosporidium 
heterogeneity patterns, however, this knowledge is 
far from the reality of the systematics of this ge-
nus. The determination of the biological properties 
of different strains worldwide in association of 
phenotypic characterization to genomic identifica-
tion of these strains level constitutes a big chal-
lenge for the future. Potentially contaminated ma-
terial has to be sampled and examined for (oo)cyst 
presence and evaluate viability and infectivity of 
Cryptosporidium oocysts from animal or environ-
mental sources. It is important to identify potential 
pathogen pathways from humans and domestic 
animals to wildlife populations. To achieve this 
goal, a great variety of sampling will include fae-
cal material from: a) animals living near large sur-
face water supplies, b) livestock, and c) domestic 
animals. In addition, sampling should include wa-
ter  from:  a)  surface  supplies  (lakes,  rivers, 
springs), b) underground supplies (wells), c) distri-
bution systems (drinking water), and d) recrea-
tional areas (swimming pools). Examination of the 
collected material will be processed using molecu-
lar (PCR) methods. Especially to target small num-
bers of (oo)cysts molecular based methods are the 
only way for assessing occurrence of the parasites. 
Methods for evaluating viability, infectivity and 
genotyping of  Cyclospora,  Toxoplasma,  Micro-
sporidia from environmental sources are not avail-
able. Additional bioassay experiments should be 
set up, in order to assess the transmissibility, viru-
lence or dose-effect relationships of Cryptosporid-
ium isolates in animal hosts with diverse genetic 
background (Karanis and Schoenen 2001, Matsu-
bayashi et al., 2005). Cryptosporidium oocysts of 

different origin,  strain and dose will  be orally 
transmitted to groups of immunocompetent and 
immunosupressed  animals.  An  in  vivo  SCID 
mouse infectivity assay has been developed to 
determine the capacity to detect the infectivity of 
low concentrations of C. parvum oocysts in water. 
This biological test can be applied to demonstrate 
oocysts infectivity in water samples derived from 
drinking water supply and/or other environmental 
sources. The SCID mouse model allows detecting 
the presence in an inoculum of a single infectious 
Cryptosporidium oocyst (Hikosaka et al., 2005). 
The result confirms the assumption that a single 
viable oocyst is sufficient to induce an infection in 
a suitable host. The sensitivity of this model in 
determining the oocyst viability and infectivity is 
comparable to that of the in vivo neonatal mouse 
infectivity model so that both animal models are 
possible to apply. The SCID mouse model is con-
siderably more suitable for determining the infec-
tivity, pathogenicity and virulence of C. parvum, 
because this model is sensitive enough for moni-
toring the presence of the lowest levels of infec-
tious  Cryptosporidium  oocysts  in  the  environ-
mental samples. As compared to the immunocom-
petent mice, the dosages required to induce infec-
tion in the SCID mice by oocysts from a variety of 
sources are considerably lower. Cell culture sys-
tem has been proposed as an alternative to the ani-
mal models. Cell culture systems have been devel-
oped  for  various  purposes  on  Cryptosporidium 
research in particular for pharmaceutical research. 
Sporozoites of C. parvum have been developed 
into mature meronts after inoculation at human 
rectal tumor cells, and sporozoites have been de-
veloped to oocysts in human embryonic, porcine 
kidney and primary kidney cells. Advances in C. 
parvum cultivation systems were sparse and they 
did little to enhance parasite development.  Al-
though development of the parasite is possible in 
monolayers of some epithelial cells, different cells 
lines showed different results. In some cell lines 
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only the asexual part of the life cycle of Crypto-
sporidium has been developed. Full development 
of the parasite and the production of oocysts were 
missing. The in vitro cultivation of Cryptosporid-
ium in host cell free system may allow the produc-
tion of pure parasite material for future vaccine 
development. For many years the cell free medium 
culture has been avoided to search, most probably 
because of the extraordinary and unique position 
(intracellular  but  extracytoplasmic  position)  of 
Cryptosporidium in the host cells particular in the 
intestine invading the microvillus membrane of the 
intestinal cells. Unlike other intestinal parasite like 
G. lamblia, Cryptosporidium has no specific or-
ganelles to attached his hosts epithelial cells and 
cause diseases. On the other site Cryptosporidium 
does not penetrate to cells like other parasites (i.e. 
Leishmania  or  Toxoplasma)  which  are  able  to 
penetrate and multiply inside the cells using host-
specific molecules involved in excystation, motil-
ity and host cell invasion (Smith et al., 2005). A 
recent study (Hijjawi et al., 2004) described the 
complete in vitro development of Cryptosporidium 
(cattle genotype) in cell free medium. Principically 
it has been shown that Cryptosporidium has the 
ability to develop in cell free medium devoid of 
host cells and this method is further developmental 
(Karanis, unpublished observations).  The axenic 
culturing system will be of great value for drug 
evaluation studies and routine water and environ-
mental  water  monitoring  for  the  contamination 
with Cryptosporidium. In vitro culture system in 
combination with in vivo studies on histopathology 
will contribute to explain several questions on de-
velopmental stages of Cryptosporidium life cycle 
that remains unclear in several aspects with an 
exceptional extra - cytoplasmatic development of 
the parasite in the enterocytes, and it will enhances 
diagnostic possibilities in particular for clinical 
samples and molecular diagnostic tools on Crypto-
sporidium. It has been pointed out that the animal 
mouse model should be the golden standard for the 

evaluation of the infectivity of Cryptosporidium 
oocysts and the SCID mice model can probably 
deal also with the high degree of parasite biodiver-
sity. Despite in vitro axenic cultivation for Giardia 
is possible since 1979 and contributed to the better 
diagnosis of the parasite,  research and data of 
Cryptosporidium  axenic  culture  system is  very 
limited.  

 
 

CONCLUSIONS 
 

a) Giardia and Cryptosporidium are well recog-
nized waterborne parasites, caused a number 
of outbreaks worldwide; a variety of studies 
have shown that both Giardia  and Crypto-
sporidium  are widely dispersed in environ-
mental waters which are used for drinking 
sources; a number of studies have shown that 
both Giardia and Cryptosporidium  are also 
dispersed in tap water but also in bottled wa-
ter. 

b) Cyclospora cayetanensis has been also recog-
nized as a waterborne parasite,  not readily 
detected by methods currently used to assure 
the safety of drinking water supplies.  

c) Water treatment research is being conducted to 
obtain information on other potential water-
borne  parasites  as  well,  such  as  Acan-
thamoeba,  Balamuthia,  Naegleria,  Balan-
tidium coli, Blastocystis hominis, Entamoeba 
histolytica,  Isospora  belli,  Microsporidium, 
and Toxoplasma gondii.  

d) There are no firm data regarding the impor-
tance of Neospora caninun, a parasite closed 
to T. gondii, and the possible association of 
this parasite to water supplies. It is hypothe-
sized, however, that water contaminated with 
fecal  material  containing  Neospora  oocysts 
might be a possible way of infection.  

e) Appropriate monitoring data on environmental 
occurrence of waterborne parasites of concern 
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are needed, for which suitable methods of de-
tection are required. Research on the use of 
molecular methods to detect waterborne para-
sites  in  the environment should encompass 
research into the efficacy of concentration and 
purification methods and into the relation with 
the infectivity.  

f) There is a need for the compilation of all the 
available information in a suitable world wide 
data base.Training courses on medical impor-
tant protozoa and the usefulness of molecular 
methods for detecting them should be encour-
aged for primary health and day care workers 
and diagnostic laboratory staff.  

g) More effective diagnoses carried out in clinics 
and laboratories globally will enhance the tar-
geting of treatment and lead to a reduction in 
morbidity. There is an urgent need to standard-
ize the concentration and enumeration meth-
ods for these parasites used throughout labora-
tories in different countries, to give some per-
spectives to water industries for the signifi-
cance of the parasites and real reduction of 
protozoan parasites in practical water treat-
ment process. 

h) In addition, providing accurate statistics are 
collected, the view of the importance of intes-
tinal protozoal diseases held by governments, 
national and international organisations and 
advocacy groups will be more realistic, and 
lead to correct targeting of aid and research 
funds. It is evident that the prevention and 
control of intestinal  protozoan infections is 
now more feasible than ever before. 
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