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ABSTRACT

A. Grinberg (2009). Doctoral thesis, Massey University, Palmerston North, New Zealand.

An interpretive overview of the literature on intestinal cryptosporidiosis in humans and domestic
mammals (Chapter 1) is followed by two studies of the population genetic structure of the
protozoan parasites Cryptosporidium parvum and Cryptosporidium hominis (Chapter 2), five
epidemiological studies of cryptosporidiosis in foals, calves and humans in New Zealand
(Chapter 3), and an investigation of a serendipitous outbreak of cryptosporidiosis among a class

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

The analysis of the population genetic structure of C. parvum and C. hominis indicates the
existence of a significant genetic segregation of geographically separated parasite populations,
consistent with allopatry. The results do not conform to a simplistic model that considers all 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 conforming to a rigid
paradigm of either a clonal or a panmictic species, data are consistent with the co-occurrence of

clonal and recombinatorial diversification in C. hominis, and perhaps C. parvum.

The results of the epidemiological studies in New Zealand suggest cryptosporidiosis caused by
C. parvum is relatively common in young foals and calves. In the time and space frames
underlying these studies, humans, calves, and foals were infected 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 during the peaks of incidence of
cryptosporidiosis in winter and spring, and support the view that the peaks are in large part

attributable to direct and/or indirect zoonotic transmission of C. parvum.

Finally, the outbreak of cryptosporidiosis among a class of veterinary students highlighted the
potential hazard for explosive large-scale outbreaks in New Zealand. The results of the
investigation were consistent with point-source exposure and zoonotic transmission of a rare C.

parvum subtype through direct contact with calves during a practicum.



PREFACE

With the advent of HIV-AIDS and the re-emergence of the importance of infectious diseases at
the end of the 20" century, several microorganisms not previously known to cause disease,
including members of the genus Cryptosporidium, were recognised as novel aetiological agents
in humans and animals. In the inaugural issue of the journal Emerging Infectious Diseases in
1995, Dr. David Satcher, Director of the US Centers for Disease Control and Prevention,
included Cryptosporidium in a group of microorganisms which in his opinion were the “major

etiologic agents” identified since 1973.

Cryptosporidium is a genus of protozoan parasites first described in animals in 1907. Despite
the early description of these parasites, cryptosporidiosis, that is, the disease caused by
members of the genus, was initially described in 1971 in a heifer and then in 1976 in a 3-year
old girl from a farm, both in the US. The most common clinical presentation of cryptosporidiosis
in developed countries is of self-limiting diarrhoeal iliness. However, in HIV-positive or otherwise
immunocompromised patients, cryptosporidiosis may manifest as a chronic debilitating or
fulminant disease. Conversely, in many developing regions of the world the infections with
Cryptosporidium are associated with persistent childhood diarrhoea, high mortality,

malnourishment, and stunted growth.

Cryptosporidiosis is a notifiable disease In New Zealand. According to a recent Public Health
Surveillance Report, the rate of notifications of cryptosporidiosis in the trimester October-
December 2008 was of >2 cases per 10,000 population, similar to the rate of salmonellosis and
giardiosis over the same period (http://www.surv.esr.cri.nz/PDF surveillance/, accessed April
2009). In addition to the endemism of cryptosporidiosis, Cryptosporidium parasites pose a
significant hazard due to the resistance of the oocysts to chlorination and the potential to cause
massive water-borne disease outbreaks, such as the epidemic in Milwaukee, Wisconsin in
1993, when an estimate of 400,000 people acquired an infection through the ingestion of
contaminated municipal water supply. Thus, ensuring preparedness against outbreaks of

cryptosporidiosis is critical.

Many Cryptosporidium taxa can infect both humans and animals, and infections in humans are
often acquired zoonotically, through direct or indirect contact with the faeces of infected
animals. Thus, understanding 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.

This PhD thesis includes an interpretive overview of the relevant literature, and accounts of
eight epidemiological studies of Cryptosporidium infections in humans and animals undertaken
between 2002 and 2007 by the author. A simple search in Medline between 1995-2008 using

the keyword ‘Cryptosporidium’ returned 2343 citations. Therefore, the overview of the literature



reports only those articles that in the author's view shaped the thinking in each particular area;
however, further articles are cited in the sections for the individual studies. Six of the eight
studies have been published in peer-reviewed journals. To integrate the individual studies into
the whole picture and avoid corrupting the published manuscripts, each study is preceded by an
Introduction. Some successive studies have been published in different years. Thus, the
literature cited may differ between studies, mainly as a reflection of the progressive
accumulation of publications on the same topics. The published manuscripts have been slightly
modified. Modifications included the addition of cross-references and material and methods that
- for conciseness - could not be included in the published manuscripts. In addition, the
bibliography was re-formatted according to the requirements of the New Zealand Veterinary

Journal and the relevant raw data were included in Appendices.
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