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ABSTRACT

Seven species in the phylum Microspora infect humans; four predominantly those

patients with the human immunodeficiency virus (HIV). The number of documented

infections in immunocompetent persons grows annually. Microsporidia are obligate,

intracellular parasites that produce environmentally resistant spores. These spores are

shed in feces and urine, making waterborne transmission possible. This work reports

occurrence data for human infectious microsporidia species in environmental waters.

Polypropylene-fiber cartridge filters (1DPPPY) of a nominal porosity of 1 micron (um)

along with a modified Information Collection Rule protocol were used in the collection,

elution, sample concentration, flotation, and analysis of surface water, groundwater, and

wastewater samples. Fluorescently labeled, Encephalitozoon species-specific polyclonal

antibodies were used to detect presumptive spores present in 46 samples. Overall, 12

samples were positive: 4 groundwater, 2 surface water, and 6 wastewater.
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CHAPTER 1

INTRODUCTION

Gastrointestinal illness has plagued humankind for thousands of years. It has

been concluded that the etiological agents responsible for such gastrointestinal illness are

bacterial, viral, chemical, and protozoan in nature. Unfortunately, in as many as fifty-

percent of such cases, the causative agent goes undetermined (Herwaldt et al., 1992).

With the advent of improved and more effective diagnostic techniques, the future

assessment of these cases appears imminent. One possible agent may be a little studied

protozoan known as microsporidia.

Microsporidia are small, obligate intracellular parasites which infect many

invertebrates and all forms of vertebrates. Of the 100 genera known, there are five that

have been associated with patients suffering from the human immunodeficiency virus

(HIV). It is known that microsporidia form environmentally resistant spores which have

been found in the urine and feces of infected individuals. Microsporidia spores have

been identified in surface water samples, though human-infecting species have yet to be

isolated in environmental waters (Avery et al., 1987). There have been fifteen cases

where healthy individuals were found to be infected with microsporidia, and only six

were associated with diarrhea (Weber et al., 1994a; Weber et al., 1997; Bryan et al.,

1997; Kelkar et al., 1997; Cali et al., 1991). However, no work has been published as to

the occurrence of human infectious microsporidial species in environmental waters. One

study in Europe found that 5% of the pregnant French women and 8% of 300 Dutch

blood donors were sero-positive for microsporidia (Van Gool et al., 1997). Given this
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study, it is possible that a fraction of the undetermined cases of gastrointestinal illness

may be caused by microsporidia.

There are several factors which make an argument like this plausible. First,

immunosensitive groups such as transplant patients, malnourished individuals, and

children may serve as temporary hosts for self-limiting microsporidial infections. In the

case of those persons found to be sero-positive, whether or not they experienced any

clinical pathology, remains undetermined. Secondly, many non-developed nations fail to

provide treated drinking water to at least some of their citizens. It is conceivable that the

environmentally resistant spores produced by microsporidia are transmitted via the fecal-

oral route in such a case (Weber et al., 1994a). Thirdly, current diagnostic techniques

used for identification and confirmation of microsporidial spores in both environmental

and clinical samples require extensive technical training and equipment that is not

available in most parts of the world. The cost, training, efficiency, and availability of

such technology has severely limited scientists in their attempt to elucidate

microsporidially caused gastroenteritis. Furthermore, these techniques are, at best, pieces

of evidence that must be taken as a whole before certain determination of microsporidial

infection can be reported. Since little research has been published as to the prevalence of

asymptomatic infection in healthy individuals, the continuous or even periodic shedding

of spores into water sources remains a possibility.

To date, there have been over four hundred documented cases of microspotidial

infections, the majority of which are associated with AIDS patients (Weber et al., 1994a).

Epidemiologists have failed to elucidate the route of transmission in these cases, though
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the fecal/oral one seems the most probable.

The purpose of this study was to assess the presence/absence of microsporidial

spores in various water sources using an immunofluorescent antibody staining procedure.

Environmental samples obtained from various water sources in Southern California:

groundwater from monitoring and production wells and surface waters from various

locations along the Santa Ana River in Orange County, CA, were analyzed.

Methodology for collection of parasites onto fiber filters and their subsequent processing

and analysis were followed according to the Information Collection Rule guidelines

published by the Environmental Protection Agency in 1995. Ultraviolet light (UV)

microscopic examination of fluorescently labeled spores was performed.
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CHAPTER 2

LITERATURE REVIEW

Microsporidia Taxonomy and Background 

At present there are over 100 genera and 1000 species of microsporidia identified

in the phylum Microspora. These infect most invertebrates and all classes of vertebrates.

Since 1857, microsporidia have been recognized as disease causing agents in

commercially important insects, fish, laboratory rodents, rabbits, fur bearing animals and

primates. However, there has been some use of microsporidia as biological control

agents for grasshoppers and locust due to their tight host specificity (Weber et al., 1994a).

To date, there has been only one reported evaluation of ditch water for the presence of

microsporidia (Avery et al., 1987). Due to the nature of the study, species determination

was not conclusive and therefore the presence of human-infecting microsporidia species

in the environment remains unknown. Waterborne association is suspected, but remains

unproven.

Not until the advent of the AIDS pandemic did microsporidia become a

documented opportunistic pathogen in humans. In the latter part of the twentieth-century,

diagnostic techniques have revealed that several species are consistently, if not

exclusively, infectious to humans. The majority of these species have thus far been found

to exclusively infect persons with advanced human immunodeficiency virus (HIV)

infections known as AIDS. Of the two species that have been associated with

gastrointestinal illness, only Enterocytozoon bieneusi has been found to infect both
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immunocompetent and immunocompromised hosts. Recent serological research has

shown that this organism is capable of infecting HIV-negative persons, though

correlation with diarrhea was not addressed (Van Gool et al., 1997). Also, a report by

Bretagne et al. (1993) identified E. bieneusi spores in stool specimens obtained from

African children who were assumed to be HIV-negative (Weber et al., 1997).

To date there are over 400 cases of HIV-associated microsporidosis, arising from

7 genera: Enterocytozoon sp., Encephalitozoon spp., Pleistophora sp., Vittaforma sp., and

Trachipleistophora, Nosema spp., and Microsporidium sp. (Garcia et al., 1993).

Currently, two species have been predominantly found in conjunction with

gastroenteritis: Enterocytozoon bieneusi and Encephalitozoon intestinalis. Three new

microsporidia have been identified since the beginning of the AIDS pandemic:

Encephalitozoon he/lem (1991), Enterocytozoon bieneusi (1985), and Encephalitozoon

(Septata) intestinalis (1993). In all, there have been only fifteen cases of

microsporidiosis in healthy individuals, with only six of these cases associated with

gastroenteritis (Weber et al., 1997; Kelkar et al., 1997; Sax et al., 1995; Wanke et al.,

1996; Rabodonirina et al., 1996; Sobottka et al.,1995; Flepp et al.,1995; Bryan, 1995;

Bryan et al., 1991; Bryan et al., 1997; Bryan et al., 1993; Canning and Hollister, 1992;

Cali et al., 1991).

Enterocytozoon bieneusi was discovered in 1985 by researchers at the University

Paris et Maria Curie under the direction of Dr. I. Deportes. Initially isolated from

infected enterocytes of a Haitian patient with AIDS, E. bieneusi has become the most

widely identified microsporidia pathogen causing diarrhea in AIDS patients. The
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organism was classified in the order Microsporidia based upon the presence of an

anchoring disc, polar tubule, and polaroplast. Its name is derived from its location in the

host and in memory of the patient from which it was first isolated (Deportes et al., 1985).

Encephalitozoon (Septata) intestinalis was described and classified in 1993 by Dr.

Ann Cali and colleagues from a small intestinal biopsy of an AIDS patient. The name

comes from the organism's unique development within a honeycombed/septated

parasitophourous vacuole (Orenstien et al., 1992b; Cali et al., 1993; Cali et al., 1991).

Initially classified in the family Encephalitozoonidae in its own genus Septata, recent

molecular sequence data have been used to justify reclassification of this organism in the

genus Encephalitozoon, though debate rages over the taxonomic weightiness of this data.

The currently accepted name for this organism is Encephalitozoon intestinalis, although

some may still refer to the organism as Septata intestinalis.

Encephalitozoon hellem was first discovered by Didier et al (1991). Conjunctival

scraping from three patients with AIDS were cultured in Madin-Darby canine kidney

cells, resulting in proliferation of microsporidium-like spores. Having characteristic

polar tubules, spore coats, and developmental characteristics, these isolates were

classified in the genus Encephalitozoon. However, immunologic differences revealed

that they were distinct from E.cuniculi, therefore given the name Encephalitozoon hellem.

Since that time many cases of ocular infections due to this organism have been

documented.

Microsporidia taxonomy has evolved along with technology. New methodologies

shift the weightiness of those features used as the basis of forming taxonomic
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relationships. For example, the primacy of sporogony cycles has endured since the

beginning of microsporidian taxonomy, while diplokaryon sexuality gave way to

observation of synaptonemal complexes in non-diplokaryotic microsporidia (Cali et al.,

1993). The application of electron microscopy resulted in taxonomic classification being

based upon spore ultrastructure: the number of coils of the tubular extrusion apparatus of

the spores, host-parasite interface: site of infection, the configuration of the nuclei in

species and the developmental stages, and the size and morphology of the different

developmental stages themselves. Recently, molecular small subunit ribosomal DNA

(rDNA) sequence data have been used in the classification of organisms. As a result,

division has arisen over the reclassification of Encephalitozoon intestinalis, formerly

Septata intestinalis.

E. cuniculi was first discovered to infect humans in 1923 by Levaditi, Nicolau and

Schoen and has become the type species for the genus Encephalitozoon. Specifically, the

characteristics for the genus Encephalitozoon include: nuclei isolated throughout

development, all stages in membrane bound vacuoles of host origin monomorphic,

merogony usually by binary fission, sporogony is disporoblastic, and spores are

uninucleate 2-4 x 1-1.5 ilm with 5-7 coils of the polar tubule arranged in a single row

(Cali, 1970; Canning, 1982). The genus formed for Septata intestinalis has the following

characteristics: nuclei isolated throughout development, continuous secretion of material

forming a network of electron-dense fibrillar material surrounding and isolating the

various stages(septa), a host membrane forms a vacuole surrounding the parasite cluster,

merogony includes uninucleate to tetranucleate elongated cells sporogony is tetrasporous,
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type I tubular appendages formed during sporogony, and spores are uninucleate, 2.0 x 1.2

urn with 4-7, usually 5, polar tubule coils arranged in a single row (Cali et al., 1996).

Using rDNA sequence data, several researchers in the field of entomology

systematics have called for the reclassification of the organism Septata intestinalis to

Encephalitozoon intestinalis (Baker et al., 1995; Harskeerl et al., 1995). At present this

scheme is the accepted delineation, though a recent article by Dr. Ann Cali argues that

the molecular data used neglect other important features and in itself lacks the necessary

weight to warrant such a reclassification (Cali et al., 1996). She argues that the

morphological differences between Septata and both E. cuniculi and E. hellem cannot be

negated in favor of the molecular criteria. Both must be satisfied before the change can

be justified and, given the current discrepancies between and amongst the molecular data

used, major revision and further research is necessary before any such assumptions can

be made.

As Cali describes, Baker reported that E. cuniculi is closer to Septata intestinalis

[59 distance units (DU)] than E. cuniculi is to E. hellem (66 DU), and that Septata

intestinalis' s closer relationship to E. hellem (43 DU) warrants Septata intestinalis being

transferred to the genus Encephalitozoon. Harskeerl also reported that rDNA sequence

data shows that E. cuniculi is closer to Septata intestinalis than E. hellem, though the

distance from Septata intestinalis to E. cuniculi is the same as Septata intestinalis to

E.hellem. Furthermore, Harskeerl reported immunological and morphological evidence

that Septata intestinalis should be in the genus Encephalitozoon, assuming that E.

cuniculi is disporous not tetrasporous as Baker concluded. A discrepancy exists wherein
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the tetrasporous nature of Septata intestinalis, along with its secretions from fibrillar

septa, are strong evidence that the current reclassification is inadequate for a true

understanding of the organism. Therefore, Cali argues that unless E. cuniculi is found to

be tetrasporous, the genus Encephalitozoon can not be modified to include this

characteristic since E.cuniculi is the "type species" used as a standard for genus

Encephalitozoon species classification. Thus, Septata intestinalis is excluded from this

genus. Furthermore, Cali found that E. hellem grew both within a parasitophorous

vacuole and in direct contact with the host cell cytoplasm. This is contrary to any

observed growth of E. cuniculi, it reproduces only in a parasitophorous vacuole of host

origin, further lessening the molecular data's significance.

Recent work published by Edlind et al. (1996), based upon phylogenetic analysis

of a and 13 tubulin sequences from E, he/lem, E. intestinalis, and Nosema locustae

isolates, suggests that microsporidia may derive from fungi - especially Enterocytozoon

bieneusi. Fedorko et al. (1996) reports that SSU-RNA gene sequences were used to show

that Nosema comeum was more closely linked to Endoreticulans schubergi than to other

Nosema species. Incorporation of molecular data has led to periodic shifting of species

within the order Microspora, and approximately one new genera being discovered every

month.

Currently, size and morphology are the predominant characteristics that are used

for evaluating microsporidia spores in environmental water samples. Species-specific

antibodies have been developed, allowing for spore identification, though bacteria,

yeasts, and other microsporidia species cross-react with the antibodies, resulting in
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experimental error. However, the majority of species that infect insects and other

organisms are larger in size than human-infectious ones, preventing false positive results.

Unfortunately, Vittaforma spp. and some members of the genus Endoreticulans can be of

the same size as Encephalitozoon species. Therefore, further confirmation of

Immunofluorescent Antibody (IFA) positive results is necessary before conclusions can

be drawn as to the presence of human infectious microsporidia in water samples. With

greater application of molecular techniques such as the polymerase chain reaction (PCR)

and gene probe technology, more definitive identification of presumptively positive

environmental samples appears within reach.

One plausible paradigm for environmental water analysis is concentration and

elution of spores from fiber filters, aliquoting of concentrated samples for both cell

culture viability determination and sample screening using IFA, PCR, and gene probes.

Viable microsporidia grown in cell culture would be confirmed by Transmission Electron

Microscopy, the "gold standard" for microsporidia spore identification (Orenstein J. M.,

1991). However, electron microscopic determination is problematic since the spores of

several species may contain the same number of coils. Only the sum of various tests can

be used to justify microsporidium detection.

Biological Properties

Microsporidia are considered true eukaryotes due to their ability to multiply by

binary fission and having a membrane-bound nucleus within which nuclear division takes
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place. They also lack mitochondria and Golgi membranes, though they contain

ribosomes analogous to those of prokaryotes (Weber et al, 1994a). Being obligate

intracellular parasites, they undergo a proliferative merogonial stage followed by a

sporogonial stage where infectious spores are produced. The spore stage is the one most

used for diagnostic purposes since it can be manipulated for identification. Spores

consist of two walls, an inner chitinous endospore and a thick, electron-dense

proteinaceous exospore. Within the spore are a coiled polar tubule attached to an

anchoring disk, a uni- or binucleate infective sporoplasm, a complex lamellar polaroplast

surrounding the tubule, some rough endoplasmic reticulum, and free ribosomes.

Microsporidia are not considered to have metabolically active stages outside the host cell

(Weber et al., 1994a).

Meronts are simple cells with a unit-type, gelatinous-like plasmodial surrounding

membrane. They may multiply by binary or multiple fission wherein karyokinesis

(nuclear division) may occur repeatedly before cytolcinesis (cell division). In the case of

E. bieneusi, this results in multinucleate plasmodial forms, while in E. intestinalis ribbon-

like multinucleate cells are produced. The transition from merogony to sporogony leads

to formation of dense-amorphous sporonts which, with development of cytoplasmic

organelles and continuously thickening spore walls, become mature environmentally

resistant spores.



Table 1. Comparison of Human Infectious Microsporidia Species

Polar tubule
Species	Spore size (um)	 # turns/#	 rows

Enterocytozoon bieneusi	 1-1.6 x 0.5-1	 5-7 / 2

Encephalitozoon hellem	 2-2.5 x 1-1.5	 5-7 / 1

Encephalitozoon cuniculi 	 2-2.5 x 1-1.5	 5-7 / 1

Encephalitozoon intestinalis 	 2-3.0 x 1-2.5	 4-7 / 1

Vittaforma corneae	 2 x 3	 NA

Endoreticulans spp.	 1.0 -1.5 x 0.5 -1.0	 NA

20



21

Life Cycle Development

Infection and Obligate Intracellular Development

Environmentally resistant microsporidia spores get into the human body by

ingestion, inhalation, or through contact with the eyes. The spores contain a sporoplasm

and a coiled inoculation apparatus known as a polar filament or tubule. This tubule is of

diagnostic significance since it has only been found in microsporidia species. Once

ingested, the spore comes in contact with susceptible host cell, where an osmotic shift

within the spore causes its polar tubule to explosively extruded and penetrate the nearby

cell (Bulla and Cheng, 1976). The infectious sporoplasm then travels along the extruded

tubule and enters the host cell where it initiates rapid multiplication by merogony

(Girdwood, 1989).

The microsporidian life has three distinct phases. The infective phase begins after

release of mature spores into the environment. Transmission of the organism to a

susceptible host environment leads to polar tubule extrusion and host cell inoculation

with the spore's infective sporoplasm. The vegetative phase, also known as Merogony

(binary fission) or Schizogeny (multiple fission), is where the injected sporoplasm rapidly

brings about the development of meronts/schizonts that pass into the third phase as their

plasmodial walls begin to thicken. The last phase, Sporogony, is characterized by

repeatedly dividing sporonts that mature into sporoblasts, and sporoblasts into

environmentally resistant spores that eventually sporulate from the host cell. Once

released, spores can reinfect the original host cell, adjacent cells, or be excreted into the
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environment via stool, urine, or respiratory secretions (Marshall et al., 1997). Multiple

infection can occur since merogonal and sporogonal developmental stages have been

found to occur within the same host cell (Weber et al., 1994a).

Phagocytosis may be a mode of infection, but studies have shown that only those

spores that extrude their polar tubules upon entry into the cell are able to cause an active

infection. Therefore, extrusion is considered the only mode of infection.

Species Specific Morphological Features: Human Infectious Species

Enterocytozoon bieneusi

This species produces the smallest spores of all the human species and is the most

commonly identified microsporidia in humans with AIDS. All developmental stages

form in direct contact with the host-cell cytoplasm. No sporophorous vesicles nor

pansporoblastic membranes have been documented during development. E. bieneusi

produces elongated nuclei early in development. Proliferative and sporogonial stages are

rounded, multinucleated plasmodia measuring up to 6 p,m, electron dense discs form and

are believed to be precursors to the polar tubule and anchoring disc, which are seen in

mature spores. Sporogonial plasmodia divide into 8 sporoblasts, conceivably producing

8 mature spores by multiple fission (Orenstein et al., 1992b). E. bieneusi differs from

other microsporidia in that its polar filament precursors are found early in the undivided

sporont (Girdwood, 1989). Also, polar tubules derive from clear, cleft-like structures



unique to this species: cleft structures presumably form from electron dense disks.

Encephalitozoon intestinalis

Its life cycle is similar to the other Encephalitozoon spp: he//em and cuniculi .

Meronts of both Septata and Encephalitozoon proliferate by cellular elongation and

develop in parasitophorous vacuoles of suspected host origin. For E. intestinalis, this

vacuole is of unique honeycomb appearance due to cytoplasmic invaginatons between

nuclei. The proliferative cells of E. intestinalis are uni-, bi-, or tetranucleated.

Sporogony, located in parasitophorous vacuoles, form sporonts by repeated binary

fission. Sporogony is tetrasporous (Orenstein et al., 1992b). Diagnostic ultrastructure

features are: first, the formation of a parasite-secreted fibrillar matrix surrounding the

developing organism, giving the parasitophorous vacuole a separated or honeycombed

appearance, and second, tubular appendages up to 1.2 um long and 50 urn in diameter

that originate to form the sporont surface and end in a bulbar structure. Unlike E.

bieneusi, E. intestinalis lacks large plasmodial stages containing polar disks and clear

clefts (Orenstein et al., 1992b).

Encephalitozoon he//em and E. cuniculi

Both species develop in a parasitophorous vacuole bound by a membrane,

presumably of host-cell origin, though E hellem has recently been viewed growing in

23
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direct contact with the host cell cytoplasm (Cali et al., 1996). Nuclei at all stages of

development for both E. cuniculi and E. hellem are unpaired. Meronts divide by binary

fission, are round ovoid structures measuring 2-6 by 1-3 microns (urn), and lying in close

proximity to the vacuolar membrane. Sporonts lie free in the center of the vacuole and

divide into two sporoblasts that mature into spores. It has been reported that E. cuniculi

was tetrasporous and E. hellem was disporous; however, recent reports in the literature

support the opposite being true (Cali et al., 1996). Also, the fact that E. hellem has been

found to be tetrasporous further distinguishes it from E. cuniculi.

Epidemiology, Pathology, and Transmission

Microsporidiosis most commonly occurs in severely immunodeficient patients

with CD4 counts of < 100/mm3 . At the current time it is impossible to conclude whether

or not microsporidiosis is reactivation of a latent infection contracted some time before

the onset of immmunosuppression, or whether it reflects a new or recently acquired

infection (Weber et al., 1994a). The mode of transmission is unknown, though fecal-oral,

urine-oral, inhalation of aerosolized sputum, and inoculation with contaminated gloves or

fingers to the eyes, nose, and mouth are all possibilities. Ingestion, sexual transmission,

inhalation, and abrasion are likely modes of transmission as Encephalitozoon spores have

been found in urine, feces, respiratory secretions, and conjunctival fluid. Animal models

have shown that the parasite can be acquired in utero by transplacental transmission

(Canning and Lom, 1986). Potential environmental and animal reservoirs have yet to be
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evaluated, therefore zoonotic transmission is a possibility, though recent reports have

shown that Encephalitizoon species isolated from humans are distinct from those of

animal origin (Weber et al., 1994b; Hollister et al., 1995). There has been speculation

that microsporidia may be natural parasites in humans, transiently infecting the

immunocompetent and normally remaining below the threshold of detection, while

causing opportunistic disease in the immunocompromised (Weber et al., 1994b; Canning

and Hollister, 1992). One study revealed that 5 of 17 cases of confirmed

microsporidiosis were in persons having no diarrhea (Bouchaud et al., 1993). This

suggests the possibility of asymptomatic carriage (Weber et al., 1994a). More recent

serological analysis supports this hypothesis (Van Gool et al., 1997). Unfortunately,

serological crossreactivity to various microsporidia antigens renders such data

problematic. Furthermore, the etiological agent in 1/3 of all cases of cholangitis in AIDS

patients goes undetermined. It is believed that some of these cases may be caused by the

microsporidian Enterocytozoon bieneusi (Pol et al., 1993).

The pathogenicity of microsporidia is not fully understood, though Weber et al.

(1994a) surmised in the following observation: four categories of host-parasite interaction

have been described for mammalian and human encephalitozoonosis: (i) latent

asymptomatic or chronic mildly symptomatic infection; (ii) acute, potentially fatal

disease, (iii) proliferation of the parasite in the absence of competent host defenses and

(iv) symptomatic human disease in the immunocompetent host.

Infection by Enterocytozoon bieneusi has thus far been limited to intestinal and

biliary epithelium, nonparenchymal liver cells, pancreatic duct epithelia, and tracheal,
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bronchial and nasal epithelium. No systemic disseminated infection has been observed,

however in one patient it was found in the lungs (Weber et al., 1994a). E. bieneusi most

commonly infects the superficial lining epithelial cells of the small intestines,

predominantly in the supranuclear portion of the cytoplasm, but has been found in large

intestinal enterocytes (Orenstein et al., 1992b). It is associated with chronic diarrhea and

can result in wasting syndrome (Schwartz et al.,1996). Autopsies revealed that it can

ascend the hepatobiliary tree to infect the biliary and pancreatic duct epithelial cells

(Weber et al., 1994a). Infection with both Enterocytozoon bieneusi and Encephalitozoon

intestinalis doesn't cause endoscopic or tissue abnormalities, thus diagnosis via

endoscopy has proven ineffective (Schwartz et al., 1996).

Since its discovery, Encephalitozoon intestinalis has become the second most

prevalent microsporidia species found in AIDS patients. Localized throughout the small

intestine, developing stages and spores are found in the cytoplasm of enterocytes,

fibroblasts, macrophages (the suspected agents facilitating disseminated infection), and

endothelial cells of the lamina propria. Clinical manifestations of Encephalitozoon

intestinalis infection are similar to E. bieneusi: severe chronic diarrhea that usually

progresses into malabsorption and wasting syndrome. However, E. intestinalis causes

disseminated systemic infections into the bronchi, renal tubules, and nasal epithelium,

and has been found in all major organs save those within the central nervous system. The

remaining Encephalitozoon species, cunicuh and hellem, have been observed in ocular,

respiratory, and urinary tissues, while no intestinal infectivity appears to exist. Like

Encephalitozoon intestinahs, E. hellent has only been found in AIDS patients.
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Vittaforma corneae spores have yet to be located in the spleen or the central nervous

system, but infected every other major system in the body. Pleistophora spp. and

Trachipleistophora spp. were found only once in a human AIDS patient, both in muscle

tissue.

Diagnosis

Transmission electron microscopy has been the "gold standard" method for

diagnosing microsporidia (Orenstien J. M., 1991). The basis for definitive diagnosis is

the observation of the coiled polar tubule, a structure found only in microsporidia (Didier

et al, 1996). Current diagnostic procedures call for screening clinical specimens with

histochemical agents, chitin-staining fluorochromes, modified trichrome stains, and

species-specific fluorescent antibodies. Immunodiagnostic techniques are insensitive and

poor correlation now exists between antibody detection and agent speciation since

bacteria, small yeasts, and various microsporidia species crossreact with the antibodies

(Weber et al., 1994a). Due to limitations of light microscopy assessment of

microsporidia spores, there has been a growing trend of focusing on the development of

molecular based procedures such as PCR. The primary target with PCR is rRNA genes

found by Vossbrink et al., (1986, 1987, 1993) which are specific for microsporidia.

Currently, panspecific primers exist which amplify small subunit rDNA sequences

specific for all microsporidia that infect humans and also species-specific primers for the

genuses Enterocytozoon and Encephalitozoon (Didier et al., 1996). Corroboration of
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PCR results include techniques such as Southern analysis, DNA sequencing, RFLP, and

Heteroduplex analysis. Due to the sensitivity, reliability, and specificity of PCR-based

diagnostic methods, these may be used in confirmation of existing staining procedures in

determination of microsporidiosis. For the environmental field, such techniques may

replace existing staining procedures once they are optimized.

Treatment

Most treatment trials have focused on the treatment of intestinal and biliary

microsporidiosis. Medications that have proven unsuccessful in diarrheal treatment

include azithromycin, quinacrine, paramomycin (Bryan, 1995), itraconazole (Albrecht

and Stellbrink, 1995), thalidomide (Sharpstone et al., 1995), and metronidazole (Albrecht

and Stellbrink, 1995). Several medications have proven useful at alleviating diarrhea

and, in some cases, cessation of spore shedding. These are furazolidone (Dionisio et al.,

1995) and albendazole (Didier et al., 1996; Blanchard et al., 1992; Van Gool et al., 1993;

Weber et al., 1994c; Dieterich et al., 1994; Orenstein et al., 1992a; Dore et al., 1995;

Sandfort et al., 1993; Molina et al., 1997).

Albendazole, a benzimidazole, has been found to be less effective against

Enterocytozoon bieneusi infections than Encephalitozoon intestinalis (Didier et al., 1996;

Blanchard et al., 1992; Van Gool et al., 1993; Weber et al., 1994c; Dieterich et al., 1994;

Dore et al., 1995), producing significant but transient effects in treating E. intestinalis

infections (Molina et al., 1997). Albendazole doesn't appear to eliminate infection with
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E. bieneusi but in many cases it alleviates diarrhea (Curry and Canning, 1993). Being an

anthelmintic drug, one that is an inhibitor of tubulan polymerization (Lacey, 1992),

albendazole prevents the polymerization of microtubules that occur only within the

intranuclear spindles of microsporidia (Curry et al., 1993). Therefore, it prevents parasite

division. In vitro sensitivity tests to albendazole performed in green monkey kidney

cells, Vero E6, have revealed the tissue culture infectious dose (TCID-50) to be 0.004

ug/ml and 0.001 ug/ml for E. cuniculi and E. hellem, respectively (Dieterich et al., 1994).

Furthermore, the presence of albendazole proved effective in reducing Vittaforma

corneae infectivity (Silveira et al., 1995).

An influx of calcium ions have been shown to coincide with polar tubule

extrusion (He et al., 1996). Therefore, calcium channel blockers may be effective at

preventing infection, though no work to date has evaluated this hypothesis (Leitch et al.,

1993). Leitch et al. (1993) tested different chemical agents for their ability to inhibit

microsporidian polar tubule extrusion. They found that Cytochalasin D - a microfilament

disrupter, demecoline - a microtubule disrupter, nifedipine - a calcium channel blocker,

and itraconazole - an antifungal agent, all prevented extrusion. A study performed by

Albrecht and Stellbrink (1995) showed that high doses of itraconazole was ineffective in

both preventing infection with, and ameliorating diarrhea caused by Enterocytozoon

bieneusi.

Ocular microsporidiosis in both AIDS and non-HIV persons has resulted from

infection with Encephalitozoon cuniculi, Encephalitozoon hellem, and Encephalitozoon

intestinalis. Keratitis caused by Encephalitozoon cuniculi and Encephalitozoon hellem
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has been successfully treated in vitro against E. cuniculi and against E. hellem using

topical Fumagillin (Diesenhouse et al., 1993; Rosenberger et al., 1993). Also,

propamidine isethionate appears to be somewhat effective (Bryan, 1995). A multi-drug

treatment of Encephalitozoon hellem infection in a patient with AIDS using albendazole

and fumagillin resulted in elimination of infection with no apparent recurrence (Didier et

al., 1996).

Disinfection

Microsporidia spores shed into water sources are likely to survive for long periods

of time (Waller, 1979). Due to their small size and their environmentally resistant spore

walls, it is very likely that these organisms could demonstrate a resistance to disinfection

similar to Ctyptosporidium . One reported study involving E. hellem sensitivity to

chlorine showed that spores, exposed to 2 ppm free chlorine for 10 min, were inactivated

based upon their subsequent inability to grow in an in vitro RK-13 cell line viability test

(Naumovitz et al., 1997). E. cuniculi, on the other hand, is not affected by penicillin,

streptomycin, or gentamicin. Spores also survived 60 but not 120 min at 56° C.

Autoclaving at 120 ° C for 10 min, along with exposure to 2% (v/v) Lysol, 10% (v/v)

formalin, and 70% (v/v) ethyl alcohol for 10 min all proved effective at inactivating

spores (Curry and Canning, 1993). The classic Encephalitozoon sensitivity study was

performed by Waller et al. (1979) and showed that a disinfection time of 30 min using

common disinfectants such as 70% Ethanol, 1% Hydrogen Peroxide, Formaldehyde, 1%

Gevisol, and Chloramine, was sufficient for killing spores. Dry spores survived for up to
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4 weeks at room temperature (22 °C) in low humidity (0-2%), but heating above 56°C for

five minutes or more inactivates spores. Spores stored at 37°C in water were inactivated

after 2 days, while those at 4°C remained infectious after 96 days. Storage at -20 °C killed

the spores after only one day. Work still needs to be done to determine spore viability in

various water types, along with disinfection using a broad range of chlorine-based

compounds and concentrations, thus optimizing water treatment disinfection protocols as

they may pertain to microsporidia spores.

Environmental Implications

Research focusing on detection, identification, sources, occurrence, and survival

of microsporidia in water will provide the water industry with a full characterization of

the risks posed by human-infectious microsporidia species in water with regards to public

health. Complete risk characterization requires that risk be defined by examining the

occurrence, survival, environmental reservoirs, and resistance of microsporidia spores to

disinfection and the water treatment process. Other important parameters are the types

and concentrations of microsporidia in watersheds impacted by both human and animal

waste disposal, their inactivation by natural processes, as well as their post-treatment

levels in drinking water. Care must be taken in assessing the viability of identified

organisms, since the lack of scientific evidence warrants viability in traditional cell

culture as the only definite means of determining potential human infectivity. However,

in vitro viability assays are different from vital dye and PCR testing methods, and
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corollary relationships between positives remains unestablished (Finch et al., 1993).

Furthermore, no correlation has been proven between spores, particle count, and turbidity

removal in current treatment processes. Due to the spore's small size and thick spore

coats, the possibility exists that microsporidia may be harder to disinfect than

Cryptosporidium. Since this organism possesses the unknown potential as an etiological

agent causing gastroenteritis and death in the immunocompromised, and its pathogenicity

in the immunosupressed is undisputed, it is imperative that the water industry safeguard

itself and its constituents by addressing the unresolved risk associated with this emerging

pathogen. This risk is exacerbated due to the organism's small size, making it more

difficult to remove by filtration. Much of what we know about microsporidia comes

from clinical sources. Unfortunately, many diagnostic techniques used therein fail to

apply directly to samples of environmental origin due to the presence of inhibitory

substances, morphologically analogous organisms, low numbers, and the distribution of

microsporidia in large volume water sources. Such has left workers in the field of water

treatment ill equipped to implement appropriate and effective sourcewater analysis and

treatment. The water industry must proactively develop strategies for cost effective

control of likely emerging pathogens.
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CHAPTER 3

OBJECT WE

The objective of this project was to identify Encephalitozoon species of

microsporidia in environmental waters: surface water, groundwater, and wastewater.

This was attempted using immunofluorescent antibody staining methodology, employing

Encephalitozoon species-specific polyclonal antibodies, and following the ICR Microbial

Laboratory Manual protocol for protozoan detection in water samples. The approach of

this study was to sample environmental water sources for the presence of spores from

human infectious microsporidia species. An immunofluorescent antibody staining

method was employed in screening samples for the presence of these spores.
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CHAPTER 4

MATERIALS AND METHODS

Organisms and Chemicals

Purified human and insect species of microsporidia and the cell culture

mammalian cell lines RK-13 and Vero E6 used in this study were obtained from the

American Type Culture Collection (ATCC). Antibodies were provided by Waterborne,

Inc. (New Orleans, LA.). Cross-reactivity was performed with bacterial and

microsporidia species obtained from ATCC, Parasitology Research Laboratories

(Phoenix, AZ), and the Czech Republic. Oocysts and cysts used in crossreactivity testing

came from the Hydrofluor Combo Giardia and Cryptosporidium immunofluorescent

detection procedure kit purchased from Ensys Inc., Research Triangle Park, NC.

Oyptosporidium parvum oocysts used in efficiency testing were obtained from Pleasant

Hill Farm, Troy, ID. The following chemicals and reagents were used in this project:

Tween 80, Bovine Albumin, Sodium Dodecyl Sulfate, Antifoam A, and Percoll (obtained

from Sigma Chemical Co., St. Louis, MO); support membranes (Whatman International

Ltd., England), cellulose-acetate membranes (Sartorius, Germany), and sucrose

(Mallinckrodt Baker Inc., Paris, KY).
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Stock Spore Maintenance

Spores of the species Vittaforrna corneae (formerly Nosema corneum),

Encephalitozoon hellem, Encephalitozoon cuniculi, and Encephalitozoon intestinalis

were obtained from American Type Culture Collection (ATCC). These pure samples

were inoculated onto confluent RK-13 cells in 25-cm2 tissue culture flasks containing 5%

Eagles Minimal Essential Medium (MEM) containing the antibiotics gentamicin,

kanamycin, and penicillin. Inoculated cultures were grown over a five-week period and

media was changed weekly. Supernatant was drawn off and collected into 50-ml sterile

conical tubes (Sarstedt, Inc., Newton, NC) and centrifuged at 2800 rpm (1050 g) for 10

min, using a Beckman GS-6 centrifuge. The resulting pellet was resuspended and re-

inoculated into the appropriate flasks for the first three weeks. At weeks 5 and 6, the

supernatant was pelleted as before and washed once in 25-ml of sterile HPLC grade

water, prior to being aliquoted into sterile 15-ml conical tubes (Sarstedt, Inc., Newton,

NC) containing fresh media for storage. After the sixth week the culture flasks were

discarded.

Determination of Stock Spore Concentration

Hemacytometer counts were performed on the pooled spore stocks. Ten

microliters (u1) of each stock were placed onto a Spotlite hemacytometer (American

Scientific Products, McGaw Park, IL) and spores were counted under phase contrast

microscopy per manufacturer's directions.
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Sample Collection 

Sampling of surface and ground waters was performed per the EPA Information

Collection Rule. Surface water samples were collected using a Homelite AP-125

portable water pump connected by a two-way valve (ACE Hardware) to a hose with

Snapi-tite quick connects (Melnor, Mooachie, NJ). The hose was connected to a plastic

filter holder (Ametek, Plymouth, MI) that in turn was connected to a flow meter (1/2 x

1/2 in.) (Kent, Ocala, FL). The two-way valve was used to slow water flow to one gallon

per min and the end of a six-foot intake hose, with a screen, was submerged in the water

source. Groundwater samples were collected using the same apparatus minus the water

pump. Pressure for sampling was provided by each well's built-in pumping system at the

wells. For surface water and groundwater samples, a 1DPPPY cartridge filter in the

plastic filter holder was used to trap parasites. Wastewater samples were collected using

dipping rods and sterile one-liter polypropylene bottles.

Sample Processing

Modified ICR Protozoan Filter Elution

Filters were eluted within 96 hr of their collection. Elution began by dividing 3

liters of eluting solution into two four-liter beakers. The filter was removed from the

ziplock bag. Residual fluid in the ziplock bag was poured into one of the beakers. The

empty bag was rinsed with eluting solution, which was also poured into one of the
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beakers. The filter was then placed onto an 18 x 12 inch piece of aluminum foil and cut

lengthwise, with the fibers being divided equally between the two beakers. The dirtier

outer fibers were kept in the same beaker. The inner plastic core was rinsed off into one

of the beakers and discarded in a biohazard bag. Fibers were washed by hand, kneading

them for 15 min in the eluting solution (total washing time is 30 min). After washing,

fibers 'were removed, wrung out and discarded in the biohazard bag. The eluting solution

was poured into four, 750-ml plastic centrifuge bottles, balanced and centrifuged at 3600

rpm (2900 x g) for 10 min in a Beckman GS-6 swinging bucket rotor centrifuge, applying

no brake to ensure intact pelleting of the sample. Spun sample supernatant was aspirated

and discarded prior to resuspension and combining of the pellets from each tube.

Centrifuge bottles were rinsed well with eluting solution and all liquid was concentrated

again, this time in 50-ml conical tubes. These tubes with samples were centrifuged at

2800 rpm (1050 x g) for 10 min in the same centrifuge as before. Resulting supernatants

were discarded and the procedure repeated until all of the sample was concentrated into

one 50-ml tube. This resulting pellet was resuspended in an equal volume of 10%

formalin. Sample ID, date, final pellet volume (pellet + formalin) and initial of analyst

were recorded on the centrifuge tube and corresponding data record sheet. Fixed samples

were then stored at 4°C until flotation was performed.
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Flotation

Flotation purification procedure in accordance with the ICR Microbial Laboratory

Manual (EPA, 1995) was followed for indirect fluorescent antibody staining sample

preparation. Percoll-Sucrose density gradient separation of specific gravity 1.10 was

employed to separate spores from particulate matter in the concentrated, formalin fixed

samples. The amount of pellet to be floated was determined by calculating a fraction of

the sample pellet equivalent to 100 liters of sample water. This fraction could not exceed

0.5-ml packed pellet/ 1.0-ml formalin resuspended pellet due to limitations of the method

(EPA, 1995). Pellet aliquot was placed into a 50-ml conical tube and brought to final

volume of 20 ml using eluting solution. The diluted sample was then underlayed with

room temperature Percoll-sucrose (sp. gr., 1.10). Gradient separation tubes were then

centrifuged at 2800 rpm (1050 x g) for 10 min in a Beckman GS-6 swinging bucket rotor

centrifuge. No brake was applied to prevent disruption of the interface. The top 20 ml

portion of the centrifuged samples and 5 ml below the interface were then removed with

a 25-ml pipet and placed into a clean 50-ml conical tube. The tube volume was then

brought to the 50 ml mark with elution solution and the samples recentrifuge at 2800 rpm

(1050 x g) for 10 min as before. The upper aqueous portion of the samples was then

aspirated off down to 5 ml above the pellet. The volume remaining, date, and sample

code were then recorded on the tube and corresponding data sheet. The ICR has no

recommended holding time limitation before IFA staining is performed, though floated

samples were stained within 24 h in this study.
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Wastewater Analysis: Raw and Secondary Sewage

Sewage samples were obtained from the Roger Road Wastewater Treatment Plant

in Tucson, AZ. Two liters of raw and six liters of secondary wastewater samples were

collected by filling sterile one-liter polyethylene bottles which had been precoated with

eluting solution (containing 10XPBS, 1.0% Tween 80, and 1.0% SDS, and Antifoam A).

Raw sewage was dipped from the inlet canal coming into the plant using dipping poles.

Secondary sewage was obtained from the chute used to transfer the secondary treated

water to the tertiary treatment tank. Therefore, the secondary effluent samples represent

the overall water quality of the secondary treatment procedure used by Roger Road

treatment plant. Bottles were immediately placed on ice upon filling and were processed

within 24 h of arriving at the laboratory. Processing consisted of centrifugation and

fixing the concentrated sample in 10% formalin as was followed for concentrating eluted

filter washings from large volume collection. The volumes in each one-liter sample was

split between two 750-ml plastic centrifuge bottles and centrifuged at 3600 rpm (2900 x

g) for 10 min in a Beckman GS-6 swinging bucket rotor centrifuge. After being

concentrated, the supernatants were aspirated off and pellets resuspended in eluting

solution prior to being transferred to a 50-ml conical tube for reconcentration.

Transferred samples were spun at 2800 rpm (1050 x g) for 10 min using the same

centrifuge as before. Upon concentration and removal of sample supernatant, pellet size

was matched with an equal volume of 10 % formalin and samples stored at 4° C. Sample

flotation and IFA analysis was performed following the same protocol as with all

groundwater and surface water samples.
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IFA Analysis

Antibody Crossreactivity

Polyclonal Rabbit IgG antibodies (Waterborne Inc., New Orleans, LA) were used

to label Encephalitozoon sp. spores present in the concentrated pellets. The primary

Rabbit IgG antibody was diluted 1:160 and the secondary Goat anti-Rabbit FITC-labeled

antibody (KPL, Gaithersburg, MD) to 1:80. These optimum concentrations were

determined by comparing dilutions of the following proportions: 1:10, 1:40, 1:80, 1:100,

1:120, 1:160, 1:200, 1:300, 1:500, 1:1000, and 1:5000. Two aliquots of antibodies taken

from the harvest batch were used for this work.

Cross-reactivity was performed with various bacterial and microsporidia species

obtained from ATCC and the Czech Republic. Oocysts (C. parvum) and cysts (G.

lamblia) used came from the Hydrofluor Combo Giardia and Dyptosporidium

immunofluorescent detection procedure kit purchased from Ensys Inc., Research

Triangle Park, NC. Bacterial species with corresponding ATCC numbers were the

following: Escherichia coli (15597), Bacteriodies fragilis (25285), Pseudomonas

aeruginosa (27853), Aeromonas sp. (7965), Streptococcus faecalis (6569),

Staphylococcus aureus (6538), Salmonella typhimurium (23593). Staphylococcus

epidermidis (box number 1016) and Klebsiella pneumoniae were Quality Control strains

obtained from The University of Arizona, Microbiology Laboratory, Tucson, AZ.

Bacillus subtilis spores were obtained from the Nicholson laboratory at The University of

Arizona. Microsporidia species tested were: Enchephalitozoon hellem (50504), E.
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cuniculi (50502), E. intestinalis (50506), and Vittaforma corneae (formerly Nosema

corneum)(50505). All came from ATCC; while Varimorpha ephetians, Nosema apis,

Glugea atherinae came from Tomas Tonku at the Institute of Entomology of the Czech

Academy of Sciences, Ceske' Budejovice, Czech Republic. Enterocytozoon bieneusi

specimens were obtained from Parasitology Research Laboratories (Phoenix, AZ),

though not used for crossreactivity assessment. This was done by Dr. Hal Stibbs at

Waterborne Inc.

Immunofluorescent Antibody Staining Procedure

A slightly modified version of the Information Collection Rule (ICR) protocols

published by the Environmental Protection Agency (EPA) was followed in staining

spores (EPA, 1995). All reagents were warmed to room temperature prior to use.

Support and membrane filters were soaked in 1 X PBS and loaded onto manifolds,

placing all weights on top. Vacuum pressure of no greater than 5 mm Hg was then

applied to each well. Each membrane was washed with 2-ml, room temp., 1% BSA

blocking solution followed by 0.5 ml of normal goat serum. Then the samples were

placed onto membranes and drained through. Negative controls consisted of one ml 1 X

PBS and positive controls were 100 ul of positive control stock solution. Membranes

were washed with another 2 ml of room temperature 1% BSA followed in succession

with 0.5 ml of normal goat serum. Wells were then tightly closed, vacuum was

disengaged and hoses disconnected from the manifold. Half a milliliter of primary
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antibodies were then added to each well, the manifold covered with aluminum foil and

incubated for 25 min. After incubation, the excess antibody was drained off and each

well rinsed with 10 ml of 1 X PBS. After rinsing, wells were tightly closed, vacuum

turned off, hoses disconnected as before, and 0.5 ml of secondary antibody was added to

each well, again covering the manifold with foil and incubating for 25 min. During this

second incubation time, microscope slides were labeled with sample identification

number (ID), smeared with one drop of DABCO-gycerol and placed in 37° incubator for

approximately 20 min. After incubation, wells were drained of excess antibody and

rinsed with 10 ml 1 X PBS as before. Following the 1 X PBS wash, each well was rinsed

with an ethanol-glycerol series, one ml of each dilution per well, starting with the 10%

and ending with the 95% concentrated solution(s). Ethanol was drained off completely

between dilutions to ensure membrane clearing. Well weights were removed and the top

membrane filter placed on the corresponding slide, using separate forceps for each

sample. A drop of DABCO-glycerol was added on top of each membrane prior to a

coverslip, which was sealed around the edges with clear nail polish. A separate bottle of

polish was used for the positive control and seeded samples to prevent cross-

contamination. Slides were read within seven days.

Efficiency Tests

Determination of sampling and processing efficiencies were performed in

triplicate, using the ICR mandated sampling apparatus (EPA, 1995) and the established
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protocol described by Panelli (1996). A stock of spores and oocysts was added to 200 ml

of water in a 500-ml polypropylene beaker and mixed by swirling the beaker.

Approximately 200 ul of Tween 80 (Sigma) were added to the beaker to enhance

dispersion of the parasites. After mixing, 5 ml of seeded water was collected and placed

in a sterile 15-ml conical tube for quantition of the organisms. The remaining 195 ml

was added to 100 liters of dechlorinated test water. Inoculated test water was recirculated

for 5 min using a submersible pump to ensure proper mixing of spores/oocysts. Once

mixed, sample water was passed through appropriate sampling equipment at a flow rate

of 2-3 liters per min as described in the ICR Microbial Laboratory Manual. After

collection, the 1DPPPY filter was removed and placed into a one-gallon ziplock bag and

stored at 4°C for 24 h before being processed. The filter was processed using the

handwashing technique previously described in the Filter Elution section on page 37, and

analyzed using the same protocol as described in the methods and materials section for

sample flotation and IFA analysis. The concentrated pellet was divided in two parts, one

stained for Cryptosporidium oocysts, the other for microsporidia spores. Granular

sodium thiosulfate was added to dechlorinate the test tap water prior to it being seeded

with spores/oocysts. Total chlorine levels were measured using a pool chlorine test kit to

ensure that the water was dechlorinated.
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CHAPTER 5

RESULTS

The identification of microsporidia spores by immunofluorescent antibody

labeling requires that the antibodies be specific for the spores of a particular specie(s).

Several dyes are currently in use, but they are too nonspecific to warrant their use in

environmental analysis for this organism. The three criteria used for identification of

microsporidia spores in this study were their size, shape, and fluorescent characteristics.

The average size parameters were 1-3 x 1-2.5 urn for the spores identified, with a shape

of either ovoid or ellipsoid. Fluorescence was variable based upon the positive controls

run with each sample, though a consistent apple green halo correlated with spore

positives. Table 1 (pg 20) shows a size comparison of the major human infectious

species likely to be found in the environment. The Endoreticulans species was included

due to its size similarity to Enterocytozoon bieneusi, though it has not been found to

infect humans, but may be analogous to E. bieneusi spores in situ. The significance of

the polar tubule coil numbers and rows are pertinent in regards to species identification

by electron microscopy (EM), not for immunofluorescent discernment. The

Encephalitozoon spp. were the only microsporidian species found to crossreact with the

IgG polyclonal antibodies used in this study (Table 2, pg 50). However, Endoreticulans

spp. were weakly reactive but not sufficiently enough to be considered positive, though

the labeling did reveal their size to be 1.5 x 1.0 urn. Crossreactivity results revealed that

the antibodies used were also reactive with the bacterium Staphylococcus aureus (Table

2). Staph. aureus positives were visually identified as 1.0 x 1.0 um cocci entities that
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fluoresced three times as bright as compared to microsporidia spores, and portrayed a

"fluorescent halo" thickness of two to three times that of the halos seen with the true

spores. Staph. aureus was the only bacterium or yeast which fluoresced of all tested.

Environmental water samples were obtained from California or Arizona (Tables

3,4,5). Figures 1 and 2 illustrate the Santa Ana Watershed and the positive microsporidia

sites within this area. Forty-six saMples in all were analyzed for microsporidia spores:

six surface water, thirty-two groundwater, and eight wastewater samples. Surface water

and groundwater samples were co-analyzed for Cryptosporidium oocysts and Giardia

cysts while wastewater samples were not, due to the monetary and analyst time demands

required. Sites for surface water and groundwater monitoring were a set number of sites,

sampled quarterly over a nine-month period. Wastewater samples were obtained from a

treatment plant located near Tucson, AZ. Results were reported per 100 liters in an

attempt to normalize the data for correlation to current reporting parameters of the

Environmental Protection Agency (EPA), outlined in the ICR Microbial Laboratory

Manual.
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Figure 1. The Santa Ana Watershed
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Table 2. Cross Reactivity of Rabbit IgG Antibody

Organism	 Reaction	 Source	 Host
Staphylococcus aureus	 +	 ATCC #6538	 NA
Staphylococcus epidermidis	 A.M.L.	 NA
Salmonella typhimurium	 ATCC #23593	 NA
Klebsiella pneumoniaea 	 A.M.L.	 NA
Streptococcus faecalis	 ATCC #6569	 NA
Pseudomonas aeruginosa	 ATCC #27853	 NA
Bacteroides fragilis 	 -	 ATCC #25285	 NA
Escherichia coli 	 ATCC #15597	 NA
Giardia lamblia	 ENSYS	 Mammals
Ctyptosporidium parvum	 -	 ENSYS	 Mammals
Vittaforma corneae	 ATCC #50505	 Insect
Varimorpha ephestiae	 -	 I.E.	 Insect
Nosema apis	 I.E.	 Insect
Glugea atheriniae	 I.E.	 Fish
Encephalitozoon cuniculi	 +	 ATCC #50502	 Mammals
Encephalitozoon hellem	 +	 ATCC #50504	 Human
Encephalitozoon intestinalis 	 +	 ATCC #50506	 Human
Enterocytozoon bieneusi	 -	 P.R.L.	 Human
Endoreticulans spp.	 Cornell U.	 Insect
Bacillus subtilis 	 -	 Nicholson	 NA

ATCC# - The American Tissue Culture Collection catalogue numbers.
P.R.L. - Parasitology Research Laboratory, Phoenix, AZ.
A.M.L. - The University of Arizona, Microbiology Laboratory, Tucson, AZ.
I.E. - The Institute of Entomology of the Czech Academy of Sciences, Ceske'
Budejovice, Czech Republic.
ENSYS - ENSYS INC., Research Triangle Park, NC.
Nicholson - Dr. Wayne Nicholson, The University of Arizona, Tucson, AZ.
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All thirty-two groundwater samples were taken from wells in Orange County, CA

(Table 3). Four groundwater samples were positive. Two of the three positive wells

came from the same one tested at successive times: MFK-82 in November, 1996, and

MFK-86 in February, 1997. The third positive well was from a multi-depth one that had

a water table depth of over 100 feet at the time of sampling. The fourth well was located

near a recharge basin into which flowed surface water diverted from the Santa Ana River

which is largely tertiary treated wastewater at the point of diversion. Spore sizes ranged

from 2.0 - 3.0 x 2.0 um with appropriate fluorescence considering the analysis positive

control. None of the groundwater samples found to be positive for spores contained

oocysts or cysts, though two surface water samples taken from the recharge basin near

MFK-89 revealed spores on two successive sampling dates (MFK-68 and MFK-92, Table

4).

Three surface water samples were taken from the same recharge basin sampling

area in Orange County, CA. Two of these were positive as previously mentioned, and

one, MFK-92, was positive for both oocysts and cysts (10.8 and 7.2, respectively). Of

the six surface water samples tested, the remaining three: MFK-612, MFK-622, and

MFK-623, were sampled from source waters in Central California and were negative for

both spores and (oo-)cysts. Positive spores in these samples were oval/ovoid spheres

appromixately 2.0 - 2.5 x 1.5 - 2.0 urn. Their fluorescence was appropriate for the

associated batch positive control.
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Table 3. Groundwater Samples by IFA Analysis

Sample ID Well Type Date of Vol. Detection Number of
Collection Collected Limit / 100 L Spores /

(L) 100L

MFK-73 NA 11/18/96 393 <1.0 0

MFK-74 NA 11/18/96 189 <2.1 0

MFK-75 NA 11/18/96 226.8 <1.8 0

MFK-76 NA 11/18/96 264.6 <1.5 0

MFK-77 NA 11/18/96 226.8 <1.76 1.76

MFK-78 NA 11/19/96 226.8 <1.8 0

MFK-79 NA 11/19/96 215.5 <1.9 0

1VIFK-80 NA 11/19/96 226.8 <1.8 0

MFK-81 NA 11/19/96 226.8 <1.8 0

MFK-82 NA 11/19/96 226.8 <1.8 5.3

MFK-83 NA 11/19/96 226.8 <1.8 0

MFK-85 NA 2/18/97 223 <1.8 0

MFK-86 NA 2/18/97 378 <0.9 0.9

MFK-87 NA 2/18/97 378 <1.1 0

MFK-88 NA 2/18/97 264.6 <1.0 0

MFK-89 NA 2/18/97 325 <1.03 20.5

MFK-90 NA 2/18/97 340 <0.9 0

MFK-91 NA 2/18/97 189 <2.0 0

MFK-93 NA 2/18/97 635 <0.9 0

MFK-94 NA 2/18/97 253 <2.0 0

MFK-95 NA 2/19/97 1512 <1.0 0

NA-Not applicable
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Table 3. Continued.

Sample ID Well Date of Vol. Detection Number of
Type Collection Collected Limit / 100 Spores / 100L

(L) L

MFK-96 NA 2/19/97 208 <1.9 0

MFK-99 NA 5/19/97 378 <1.1 0

MFK-100 NA 5/19/97 328 <1.2 0

MFK-101 NA 5/20/97 450 <1.1 0

MFK-102 NA 5/20/97 287 <1.4 0

MFK-103 NA 5/20/97 930 <1.0 0

MFK-104 NA 5/20/97 189 <2.1 0

MFK-105 NA 5/20/97 355 <1.1 0

MFK-106 NA 5/20/97 525 <1.0 0

MFK-107 NA 5/20/97 552 <0.9 0

MFK-108 NA 5/21/97 207.9 <1.9 0

The samples shown here were also analyzed for the presence of Ciyptosporidium oocysts
and Giardia cysts. None of the samples were found to be positive for these two protozoa.
NA - Not applicable
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Table 4. Surface Water Samples by IFA Analysis

Sample	 Date	 Number of
spores

MEEK-68	 8/21/96	 15.1

MFK-92 * 	2/18/97	 5.5

Negative sample

MFK-98
	

5/20/97
	

0.0

MFK-612
	

7/3/97
	

0.0

MFK-622
	

7/18/97
	

0.0

MFK-623
	

7/23/97
	

0.0

* MFK-92 was positive for Cryptosporidium oocysts and Giardia cysts, 10.8 and 7.2
respectively.
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Wastewater samples were collected from a treatment plant near Tucson, AZ.

Eight samples in all were collected and analyzed for the presence of microsporidia spores

(Table 5). Two of the eight samples, MFK-58 and MFK-60, were secondary sewage

collected using a 1DPPPY filter as outlined in the ICR Microbial Laboratory Manual.

These two samples were eluted, floated, and stained as with all other samples. The other

six consisted of two one-liter raw sewage samples and four one-liter secondary sewage

samples. Statistical analysis were employed in determination of spore numbers due to the

time required for direct whole membrane analysis of membranes under 1000X oil

emersion. Raw sewage samples resulted in the largest number of spores with sample A

being 2.6x10 8 spores and B having 2.5x10 8 per 100 liters. Secondary effluent samples

taken as one-liter grab samples gave slightly lower spore counts than did the raw ones.

The two sewage samples collected with a filter resulted in no spores being detected.

Efficiency determination was performed using Cryptosporidium parvum oocysts

and Encephalitozoon intestinalis spores. Table 6 shows the results of the three efficiency

tests performed. The average percent recovery for E. intestinahs was 4.8 + 2.0 % and

that for C. parvum was 12.5 + 11.2 %. The recovery range for E. intestinalis spores was

7.7 to 2.4%. Oocyst recovery ranged from 24 to 1.6%.



Table 5. Wastewater Samples by IFA Analysis.

Sample ID Location Date of Vol. Detection Number of
Collection Collected Limit / 100 L Spores

(L)

RAW A Treatment 6/13/97 1 <1502 2.6x108

Plant

RAW B Treatment 6/13/97 1 <1548 2.5x108

Plant

Secondary A Treatment 6/13/97 1 <667 5.6x107

Plant

Secondary B Treatment 6/13/97 1 <625 1.2x108

Plant

Secondary C Treatment 10/24/97 1 <364 5.8x104

Plant

Secondary D Treatment 10/24/97 1 <308 4.6x104

Plant

MFK-58 Wetlands 9/23/97 1323 <4.0 0

MFK-60 Wetlands 9/25/97 1890 <91.0 0
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Table 6. Efficiency of Recovery

Experiment Spores
Added

Spores
Recovered

Percent recovery
for

Microsporidia

Percent recovery
for

Cryptosporidium

#1 1.4x109 1.1x108 7.7 24

#2 1.8x108 9.8x106 5.4 11.8

#3 1.6x108 3.8x106 2.4 1.6

#4 5.9x106 2.4x10 5 4.1 NA

#5 3.6x106 1.6x10 5 4.4 NA
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CHAPTER 6

DISCUSSION

No previous studies have attempted to assess the occurrence of microsporidia in

surface or groundwaters. To date, the drinking water industry does not address this

emerging pathogen due to the lack of occurrence and prevalence data, reliable diagnostic

techniques, and proof that microsporidia is a waterborne pathogen. This study attempted

to evaluate the occurrence of microsporidia in wastewater, surface, and groundwater

using immunofluorescent antibody (IFA) methods similar to that developed for

Cryptosporidium and Giardia. The immunofluorescent antibody technique, utilizing

species-specific, fluorescently-labeled antibodies and ultraviolet light microscopic

illumination, was found to be problematic with these organisms due to their small size

and potential crossreaction of the IgG antibodies used with bacteria, yeast, and other

microsporidium species. Therefore, identification depended solely upon size,

morphology, and fluorescence of the labeled organisms. During the course of the study,

many entities that resembled spores in size were viewed on the membranes. However,

either their fluorescence and shape, or shape alone, excluded them from consideration.

Under oil emmersion, it was possible to determine spores within the samples from other

entites, but the results must still be considered presumptive until confirmation is

performed on these samples. Polymerase Chain Reaction (PCR) was to be employed in

confirming those samples found to be positive, however, the method is presently under

development and thus was unavailable prior to the completion of this study.

Crossreactivity results as shown in Table 2 revealed that the antibodies used were
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reactive only with Encephalitozoon microsporidia species and Staphylococcus aureus.

Since microsporidia are considered ubiquitous in the environment and over 1000 species

have been identified, it is plausible that there are other species common in the

environment that may be crossreactive, which were not tested here. It has been widely

published that bacteria and yeasts have reacted with human microsporidia specific

antibodies used with clinical specimens; this lends support to the possibility of false

positive samples using IFA analysis for environmental samples. During routine analysis

of water samples in this study, entities that resembled spores were observed. However,

these entities were either more rectangular than ellipsoid, or did not display analogous

hyaline fluorescence to spores viewed in the positive controls.

Common wastewater bacteria tested for crossreactivity (Table 2) include: Gram-

negative, facultative anaerobes (Salmonella typhimurium, Aeromonas, Escherichia

and Klebsiella pneumoniaea); and a Gram-negative aerobe (Pseudomonas aeruginosa)

(Bitton, 1994). Spores of the gram positive spore former, Bacillus sub/ills, were also

tested since they are common soil bacteria whose spores may be present in environmental

waters. Salmonella typhimurium was stained since it is a known waterborne entity and

Salmonella spp. are the most predominant pathogenic bacteria in wastewater (Bitton,

1994). The common gut bacteria Bacteriodies fragilis has been found in wastewater to

range from 6.2x104 to 1.1x10 5 Colony Forming Units (CFU) per ml (Bitton, 1994;

Shoop et al., 1990), and it, along with Streptococcus faecalis, was tested. Staphylococcus

spp. were looked at since they are common microflora of the bodies of humans and

animals, and can infiltrate environmental waters.
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Members of the genera Staphylococcus are definitively Gram-positive,

facultatively anaerobic, spherical (cocci) cells that are 0.5 - 1.5 pm in diameter (Hui et

al., 1994). S. aureus is the most common species of this genera, but S. epidermidis was

tested as well because, unlike S. aureus, it doesn't harbor the surface antigen Protein A.

This protein interacts nonspecifically with the Fc portion of immunoglobins of virtually

every mammalian species (Novick, 1990). It is used by the bacterium to coat itself with

host serum as a means of evading host immune responses. Indirect immune responses

are common in infected hosts due to extracellular excretion of this protein moiety.

However, due to the smaller size of this bacteria, its round appearance, and dense

fluorescing; they are easily discernable from microsporidian spores in environmental

samples.

Giardia cysts and Clyptosporidium oocysts were stained with the antibody to

ensure that they were not inadvertently labeled. Though their size and shape eliminates

misinterpretation as spores, they were tested for completeness.

Due to the species-specific nature of most microsporidian species, cross-reaction

of antibodies raised against human strains should provide a degree of certainty to IFA

techniques. The human strains are at this time the smallest spores among the

microsporidia studied to date. However, Endoreticulans spp. have been known to

produce spores analogous in size. These species predominantly infect mosquitoes and so

have the capability of being found in environmental waters. Molecular diagnostic testing

should eliminate misinterpretation of IFA positives. Microsporidian species tested were

limited to available species. Commercial sale of microsporidia spores is severely limited
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at this time, so those tested were limited to those archived at The University of Arizona.

In this study, several available species were found to negatively react with the antibodies

used. The Endoreticulans spp. tested here cross-reacted very slightly with the antibody,

but not enough so to classify it as a positive reaction. This should eliminate ambiguity as

to the spores stained. Of the other species, only the Encephalitozoon ones reacted

positively (Table 2).

Tables 3 and 4 list the groundwater and surface water samples analyzed in this

study. Four groundwater samples were determined positive. Only two surface water

samples were found to be positive out of six tested (Table 4). The two surface water

positives came from the same sampling site at a recharge basin in Southern California.

Also, one of the positive samples (Table 3) was located immediately adjacent to the site

where the surface water samples originated.

The number of microsporidia identified in groundwater and surface water (Table

3 and 4) are realistic given reports on Clyptosporidium and Giardia occurrence data for

similar water types. Here it was found that surface waters contained between 5 and 15

spores per 100 liters. Madore et al. (1987) identified up to 3960 oocysts per liter in

surface waters. LeChevallier et al. (1991) reported 69 of 85 (81.2%) raw source water

samples tested to contain Giardia spp. The detected range was 0.04 to 66 cysts per liter,

with a geometric mean of 2.77 cysts per liter for LeChevallier. Other investigators have

found Giardia levels to fall between 0.006 and 6 cysts per liter (Akin et al., 1986;

Ongerth, 1989; Rose et al., 1988; Rose et al.,1986a; Sykora et al., 1986). In the same

report by LeChevallier, Ctyptosporidium oocysts were detected in 74 of 85 (87%) raw
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water samples, with a resulting geometric mean of 2.70 oocysts per liter. Rose et al.

(1988) reported Cryptosporidium levels with geometric means ranging from 0.91 to 28

oocysts per liter. Given these reports, that fact that the most spores identified in 100 liters

was 15.1 makes it is plausible that microsporidia may be less prevalent than other

protozoan parasites in the environment. Conversely, Panelli (1996) reported finding

between <1 and 1810 spores in 100 liters of surface water. These findings contradict the

results here where 10.8 oocysts and 7.2 cysts were identified in MFK-92, while this same

one contained only 5.5 spores.

Small numbers of spores in water samples indicate that there may not be

environmental reservoirs for human infectious species, or they may not be associated

with the water source tested here. Due to their smaller size, spores should be able to

move through the watershed more easily than oocysts and cysts. Therefore, the same

number of spores as oocysts or cysts entering the watershed would conceivably result in

higher numbers of spores being found given this fact. A lower recovery of efficiency

may also be a reason for fewer spores. Since smaller numbers of spores were identified

as compared with other parasite forms, it can not be postulated whether or not reservoirs

or humans were the source in this case.

Reports on oocyst and cyst occurrence in groundwater are scant. One report

found that 5 % of well waters tested contained Giardia cysts (McFeters, 1990). There

has been a single reported occurrence of Ciyptosporidium in drinking water (Rose,

1986b). One survey found that 55% of potable water supplies in the United States

contained Ciyptosporidium with an average concentration of 43 oocysts per 100 liters
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(Bitton, 1994; Rose, 1991). This same report showed that 16 % of the potable water

tested also contained Giardia with a concentration of 3 cysts per 100 liters (Rose, 1991).

Panelli (1996) tested two drinking water samples from Mexico and found them to be

negative. Of the groundwater samples analyzed here, four contained spores (Table 3).

The numbers ranged from 1.8 to 20.5 spores per 100 liters and they were all negative for

Oyptosporidium or Giardia. These numbers fall within an acceptable range of those for

oocysts and cysts found in the literature. Panelli's data can not be compared due to the

unknown source of the drinking water, whether it was from a surface treatment plant or a

production well.

The water that is considered the source filling the aquifer came from recharge

basins located within the vicinity of the wells tested. The smaller size of microsporidia

would allow for greater percolation into the aquifers, though incoming spore density

would affect aquifer burdens far more. Also, the many insect, fish and rodent

microsporidia species found in the environment, along with the crossreactivity of the

antibody with both known, unknown, and viable but nonculturable organisms present in

many environmental waters, prevents the conclusive determination of spore numbers

present in the samples. It is entirely possible that those stained were in fact false

positives. Finally, the water entering the recharge basins is essentially tertiary

wastewater that had been discharged upstream. This is significant in that microsporidia's

smaller size should have allowed larger numbers of spores to enter the watershed from

these systems. Therefore, the numbers identified here must be interpreted carefully since

they may have all resulted from humans using the upstream sewage systems. Results
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here represent a higher than normal prevalence, possibly due to the huge sewage burden

being concentrated in the watershed at the point of recharge.

The primary mechanism and processes that effect virus transport in soil are:

advection, hydrodynamic dispersion, adsorption, filtration, and inactivation (Yates et al.,

1991). The most important factors affecting these transport processes include soil water

content, soil temperature, the rate of water application and evaporation, and soil

heterogeneity. Transport of microsporidia through soil is likely to be similarly effected

by these factors. Especially critical in the Southwestern Unites States are soil

temperature and water content due to the seasonal changes in temperature and intense

rainfall patterns found there. Desorption of microsporidia within the soil matrix is

possible in heavy rainfall events, as is the case with viruses (Yates et al., 1991).

Since the time in situ is unknown for spores identified in positive samples, the

question must be raised as to their potential viability. The water sampled in the positive

sites, MFK-86, and MFK-89, at the time of sampling, was found to have an average age

of zero, meaning it was fresh water moving through the wells. Spores identified in these

wells may have been viable, given this information. MFK-82 was dated as containing

water averaging 10 years old. The well in which bacteria, viruses, and protozoa were

found (MFK-77, Table 3), contained water whose average age was 18 years old. Age

dating data (not shown) suggests the possibility there is mixing of new and older water at

this site. Waller et al. (1979) showed that few spores were viable in distilled water after

96 days at 40 C, though researchers at the Center for Disease Control in Atlanta, GA,

claim that spores can remain viable for over a year under such conditions. Viruses and
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bacteria present may be viable, but unless there was mixing with fresh water, spores

present were likely not a threat to human health. Currently, methods are not available to

assess the viability of microsporidia spores in environmental samples. Though infectivity

was not established, given microsporidia's unique infecting mechanism, age may not

result in inactivation due to the spore's ability to extrude its polar element. The

environmentally resistant spore coat presents a potential problem for the water industry.

However, empty oocysts and cysts were found in one of the surface water samples, MFK-

92, indicating that conditions may have been harsh enough to render spores nonviable.

Like oocysts, spores are considered to be hardy entities that pose a significant threat to

human health if they are present in water samples (Weber et al., 1994a). Therefore,

finding oocysts in conjunction with microsporidium spores in water samples should not

be surprising, since both are shed in the feces in high numbers during active infections.

Determination of the viability of these parasites is of key importance.

Wastewater analysis (Table 5) gave conflicting results. The raw sewage samples

analyzed showed numbers of microsporidia that are unrealistic. One liter of raw sewage

containing 2.6x106 spores is doubtful because it is highly unlikely that the prevalence of

infected individuals and asymptomatic carriers is high enough in the community to result

in a parasite load in the domestic sewage system of this magnitude. These data are three

logs higher than the largest reported numbers of Cryptosporidium oocysts and Giardia

cysts in raw sewage, 13,700 per liter (Madore et al., 1987), and 14,000 per liter (Sykorka

et al., 1991), respectively. Oocysts occur in raw wastewater at concentrations between

850 and 13,700 per liter (Bitton, 1994). Giardia cyst numbers in raw wastewater have
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been found to range from hundreds to thousands per liter (Bitton, 1994). Rose et al.

(1988) found an average of 5,291 oocysts per liter of raw sewage, while Jakubowski and

Eriksen (1979) reported cysts as high as 10 5 per liter. However, Panelli (1996) identified

3.75x106 spores in raw sewage and 3.0x106 spores in secondary wastewater. This lends

some credibility to the numbers found here, but both seem high compared to other

protozoan numbers in the literature, as previously stated.

The methodology applied in calculation of the two raw sewage and secondary

sewage samples A and B (Table 5) was based upon a statistical method of determining

spore numbers. This method resulted in spore numbers that were extrapolations of very

few spores actually found. Results for these samples suggest that there are several

million spores per liter entering the treatment plant, and over one hundred thousand per

liter being passed in the effluent. The data correlate well with one another, but given the

assumption there was uniform distribution of spores in the water, their validity is highly

questioned. It is possible that environmental reservoirs may exist and could result in the

production of large numbers of spores, but the likelihood of such large numbers being

produced and getting into the domestic sewage system is unlikely. The antibodies used

were specific for human-infectious strains, with the likely source being infected persons

contaminating the sewage system. However, seroprevalence reports show that there may

be asymptomatic carriage of the parasite, but spore shedding has yet be established in

such cases. Furthermore, even if spores are shed, even in high numbers, the validity of

the results for these samples is still highly speculative due to the enormous spore burden

implicit in them.
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Secondary treated sewage results for samples C and D (Table 5) appeared to be

more plausible given the alternate method employed with these samples, and occurrence

reports on Ctyptosporidium oocysts and Giardia cysts. The method employed here was

to read 30 organisms on each membrane and then determine the area of the membrane

viewed, with further modification based upon Information Collection Rule protocol to

reach the total number present. This second method is more reliable as it depends upon

the actual number of organisms viewed, not upon a statistical extrapolation. The entire

membranes for MFK-58 and MFK-60 were viewed in the same manner as secondary C

and D, and were also analyzed using the method for Raw A, Raw B, Secondary A, and

Secondary B. Both methods gave negative results, though the former method was used to

base the test upon.

Samples C and D contained 460 and 580 spores per liter (Table 5). Madore et al.

(1987) identified an average of 1864 oocysts per liter in treated wastewater, making these

numbers possible. Enriquez et al. (1995) reported average concentrations of oocysts and

cysts in 40 liters of treated secondary wastewater to be 1 oocyst and 6.6 cysts (geometric

means). They also reported that tertiary treated wastewater can contain up to 160 cysts

in 40 liters of secondary sewage. Given this, the presence of 4.6x10 4 and 5.8x10 4 spores

in 100 liters of secondary effluent is not surprising. With the fact that the sewage treated

in this case resulted from approximately 250,000 people, the results are feasible if a

thousand persons were asymptomatically shedding spores on the order of 107 per day.

Seasonal variability in oocyst and cyst burdens in environmental waters is likely

to occur with microsporidia, as it does with Cryptosporidium and Giardia. As stated
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earlier, because of its thick, environmentally resistant spore coat, microsporidia could

remain intact for long periods of time in water. In fact, spores have been observed to be

infective for over a year after storage in water at 40 C (Dr. Michael Baker, personal

communication). Also, because spores are smaller than oocysts, they should be able to

adsorb to surfaces and colloidal particles within the water to a greater degree. Greater

adsorption would lessen their exposure to harsh environmental conditions, possibly

resulting in higher than expected numbers released with the spring seasonal changes. As

methods for detecting microsporidia spores become available, this issue will be

addressed.

Recent analysis of stool samples isolated from individuals in a village in Mexico

has revealed the presence of human microsporidium in several mammalian and avian

species, along with assumed HIV-negative individuals (Dr. Javier Enriquez, personal

communication). Given this, it is plausible that domestic sewage systems and source

waters in more rural areas may have relatively high numbers of spores. Furthermore, the

results from the latter four wastewater samples (Table 5) appear to be more realistic given

the current situation and the corroborative occurrence data for Ciyptosporidium oocysts

and Giardia cysts in the literature.

Panelli (1996) found that the concentration method employed in this study, using

the microporous Filterite filter, had an overall percent recovery of 3.3 + 2.4 (mean and

standard deviation). In that study, it was determined that the centrifugation step in the

process was the greatest source of spore loss (approximately 60%). Efficiency results in

this study showed a recovery of 4.8 + 2.0 for microsporidian spores, and 12.5 + 11.2 for
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seeded oocysts. The low recovery of Cryptosporidium parvum oocysts is not unusual, as

monthly quality control assessment of recovery performed in this laboratory consistently

varies from 15 % to >1% (data not shown). The better recovery for microsporidia in this

study as compared to Panelli (1996) was most likely due to more thorough dispersion of

spores within the beaker used for inoculation of the 100-liter water sample. All other

factors were consistent between the two studies, indicating that the methodology used is

very ineffective at concentrating microsporidia spores for analysis.

Inoculum size has been shown to affect the overall efficiency of recovery of

oocysts from large volumes of dechlorinated tap water (Musial et al., 1987). An average

recovery of 44 % was achieved when the inoculum was 106 oocysts; however, it was only

14.5 % with 10 2 . The researchers surmised that this decrease may be due to the greater

effect that interfering substances present may have on lower numbers of organisms. It is

logical to presume that microsporidia would be effected in the same manner and possibly

to a greater degree due to their smaller size. As with oocysts; salt bridging, hydrophobic

interactions, and electrostatic forces are possible interactions between spores and

sediment particles present in water samples. The addition of 0.1% Tween 80 to seeded

tests resulted in improved recovery of oocysts from polypropylene cartridge filters

(Musial et al., 1987). Since Tween 80 is a chaotropic agent, one which disrupts

hydrophobic interactions, it facilitates the dispersion of organisms, preventing clumping

and absorption to surfaces.

The optimum specific gravity for gradient separation of microsporidia spores has

not yet been concluded. Therefore, the recovery of spores in this study needs to be
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optimized. One possible solution to density gradient methodologies are the newly

employed immunomagnetic bead separation techniques currently in use for

Oyptosporidium. Optimizing this system may be problematic due to crossreactivity of

antibodies with organisms and particulate matter commonly found in environmental

samples, i.e., metals, humic acids, yeasts, bacteria.

Since microsporidia is ubiquitous in nature and the huge variety of species serve

as potential agents for false positive identification using the IFA method, more specific

methods of identification are required before proper assessment of human infectious

micorpsoridia strain occurrence in the environment can be addressed. This report

suggests that there may be such species in groundwater and surface water utilized by

municipalities in urban areas located in Southern California. This possibility is important

since the transmission route of these species is currently unknown and waterborne

transmission is likely. Future studies are planned for confirming the presence of

microsporidia in these samples and assessing the viability of microsporidia found in

various water sources.
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CHAPTER 7

CONCLUSIONS

1. Microsporidia were presumptively found in groundwater, surface water, and

wastewater.

2. Microsporidia were found more often and in greater concentrations than

Cryptosporidium and Giardia.

3. Major losses of microsporidia occurred at the centrifugation step during concentration

from samples.

4. Cross-reactivity of the antibody used was specific and reliably limited to the

microsporidia spores.

5. Recharge of groundwater using tertiary sewage could be a source of presumptive

microsporidia in groundwater.
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