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RESUMO 

 

Os parasitas protozoários Cryptosporidium spp. e Giardia duodenalis,  são 

reconhecidos mundialmente  como causas frequentes de enterite em bovinos, e o seu 

potencial zoonótico torna-os motivo de preocupação para a saúde publica. Na 

bovinicultura, a Criptosporidiose e a Giardiose, são responsáveis por consideráveis 

perdas económicas associadas a uma elevada morbilidade, embora baixa mortalidade, 

em particular em vitelos com menos de 2 meses de idade. As espécies Cryptosporidium 

parvum e Giardia duodenalis são as mais prevalentes e responsáveis por quadros 

clínicos agudos a crónicos de enterite. A excreção de um elevado numero de (oo)cistos, 

pelos hospedeiros infetados,  contribui não só para a transmissão direta das suas formas 

infetantes a hospedeiros susceptíveis, como também para a sua transmissão indireta 

através de água e alimentos contaminados. A eminente contaminação ambiental e de 

águas superficiais, constitui também um risco de transmissão a humanos.  

Acresce á sua importância epidemiológica, os factos de os oocistos de 

Cryptosporidium spp. e os cistos de Giardia duodenalis, possuírem capacidade infetante 

logo após a sua excreção, sendo a dose infetante para os seus hospedeiros muito baixa. 

Os (oo)cistos são extremamente resistentes ao stress ambiental e aos métodos 

convencionais de tratamento de águas; não existe um tratamento efetivo para estas 

parasitoses e a elevada resistência a diversos desinfetantes torna o seu controlo difícil 

nas explorações pecuárias. Tendo em conta estas considerações, a estratégia de 

controlo deve combinar a implementação de uma medicina preventiva e de medidas de 

biossegurança nas explorações pecuárias.  

O presente trabalho esteve incluído no contexto mais vasto de um estudo 

multidisciplinar, desenvolvido no Norte de Portugal, destinado a conhecer aspetos 

epidemiológicos sobre Cryptosporidium spp. e Giardia duodenalis em humanos, nas 

águas e nos animais. Em Portugal, existe pouca informação disponível respeitante quer à 

importância clínica, quer à epidemiologia destas parasitoses em bovinos. O nosso estudo 

focou a identificação e caracterização molecular das espécies parasitárias dominantes, e 

a construção de indicadores epidemiológicos destas infeções em bovinos, e por 

consequência, avaliar o impacto económico na produção bovina e na saúde pública. 

Procedemos a colheitas de fezes em 150 explorações, das quais 103 explorações 

de produção leiteira e 47 de produção de carne, abrangendo um total de 848 bovinos. Os 

476 vitelos abrangidos neste estudo foram classificados segundo a idade em 4 faixas 

etárias e segundo a consistência das fezes, numa escala crescente na severidade da 

diarreia de 4 categorias. As explorações alvo localizavam-se nas regiões, 
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maioritariamente de Entre Douro e Minho (90%) e em menor número na Beira Litoral. As 

colheitas foram realizadas entre Outubro de 2006 e Junho de 2011. Destas explorações, 

foram selecionadas 16, com base em dois pré-requisitos: a existência de história clínica 

de enterite no efetivo e na utilização de água não tratada, para consumo dos animais. 

Foram colhidas amostras de água e de fezes, por forma a avaliar o risco de transmissão 

destes protozoários aos bovinos.  

Ao longo da execução de este estudo, as amostras de fezes foram processadas 

através de métodos de concentração por sedimentação. Numa primeira fase, a 

identificação dos parasitas efetuou-se por recurso à coloração de esfregaços por Acid-

fast para o diagnóstico de oocistos de Cryptosporidium, e observação microscópica direta 

de esfregaços fecais para diagnóstico de cistos de Giardia duodenalis. Numa segunda 

fase, foram efetuados ensaios de Imunofluorescência Direta com utilização de anticorpos 

monoclonais para identificação de oocistos de Cryptosporidium spp. e cistos de Giardia 

duodenalis. As amostras positivas foram processadas para isolamento dos parasitas por 

métodos de sedimentação em gradientes diferenciais de sucrose e cloreto de césio e 

para purificação através da separação imunomagnética. Procedeu-se á caracterização 

genética dos isolados, utilizando técnicas moleculares de PCR, com amplificação e 

sequenciação dos genes hsp70 e 18SrRNA para Cryptosporidium e β- Giardina para a 

caracterização genética de Assemblages de Giardia duodenalis. 

Os nossos resultados revelaram a presença de Cryptosporidium spp. e/ou Giardia 

duodenalis em 59% das explorações. Foi estimada uma prevalência nas explorações, 

para infeção por Cryptosporidium spp. de  35% (53 em 150) e para infeção por Giardia 

duodenalis de 24% (36 em 150). Com maior expressão de ambas infeções nas 

explorações de leite. Relativamente aos grupos etários, as infeções por Cryptosporidium 

spp. foram mais relevantes em vitelos com menos de 1 mês de idade, tanto de aptidão 

leiteira como de carne. No entanto a infeção por Giardia duodenalis, foi mais patente nos 

vitelos de carne e em particular aqueles com idade compreendida entre 1 e 3 meses de 

idade. Nos vitelos de leite afetou igualmente o grupo com idade inferior a 1 mês e o grupo 

com idade entre 1 a 3 meses de idade. O número de bovinos adultos positivos á 

presença destes parasitas protozoários foi igualmente baixa nas explorações de leite e 

nas de carne. Os estudos moleculares realizados revelaram-nos que o Cryptosporidium 

parvum foi a espécie predominante em vitelos com menos de 1 mês de idade e 87% dos 

animais infetados exibiam sinais clínicos de diarreia moderada a severa, no entanto 

também verificamos que 13% dos vitelos com excreção de oocystos correspondiam a 

vitelos assintomáticos. A caracterização molecular dos nossos isolados permitiu-nos o 

primeiro isolamento Cryptosporidium bovis, em Portugal. A caracterização genética da 
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Giardia duodenalis revelou a dominância do Assemblage E, sendo os Assemblages AII e 

B residuais, na nossa amostragem. 

A crescente intensificação das explorações de bovinos, a elevada quantidade de 

dejetos e águas residuais provenientes desta atividade agrícola e a sua utilização em 

terrenos agrícolas destinados á produção de forragens e produtos hortícolas, têm sido 

apontadas como fatores de risco para a contaminação de fontes de água superficiais e de 

alimentos por estes protozoários, e para a sua transmissão aos animais e a Humanos. Os 

métodos convencionais de tratamento de águas (cloragem e filtração) revelam-se 

ineficazes na eliminação destes parasitas e estes podem persistir viáveis na água, 

durante meses, mesmo sob condições climatéricas adversas. Este estudo revelou uma 

contaminação da água superficial oferecida aos animais, por Cryptosporidium spp. em 

6,5% e uma contaminação por Giardia em 37,5% nas 16 vacarias testadas, adicionando 

uma significativa contagem de bactérias fecais. A utilização de água de bebida para os 

bovinos, provenientes de fontes não tratadas revelou-se um risco na transmissão destes 

parasitas protozoários aos bovinos e potencialmente aos humanos. A baixa qualidade 

microbiológica da água constitui um risco para a saúde e produtividade animal e sem 

dúvida um perigo para os humanos, em especial aqueles diretamente envolvidos na 

atividade agrícola. 

Os resultados por nós obtidos, indicam que a população de bovinos no norte de 

Portugal alberga as quatro espécies de Cryptosporidium, conhecidas como sendo 

específicas dos bovinos, sendo o Cryptosporidium parvum a espécie dominante. Do 

ponto de vista clínico, esta informação é importante na medida em que Cryptosporidium 

parvum é a espécie mais patogénica especialmente para vitelos com menos de 1 mês de 

idade, causando enterites severas, sendo responsável por perdas económicas 

associadas á produção pecuária. Do ponto de vista de Saúde Publica, o potencial 

zoonótico do Cryptosporidium parvum, deve ser tido em conta de forma a evitar a 

contaminação das águas superficiais pois poderá determinar infeções nos humanos. 

Relativamente aos resultados para Giardia duodenalis, o Assemblage E foi o genótipo 

dominante, responsável por quadros de enterite em vitelos com idade inferior a 3 meses, 

no entanto a implicação zoonótica dos Assemblages AII e B não deverá ser 

negligenciada na medida em que, os resultados do seu isolamento em amostras de água 

para consumo humano, realizadas em trabalhos prévios pelo nosso grupo de 

investigação sugerem que os bovinos podem ser potenciais transmissores deste 

protozoário á população humana através da água de consumo.  
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ABSTRACT 

 

The protozoan parasites, Cryptosporidium spp. and Giardia duodenalis are 

recognized worldwide as a major cause of enteritis in cattle, and their zoonotic potential 

makes them a concern for public health. In cattle farming, Cryptosporidiosis and 

Giardiosis are responsible for significant economic losses associated with high morbidity, 

although low mortality, particularly in calves less than two months of age. The species 

Cryptosporidium parvum and Giardia duodenalis are the most prevalent and responsible 

for the acute or chronic clinical manifestations of enteritis. The excretion of a large number 

of (oo)cysts, by their infected hosts, contributes, not only to the direct transmission to a 

susceptible host but also to indirect transmission, through contaminated water and food. 

The imminent environmental and surface water contamination, constitute a risk of 

transmission to humans.  

Adding to their epidemiological importance, Cryptosporidium spp. oocysts and 

Giardia duodenalis cysts, have infectious capacity immediately after excretion; the 

infective dose is quite low. (Oo)cysts are extremely resistant to environmental stress and 

to the conventional methods of water treatment; there is no effective treatment for these 

parasites, and their high resistance to many disinfectants makes control difficult in cattle 

farms. Given these considerations, the control strategy should combine the 

implementation of a preventive medicine and bio security measures on farms.  

The present work was included in the wider context of a multidisciplinary study, 

developed in Northern Portugal, designed to meet epidemiological aspects of 

Cryptosporidium spp. and Giardia duodenalis in humans, in water sources and in animals. 

In Portugal, there is little information available regarding to clinical aspects or to 

epidemiologic aspects of these protozoan parasites in bovine. Our studies focused on the 

identification and molecular characterization of the dominant parasitic species, and the 

construction of epidemiological indicators of these infections in bovine, and consequently, 

estimate the economic impact in cattle production and in public health. 

We performed faecal specimens sampling from 150 farms, being 103 dairy farms 

and 47 beef cattle farms, covering a total of 848 animals. The 476 calves covered in this 

study, were classified by age into four age groups and according to stool consistency, on 

a four scale of increasing severity of diarrhea.  

The great majority of the target farms were located, mainly in the Entre Douro e 

Minho region (90%) and the remain was from the Beira Littoral region. Samples were 

collected between October 2006 and June 2011. From those, 16 farms were selected, 

based on two prerequisites: the existence of medical history of enteritis in the herd, the 
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use of untreated surface water supplies for animal drinking. Water and faecal samples 

were collected, in order to access the risk of transmission of these protozoan parasites to 

bovine.  

During the execution of this study, fecal samples were processed by methods of 

concentration by sedimentation. Initially, the identification of parasites made up by use of 

staining smears for acid-fast for the diagnosis of Cryptosporidium oocysts, and direct 

microscopic observation of fecal smears for diagnosis of Giardia duodenalis. In a second 

phase, tests were performed with direct immunofluorescence using monoclonal antibodies 

for identification of Cryptosporidium spp. and Giardia duodenalis cysts. Positive samples 

were processed for parasite Isolation, by centrifugation using differential density gradients 

with sucrose and caesium chloride, and Cryptosporidium spp. oocysts and Giardia cysts 

were purified by Immunomagnetic separation. We proceeded to genetic characterization of 

isolates, using molecular techniques of PCR, with amplification and sequencing of the hsp70 

e 18SrRNA genes of Cryptosporidium and β-Giardin gene for Assemblage determination of 

Giardia duodenalis.  

Our results revealed the presence of Cryptosporidium spp. and/or Giardia duodenalis 

in 59% of the cattle farms. It was estimated the farm prevalence value for Cryptosporidium 

spp. of 35% (53 out of 150) and for Giardia duodenalis of 24% (36 out of 150). With 

increased expression of both infections in dairy farms. Relatively, to age–groups, 

Cryptosporidium spp. infections were more common in calves under one month of age, both 

in dairy and in beef farms. However infection with Giardia duodenalis, was more evident in 

beef calves and in particular those between 1 to three months of age. In dairy farms, calves 

aged to one month, and aged 1-3 months old were also affected. The number of adult cattle 

positive for these protozoan parasites was equally low in dairy and beef farms. Molecular 

studies have shown that Cryptosporidium parvum was the predominant specie in calves with 

less than one month of age and 87% of the infected animals, presented clinical signs of a 

moderate to severe diarrhea, although we also verified that 13% of calves shedding oocysts 

corresponded to asymptomatic calves. Molecular characterization of isolates, allowed the 

first identification of Cryptosporidium bovis in a beef calve in Portugal. The genetic 

characterization of Giardia duodenalis in the samples, revealed dominance in the presence 

of Assemblage E, while Assemblage A II and Assemblage B were residual.   

The increasing intensification of cattle production, the high amount of manure and 

waste water produced from this activity and its use on agricultural land for agronomic 

production have been identified as risk factors for contamination of surface water sources 

and food, by these protozoa  and its  transmission to animals and to humans. 

Conventional methods of water treatment (chlorination and filtration), turn out to be 
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ineffective in eliminating these parasites, and they may remain viable in surface and 

drinking  water, for several weeks, even under adverse environmental conditions. The use 

of drinking water for cattle, from unimproved sources, proved to be a risk in the 

transmission of these protozoan parasites to cattle and potentially to humans. This water 

revealed a contamination by Cryptosporidium of 6, 5% of the 16 cattle farms tested, and a 

Giardia duodenalis contamination in 37, 5% of those farms, adding to a significant faecal 

bacteria count. Poor microbiological water quality represents a risk for cattle health and 

animal production and no doubt a threat to humans, especially those directly involved in 

agricultural activities. 

Our results indicated that the bovine population in Northern Portugal shed the four 

Cryptosporidium species known to be specific of cattle, and Cryptosporidium parvum was 

the predominant specie. From the standpoint of clinical meaning, this information is 

important because Cryptosporidium parvum is the most pathogenic specie, especially for 

calves with less than one month of age,   causing severe enteritis being responsible for 

economic losses associated with livestock production. From the viewpoint of public health, 

zoonotic potential of Cryptosporidium parvum must be taken into account in order to avoid 

contamination of surface waters, because it can determine infections in humans. 

Regarding to Giardia duodenalis results, Assemblage E was the dominant genotype, 

responsible for clinical disease in calves younger than three months. The dominant 

Assemblage E of Giardia duodenalis is a risk factor for the economics of farming but is not 

a threat to the human population. The possible zoonotic significance of Assemblage A II 

and Assemblage B must not be neglected. In accordance with results of their isolation in 

water samples for human consumption, in previous studies conduct by our investigation 

group, suggests that bovine could be potential transmitters of this protozoan to human 

population through drinking water. 
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CHAPTER 1 

GENERAL INTRODUCTION / LITERATURE REVIEW 

 

1. Introduction  
 

Cryptosporidium spp. and Giardia duodenalis are emergent protozoan parasites 

with a worldwide distribution. Their complex life cycles associated to their enormous 

resistance and biological viability under environmental condition are responsible for the 

success of both parasites in different hosts around the world. They have been recognized 

as important pathogens to humans and livestock. Drinking water has been pointed as a 

main source of contamination, caused by their infectious stages’ resistance under the 

conventional water treatments (chlorination and filtration). The occurrence of 

Cryptosporidiosis and Giardiosis outbreaks associated with the consumption of 

contaminated water is real, both for humans and livestock, and its prevention is a concern 

to the Public and Animal Health Authorities. 

Severe clinical complications, particularly in Cryptosporidiosis, may occur as a 

consequence of opportunistic infections in immunocompromised patients. The negative 

impact of both diseases in Animal Production is not completely understood. Previous 

studies conducted in Portugal were insufficient to characterize the real extend of these 

infections among cattle. The genetic characterization of Cryptosporidium and Giardia is an 

essential feature in order to understand the pathogenesis of both diseases in animals and 

humans. Scientific evidence suggests a limited cross transmission occurring among 

different groups of animals and humans. The majority of Cryptosporidium and Giardia 

species and genotypes are host-adapted in nature, having a narrow spectrum of specific 

hosts. Development of genetic markers was essential for the advances in the knowledge 

of Cryptosporidium and Giardia genetic diversity, host specific interaction, and zoonotic 

potential.  

Working as veterinary practitioners, we were aware about the insufficient 

information of Cryptosporidium and Giardia infections in cattle industry in Portugal. The 

opportunity to integrate a multidisciplinary team in a national program to study of both 

protozoa gave us the opportunity to investigate the importance of these parasites for the 

bovine population in an integrated epidemiologic scenario.  Thus, the main goal of this 

work was to increase the epidemiological knowledge on Cryptosporidium and Giardia 

infections, as well as its clinical and economic impact on Animal Production in bovine 
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population of Portugal. The development of the experimental work and respective results 

are present in the following chapters in the form of research papers. 

 

2. History 
 

Cryptosporidium was first recognized by Ernest Edward Tyzzer, in 1907 describing 

the life cycle stages of a protozoan parasite that he commonly found in the faeces and 

gastric glands of his laboratory mice (Tyzzer, 1907). In 1910, Tyzzer described, in greater 

detail a form flask-shaped, either spheroidal or ellipsoidal and proposed Cryptosporidium 

muris as new specie. In 1912, after the observation of parasite stages developed only in 

the small intestine of mice and with oocysts smaller than those of C. muris, 

Cryptosporidium parvum appears as new specie. The genus Cryptosporidium became 

more complete, when Slavin described the new specie, Cryptosporidium meleagridis, as a 

potential cause of diarrhea in turkeys (Slavin, 1955).                             

Later, in the 80s, Cryptosporidium infections were reported as a cause of death in 

AIDS patients, following a report from the United States Centre for Disease Control 

(USCDC). The parasite became accepted as a significant zoonotic pathogen and a 

increased scientific interest aroused (Goldfarb et al., 1982). Subsequently, reports 

describing Cryptosporidiosis in a wide range of mammals, birds and reptiles began to 

appear (Pavlasek et al., 1995, Koudela & Modry, 1998). 

The first clinical report associating Cryptosporidium infection and diarrhea in cattle 

appeared in 1971 (Panciera et al., 1971). Still, the clinical interest for this parasite 

remained neglected until the early 80s. The role of this parasite as the primary cause of 

diarrhea in cattle was defined in the early 80s by Tzipori et al, when he studied the case of 

an outbreak of neonatal diarrhea due to Cryptosporidium (Tzipori et al., 1998; Graaft et 

al., 1999). 

Until the early 90s, Cryptosporidium oocysts identification was based primarily, on 

oocysts size, shape and host susceptibility. However during the 90s, the use of molecular 

techniques allowed some clarification of previous recognition of Cryptosporidium. 

Outbreaks associated with drinking water and recreational water, were reported during 

this period, particularly in 1993, when Cryptosporidium was faced as a public health 

problem due to the world’s largest recorded waterborne disease outbreak: the outbreak of 

Cryptosporidiosis in Milwaukee, Wisconsin (MacKenzie et al., 1994). Livestock was 

believed to be the main reservoir for Cryptosporidium zoonotic transmission in this 

outbreak. Advances in molecular techniques and the development of highly sensitive 
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detection and genotyping methods, supported a better assessment of the sources and 

causes of Cryptosporidium outbreaks. There is also a possible risk of Cryptosporidium 

infection by wild life and companion animals, for livestock and humans, and for 

environmental contamination (Simpson, 2002). 

Nowadays, four Cryptosporidium species are recognized to infect cattle, 

Cryptosporidium parvum, Cryptosporidium andersoni, Cryptosporidium bovis and 

Cryptosporidium ryanae (Fayer et al., 2008). The veterinary significance of 

Cryptosporidiosis, was assumed since cattle were remarked has a source of infection to 

humans. Moreover, Cryptosporidiosis is an important cause of economic losses in 

production animals; treatment of the infection in cattle is ineffective and control is rather 

difficult. Furthermore, the large number of oocysts excreted during a clinical onset of 

infection is regarded as responsible for ensuring a high level of environmental 

contamination and Cryptosporidium is considered a potential cause of surface water 

contamination (Graaft et al., 1999, Ramirez et al., 2004). 

Giardia duodenalis was first described by Vilem Lambl, a Czech physician giving 

his name to the parasite (Giardia lamblia), when observing the stools of diarrheic children. 

However, he thought the protozoon was commensal and not responsible for the 

pathology. In 1888, Blanchard suggested the name Lamblia intestinalis, which latter was 

changed to Giardia duodenalis by Stiles, in 1902. Subsequently, Kofoid and Christiansen 

proposed the names G. lamblia in 1915 (Kofoid and Christiansen, 1915) and Giardia 

enterica in 1920 (Kofoid and Christiansen, 1920). It was the beginning of a long 

controversy regarding the number of Giardia species. Filice, in 1952, described in more 

detail the morphology of Giardia and proposed that three species names should be used 

according to the morphology of the median body: G. duodenalis, G. muris and G. agilis. 

For Giardia isolates grouped in G. lamblia, the use of electron microscopy allowed the 

description of additional species, Giardia psittaci from parakeets, Giardia ardeae from 

herons and Giardia microti from voles and muskrats (Erlandsen and Bemrick, 1987; Feely, 

1988; Erlandsen et al., 1990). Furthermore the molecular characterization of this 

protozoon has revealed a complexity associated to seven Assemblages. The clinical 

importance of Giardiosis was only recognizing in the 20th century, and in our days 

Giardiosis is recognized as the most common parasitological cause of diarrhea, infecting 

280 million persons each year, especially in developing countries. Giardia duodenalis was 

included in the ‘Neglected Disease Initiative’ of the World Health Organization since 2004.  

The increasing interest in Giardia duodenalis in the veterinary point of view was 

determined as a result of economic loss in farm animals, associated to deficiency in 
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treatment and controlling the infection, and by environmental contamination of resistant 

cyst, and their zoonotic potential (Graaft et al., 1999). 

 

3. Taxonomy 

 

The taxonomic status of Cryptosporidium spp. and Giardia spp. are undergoing 

rapid chances supported by recent published molecular data. A new species of 

Cryptosporidium and Giardia, to be acknowledged as such, must follow certain criteria 

and requirements concerning morphometric data, genetic characterization, and natural or 

feasible host specificity and finally be in accordance with the International Code of 

Zoological Nomenclature regulations (Egyed et al., 2003; Xiao et al., 2004; Slapeta, 

2006).  Regarding our particular interest in Cryptosporidium spp. and Giardia duodenalis 

infections in bovines, the following issues will concern Cryptosporidium species and 

Giardia duodenalis genotypes known to infect cattle. 

 

3.1Cryptosporidium Taxonomy 

The genus' Cryptosporidium has been classified in the kingdom Protista, 

subkingdom Protozoa, phylum Apicomplexa (members with an apical complex), class 

Sporozoasida (members with asexual and sexual cycles), subclass Coccidiasina (life 

cycle with merogonia, gametogony and sporogony), order Eucooccidiida (with 

schizogony), suborder Eimeriina (with micro and macrogamy), family Cryptosporiidae 

(four sporozoites in their oocysts)( Levine, 1985);  and several species are known.  

Divergent opinions exist, mainly since members of this protozoan genus in the 

phylum Apicomplexa was thought to be closely related to the coccidian, but, despite 

strong morphological similarities to the coccidian, throughout the life cycle and the 

presence of mitochondrion-specific genes, it has not been shown that C. parvum 

possesses a mitochondria-like organelle as found in classical coccidia (Riordan et al., 

1999). Additionally, the particular Cryptosporidium location in the host cells (intracellular 

but extra-citoplasmatic), the auto-infection capacity and its resistance to anti-parasitic 

agents distinguish Cryptosporidium from coccidian (Tetley et al., 1998). Moreover, 

molecular data suggest that Cryptosporidium may be more closely related to gregarines, a 

fact that is also supported by similar life cycle stages in both organisms (Hijjawi et al., 

2002; Fayer, 2004). 

Molecular characterization of Cryptosporidium helped to clarify the confusion in 

Cryptosporidium taxonomy based in the morphological data (Fayer, 2004; Xiao et al., 
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2004). These tools also have the enormous advance of being applied in the direct 

samples, elucidating the real nature of variation in Cryptosporidium species. 

In 2004, 15 Cryptosporidium species and their specific hosts were recognized 

(Fayer, 2004; Xiao et al., 2004), but nowadays at least 20 Cryptosporidium species (Table 

1), and over 40 genotypes are recognized, with new genotypes continually being added 

(Xiao and Fayer, 2008; Xiao, 2010).  

 

 

 

Cryptosporidium 

species 

Host References 

C. andersoni 

C. baileyl 

C. bovis 

C. canis 

C. fayeri 

C. felis 

C. fragile 

C. galli 

C. hominis 

C. macropodum  

C. meleagridis 

C. molnari 

C. muris 

C. parvum  

C. ryanae 

C. scophthalmi 

C. serpentis 

C. suis 

C. varanii 

C. wrairi 

Domestic cattle 

Chicken 

Domestic cattle 

Domestic dog 

Red Kangaroo 

Domestic cat 

Amphibians  

Chicken 

Human 

Grey Kangaroo 

Turkey 

Gilt head seabream 

House mouse 

Human, mammals 

Domestic cattle 

Turbot 

Corn snake 

Domestic pig 

Emerald monitor 

Guinea pig 

Lindsay et al., 2000 

Current et al., 1986 

Feng et al., 2007 

Fayer et al., 2001 

Ryan et al., 2008 

Iseki, 1979 

Jirku et al., 2008 

Pavlasek et al., 1999 

Morgan-Ryan et al., 2002 

Power and Ryan, 2008 

Slavin, 1955 

Alvarez-Pellitero and Sitjá-Bobadilla, 2002 

Tyzzer, 1907 

Tyzzer, 1912 

Fayer, 2008 

Alvarez-Pellitero et al., 2004 

Levine, 1980 

Ryan et al, 2004 

Koudela and Modry, 1998 

Vetterling et al., 1971 

 

 

 

Table 1: Cryptosporidium species according to host specificity, adapted from Plutzer et al., 

2009, and Xiao and Fayer, 2008. 
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3.2 Bovine specific Cryptosporidium species 

 

Most Cryptosporidium species appear to have some host specificity but are not 

strictly host specific. Although Cryptosporidium parvum appears to be the most 

widespread specie, with a large host range - over 150 mammalian hosts, reports were 

based only on microscopic observation of oocysts morphology (Fayer et al., 2004). 

Currently, the  biological and molecular tools became essential for the recognition of new 

species and genotypes that were recognized as separated species. For example, the 

human genotype, Cryptosporidium parvum type I became recognized as Cryptosporidium 

hominis ( Morgan-Ryan et al, 2002); and the previously  identified as  the bovine genotype 

Cryptosporidium parvum type II  became recognized as Cryptosporidium parvum. 

Recent studies have demonstrated that cattle is reported as a primary host and 

may be  infected with at least four Cryptosporidium species:  C. parvum, C. andersoni,  C. 

bovis and C. ryanae ( Santín et al., 2004; Xiao et al., 2004;  Feng et al., 2007; Fayer et al., 

2006;  Fayer et al., 2008). 

 

3.2.1 Cryptosporidium parvum  

 

Cryptosporidium parvum is the most extensively studied and is the main cause for 

enteric disease in cattle. It has also been reported to infect other ruminants, domestic 

animals and wild life mammals (Fayer et al., 2004).  

Cryptosporidium parvum colonize the ileum and proximal portions of the large 

intestine, but lesions are also found in the caecum, colon and occasionally in the 

duodenum (Sanford et al., 1982). C. parvum is a common cause of diarrhea in calves 

aged from two to three weeks. In practice, C. parvum oocysts with a mean size of 4, 5 x 5, 

5 µm, can be excreted as early as three days of age, meaning that calves are susceptible 

for infection shortly after birth (Fayer et al., 1998). Infection has a pre-patent period (which 

is the time between the ingestion of infecting oocysts and the excretion of a new 

generation of oocysts) of 3 to 6 days and a patent period (which is the duration of oocyst 

excretion) of 4 to 17 days (Fayer et al., 1998). Although older calves can also be infected 

with C. parvum, the infection is less severe in clinical sign's exhibition (Harp et al., 1990). 

The low prevalence of C. parvum in adult cattle suggests that mature cattle are unlikely a 

source of infection for humans (Fayer et al., 2007). Nonetheless, its chronicle and 

intermittent pattern of infection (though with a low quantity of oocyst excretion), can be 

important to environmental contamination, since adult cattle can produce between 30 to 

40 kilos of manure per day. 
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3.2.2 Cryptosporidium andersoni 

 

Cryptosporidium andersoni was referred to as C. muris before 2000 (Lindsay et al., 

2000). Its oocysts colonize the abomasum and are larger than those from C. parvum ( 5, 5 

x 7, 4 µm).  The infection by C. andersoni affects mainly post- weaned calves, heifers and 

adult cattle, assuming a chronicle pattern of infection (O’Handley et al., 2006). The 

prevalence is generally reported as low, in adult cattle (2% to 5%) (Olson et al., 1997; 

Santín et al., 2004), but there are some records pointing to prevalence rates of 30 to 40% 

in some herds (Fayer et al., 2007, 2008). The pre-patent period is 18 to 45 days (Ralston 

et al., 2003; Kvac et al., 2006). The potential for zoonotic transmission of C. andersoni is 

unknown, but infections have been reported in humans (Leoni et al., 2006). 

3.2.3 Cryptosporidium bovis 

 
Cryptosporidium bovis, previously referred to Cryptosporidium bovine genotype B 

is morphological identical to C. parvum, but molecular investigation based in multilocus 

analysis has demonstrated it’s a separate Cryptosporidium specie. Cryptosporidium bovis 

oocysts have a mean size of 4, 6 X 4, 9 µm, and infect calves between 2 to seven months 

of age. The pre-patent period is 10 days, and infection is not associated with clinical signs 

of enteritis, nor constitutes a zoonotic risk (Fayer et al., 2008). Some scientific reports 

described C. bovis infection in humans, but all cases as an asymptomatic infection (Khan 

et al., 2011, Ng Yn Su et al., 2012).  

3.2.4 Cryptosporidium ryanae 

  
Cryptosporidium ryanae, was previously identified as Cryptosporidium deer-like 

genotype (Fayer et al., 2008), is worldwide prevalent in cattle, and its oocyst are the 

smallest recovered (3, 2 x 3, 7µm). The pre-patent period is 11 to 12 days and the patent 

period is 15 to 17 days. C. ryanae infects the small intestine and is sub-clinical, without 

clinical signs. It has been reported to infect 2% of pre-weaned calves and 7, 6% of post-

weaned calves while a lower prevalence has been reported in young adult cattle (Fayer et 

al., 2008). 

3.2.5 Occasionally others Cryptosporidium species were identified in cattle 

Although, Cryptosporidium suis has been diagnosed in calves, pigs are recognized 

as their primary host (Ryan et al., 2004; Geurden et al., 2006). 
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3.3 Giardia Taxonomy  

 

According to the old systematic based on morphology, Giardia belonged to Phylum 

Sarcomastigophora, Subphylum Mastigophora (Flagellata), Class Zoomastigophorea, 

Order Diplomonadida and Family Hexamitidae (Adam, 2001; Thompson, 2004). 

The development of new insights from molecular sequence studies and 

combination of genetic, structural and biochemical data (Cavalier-Smith, 2003), 

determined that  Giardia belong  to the Phylum Metamonada, Subphylum Trichozoa, 

Superclass Eopharyngia, Class Trepomonadea, Subclass, Diplozoa, Order Giardiida and 

Family Giardiidae (Cavalier-Smith,2003). 

Similar to what was previously described for Cryptosporidium taxonomy, molecular 

tools have greatly contributed to better understand the pathogenesis and host range 

specificity of Giardia isolates. As such, molecular data has demonstrated the existence of 

a number of Assemblages or genotypes of G. duodenalis, that although morphologically 

identical, have distinct host specificity (Adam, 2001; Thompson, 2004). 

Six species of Giardia (Table 2) have been differentiated based on light 

microscopic (according to the shape of trophozoite and median body) and electro-

microscopic (according to the characteristics of a ventrolateral flange, marginal groove, 

ventral disc and flagellum) (Adam, 2001). Five of these Giardia species were represented 

by isolates from amphibians (G. Agilis), birds (G. ardeae, G. Psittaci), mice (G. Muris) and 

voles (G. Microti) (Adam, 2001; Caccio et al., 2005). The sixth species, Giardia 

duodenalis, includes Giardia strains isolated from a large range of mammalian hosts and 

grouped into a single species by Filice (1952), because they share morphological features 

and have similar median body structures.  

 

 

 

Giardia species Host 

G. duodenalis (Syn. G. intestinalis, G. lamblia) 

G.muris 

G. microti 

G. psicatti 

G. ardeae 

G. agilis 

Human, mammals 

Rodents 

Voles, muskrats 

Psittacine birds 

Herons 

Amphibians 

 

Table 2: Giardia species, according to their specific host, adapted from Monis and Thompson, 

2003. 
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Later, all species were defined using ribosomal RNA gene sequencing and as well 

as other genes. Molecular studies demonstrated that Giardia duodenalis is a complex 

species comprising at least eight Assemblages, which differ significantly from each other. 

Giardia duodenalis Assemblages, sub-Assemblages and genotype, are named after the 

detection of polymorphic differences after gene sequencing of glutamate dehydrogenise 

(GDH), trios phosphate isomerise (TPI), and β-Giardin (BG) genes. The closely related 

genotypes were then grouped into Assemblages (Table 3). 

 

 

 

Genotype/ Assemblage Host range 

Assemblage A 

Assemblage B 

Asseblage C / D  

Assemblage E 

Assemblage F 

Assemblage G 

Assemblage H 

Humans, livestock, cats, dogs, beavers, guinea pig 

Humans, Livestock, chinchillas, beavers, siamang 

Dog 

Cattle, sheep, pigs 

Cat 

Domestic rats 

Marine vertebrates 

 

 

Most of the Assemblages are host specific (e.g. Assemblage C for dogs, 

Assemblage F for cats) or have a limited host range (e.g. Assemblage E for hoofed 

livestock), only two of these Assemblages have been isolated from humans (e.g. 

Assemblage A and B) but are not human specific, in fact these two Assemblages are of  

zoonotic importance. Assemblage A consists in two subgroups, AI and AII, and 

Assemblages B in two subgroups, BIII and BIV (Table 4). 

 

 

 

Giardia duodenalis Sub Assemblages Host range 

Assemblage A I 

Assemblage A II 

Assemblage B III 

Assemblage B IV 

Humans and mammals; zoonotic 

Mainly Humans; Zoonotic 

Humans and mammals; Zoonotic 

Humans 

 

 

Table 3: Giardia duodenalis Assemblages and host range, From Smith et al., 2007; Lasek-

Nelsselquist et al., 2010. 

Table 4: Giardia duodenalis Sub Assemblages and host range. From Thompson et al., 2007  
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3.3.1 Bovine specific Giardia duodenalis Assemblages                    

 

Giardia duodenalis has the ability to infect a large range of domestic and wild life 

mammals, and is is the only specie found in humans, rendering zoonotic transmission 

possible (Thompson et al., 2000; Adam, 2001; Thompson, 2004; Caccio et al., 2005; 

Caccio and Ryan, 2008). 

Giardia duodenalis Assemblages, have evident differences in their host specificity: 

Assemblage E is specific of hoofed animals. It can be isolated in cattle, sheep, goats, 

pigs, water buffaloes and muflons, but not in humans. Surveys conducted in Australia ( 

Becher et al., 2004), Canada ( Appelbee et al., 2003) and in United States ( Trout et al., 

2004, 2005, 2006) reported  a higher prevalence of the non-zoonotic, host-specific 

Assemblage E in cattle, rather than the zoonotic Assemblages A and B.  These findings 

suggest a more limited role of cattle as reservoirs of Giardiosis in humans in those 

countries. Furthermore, Assemblage A isolates can be grouped into two distinct sub-

genotypes; Assemblage A I with zoonotic potential (affect's animal and humans) and 

Assemblage A II mainly to humans, though it has been found occasionally in bovine 

faecal samples (Traub et al., 2005; Uehlinger et al., 2006; Langkjaer et al., 2007; 

Leonhard et al., 2007; Mendonça et al., 2007; Robertson et al., 2007; Souza et al., 2007; 

Geurden et al., 2008;  Armson et al., 2009; Yang et al., 2009). 

 Assemblage B appears to be human-specific, however several studies have 

described domestic livestock (cattle, sheep, horses) and some wildlife species, as natural 

hosts for G. duodenalis Assemblage B (Itagaki et al., 2005; Traub et al., 2005; Aloisio et 

al., 2006; Castro-Hermida et al., 2007; Coklin et al., 2007; Mendonca et al., 2007; Traub 

et al., 2005; Lebbad et al., 2008) (Table 5).  

 

 

Country Assemblages isolates Predominant 

Assemblage 

References 

Italy 

Portugal 

Denmark 

Belgium 

USA 

Canada 

Canada 

New Zeeland 

A; B; E; A+B; A+E 

A; B; E 

A; E 

A; E; A+E 

A; E 

A; E 

B; E 

A; B 

A 

E 

E 

E 

E 

E 

B 

A 

Lalle et al., 2005 

Mendonça et al., 2007 

Langkjaer et al., 2007 

Guerden et al., 2008 

Trout et al., 2004, 2005, 2006 

Appelbee et al., 2003 

Coklin et al., 2007 

Leamonth et al., 2003 
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Table 5: Giardia duodenalis Assemblages in cattle, From Xiao and Fayer, 2008 
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4. Life Cycle 

4.1 Morphology of Cryptosporidium sporozoites 

 

Cryptosporidium as an Apicomplexa parasite, shares a variety of morphological 

traits common for this phylum, and that illustrated in Figure1. These protists share the 

organization of exclusive organelles in a region called the apical complex. The apical 

complex of C. Parvum consists of numerous micronemes, the apical polar ring, the 

conoid, and dense granules, but only a single rhoptry; necessary for sporozoite motility, 

invasion, adhesion and invasion of host cells and for the establishment of the 

parasitophorous vacuole (Tetley et al., 1998).  

 

                                

 

 

The microneme is a secretory organelle that contains glycol-proteins (gp), 

involved in gliding mobility, and host cell recognition and attachment by C. parvum 

sporozoites (Adam, 2001).   

The Rhoptry is important in modifying the host-cell membrane in formation of the 

parasitophorous vacuole during the invasion; dense granules are distinct secretory 

organelles that bind to the parasitophorous vacuole membrane and act in subsequent 

modification of the host-cell microenvironment (Carruthers and Sibley, 1997; Carruthers et 

al., 1999; Morrissette and Sibley, 2002).  

The conoid is a small cone-shaped structure composed of a spiral of unidentified 

filaments, and is believed to play a mechanical role in invasion and can be protruded from 

or retracted into the apical polar ring (Nichols and Chiappino, 1987). The apical polar 

Figure 1: Cryptosporidium Sporozoite morphology. From Mendonça, C., 2012 

Rhoptry 

Polar Rings 

Conoid 

Micronemes 
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Subpellicular microtubules 

Nucleus 

Plastid-like organelle 
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ring serves as microtubule-organizing centres (MTOC’s) (Tetley et al., 1998; Smith et al., 

2005).  

The parasites are bounded by the pellicle, a composite structure consisting of the 

plasma membrane and the closely apposed inner membrane complex (IMC) (Morrissette 

and Sibley, 2002). The pellicle is intimately associated with a number of cytoskeleton 

elements, including actin, myosin, microtubules and a network of intermediate filament-

like proteins. The endoplasmic reticulum surrounds the nucleus, and the Golgi body is 

immediately above it and directly next to the apicoplast (Morrissette and Sibley, 2002). 

The multiples' organelles in the apical complex of the sporozoite and also of the 

merozoites have multiple's surface molecules that are involved in gliding motility, 

attachment, invasion or intracellular development (Wanyiri and  Ward, 2006).   

 

 4.2 Cryptosporidium spp.  life cycle  

 

The life cycle of Cryptosporidium is complex; includes asexual and sexual 

reproductive stages, and is completed in the gastrointestinal tract of the host. 

Cryptosporidium has a direct and monoxenic life cycle. Infection of a new host results 

from the ingestion of immediately infective thick–wall oocysts, and represents the 

Cryptosporidium spore phase. Cryptosporidium oocysts are commonly transmitted by 

faecal-oral route, either by direct contact (host-to-host) or indirect transmission 

(contaminated water or food), since oocysts are extremely resistant to environmental 

conditions and as well  to common disinfectants used in water treatment, such as chloride. 

As such water represents an important transmission route to animals and to humans 

(Fayer, 2004). 

Cryptosporidium parvum is the most studied Cryptosporidium specie, due to its 

wide host range, worldwide  distribution, significant prevalence in humans and  mammals, 

and also because is the most common specie known to cause severe disease.  Knowing 

its life cycle and infection pattern assist us to understand the infectiousness and the 

difficulty in treating and controlling the infection in bovines. For these reasons, we will 

address in more detail C. parvum life cycle and pathogenicity (Figure 2).   

Following ingestion of Cryptosporidium parvum oocysts and passage through the 

stomach (abomasum in the ruminants), attachment to the mucosal lining in the intestinal 

lumen occurs. Attachment is mediated by the lectin receptors expressed on the oocyst 

surface. The presence of gastric acid, bile acids, pancreatic trypsin and host-intestinal 

temperature, induces the oocysts excystation. Sporozoites release is triggered by 
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expression of sporozoite-derived proteases and phospholipases involved in the 

dissolution of the oocyst barrier (Smith et al., 2005). Furthermore, direct contact between 

C. parvum oocysts and terminal sialic acid residues exposed on surface glycoprotein of 

host intestinal cells, can additionally signal to induce excystation (Choudhry et al., 2008). 

Four sporozoites are liberated from each oocyst and when released immediately attach to 

the epithelial cells of the gastrointestinal tract. The activated sporozoites secrete 

molecules from the apical complex organelles and express surface–exposed molecules 

that are involved throughout the infection process (Wanyiri and Ward, 2006).  The actively 

motile sporozoites are able to cross the intestinal mucus barrier by expressing mucin like 

surface receptors for attachment, releasing enzymes to break down mucus barrier and 

access the enterocyte for attachment and invasion mediated by specific binding receptor-

ligand. Before the invasion, sporozoites bind to the luminal enterocyte membrane between 

microvilli trough its apical complex. Sporozoites’ binding, is followed by a local increased 

in host cell volume, remodelling of the apical region and protrusion of the host-cell 

microvillus membrane,  originating what is termed  an intracellular but extracitoplasmatic 

(extracytosolic epicellular) location of the trophozoite in a parasitophorous vacuole, 

immediately beneath the host-cell membrane ( Huang et al., 2004). 

 

 

 

 

Figure 2: Cryptosporidium parvum life cycle. From Mendonça, C., 2012 
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Multi-membranous feeder organelles, connect the trophozoite with the host-cell 

cytoplasm, provide the essential nutrients and substrates to the trophozoite.  

At this stage, trophozoites undergoes the asexual cycle by multiple fission, a 

process known as schizogony or merogony. In this process, the trophozoites develop into 

Type 1 meront, containing eight daughter cells. These daughter cells are Type 1 

merozoites, which are released by the meront (Figure 2).  Merozoites can cause 

autoinfection by attaching to epithelial cells, or evolve to Type II meront, which contain 

four Types II merozoites.  

At this point, the sexual cycle initiates by the release of merozoites, which attach to 

epithelial cells and become either macrogamont (female) and microgamont (male), called 

gametogony (Fayer, 2004). This cycle becomes complete with the fertilization of the 

macrogamont by the microgametes released from the microgamont, forming the zygote. 

The zygote evolves into oocysts of two types: the thin-wall oocysts, can re-infect the host 

by rupturing and releasing sporozoites, starting the process again (autoinfection process), 

and the thick-wall oocyst, excreted into the environment. At the end of this endogenous 

cycle, a large number of sporulated oocysts are formed, and once shed in faeces to the 

environment, are immediately infective for a susceptible host (Fayer, 2004). 

As previously stated, transmission of Cryptosporidium may occur through several 

routes, but mainly through contact with contaminated faeces, water and food. General 

lack of strict host specificity, especially in the case of Cryptosporidium parvum leads to 

epidemic outbreaks of Cryptosporidiosis in humans, often associated with waterborne 

outbreaks. In fact, many reported outbreaks occurred in water parks, pools and day-care 

centres. Compatible species of the parasite and host are required to infection occur: the 

zoonotic and anthroponotic transmission of C. parvum and anthroponotic transmission of 

C. hominis occur by exposure to infected animals or by exposure to water or food 

contaminated by faeces of infected animals ( Smith et al., 2007; Xiao & Fayer, 2008).  

 

4.3 Specificities of the Cryptosporidium life cycle 

 
There are some particularities in Cryptosporidium life cycle and infection process that can 

elucidate the transmission routes, infectiousness and the inefficiency of treatment which 

measures should be taken to control infection in bovines: 

 Thick-wall oocysts are excreted in large numbers from the affected host trough 

faeces, and accumulate in the environmental, contaminating water sources and 

cattle farm's surroundings. Calves are most susceptive to Cryptosporidium parvum 
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infections, and in clinical cases more than 107 oocysts per gram of faeces are 

excreted. Cryptosporidium parvum oocysts can be excreted as early as in three 

olde calves, which mean that calves are susceptible for infection shortly after birth 

(Fayer et al., 1998). The minimum infectious dose for Cryptosporidium parvum is 

30 oocysts (DuPont et al., 1995) and the patent period is 4-14 days (Thompson et 

al., 2005). Once released the oocysts are immediately infective to susceptive hosts 

(Smith et al., 2005) (Figure 1 - 1). 

 

 Thick-walled oocysts are extremely resistant in the environmental (Graaft et al., 

1999); remain viable in water for over 140 days (Hooda et al., 2000) and are 

resistant to cold, moist, heat, and to most of the common disinfectants. Thick-

walled oocysts are composed by a lipid layer outer wall, and an inner glycoprotein 

wall. To be effective in destroying oocysts, the disinfectant must penetrate the lipid 

outer layer and then attack the stable glycoprotein inner layer to be able to destroy 

the sporozoite (i.e., the infective stage of the parasite). Furthermore, the 

conventional water chlorination treatment, do not destroy oocysts (Fayer, 2004) 

(Figure 1 – 1). 

 

 Thin-walled oocyst can excyst endogenously, and undergo autoinfection, which 

helps to explain the mechanism of persistent infections in immunocompromised 

individuals, even in the absence of exposure to new thick-walled oocysts. Meront 

type I can also undergo auto-infection (Figure 1 – 3 and 2). 

 

 Cryptosporidium unusual location within the host cell (intra-cellular but 

extracitoplasmatic), sequestered between the cytoplasm and the cell membrane, is 

protected from the host immune cellular response and disable the action of 

therapeutic drugs in destroying the parasite (Fayer, 2004)(Figure 1 – 4).  

 

4.4 Morphology of Giardia trophozoites  

 

Giardia duodenalis cysts are the resistant forms with an oval shape. They measure 

approximately 7 to 10 micrometers, and the trophozoite form has a characteristic pear-

shaped body and a size around 12-15 mm long and 5-9 mm wide.  Morphological studies 

have shown that G. duodenalis is one of the simplest structural organizations found in a 

eukaryotic cell. Structures such as peroxisomes, mitochondria and a well-elaborated Golgi 

complex are absent. (de Souza et al., 2004; Lloyd et al., 2002). 
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Giardia trophozoites posses a cytoskeleton; it includes a median body, four pairs 

of flagella (anterior, posterior, caudal and ventral). These flagella are responsible for the 

motility of the protozoan and are very important in the trophozoites dislocation and 

attachment (Campanati et al., 2002; de Souza et al., 2004; Ghosh et al., 2001). The 

ventral disk is used for the protozoan attachment to substrates leading to villus atrophy 

and inhibits intestinal absorption (Figure 3). Trophozoites have two symmetrical nuclei 

without nucleoli, with an anterior location. Lysosomal vacuoles, ribosomal and glycogen 

granules are found within the cytoplasm. Stacked membranes suggestive of Golgi 

complexes have been demonstrated (Adam, 2001). 

 

 

4.5 Giardia duodenalis life cycle  

 
Giardia life cycle o is monoxenic, much simpler than of Cryptosporidium spp. life 

cycle; and consist of two stages: the cyst, immediately infectious to the host, and very 

resistant in the environment; and the trophozoites that colonizes the host intestinal 

epithelium (Figure 4). 

 After cyst's ingestion, and the passage through the stomach (abomasum in 

ruminants) the trophozoites are released by excystation induced by gastric acid and 

pancreatic enzyme's action, following colonization of the upper part of the small intestine. 

Excystation releases four trophozoites from each cyst; trophozoites attach to epithelial 

cells by a ventral adhesive disk – a specialized organelle in their ventral surface and 

remain extracellular.  Although sexual reproduction has been suggested (Melloni et al., 

1995), multiplication arises by binary fission and rapidly colonizes the jejunum and the 

entire length of the small intestine. This trophozoite stage is responsible for the clinical 

Figure 3: Giardia duodenalis Trophozoites morphology, from Mendonça, C., 2012 
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exhibition of disease in the host. The rapid and intense multiplication leads to a slighter 

superficial enterocyte absorption area. As the trophozoite moves toward the colon, 

encystation occurs: the trophozoite retreats into the cyst stage. After this, the cysts are 

excreted in the faeces and became immediately infectious. The cycle is then completed in 

72 hours (Thompson et al., 2003). 

Transmission occurs by the faecal-oral route in the absence of hygienic condition. 

Cysts remain infectious for months in cool damp areas, in cattle farms and can survive in 

water for long periods as they are more resistant than bacteria to disinfection generally 

used in water treatment. Therefore, cysts can easily accumulate in the environment, in 

water sources and in cattle facilities, making possible transmission through direct or 

indirect contact. Giardia infectious dose is quite low (10 cysts), and spreads rapidly among 

cattle, especially in calves with a feeble immune system (Guerden et al., 2006). 

 

 

The pre-patent period,  varies with the host and Giardia species. It has a median 

value of 14 days (Xiao & Herd, 1994, Guerden et al., 2006). The patent period is variable; 

it has been recorded for a time of 25 weeks in beef calves, and it can last for 100 days 

Figure 4: Giardia duodenalis life cycle. From Mendonça, C., 2012 
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(Ralston et al., 2003). In adult cattle, infection tends to be chronicle, and the intermittent 

excretion rate can last for longer time.  

 

 

5. Cryptosporidiosis and Giardiosis in cattle 

 

Cryptosporidium parvum and Giardia duodenalis differ considerably, but their 

responsibility and mean, in causing diarrhea in cattle, leading to economic losses due to 

high morbidity, although low mortality in the young bovine, are similar. Moreover they are 

blamed to be responsible in outbreaks of human waterborne gastro enteric disease 

(Ramirez et al., 2004). Several studies have investigated both protozoan parasites, but 

the great has focused only in their role as potential zoonotic parasites while, its 

importance from a veterinary point of view has been relegated to a second place.  

Recent molecular data indicate that, Cryptosporidium spp.  and Giardia duodenalis  

are considerably prevalent in bovine, and these ruminants may act as a reservoir for 

human infection, and environmental contamination. Still, the actual zoonotic risk is less 

significant than it was first supposed, particular for Giardiosis (O’Handley & Olson, 2006). 

The recognition of Cryptosporidium species and Giardia duodenalis  genotypes by 

molecular analyses, helped scientist and the veterinarians to understand their 

epidemiology in cattle and advocate measures to control the infection in animals and 

control its economical impact .   

5.1 Calves’ neonatal diarrhea syndrome 

  
Calf enteritis is recognized   worldwide, as the most common disease affecting the 

young bovine, and is the first most significant cause morbidity and mortality in dairy and 

beef farms, in particular, for pre-weaned calves. It is estimated that over 50% of calve 

mortality in cattle industry is associated with enteric disease and is responsible for the 

most important direct and indirect economic losses associated to livestock production. 

(Graaf et al., 1999; O’Handley and Olson, 2006).  

From our field experience, most farmers are aware of the direct economic impact 

due to calves’ deaths, treatments with antibiotics, milk replacer and oral rehydration and 

labour costs. However, are unaware of the median and long-term effects on the health 

and productivity of the surviving calves. 

Enteritis has a multifactorial arrangement: involving interaction between 

environmental, management, nutritional, immunologic and pathogen's factors (Figure 5). 
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Infectious diarrhea remains one of the greatest and difficult health problems to handle, in 

beef and dairy industry.  The most significant infective agents implicated in a diarrheic 

event are: 

a) Enterotoxigenic Escherichia coli (ETEC), is the major cause of neonatal 

diarrhea occurring in calves under 3 to four days of life.  Causes a severe profuse watery 

diarrhea, progressive dehydration; worsen by septicaemia / toxaemia and death within a 

few days of its onset (Constable, 2003). However, it rarely causes diarrhea in older calves 

or adult cattle (Acres, 1985; Holland, 1990). After birth, immediate oral exposure to faecal 

coliforms with high quantity of ETEC organism causes the disease, in result of the 

presence of two virulent factors, K99 fimbria and a heat stable toxin. The ability of K99 

ETEC to bind to the small intestinal epithelium is age-dependent, progressively 

decreasing from 12 hours to two weeks of age (Runnels et al., 1980). Classically, ETEC 

causes an enterotoxin-mediated secretory diarrhea (Acres, 1985; Constable, 2003). There 

are several other types of E. coli causing diarrhea in calves, as enter pathogenic E. coli 

(EPEC), enteric hemorrhagic E. coli (EHEC), but their importance in the occurrence of 

significant diarrhea in calves is a matter of debate.   

 

b)   Rotavirus is one of the first identified viral causes of diarrhea. It is worldwide 

distributed and is also a significant pathogen in children and many other's animals. It 

infects calves with less than three weeks of age, with a peak of incidence at six days of 

life (Chinsangaram et al., 1995). Calves become infected after ingestion of the virus from 

faecal contamination of the environment. Rotavirus is quite resistant to environmental 

condition, especially those in cattle facilities. The incubation period is nearly 24 hours, and 

in uncomplicated cases the diarrhea resolves in two days (Torres-Medina et al., 1985). 

Rotavirus causes a watery malabsorptive diarrhea similar to C. parvum, the resultant from 

enterocyte death and loss of enteric surface area, with an osmotic effect drawing fluid into 

the intestinal lumen. A secretory diarrhea caused by a toxin-mediated secretory factor, 

also increases fluid secretion from the crypts increasing as well, the amount of fluid in the 

intestinal lumen (Torres-Medina et al., 1985).  

 

c) Coronavirus is frequently found in calves with three weeks of life, and the peak 

incidence occurs between seven to 10 days of age.  Causes a malabsorptive diarrhea, 

beginning two days after ingestion and lasting for three to six days. Calves are infected 

because of environmental contamination, mainly by older calves and adult cattle (Torres-

Medina et al., 1985; Clark, 1993). 
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d) Clostridium, and particularly Clostridium difficile is an emerging issue in both 

humans and in animal patients. C. difficile is found in faeces of both asymptomatic and 

diarrheic calves and its role as an important enteric pathogen in calves’ diarrhea 

syndrome is not clearly established (Constable, 2003). 

Contrary to bacteria and virus, that can be treated or prevented, antibiotics are 

inefficient in treating Cryptosporidiosis and Giardiosis, and a vaccine is not yet viable 

commercially (Graaf et al., 1999; Huethink et al., 2001), as a result of its resistance and 

easy dispersion in cattle farm surrounding, infection with Cryptosporidium parvum and 

Giardia duodenalis , can be a serious problem. 

 

Passive 
immunity

Water 
quality

Vacinal
Prophylaxis

Active 
immunity 

Cryptosporidium 
Giardia 

Virus
Bacteria

Hygiene

 

 

 

Cattle are infected by ingestion of infectious (oo)cysts. Cryptosporidium parvum  and 

Giardia duodenalis  (oo)cysts have been detected  in calves as young as three days of 

age (Fayer et al, 1998; Guerden et al., 2010), with a maximum (oo)cyst excretion as high 

as 107 oocysts  and 106 cysts  per gram of faeces ( O’Handley et al., 2003).  

Calves, with a limited immune status, are therefore considered more susceptible to 

Cryptosporidium parvum and Giardia duodenalis infections and responsible for 

transmission to other hosts at risk, and to the environment.  

Adult cattle, although does not develop noticeable enteric clinical signs, and 

excrete a limited number of (oo)cysts, 1 to 10 cysts and 103 oocysts. Nevertheless, 

excretion tends to be intermittent, rising in the peri-parturient period, and under stressful 

situations. These (oo)cysts are immediately infectious to susceptible hosts and mature 

Figure 5: Neonatal enteritis, etiological factors involvement. From Mendonça,C.,  2011 
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cattle  may act as carriers,   contributing for environmental and farm facility's 

contamination. While some studies indicate a decline in the intensity of Giardia  cyst's 

excretion with age ( Ralston et al, 2003) others indicate the oposite, reporting prevalences 

of 52% and 72% in heifers and adult cattle respectively ( Uehrlinger et al, 2005; Trout et 

al, 2005). It  has been suggested that these contradictories remarks  may be 

consequence of a dilution effect on cysts excretion because older calves, heifers  and  

adult produce  an increase quantity of faeces per day, and the former studies examined 

larger quantities of faeces per sample (O’Handley & Olson, 2006). 

5.2 Cryptosporidium spp.  Pathogenesis and Clinical signs 

 
Of the Cryptosporidium species that affects cattle, only C. parvum and C. 

andersoni are responsible for clinical infection and production loss. Cryptosporidium bovis 

and Cryptosporidium ryanae are known to infect the small intestine of cattle, but none 

clinical signs are associated to the infection, and these species are not involved in 

zoonotic transmission.  

5.2.1 Cryptosporidium parvum Pathogenesis 

 
 Cryptosporidium parvum is particularly important as a well-known cause of 

diarrhea in neonatal calves and is also zoonotic. Calves can be infected as young as three 

days of age; clinical signs appeared three to five days after infection and can last for four 

to 14 days. During this clinical exhibition calves can shed up to 107 oocysts per gram of 

faeces (Fayer et al, 2004). This high oocyst excretion is the major factor responsible for 

environmental contamination. Calves with less than one month of age are more 

predisposed to infection, and prevalence of infection is higher in dairy calves than in beef 

calves (Ralston et al, 2003; Gow et al, 2006; Fayer et al, 2006; Kvac et al., 2006). Still, 

when outbreaks occur, they tend to be more severe in beef feedlots, with a higher 

mortality (up to 30%), than in dairy calves (Olson et al, 2004).  

In calves, Cryptosporidium parvum infection is self-limiting, with a clinical exhibition 

of yellow pale, soft to mucus diarrhea, depression, anorexia and moderate dehydration 

(Pictures 1 and 2). Severe clinical signs consist of a watery diarrhea with extreme 

dehydration, metabolic acidosis and even death can occur. Although these cases are rare, 

they are often associated with other's enteric pathogens, like virus and bacteria 

(O’Handley & Olson, 2006). Severity of diarrhea in calves shedding oocysts, and the 

intensity of clinical signs are quite variable between farms, leading to an uncertainty about 

the real importance of Cryptosporidium as a primary cause of diarrhea (Anderson, 1998). 
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The economic impacts of C. parvum infection in calves are limited to morbidity (costs 

involved in treating calves with clinical signs) and in a lesser extent to mortality. 

Complicated cases of mixed infection with a virus and bacteria tend to show signs of 

acute clinical disease and mortality tends to be higher. However, C. parvum has not been 

shown to decrease overall growth in calves once the infection has resolved (O’Handley & 

Olson, 2006). 

 

 

 

 

The clinical signs are a consequence of the maldigestion / malabsorption, that is 

as a result of trophozoites invasion of the intestinal mucosa, which causes villous atrophy, 

villus fusion, crypt hyperplasia, disruption of the intestinal microvilli and the infiltration of 

inflammatory cells (Figure 6). Host cell death, leading to villus atrophy occurs by necrosis, 

resulting from a defect in the host-cell plasma membrane and loss of integrity causing exit 

of C. parvum stages from infected cells (Foster&Smith, 2009). 

 

 

 

 

Picture 1 and 2: Figure 1 represents a Beef calve of a Portuguese breed, Minhota, from a 

farm where Cryptosporidiosis was diagnosis during a diarrhea outbreak. Figure 2 represents 

the typical diarrhea, which is pale yellow with mucus. From Mendonça,C., 2011 

Figure 6  : A- Normal intestinal mucosa;  B- C- Cryptosporidium parvum infected the 

intestinal mucosa. From  Foster&Smith, 2010 
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The mechanisms that explain the self-limiting process of C. parvum infection are: 

a) Innate immunity: in calves intestinal flora acquired after birth, have been suggested as 

important competitors for sporozoites attachment to intestinal epithelial cells. b) Pepetide 

molecules, similar to a class of antimicrobial peptides called defensins ( β-defensins, and 

enteric β-defensins) produced by epithelial cells,  tend to be elevated during C. parvum 

infection. c) Humural response: neutralizing antibodies (anti-p23 antibodies) can provide 

protection d) T lymphocytes (CD4+, CD8+), mediates the response to intracellular 

antigens (Linde et al., 2008; Tarver et al., 1998).   

 

 

5.2.2 Cryptosporidium andersoni pathogenesis 

 
Cryptosporidium andersoni, affects mucosal epithelium of the abomasum, but does 

not result in the development of significant clinical signs. Is more prevalent in post-weaned 

calves, heifers and adults. Cryptosporidium andersoni invades the peptic glands, causing 

disturbance in the function of the peptic and pyloric gland, resulting in dilatation of the 

gastric gland, hypertrophy of the gastric mucosa and thinning of the epithelial lining. 

Functionally this leads to increase in abomasal pH and plasma pepsinogen levels, 

resulting in impairment of protein digestion. These events are thought to be production–

Figure 7: The reduction in total surface 

area of the small intestinal mucosa 

causes a reduction of absorption of all 

major nutrient classes, leading to 

malabsorption diarrhea. In addition 

increasing synthesis of mucosal 

prostaglandins (PGI2, PGE2), leads to 

secretion of Cl- and HCO3- (what explains 

acidosis and hypochloremia) and    NaCl 

loss (Hyponatremia). These ion 

disturbances aggravate diarrhea and loss 

of fluids.   

From Foster & Smith. 2009 
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limiting, because of decrease in feed efficiency, causing moderate to severe impair of 

weight gain in feedlot cattle (O’Handley & Olson, 2006). In dairy cattle, C. andersoni 

infection has been associated with decreased milk production of 3.2 kg per day (Ralston 

et al, 2003; Thompson et al, 2005). However further studies are needed to clarify the real 

economic losses associated to C. andersoni infections in cattle. 

5.3 Giardia duodenalis Pathogenesis and Clinical signs 

 
Although diarrhea is the principal clinical sign of Giardia duodenalis infection in 

humans, it is still not very clear the implication of Giardia duodenalis in the occurrence of 

diarrhea in cattle. Some studies have suggested Giardia duodenalis as a cause of 

diarrhea in cattle (Xiao et al, 1993; O’Handley and Olson, 2006)   while others  do not find 

a clear association between the presence of Giardia cysts in faecal samples and the 

occurrence of diarrhea in cattle  (Huetink et al, 2001). Enteritis is a multifactorial process, 

involving pathogens, husbandry, immunologic and environmental factors. Thus further 

studies are needed to   understand how these factors correlate and allow the occurrence 

of Giardiosis. 

Experimental studies in goats and in lambs specific-pathogen-free (SPF), 

demonstrated that Giardia duodenalis infection produced a decreased in appetite, 

depression, low consistency of faeces but do not cause severe diarrhea (Olson et al., 

2003). From a pathological point of view, studies revealed that changes within the 

duodenum epithelium due to villus atrophy, an increased in intraepithelial lymphocytes, 

enterocyte apoptosis and diffuse shortening of brush border microvilli causes 

malabsorption (Ruest et al., 1997; O’Handley et al., 2001). Furthermore, a decreased in 

Lipase, Proteases, Lactase, Maltase and sucrose activity (Buret et al, 1990), explains the 

steatorrhea and mucous diarrhea described in Giardia duodenalis infections. 

 Although acute diarrhea can occur in young calves, a chronic and intermittent 

exhibition is more frequently observed in older calves and in adult cattle (Guerden et al., 

2006). Tough in humans Giardia duodenalis Assemblage A produces more significant 

clinical signs than Assemblage B, in cattle  the clinical implication of Assemblage E in 

contrast to the zoonotic Assemblages A and B is yet unknown ( Guerden et al., 2010). For 

these reasons, there is no conclusive data to estimate the economic impact of Giardiosis 

in cattle production. 
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6.  Diagnosis  

 

6.1 Clinical diagnosis:   

 

The most important challenge, for veterinarian technicians when addressing 

Neonatal Enteritis Syndrome, is the ethological diagnosis, because it will determine the 

therapeutic, prevention, control or management protocol to each case (individual cases) 

or in the case of an outbreak, to each farm.  

As stated before, neonatal enteritis it’s a multifactorial process involving the host, 

the pathogens, and the environment and management factors. Clinical diagnosis of 

intestinal Cryptosporidiosis or Giardiosis should be included in the differential diagnosis of 

other causes of neonatal diarrhea in bovines. The age-related patterns of 

Cryptosporidiosis in cattle have been well documented for the point of prevalence and 

longitudinal studies. Molecular tools and studies applied to Veterinary Medicine have 

helped to understand the epidemiology of these protozoan parasites in cattle. The clinical 

technician has benefited extremely with this information. It has facilitated the diagnosis; a 

necessary condition for the veterinary technicians to implement preventive and control 

measures to manage their everyday clinical problems.  

Enteritis also involves interaction between other's pathogens factors, and as well 

an age-relation can be attributed additionally to the epidemiologic information:   

Escherichia coli K99 and Salmonella affect calves under three days of age; virus like  

Bovine Viral Diarrhea ( BVD),  Rotavirus, Coronavirus, affect  calves between  four days 

to six months of age, and can intensify  the severity of  Cryptosporidiosis ( Graaft et al., 

1999, Huethink et al., 2001).  

The clinical diagnosis based on clinical history (the age-related occurrence of 

enteritis, the negative response to antibiotic therapy protocol), clinical signs and 

characteristic of faecal stools may help in a presumptive diagnosis. Nevertheless, 

laboratory complementary diagnosis is essential for a precise diagnosis. 

Given the ubiquity and resilience of (oo)cysts in the environmental, their resistance 

to disinfectants (such as chlorine, commonly used in cattle farms for water treatment), the 

limited and elevated cost of therapeutic compounds, the inexistence of a commercial 

vaccine, and the economic impact of Cryptosporidiosis and Giardiosis in cattle;  It makes 

the accurate diagnosis of Cryptosporidium species and Giardia genotypes, central to 

understand their epidemiology and therefore, to implement prevention, surveillance and a 

control protocol for these infections. (Cáccio et al., 2005). 
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The standard diagnostic method for Cryptosporidium and Giardia infections in 

cattle is the identification of (oo)cysts in faecal samples. A variety of methods have been 

developed over the years. Traditional microscopic, biochemical and serological 

techniques have significant limitations for a specific diagnosis of these parasites (Cáccio 

et al., 2005).  

6.2 Laboratorial diagnosis 

6.2.1 Light Microscopy examination 

 

The traditional diagnosis of Cryptosporidium and Giardia infections in cattle,  by 

light microscopy may be a practical and an inexpensive method, for identification of 

oocysts and cysts in faecal stools, in a clinical setting (Alles et al., 1995). However, light 

microscopy alone is unreliable and also time-consuming for morphological identification of 

Cryptosporidium oocysts and Giardia cysts. Microscopic staining methods makes easier 

the observation of (oo)cyst, and assist their differentiation from other's protists and faecal 

debris (Alles et al., 1995, Garcia et al., 2000).  Nevertheless, it requires practice in the 

observation, and an ocular micrometer should be use for confirmation. Even though, 

oocysts of C. parvum, C. bovis and C. ryanae are impossible to be distinguish from one to 

another, based on microscopy.  The same limitation subsists for the different 

Assemblages of Giardia duodenalis.   

                   

 

 

                    

 

Several staining techniques can be used for (oo)cysts identification: the simplest 

and least expensive include dimethyl sulphoxide – carbol fuchsin ( Pohjola et al, 1985). 

Iodine or Trichrome can also facilitate the cyst's observation. Other routine staining 

methods include staining with chlorazol black E or modified Kinyoun acid-fast stain for 

Picture 3:  Modified Kinyoun acid-fast stain:                 Picture 4: Fresh stool observation: 
                  Cryptosporidium  spp.oocysts.                                     Giardia duodenais cysts 
       From Mendonça, C., 2010                                           From Mendonça, C., 2010                                 
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oocysts observation (Picture 3) ( Ma and Soave, 1983; Garcia et al., 1992). Modified 

Kinyoun acid-fast stain, can give better results than trichrome or iron hematoxylin stain 

(Alles et al., 1995). These differential staining methods include as well, safranin-

methylene blue staining (Baxby et al., 1984), Ziehl-Neelson, for oocysts  observation 

(Henriksen and Pohlenz, 1981). Giardia duodenalis cysts can easily be observed by 

microscopic fresh stool observation (Picture 4). 

A flotation procedure using sugar solution and a centrifugation is recommended to 

concentrate (oo)cysts from a faecal sample before microscopy examination.  Although, 

some limitations like faecal samples with steatorrhea can interfere with sucrose flotation 

(Xiao & Herd, 1993).  

Still, these staining approaches suffer from low specificity and /or sensitivity, in 

particular, for faecal samples containing a small number of (oo)cysts. Also, a skill 

microscopist is required to achieve reliable detection of (oo)cysts, and none of these 

techniques allow the identification and characterization of Cryptosporidium species and 

Giardia duodenalis Assemblages.  

 

6.2.2 Immunological assays 

 

The immunological methods can offer some advantages over light microscopy for 

the detection and diagnosis of Cryptosporidium oocysts and Giardia cysts. 

The direct fluorescent antibody assay, using fluorescein isothiocyanate-conjugated 

anti-Cryptosporidium monoclonal antibody, and anti-Giardia monoclonal antibody 

recognizes epitopes on (oo)cysts surface. The use of a fluorescence microscopy is 

reported to have a high sensitivity (98.5-100%) and specificity (96-100%) for the detection 

of Cryptosporidium oocysts and Giardia cysts, in faecal samples (Pohjola et al, 1986; 

Graczyk et al, 1996; Smith and Grimason, 2003).  

 

              

 
Picture 5: Cryptosporidium spp.oocysts             Picture 6: Giardia duodenais cysts 
                 From Mendonça, C., 2010                                   From Mendonça, C., 2010                                 
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This technique is fast to perform, allows quantifying faecal Cryptosporidium 

oocysts and Giardia cysts (Pictures 5 and 6) and allow for more accurate determination of 

prevalence rates and cyst excretion intensities compared to the conventional microscopy 

(Alles et al., 1995; Kehl et al., 1996)). However, limitation turns impossible to discriminate 

between morphologically identical, or similar, organisms that are genetically different, 

using Immunofluorescence assays (Alles et al., 1995; Garcia et al., 2000; Kehl et al., 

1996). 

      The detection of Cryptosporidium and Giardia antigens in faecal samples is 

another diagnostic approach. Several enzyme-linked immunoassays (ELISA) and 

immunochromographic assays (IC) are commercially available. For Cryptosporidium, the 

specificity of detection is reported to be high (98-100%) (Robert et al, 1990; Garcia et al. 

2000), but the sensitivity detection can be lower than some microscopic approaches 

(Johnston et al, 2003). Their limitation can be attributed to subjective interpretation to the 

test results, because it relies on visual interpretation of staining intensity, and it does not 

permit determination of Cryptosporidium species and Giardia Assemblage's differentiation. 

However, as an advantage of these assays, they can detect prepatent infections in 

animals that are not yet excreting (oo)cysts in their faeces ( Smith and Nichols, 2005). 

Furthermore, they can be used for screening a large number of faecal samples at a low 

cost (Garcia et al, 2000; Guerden et al, 2008). 

 

6.3 Genotyping Techniques 

 

The introduction of molecular tools gave a complementary mean in the diagnosis 

of Cryptosporidium and Giardia both in clinical and environmental samples. Due to high 

cost, genotyping techniques are normally restricted to epidemiological studies and as 

research tools. Though the advantages of these techniques allowed to over cross the 

limitations of conventional methods and more important, they are a great contribute for 

taxonomical and epidemiological studies. (Fayer et al., 2000; Morgan and Thompson, 

1998).  

In Veterinary Medicine as in other's sciences these techniques allowed for 

improvements in diagnosis, pathogeny, and contributed toward improved strategies for the 

prevention, control and establishing guide lines for therapeutic and preventive measures 

for Cryptosporidiosis and Giardiosis. Molecular techniques are essential for studies in 

species and genotype delimitation, taxonomy, host range, transmission route and in the 

evaluation of the respective zoonotic potential of Cryptosporidium spp. and Giardia 

duodenalis (Fayer et al., 2000; Jex et al., 2008; Monis and Thompson, 2003; Smith et al., 
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2005). Polymerase chain reaction (PCR) is a rapid technique, highly specific and have a 

high sensitivity, in theory the detection limit of PCR is 1 (oo)cyst per sample,   and is 

suitable for detection  and diagnosis of Cryptosporidium and Giardia species and 

genotypes  (Fayer et al., 2000). 

 

6.3.1 PCR and PCR-RFLP 

 

PCR methods are helpful in detection of Cryptosporidium oocysts and Giardia 

cysts in clinical and environmental samples where the parasite's load is low, and are not 

detected by conventional microscopy (Smith et al., 2005; Jex et al., 2008). It requires the 

choice of the appropriate DNA target region: genetic marker or locus in Cryptosporidium 

oocysts and Giardia cysts. The amplification of a chosen target sequence using specific 

primers under a precise temperature cycle is the base of the PCR. In the last decades 

have been targeting the internal transcribed spacer (ITS-1) and second (ITS-2) internal 

transcribed spacer of nuclear ribosomal DNA. PCR-restriction fragment length 

polymorphism (PCR-RFLP) is a technique largely used by several authors to differentiate 

species of Cryptosporidium and Giardia (Fayer et al., 2000; Strong et al., 2000; Quintero-

Betancourt et al., 2002; Xiao and Ryan, 2004). It uses a restriction enzyme combined with 

the PCR for detection of mutations or polymorphisms, differentiating different species and 

strains.  

 PCR direct sequencing is a  technique that  allow detection of the all length and 

sequence variation within or among amplicons during analysis (Gasser, 2006). It is the 

most accepted approach for detecting genetic variation or polymorphisms and, 

consecutively, correct specie alignments, allowing available data for specie identification 

to be used for phylogenetic studies or comparative genetic investigations (Morgan et al., 

1997; Abe et al., 2003; Berrilli et al., 2004; Itagaki et al., 2005; Smith et al., 2006; Jex et 

al., 2008; Geurden et al., 2009; Morgan and Thompson, 1998). Other PCR approaches 

have been used like Real Time PCR, and it allows the amplification in PCR to be 

monitored in real time, and it does not require handling after the amplification. 

 

  However PCR has some limitation: 

1. Mixed Cryptosporidium and Giardia infections are difficult to be identified, because 

the specie with highest affinity for the primer, or the specie in a large number in the 

sample, will be amplified to a larger extent and cover up the other. 

2. Extraction of high quality and quantity of DNA, is an essential step in PCR 

technique. Specimen concentration and DNA extraction are important steps before PCR, 
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but sometimes particularly in samples with a low number of oocysts or cysts, DNA can be 

lost during these procedures. 

3.  Another major limitation of PCR is it strong inhibition by various substances 

commonly presented in faecal and water samples. Environmental samples rich in humic 

acids (organic-rich soils) and polysaccharides (bio films, Cyanobacteria, microbial mats, 

etc.) can contribute to poor-quality DNA extracts. This has been particularly important for 

the molecular identification of Giardia duodenalis in raw and highly polluted surface water. 

Faecal samples rich in biliary acids, enzymes and several microorganisms can contribute 

as well for strong inhibition and cross results.  

 

6.3.2. Common genes used for Cryptosporidium genotypes 

  

 Oocyst wall protein (cowp)   – In oocysts, cowp is localized in the inner layer of the 

oocyst wall;  is localized in a large cytoplasmic inclusion and in the wall-forming bodies of 

early and late macrogametes.; this gene is localized in chromosome 6 ( Leng et al., 1996; 

Spano et al., 1997 ) 

 The 70 kDa heat shock protein (hsp70) (Gobet and Toze, 2001) – It  is a cytosolic 

protein. This gene is localized in chromosome 2. 

 18r RNA – It is a gene, encoding the ribosomal RNA in the cytoplasmic ribosomal 

of C. parvum; it is localized in chromosome 1, 2, 7 and 8 of C. parvum. To genotype 

other's Cryptosporidium species, it is compared fixed differences with the C. parvum gene. 

 Beta tubulina - This gene is localized in chromosome 6 of beta tubulins that 

combined with alpha tubulins form Microtubules found in all eukaryotic cells, and they are 

components of the mitotic spindle, the cytoskeleton and the axonemes. 

  Thrombospondin-related adhesive protein (trap) genes - localized in chromosome 

6 in micronema; there are two genes TRAP-C1 (in the apical complex of C. parvum 

sporozoites) and TRAP-C2 is localized in chromosome 5 of the sporozoites membrane 

(Spano et al., 1998). 

  60 kDa glycoprotein (gp60) gene – It is  localized in the chromosome 6, of a 

glycoprotein  on the surface of sporozoites and merozoites (Wu et al., 2003). This gene 

allows the identification of many subtype families and many subtypes in each family. 

These tools, gives useful information in tracking infection, in sources of contamination and 

in transmission dynamics (Strong et al., 2000). 
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6.3.3. Common genes used for Giardia species 

 

 Giardin - Giardin is described as a family of structural proteins found in 

microribbons attached to microtubules on the disc cytoskeleton of Giardia, three classes 

of giardin have been characterized: alpha, beta and gamma, all localized in the ventral 

disk. (Alpha Giardin are located in chromosome 3, beta Giardin in chromosome 4 and 

gamma Giardin in chromosome 3 (Adam, 2001 ). 

 Triose phosphate isomerise (tpi) gene - The gene codes for a protein with 257 

amino acid residues that functions in the cytosol of Giardia  (Amar et al., 2003). 

  The glutamate dehydrogenise (gdh) gene - Glutamate dehydrogenises are 

enzymes that play an important role in carbohydrate metabolism and ammonia 

assimilation, amino acid synthesis and/or catabolism. The gene codes for a 449 amino 

acid sequence (Read et al., 2004) . 

 Small subunit ribosomal RNA (SS rRNA or 18S rRNA) – This gene is  the most 

useful for molecular comparisons on Giardia, because rRNA sequences are highly 

conserved across life and because the function of the rRNA is very central to the biology 

of the organism. Most of these genes are contained on a single chromosome, 

chromosome 1 (Adam, 2001). 

 

7. Cryptosporidium  spp. and Giardia duodenalis Epidemiology  
 

Several aspects of Cryptosporidium spp. and Giardia duodenalis epidemiology has 

been presented along the previous sections. Both protozoan parasites share common 

characteristics that influence greatly the epidemiology of their infections in cattle: A) 

Cryptosporidium spp. and Giardia duodenalis are maintained in a variety of transmission 

cycles that can be preserved independently and do not require interaction between them. 

B) Infected animals can shed a large number of (oo)cysts, immediately infective to 

susceptible hosts and contributing to environmental contamination. C) Cysts and oocysts 

are very stable and can survive for weeks to months in the environment. D) Their potential 

zoonotic transmission can happen through water and food. E) (Oo)cysts are resistant to 

conventional water disinfectants.  E) There is no effective treatment against these 

protozoans (Smith et al., 2005; Thompson et al., 2007).    

As observed in figure 8, it is not completely understood the circumstances under 

which such cycles may interact and where a zoonotic transfer occurs (Hunter and 

Thompson, 2005). Cysts and oocysts are the infectious stages of transmission from an 
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infected host to a susceptible host by the faecal-oral route. Direct contact with infected 

animals, or contaminated surfaces, and ingestion of contaminated water or food, are 

assumed to be important risk factors for cattle infectivity. ( Smith and Rose, 1990). 

Although modern water treatment systems have reduced the incidence of traditional 

waterborne diseases in humans, the disinfectant-resistance of Cryptosporidium spp. and 

Giardia duodenalis, have caused outbreaks in developed countries, and lead to research 

into molecular methods for their diagnosis and control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.1 Cryptosporidium spp. Prevalence 

 
Cryptosporidium parvum and Cryptosporidium andersoni are the two known 

species to cause economic losses in cattle industry and are the more reported 

Cryptosporidium species in cattle worldwide. Cryptosporidium bovis and C. ryanae are 

reported with a lower prevalence asset value in cattle. Epidemiological studies correlate 

these parasites with the host-age susceptibility. Pre-weaned calves are commonly 

infected with the zoonotic Cryptosporidium parvum, (Castro-Hermida et al., 2002; Fayer et 

Figure 8:  A multitude of transmission cycles exist, involving domestic animals and wildlife, 

which in some circumstances can result in zoonotic transmission. Giardia can be maintained 

in independent cycles involving wildlife or domestic animals, and similarly, Cryptosporidium 

can be maintained in cycles involving livestock, especially cattle. From C. Mendonça, 2012 
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al., 2006; Santín et al., 2004; Xiao et al., 2004). Cryptosporidium bovis and C. ryanae, 

tend to infect post-weaned calves (Fayer et al., 2005). Although C. andersoni can infect 

post weaned calves, juvenile and mature cattle, are more prone to infection, persisting for 

years (Lindsay et al., 2000; Ralston et al., 2003).  

Cryptosporidium parvum is the most significant specie affecting neonatal calves, 

causing enteritis. C. parvum his assumed to be responsible for 85% of Cryptosporidium 

infections in pre-weaned calves, but 1% of heifers and adult cattle can also be infected, 

assuming a subclinical or chronicle illness, and acting as carriers of infection (Fayer et al., 

2006; Fayer et al., 2007; Santín et al., 2004). This age-related pattern occurrence of 

Cryptosporidium spp. has been reported in dairy and beef cattle (Guerden et al. 2006; 

Guerden et al., 2007; Feng et al., 2007). Although, the majority of studies focus on dairy 

cattle, the prevalence in beef cattle is often lower, even when raised in similar conditions. 

 Cryptosporidium spp. farm prevalence was recorded to be higher as 100% in dairy 

farms in the USA (Santín et al., 2004; Fayer et al., 2007), and in Canada was reported a 

prevalence of 64% (Dixon et al., 2011). In the USA, it was reported a prevalence of C. 

parvum in dairy calves, from 35% (Santín et al., 2004) to 92% (De Lafuente et al., 1999). 

In Canada, studies have reported prevalence’s between 6, 2% to 40, 6% in dairy calves 

(Olson et al., 1997, O’Handley et al., 2000). In Mexico, it was reported a prevalence of 

25% in pre-weaned calves (Maldonado-Camargo et al., 1998). In Spain were reported C. 

parvum prevalence’s between 6, 8% to 71, 9% (De la Fuente et al., 1999; Castro-Hermida 

et al., 2002). In France was reported prevalence of 18% (Lefay et al., 2000) and in 

Denmark, a prevalence of 31% (Madox-Hyttel et al., 2006). In calves, Cryptosporidium 

andersoni prevalence is lower than C. parvum prevalence, ranging from 2% to 5% (Santín 

et al., 2004; Olson et al., 1997), because C. andersoni infection tends to be chronic and 

persistent. However, in these point prevalence studies, this value might be 

underestimated, because animals were sampled only once. Lesser studies reported the 

prevalence of Cryptosporidium spp. in adult dairy cattle, but generally, a lower prevalence 

was registered. In the USA, it ranged from 0, 4% to 12, 5% (Fayer et al., 2000; Santín et 

al., 2004; Trout et al., 2007). In Spain ranged from 8, 4 to 17, 8% (Quilez et al., 1966; 

Castro-Hermida et al., 2007) and in Denmark 16% (Madox-Hyttel et al., 2006).  
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7.2 Giardia duodenalis Prevalence 

 
Giardia duodenalis has been reported in a worldwide scale, as a cause of intestinal 

disease in cattle. In humans is a common disease in travellers, children and 

immunocompromised patients, and it’s the most important cause of waterborne outbreaks 

in developed countries (Slifko et al., 2000). In cattle, Giardiosis may be an important 

cause of limiting production, affecting mostly young cattle, although adult cattle can act as 

a reservoir for infection in the herd.  

Giardia duodenalis prevalence in cattle and farms, range significantly, the animal 

prevalence  ranges from 9 to 73% (Olson et al., 1997; MCallister et al., 2005) and the farm 

prevalence ranges from 45 to 100% ( ( Ruest et al., 1997; Olson et al., 1997; Appelbee et 

al., 2003; Trout et al., 2004; MCallister et al., 2005). Comparing results in the several 

countries, longitudinal studies suggest that 100% of both dairy and beef calves are likely 

to be infected in their first weeks of age (Ralston et al., 2003). In adult cattle, data from 

Canada suggest a prevalence of 28, 3% (Coklin et al., 2007) and 49% (Uehrlinger et al., 

2006). Some authors suggest that these point prevalence values might be 

underestimated, since Giardia duodenalis cyst's excretion is intermittent (O’Handley et al., 

2000). 

 

7.3 Transmission routes 

 

Cryptosporidium spp. and Giardia duodenalis Transmission routes: As previously 

stated, transmission of Cryptosporidium spp. may occur through several routes, including 

respiratory secretions, but mainly through contact with contaminated water and food. In 

fact, many reported outbreaks occurred in water parks, pools and day-care centres. 

Compatible species of the parasite and host are required to infection occur: the zoonotic 

and anthroponotic transmission of C. parvum and anthroponotic transmission of C. 

hominis occur through exposure to infected animals or exposure to water/food. 

a) Direct transmission  

 

 Cases of human-to-human, transmission have been reported: between family 

members, sexual partners, children in day-care centres, hospital patients and staff, from 

food handlers (Koch et al., 1985), 

Animal–to-animal, by the faecal oral-route, usually when animals are housed 

together in an overcrowded environmental, is a common transmission route between 

animals. Animals reared indoors are three times more likely to acquire infection than 
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grazing cattle (Ruest et al., 1998). Contamination of udders, favours transmission 

between the dam and the calve.  

Zoonotic transmission has been confirmed by epidemiological studies: from pets to 

owners; farm animals including livestock to veterinary workers and handlers ( Lengerich et 

al., 1993, Thompson , 2004; Olson et al., 2004; Xiao & Feng, 2008; Xiao & Fayer, 2008),  

to veterinary students and to children in a rural community has also  been establish (Miron 

et al.,1991, Uerlinger et al., 2006). 

b) Indirect transmission:  

By water, waterborne transmission to humans or animals through drinking or 

recreational water, contamination of foods by water used in food preparation and 

manufacture, has been suggested by several authors (Karanis et al., 2007; Porter et al., 

1990; Shields et al., 2008; Takizawa et al., 2009).  

By food,   handled by a contaminated person or food exposed to contaminated 

water. Food grown in soil fertilized with manure contaminated with (oo)cysts, can also be 

a potential source of infection, for humans and livestock. The high prevalence of infected 

calves/ farms reported over the world incites caution in drinking unpasteurized milk: milk 

can be contaminated trough mechanism of poor udder hygiene, and some outbreaks had 

been reported (Harper et al., 2000). 

 The transmission of these infections, either direct or indirect, is favoured by 

several factors such as high population densities and close contact with infected hosts or 

contaminated water or food. These factors, depending on the species of the parasites, are 

present either in zoonotic and anthroponotic transmissions.  

 

7.4 Risk Factors 

 
7.4.1. Age: Cryptosporidium parvum is known to infect neonatal calves younger than 1 

month of age causing clinical enteritis, rarely infect cattle over 1 month of age, and adult 

cattle assume a low excretion rate of oocysts without showing clinical signs. In fact calves 

following an infection develop lasting immunity and become more resistant to a secondary 

infection. For that reason, the severity of clinical signs, the duration of infection and the 

number of oocyst excretion, decreases with age. Cryptosporidium andersoni infects 

heifers and adult cattle, although infection don’t create noticeable clinical signs but 

infection tend to be chronicle. Abomasum Cryptosporidiosis leads to decrease feed 

efficiency in Beef cattle and in decreased milk production in dairy cattle. Cryptosporidium 
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bovis, affect young bovine between 3 to 11 months of age, there are no clinical signs 

related to this infection. Cryptosporidium ryanae infects calves between 1 month and 6 

month and there is also no clinical evidence of infection. 

 

7.4.2. Cattle living in close proximity to rivers: It should be considered a potential 

cause of waterborne contamination, as surface water run-off does transport 

Cryptosporidium oocysts and Giardia duodenalis cysts. Herds with well-water as a water 

source is associated with lower concentrations of Cryptosporidium contrary to herds with 

access to dug-out and run-off water sources (Heitman et al., 2002). 

7.4.3. The calving season:  It has been associated with outbreaks of Cryptosporidiosis in 

beef and dairy cattle (Sischo et al., 2000; Atwill et al., 1999). However, is not clear if adult 

cattle are the source of the infection for newborn or is the other way around.  Reports of 

seasonal variability of patterns of Cryptosporidium and Giardia infections (Xiao, 1994; 

Hamnes et al., 2006) might be due to calving seasons concentrated in a limited period of 

months (Guerden et al., 2010). The peri-parturient period ( Two weeks before calving and 

four weeks after calving) seem to have more significant  implication in excretion of Giardia 

duodenalis cysts in goats (Castro-Hermida et al., 2005) than in cattle;  in a lesser extent 

cows excrete lower levels of Giardia cysts in the peri-parturient period ( Olson et al., 

2004;Ralston et al., 2003). 

7.4.4. Concomitant infections: Calf enteritis is the most common disease affecting the 

young bovine, and is the first most significant cause of calve morbidity and mortality in 

dairy and beef farms. Enteritis has multifactorial arrangement: it involves interaction 

between environmental, management (husbandry), nutritional, immunologic and 

pathogens factors: The more prevalent infectious agents implicated are: Escherichia coli 

K99 and Salmonella, in calves under 3 days of age, are responsible for severe profuse 

watery diarrhea, progressive dehydration and death within a few days of its onset, these 

pathogens are associated to major mortality rates associated with septicaemia. Bovine 

Viral Diarrhea (BVD), Rotavirus, Coronavirus, affect calves between 4 days to 6 month of 

age, cause high morbidity because of depression of the immune system, diarrhea, 

dehydration, gain loss, and can contribute to the severity of Cryptosporidiosis and 

Giardiosis ( Graaft et al., 1999, Huethink et al., 2001). 

7.4.5. Management factors: In general, intensive management favour the transmission of 

Cryptosporidium spp. and Giardia duodenalis (oo)cysts. Some of husbandry and 

management factors had been associated with Cryptosporidium spp. and Giardia 
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duodenalis infections: The general management (the type of flooring; the type of calf 

housing; the frequency and method of cleaning); the maternity management practices 

(separation of the dam from the calve, frequency of cleaning, colostrum administration 

early from parturition); pre-weaning management (The direct contact with infected 

animals).  

Several studies have identified management factors that may contribute to 

Cryptosporidium spp.  and Giardia duodenalis infections in cattle ( Madox-Hyttel et al., 

2006; Brook et al., 2008; Silverlass et al., 2009; Muhid et al., 2011),  although the majority 

of them are related to Cryptosporidium spp.  Infection in dairy calves and few of them 

have focused Giardia duodenalis infection in beef cattle.  

 

7.5. Livestock facilities management risk factors: 

 

7.5.1. Depth of bedding: Deep straw bedding has a protective effect against 

Cryptosporidium infection, while sparse bedding increases the risk of Cryptosporidium 

spp. infection (Madox-Hyttel et al., 2006; Brook et al., 2008; Silverlass et al., 2009). 

Sparse straw bedding is also a marker for poor hygiene and management practices. 

Pictures 7 and 8 are examples of deep and sparse straw bedding. Since straw's bedding 

is expensive and replacing it frequently is time consuming, farmers tend to reduce its 

substitution (Brook et al., 2008). Although, for Giardia duodenalis the opposite effect was 

noted (Madox-Hyttel et al., 2006). 

 

             

Picture 7 and 8: Different scenarios in dairy and beef cattle farms, concerning the deep of straw 

beddings. From Mendonça, C., 2011. 

 

Deep bedding might suppress infection pressure, because when new bedding is 

continuously added, exposing to oocysts is limited, as the removing litter is covering them 

(Silverlass et al., 2009). 
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7.5.2. Disinfection of the pens floor:  Disinfection the pens floor and frequent cleaning 

decreases the risk of infection (Hamnes et al., 2006; Castro-Hermida et al., 2006; Brook et 

al., 2008).Picture 9 and 10 are an example of good calve pens hygiene. 

 

      

Picture 9 and 10: In this dairy farm the pens are cleaned two times a day, using high 

 water pressure. From Mendonça, C., 2011. 

Furthermore, in farms were feeding utensils were washed with disinfectants, a 

lower prevalence of Cryptosporidium spp. infection was noted (Muhid et al., 2011). 

Another-related hygiene factor, is the use of high pressure cleaning, the use of 

disinfectants, and the drying out of facilities and calve pens prior to animal introduction; 

have a preventive effect,  reducing (oo)cysts excretion  (Madox-Hyttel et al.,2006). 

 

7.5.3. Type of flooring: Cattle housed on a concrete floor, are more at risk for 

Cryptosporidium spp. and Giardia duodenalis infection, rather than cattle housed on 

slatted floors (Madox-Hyttel et al., 2006; Xiao et al., 2004).  

Comparing calves’ housing with sand floors and with cement floor, calves kept on 

a sand floor were five times more likely to be infected with Cryptosporidium.  However, 

calves reared on slatted floors were seven times more likely to be infected with 

Cryptosporidium spp. (Muhid et al., 2011). The type of floor in the probability of infection 

with Cryptosporidium is directly related to the type and frequency of cleaning, because 

Cryptosporidium oocysts are viable in soil for two months (Lim et al., 1999) and because a 

cement floor is washed thoroughly compared to other types of flooring. 

 

7.6 Maternity management  

7.6.1. Separation of calves from the dam: In farms where calves are nursed and kept 

with the dam, the prevalence of Cryptosporidium spp. infection was significantly lower 

than farms where calves were kept in individual or collective pens (Duranti et al., 2009). 
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The intake of maternal antibodies with colostrum in the first hours of life and the 

continuous intake of maternal milk during the pre-weaning period seemed to protect 

calves from infection (Duranti et al., 2009) ( Picture 11).  

 

            

Picture 11: In beef cattle farms, the calve remains with the dam, during 3 weeks after calving. 

From Mendonça, C., 2011. 

 

7.6.2. Colostrum administration: Early administration of colostrum decreases the risk of 

infection in calves (Duranti et al., 2009). 

 

7.6.3. Age of Dam: Calves born from two years-old heifers were more at risk of Giardia 

duodenalis infection, than calves born from 4 to 10 years-old cows (Gow and Waldner, 

2006). 

 

7.7. Pre-Weaned management 

7.7.1. Age of calves: Calves between 8 and 21 days of age are at most risk of 

Cryptosporidium infection, and the risk of infection decreases with age (Brook et al., 2008; 

Silverlass et al., 2009). Calves of a young age play an important role in maintaining 

Cryptosporidiosis in the herd. Infected calves shed millions of oocysts, contaminating the 

environment and   assuming a major zoonotic risk. The risk of infection decreases with 

age (Silverlass et al., 2009). Older calves are more likely to be infected with Giardia 

duodenalis (Gow and Waldner, 2006). There is an increasing resistance to 

Cryptosporidium spp. infections with age, and acquired immunity can be one explanation 

(Silverlass et al., 2009). 
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7.7.2. Placing calves close to adult cattle: Direct contact between calves and adults 

was associated with a decreased risk of infection; in fact, cow-calf farms were 61 times 

less likely to be associated with infection than dairy farms where calves are removed from 

their dams shortly after birth. (Durantin et al., 2009; Silverlass et al., 2009). In another 

study, calves that were kept next to each other were eight times more likely to develop 

Cryptosporidiosis (Muhid et al., 2011). 

Keeping the calf with the dam for a longer period of time, delays contact with the 

high infection pressure in the calf facilities (Silverlass et al., 2009). 

 

7.7.3. Feeding calves with saleable milk: Feeding saleable milk to calves increases the 

risk of infection (Muhid et al., 2011; Mohammed et al., 1999). 

Milk contamination may occur because of contaminated feeding bottles, or milk 

contamination during the milking process (Muhid et al., 2011). 

 

8. Zoonotic Importance  

 

Cryptosporidium spp. and Giardia duodenalis are the most common protozoan 

parasites,  with equal faecal-oral route of transmission,  and with life cycles apt  to 

waterborne and food borne transmission, infecting  the gastrointestinal  tract of humans and 

a wide range of  wild and  domestic animals,  causing diarrhea ( Appelbee et al., 2005; 

Fayer, 2004; Thompson, 2004; Hunter and Thompson, 2005). 

Humans can acquire Cryptosporidiosis and Giardiosis by direct contact with infected 

persons (anthroponotic transmission) or animals (zoonotic transmission) and by indirect 

transmission by ingestion of contaminated water (waterborne transmission) or food 

(foodborne transmission) (Fayer, 2004; Xiao and Ryan, 2004). Cryptosporidium and Giardia 

life cycles are completed within an individual host, producing a large number of transmissible 

stages ( oocysts and cysts,  respectively),  infectious when excreted, and with low infective 

doses ( 9-1042 for Cryptosporidium parvum oocysts, Okhuysen et al., 1999;  and 25-100 for 

Giardia duodenalis cyst; Rendtorff, 1954).  

The most important Cryptosporidium species responsible for affecting humans are: 

Cryptosporidium hominis (human specific specie) with an anthroponotic transmission and 

Cryptosporidium parvum (affects human and animals, especially cattle) in addition to 

zoonotic transmission, C. parvum may also infect humans through an anthroponotic 

transmission (Xiao and Ryan, 2004; Hunter and Thompson, 2005). Though, in several 

studies, others Cryptosporidium species have been identified in human faecal stools, like C. 
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meleagridis, C. canis, C. felis, C. muris and C. suis, as well as the corvine and monkey 

genotypes of C. parvum (Xiao et al., 2004, Matos et al., 2004, Almeida et al., 2006, Xiao and 

Fayer, 2008). Recently, Cryptosporidium cuniculis (rabbits and humans), C. andersoni 

(cattle) has been reported to infect human (Leoni et al., 2006; Morse et al., 2007); and it has 

been reported a second isolation of Cryptosporidium bovis (Cattle) in humans (Su Yn Ng et 

al., 2012). Although the frequencies of these infections are low in humans, Cryptosporidium 

meleagridis, is frequently reported in humans in Africa, and recent studies have described 

this specie as the third most frequent cause of Cryptosporidiosis affecting 

immunocompromised and immunocompetent persons, in less-developed countries (Morse et 

al., 2007; Blanco et al., 2009, Berrilli et al., 2012). C. meleagridis infections in Peru are as 

prevalent as C. parvum infections, in humans, assuming 10% of all infections, but in 

developed countries, like UK, as been recorded responsible for 1% of all infections (Cama et 

al., 2003; Cáccio et al., 2005). 

Still, human Cryptosporidiosis was confirmed in 90% of the cases, to be caused by C. 

hominis and C. parvum (Cáccio et al., 2005). In the US,   most human cases of 

Cryptosporidiosis are caused by C. hominis (>75%). Earlier studies in Europe showed that C. 

parvum was more prevalent, especially in the UK, were 61, 5% of waterborne outbreaks 

were caused by C. parvum and 37, 8% by C. hominis (McLauchlin et al., 2000). Though, 

more recent studies have shown a higher prevalence of C. hominis than C. parvum in UK 

and in European countries (Nichols et al., 2006; Llorente et al., 2007; Wielinga et al., 2008). 

This change in the UK, was coinciding with an outbreak of Food and Mouth Disease in 2001, 

which lead to a restrict access of humans to rural areas, reducing therefore, the contact of 

humans with livestock (Hunter et al., 2003). Exception was made for higher C. parvum 

prevalence in children from rural areas in Spain (Llorente et al., 2007). Cryptosporidium 

hominis is also more predominant in Australia, Canada and Japan (Morgan et al., 1998; 

Sulaiman et al., 1998; Ong et al., 2002, Xiao et al., 2004). In developing countries like Brazil, 

Kenia, Peru, India and Thailand, C. hominis infections were, as well more prevalent (Xiao et 

al., 2001; Leav et al., 2002; Cama et al., 2003; Muthsusamy et al., 2006). These differences 

can be explained due to separation between urban and rural populations; in a study in the 

UK, risk factors for C. hominis infections were identified to be related to overseas travel and 

changing diapers of children less than five years, and C. parvum infection were related to 

closing contact with farm animals, as livestock husbandry and direct contact with infected 

calves (Hunter et al., 2004). 

In Portugal, it was estimated 8% prevalence of Cryptosporidiosis in AIDS patients in 

south of the country (Matos et al., 2004). Studies carried out in Northern Portugal, by 

Almeida et al., 2006, revealed a Cryptosporidiosis prevalence of 4% among AIDS patients, 
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being C. parvum infections more common than C. hominis, in this risk group. Although, 

finding C. parvum in humans does not provide conclusive evidence for zoonotic transmission, 

to support the probable zoonotic transmission of Cryptosporidium parvum, determination of 

C. parvum sub genotyping is necessary. Cryptosporidium parvum subtype's families  IIa, and 

IId,  were  found in humans and in cattle( Feltus et al., 2006; Alves et al., 2003, 2006;Plutzer 

and Karanis, 2007), supporting the potential zoonotic transmission, whereas IIc and IIb were 

only found in humans, supporting the anthroponotic transmission ( Alves et al., 2006).  

In immune-competent persons, Cryptosporidium parvum infection is self-limited, with 

a median patent period on of 9 to 15 days, with mild to moderate symptoms. The major 

symptom is a watery diarrhea associated with abdominal pain, anorexia, weight loss, nausea, 

vomiting, fatigue and a low grade of fever (Marshall et al., 1997, Slifko et al., 2000), but in 

immune-compromised patients (i.e. Cancer or chemotherapy patients, transplant recipients, 

AIDS patients), Cryptosporidiosis can be life threatening, with a  risk of mortality ranging 

between 50 and 60%, and Cryptosporidiosis infection lasting for several weeks to month, or 

even years, not only requiring long-term health care but also becoming a reservoir for the 

further spread of infection (O’Ddonoghue et al., 1995;  Juranek et al., 1995;  Chen et al., 

2002). Moreover, in immunocompromised patients, symptoms of Cryptosporidiosis are more 

severe and the development of Cryptosporidium can appear associated to other organs and 

tissues, besides the gastrointestinal tract (in the bladder, eye conjunctiva, respiratory tract, 

liver and pancreas) (Fayer et al., 1997). A study by Hunter et al., 2004, showed an increased 

risk of non-intestinal sequels associated with C. hominis infections compared with C. parvum 

infections in humans.  

Cryptosporidium parvum infection in cattle is known to be age-related  (calves less 

than two months of age are the most infected with this specie), but in humans, this age-

relation is not very clear, yet children under five years of age and in a lesser extent, young 

adults in close contact with children,  are more prone to these infections. Furthermore, the 

infection during infancy in humans may have permanent effects on growth and development 

(Molbak et al., 1997). 

Giardia duodenalis is the only Giardia specie affecting humans, and   Assemblages A 

and B are the Assemblages found in humans, but they are also identified in animals, and are 

thus considered zoonotic. Several Giardiosis outbreaks have been reported worldwide in the 

last century, associated with ingestion of contaminated drinking water and recreational water 

(Robertson et al., 2006; Daly et al., 2010) and in a lesser extend foodborne associated from 

contamination of fresh vegetables, fruits with water used in food preparation and 

manufacture, and shellfish, or from food handlers with poor hygiene (Karanis et al., 2007; 

Porter et al., 1990; Shields et al., 2007).  
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The prevalence of each Assemblage in different countries is variable, but overall 

Assemblage B is the more widespread genotype (Cáccio et al, 2005). A study conducted in 

UK, reported an Assemblage B prevalence of 64% and an Assemblage A prevalence of 27% 

in human faecal samples (Amar et al., 2003). Longitudinal studies by Read et al, 2002, found 

that infections with Assemblage B were also more frequent (70%) than infections with 

Assemblage A (30%), in children in day-care centres in Australia, although Assemblage A 

infections were 26 times more likely to exhibit clinical signs like diarrhea. 

Assemblage A, has been considered the most important G. duodenalis genotype 

involved in zoonotic infection ( Lalle et al.,2005; Savioli et al., 2006) , though this 

transmission is not yet fully supported by sub genotyping analysis. Humans are more 

commonly infected with Assemblage AII, and Assemblage AI is mostly encountered in 

animal infection (domestic livestock and wildlife animals). Further studies are needed to 

determine the pathways of transmission to Humans (zoonotic or anthroponotic 

transmission).  

On the other hand, several studies have reported the presence of Assemblages A 

and B in cattle, suggesting that livestock may be a source of infection for humans and the 

presence of sub-Assemblages AI and AII in cattle and in humans, may confirm its role as 

potential zoonotic agent. (Lalle et al., 2005; Castro-Hermida et al., 2007; Mendonça et al., 

2007; Geurden et al., 2008). Surveys conducted in Australia ( Becher et al., 2004), in 

Canada ( Appelbee et al, 2003) and in US ( Trout et al., 2004) reported  a higher prevalence 

of the non-zoonotic, host-specific Assemblage E in cattle; this findings  may suggest a more 

limited role of cattle as reservoirs of Giardiasis in humans in those countries. Numerous 

studies have reported similar findings, a higher prevalence of Assemblage E in cattle than 

Assemblage A or B (O’Handley et al., 2000; Olson et al., 2004; Trout et al., 2004; Castro-

Hermida et al., 2007; Mendonça et al., 2007; Dixon et al., 2011; Thompson and Smith, 2011; 

Budu-Amoako et al., 2012 ). Foronda et al., 2008, reported an isolation of Giardia duodenalis 

Assemblage E in human faecal samples, in Egypt; however this result was not confirmed.  

Therefore, the zoonotic potential of the various G. duodenalis Assemblages is controversial, 

for this purpose further studies with multilocus analysis are necessary to elucidate Giardia 

duodenalis epidemiology and Transmission pathways (anthroponotic, zoonotic or 

anthropozoonotic). 

Clinical manifestations of Giardia duodenalis infections in humans can be 

subclinical, ranging from brief, mild and transient intestinal complains.  Acute onset with 

symptoms consisting in diarrhea, abdominal pain, cramps, nausea and weight loss, lasting 

up to 7 weeks, or chronicle, with symptoms recurring for several years leading to weight 

loss, disturbance of nutrient's absorption and poor growth ( Farthing, 1996; Thompson, 
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2004). Although Giardiosis affects persons of all ages, children aged from 1 to nine years, 

and adults aged from 30 to 39, showed a higher prevalence (Yoder and Beach, 2007). 

Factors like, immune status, nutritional condition, concurrent enteric diseases of the host 

as well as differences in virulence and pathogenicity of Giardia duodenalis Assemblages 

may influence the clinical exhibition of infection (Thompson, 2004). 

Taking into account all these evidences, Cryptosporidiosis is regarded as a more 

important threat to public health than Giardiosis, because: a) there is no effective drug 

treatment for Cryptosporidium infections, in opposing to Giardia infections; b) 

Cryptosporidium infections, although are self-limited in immunocompetent individuals, in 

immunocompromised patients can be life threatening; c) Cryptosporidium oocysts are 

more resistant than Giardia cysts to conventional water disinfection methods (e.g. 

Chlorination) , and can remain infectious for six months or longer, in cool wet condition ( 

Fayer, 2008). 

Despite of the worldwide recognition of Cryptosporidiosis and Giardiosis in 

immunocompetent humans, the real significance of Cryptosporidiosis and Giardiosis may 

be under-reported because many laboratories do not routinely test stool specimens unless 

specifically requested and because many immunocompetent individuals with mild 

symptoms, don’t seek medical support (Ramirez et al., 2004).  

 

 

9. Waterborne transmission of Cryptosporidium spp. and Giardia duodenalis 

 

Cryptosporidiosis is recognized as the most common infection, related to 

waterborne outbreaks.  Current evidence indicates that livestock, and especially cattle, 

are the main reservoir for zoonotic transmission (Slapeta, 2011). Contamination of surface 

water and drinking water represents the major sources of Cryptosporidiosis and Giardiosis 

for humans and animals (Hunter and Thompson, 2005). The small size of oocysts of 

Cryptosporidium and cysts of Giardia, the relatively low infectious dose required for 

disease coupled with their resistance to environmental conditions and to standard 

disinfectants, commonly used in the conventional methods of water treatment, makes 

these protozoans the most important of Public Health concern.  

Surface water can be contaminated through the discharge of treated and untreated 

human sewage (Rose et al., 1986) and agricultural run-off, from rural land drainage 

containing infected livestock manure (Casemore et al., 1997), resulting in an increased in 

(oo)cysts load observed in surface  water downstream of domestic and agrarian areas in 

several locations.   
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To keep (oo)cysts out of drinking water, a multiple barrier approach is required. 

Conventional water treatment processes (summarized in table 9), includes coagulation, 

flocculation, sedimentation and filtration, and relies on efficient plant performance for 

maximum removal of pathogens.   

 

Table 9: Water plants’ conventional water treatment, from Betancourt and Rose, 2004. 

Process Method References 

Coagulation-

floculation 

It is the first step in a water-treatment process. This 

procedure consists in Coagulation to hasten the 

agglomeration of fine particles in water, followed and 

combine with a Flocculation process to promote 

solid-liquid separation, producing large flock 

aggregates that can be removed from water in the 

subsequent Clarification/Filtration step. 

Gao et al., 
2002 
 
Jakubowski 
and Craun, 
2002 
 
Butkus et al., 
2003 

Clarification It is the first treatment barrier against protozoan 

passage, during conventional water treatment. This 

process is accomplished through sedimentation that 

settles large flock-particles, prior to filtration. 

Edzwald and 
Kelley, 1998 
 
 Jakubowski 
and Craun, 
2002 

Filtration Filtration is a physical process, considered as the 

last barrier in removal of particles in suspension and 

protozoan (oo)cysts in a conventional water 

treatment process. During Filtration, water passes 

through a pore structure, made up of a variety of bed 

materials (bed of sand; bed of diatomaceous earth or 

a combination of coarse anthracite coal overlying 

finer sand), and the removal of particles occurs by 

straining through the pores in the filter bed, by 

adsorption of particles to the filter grains, by 

sedimentation of particles in the media pores, by 

coagulation while travelling through the pores and by 

biological mechanisms as slow sand filtration. 

 

Cornwell et al., 
2003 
 
Troyan and 
Hansen, 1989 

Disinfection Disinfection is the process by which an organism’s 

viability/infectivity is destroyed with a specific 

percentage of the population dying over some time 

frame defined as a rate. 

Water disinfection is accomplished with chemical or 

physical disinfectants. The most common of this is 

chlorine (added to water as a gas or solid); this 

specific disinfection is referred to as chlorination. 

Alternative chemical disinfectants include chlorine 

dioxide and ozone, and physical process includes 

Ultra violet (UV) irradiation. 

Korich et 
al.,1990 Finch 
et al., 1994 

Peeters et 
Al.., 1989 
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Subsequent disinfection with chlorine (i.e. chlorination), for inactivation of any  

pathogen that might breaks through, is the ultimate step to guarantee water quality. 

Although, (oo)cysts may pass through the treatment process and enter the distribution 

system, depending upon the efficiency and equipments of the water-treatment plant 

processes (Betancourt and Rose, 2004). Though in small communities, surface water 

suffers minimal treatment using only chlorination. In cattle farms, surface water, from 

wells, is used for animals drinking source, most of the times without any kind of treatment. 

Cryptosporidium spp.  is the primary target  for effective water disinfection and one 

of the most resistant organisms in water. No inactivation was observed even after 18 

hours of contact time with chlorine at very high levels, and no inactivation was seen with 

chloramines (Korich et al., 1990; Gyurek et al., 1997).  

 Giardia is more susceptible than Cryptosporidium to chlorine, but much more 

resistant than bacteria, and survive levels of conventional acceptable chlorine 

concentrations used in surface water treatment.  It was possible to destroy the cysts if 

given a high concentration of the disinfectant and longer contact time (Korich et al., 1990; 

Finch et al., 1994). Although Chlorine is economical in water treatment, its inefficiency 

against Cryptosporidium spp. and Giardia duodenalis. Furthermore, the generating of 

toxic and carcinogenic disinfection by-products, leads researcher to test alternative 

disinfectants, like chlorine dioxide, ozone and ultra violet irradiation(Betancourt and Rose, 

2004) ( Table 10). 

Diatomaceous earth filtration has been shown to be the most effective mean of 

conventional filtration in reducing Cryptosporidium and Giardia (oo)cysts. Giardia can be 

removed easier by filtration than Cryptosporidium because of cyst's larger size. 

Cryptosporidium oocysts still have the possibility to filter through and enter the distribution 

system.  

Recent advances in membrane technology to the water-treatment process, has 

been employed in Europe and in the US, using Microfiltration, Ultrafiltration, Nanofiltration 

and Reverse Osmosis. Microfiltration and Ultrafiltration, uses filters with a pore size 

ranging from 0.01 to 0.5 µm, while the size of protozoan cyst's ranges from 4 to 15 µm 

(Betancourt and Rose, 2004; Jacangelo et al., 1997). 
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Table 10: Advantages and Disadvantages of alternative disinfectants used in water treatment. 

Disinfectants   Advantages Disadvantages 

CHLORINE DIOXIDE  -Powerful bactericidal disinfectant  

   and can inactivate about 90% of oocysts 

- There is  lower  disinfections by-products                   

produced 

 

-High concentrations of  

suspended solids and organic 

contaminants in water decreases 

its efficiency 

OZONE - Effective disinfectant for all groups of   

microorganisms 

-Produces few disinfection by-products 

-It can be used to treat large volumes of  

water 

- no lasting residual disinfection 

effect 

- efficacy is reduced in cold water 

- can produce bromated as a 

disinfection by-product 

UV LIGHT -Don’t need the use of chemical  

additions 

-Highly effective in the inactivation of 

protozoa 

-Needs short contact times 

- There is no disinfections by-products 

identified 

-Various types of UV lamps, 

 confer different outputs- 

-in practice is impossible to 

measure the lamp dose 

- no lasting residual disinfection 

effect 

 

 

Cryptosporidium outbreaks have been associated with contamination of surface 

waters, like well waters, swimming pools and public water supply systems. A study by 

Kramer et al, 1998, have shown that up to 97% of the surface waters serving water 

treatment plants and 54% of treated water, contain low numbers of Cryptosporidium spp.  

oocysts. These water sources can be contaminated with sewage or faeces of infected 

animals or humans. Cryptosporidium oocysts are extremely resistant in the environmental, 

livestock manure and wastewater discharges can potentially contaminate grown food 

crops, via run off, and water courses used for crop's irrigation or for human and animal 

drinking (Kato et al., 2004; Robertson et al., 1992). 

Several waterborne outbreaks have been reported over the years (Table 11), but 

the most severe and largest human waterborne outbreak occurred in Milwaukee in 1993, 

where more than 400,000 people were infected, resulted in a significant increase in 

Cryptosporidium research. Livestock production was assumed as an important source of 

the C. parvum zoonotic transmission. Later molecular studies have confirmed that C. 

hominis was the cause of this outbreak, and human faeces were the source of infection 

(Peng et al., 2002).  
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Table 11: Important Cryptosporidium Waterborne outbreaks in humans. 

Location 
 

Year Number of 
infected persons  

Source  References 

Braun Station, 
Texas, US; 

1984 2 006 Surface water D’Antonio et al., 
1989 

Carroltron, 
Georgia, US; 

1987 12 960 Surface water Hayes et al., 
1989 

Swindon/ Oxford, 
UK 

1989 516 Surface water Richardson et 
al., 1991 

Jackson, Oregon; 
US 

1992 15 000 Surface water Leland et al., 
1993 

Milwaukee, 
Wisconsin, US 
 

1993 430 000 Surface water Mackensie et 
al., 1994 

 

Giardia cysts are less resistance in raw water than Cryptosporidium oocysts, 

although cysts are more often detected and with a higher concentration in raw and 

drinking water. Many Giardia waterborne outbreaks have been reported in economically 

developed countries (Slifko et al, 2000; Baldursson and Karanis, 2011)( Table 12). The 

largest Giardia’s waterborne outbreak, related to drinking water, occurred in Norway in 

2004, where over 1500 persons were affected. Giardia duodenalis assemblage B was 

assumed to be responsible, but patient sample’s genotyping gave conflicted results and 

genotyping Giardia cysts in water samples were impossible (Nygard et al., 2006; 

Robertson et al., 2006).  

 

Table 12 : Important Giardia duodenalis Waterborne outbreaks in humans. 

Location 
 

Year Number of 
infected persons  

Source  References 

Bristol; UK 1985 108 Treated 
resevoir 

Browing and 
Ives; 1987 

Sweden 1992 3000 Drinking water Hunter , 1997 

Bergen, Norway 2004 1500 Surface water Nygard et 
al.,2006  

Massachussets; 
USA 

1985-
1986 

703 Unfiltrated 
surface water 

Hunter , 1997 
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The presence of livestock around water supplies sources can contribute to water 

contamination. The presence of Giardia duodenalis Assemblage A and B in livestock has 

been reported in several studies from different geographical locations in Europe, north 

and south America (Castro-Hermida et al., 2007; Guerden et al., 2008; LangKjaer et al, 

2007; Mendonça et al., 2006; Souza et al., 2007). 

The consumption of drinking water from untreated or unfiltered surface or ground 

water sources, contaminated by sewage and wastewater from human and agricultural 

origin, represents a significant risk for human and livestock Giardiosis ( Jakubowski and 

Graun, 2002; Heitman et al., 2002)( Tables 13 and 14). Still, deficiencies in the drinking 

water treatment process are the most common reasons for Giardiosis outbreaks (Karanis 

et al., 2007; Baldursson and Karanis, 2011). 

Table 13: Risk factors associated to Cryptosporidium spp. and Giardia duodenalis waterborne and 

foodborne transmission to Humans. From Porter et al., 1990; Smith et al., 2007; Pozio, 2008. 

Risks factors for human waterborne and foodborne Cryptosporidiosis and 

Giardiosis 

- Poor personal hygiene of food handlers.    

-Ingestion of contaminated fruit, vegetables (lettuce) and shellfish, consumed raw or with 

minimal thermal processing.  

-Washing fresh vegetables, consumed raw with contaminated water.  

-swallowing water while swimming, contact with recreational fresh water,  drinking tap 

water. 

-Using contaminated water for making products which receive minimum heat or 

preservative treatment. 

 

 

Table 14: Risk factors associated to Cryptosporidium spp. and Giardia duodenalis waterborne and 

foodborne transmission to cattle. 

Risks factors for cattle waterborne and foodborne Cryptosporidiosis and 

Giardiosis 

- The use of contaminated faeces, farmyard manure and slurry as fertilizer for crop 

cultivation 

-Pasturing infected livestock near crop cultivation 

-The use of contaminated wastewater for irrigation of crops 

- The use of contaminated surface water 
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10. Treatment   and control of Cryptosporidium spp.  and Giardia duodenalis 
infection infections in Cattle. 

 

The treatment and control for Cryptosporidium spp. and Giardia duodenalis 

infections are quite a challenge in veterinary medicine. Cattle, especially calves, tend to 

exhibit the clinical infection, excreting large quantities of (oo)cysts in the environment 

surroundings, and represent a significant economic loss to cattle industry. Ambient and 

housing facilities' contamination is not easily controlled, (oo)cyts are highly resistant to 

environmental stress and disinfectants.  Only few chemical and physical agents are 

effective in (oo)cysts inactivation in the environment; they are generally used in water 

treatment plants. However, their application to cattle facilities has a vast limitation.  

Several drugs are used to treat Cryptosporidiosis and Giardiosis in humans, but 

only a few of them are authorized to be used in production animals, and none of them 

have demonstrated consistent and complete effectiveness  in both,  preventing (oo)cyst 

excretion and in treating associated diarrhea. For these reasons, efficient control of 

Cryptosporidiosis and Giardiosis require a combination of several measures: hygiene, 

management and husbandry procedures and drug administration. 

 

10.1 Cryptosporidiosis and Giardiosis, Treatment drugs  

 

Over than 200 antimicrobial agents have been studied and tested, for 

Cryptosporidiosis and Giardiosis.  Although only a few of them have demonstrated to 

reduce the severity of symptoms and reduce (oo)cysts shedding in cattle, therefore,  

presumably  reducing environmental contamination and transmission to susceptible hosts. 

However, none of them could eliminate completely the parasites (Graaft et al., 1999; 

Delafosse et al., 2006). Some of these compounds were tested in vitro, using laboratory 

animals, with promising results in humans, but showed no efficiency in animals during 

clinical trials. The responses obtained, particularly, in the case of Cryptosporidium 

infections, vary significantly with the host immune status, the duration of treatment and the 

simultaneous use of other medications. Furthermore, because, most of the drugs used, 

were not absorbed and pass through the intestinal lumen and others that actually are 

absorbed by intestinal cells, concentrate in the cytoplasm of enterocyte but not in the 

parasitophorous vacuole. 

 A combination of oral and intravenous rehydration, antimicrobial therapy to control 

bacterial secondary infections, remains the single most important treatment protocol to 

diminish the severity of clinical signs of enteritis in calves. 
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Halofuginone – A synthetic quinazolinone, with antiprotozoan activity. It is one of the 

approved drugs that have received good results from reports of preventive protocols in 

calves, in reducing the number of oocysts excreted and in reducing the associated 

diarrhea (Lallemond et al, 2006). However, it did not delay the onset of diarrhea in animals 

with an established infection (Rehg, 1995). Halofuginone has a Cryptosporidiostatic 

activity on the sporozoite and merozoites stages of C. parvum (responsible for the auto-

infection process) but no effect in interrupting the Cryptosporidium infection pattern. 

Several studies have shown that calves treated with 0,1-0,12 mg/kg of body 

weight, given orally for seven days, exhibited a reduction in oocyst's excretion( Naiciri et 

al., 1993; Peeters et al., 1993; Lefay et al., 2001). However, treatment efficiency was 

controversial.    Oocysts’s excretion was negative only until seven days after withdrawn of 

Halofuginone, after then some animal’s reinitiated reinfection with oocysts shedding, 

suggesting that Halofuginone does not interrupt the Cryptosporidium life cycle, but only 

prevents intestinal reinfection by sporozoites or recycling merozoites (Naiciri et al., 1993; 

Peeters et al., 1993; Lefay et al., 2001). Nevertheless, Halofuginone treatment reduces 

Cryptosporidiosis severity, prevents mortality, and reduces environmental contamination 

in cases of an outbreak. 

In Portugal is licensed for prevention (prophylactic use in newborn calves, since 

the first day of life) and treatment (only reduces oocyst excretion and clinical signs), but it 

is known to be toxic when the claimed dose is exceeded, or when administrated to 

debilitate diarrheic calves.  

 

 Nitazoxanide – It is a nitrothiazole benzamide, with an anti-helminth, anti-bacterial and 

anti-protozoal activity. Nitazoxanide is used for the treatment of Cryptosporidiosis and 

Giardiosis in humans, especially in children and AIDS patients. Trials have shown that 

reduces the duration of diarrhea and oocyst excretion, but its safety and effectiveness in 

adults and immunocompromised patients have not been established (Abubakar et al., 

2007).  

Nitazoxanide has been tested in calves, but a prophylactic and therapeutic dose of 

15 mg/kg of body weight, showed little efficacy in Cryptosporidiosis; neither oocysts 

shedding nor clinical severity was reduced, but induced side effects like a drug-related 

diarrhea (Theodos et al, 1998). 
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Aminoglycoside antibiotics (Aminosidina, Paromomycin) – It has shown efficiency in 

controlling Cryptosporidium infections in cell cultures and been  largely used  to control 

Cryptosporidium parvum infections in humans and especially in animals,   were its 

prophylactic administration, had been  proven to decrease the patent period, oocyst 

shedding and severity clinical symptoms in infected calves (Fayer and Ellis, 1993). 

Paromomycin is poorly absorbed by the intestinal epithelium, but some small quantities 

can cross the limiting apical membrane of the enterocyte, bounding to the 

extracitoplasmatic parasite. Parasite protein synthesis is disrupted by biding of the 

antibiotic to the parasite ribosome. Studies in goats, with a dosage of 100 mg per body 

weight, during 21 days, after birth and during an infection outbreak, suggested that 

Paramomycin was efficient in both prevention and treatment of Cryptosporidiosis 

(Johnson et al., 2000; Mancassola et al., 1995). In Portugal, the same dose can be 

administrated to large ruminants, but the cost of this therapeutic drug and the commercial 

oral presentation available, limited its use to calves.  

 

Azithromycin – It is a macrolide antibiotic, has been used in Cryptosporidiosis in 

immunocompromised humans with variable efficacy (Rehg, 1991). It can be also used  in 

treatment of Cryptosporidiosis in calves, at a dose of 1500 mg/kg of body weight for seven 

days;  showing a significant decrease in oocyst excretion and reduce in  clinical signs.   

Although its high cost makes it too expensive to use in farm animals, and its generalized 

use could represent an associated risk for antibiotic resistance to Humans.   

 

Decoquinate – It is a quinolone coccidiostat. It was reported to have little activity against 

C. parvum in calves. A study by Moore et al. ( 2003) showed no clinical effect  nor 

reducing in oocyst shedding in calves treated twice daily with a dose of 2mg/ kg body 

weight, for 28 days ( Moore et al., 2003). 

 

Lasalocid – It has proven to be effective in calves for acute Cryptosporidiosis at the dose 

of 6-15 mg7kg/day, but is highly toxic when used in a prophylactic protocol of 8mg/kg/day 

for two weeks, and lower doses are not efficient (Gobel, 1987). 

 

 Activated charcoal – Experimental reports of oral administration of activated charcoal to 

dairy calves infected with C. parvum has shown to reduce oocyst excretion and diarrhea 

(Watarai et al., 2008).  
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For cattle Giardiosis, there is no current drug licensed. The drugs routinely used 

don’t eliminate the parasite, but reduces the cyst's excretion rate. Although the effect of 

treatment is often short-lasting under field conditions (O’Handley et al, 2000). 

Nitro-imidazoles (Metronidazole and Tinidazole) – These drugs are used and approve 

in human patients, showing effectiveness, although side effects can occur, like resistance 

to treatment and the carcinogenic effect of Metronidazole must be well thought-out 

(Morgan et al, 2003). In Portugal, the Nitro-imidazoles drugs are no longer approved for 

use in livestock. 

 

Benzimidazoles – Broad-spectrum antihelminthic with a high safety margin and a 

selective toxicity, have shown to be efficacious against Giardia in In vitro studies. It inhibits   

in an irreversible way all functional activities in the medium body and in the ventral disk 

function, enabling trophozoites attachment to the intestinal mucosa and preventing enteric 

colonization (Clark & Holberton, 1988). In field conditions,  the use of  Febendazole has 

proven  efficient in reducing Giardia cyst's excretion, although higher doses are needed  

comparing to helminthic treatments, but short lasting effects than in In vitro conditions, 

lead to re-infections( O’Handley et al, 2000). 

 

Paramomycin (aminosidin)- Broad spectrum amino-glycoside antibiotic poorly absorbed 

from gastro-intestinal track and therefore, well tolerated in calves. Reduction of Giardia 

cyst's excretion last for two weeks when a dose of 50 to 70 mg/kg is given orally during for 

five days, is achieved by inhibiting the protein synthesis. 

 

10.2 Vaccination strategy  

 
Vaccination of young animals with an immature immune system may not be 

effective, and may not be economical, as Cryptosporidiosis and Giardiosis are rarely lethal 

and good preventive measures protocols have shown to be efficacious in controlling these 

infections.  As well, there are no vaccines approved in production animals for prevention 

of Cryptosporidiosis and Giardiosis.   

Although, antibodies may be found in bovine colostrum, they are at levels that are 

not protective against Cryptosporidiosis in calves. Experimental vaccination of dams with 

production of colostrum with high level of IgG1, IgM and IgA, and subsequent feeding 

experimentally infected calves with this colostrum did not avoid clinical signs and oocyst 
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excretion.  To guarantee an efficient protection in these calves, it was necessary a higher 

level of C. parvum antibodies, but the production and use of this partially effective 

vaccination are too expensive and impractical in field conditions. Progress in this area has 

been slow and impractical.  

Cryptosporidium intracellular but extracitoplasmatic position in intestinal cells, it is 

the main reason for inefficiency of vaccines and also of the drugs used for treatment. 

Regarding Giardia duodenalis, the usual drugs don’t eliminate the infection, only 

reduce cyst's excretion, a Vaccine could be an alternative and a mean of achieve a 

prolonged protection and preventing environmental contamination and transmission to 

susceptible hosts. In calves, vaccination did result in a higher humoral immune response, 

but cyst's excretion and clinical signs were not prevented. A commercially vaccine is 

available in the United States for Giardiosis in dogs and cats ( Fel-O-Vax Giardia or 

Giardia Vax, Fot Dodge animal Health) with variable preventive or curative efficiency,  but  

an attempt to use a similar vaccine preparation in cattle as revealed complex,  because:  

1. The production is awkward, several Giardia proteins (antigens) have been proposed as 

potential candidates, however, some seem to be Assemblage specific while others are 

common to all Assemblages.  Since cattle can be infected with at least three Giardia 

duodenalis Assemblage, more research is needed to identify proteins that are both 

express in all assemblages (Abdul-Whid & Faubert, 2007)  

2. A Giardia vaccine should provide an intestinal immune response and efficient cellular 

response mechanism to prevent intestinal colonization from Giardia Trophozoites. A 

subcutaneous vaccine only enables an increased serological antibody and does not 

provide a localized immune response in the intestine. Alternatively, an oral vaccine, in 

ruminants implies a possible destruction of protein antigens by the ruminal flora. 

 

10.3 Measures to Prevent and Control Cryptosporidium and Giardia infection in 
cattle farms  

 
Preventive and control measures are by far the most effective approach to manage 

Cryptosporidium and Giardia duodenalis infections in cattle. Management measures are 

essential to support a treatment / control protocol to achieve clinical improvement, and 

also to prevent persisting infection in the herd. They must be able to break the parasites' 

transmission cycle and limited environmental contamination.  
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In table 15 a description of the most important epidemiological characteristics of 

Giardia duodenalis and Cryptosporidium spp.  and the management and husbandry 

counter measures to prevent the infection. In spite of all this, a rapid diagnosis, the 

treatment of affected or exposed animals, and isolation of infected animals, associated to 

a proper hygiene management, are the best measures to minimize the spread of disease 

among calves, by reducing the risk of cross- infection, and leading to reducing the 

economic impact of infection in the herd. By this means decreasing environmental 

contamination, including the risk of surface water contamination, the public health is 

concerns alleviate (Shahiduzzaman et al., 2012). 

Hygiene measures include, cleaning of contaminated surfaces in cattle facilities, 

especially in calf pens, appropriate removal of wastes (manure and waste water), and 

equipment and facilities disinfection. The choice of suitable chemical disinfectants is more 

limited in the case of Cryptosporidium oocysts, since oocysts are more resilient to 

common disinfectants, than Giardia duodenalis cysts. The commercial disinfectants to be 

use in farm enclosure should provide an anti-cryptosporidial activity, with no toxic effect in 

animals and in the environment. Disinfectants containing hydrogen peroxide was reported 

to be lethal to Cryptosporidium oocysts after exposure at room temperature for 10 

minutes, also the presence of organic material does not inhibit its efficiency and is non-

toxic ( Castro –Hermida et al., 2006; Blewett, 1988¸Cranfield et al., 1999).  Ammonia at 

5% and formalin at 10% concentration, reduces oocyst's infectivity, but is not practical to 

use in cattle farms, because, it requires a contact time exposure of 18 hours at 4º room 

temperature ( Campbell et al., 1982). Other's disinfectants include, bleach, at 6% for two 

hours can inactivate 92% of oocysts, and it can be added to slurry and manure with 

efficiency (Shahiduzzaman et al., 2010); cresol-based disinfectant at 2-3% concentration 

after two hours of contact, can inactivate 99% of oocysts (Eckert , 2001; Joachim et al., 

2003; Shahiduzzaman et al., 2010). Recently, was reported a high efficacy against C. 

parvum oocysts, using amine-based disinfectants (KenoTM  Cox) at 2 or 3 % concentration 

( Naciri et al., 2011). 

Oocysts physical inactivation, by moist heat (45º and 60º for 5-9 minutes), freezing 

or desiccation is the most effective way to kill oocysts, in vitro. However, it becomes 

impossible to apply under field conditions. 

Control and preventive measures for Cryptosporidiosis and Giardiosis, should also 

include strategies and measures to eliminate other environmental factors, should support 

an optimal nutritional management and should eradicate concurrent diseases in the herd 

(Shahiduzzaman et al., 2012). 
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Table 15: Cryptosporidium spp. and Giardia duodenalis epidemiological risks, associated to 

preventive husbandry measures: 

Epidemiological Risk Preventive Measures 

 

Calves are more susceptible to 

infection, and excrete higher 

number of (oo)cyst in faeces; the 

(oo)cysts are immediately 

infective. 

 

Adult cattle seem to exhibit a sub-

clinical or a chronicle infection. 

They act as carriers. 

 

 

 Ensuring newborn adequate colostrums feeding, and 

place them in an uncontaminated environment. 

 Isolation of calves with clinical presentation.  

 Minimize contact between animals and personnel. 

 Keep young animals separated from adult animals, 

do not mix animals of different age. 

 Proper hygiene and disinfection of calf's housing and 

equipment (crates, pens, feeding bottles, and 

utensils). 

 Avoid over – crowding 

 

Giardia cysts can survive for 1 

week in faecal material, and up to 

seven weeks in soil. 

 

(Oo)cysts are resistant to 

environmental conditions and to 

conventional chemical 

disinfection such as chlorine 

 

 Frequent removal of faeces from animal housing. 

 Reduce the calving period with adequate 

reproductive management. 

 Common disinfectants: hydrogen peroxide, 

ammonia, formalin and quaternary ammonium 

disinfectants. 

  Alternative disinfectants: Chlorine dioxide; ozone; 

ultra-violet  irradiation 

 Heat, desiccation or freezing, though can hardly be 

applied in cattle facilities. 

 

Major source of infection for 

humans is contamination of water 

supplies. 

 

Frequent manure spread on 

pastures has been associated 

with detection of (oo)cysts in a 

stream. 

 

Decrease the spread of the 

parasites in the environment. 

 

 Cattle facilities should be located away from streams 

and rivers whenever possible, and waterways should 

be fenced-off in pasture lands to prevent direct 

contamination. 

 

 The use of manure-storage facilities and strategies 

spreading of manure may prevent direct contact of 

manure with surface water. 

 
 

 Prevent wild animal’s access to farm or to pasture. 
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11. Objectives and thesis organization  
 

The main goal of this work is to access the epidemiological and clinical 

significance of both parasites in bovine population, in northern Portugal, in order to 

provide answers and possible solutions in cattle production. In Portugal, several studies 

have been conducted focusing Cryptosporidium spp.  and Giardia duodenalis infections in 

humans, especially immunocompromised patients, wild life, zoo animals, and water 

sources (Alves et al., 2003; Alves et al., 2006;  Lobo et al.,2009; Almeida et al., 2006a, 

Almeida et al., 2006b)  but little information has been published, focusing the 

epidemiological pattern of these protozoans in bovine.  

Our work intent to promote insights into the assessment of Cryptosporidium and 

Giardia duodenalis infections in cattle, in a large-scale approach. To achieve our overall 

aim, four specific aims were defined:  

 

1. Systematic isolation of Cryptosporidium and Giardia duodenalis from bovine 

faces and subsequent genetic characterization.  

 

Our first specific objective was to clear what Cryptosporidium spp. species and 

Giardia duodenalis Assemblages were commonly found in cattle in Northern Portugal, and 

their molecular characterization. A first article was published concerning these findings 

(Chapter 2). 

2. To study the presence of Cryptosporidium spp.  and Giardia duodenalis in 

surface drinking water in cattle farms, as well as protozoan  waterborne 

transmission to cattle. 

Our data were allied with those included in an interdisciplinary working group, 

aimed to evaluate and correlate the prevalence of Cryptosporidium spp. and G. 

duodenalis in drinking water samples from the network plants and of human's faecal 

samples of the northern region of Portugal, in order to assess the risk of human infections 

associated with water consumption. This work was financially supported by funds of 

Project 61018, Action Environment and Health, from Calouste Gulbenkian Foundation. 

 

Given the importance of evidence data, we considered important to address more 

specifically the presence of these protozoan parasites in surface drinking water of cattle 

farms in northern Portugal. In addition, it was decided to estimate the degree of faecal 

bacteria contamination of that surface drinking water offered to cattle (Chapter 4). 
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3. To estimate the clinical significance of Cryptosporidium spp. and Giardia 

duodenalis infections, in different age groups of dairy and beef calves. 

Subsequently, to estimate the clinical relevance of Cryptosporidium spp. and 

Giardia duodenalis infections, we studied the presence of Cryptosporidium species and 

Giardia duodenalis Assemblages in dairy and beef calves; the age-relation of those 

protozoan parasites were distributed in different age groups and their clinical significance 

in the occurrence of light to severe cases of diarrhea. This study   allowed us the first 

isolation of Cryptosporidium bovis in calves in Portugal (Chapter 4). 

4. To estimate Cryptosporidium spp. and Giardia duodenalis prevalence at herd 

level, in dairy and beef cattle. 

At last with the intent of estimate epidemiological indicators of Cryptosporidium 

spp. and Giardia duodenalis infections in cattle,  the prevalence of Cryptosporidium spp. 

and Giardia duodenalis was estimated in beef and dairy farms, so as the prevalence of 

species and genotypes of these protozoan parasites and  their zoonotic potential (Chapter 

5) . 
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CHAPTER 2 
 

Molecular characterization of Cryptosporidium and Giardia isolates from 
cattle from Portugal 

 

Mendonça, C., Almeida, A., Castro, A., Delgado M.L, Soares, S., Correia da Costa, J.M., 

Canada, N. 

 

Veterinary Parasitology, 2007, 147: 47– 50 
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Carla Mendonça a,b, André Almeida b,c, António Castro b,c, Maria de Lurdes Delgado b,c,
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Abstract
Fecal samples from 291 calves and 176 adult cattle in Northern Portugal were screened for Cryptosporidium and Giardia using a

formalin–ethyl acetate concentration method. Acid-fast staining techniques for Cryptosporidium oocyst identification and direct

microscopic observation of fecal smears for Giardia cyst identification were performed so as immunofluorescence microscopy

examination. Polymerase chain reaction methods were employed to determine the genotype of each isolate. Molecular

characterization was performed using amplification and sequencing of the hsp70 and 18SrRNA genes of Cryptosporidium and

b-giardin gene and glutamate dehydrogenase for assemblage determination of Giardia duodenalis. Seventy-four out of 291 calves

(25.4%) and 8 out of 176 adult bovines (4.5%) were positive for Cryptosporidium. Forty-one out of 291 calf samples (14.1%) and 1

out of 176 adults samples (0.57%) were positive for Giardia. From the Cryptosporidium positive samples we obtained 63 isolates

from calves samples and 7 isolates from adult samples. Additionally, Giardia was isolated in 13 out of 41 positive samples from

calves and it was also possible to isolate Giardia from the positive adult sample. Molecular characterization of the Cryptosporidium

and Giardia isolates showed us that C. parvum and G. duodenalis assemblage E were the prevalent species. C. parvum may infect

humans, representing a potential public health risk. On the other hand, the assemblages B and A2 of Giardia, previously described

in humans, were here identified in cattle. Further studies will be needed for determine the importance of cattle as carrier of zoonotic

assemblages of G. duodenalis.

# 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Giardia spp. and Cryptosporidium spp. are the most

common protozoan parasites that infect domestic
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0304-4017/$ – see front matter # 2007 Elsevier B.V. All rights reserved.
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animals and humans (Fayer, 2004; Thompson, 2004;

Thompson and Monis, 2004; Appelbee et al., 2005).

Cryptosporidiosis causes significant neonatal mor-

bidity in cattle, causing weight loss and delayed growth,

which leads to large economic losses (McDonald,

2000). In immunocompetent humans the disease is

usually self-limiting, however, in immunocompromised

patients is frequently a chronic, severe, and sometimes

fatal infection (Fayer, 2004). Cryptosporidiosis is a

common secondary infection in patients with Acquired

mailto:ncanada@mail.icav.up.pt
http://dx.doi.org/10.1016/j.vetpar.2007.03.019
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Immuno-Deficiency Syndrome (AIDS) that results in

twice as many fatalities as any other AIDS associated

infections (Colford et al., 1996). Cryptosporidium is

both a waterborne and a foodborne pathogen that can

survive for months outside its host. Two species of

Cryptosporidium have been identified in cattle: C.

parvum in the intestine and C. andersoni in the

abomasum. C. parvum infects cattle and other mammals

including humans (Thompson, 2003).

Giardia is an ubiquitous enteric parasite that affects

domestic animals and humans (Thompson et al., 2000).

Giardia duodenalis has been implicated as an etiolo-

gical agent in dairy and beef calf diarrhea, worldwide

(O’Handley et al., 1999; Huetink et al., 2001; Olson

et al., 2004). Three genotypes of G. duodenalis cause

infection in cattle: the zoonotic genotype, assemblages

A and B and the livestock genotype, assemblage E

(Olson et al., 2004; Trout et al., 2006).

Molecular characterization of Giardia and Cryptos-

poridium has given rise to a clearer epidemiological

picture, with better information on the zoonotic

potential and transmission mechanisms for humans;

nevertheless the frequency of zoonotic transmission is

still poorly understood (Thompson, 2004; Cacciò et al.,

2005). Additional molecular epidemiological studies

are needed to determine the frequency and the

importance of the zoonotic transmission.

In the present study, were isolate Cryptosporidium

and Giardia from cattle feces in order to perform

molecular studies with the objective of contribute for

clarifying the epidemiology of those infections.

2. Materials and methods

2.1. Sampling

All animals used in this study were from commercial

farms in the two main cattle raising regions of central

and northern Portugal ‘‘Beira Litoral’’ and ‘‘Entre

Douro e Minho’’, comprising a population of approxi-

mately 490,000 dairy and beef cattle. Those regions are

densely populated and have three main rivers:

‘‘Cávado’’, ‘‘Ave’’ and ‘‘Vouga’’ running through.

Fecal samples were collected from 66 dairy farms

ranging from 5 to 310 animals and from 30 beef farms

ranging from 2 to 45 animals. Of the 467 sampled

animals, 291 were from calves and 176 were from

adults. Fecal samples were colleted between January of

2004 and July of 2006. Samples were colleted directly

from the rectum from each animal, stored individually

in a proper recipient, and maintained at 4 8C in 2.5%

potassium dichromate.
2.2. Diagnosis and isolation

All samples were processed for Cryptosporidium and

Giardia identification. From each sample, one gram of

feces was concentrated by formalin–ethyl acetate

sedimentation by the Center for Disease Control

(CDC) method (http://www.dpd.cdc.gov/DPDX). Each

sediment was examinated under light microscopy

(Nikon, Optiphot, Japan) for identification of Giardia

cysts. Acid-fast staining (according to the CDC method

modified by Kinyoun) was performed to identify

Cryptosporidium oocysts. The positive samples were

processed for parasite isolation. Giardia cysts were

recovered from feces using a sucrose density gradient

centrifugation and immunomagnetic separation techni-

que, using magnetic beads coated with an anti-Giardia

monoclonal antibody was utilized (Dynal, Invitrogen,

Barcelone, Spain). Cryptosporidium oocysts were

recovered using a modified caesium chloride gradient

method developed by our laboratory. Briefly, a 0.5 g

fecal suspension was washed with phosphate buffered

saline (PBS; pH 7.4) and diethyl ether. Ten mL of ether–

PBS (1:10) were added to 0.5 g of the fecal suspension,

vortexed until homogenized, and centrifuged at 300 � g

for 10 min. The supernatant was discarded and the wash

was repeated. The pellet in each tube was then

resuspended in PBS to reach a final volume of

1.5 mL. Two mL siliconized microcentrifuge tubes

were filled with 750 mL caesium chloride (specific

gravity 1.15). Oocyst aliquots (500 mL) from the

previous fecal pellet (1.5 mL) were carefully layered

over the CsCl solution and centrifuged at 16,000 � g for

4 min. The supernatant was collected (�1 mL),

transferred to a clean 2 mL siliconized microcentrifuge

tube, diluted to maximum capacity of the tube and

centrifuged at 4 min at 16,000 � g. Supernatants from

all tubes were discarded and the pellets were combined

to reduce the volume of the suspension.

2.3. Molecular characterization

For molecular characterization of each parasite

isolate, DNA was extracted using a commercial kit

(QIAmp DNA Mini Kit, Qiagen, Valencia, CA, USA).

Polymerase chain reaction (PCR) was performed to

amplify fragments of the hsp70 gene (LeChevallier

et al., 2003), and the 18SrRNA gene (Xiao et al., 1999)

in Cryptosporidium spp., and a fragment of the b-

giardin gene (Cacciò et al., 2002) and the glutamate

dehydrogenase gene (Read et al., 2004) in G.

duodenalis. Amplification products were separated

using horizontal gel electrophoresis on a 1.4% agarose

http://www.dpd.cdc.gov/DPDX
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gel (Sigma Chemical Co., St. Louis, MO, USA)

containing 0.5 mg/mL of ethidium bromide (Sigma

Chemical Co., St. Louis, MO, USA). Gel images were

visualized under UV light and were captured by using a

gel documentation system (GelDoc, Bio-Rad, Hercules,

CA, USA). After visualization, the remaining PCR

products were subjected to electrophoretic separation in a

1.4% low-melting agarose gel for gel band purification

using a GFXTM PCR DNA and Gel Band Purification Kit

(Amersham Biosciences, Munich, Germany), eluted in

50 mL of distilled water and DNA fragments were

sequenced in both directions in a commercial laboratory

(MWG Biotech, Ebersberg, Germany) using forward or

reverse primers. The DNA sequences obtained were

compared against a database (GenBank at

www.ncbi.nlm.nih.gov/BLAST) using BLAST software,

and corrected using ChromasPro1 software. Sequence

alignments were performed with ProSeq1 2.0 software.

3. Results

Seventy-four out of 291 calves (25.4%) and 8 out 176

adults (4.5%) were positive for Cryptosporidium. Forty-

one out 291 calves samples (14.1%) and 1 out 176 adult

samples (0.57%) were positive for Giardia. Addition-

ally, in the calves sampled, 12 out of 291 (4.1%) were

positive for both Cryptosporidium and Giardia, how-

ever, no co-infections were detected in the adults.

From the 82 Cryptosporidium positive samples we

obtained 63 isolates from calves and 7 isolates from

adults. Additionally, from the 42 Giardia positive

samples we obtained 13 isolates from calves and 1

isolate from adults.

Molecular characterization of the Cryptosporidium

isolates indicated that all of the isolates were C. parvum

using the hsp70. However, in the Cryptosporidium

characterization using 18SrRNA, two of the C. parvum

isolates were revealed as C. meleagridis and C.

andersoni. Molecular characterization of Giardia

isolates showed us that 2 isolates were assemblage

A2, 1 assemblage B and 11 assemblage E.

4. Discussion

Human cryptosporidiosis is mainly caused by C.

hominis and C. parvum (Kosek et al., 2001). The results

in the present study showed that the C. parvum was

more prevalent in cattle from Portugal, which is in

agreement with previous reports from Portugal (Alves

et al., 2003, 2006). The zoonotic implications of those

finding should be take into account for better understand

the epidemiology of cryptosporidiosis in the country.
Molecular characterization of the Cryptosporidium

isolates indicated that all of the isolates were C. parvum

using the hsp70. However, in the Cryptosporidium

characterization using 18SrRNA, two of the C. parvum

isolates revealed as C. meleagridis and C. andersoni.

Alignment studies performed in our laboratory indi-

cates that sequencing of the 18srRNA gene could be

more powerful in Cryptosporidium species assignments

than hsp70.

Human giardiasis is considered a zoonotic infection,

although the role of animals in the transmission to

humans is still unclear. To understand the epidemiology

of the infection and to implement control measures, it is

important to determine whether G. duodenalis can

infect humans through zoonotic route, and, to identify

the animals that can act as a source of infection. The

potential risk that animals represent can be better

evaluated using the molecular characterization of cysts,

because molecular data is a valuable tool to determining

the source of infection (Isaac-Renton et al., 1993;

Hopkins et al., 1997; McIntyre et al., 2000). Assem-

blages B and A2 of Giardia, previously described in

humans, is here identified in cattle. Lalle et al. (2005)

also identified assemblages A and B in calves in Italy.

Further molecular studies will be needed to determine

the importance of cattle in the transmission of G.

duodenalis to humans.

Only 4.1% of the samples were positive for both

Cryptosporidium and Giardia. These results suggest

that co-infections of Cryptosporidium and Giardia in

cattle are an uncommon occurrence.

The results from the present study indicate that

infection by Cryptosporidium parvum and G. duode-

nalis are more prevalent in calves than in adult cattle,

which agrees with previous reports (Huetink et al.,

2001; Olson et al., 2004).

Although the transmission process is complex, there

is a potential for Giardia and Cryptosporidium to

contamine ground and surface water of livestock farms

and irrigated crops. Management of fecal waste is

important because water for human and animal

consumption may receive contaminate surface water

or groundwater. For the same reason the application of

fresh animal manure to fertilize agricultural land can

lead to a contamination of water for human consump-

tion. Furthermore, contaminated water used for irriga-

tion may spread Cryptosporidium and Giardia over

fruits and vegetables.

The results here presented suggest that cattle may

represent a potential risk of environmental contamina-

tion by Cryptosporidium and Giardia. Molecular

studies of surface waters from the main cattle

http://www.ncbi.nlm.nih.gov/BLAST
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production areas are necessary to evaluate the role of

cattle in the epidemiology of those infections.

Our results indicate that infections by Cryptospor-

idium and Giardia exist in cattle from Portugal and

should be considered as a potential problem for animal

production and for the public health by the Veterinarians

who work on buiatrics.
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Abstract 

 

Cryptosporidiosis is known as an important waterborne disease among cattle. The 

main goal of this work was to study the importance of the surface waters in protozoan 

transmission in cattle farms. In this attempt, sixteen herds were selected based on two 

criteria: 1) clinical history of diarrhea among young and adult cattle and 2) the use of raw 

surface drinking water to feed animals. Water and faecal samples were collected during 

the same period, and according to the international guidelines. Cryptosporidium oocysts 

and Giardia cysts were found, respectively in 6. 5% and 37. 5% of a total of sixteen 

superficial drinking water samples. Other biological markers for water quality, the faecal 

bacteria, were studied: Enterococci positive in seven out of sixteen farms (43.75%), 

Coliforms in fourteen out of sixteen (87. 5%), Escherichia coli in seven out of sixty (43. 

75%) and Clostridium perfringens in six out of sixteen (37. 5%) of water farm samples. On 

the other hand, regarding the animal farm faecal samples: 11 out of 16 farms, (68, 75%), 

were positive for Cryptosporidium spp. The most frequent species detected were:  

Cryptosporidium parvum, C. bovis and C. andersoni. Nine out of 16 farms (56, 25%) were 

positive for Giardia duodenalis, and Assemblage E was the only genotype detected.  The 

results here presented suggested that superficial water represents a high risk to 

contamination of cattle either by contaminated water or contaminated feed. Moreover, 

taken into account that the zoonotic C. parvum was the prevalent specie, there are also 

risks to humans by contamination of water or pre-harvest food. 
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1. Introduction 

 

Cryptosporidium spp. and Giardia duodenalis are significant causes of disease and 

morbidity in humans and in a wide range of domestic and wild animals (Fayer, 2010; Feng 

and Xiao, 2011). The prevalence of these protozoans in domestic ruminants has been 

investigated in several studies (Fayer et al., 2000b; Lefay et al., 2000; Castro-Hermida et 

al., 2005, 2007a, b; Mendonça et al., 2006). Infections by Cryptosporidium spp. and G. 

duodenalis have been associated with economic losses, through the occurrence of 

diarrhea in production animals, and also death, especially in neonatal domestic ruminants 

(O’Handley et al., 1999; Wade et al., 2000; Castro-Hermida et al., 2006; Thompson et al., 

2008). The (oo) cysts survive for long periods in the environment, and are important 

waterborne pathogens (Smith and Rose, 1990; Slifko et al., 2000; Smith et al., 2007). 

Numerous studies have reported the presence of infective forms of both parasites in 

different types of water (surface, drinking water and wastewater) and food (Gómez-Couso 

et al., 2005, 2006; Montemayor et al., 2005; Carmena et al., 2007; Castro-Hermida et al., 

2009). But the role of the livestock and wild animals in the maintenance of these infections 

in the environment has been hardly studied. In fact, transmission is sustained by both a 

zoonotic and an anthroponotic cycle (Fayer et al., 2000a; Slifko et al., 2000; Thompson, 

2000). 

Infected adult animals can act as reservoirs of pathogens, and even though they 

show no obvious signs of disease or clinical symptoms (Castro-Hermida et al., 2005, 

2007a, b; Geurden et al., 2010), they may ultimately spread the pathogens to human food 

(Hancock et al., 2001) or directly to humans (Enriquez et al., 2001). There are no 

requirements for testing surface waters for the presence of these parasites, although 

analyses of outbreaks have shown that the pathogens can be shed into superface waters 

(Karanis et al., 2006; Giangaspero et al., 2007; Sunderland et al., 2007).  

Oocysts of C. andersoni, C. baileyi, C. canis, C. cuniculus, C. fayeri, C. felis, C. 

hominis, C. meleagridis, C. muris, C. parvum, C. suis and C. ubiquitum, can be shed by 

humans (Fayer, 2010; Robinson et al., 2010). In developing countries, more than 70% of 

Cryptosporidium infections in children are caused by C. hominis whereas C. parvum is the 

main species reported in developed countries (Xiao, 2010). Differences in clinical signs 

have been linked to particular species or sub-genotypes of Cryptosporidium, and 

underline the importance of understanding parasite genetics in pathogenesis, medical 

presentation and disease (Cama et al., 2007). Increasing evidence of genetic sub-
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structuring in C. parvum suggests that it may actually consist of more than one species 

that adopts distinct anthropologic and zoonotic cycles (Morrison et al., 2008).  

With respect to G. duodenalis, eight genetically distinct but morphologically 

identical lineages, assemblages A–H are comprised within this species. Assemblages A 

and B infects most vertebrates but are the only two assemblages known to infect humans 

and are therefore considered zoonotic. Assemblages C–G are considered host-specific. 

Assemblages  C and D predominantly occur in dogs, Assemblage E in hoofed livestock, 

Assemblage F in cats, Assemblage G in rats and Assemblage H in seals (Cacciò and 

Ryan, 2008; Xiao and Fayer, 2008; Lasek-Nesselqist et al., 2010; Plutzer y col., 2010). 

Genetic distances equivalent to those that distinguish some protistan genera separate 

these assemblages (Cacciò and Sprong, 2010), and giardiosis can also occur in marine 

vertebrates, which may pose a health threat to both marine and terrestrial life (Lasek-

Nesselquist et al., 2010). Nevertheless, the large genetic variation originally described at 

the protein level in axenic isolates of Giardia has been fully corroborated by DNA-

sequence data from several loci (Cacciò et al., 2008; Geurden et al., 2008). The exact 

recognition of genetic variants within assemblages B, C, D and E appears to be influenced 

by a higher frequency of allelic heterogeneity than in assemblages A and F. Investigation 

of the mechanism(s) responsible requires further research. 

The presence of Cryptosporidium spp. oocysts and of G. duodenalis cysts in water 

supplies is a serious public health problem, as both of these parasitic forms easily survive 

treatment processes (Wicki et al., 2009; Chalmers et al., 2010; Cummins et al., 2010; 

Smith and Nichols, 2010). The enormous quantity of oocysts/cysts shed by infected 

people and animals during the infectious period, the low rate of sedimentation of these 

parasitic stages in reservoirs and other water deposits, the practice of spreading 

agricultural slurry (which is often not adequately matured) on pasture land, and the high 

resistance of the infective stages to environmental conditions combine to make the 

presence of Cryptosporidium spp. and G. duodenalis increasingly ubiquitous, and make 

quantification of the primary sources of both parasites in the environment essential 

(Adam, 2001; Raltson et al., 2003; Trout et al., 2005; Graczyk et al., 2000, 2008). 

Coliform bacteria are found in the human and animal intestine but may also be 

environmental in origin; therefore, the single enumeration of total coliform bacteria can’t 

be considered a specific indicator of faecal contamination. E. coli is only found in human 

and animal intestines and tests for its presence in water are necessary to confirm that 

pollution is of human or animal origin, yet it still remains the best biological indicator for 

drinking water and public health protection. Enterococci include a number of species that 
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occur in the faeces of humans and warm-blooded animals. The main reason for their 

enumeration is to assess the significance to the presence of Coliform bacteria in the 

absence of E. coli, or to provide additional information when assessing the extent of 

possible faecal contamination. As such, they are regarded as secondary indicators of 

faecal pollution. Clostridium perfringens plays an additional role in water examination. C. p 

is normally present in human and animal faeces; these organisms form spores, which are 

resistant to chlorination and to heating; however, they are not considered a hazard to 

health in potable water, when compared with other microorganisms.  

The aim of the present study was to determine the degree of contamination by 

Cryptosporidium spp., G. duodenalis and faecal bacteria in surface waters from cattle 

farms of Portugal, and study the importance of these surface waters in protozoan 

transmission in cattle farms. For this, the prevalence of infection by these enteric 

pathogens in cattle was determined, and the risk associated with the spread of infection 

by both protozoa, and faecal bacteria was estimated. Moreover, the presence of these 

parasites and bacteria in surface water was determined at one point of each selected 

herd. Finally, the species and genotype of Cryptosporidium spp. and G. duodenalis 

present in faecal and water samples were identified by a molecular assay in order to 

clarify the identification of host sources of these parasites that contribute to environmental 

contamination. 

2. Materials and methods 

2.1. Sampling 

The study was driven in the North of Portugal, the main region for cattle production 

in the country. Majority of farms are a family unit's manual labour with small to medium 

dimension, ranging 20-50 animal/farm. This region, characterize geographically by rugged 

terrain, an intensified cattle production, the fields adjoining to those dairies are usually rich 

in water sources. The amount of manure and waste water produced are used to fertilize 

those fields for feeds production. Producers tend to build cattle farms in a land field plane 

of water sources or near rivers. Sixteen farms were selected: nine of them were Dairy, 

and seven were Beef farms. The criteria for farm selection: a) previous history of diarrhea 

in young and adult cattle; b) the utilization of the same water source for cattle 

consumption, preparing milk replacements for calves, cleaning the premises and in the 

case of dairy farms, for milking parlour; c) the water sources were not submitted to any 

kind of treatment, and were collected directly from wells, shafts or rivers close to their 

farmyard; d) human common utilization (for drinking, cooking and bathing). Water samples 
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were collected, once, in one point per farm. Additionally, 107 faecal samples were 

collected in cattle; corresponding to 5% of adult cattle and 50% of the calves, resident on 

farms at the same time. All samples were collected between July 2010 and July 2011. 

Table 1: Cattle farm characterization: 

 

For Cryptosporidium and Giardia water analyses, 50 to 100 L of water was 

collected directly from a tap in farms. Water was forced through filters Filta -Max Module 

(IDEXX, Bach number T90367, code 98-10800-00), according to the manufacturer’s 

instruction, with regard to recommended flow rates and all the samples were taken 

immediately to the laboratory.  For bacteria analyses, 100 ml of water were aseptically 

collected to a proper recipient, sterilized by beta radiation and containing 10 mg of sodium 

thiosulfite (Bactágua®), directly from the same tap unit. The recipients were maintained 

refrigerated and were taken immediately to the laboratory. 

 Type Soure of 
water 
Sampling 

Volume 
of water 
sampled
( Liters) 

Water exploit Number adult 
Fecal 
sampled 

Number of 
calves fecal 
sampled 

Farm 1 Dairy Well 60 Only in farm 3 4 

Farm 2 Dairy Well 60 Only in farm 3 3 

Farm 3 Dairy Well 60 Only in farm 3 2 

Farm 4 Dairy Well 60 Only in farm 3 3 

Farm 5 Beef Well 60 Farm and 
farmer House 

3 9 

Farm 6 Dairy Well 60 Only in farm 4 3 

Farm 7 Dairy Well 60 Only in farm 3 4 

Farm 8 Dairy Well 60 Farm and 
farmer House 

3 3 

Farm 9 Beef Well 100 Only in farm 3 3 

Farm 10 Dairy Shaft 100 Farm and 
farmer House 

3 4 

Farm 11 Beef Well 70 Farm and 
farmer House 

4 3 

Farm 12 Dairy Well 70 Only in farm 4 3 

Farm 13 Beef Shaft 70 Only in farm 3 3 

Farm 14 Beef Well 70 Farm and 
farmer House 

3 3 

Farm 15 Beef River 70 Only in farm 3 2 

Farm 16 Beef Shaft 50 Farm and 
farmer House 

3 2 

 



93 

 

Faecal samples were collected directly from the rectum and stored individually in a 

proper recipient and maintained refrigerated until laboratory processing. 

2.2. Diagnosis, isolation and molecular characterization of Cryptosporidium spp. and 

Giardia duodenalis  

2.2.1. Cryptosporidium spp. and Giardia duodenalis diagnosis and isolation from water 

samples 

For Cryptosporidium oocysts and Giardia cyst's isolation, after filtration, the Filta-

Max module is washed and eluted in a Filta Max Auto Wash Station; according to the 

manufacturer instructions. The Filta –Max module is placed on the wash station, where, 

previously was placed a Filta- Max Membrane (IDEXX, T90367) with 3 µm pore size in the 

base of the apparatus, and added 500 ml of phosphate-buffered saline (PBS) containing 

0, 5 ml of TWEEN 80 (SIGMA) .The foam modules were washed in the elution buffer 

using several expansion and compression cycles, then  the 500ml volume of PBS is 

filtrated under vacuum.  This process is repeated with a second volume of 500 ml of PBS. 

The Filta –Max Membrane is extracted from the apparatus and placed in a proper 

sealable plastic bag with 10 ml of PBS and washed twice, manually. The sample 

suspension is centrifuged at 4ºC temperature, at 2.500×ɡ for 25 min. The supernatant was 

aspired to 10 ml, and the pellet was resuspended and transferred to a Leighton Tube for 

Immunomagnetic Separation Procedure (IMS) performed as described in US EPA Method 

1623. Briefly, each 10-ml sample concentrate was added to a Leighton tube containing 1 

ml of 10× SL buffer A and 1 ml of 10× SL buffer B (Dynabeads® GCCombo,Invitrogen 

Dynal, A.S., Oslo, Norway). From Cryptosporidium and Giardia IMS beads, 100 µl were 

added into each tube, and were incubated for 1 hour at room temperature with constant 

rotation. The Leighton tubes were then placed in a magnetic particle concentrator and 

gently moved for 2 minutes through an angle of 90°. The supernatant was discarded, and 

the tubes were removed from the magnetic particle concentrator, and 1 ml of 1× SL buffer 

A was again added to each. The tubes were gently stirred to resuspend the bead-(oo)cyst 

complexes, and  the final suspension was transferred to 1.5 ml polypropylene tubes, 

placed in a second magnetic particle concentrator and stirred for 1minute. After aspiration 

of the supernatants and the magnet removal, 100 μl of HCl (0.1 mol ) was added to each 

sample and vortexed for  cycles of 15 seconds, during 15 minutes and magnets ( Dynal 

MPC-S – Magnetic Particle Concentrator) were included. Fifty microliters of the pellet 

were transferred to a welled slide containing 0, 5 μl of 1.0 N NaOH for 

immunofluorescence microscopy, and the beads were collected at the back of the tube. 

The slides were dried at room temperature for 24 hours, fixed with acetone, and 15 µl of 
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Fluorescein Isothiocyanate FICT-conjugated anti-Cryptosporidium and FICT-conjugated 

anti-Giardia monoclonal antibodies (Aqua-Glo; Waterborne Inc.) was placed in each well. 

The slides were left for 40 minutes in a dark and humidified chamber. The excess FICT – 

conjugated monoclonal antibodies was aspirated, and the slides were washed twice with 

50 µl of PBS. A 15µl of DAPI solution were placed in each well. The slides were left at 

room temperature for 2 minutes, and the excess of DAPI solution was removed washing 

twice the slides with PBS. After the slides were dried,  10µl of mounting medium was 

placed in each well, and the slides were sealed and ready for subsequent examination 

under epifluroscopic examination, as described in method 1623(USEPA, 2001). 

Genotyping of (oo)cyst in water samples was impossible  due to the low count of (oo)cyst 

does not allow an efficient DNA extraction to provide PCR.  

2.2.2. Cryptosporidium and Giardia diagnosis and isolation from faecal samples 

Faecal samples were processed for Cryptosporidium and Giardia identification. 

The faeces were concentrated by formalin-ethyl acetate sedimentation (according to CDC 

method: http://www.dpd.cdc.gov/DPDX). Each sample was observed using 

immunofluorescence microscopy examination. Positives samples were processed for 

parasite isolation. Cysts of Giardia were recovered from faeces using a sucrose density 

gradient centrifugation ,  and immunomagnetic separation technique using magnetic 

beads coated with an anti-Giardia monoclonal antibody was utilized (Dynal, Invitrogen). 

Oocysts of Cryptosporidium were recovered using modified caesium chloride gradient 

method.   

 

2.2.3. Molecular characterization of Cryptosporidium and Giardia from fecal samples 

 

For molecular characterization of both parasites isolates, DNA was extracted using 

a commercial kit QIAmp DNA Mini Kit (Qiagen, Valencia, CA). Polimerase Chain Reaction 

was performed to amplify a fragment of the 18SrRNA gene of Cryptosporidium spp. (Xiao 

et al., 1999), and a fragment of the β-giardin gene (Cacciò et al., 2002).  Amplification 

products were separated by horizontal gel electrophoresis on a 1.4% agarose gel (Sigma 

Chemical Co., St. Louis, MO) containing 0.5 µg/ml of ethidium bromide (Sigma Chemical 

Co.) and were visualized under UV light. Gel images were captured by using a gel 

documentation system (GelDoc, BioRad). After visualization, the remaining PCR products 

were subjected to a second electrophoretic treatment in a 1.4% low-melting agarose gel. 
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Gel bands were purified using GFXTM PCR DNA and Gel Band Purification Kit (Amersham 

Biosciences) and eluted in 50 µl of distilled water. DNA fragments were sequenced in both 

directions in a commercial laboratory (MWG Biotech, Germany) using forward or reverse 

primers. Sequences obtained were compared against a database (GenBank at 

www.ncbi.nlm.nih.gov/BLAST) obtained using BLAST software, and corrected using 

ChromasPro® software. Sequence alignments were performed with ProSeq® 2.0 software. 

2.3. Microbiology water analyses  

2.3.1. Enumeration of Coliforms and Escherichia coli 

The method used for enumeration of Coliforms, and Escherichia coli was the  ISO  

9308   that is indicated for to the enumeration of Coliform bacteria and Escherichia coli in 

potable water samples, pool waters and also environmental waters samples specially 

those  likely to contain small numbers of Coliform bacteria and E. coli, such as many 

private water supplies. Results were expressed in the most probable number (MPN) in 

100ml of water. 

 

2.3.2 Enumeration of Enterococci 

Detection and enumeration of intestinal Enterococci in the water sample were 

performed according to International Standard method ISO 7899-2:2000(E), a membrane 

filtration method applied to for drinking water, pool waters and environmental water 

samples. Briefly, 100ml of water sample is filtrated trough a membrane filter with a 0, 45 

µm pore size. The filter is then placed on a selective solid medium containing sodium azid 

and a colorless dye, 2, 3, 5- triphenyltetrazolium chloride, with the purpose of,   in the 

presence of Enterococci is reduced to red. The membrane filter is placed on a Slanetz 

and Bartley medium, and the plates incubated at 36ºC. for 44 hours. Confirmation and 

enumeration in MPN / 100ml, take into account all raised colonies with a red, maroon or 

pink color. 

2.3.3 Enumeration of Clostridium perfrigens 

Standard Operating Procedure for Enumeration of Clostridium perfringens by 

membrane filtration, gives general guidelines for the enumeration of Clostridium 

perfringens in water samples intended for human consumption and environmental water 

samples, by the membrane filtration method. 

http://www.ncbi.nlm.nih.gov/BLAST
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3. Results 

 

3.1 Cryptosporidium and Giardia duodenalis in water samples:  

Cryptosporidium oocysts and Giardia duodenalis cysts were found, respectively in 

6. 5% and 37. 5% of the global amount of water samples. Only one Beef farm (farm 15) 

was positive for Cryptosporidium spp. in the water sample, and was also positive for 

Giardia duodenalis. In this farm, drinking water was extracted directly from a river nearby 

the farm. Giardia duodenalis was found in 4 and two dairy and beef farms respectively. In 

two of these farms, the same surface water was used in animal drinking in the farmer's 

house. The highest Giardia duodenalis count was recorded in Dairy farm 8 (Table 2). 

 

3.2 Cryptosporidium and Giardia duodenalis in faecal samples: 

 

Eleven out of sixteen farms (68. 5%) were positive for Cryptosporidium spp. in 

cattle faecal samples. Three species were identified in cattle; C. parvum, C. bovis and C. 

andersoni, being C. parvum the dominant species. All isolates of C. parvum and C. bovis 

were from calf's faeces, while C. andersoni was isolated from adult cattle faeces.  

Nine out of sixteen farms (56. 25%) were positive for Giardia duodenalis in faecal 

samples. Isolation and PCR analyses were only possible for farm 5 and 9, and the 

Assemblage E was the single found. DNA extraction from some faecal samples and all 

water samples with low numbers of Cryptosporidium and Giardia was revealed to be 

insufficient to be amplified by PCR.   

Farm 9 had a mixed infection in their animals (Cryptosporidium spp.  and Giardia 

duodenalis). In farm 15, the zoonotic Cryptosporidium, C. parvum was the prevalent 

specie. 

Only two out of sixteen farms were negative for both Cryptosporidium spp.  and 

Giardia duodenalis in faecal samples ( Table 2). 
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Table 2: Results of water and faecal samples:  Protozoa and bacteriology counts.  

(*) Farms where water was used by farmers in their home. 

 

 

 

 

 Cryptosporid
ium in feces 

Giardia in 
feces 

Count 
of 

Cryptos
poridiu
m in 

water 

Count of 
Giardia in 
water 

Count of 
Coliformis in 
water 
( MPN/ 

100ml) 

Count of E.  
coli in water 
( MPN 

/100ml) 

Count of 
enterococci 
in water 
(MPN/100ml) 

Count of 
Clostridium 
perfrigens in 
water 
(MPN/100ml) 

1 - 

dairy 
C. 

parvum 
Pos 0 0 144 0 4 9 

2- 
dairy 

C. 
parvum 

Negati
ve 

0 0 200 1 0 13 

3 - 
dairy 

C. 
parvum 

Negati
ve 

0 0 0 0 0 0 

4 -
dairy 

C. 
parvum 

Negati
ve 

0 6 >200 2 0 0 

5- 

beef* 
C. 

parvum 
Ass E 0 0 >200 118 0 0 

6- 

dairy 
C. 

parvum 
Negati

ve 
0 0 >200 0 27 0 

7- 
dairy 

Negative Negati
ve 

0 2 >200 0 0 0 

8- 
dairy* 

Negative Pos 0 267 74 3 0 14 

9 - 

beef 
C. 

parvum/ 
C. bovis 

Ass E 0 2 5 1 0 0 

10- 

dairy* 
C. 

andersoni 
Pos 0 2 8 0 0 0 

11- 

beef* 
Negative Pos 0 0 45 0 3 0 

12- 
dairy 

Negative Pos 0 0 0 0 0 0 

13- 

beef 
C. 

parvum 
Pos 0 0 >200 0 2 3 

14- 
beef* 

Cryptosp
oridium 

spp 

Pos 0 0 >200 25 2 0 

15- 
beef 

C. 
parvum 

Negati
ve 

2 6 >200 200 >100 15 

16- 
beef* 

Negative Negati
ve 

0 0 31 0 4 20 
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3.3 Bacterial count in water samples 

A significant high count of faecal bacteria was found in a large number of water 

samples. Enterococci was isolated from seven out of sixteen farms (43.75%), total 

Coliforms in fourteen  of sixteen farms (87. 5%), Escherichia coli in seven  of sixteen 

farms (43. 75%) and Clostridium perfringens in six  of sixteen farms (37.5%). In six out 

of sixteen farms (37. 5%), people used the same water in their homes, and in all of 

them (100%) were detected Coliforms, in 3 out of 6 (50%) were detected E. coli and 

Enterococci, and in two farms (33%) were detected Clostridium spp. The result of water 

sampling in Farm 8 are especially serious, as it has a highest count in Giardia cysts 

and a large count in Clostridium perfringens.  

 

4. Discussion 

In the present work, the prevalent Cryptosporidium specie isolated in faecal 

samples from cattle farms from Northern Portugal was C. parvum, the more pathogenic 

specie, causing large economic losses, furthermore is the zoonotic specie. Molecular 

characterization of Giardia duodenalis was possible in two isolates, Giardia duodenalis 

Assemblage E, cattle specific.  

Cryptosporidium spp. oocysts and Giardia duodenalis cyst's presence in this 

selected cattle farms were 68. 75% and 56. 25 % respectively, this result was expected 

because the selective choice of cattle farms implied the existence of clinical cases of 

enteritis in bovine of all ages.  Enteritis is a multifactorial arrangement involving other 

pathogens; Escherichia coli, Clostridium, Salmonella, and also nutritional, husbandry 

and environmental factors, contribute to enteric disorders. Cryptosporidium spp.  and 

Giardia duodenalis are opportunistic protozoan parasites and co-infection with others 

enteric pathogens tend to aggravate the clinical exhibition of diarrhea and diminish the 

immune system response.  Cryptosporidium spp.  and Giardia duodenalis infections in 

those  cattle farms,  should not be considered as a primary cause for the occurrence of 

diarrhea, since differential diagnosis for the presence of other's enteric pathogens, and 

management factors  is needed. Furthermore, the high number of faecal bacteria’s 

indicators in surface water samples, should be taken in account when facing enteric 

disease in cattle because E. Coli and Clostridium perfrigens can cause serious enteric 

problems in cattle associated to high morbidity and also mortality, especially in calves, 

and they  are also  waterborne related. 
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Our results, from water samples showed us that Cryptosporidium spp.  and 

Giardia duodenalis were detected in 6.5% and 37.5% respectively, of the surface 

drinking water offered to cattle. Unfortunately, the DNA of (oo)cysts was not able to be 

sequenced. Possible justifications concern the small volume of water sampled, the low 

numbers of parasites in water samples, the loss of (oo)cysts during the prior 

procedures before PCR ( Concentration and purification) or the presence of inhibitors 

in water.  Although these results suggest a potential risk for Cryptosporidiosis and 

Giardiosis waterborne transmission to cattle and to human's consuming water from the 

same source; to elucidate the dynamic pathway of transmission and the zoonotic risk, 

molecular subtyping analysis are necessary. 

The use of contaminated water for irrigation may spread Cryptosporidium and 

Giardia over feed and pre-harvest food which constitutes a risk to cattle and humans. 

This is a common practice in Northern Portugal. Taken into account that minimum 

infective dose is smaller relative to that of other enteric pathogens (Kothary, 2001), this 

risk become higher. Furthermore, the results presented in this work indicate a 

significantly faecal water contamination expressed by the figures of Cryptosporidium 

and Giardia isolation as well as by the bacterial count in water samples. Our data also 

suggest that the poor microbiological quality of these surface waters is as well a risk of 

waterborne and foodborne enteric bacterial disease in farmers, who use water from the 

same source.  

Cattle industry requires large amounts of water, for cattle consumption and for 

washing equipments and facilities. A dairy cow needs about 60 to 100 L of water 

consumption per day (Murphy, 1992; Kramer et al, 2009).  The high price of public 

water supplies turns impossible to use it daily in the dairy and beef cattle production, 

which drives producers to use untreated surface water from private supplies. This lead, 

in most of the cases, to farm construction in close proximity to water catchments and 

rivers or in land with considerable surface water sources (Hooda et al, 2000). 

Management practices associated to livestock production: intensive cattle production; 

high concentration of cattle farms; short proximity of cattle farms to the main rivers in 

northern Portugal; the use of surface water to wash the facilities and to irrigate the 

feeds and the application of waste water and fresh manure to fertilize agricultural land 

can lead to a contamination of surface water sources and feeds for cattle and human 

consumption.  

In conclusion, the result obtained in this study suggests, a potential waterborne 

transmission of Cryptosporidium spp.  and Giardia duodenalis to cattle, and farmers 

are also at risk. Economics of cattle industry relies on assurance in herd health, and 
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water quality is essential to maintain this requisite. Measures to control 

Cryptosporidiosis and Giardiosis in cattle farms from Northern Portugal should be taken 

in order to minimize the risk of spreading those diseases to cattle and humans, 

reducing the economic losses and protecting the public health.  
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Abstract  

Faecal samples from 476 calves (332 dairy calves and 144 beef calves) from 130 

farms (88 dairy farms and 42 beef farms), from Northern Portugal were collected and 

divided into four different age groups. Group 1- from 2 to 15 days of age; Group 2 – from 

16 to 30, days of age; Group 3- from 31 days to three months of age; group 4 – from 3 to 

12 months of age. Additionally, faecal samples were scored according to a four point 

faecal score, with 1, normal – firm faeces; 2, soft – does not hold form; 3, runny and with 

mucus – tends to spread with a mucus consistency; 4, watery – liquid without solid matter. 

Samples were screened for the presence of Cryptosporidium spp. and Giardia duodenalis 

using immunofluorescence microscopy examination. The positive samples were 

processed for parasite isolation: cysts of Giardia were recovered from faeces using a 

sucrose density gradient centrifugation, and immunomagnetic separation technique using 

magnetic beads coated with an anti-Giardia monoclonal antibody (Dynal, Invitrogen). 

Cryptosporidium oocysts were recovered using modified caesium chloride gradient 

method develop by our laboratory. Polymerase Chain Reaction (PCR) methods were 

used, to identified Cryptosporidium species,   using amplification and sequencing of the 

18SrRNA gene; and to identified  Giardia duodenalis Assemblage's  using sequencing of  

–Giardin gene.  From the total 476 calves, faecal samples 111 (23%) samples were 

positive for Cryptosporidium spp. and 60 (12. 6%) were positive for Giardia duodenalis. 

Those results indicated that Cryptosporidium and Giardia are an important cause of 

diarrhea in calves from Northern Portugal. Cryptosporidium parvum, which is the more 

relevant specie from that protozoa, represented 95% of the isolates, it is the most 

important from a clinically and a public heath point of view. Furthermore, this study 

revealed an age-specific association with the Cryptosporidium infections in calves. Giardia 

duodenalis infections were more prevalent in beef calves (18, 8%) than in dairy calves (9, 

9%).  Cryptosporidium parvum revealed a correlation with the faecal score 3 and 4. 

Additionally, this work notices the first case of Cryptosporidium bovis infection in cattle 

from Portugal. 

 

 

 

Keywords: Cryptosporidium, Giardia, Calves, Diarrhea, Molecular characterization 
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1. Introduction 

  

A previous work (Mendonça et al., 2007) showed us that infections by 

Cryptosporidium and Giardia were frequent in cattle from Northern Portugal and 

suggested that more studies were necessary to evaluate the potential risk for cattle 

production and for public health. 

Four species of Cryptosporidium have been identified in cattle: C. parvum, C. bovis 

and C. ryanae in the intestine and C. andersoni in the abomasum (Lindsay et al, 2000; 

Santín et al, 2004; Fayer et al, 2006; Fayer et al., 2007; Feng et al , 2007;  Fayer et al., 

2008). Cryptosporidium parvum is the most prevalent found in calves under eight weeks, 

is also the only that shows clinical signs (Fayer et al, 1998). 

   Giardia duodenalis comprise eight assemblages and recently; a new genotype 

named quenda genotype has been suggested (Lasek-Nesselquist et al., 2010; Ng et al., 

2010). Assemblage E is livestock specific, but cattle can also harbor the zoonotic 

Assemblage A and occasionally Assemblage  B. Giardia duodenalis has been found to be  

prevalent in beef and dairy cattle worldwide (Olson et al., 2004, Geurden et al, 2010).  

Different genotypes and assemblages have diverse clinical and economic relevance, 

which is mainly related with the parasite and the age of animals (Lindsay et al., 2000; 

Fayer et al., 2005; Duranti et al., 2008). Cryptosporidium spp. and Giardia duodenalis 

affects calves between four days to six months of age and calves over 1 to six  months of 

age respectively (Fayer et al, 2006, Ralston et al, 2003, Becher et al, 2004). Infection by 

Cryptosporidium spp. and Giardia duodenalis may be self-limiting in immune competent 

animals, especially adult animals. In newborn calves physiologically immune-suppressed, 

protection against disease depends entirely of a passive immunity- transfer of maternal 

antibodies in colostrum in the first six hours after birth (Olson et al, 2004). In recent years, 

we have seen an increase focus on these parasites as a cause of diarrhea in calves, 

leading to large economic losses, and as a potential zoonotic emerging infection.  

In the present study, calf's faeces were collected from several animals and farms, and 

the isolation as well as the molecular characterizations was performed. Additionally, with 

the objective of better understanding their clinical relevance in cattle from Northern 

Portugal, isolates were correlated with the age and faecal score.  

 

 

 



110 

 

2. Materials and methods 

2.1. Sampling 

Faecal samples from 476 beef and dairy calves from 130 farms from Northern 

Portugal were collected directly from the rectum and stored individually in a proper 

recipient.  From those samples, 332 of 476 were from dairy calves and 144 of 476 were 

from beef calves. The age of calve ranged from two days to 12 months. Samples were 

collected randomly into 50% of total calves present in the farm at the time of our visit; from 

which 25 % were symptomatic (with diarrhea) and 25% were non-symptomatic calves. 

Faecal scores were recorded and classified according to fluidity of faeces  and the 

presence of mucus in a four-point scale, with 1, normal – firm faeces; 2, soft – does not 

hold form; 3, runny and  with mucus – tends to spread with a mucus consistency; 4, 

watery – liquid without solid matter. In this study, a faecal score >2 was considered 

diarrheic faecal sample and the samples with a score over 2 were considered from 

symptomatic animals. Four age groups were considered: Group 1- from 2 to 15 days of 

age; Group 2 – from 16 to 30, days of age; Group 3- from 31 days to three months of age; 

group 4 – from 3 to 12 months of age. 

 

2.2. Diagnosis and isolation 

All the samples were processing for Cryptosporidium and Giardia identification. 

From each sample, one gram of faeces was concentrated by formalin-ethyl acetate 

sedimentation (according to CDC method: http://www.dpd.cdc.gov/DPDX). Each sediment 

was observed by light microscopy (Nikon, Optiphot, Japan) for identification of Giardia 

cysts. Acid-fast staining (according to CDC method modified by Kinyoun) was performed 

to identify Cryptosporidium oocysts. A direct immunofluorescence technique (IFAT) with 

monoclonal antibodies (Kit Aqua-glo C/G direct, FL, Waterborne, New Orleans, LA, USA) 

was also performed, according to the manufacturer’s instructions, and the samples were 

observed by fluorescent microscopy. They were considered positive sample for 

Cryptosporidium and Giardia duodenalis the IFAT positive observations. 

For parasite isolation, Cysts of Giardia were recovered from faeces using a 

sucrose density gradient centrifugation, and immunomagnetic separation technique using 

magnetic beads coated with an anti-Giardia monoclonal antibody was utilized (Dynal, 

Invitrogen). Oocysts of Cryptosporidium were recovered using modified caesium chloride 

gradient method. 
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2.3. Molecular characterization 

 

For molecular characterization of both parasites isolates, DNA was extracted using 

a commercial kit QIAmp DNA Mini Kit (Qiagen, Valencia, CA), according to the 

manufacturer’s instruction. Polymerase Chain Reaction was performed to amplify a 

fragment of the 18SrRNA gene of Cryptosporidium spp. (Xiao et al., 1999), and a 

fragment of the B-giardin gene (Cacciò et al., 2002). Amplification products were 

separated by horizontal gel electrophoresis on a 1.4% agarose gel (Sigma Chemical Co., 

St. Louis, MO) containing 0.5 mg/ml of ethidium bromide (Sigma Chemical Co.) and were 

visualized under UV light. Gel images were captured by using a gel documentation 

system (GelDoc, BioRad). After visualization, the remaining PCR products were subjected 

to a second electrophoretic treatment in a 1.4% low-melting agarose gel. Gel bands were 

purified using GFXTM PCR DNA and Gel Band Purification Kit (Amersham Biosciences) 

and eluted in 50 ml of distilled water.  

DNA fragments were sequenced in both directions in a commercial laboratory 

(MWG Biotech, Germany) using forward or reverse primers. Sequences obtained were 

compared against a database (GenBank a www.ncbi.nlm.nih.gov/BLAST) obtained using 

BLAST software, and corrected using ChromasPro® software. Sequence alignments were 

performed with ProSeq® 2.0 software. 

 

 

2.4 Statistical analysis 

 

For a characterization of the IFAT results and the Cryptosporidium and Giardia 

duodenalis positive samples; a descriptive analysis was done. The proportion of positive 

samples between age groups was compared using the Pearson chi-square test (with 

continuity correction) as appropriate. The faecal scoring was compared with the Kruskal-

Wallis test. Due to the scarce number of isolates, only a descriptive analysis was 

performed for Giardia duodenalis.  

Statistical analysis was performed with SPSS (version 20.0) and two-sided 

significance of 5% was used throughout. 

 

 

 

http://www.ncbi.nlm.nih.gov/BLAST
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3. Results 

 

Positive faecal samples, determined by direct Immunofluorescence microscopy for 

Cryptosporidium spp. was detected in 111 out of 476 calves (23. 3%). In dairy calves, 76 

of 332 (22. 9%) faecal samples were positive for Cryptosporidium spp. In beef calves 

faecal samples, 35 of 144 (24. 3%) were positive for Cryptosporidium spp.  

Giardia duodenalis was detected in 60 out of 476 calves (12. 6 %). Intensity of 

infection was higher in beef calves than in dairy calves; 27 of 144 (18. 8%) beef calves 

faecal samples were positive for Giardia duodenalis and 33 of 332 (9. 9%) dairy calves’ 

faecal samples were positive for Giardia duodenalis. 

The distribution of Cryptosporidium spp. positive samples (dairy and beef calves) 

was significantly different between age-groups (P < 0.001). In age-group 1: in 63 of 189 

(33. 3%) the presence of Cryptosporidium spp. was detected; in age-group 2: 33 of 127 

samples (26.0%) were positive; in age –group 3: just 13 of 119 samples (10. 9%) were 

positive for Cryptosporidium spp.; and in age –group 4: only 2 of 41 (4. 9%) were found 

positive for Cryptosporidium spp. (Table 1). This age relation with infection for 

Cryptosporidium spp.  was similar in dairy and beef calves. For Giardia duodenalis age- 

relation was not statistically valid (P= 0. 490). 

Table 1: Cryptosporidium spp. positive samples in dairy and beef calves 

 

From the 111 IFAT, positive samples for Cryptosporidium spp., 79 isolates were 

obtained. From those, 75 (95%) were recognized as being C.  parvum, 2 were identified 

as being C.  andersoni, 1 was C.  ryanae and one C.  bovis.  

 Group 1 
(2-15days 

of age)   

Group 2 
(15-30days 

of age) 

Group 3 
(1-3 month 

of age) 

Group 4 
(3-24 

month of 

age) 

Total 

Cryptosporidium 

spp. Negative  

126    

(66. 7%) 

94           

( 74%) 

106    

(89. 1%) 

39           

( 95.1 %) 

365         

( 76. 7%) 

Cryptosporidium 

spp. Positive 

63           

(33.3%) 

33        

(26 %) 

13      

(10. 9%) 

2             

( 4. 9%) 

111         

( 23. 3%) 

N= 189 127 119 41 476 

 1 
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The analysis of the faecal score with age in Cryptosporidium species was only 

possible for the Cryptosporidium parvum isolates and for the age groups 1 and 2, due to 

the residual number of isolates for C. andersoni, C. bovis and C. ryanae. The age group 3 

was not considered since only five Cryptosporidium isolate were obtained, and age group 

4 was not considered since any Cryptosporidium parvum isolates were obtained. 

The distribution of faecal scores for Cryptosporidium parvum was significantly 

different between age-groups (P < 0.001).  

In Age-group 1, 23 of 48 (48 %) Cryptosporidium parvum isolates and 13 of the 48 

(27.0%) Cryptosporidium parvum isolates exhibited a faecal score of 3 and 4 respectively. 

Asymptomatic calves (faecal score 1) were detected in 6 of 48 (12.5%) Cryptosporidium 

parvum isolates, and faecal score 2 encountered in 6 of 48 (12.5%) Cryptosporidium 

parvum isolates.  

In Age-group 2 a similar distribution of faecal scores was found in comparing to 

age –group 1. The more severe faecal score of diarrhea, score 3 and 4, were found in 9 of 

22 (40.9%) and 10 out of 22 (45. 5%) respectively, asymptomatic calves represented 3 of 

22 (13.6%) Cryptosporidium parvum isolates.  

No relevant differences in faecal scores were observed among infection in dairy 

and beef calves (P= 0.179). 

For Giardia duodenalis, from the 60 IFAT positive samples obtain 13 isolates of 

which 11 (85%) were classified as Assemblage E, the two residual Assemblages were, 

one Assemblage A and one Assemblage B.  Giardia duodenalis was more significant in 

age group 1 with 20 out of 60 (32.7%) of the IFAT positive samples; and in age-group 3 

with 21 out of 60 (34.4%).                    

 

4. Discussion 

The results obtained in this work indicated that Cryptosporidium and Giardia are an 

important cause of diarrhea in calves from Northern Portugal. 

From the 111 IFAT, positive samples for Cryptosporidium spp., 79 isolates were 

obtained. From those, 75 (95%) was recognized as Cryptosporidium parvum, 2 were 

identified Cryptosporidium andersoni; 1 was Cryptosporidium ryanae, and 1 was 

Cryptosporidium bovis. 

Our results indicate that C. parvum was the Cryptosporidium specie more 

widespread in cattle herds from Northern Portugal, causing severe clinical diarrhea in 
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calves less than one month of age. This data suggests that Cryptosporidiosis in calves 

may be responsible for important economic losses. There were no significant differences 

in Cryptosporidium spp.  infections between dairy and beef calves. Age relation to 

infection was only determined in Cryptosporidium spp, not in Giardia duodenalis. 

Moreover, our data shows a 13% of asymptomatically calves younger than one month 

shedding C. parvum. These calves should not be neglected as they are carriers and 

potential focus of infection to other susceptive animals, and have a potential zoonotic 

implication.  

Cryptosporidium oocyst can be excreted as early as three days of age, which 

means that calves are susceptible for infection shortly after birth (Fayer et al, 1998). In this 

study, two  samples of three-day  old calves and three samples of four days old calves 

were positive for Cryptosporidium  and the specie prevalent was Cryptosporidium parvum, 

the zoonotic  genotype and the one responsible for severe enteritis in newborn calve. 

Older calves might be also infected with Cryptosporidium, but later infection in age is less 

severe in clinical signs (Harp et al, 1990).  

Cryptosporidium andersoni may have an economic impact in cattle, mostly in adult 

dairy cattle due to the decreasing of milk production. Taken into account that C. andersoni 

causes subclinical infections and intermittent excretion; the relative importance of this 

specie may be underestimated in calves. 

This work noticed the first case of Cryptosporidium bovis infection in cattle from 

Portugal.  However, taken into account the low virulence and the suggested low 

prevalence, we do not expect clinical or economic impacts caused by this specie in cattle 

from Northern Portugal. Furthermore, isolation of Cryptosporidium bovis might be 

underestimated and concealed by the overwhelming C. parvum infection, because, as 

suggested by Cama et al., 2006,  the molecular tool used in this study,  18S rDNA, 

selectively amplify the predominant specie of Cryptosporidium. 

In a previous study (Mendonça et al., 2007), Assemblages A2 and B of Giardia, 

previously described in humans were isolated from cattle from Portugal. Those results 

requested further studies in order to understand the zoonotic relevance of Giardia 

Assemblages isolated from cattle from Portugal. In the present work, 85% of the Giardia 

isolates were Assemblage E, which is the most frequent Assemblage identified in calves, 

in accordance with other studies (O´Handley et al, 2000; Appelbee et al, 2005, Dixon et al, 

2011). Therefore, we consider that Giardia infection in calves from Northern Portugal 

should not be considered an important source for human Giardiosis. However, our results 
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suggest that it should be considered as an important cause of infection in calves under 

three months of age, particularly in beef calves. Moreover, the overall number of positive 

Giardia duodenalis samples might be underestimated, because only one sample was 

collected per animal.  

About 4% of the samples were positive simultaneously for Cryptosporidium and 

Giardia. More studies should be performed in order to understand the incidence of co-

infections with other pathogens over than protozoa, and their importance in the 

pathogenesis of the infectious enteritis in calves from Northern Portugal. 

The results here presented suggests that control measure, namely the 

improvement of bio security and hygiene practices should be taken in most of the cattle 

farms from Northern Portugal, in order to minimize the clinical and economic impact of 

Giardiosis and  Cryptosporidiosis in cattle production. Furthermore, 95% of the isolates of 

Cryptosporidium spp. positive samples were the zoonotic C. parvum. Control of 

Cryptosporidiosis in calves from Northern Portugal is also important for a Public Health 

and veterinarian point of view. Moreover, this area of the country has various rivers and 

surface waters, which increase the risk of spreading of those waterborne parasites to 

animals and humans. 
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Abstract 

 

In order to obtain epidemiological information about infections by Cryptosporidium 

spp. and Giardia duodenalis in cattle as well as to contribute to a databank, faecal 

samples from 848 animals from 150 herds from Northern Portugal were collected. 

Samples (ranging from 2 days of age until adult animals) were aligned in 5 age-groups. 

Genetic characterization of both protozoa isolates was carried out. Examination of fresh 

specimens was done after a concentration procedure by using formalin-ethyl-acetate 

sedimentation technique. Acid-fast staining techniques and direct immunofluorescence 

assay were performed for oocysts and cysts identification. A PCR method was employed 

to determine the genotype of the isolates by using amplification and sequencing of the 

18SrRNA genes for Cryptosporidium and  –Giardin gene for Giardia duodenalis 

Assemblage determination. Parasites were detected in 89 out of 150 herds (59%); being 

53 (35%) positive for Cryptosporidium spp. and 36 (24%) positive for Giardia duodenalis. 

Mixed infections were detected in 23 out of 150 farms (15%). Differences on prevalence 

values obtained in dairy and beef cattle farms were not relevant. Regarding bovine faecal 

samples, 106 out of 848 (13%) were positive for Cryptosporidium spp., 55 out of 848 (6%) 

were positive for Giardia and 16 out of 848 (2%) present mixed protozoa infections. 

Cryptosporidium parvum was the most frequent specie found in calves aged less than 30 

days. These results confirm that Cryptosporidium and Giardia infections represent a 

serious health problem for cattle production in the country. Furthermore, this work 

contributed to better understand the epidemiology of those infections in Northern Portugal. 

Moreover, the results here presented allow to perform a risk analysis approach based on 

a molecular epidemiology point of view. Further studies should be performed in order to 

quantify the economic impact of those infections.  
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1. Introduction 

Cryptosporidium spp.  and Giardia duodenalis are protozoan parasites that infect a 

wide range of domestic and wild-life animals, as well as humans, being a main cause of 

infectious enteric disease (Xiao and Fayer, 2008). A previous study (Mendonça et al., 

2007) indicated that Cryptosporidiosis and Giardiosis were frequent diseases in cattle 

form Northern Portugal. However there are few information about epidemiological data 

from cattle from Portugal and those information is crucial to estimate the impact of those 

diseases to the Portuguese cattle production. 

Cryptosporidium species are highly host and age specific:  in newborn calves, 

cryptosporidiosis is an important cause of newborn diarrhea syndrome. Cryptosporidium 

parvum is the more prevalent specie in calves and as zoonotic potential. Cryptosporidium 

bovis, Cryptosporidium ryanae and Cryptosporidium andersoni are the most prevalent 

species in post weaned calves and in adult cattle and are considered non-zoonotic.  

Nevertheless, C. andersoni has been reported in 3 persons in England (Leoni et al, 2006; 

Morse et al, 2007).  

Cattle have been considered susceptible to infection promoted by zoonotic 

genotypes of Giardia duodenalis, Assemblage A, and the livestock genotype Assemblage 

E (Olson et al., 2004). Recently, Assemblage B has been described in cattle (Lalle et al, 

2005; Coklin et al, 2007; Mendonça et al, 2007; Dixon et al, 2011). 

High prevalence of Cryptosporidium spp. and Giardia duodenalis  had been 

reported in several countries in dairy and beef cattle, although the majority of these 

studies involve mostly dairy cattle  (Fayer et al., 2006; Guerden et al., 2008; Santin et al., 

2008; Santín et al., 2009; Dixon et al., 2011). A decreased age prevalence of 

Cryptosporidium infection in dairy cattle has been suggested.  Cryptosporidium parvum, is 

the most frequent specie in calves aged under 2 month old (Santín et al., 2004; Fayer, 

2006);  C. bovis and C. ryanae the most frequent specie in calves aged between 3-11 

month of age  and C. andersoni in heifers and adult cattle (Fayer et al., 2008).  

The main goal of this work was to contributed to the knowledge about 

epidemiological data and the most frequent genotypes in cattle of Cryptosporidium spp.  

and Giardia duodenalis related to age groups, in dairy and beef farms, from Northern 

Portugal, in order to determine their potential of zoonotic transmission as well as the 

relevance for the Portuguese cattle industry. 



124 

 

2. Materials and methods 

2.1. Sampling 

Faecal samples from 848 animals were collected from 150 cattle farms from 

Northern Portugal. From those 47 were beef farms and 103 dairy farms. This region is the 

main cattle production area of the country and is characterized by the existence of a large 

number of rivers. Farms the most important and larger river system in northern Portugal, 

and farms tend to be established nearby rivers and superficial water sources. Each herd 

was visited once and faecal samples were collected directly from the rectum into plastic 

screw cap specimen cups, labelled with the animal ear tag number and age.  A total of 

848 animals from different age groups were sampled. The groups were defined according 

to age, i.e. group 1 (2-15days of age), group 2 (15-30days of age) and group 3 (1-3 month 

of age), group 4 (3-24 month of age); group 5 (adult cattle).  The selection of young 

animals in each farm was not done randomly but according with availability, in group 1 to 

3, samples were collected of 50% of calves per farm; in group 4 the number of adult 

animals that provided samples represented 10 % of adult animals per farm. 

 

2.2. Diagnosis and isolation 

All of the faecal samples were processing for Cryptosporidium and Giardia 

duodenalis identification. From each sample, one gram of faeces was concentrate by 

formalin-ethyl acetate sedimentation (according to CDC method: 

http://www.dpd.cdc.gov/DPDX). The sediment was observed by light microscopy (Nikon, 

Optiphot, Japan) for identification of Giardia cysts. Acid-fast staining (according to CDC 

method modified by Kinyoun) was performed to identify Cryptosporidium oocysts. A direct 

immunofluorescence technique (IFAT) with monoclonal antibodies (Kit Aqua-glo C/G 

direct, FL, Waterborne, New Orleans, LA, USA) was also performed, according to the 

manufacturer’s instructions, and the samples were observed by fluorescent microscopy. 

The positive samples were processed for parasite isolation: cysts of Giardia were 

recovered from faeces using a sucrose density gradient centrifugation ,  and 

immunomagnetic separation technique using magnetic beads coated with an anti-Giardia 

monoclonal antibody was utilized (Dynal, Invitrogen). Oocysts of Cryptosporidium were 

recovered using modified caesium chloride gradient method develop by our laboratory. 

Briefly, 0.5 g of faecal suspension were washed with phosphate buffered saline (PBS; pH 

7.4) and diethyl ether. Ten mL of ether-PBS (1:10) were added to 0.5 g of faecal 
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suspension, vortexed until homogenized, and centrifuged at 300 x g for 10 min. The 

supernatant was discarded and the wash was repeated. The pellet in each tube was 

resuspended in PBS to reach the final volume of 1.5 mL. Two mL siliconized 

microcentrifuge tubes were filled with 750 L caesium chloride (specific gravity 1.15). 

Oocyst aliquots (500 L) from the previous faecal pellet (1.5 mL) were carefully layered 

over the CsCl solution and centrifuged at 16000 x g for 4 min. The supernatant was 

collected (≈1mL), transferred to a clean 2 mL siliconized microcentrifuge tube, diluted to 

maximum capacity of the tube and centrifuged 4 min at 16000 x g. Supernatants from all 

tubes were discarded and the pellets were combined to reduce the volume of the 

suspension.  

 

2.3. Molecular characterization 

For molecular characterization of both parasite isolates, DNA was extracted using 

a commercial kit QIAmp DNA Mini Kit (Qiagen, Valencia, CA). Polimerase Chain Reaction 

was performed to amplify a fragment of the 18SrRNA gene of Cryptosporidium spp. (Xiao 

et al., 1999), and a fragment of the β-giardin gene (Cacciò et al., 2002). Amplification 

products were separated by horizontal gel electrophoresis on a 1.4% agarose gel (Sigma 

Chemical Co., St. Louis, MO) containing 0.5 µg/ml of ethidium bromide (Sigma Chemical 

Co.) and were visualized under UV light. Gel images were captured by using a gel 

documentation system (GelDoc, BioRad). After visualization, the remaining PCR products 

were subjected to a second electrophoretic treatment in a 1.4% low-melting agarose gel. 

Gel bands were purified using GFXTM PCR DNA and Gel Band Purification Kit (Amersham 

Biosciences) and eluted in 50 µl of distilled water. DNA fragments were sequenced in both 

directions in a commercial laboratory (MWG Biotech, Germany) using forward or reverse 

primers. Sequences obtained were compared against a database (GenBank at 

www.ncbi.nlm.nih.gov/BLAST) obtained using BLAST software, and corrected using 

ChromasPro® software. Sequence alignments were performed with ProSeq® 2.0 software. 

 

2.4 Statistical analysis 

The results of IFAT were used to obtain the farm prevalence. The farm prevalence 

was calculated as the number of farms with at least one positive animal, compared with 

the total number of farms in the study. 

http://www.ncbi.nlm.nih.gov/BLAST
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3. Results and discussion 

 

Of the 150 cattle farms included in this study, Cryptosporidium spp. were detected 

on 53 farms, representing a farm prevalence of 35%, and Giardia duodenalis were detect 

on 36 farms, representing a farm prevalence of 24%. The presence concomitantly of 

Cryptosporidium spp. and Giardia duodenalis was notice in 24 (15%) cattle farms. 

Regarding the 47 beef cattle farms, Cryptosporidium spp. were detected on 13 (24%) and 

Giardia duodenalis on 10 (19%). From the 103 dairy farms Cryptosporidium spp. were 

detected on 46 (39%) and Giardia duodenalis on 26 (25%).  

The percentage of Cryptosporidium spp. and Giardia duodenalis detected in the 

positive faecal samples, were identified by immunofluorescence microscopy and grouped 

by age-groups in both beef and dairy cattle farms. In beef cattle farms Cryptosporidium 

spp. was more prevalent in calves under 30 days of age (age-group 1 and 2  with  38% 

and 22% respectively), but Giardia duodenalis was found to be more prevalent in calves 

over 1 month of age, age-group 3 with 25%. 

In the dairy farms, also Cryptosporidium was found to be more prevalent in calves 

under 1 month of age ( age-group 1 and 2  with  30% and 29% respectively) but Giardia 

duodenalis equally found in age groups of calves under 3 month of age ( age-group 1, 2 

and 3  with  12%, 11% and 12% respectively); also in the dairy farms there was no Giardia 

positive samples for animals in the age- group 4 (3 to 24 month of age). 

Cryptosporidium in adult cattle was more significant in the dairy farms (4%) than in 

the beef farms (2%). Giardia duodenalis assumed a bigger importance in the dairy cattle 

farms with a farm prevalence of 25% , affecting mostly young cattle between  2 days of 

age until 3 month of age, but in beef cattle farms Giardia duodenalis infection assumed to 

be more relevant in young cattle between  1 to 3 month of age.  

Considering the intermittent (oo)cyst excretion rate and the fact that adult cattle 

can exhibit chronicle infection, this values might be underestimating because only one 

sample was collected per animal and farms were visited only once.   

For molecular analysis, the positive samples were processed for isolation and PCR 

analysis. In the dairy farms, C.  parvum was the most identified specie in 60 samples out 

of 65 isolates (92.3%), C. andersoni was only identified in 5 sample out of  the 65 isolates 

(7.7%); C. bovis and C. ryanae were not detected.  
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In beef cattle farm the most relevant Cryptosporidium specie detected was also C. 

parvum in 25 out of 27 isolates (92.5%) and C. bovis was identified in one beef 

 Calve less than 15 days of age. Cryptosporidium ryanae was also present in one 

of the 27 isolates. 

Most of Giardia duodenalis isolates were identified as Assemblage E, the livestock 

specific genotype, only one isolate was identified as the zoonotic Assemblage B in the 

age-group 1 of beef cattle farms. Two isolates of the zoonotic genotype, Assemblage A2 

were recognized in beef cattle farm in age-group 3 and 5 (Table 1). 

         Table 1 

     Giardia duodenalis isolates from dairy and beef farms, according to age-group  

 

 

Comparing the occurrence of Cryptosporidium spp. in beef and dairy cattle farms, 

a higher prevalence of Cryptosporidium spp. was notice in dairy cattle farms 39%  than in 

beef cattle farms 29%, what is in agreement with other studies (McAllister et al, 2005; 

O’Handley and Olson, 2006). Few studies had reported a higher farm prevalence of 

Cryptosporidium spp. and Giardia duodenalis in beef cattle farms (Guerden et al, 2008). In 

our studies a higher occurrence of Giardia duodenalis was also noticed in dairy cattle 

 Dairy Farms    Beef Farms 
Age-
groups 

Number 
positives 

Number 
isolates 

Assemblage Number 
positives 

Number 
isolates 

Assemblage  

Group 1 
(2-

15days 

of age)  

n=56 

15 3 3  Assemblage E 6 1 1 Assemblage B 

Group 2 
(15-

30days 

of age) 

n=18 

9 2 2  Assemblage E 3 0 0 

Group 3 
(1-3 

month of 

age) 

n=69 

9 2 2  Assemblage E 17 5 4 Assemblage E 

1 Assemblage A2 

Group 4 
(3-24 

month of 

age) 

n=10 

0 0 0 1 1 0 

Group 5 
(adult 

cattle) 

n=62 

10 0 0 1 1 1 Assemblage A2 

Total 43 7   28 8  
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farms than in beef cattle farms, 25% and 19%, respectively. This can be explained 

because Cryptosporidium spp. and Giardia duodenalis (oo)cyst are extremely resistant in 

the environmental,  the  infection dose is quite low and the recurrent contact between 

animals (Atwill et al., 1999)  due to the concentration of animals that are able to excrete 

high number of infectious (oo)cysts and a more difficult sanitation in a dairy facility, favors 

the transmission. Animals reared indoors are three times more susceptive to acquire 

infection than beef cattle grazing (Ruest et al., 1998; Guerden et al., 2010). Dairy cattle 

are also prone to more and intense production stress, added in warmer countries like 

Portugal with thermal stress which leads to immune suppression. 

Cryptosporidium andersoni infects post-weaned a mature cattle and tend to be 

chronicle, and may be an important production-limiting disease in dairy cattle, leading to 

reduce milk production. Prevalence of C. andersoni appears to be low ranging from 2% to 

5%  in some studies ( Santín et al., 2004; Olson et al., 1997) although reports of a high 

prevalence of 30%and 40%  as been reported ( Ralston et al., 2003; Fayer et al., 2006),  

but further studies are required to estimated its economic importance.  Cryptosporidium 

bovis and C. ryanae were not detected in dairy cattle.  

In beef cattle, Cryptosporidium was also detected manly in calves from 2 days of 

age to 3 month of age (age group 1, 2 and 3), representing 18% of the 143 animals within 

those age-groups. Cryptosporidium parvum, C. bovis and C. ryanae were found in 92%, 

4% and 4% respectively of the 27 isolates from positive samples. Cryptosporidium 

andersoni was not detected in beef cattle. In adult beef cattle only C. parvum was 

identified. This study reported the isolation of Cryptosporidium bovis from cattle from 

Portugal. As far as we know, this is the first isolation of C. bovis in the country. 

Giardia duodenalis farm prevalence was higher in dairy farms than beef farms, 

25% and 19% respectively, but in beef cattle farms the zoonotic Giardia duodenalis 

Assemblage B and A2 were identified; in dairy cattle farms only the livestock Assemblage 

E was present in 100% of the positive isolates. The age-group showing a higher number 

of Giardia positive samples was group 1 (calves from 2 to 15 days of age in dairy cattle 

farms) and age group 3 (calves over 1 month and under 3 month of age 9 in the beef 

cattle farms. Cryptosporidium parvum, which has zoonotic potential, was the more 

significant species found in both dairy and beef calves. In dairy calves the most common 

Giardia duodenalis Assemblage was Assemblage E (Livestock specific) but in beef calve 

it was also notice the presence of zoonotic Assemblage A and B. 
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Cryptosporidium and Giardia duodenalis infection in calves causes a clinical 

enteritis, excreting large number of (oo)cyst to the environment which constitute a high 

risk of superficial water contamination. From the veterinary point of view this results may 

suggest an animal health risk and a vast economic loss associated to cattle industry. 

From the public health point of view this might represent a human health tread. The cattle 

farms focuses in this study were located in an area with the principal 5 river systems in 

northern Portugal. A recent study performed by Almeida et al, 2010, showed us that the 

infectious stages of Cryptosporidium spp. and G. duodenalis are widely distributed in the 

rivers of northern Portugal. Oocysts and cysts concentrations was detected in all rivers 

and showed an increase of parasite load from upriver to downriver, what is highly 

suggestive of contamination trough run-off waters from cattle farms.  

Cattle production is one the main agricultural activity in the Northern Portugal. Only 

the dairy cattle industry represents in Portugal more than 2.000 million euro per year. 

Taken into account the economical importance that cattle have in Portugal and given high 

potential for cattle to human transmission of those protozoan parasites, it is important to 

study the epidemiology of Cryptosporidium and Giardia in cattle from Portugal. Moreover, 

considering that measures for control and prevent those diseases should be based on the 

epidemiological data, the results here presented are very important to the Portuguese 

clinicians and Veterinary Authorities. 
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CHAPTER 6 

 

General discussion 

 

Cryptosporidium spp.  and Giardia duodenalis are the most common protozoan 

parasites responsible for enteric disease in cattle.  These infections are worldwide 

recognized, and diarrhea is the most significant sign in affected animals. A high 

prevalence of Cryptosporidium spp. and Giardia duodenalis has been reported, in dairy 

and beef cattle (O’Handley et al., 1999, 2000; Ralston et al., 2003; McAllister at al., 2005; 

Santín et al., 2008, 2009; Cokling et al., 2009; Fayer et al., 2010; Dixon et al., 2011). 

Bovine Cryptosporidiosis and Giardiosis, have been associated with economic losses, 

generally due to diarrhea, impair gain of body weight, reduction in milk production and 

even death, especially in neonatal calves, although the negative impact in cattle industry 

is not completely understood. There is no efficient treatment protocol to eliminate the 

infections from the herds, neither a vaccination strategy to prevent these infections. 

Control and prevention, relies on management measures aliened with good husbandry 

and hygiene practice.  

Current evidence indicates that the main reservoirs of zoonotic Cryptosporidium  

and Giardia duodenalis remains livestock, with the potential transmission  to humans, 

through direct contact with animals and manure, or via contaminated water and food ( 

Thompson , 2004; Olson et al., 2004; Xiao and Feng, 2008; Xiao and Fayer, 2008). 

Surface water assumes to be the most important route for Cryptosporidium spp.  and 

Giardia duodenalis transmission to human population. Conventional disinfectants and 

surface water treatments are inefficient in controlling these resistant protozoan parasites. 

Based in these assumptions, it was carried out a multidisciplinary work, financed by 

Calouste Gulbenkian Fondation, involving CECA/ICETA (UP) and INSA investigators, 

together with Water Suppliers Companies in northern Portugal. A preliminary work was 

conducted between 2004 and 2006; three lines of investigation were carried out, with the 

main gold to establish a correlation between water, humans and cattle, in Cryptosporidium 

spp. and Giardia duodenalis transmission. 

Previous studies in Portugal, by Alves et al., 2003, reported the occurrence of 

Cryptosporidium zoonotic specie in HIV patients, calves and zoo ruminants, but the 

epidemiological and clinical information concerning these protozoan parasites in bovine, in 

Portugal, stills scarce. This work arises from the need to deepen our knowledge regarding 
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the epidemiology, clinical and economic implications of Cryptosporidium spp.  and Giardia 

duodenalis, in cattle farms in Northern Portugal.  

    

Molecular characterization of Cryptosporidium spp. species and Giardia 

duodenalis Assemblages in cattle. 

 

Cattle are known to be infected with four species of Cryptosporidium; C. parvum, 

C. andersoni, C. bovis and C. ryanae (Fayer et al., 2008, Santín et al., 2008). Only C. 

parvum and C. andersoni are recognized to cause economic losses in cattle industry, 

associated with diarrhea in calves, low milk production in dairy cattle and loss of weight 

gain in beef cattle (Anderson, 1987; Olson et al., 2004; O’Handley & Olson, 2006).   

Cryptosporidium parvum is the single specie known to be zoonotic, even though 

Cryptosporidium andersoni and Cryptosporidium bovis, were recently identified in 

human’s faecal samples (Leoni et al., 2006; Morse et al., 2007), but their zoonotic 

implication is still uncertain, and there are no epidemiological or genetic data to support 

this hypothesis.  

Cryptosporidium parvum is worldwide recognized as a cause of diarrhea in calves, 

this fact is supported by several experimental and epidemiological studies (Fayer et al., 

1998; Fayer et al., 2002; Castro-Hermida et al., 2002, 2006; O’Handley et al., 1999). 

While, Cryptosporidium andersoni infection in cattle are subtle, and difficult to be 

quantified; since a decrease in milk yield can be associated to so many other variables 

associated with cattle production (nutritional management, husbandry, cow comfort, 

environmental stress, metabolic disturbances, and other pathogens with a subclinical and 

persistent pattern, like BVD).  

Giardia duodenalis Assemblage E is the prevalent genotype related to Giardiosis 

in bovines (Dixon et al., 2010; Guerden et al., 2008; O’Handley et al., 2000, Trout et al, 

2004); however, the importance of Giardiosis as a significant cause of diarrhea in cattle is 

an argument for controversy. Giardiosis often becomes chronic with a mild and 

intermittent clinical exhibition, and severity of infection is suggested to be associated with 

other concurrent enteric pathogens (O’Handley and Olson, 2006). Giardia duodenalis 

zoonotic Assemblages A and B can also be identified in cattle, raising  a concern in the 

transmission of Giardia duodenalis to humans (Guerden et al., 2008; Santín et al., 2009; 

Dixon et al., 2011). 
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Our first report (Chapter 2), molecular characterization of species and 

Assemblages of Cryptosporidium and Giardia duodenalis in cattle from Northern Portugal, 

revelled the presence of two species of Cryptosporidium spp., C. parvum and C. 

andersoni. Also three Giardia duodenalis Assemblages, Assemblage E, Assemblage AII 

and Assemblage B, were identified. Cryptosporidium parvum was the prevalent specie 

found to infect cattle, in particular calves under 1 month of age. These findings were 

consistent with other previous reports from Portugal (Alves et al, 2003, 2006), and in 

agreement with several studies worldwide (Fayer el al, 2006, 2007, 2008; Santín et al, 

2004). Cryptosporidium meleagridis was also detected in one faecal sample of an 

asymptomatic adult bovine using 18SrRNA molecular analysis.  Birds are the specific host 

for this Cryptosporidium specie, and C. meleagridis is the third most prevalent specie 

infecting humans (Chalmers et al, 2002; Leoni et al, 2006), still is not known to infect 

cattle.  Livestock may act as a passive carrier for C. meleagridis oocysts.  Additional 

reports identified other's Cryptosporidium species not cattle specific like C. Suis, C. 

hominis, C. felis, C. canis,  and they  have been indicated as occasional findings ( Fayer 

et al, 2001, 2006; Smith et al, 2005; Guerden et al, 2006; Park et al, 2006; Langkjaer et al, 

2006).  

Cryptosporidium andersoni was found in one isolate with molecular analysis using 

18SrRNA gene that revelled to be more powerful than hsp 70 gene. In our subsequent 

molecular studies, only 18SrRNA gene was used. 

During an oral communication presented at the XXI World Buiatric Congress, Nice, 

2006 “Cryptosporidium and Giardia infections in calves in Portugal”, were communicated, 

our previous results and our molecular studies conducted until then. One more 

Cryptosporidium isolate: Cryptosporidium deer like was identified. (XXI Buiatric Congress 

Poceedings).  This former genotype is now considered a new Cryptosporidium specie, 

named Cryptosporidium ryanae, based in transmission experiments and analysis of the 

SSU rRna, and actin loci by Fayer et al., 2008. In our subsequent studies is referred to as 

Cryptosporidium ryanae. This evidences show us that Cryptosporidium is undergoing 

important changes in its taxonomic status supported by recent molecular data, with 

significant importance to estimate the epidemiologic importance of the genus 

Cryptosporidium in cattle infections. 

In our subsequent reports (Chapter 4) the molecular characterization of our 

isolates allowed the first identification of Cryptosporidium bovis, from a 15-day old beef 

calve.  Cryptosporidium bovis, formerly identified as Cryptosporidium genotype Bovine B 

(Xiao et al, 2002) was named a new specie by Fayer et al, 2005, and was considered to 

be more prevalent in post weaned calves and heifers than in pre-weaned calves (Guerden 

et al., 2007; Santín et al., 2008). Until 2007 this specie was only identified in USA (Fayer 
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et al., 2006, Santín et al, 2004). Feng et al. has identified it in China and India (Feng et al, 

2007). Nowadays, it is worldwide distributed, and it is a common finding in pre-weaned 

calves. However, as suggested by Feng et al., 2007, infection with C. bovis may occur in 

calves early in age but detection is suggested to be covered by concurrent C. parvum 

severe infections. Feng et al. (2007) also suggested that DNA sequencing of the PCR 

products with a new restriction enzyme MboII should be use to easy differentiate 

Cryptosporidium species.  Future studies must take this in account, because some C. 

bovis and C. ryanae infections might be concealed by prevalent C. parvum infections, and 

C. bovis isolation may be underestimated. 

 

In our prior report, Giardia duodenalis Assemblage E was the most prevalent 

genotype found in faecal samples. This evidence as shown to be consistent in our 

subsequent work (chapter 5, 6), and it was in accordance with other international 

published data (O´Handley et al, 2000; Applebee et al, 2003; Trout et al, 2004; 2006, 

2007; Guerden et al, 2008). Residual identification of one Assemblage AII and one 

Assemblage B, could suggest that cattle represented a low risk of zoonotic transmission 

and environmental contamination in Northern Portugal. However public health risk cannot 

be neglected. In recently data published by Almeida et al, 2010,  concerning genetic 

characterization of Giardia duodenalis Assemblages, isolated in rivers of the 5 

hydrographical basins in northern Portugal,   has revealed as prevailing G. duodenalis 

Assemblages, A-I, A-II, B, and E (Almeida et al, 2010a, b). Northern Portugal has the 

largest river system throughout the country, and also has the highest density of cattle 

production, especially dairy farms. The presence of Assemblage E (cattle specific) in 

surface water, even though associated with Assemblage A and B (zoonotic Assemblages) 

highly suggests surface water contamination by livestock. 

Molecular characterization of Cryptosporidium species and Giardia duodenalis 

Assemblages are essential to estimate the epidemiological importance of these protozoan 

parasites in bovine health. Diagnosis based in microscopic observation of oocysts and 

cyst's morphology, is inappropriate in differencing species and genotypes. Oocysts of C. 

ryanae, C. parvum and C. bovis are difficult to be distinguished clearly, by conventional 

microscopy staining methods, and Giardia duodenalis Assemblages are impossible to 

differentiate through conventional microscopic methods. Therefore, when discussing 

Cryptosporidiosis and Giardiosis in an epidemiological context and in a veterinary 

perspective, molecular analysis is essential. Not all Cryptosporidium species have 

repercussion in cattle health. Cryptosporidium parvum is the most important specie 

responsible for economic losses in cattle industry, associated to malabsorption diarrhea in 

calves. Cryptosporidium andersoni is accountable for abomasitis and decrease in milk 
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yield in dairy cows. Cryptosporidium bovis and C. ryanae, although can be identified in 

calves and in young cattle, their infection are not associated to clinical signs 

manifestation.   Moreover, to accurately access their zoonotic implication and importance 

to public health, gp60 sub typing of C. parvum and determination of sub-assemblages of 

Giardia duodenalis are fundamental to provide insight on the possible transmission 

dynamics of these parasites. Further work, focusing molecular sub typing analysis, is 

needed to estimate the importance of cattle in environmental and water contamination and 

in the zoonotic transmission of these parasites. 

In summary, our data indicates that bovine population in northern Portugal can be 

infected with all of the Cryptosporidium species known to be cattle specific, and Giardia 

duodenalis Assemblage E was the prevalent Assemblage identified in cattle. Although the 

isolation of Giardia duodenalis Assemblage A and B was residual, its zoonotic implication  

should not be neglected. Our data also indicates that calves are mainly infected with 

Cryptosporidium parvum, representing a concern in cattle production economy and in 

animal health, as well a potential risk for environmental and water contamination and a 

concern for Public Health. These facts should be considered and addressed in 

collaboration with Veterinarian’s technicians who work on buiatrics, the Animal Health and 

the Human Health Authorities. 

 

Cryptosporidium spp.  and Giardia duodenalis in surface  drinking water of cattle 

farms.  

In cattle industry, the intensification of production and farming practices increased 

the requirements in large amounts of water. The dairy production needs about 10 000 l of 

water / kg and beef production needs about 20 000 to 50 000 l of water to produce 1 Kg of 

meat (Murphy, 1992; Kramer et al, 2009), additionally, in dairy farms, a considerable 

volume of water is needed for preparing milk substitutes, cleaning the premises and the 

milking parlor and also for crop production. The high cost of public water is prohibitive to 

be used in livestock production, especially in dairy production and farmers are compelled 

to use untreated surface water from private supplies. Therefore, producers tend to build 

their farms in close proximity to water catchments and rivers, or in land with considerable 

superficial water sources (Hooda et al, 2000). Moreover, a large volume of manure and 

waste water are produced and dispersed in agricultural land, bordering the farms, and 

serving as fertilizer for crops. As a result, the close proximity between cattle farms and 

surface water sources facilitate its microbiological and chemical contamination.  



140 

 

This is a common scenario in respect with the majority of cattle farms 

constructions, addressed in our study in northern Portugal. 

During our work, surface water samples from sixteen cattle farms were tested for 

the presence of Cryptosporidium spp. and Giardia duodenalis, also a microbiological 

analysis was performed. The farms were selected based in previous clinical history of 

diarrhea in cattle and based in the use of untreated surface water for animal drinking. 

Additionally faecal samples were collected, to estimate the risk of waterborne 

transmission of these protozoans to bovines and the risk of surface water contamination 

(Chapter 3).  

Our data revealed a contamination by Cryptosporidium spp. oocysts in 6, 5% of 

the 16 cattle farms tested, and by Giardia duodenalis cysts contamination in 37,5% of 16 

cattle farms. Adding, a significant faecal bacteria count was recognized (Enterococci in 

43.75%; Coliforms in 87.5%; Escherichia in 43.75% and Clostridium perfrigens in 37.5%, 

of the 16 cattle farms) as stated in chapter 3. These results suggest that the poor 

microbiological water quality represents a risk for cattle health and production, and no 

doubt a threat to humans, especially those directly involved in agricultural activities.  In our 

study, producers make use of surface waters as a drinking water for their herds and as 

well many of them use it in their homes. 

Direct contact seems to be the major transmission route for these protozoan 

parasites between cattle, but water transmission of Cryptosporidium spp. and Giardia 

duodenalis, may also occur in cattle farms, leading to perpetuation of the infection in the 

herd. According to Duranti et al, 2008, Cryptosporidium spp. infections were more 

frequent in herds with well water as their principal water source.  Adult cattle shedding C. 

parvum is another important source of transmission to susceptive calves and of water 

contamination. Two of the farms in our study (farm 8 and farm 15), warrant special 

attention and are a matter of serious concern. In farm 8, with a high count of Giardia 

duodenalis in water sample and the presence of Giardia duodenalis in cattle faecal 

samples, suggest a strong risk for animal infection, in addition it may represent a risk for 

human infection, since the same water source was used by the farmer in its home. In farm 

16, water used for animal drinking and for cleaning the facilities, was obtained from a river 

that bordered the farm. Consequently, it was predictable in water sample a high faecal 

bacterial contamination and as well the presence of protozoan parasites. These results 

suggested, that the source of a recent Cryptosporidium outbreak in neonatal calves in this 

farm, was waterborne related.  

Furthermore, surface drinking water, contaminated with bacteria as, Escherichia 

coli and Clostridium perfrigens, are known to be implicated in the occurrence of severe 

enteritis in neonatal calves and adult cattle. Livestock health, growth and production can 
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be diminished when cattle consume water containing high levels of microbiological agents 

(LeJeune et al, 2001; Pradhan et al, 2009). Also, poor water quality poses a major threat 

to human health. Some sources recommend bovine drinking water should contain less 

than 1 CFU (colony forming unit) per 100ml for calves and 10 CFU per 100ml for adult 

cattle (Bagley et al., 1997) of faecal bacteria , but these values are difficult to achieve, if 

farmers neglect regular water analysis and if no disinfection treatment is made. Water 

disinfection like Chlorination, can be easily applied to cattle farms without high costs, and 

it can solve the problem of bacterial contamination, although it is inefficient in eliminating 

Cryptosporidium oocysts and Giardia duodenalis cysts.  

Considering  this information, the current work complements a growing body of 

work develop by other's member of this investigation group, demonstrating the potential 

zoonotic transmission of Cryptosporidium parvum and Giardia duodenalis Assemblage A 

and B to humans and animals, by the ingestion of contaminated water ( Almeida et al, 

2006,a,b; Almeida et al 2010a, b). From a multidisciplinary previous work, we could 

observe that: in water samples, in bovine faecal samples (especially calves) and in human 

faecal samples from immunocompromised patients, the foremost identified 

Cryptosporidium specie, was  C. parvum, and the more significant Giardia duodenalis  

genotypes, in water samples were Assemblage A, B and also Assemblage E (suggesting 

contamination by cattle faeces). Giardia duodenalis Assemblage A and B were prevalent 

in human's faecal stools, and Assemblage E was frequent in the bovine faecal samples; 

however, also Assemblage A and B were identified in cattle, suggesting a potential 

zoonotic risk. This information suggested that cattle farms were a potential risk to surface 

water contamination and transmission to human population. Further and more profound 

studies were carried out, in these lines of work, originated publications focusing the 

isolation of Cryptosporidium and Giardia in water supplies( Almeida et al,  2010a; Almeida 

et al, 2010b) and in human patients ( Almeida et al, 2006a; Almeida et al, 2006b), and  as 

help us to understand the epidemiology of these parasites in livestock. Another 

Portuguese study also is consisting with these findings. (Lobo et al, 2009). However, a 

molecular epidemiological investigation by Graczyk et al, 2002 in which cattle were found 

to be infected with the zoonotic Assemblage A  of Giardia duodenalis, demonstrated that 

humans were the likely source of infection in cattle( Graczyk et al, 2002).Along with this 

hypothesis, some authors suggest, that  the presence of similar genotypes and species in 

cattle and humans are not necessarily evidence for transmission from cattle to humans; 

these similar genotypes and species may also be indicative of Zooanthroponotic 

transmission ( Dixon, 2009, 2011). Further molecular sub typing studies will be needed to 

estimate if the presence of Giardia Assemblage A II and Assemblage B in water samples 
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are Bovine in origin, or if the residual number of this two Assemblages in cattle are due to 

ingestion of contaminated water from human origin.  

In conclusion, the use of drinking water, from unimproved sources, highly suggests 

a risk in the transmission of these protozoan parasites to cattle and potentially to humans.  

Farmers need to be concerned, not only with the quantity of water supplied to their 

animals, but especially with the quality of the water, although Cryptosporidium and Giardia 

duodenalis water analysis are expensive and commercial laboratories do not perform it 

regularly. It is important that adequate counter measures should be taken into account 

from Veterinary and Public Health Authorities. 

 

Molecular characterization and clinical significance of Cryptosporidium spp. and 

Giardia duodenalis infection in different age groups of dairy and beef calves 

 

 Cryptosporidiosis and Giardiosis are the most common protozoan diseases in 

calves, characterized by gastrointestinal disorders, and diarrhea is the principal symptom. 

In both cases, diarrhea results from malabsorption. Clinical exhibition goes from a 

subclinical to severe, with a high morbidity and low mortality in calves, except in cases of 

mixed infections with bacteria and virus.  Neonatal clinical enteritis assumes an important 

economic impact, and involves direct costs with supportive treatment of infected calves, 

costs with the veterinarian, and indirect costs, since management of sick calves is time-

consuming and requires extra labour. Although no evidence indicates that intestinal 

Cryptosporidiosis results in long-term production effect. (O’Handley & Olson, 2006). 

 Calves generally are infected with the most pathogenic and also zoonotic 

Cryptosporidium specie, C. parvum. Cryptosporidium bovis and C. ryanae can as well be 

identified in calves, although without clinical exhibition. Giardia duodenalis Assemblage E 

is more frequently recognized in calves, but Assemblage A and B have also been reported 

to infect calves, suggesting a greater risk of zoonotic transmission. During a clinical onset, 

the infected calve  excrete a high number of C. parvum oocysts in their faces, contributing 

to environmental and surface water source's contamination, and transmission to other's 

susceptible hosts, including humans in close contact with farming. 

There is no effective treatment drug to eliminate these infections in calves. 

(Oo)cysts are resilient in the environment  and in water,  and extremely resistant to 

disinfectants. Control of Cryptosporidiosis and Giardiosis in calves relies on strategic 

management and husbandry measures, prophylactic protocols and hygiene procedures, 

implemented concurrently. 
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In order to access the clinical significance of these parasites in calves, faecal 

samples were collected, and age and a faecal score were registered (Chapter 4).  

Our data showed us that 111 of 476 calves (23%) were infected with 

Cryptosporidium spp., and 60 of 476 (13 %) were infected with Giardia duodenalis. 

There was no significant statistical differences between dairy and beef calves (76 

of 332 dairy calves (22. 9%), and 35 of 144 beef calves (24. 3%), were infected with 

Cryptosporidium spp.). C. parvum was the prevalent specie (75 from 79 isolates).  C. 

andersoni was isolated in two samples, and C. bovis and C. ryanae in one isolate each.  

In accordance with several studies Cryptosporidium parvum is the prevalent specie in pre-

weaned calves. Our results revealed that, calves susceptibility to Cryptosporidium parvum 

infection, is age related, in dairy and beef calves, in consistence with others studies 

(Fayer at al., 2006, 2007; Santín et al., 2006, 2008; Thompson et al., 2007).   

   Cryptosporidium parvum was the prevalent specie in calves under 1 month of 

age, and 83% of the IFA positive samples for Cryptosporidium spp. were symptomatic, 

suffering from moderate to severe diarrhea ( faecal score 3 and 4). These findings are 

consisting with previous studies by Fayer at al., 2006 and Santín et al, 2004. Calves 

younger than one month of age, 13% shed C. parvum and were asymptomatic (faecal 

score 1). Regarding these observations, calves infection with Cryptosporidium parvum, 

has serious implications:  in the contamination of farms premises, in transmission of 

oocyst to susceptible calves and adult cattle, in environmental contamination, and in 

transmission to humans in close contact with these animals.  

For the veterinary point of view these findings are important because C. parvum is 

the main specie responsible for clinical exhibitions in calves and responsible for economic 

losses in cattle industry. Veterinary technicians must consider these findings when dealing 

with a neonatal enteritis outbreak, and straight measures should be taken to avoid 

infection transmission to other calves, and furthermore to minimize environment and water 

contamination and as well zoonotic transmission.  Furthermore, asymptomatic calves are 

active carriers, and are likely to be under diagnosed. Diagnosis based in clinical 

examination does not allowed identification of these animals in the herd. Considering our 

field experience, there is a strong probability that they will not be subject to any king of 

treatment / management measure, and even preventive measures might be neglected. 

 

From the 60 IFA positive samples for Giardia duodenalis, 13 isolates were obtain; 

11 (85%) were classified as Assemblage E; one was Assemblage A and one Assemblage 

B. Most bovine cases of Giardiosis  are due to infection with G. duodenalis Assemblage E 

( Hunt et al., 2000¸O’ Handley et al., 2000; Appelbee et al., 2003; Becker et al., 2004, 

Trout eta al., 2006, 2007) . Assemblage A was identified in larger sampling by Guerden et 
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al., 2008 and Lalle et al., 2005.  Surprisingly and opposite to what was observed with 

Cryptosporidium spp., Giardia duodenalis infections were more common in beef calves 

(18, 8%) than in dairy calves (9, 9%). The presence of Giardia duodenalis was not age 

related, neither in dairy nor in beef calves.  

Our results suggest that Giardiosis is more relevant in beef calves, and pre-

weaned and post-weaned calves are equally at risk of infection. Several possible reasons 

for this are that Giardia duodenalis infection's tent to be chronicle, with intermittent cyst's 

excretion in the herd. Although Cryptosporidium infection tend to be acute but are self-

limitant in cattle; cyst can survive for several weeks in soil and water, and the high 

environment infection pressure facilitates calf’s infection. Therefore, is more probable to 

identified Giardia duodenalis cysts in single samples than Cryptosporidium oocysts. Our 

results suggest that Giardia duodenalis poses a minimal risk for transmission of zoonotic 

Assemblages; nevertheless their presence must not be neglected. Our data indicates that 

Giardiosis should be considered and investigated as an important cause of beef calves 

diarrhea by veterinarians who work in this area. Control and management measures 

should be advised to farmers, and furthermore a control of animal drinking water quality 

should be recommended.  

 

Calves neonatal enteritis is a multifactorial disease, involving several factors and 

pathogens. Laboratory diagnosis is essential for identification of the casual pathogen and 

for accurate implementation of prophylaxis, treatment, management strategy, and bio 

security measures. Etiological diagnosis saves time and money most of the times 

expended in an excessive use of inefficient antibiotics against Cryptosporidium and 

Giardia duodenalis. 

 

Cryptosporidium and Giardia duodenalis Prevalence studies  

We have done the first study in Cryptosporidium spp. and Giardia duodenalis 

infections in bovines in northern Portugal. Our data estimated a point prevalence for dairy 

and beef cattle farms (Chapter 5). Our results revelled in a prevalence of infection by 

Cryptosporidium spp./ Giardia duodenalis in  59% of the total 150 farms studied. 

Cryptosporidium spp. oocysts were detected in 35% of cattle farms, and Giardia 

duodenalis cysts were detected in 24% of cattle farms. Higher farm prevalence’s have 

been reported in a number of other studies (Olson et al., 1997; Ruest at al., 1998; 

Macallister et al., 2005; Kvac et al., 2006 Fayer et al., 2007). Farm prevalence’s for dairy 
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and beef cattle approaching 100% for Giardia duodenalis and 64% for Cryptosporidium 

spp was reported by Dixon et al., 2011.  

Differences were encountered in farm prevalence on dairy and beef cattle farms. 

Dairy farms showed a higher prevalence for Cryptosporidium spp. and Giardia duodenalis 

(39% and 25%, respectively) than beef cattle farms (24% and 19%, respectively).The 

higher occurrence of Cryptosporidium spp. in dairy farms are in accordance with several 

studies (O’Handley and Olson, 2006; Kvac et al., 2006). Although Giardia duodenalis 

showed a higher farm prevalence in dairy farms, the intensity of infections was higher in 

beef farms (13% - 28 of 215 bovines, were positive for Giardia duodenalis) than in dairy 

farms (7% - 43 of 633 bovines). The intensity of infection for Cryptosporidium spp.  was 

similar in dairy and beef farms ( 14% and 15% respectively). 

The zoonotic Giardia duodenalis Assemblages A II and B were identified in beef 

calves. While a study, conducted by Guerden et al 2008, Assemblage A was found to be 

more prevalent in dairy calves than in beef calves.  

In our prevalence studies (Chapter 5), Cryptosporidium andersoni, was expected 

to be the most prevalent specie found in heifers and adult cattle, instead Cryptosporidium 

parvum was the dominant specie identified in this age-groups, both in dairy and beef 

cattle. Our findings are consistent with others by Castro-Hermida et al., 2007, but these 

findings differ from those of Fayer et al., 2006 and   Santín et al., 2008. Cryptosporidium 

andersoni prevalence might be underestimated, since heifers and adult cattle are more 

probable to exhibit a chronicle intermittent oocysts excretion (Santín et al, 2004). In view 

of this information, the actual numbers of positive samples are more likely to be 

underestimated, since sensitivity of the diagnosis method is lower in specimens with a 

small number of C. andersoni oocysts and since only one faecal specimen was collected.  

Based in this findings  heifers and adult cattle must be taken into account when a risk 

assessment of zoonotic transmission is made, a longitudinal study of Cryptosporidium 

infection in these age groups cattle are necessary to validate this finding. 

 Northern Portugal is characterized by the highest density of dairy farms, with an 

intensive production. Beef cattle farms are fewer in number and with a lesser animal 

density. Cryptosporidium spp.was more prevalent than Giardia duodenalis in cattle farms 

in Northern Portugal, this can be explained because the close contact between animals, 

and the poor and complicated  hygiene procedures in dairy farms, facilitate these 

parasites transmission . Additionally,  the existence of other enteric pathogens in these 

herds, including BVD create the opportunity for  Cryptosporidium spp.  and Giardia 

duodenalis infections. Furthermore, in dairies,  calves are separated from the dam just 

after birth. An inadequate colostrum administration, and an inefficient passive immunity 
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transfer, does not  protect calves from Protozoan and enteropathogenic virus and bacteria 

infections.        

These information’s are important in the veterinary point of view because:  The 

majority of veterinarian technicians are aware of the potential presence of these protozoan 

parasites in calf’s enteritis syndrome.  Other's enteric pathogens may concur and 

aggravate the clinical scenario, leading to higher mortality rates. Cryptosporidiosis is self-

limitant in immune competent animals; some calves can excrete oocysts without exhibit 

considerable clinical signs, as it is suggested in our work by the 17% of asymptomatic 

calves less than one month of age, shedding oocysts. These calves are under diagnosed 

and in most of the cases, don’t receive any kind of preventive treatment, and they become 

potential carriers of infection in the farm. Future analysis to estimate the real influence of 

C. parvum in cases of enteritis in calves should identify concurrent enteric pathogens.  

During the years, this work was conducted; we had the opportunity of working and 

shared opinions concerning Cryptosporidiosis and Giardiosis diagnosis, treatment, 

prophylactic protocols and general management procedures with various veterinarian 

technicians working in these cattle farms. 

 The general view had shown us that in most of the cases, clinical differential 

diagnosis for Cryptosporidium and Giardia duodenalis infections, were made after no 

improvement in clinical signs following antibiotic administration. Diagnosis based on 

clinical examination is insufficient to identified Cryptosporidium and Giardia duodenalis 

infections; field assays don’t permit distinction between Cryptosporidium species and 

Giardia duodenalis Assemblages (only C. parvum causes disease in calves, although 

calves shed C. bovis and C. ryanae, and only G. duodenalis assemblage E is recognized 

to cause diarrhea in calves).  

In Portugal, Halofuginone and Aminosidine are the only two legal and 

commercialized drugs to “treat”/prevent Cryptosporidiosis and Giardiosis. Our field 

experience has suggested us, that implementation of a complete preventive program that 

includes vaccination of the pregnant cow against enteric pathogens ( commercial vaccines 

available in Portugal include Escherichia coli, Rotavirus, Coronavirus), against Bovine 

Viral Diarrhea ( a viral disease with a high prevalence in  our dairy cattle farms), allied with 

the prophylactic use of Halofuginone, and Aminosidine,  lowed severity and intensity of 

calves enteritis in the herd and made achievable the control of the disease. Halofuginone 

has good results in Cryptosporidiosis when used as prophylactic, its use in debilitating 

calves is toxic, and we have experienced some cases of death and toxicity. Aminosidine is 

more secure in Cryptosporidiosis and Giardiosis as well, plus is also efficient in controlling 

enteric opportunistic bacteria.  
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However, enteric pathogens vaccines and prophylactic products are expensive; 

consequently, farmers only maintain this protocol for 3-4 years.   When neonatal diarrhea 

decreases and stops been an economic loss, they tend to abandon it. Curiously, the cattle 

farms that were advised and this protocol was implemented, in the early years of this 

study, were recently found with new cases of Cryptosporidiosis and Giardiosis outbreaks, 

in calves.  

Halofuginone and Aminosidine, are efficient in reducing (oo)cysts excretion in 

infected calves, but it cannot be used in adult ruminants.  

Environmental contamination, by the existence of asymptomatically adult cattle 

shedding (oo)cysts on the environment, and assuming that they are potential sources of 

C. parvum or Giardia duodenalis,  should be considered. 

Additionally other care should be advice to farmers: Ensuring newborn adequate 

colostrum feeding; isolation of calves with clinical presentation; minimize contact between 

animals; keep young animals separated from adult animals; avoid over –crowding, 

frequent cleaning and disinfection of calf's pens and cattle facilities. 

 Finally, water quality should be a major concern for farmers and for veterinarians 

who work in cattle industry. Dairy farms are obligated by the milk companies to do regular 

microbiological analysis, to water used in the milking parlor. However, testing surface 

water in cattle farms for the presence of Cryptosporidium and Giardia, are too expensive, 

and farmers are not motivated support its cost.  

 

This study, allowed us to a better understanding of these infections in Northern 

Portugal, in the epidemiological and clinical point of view. It has helped us in diagnosis of 

clinical cases of Cryptosporidiosis and Giardiosis in cattle, and addressed us in finding 

solutions to practical cases. Water quality in cattle farms in Northern Portugal, is a matter 

of concern for the transmission of these parasites and of faecal bacteria to cattle and also 

to humans, and further studies should be conducted to estimate the real implication of 

bovine in surface water contamination. 
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CHAPTER 7 

 

Conclusions / Future research 

 

Cryptosporidium and Giardia duodenalis are etiological agents responsible for gastro 

enteric disease in bovines, with a considerable impact in the herd health and in cattle 

industry economics. 

Our study contributed with significant information regarding Cryptosporidium spp. and 

Giardia duodenalis epidemiology in cattle farms in northern Portugal, contributing to a 

better understanding about which species are associated with the occurrence of diarrhea 

in calves, and its zoonotic implication. According to our data, we may conclude that:  

Cryptosporidium and Giardia duodenalis are present in a considerable number of 

Portuguese dairy and beef cattle farms. Cryptosporidiosis assumes a higher magnitude 

than Giardiosis in cattle production affecting mostly calves. Beef calves are more at risk of 

developing Giardiosis than dairy calves. 

Cryptosporidium parvum and Giardia duodenalis Assemblage E are the prevalent specie 

and genotype, infecting calves and involved in the occurrence of diarrhea. Future 

research should include the identification of enteric pathogens involved in ethiopathogeny 

of diarrhea in calves. The evaluation of the economic impact of these parasites in cattle 

industry must be the target for forthcoming investigations. 

The potential zoonotic importance of Cryptosporidium parvum and Giardia duodenalis 

Assemblages A and B, must be taken into account. Advance molecular studies with sub 

typing of the C. parvum isolates and Giardia duodenalis Assemblages in cattle faeces and 

in human stools are needed to confirm the zoonotic risk. 

There is no efficient treatment for Cryptosporidiosis or Giardiosis in Bovines. Effective 

control of these diseases remains a challenge for the veterinarians, and it should be 

based on the implementation of management measures, prophylaxis and hygiene. Future 

research should be conducted in the research on new drugs and vaccines. 

The results of the present study demonstrate the importance of monitoring the occurrence 

of Cryptosporidium spp. and G. duodenalis in domestic ruminants as well as in water 

sources used by farmers (animal drinking water). It is important that health authorities 

rethink the relevance of contamination levels by Cryptosporidium spp. and G. duodenalis 

in surface waters and establish appropriate countermeasures. 
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