
 Background. The species and genotypes of the 

genus Cryptosporidium are recognized as important 

food and waterborne parasites, with worldwide occur-

rence, affecting humans and other vertebrate hosts.

 The disease that it causes, namely cryptosporidio-

sis, evolves with gastrointestinal symptoms including 

watery diarrhea, stomach cramps or pain, dehydra-

tion, vomiting, nausea, fever or weight loss (26).

 Water is considered an excellent environment for 

the surveillance of the transmissible stages of Crypto-

sporidium. They can reach in surface waters (used as 

drinking water sources), as transmissible stages (oo-

cysts), through the introduction of infected faeces 

from humans, farm and/or wild mammals and birds or 

 The aim of this short review was to assess the 

current situation regarding the occurrence of Crypto-

sporidium species, C. parvum and C. hominis geno-

types and subtype families (alleles) in European sur-

face waters. In this regard, a total of 26 Pub Med re-

trieved relevant scientific papers from 18 countries, 

published over the last 10 years, were selected and 

processed. The epidemiological studies based on mo-

lecular tools highlight that all type of investigated wa-

ter samples (drinking, waste, recreational, river and 

sewage) can harbor Cryptosporidium species with 

zoonotic potential. Twenty three out of the selected 

studies (88.5%) reported the water presence of C. 

parvum and C.hominis. Other found species, known to 

be also infective for humans, were C. meleagridis, C. 

cuniculus, C. ubiquitum or C. canis. The limited avai-

lable information regarding the surface water occur-

rence of C. parvum /C. hominis subtype families (only 

9 subtypes, including IIdA20G3T5, IIaA15G2R1, 

IIaA16G2R1 and IIdA17G1 for C. parvum and IdA15, 

IbA10G2, IeA11G3T3, IbA10G2 for C. hominis, res-

pectively, reported in five studies) underlined the need 

of additional studies based on subtyping tools, espe-

cially to define the precise contamination sources of 

drinking water supply in each country by water and 

public health authorities.
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 Scopul acestui studiu bibliografic a fost evaluarea 

situaţiei actuale cu privire la apariţia unor specii de 

Cryptosporidium, genotipuri şi subtipuri familiale (ale-

le) de C. parvum şi C. hominis, în apele de suprafaţă 

din Europa. În acest sens, au fost selectate şi prelucra-

te 26 de lucrări ştiinţifice relevante (din arhiva bazei de 

date PubMed) din 18 ţări, publicate în ultimii 10 ani. 

Studiile epidemiologice, bazate pe investigaţii de bio-

logie moleculară, evidenţiază că toate tipurile de pro-

be de apă analizate (apă potabilă, ape reziduale, de 

agrement, de râu şi ape de canalizare) pot găzdui spe-

cii de Cryptosporidium cu potenţial zoonotic. În 23 din-

tre studiile selectate (88,5%) a fost semnalată pre-

zenţa speciilor zoonotice de C. parvum şi/ sau C. homi-

nis. Alte specii semnalate, recunoscute ca fiind pato-

gene pentru om, au fost C. meleagridis, C. cuniculus, 

C. ubiquitum şi C. canis. Informaţiile limitate în ceea 

ce priveşte prezenţa în apele de suprafaţă a subtipu-

rilor familiale de C. parvum / C. hominis (numai 9 sub-

tipuri, incluzând IIdA20G3T5, IIaA15G2R1, IIaA16G2 

R1 şi IIdA17G1 pentru C. parvum şi IdA15, IbA10G2, 

IeA11G3T3, IbA10G2, pentru C. hominis, raportate în 

cinci studii) subliniază necesitatea unor studii supli-

mentare, bazate pe metode şi tehnici de biologie mo-

leculară bazate pe subtipizări, cu scopul de a identifica 

originea contaminărilor pentru sursele de apă pota-

bilă, în fiecare ţară, de către serviciile publice de ali-

mentare cu apă şi autorităţile de sănătate publică.

Cuvinte cheie: Cryptosporidium, 

apă, biologie moleculară
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sewage flushed water. The greatest potential for dis-

semination of oocysts in aquatic environment are 

strongly linked to the specific features of the parasites 

including (i) the low specific gravity, (ii) hardiness to 

disinfectants and (iii) the penetration possibility of 

physical barriers in water treatment process facilitated 

by their microscopic size (18). 

 Public and animal health can be compromised by 

convey of Cryptosporidium oocysts with contaminated 

water through several ways. The most important of 

these are: direct water consumption, the use of conta-

minated water in food processing or preparation, par-

ticularly the rinse of fruits and vegetables in household 

or other agricultural and food industry practices which 

meet the concept “from farm to fork” (17, 27). 

 Taking into account the general concern of all Eu-

ropean countries “conservation of water resources”, 

detection procedures of Cryptosporidium from drin-

king water supplies have been developed for decrea-

sing the risk of public and animal health. In order to 

offer important information with public health signi-

ficance, in addition to non-molecular diagnostic tech-

niques (filtration, elution, concentration, immuno-

magnetisable separation and immunofluorescence 

microscopy), new generation molecular diagnostic 

tools, targeting various genetic loci, have been imple-

mented to differentiate the isolates from aquatic en-

vironment at species, genotypes and subtypes level 

(30). Mainly, genetic analysis include nested poly-

merase chain reaction (PCR), followed by restriction 

fragment length polymorphism (RFLP) and sequence 

analysis of the small subunit ribosomal (ssr) RNA 

(18S) and kDa glycoprotein (GP60) genes for Crypto-

sporidium. Currently, there are 26 Cryptosporidium 

species recognized as valid and at least 60 genotypes. 

Out of them, C. parvum with 14 subtype families (IIa-

IIo), and C. hominis with 9 subtype families (Ia-Ij), 

being human infective species, are responsible for the 

majority (over 90%) of human infections (1, 26).

 The current paper review the occurrence of Cryp-

tosporidium species, genotipes and C. parvum /C. ho-

minis subtype families in untreated surface waters and 

in treated drinking water and their implications in se-

veral water-borne outbreaks over the last ten years, at 

European countries level. 

 Study design. The current mini-review process 

relevant publications retrieved in the most important 

database of the biomedical literature,namely Pub Med.

 The papers, published over the last 10 years and 

presenting research results carried out in different Eu-

ropean countries, were selected after database search 

using as search terms “water” “Cryptosporidium” and 

the ”name of the targeted country”.  In total, 26 ar-

ticles, showing results of epidemiological investiga-

tions regarding the distribution of Cryptosporidium 

species, genotypes and C. parvum/C. hominis subtype 

families in natural surface waters using molecular 

tools, from 18 countries were enrolled and processed.

 In the authors' opinion, the selected articles re-

present more than 75% of the total Pub Med retrieved 

papers dedicated to the above mentioned topic. 

 In foreground, we attempt to incorporate articles 

providing from as many geographical areas, which offer 

the more complex epidemiologic picture from the selec-

ted countries.  Special emphasis is granted on the (i) 

frequency of Cryptosporidium isolation confirmed by 

molecular tools according to the tested water type and 

identified species, genotypes and subtype families. 

Cryptosporidium species and genotypes 

distribution in surface waters 

 At European countries level, the number of stu-

dies investigating the presence of Cryptosporidium in 

natural surface waters based on non-molecular tools 

versus studies aimed to differentiate the oocysts at 

the species and genotypes level using molecular tools 

is significantly higher. Therefore, in many cases, the 

water and public health authorities have received data 

indicating the presence of Cryptosporidium, but no 

additional important information of the findings with 

public health significance.  Generally, the results of the 

selected studies aimed to diagnosis Cryptosporidium 

at species /genotype level in surface water (environ-

mental) samples showed a relatively low successful 

PCR amplification rate of the oocysts detected using 

immunofluorescent assays. This fact can due to the 

presences of a wide range of PCR inhibitors or a low 

number of detected oocysts (30). The processed pa-

pers in the current review offers a relevant epidemio-

logic picture about the presence of human infective 

species in the monitored aquatic environment. 

 The summary of the occurrence of Cryptospori-

dium species and genotypes in natural surface waters 

reported in different European countries based on 

molecular tools and according to the type of the tested 

water is presented in the Table 1. 

 Overall, the presence of infective oocysts have 

been reported in a wide range of surface water type 

including drinking, recreational, waste, river, down-

stream river, sewage and abattoir supplies. 
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 Results of molecular surveys showed that 3 hu-

man and bovine adapted species, namely C. parvum, 

C. hominis and C. andersoni appear to be more pre-

valent (7, 10, 13, 18, 22). In addition, other species 

including C. suis, C. muris, C. meleagridis, C. baileyi, 

C. xiaoi (formerly known as Cryptosporidium cervine 

genotype), C. ubiquitum, C. ryanae, C. cuniculus and 

C. canis (8, 13, 22, 23, 24) have also been reported. In 

addition, the reported Cryptosporidium genotypes in-

cluded: Cryptosporidium horse genotype, C. parvum 

genotype 2, C. muskrat genotype I, C. muskrat geno-

type II, C. ferret genotype 1, C. rat genotype, C. fox 

genotype, C. W19 genotype, C. fox genotype and 

other Cryptosporidium unidentified genotypes (8, 11, 

15, 22). Cryptosporidium isolation rate from water 

samples have often varied markedly between coun-

tries and within regions. Usually, the microscopically 

positive samples, diagnosed using immunofluorescent 

assays as result of their concentration process accor-

ding to the used USEPA 1623 or 1622 methods, have 

been molecularly processed. 

 Dominant or single occurrence of the zoonotic C. 

parvum was reported in raw and purified drinking wa-

ter at four catchment sites in Belgium (11) in: waste 

and river waters of the Vantaa river basin in Finland 

(15), wastewater treatment plant in North Germany 

(2), sewage water from biological treatment plants 

from three regions in Greece (28), water used to wash 

beef carcasses in Ireland (21), inflowing water in a 

lagoon in Southern Italy (14), recreational and drin-

king water reservoir in Luxembourg (16), natural wa-

ter bodies in Poland (1), source and treated water in 

Portugal (18), influent and effluent of water treatment 

plants, untreated surface, threated drinking and rivers 

of the livestock farming areas in the hydrographic ba-

sin of Galicia (NW Spain) (3, 4, 5, 7) and in drinking 

water samples from rural sites in Switzerland (12).

 Surprisingly, negative results for Cryptosporidium 

detection was published by Lonigro et al. (2006) in the 

membrane filtered municipal wastewater used for 

irrigation in Italy (19). Also, unsuccessfull PCR amplifi-

cation was reported for microscopically Cryptospori-

dium positive samples in Norway (25). Instead, other 

studies have been reported the higher occurrence of 

other major zoonotic species, namely C. hominis in: 

the recreational areas including lakes and rivers in 

near Paris (France) (10), effluent of water treatment 

plants in Galicia (Spain) (4), wastewater treatment 

plants from the central area of Spain (13), public water 

supply in Sweden (29), and surface, wastewater treat-

ment plants and treated drinking water in Wales (8, 

20). Also, few studies conducted in Scotland (22) and 

Spain (6, 13) have reported that the most frequently 

isolated Cryptosporidium spp. were the bovine adap-

ted C. andersoni in raw, drinking, recreational and 

waste waters. Until now, this species has not known to 

involve in clinically manifested human cryptosporidio-

sis cases. Instead, it is important to note that the 

zoonotic character of the water origin C. cuniculus, 

known to infect rabbits, has been recently confirmed in 

Northamptonshire, United Kingdom (24). In addition, 

the water presence of other Cryptosporidium species 

know to infect birds such as C. meleagris with zoonotic 

character and C. baileyi have been reported in untrea-

ted surface waters in Hungary (23) and Scotland (22).

 A low number of the rodent pathogen C. muris, 

which has been isolated previously from humans (30), 

have been obtained in different examined water tipes 

in Greece (28),Portugal (18),Scotland (22),Spain (13) 

(Table 1).  Interestingly, other Cryptosporidium spe-

cies known to infect livestocks, including C. suis, C. 

xiaoi, C. ubiquitum and C. ryanae have been found in 

only three (11.5%) out from 26 processed studies in 

the current review. Contrary to expectations, this ob-

servation demonstrate a generally low genetic diver-

sity of the Cryptosporidium isolates contaminating Eu-

ropean surface waters, knowing that in many studies 

livestock farming activities (pastures) around the in-

vestigated sampling locations and uncontrolled conta-

mination via wild animals of the examined water sam-

ples have been described. Morever, only one C. canis 

isolate which can be responsible for human infections 

and having natural hosts domestic and wild canids, 

has been recorded in North-West of Wales (8). 

C. parvum and C. hominis subtype family 

distribution

 Subtyping tools, targeting the highly polymorphic 

60-kDa glycoprotein gene (GP60, also known as Cpgp 

15/45) of the anthropozoonotic C. parvum and zoo-

notic C. hominis, are used especially in the disease 

track investigations and Cryptosporidium transmis-

sion between humans and/or animals. Currently, as 

result of subtyping, 14 subtype families (from IIa to 

IIo) for C. parvum and 9 subtype families (from Ia to 

Ij) for C. hominis are recognized (26). The subtypes 

differ from each other depending on the repeted tri-

nucleotides in polymorphic regions of GP60 gene, 

including TCA, TCG and TCT variations. 

 The subtyping of water origin Cryptosporidium 

oocysts can provide the evidence of possible contami-
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nation sources of Cryptosporidium oocysts, hosts spe-

cificity of the isolates and is very important for the 

assessment of public health. In many cases, the sub-

typing of the isolates has shown identity between 

water and human isolates. Nevertheless, out from the 

26 selected papers conducted in the last decade, only 

5 (19.2%) presented results of subtyping. Thus, in a 

Belgian study, out from 7 C. parvum positive samples 

only one gp60 subtype namely IIdA20G3T5 has been 

isolated in raw water origin. No GP60 subtype has 

been obtained for C. hominis positive samples (11). 

 In Portugal subtyping of C. parvum isolates re-

vealed the presence of 3 subtypes namely IIaA15G2 

R1, IIaA16G2R1 and IIdA17G1 included in two sub-

type families IIa and IId, respectively (18). In the 

same study the IdA15 subtype was diagnosed in all C. 

hominis contaminated water samples. 

 In another study conducted by Galván et al. (13) 

in Central Spain subtyping of C. hominis isolates 

showed the dominat presence of IbA10G2 subtype be-

side IeA11G3T3 allele. In Sweden, in a large water-

borne outbreak of C. hominis infection (affecting ~ 

27.000 persons) transmitted through the public water 

supply, the highly virulent IbA10G2 subtype family has 

been recorded, in both fecal as well as environmental 

samples (29). In the North-West of Wales during a wa-

terborne outbreak investigation, only a single GP60 

subtype namely IbA10G2 was identified, extensively in 

the catchment sites contaminated by wastewater (8). 

CONCLUSIONS

 In the last decade, results of the epidemiologic 

surveys carried out at the European countries level, 

aiming to detect Cryptosporidium in surface water 

samples using molecular tools highlights that all types 

of investigated water samples can harbor Cryptospori-

dium species with zoonotic potential. 

 These studies greatly contribute to understanding 

of molecular epidemiology of waterborne Cryptospori-

dium infections. The most frequently diagnosed hu-

man infective species were C. parvum and C. hominis.

 Other species known to be infective for humans, 

such as C. meleagridis, C. cuniculus, C. ubiquitum or 

C. canis (26) have been sporadically recorded.

 Considering the identified species, the findings 

suggest that especially livestock and human waste-

water can be considered major pollutants of surface 

waters with Cryptosporidium, these being a constant 

threat for drinking water safety. Consequently, the 

frequent routine monitoring of the wastewater treat-

ment performance seems to play an important role in 

the correct evaluation of the risk that is poses (14).

 The limited available information regarding the 

surface water occurrence of C. parvum /C. hominis 

subtype families underlined the need of additional stu-

dies based on subtyping tools, especially for a better 

understanding of the significance of human and ani-

mal protozoan parasites in the monitored water sam-

ples and to define the precise contamination sources 

of drinking water supply from each country by water 

and public health authorities (23). 
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