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ABSTRACT 

A. G rinberg (2009). Doctoral thesis, Massey U niversity, Palmerston North, New Zealand. 

An i nterpretive overview of the l iterature on intest inal cryptosporidiosis i n  humans and domestic 

mammals (Chapter 1 )  is fol lowed by two studies of the popu latio n  genetic structure of the 

protozoan parasites Cryptosporidium parvum and Cryptosporidium hominis (Chapter 2 ), f ive 

epidemiological studies of cryptosporidiosis in foals, calves and humans in  New Zealand 

(Chapter 3) ,  and an i nvestigation of a serendipitous outbreak of cryptosporidiosis among a class 

of veterinary students, which occurred at the end of 2006 (Chapter 4 ) .  

The analysis o f  the  popu lation genetic structure of C. parvum and C.  hominis i nd icates the 

existence of a s ign if icant genetic segregat ion of geograph ically separated parasite populations, 

consistent with al lopatry. The resu lts do not conform to a simpl istic model that considers al l  C. 

parvum as multi -host anthropozoonotic agents, and provide statistical support to the idea of the 

occurrence of anthroponotic cycles that do not involve cattle. Rather than conform ing to a r igid 

parad igm of either a clonal or a pan m ictic species, data are consistent with the eo-occurrence of 

clonal and recombinatorial diversif ication in  C. hominis, and perhaps C. parvum. 

The resu lts of the epidemiological studies in New Zealand suggest cryptosporidiosis caused by 

C. parvum is relatively common i n  young foals and calves . I n  the ti me and space frames 

underlying these studies, humans, calves, and foals were i nfected with a genetically 

homogeneous C. parvum population .  This feature is in  accordance with previous reports that 

have indicated C. parvum as the dominant species in humans duri ng the peaks of i ncidence of 

cryptosporidiosis in winter and spring ,  and support the view that the peaks are i n  large part 

attributable to di rect and/or ind i rect zoonotic transmission of C. parvum. 

Final ly, the outbreak of cryptosporidiosis among a class of veterinary students h igh l ighted the 

potential hazard for explosive large-scale outbreaks in New Zealand. The results of the 

investigation were consistent with point-source exposure and zoonotic transm ission of a rare C. 

parvum subtype through di rect contact with calves during a practicum .  
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PREFACE 

With the advent of HIV-AIDS and the re-emergence of the importance of i nfectious diseases at 

the end of the 20 1h century, several microorganisms not previously known to cause d isease, 

i ncluding members of the genus Cryptosporidium, were recogn ised as novel aetiolog ical agents 

in humans and an i mals. In the i naugural issue of the journal Emerging Infectious Diseases i n  

1 995, D r .  David Satcher, Di rector of the US Centers for Disease Control and Prevention, 

i ncluded Cryptosporidium i n  a g roup of m icroorgan isms which i n  h is opin ion were the "major 

etio logic agents" identified since 1 973. 

Cryptosporidium i s  a genus of protozoan parasites first described in  animals in  1 907.  Despite 

the early description of these parasites, cryptosporidiosis, that is, the disease caused by 

members of the genus, was i n it ia l ly described in  1 97 1  i n  a heifer and then in 1976 i n  a 3-year 

old g i rl from a farm, both in  the US. The most com mon cl in ical presentation of cryptosporidiosis 

in  developed countries is of self- l i m it ing d iarrhoea! i l l ness. However, in  H I V-positive or otherwise 

immunocompromised patients, cryptosporidiosis may man ifest as a chronic debi l itat ing o r  

fu lm inant disease. Conversely, i n  many deve lopi ng reg ions o f  the  world the infections with 

Cryptosporidium are associated with persistent ch i ldhood diarrhoea, h igh mortality, 

m alnour ishment, and stunted g rowth. 

Cryptosporidiosis is  a notif iable d isease I n  New Zealand. According to a recent Publ ic Health 

Su rveillance Report, the rate of notifications of cryptosporidiosis in the tr imester October

December 2008 was of >2 cases per 1 0 ,000 population, s im i lar to the rate of salmonellosis and 

g iardiasis over the same period (http://www.surv.esr.cr i . nz/PDF _survei llance/, accessed Apri l 

200 9). I n  add it ion to the endem ism of cryptosporidiosis, Cryptosporidium parasites pose a 

s ign ificant hazard due to the resistance of the oocysts to chlorination and the potential to cause 

-massive-water=borne-disease-outbreaks;-stJeh-as-the- epieemie--iA-Mi  lwaltk.ee,--W-isc-e-AsiA-iA-

1 993 , when an estimate of 400,000 people acqui red an infection through the i ngestion of 

contami nated mun icipal water supply. Thus, ensur ing preparedness against outbreaks of 

cryptosporidiosis i s  critical. 

Many Cryptosporidium taxa can infect both humans and an imals, and infections in humans are 

often acquired zoonotical ly, through di rect or i ndirect contact with the faeces of i nfected 

an imals.  Thus, understand ing the biology and epidemiology of cryptosporidiosis in different host 

species is important, to both enhance the health of animals, and also to devise strategies for the 

control of the zoonotic spread of the parasites.  

Th is PhD thesis i ncludes an interpretive overview of the relevant l iterature , and accounts of 

e ight epidem io log ical studies of Cryptosporidium i nfections i n  humans and an imals undertaken 

between 2002 and 2007 by the author. A s imple search in  Medl ine between 1 995-2008 using 

the keyword 'Cryptosporidium' returned 2343 citations. Therefore, the overview of the l i terature 
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reports on ly those articles that in the author's view shaped the th ink ing i n  each particular area; 

h owever, further articles are cited in the sections for the individual  studies. Six of the eight 

studies have been publ ished i n  peer-reviewed journals. To integrate the i ndividual studies i nto 

the whole picture and avoid corrupti ng the publ ished manuscripts, each study is  preceded by an 

I ntroduction .  Some successive studies have been published in d i fferent years. Thus, the 

l iterature cited m ay differ between studies, main ly as a reflection of the progressive 

accumulation of publ ications on the same topics. The published m anuscripts have been s l ightly 

m od if ied. Modif icat ions included the addit ion of cross-references and m aterial and methods that 

- for conciseness - could not be included in the published m anuscripts. In addition ,  the 

bibl iography was re-formatted according  to the requirements of the New Zealand Veterinary 

Journal and the relevant raw data were included i n  Appendices. 
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