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ABSTRACT 

Techniques for the large-scale isolation of 

Cryptosporidium oocysts and sporozoites, obtained from the 

feces of experimentally infected Holstein calves, were 

developed employing discontinuous sucrose gradients and 

isopycnic Percoll gradients. The three step oocyst recovery 

method utilized two sequential discontinuous sucrose 

gradients followed by one Percoll gradient. Recovered 

oocysts were essentially free of debris and bacteria and 

represented 34% of the original oocyst suspension. 

Sporozoites were recovered from excystation mixtures on a 

single Percoll gradient. Sixty-three percent of the original 

sporozoites were recovered with 2.2% contamination by intact 

oocysts and virtually no oocyst walls. Eight anti-oocyst 

hybridomas were derived from oocyst-immunized mice: five 

from BALB/c mice and three from RBF/Dn mice. The monoclonal 

antibody (Mab) OW3 reacted specifically with Q. parvum 

oocysts in immunofluorescent assays (IFA) and was shown to be 

superior to conventional stains for detecting oocysts in 

fecal smears from infected individuals. Sixteen 

anti-sporozoite hybridomas were derived from 

sporozoite-immunized BALB/c mice. The Mabs appeared to react 

with cell surface and cytoplasmic antigens by 

anti-sporozoite Mabs (C8C5, C6B6) reacted with 

sporozoite antigen in western blots while the 

IFA. 

a 20 

Mab 

Two 

kDa 

C4A1 
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reacted with multiple antigens in western blots. These three 

Mabs (C8C5, C6B6, C4Al) were examined for potential 

modulation of cryptosporidial infections in vivo by oral Mab 

administration to oocyst-inoculated neonatal mice. The role 

for colostrum and breast milk in controlling cryptosporidial 

infections were examined by immunizing mouse dams and 

experimentally infecting their neonatal offspring. Colostrum 

and Mab-treated neonatal mice were sacrificed four days post 

infection. No difference in infection rates was observed 

among the treatment groups. Suckling mice treated daily with 

orally administered mixtures of Mabs (purified or ascitic 

fluid) showed significantly reduced parasite loads compared 

to control mice at four days post infection. In vitro 

cultivation of Q. parvum was successful through asexual 

stages in human fetal lung, bovine turbinate and murine L929 

cells. Parasite numbers that developed in the cell cultures 

varied from infection run to infection run. 
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INTRODUCTION 

Cryptosporidium causes gastroenteritis and diarrhea in 

numerous vertebrate species. The report of anti-crypto

sporidial antibodies in 10 animal species (e.g. humans, dogs, 

calves, chickens) substantiates the widespread occurrence of 

this parasite (Tzipori and Campbell, 1981). Cryptosporidium 

is known to exhibit little host specificity and may be 

readily transmitted from other mammals (e.g. calves) to man 

(Anderson et al., 1982; Current et al., 1983; Ribeiro and 

Palmer, 1986). It has yet to be resolved whether most human 

infections are due to contact with animals, other humans, or 

contaminated water or food. A report of cryptosporidiosis in 

a hospital setting demonstrates its potential role in 

nosocomial diarrhea (Saxby et al., 1983). Human to human 

transmission (Saxby et al., 1983; Alpert et al., 1984; Alpert 

et al., 1986; Koch et al., 1985; Ribeiro and Palmer, 1986; 

Taylor et al., 1985) coupled with the zoonotic potential of 

Cryptosporidium perhaps explains the increasing reports of 

infection by this agent. 

Cryptosporidium Classification 

~tosporidium spp. are classified in the 

Apicomplexa, the order Eucoccidiorida and the 

phylum 

family 

Cryptosporidiidae (Fayer and Ungar, 1986). 

credited with the first description of 

Cryptosporidium in 1907: Q. muris in the gastric 

Tyzzer is 

the genus 

glands of 
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mice (Tyzzer, 1907). Although 18 additional species of 

Cryptosporidium have been reported for various vertebrates 

(Levine, 1984), recognized species include: Q. parvum, 

infecting mammals; Q. muris, infecting a narrow range of 

mammals (Upton and Current, 1985); Q. meleagridis, infecting 

turkeys (Slavin, 1955) and Q. baileyi, infecting chickens and 

related fowl (Current et al., 1986). Two additional species: 

Q. serpentis, infecting snakes and Q. nasorum, infecting fish 

(Levine, 1984) have not been validated as species. 

Host Specificity 

Cryptosporidium host specificity can generally be 

summarized by these observations: Cryptosporidium sp. from 

avian sources are generally infective for other avians, but 

not mammals; Cryptosporidium parvum from mammals is generally 

infective for a wide variety of other mammals but not for 

avians. Cryptosporidium parvum is usually found in the small 

intestine of mammals, but has been observed to colonize the 

cecum and colon (Fayer and Ungar, 1986). Direct and indirect 

evidence suggests that Q. parvum isolated from calves is 

readily transmissible to cats, dogs, goats, rabbits (Fayer 

and Ungar, 1986), guinea pigs (Tzipori et al .• 1980), mice 

and rats (Reese et al., 1982), pigs (Moon and Bemrick, 1981), 

sheep (Tzipori et al., 1981) and humans (Anderson et al., 

1982; Current et al., 1983). Human isolates appear to be 

just as easily transmitted to other mammals as the calf 
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isolates (Fayer and Ungar, 1986). Published cross-infection 

studies have been limited in number making it difficult to 

confirm all of these observations. 

Life CYCle 

Many aspects of the Cryptosporidium parvum life cycle 

resemble those of related parasites in the subclass Coccidia. 

Oocysts of Cryptosporidium are shed in the feces fully 

sporulated and contain four naked sporozoites. Following 

ingestion, the sporozoites excyst from the oocyst and invade 

intestinal epithelial cells. The resulting life cycle stages 

are considered intracellular but extracytoplasmic due to 

their location in the host cell (Fayer and Ungar, 1986). In 

guinea pigs the outer parasi tophorous vclcuole membrane of 

these stages is of host cell origin (Marcial and Madara, 

1986). Sporozoites differentiate into 

host cells followed by the development 

trophozoites 

of type I 

within 

meronts. 

Mature type I meronts contain 6 to 8 merozoites arising 

through asexual multiplication (merogony). These merozoites 

are released, invade epithelial cells and develop into type I 

or type II meronts containing 4 merozoites. Sexual 

multiplication (gamogony) begins when merozoites from type II 

meronts invade host cells and differentiate into micro (male) 

or macro (female) gamonts. Mature microgamonts release 

non-flagellated microgametes which fertilize macrogametes 

forming zygotes. Zygotes proceed to develop into oocysts, 



each containing four sporozoites 

sporogony (Current and Reese, 1986). 

produced: predominant thick-walled 

feces and thin-walled oocysts. The 
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arising through asexual 

Two oocyst forms are 

oocysts passed in the 

release of sporozoites 

into the intestine from thin-walled oocysts perpetuates the 

life cycle in the host through auto-infection (Current, 

1985). 

Morphology 

Morphologically, the oocysts of Q. parvum are 4.5 pm by 

5.0 pm (Upton and Current, 1985). The crescent shaped 

sporozoites are 1.2 pm by 4.9 pm while merozoites are 1.0 pm 

by 5.0 pm. Typical coccidian anterior end organelles 

(rhoptries, micronemes, and conoidal rings) are present in 

both the sporozoite and merozoite (Current and Reese, 1986). 

Trophozoites are round forms 2.0 pm to 2.5 pm in diameter. 

The microgamete is a small, wedge-shaped stage 0.4 pm by 

0.95 pm while the macrogamete ranges from 3.2 pm to 5.0 pm 

(Fayer and Ungar, 1986). A comparison of three Q. parvum 

isolates passed through mice showed no significant 

differences in morpho:togy of the various life cycle stages, 

nor in life cycle dynamics (Current and Reese, 1986). 

Clinical SymptoiliS 

Cryptosporidium parvum produces cholera-like symptoms in 

immunocompetent individuals with a mean duration of 5 days 

(Navin and Juranek, 1984). Diarrhea is generally profuse and 
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watery, rarely with blood or leukocytes. Oocyst shedding may 

persist twice as ,long as the duration of clinical diarrheic 

symptoms (Baxby and Hart, 1984). Gnotobiotic immunocompetent 

calves monoinfected with Cryptosporidium expressed villous 

atrophy, degeneration of villous epithelium cells and 

hyperplasia of crypt epithelial cells (Heine et al., 1984b). 

Epidemiology 

Recent reports indicate a worldwide incidence of 

cryptosporidiosis (Fayer and Ungar, 1986), especially of 

children who often require hospitalization. Severe 

infections may occur in malnourished children of developing 

nations. Infections also occur in otherwise healthy children 

attending day care centers in the U.S.A. (Alpert et al., 

1984; Alpert et al., 1986; Anonymous, 1984; Taylor et al., 

1985) with a reported prevalence of 30% (Alpert et al., 1984; 

Anonymous, 1984; Taylor et al., 1985). Individual reports of 

cryptosporidiosis prevalence (largely in children) include 

12.9% in Ghana (Addy and Aikens-Bekoe, 1986), 7.8% in Liberia 

(Hojlyng et al., 1984), 13.1% in India (Mathan et al., 1985), 

9.6% in Australia (Lumb et al., 1985), 7.2% in Britain (Baxby 

and Hart, 1986) and 4.3% in the U.S. (Holley and Dover, 

1986). The majority of infected children in these instances 

were less than 2 years of age. Taylor et al. (1985) found a 

variety of diarrheal agents in day-care children, but only 

Cryptosporidium was consistently associated with diarrheal 
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symptoms. The prevalence of cryptosporidiosis among adults 

has been dramatically lower than in children when adults have 

been screened for oocyst shedding (Fayer and Ungar, 1986). 

Immunocompromised patients, including those 

immunosuppressive chemotherapy and especially 

undergoing 

those with 

acquired immunodeficiency syndrome (AIDS), may present with 

with 

58 

severe life threatening symptoms associated 

cryptosporidial infections. Thirty-three of 

cryptosporidiosis cases reported to the CDC by 

1983 were among AIDS patients. Twenty-two of 

the 

the 

end of 

33 AIDS 

patients exhibiting irreversible diarrhea associated with 

infections by Cryptosporidium died by the end of 1983. 

Cryptosporidium was not cited as the direct cause of death in 

these patients, though diarrhea and malnutrition were 

considered contributing factors (Navin and Juranek, 1984). 

Patients undergoing immunosuppressive chemotherapy are 

particularly vulnerable to cryptosporidial infections 

(Collier et al., 1984; Holley and Thiers, 1986; Manivel et 

al., 1985; Meisel et al., 1976; Miller et al., 1983). 

Interrupting chemotherapy to overcome the infections is not 

an option available to all patients, hence the 

for an effective and safe anti-cryptosporidial 

and Baxby, 1985). 

Transmission of Cryptosporidiosis 

urgent need 

agent (Hart 

Reported evidence supports direct disease transmission 
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through ingestion of cryptosporidial oocysts via the 

fecal-oral route. Infectious oocysts passed in the stool are 

exceedingly resistant to most disinfectants including 

phenolics, .iodophores, quaternary anunonium compounds and 

dilute hypochlorite (Hart and Baxby, 1985). Ammonia, 

formalin and commercial strength hypochlorite solutions are 

effective, but not in common use for obvious reasons. Such 

resistance contributes to transmission potential. Moist heat 

inactivation of oocysts (pasteurization) has been recently 

reported (Anderson, 1985) reinforcing the utility of adequate 

food preparation in preventing the spread of Cryptosporidium 

and other food-born agents. One recent report 

epidemiologically liruced the consumption of milk, raw sausage 

and even vomit as means of transmitting the disease (Casemore 

et al., 1986). Cryptosporidium has been implicated as a 

cause of diarrhea transmitted through contaminated water 

(DiAntonio et al., 1985; Soave and Ma, 1985), although no 

oocysts were detected in the drinking waters. A recent 

outbreak of cryptosporidiosis in Georgia involving more than 

13,000 people is being investigated by the Centers for 

Disease Control (D. Juranek, CDC, personal 

In this instance, waterborne transmission 

communication) . 

is strongly 

suspected. Several reports of travelerls diarrhea associated 

with cryptosporidial infections have been published (Jokipii 

et al., 1985a; Jokipii et al., 1985b; Soave and Ma, 1985; 



26 

Sterling et al., 1986). 

Control and Treatment of Cryptosporidiosis 

The majority of human cryptosporidial infections appear 

to involve children under 2 years of age. Contradictory 

evidence has been published concerning the role of colostrum 

and breast feeding in controlling these infections. Mata et 

al. (1984) and Weikel et al. (1985) presented evidence of 

lower disease incidence among breast fed children, while 

Mathan et a1. (1985) observed no significant differences 

between breast fed and non-breast fed children. Colostrum 

fed calves were not protected from cryptosporidia1 infections 

or disease symptoms (Moon and Bemrick, 1981; Moon et a1., 

1982; Tzipori et a1., 1983). 

Treatment of cryptosporidiosis has been essentially 

ineffective. None of the 16 antimicrobial and anticoccidial 

drugs tested in murine cryptosporidial infections had any 

influence on the course of infection (Tzipori et a1., 1982). 

In another study two drugs exhibited partial effectiveness in 

animals (Amprolium and difluoromethylornithine) but have not 

been tested in humans due to inherent toxicities (Hart and 

Baxby, 1985). Only the macrolide antibiotic spiramycin 

(tested in humans with AIDS) has demonstrated any promise of 

efficacy (Collier et al., 1984; Portnoy et a1., 1984). 

Spiramycin was not shown to be effective for AIDS patients in 

another study (Garcia et a1., 1987b). 
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A recent case report described cryptosporidiosis in a 

patient undergoing immunosuppressive therapy (Holley and 

Thiers, 1986). Oocyst shedding followed erythromycin and 

stool softener treatment (which preceeded immunosuppressive 

treatment). Diarrheal symptoms disappeared following the 

cessation of erythromycin and stool softener treatment, 

though oocyst shedding continued throughout the 

immunosuppressive treatment. The authors conjecture that the 

antibiotic and enema treatment reactivated a latent 

cryptosporidial infection. Mathan et al. (1985) reported a 

higher frequency of cryptosporidiosis in Indian children 

undergoing antibiotic therapy than in untreated children. 

Disruption of normal flora may predispose individuals to 

cryptosporidial infections. The significance of these 

reports is perhaps understated given the routine antibiotic 

treatment of diarrheal conditions where no etiologic agents 

are identified (especially in cases of traveler's diarrhea). 

At present, supportive therapy (fluid and electrolyte 

replacement) is of greatest utility in attempting to control 

cryptospor1diosis (Fayer and Ungar, 1986). 

Immunotherapeutic approaches to the treatment of 

cryptosporidiosis are beginning to be investigated (Tzipori 

et al., 1986; Soave, 1987; Kern et al., 1985). Tzipori et 

al. (1986) reported the successful treatment of 

cryptosporidiosis in a hypogammaglobulinemic child with 
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hyperimmune bovine colostrum. The value of such treatments, 

even if not completely successful in ending infections, is 

paramount given the lack of chemotherapeutic agents effective 

against Cryptosporidium. 

Immune Responses in Cryptosporidial Infections 

The extreme susceptibility to cryptosporidial infections 

by immunodeficient and immunosuppressed individuals contrasts 

greatly with the much less severe experience of 

immunocompe~ent individuals. Persistent infections have been 

reported in patients with both humoral and cellular immune 

deficiencies (Fayer and Ungar, 1986). Infections in nude 

mice were persistent and in some cases resulted in death. 

Reports to date indicate a distinct age-related 

susceptibility to infection: i.e. neonatal animals and young 

children, who have less developed immune systems, appear to 

be more frequently parasitized than adults (Fayer and Ungar, 

1986). The role for immune responses in controlling 

cryptosporidial infections appears to be quite significant, 

but the nature of effective immune responses is not clear. 

Detection of serum antibodies to Cryptosporidium has 

been accomplished using immunofluorescent assays, enzyme

linked immunosorbent assays, and western blot assays 

(Casemore et al., 1985; Casemore, 1987; Tzipori and Campbell, 

1981; Ungar et al., 1986; Ungar and Nash, 1986; Mead et al., 

1988b). Anti-parasite IgM levels rise and fall soon after 
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infection while IgG levels become elevated within 6 weeks. 

The duration of IgG responses varied from several months to 

over a year (Campbell and Current, 1983; Ungar and Nash, 

1986). Casemore (1987) concluded that IgG responses were 

quite poor in initial infections using an immunofluorescent 

assay with oocysts as antigen. These techniques have 

revealed antibodies in individuals with no recent evidence of 

cryptosporidiosis suggesting infections may be more common 

throughout life than was earlier conjectured (Koch et al., 

1985; Tzipori and Campbell, 1981; Ungar et al., 1986). 

Ungar and Nash (1986) demonstrated western blot 

reactivity to a 23 kDa antigen of sonicated oocysts in 93% of 

cryptosporidiosis positive patients. Mead et al. (1988b) 

have shown immune sera of humans, calves and horses react to 

a 20 kDa membrane antigen of sporozoites. This antigen 

probably correlates with the 23 kDa oocyst antigen reported 

by Ungar and Nash (1986). The significance of serum 

responses to specific parasite antigens has not been 

demonstrated. 

Diagnosis of Cryptosporidiosis 

Diagnosis of cryptosporidial infections was initially 

based on histologic examination of small intestine biopsy 

sections for parasite life cycle stages (Meisel et al., 

1976). This invasive method was quickly replaced by stool 

concentration techniques and a plethora of chemical staining 
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methods all designed to reveal the presence of oocysts. 

Stool preservation has employed 10% formalin or polyvinyl 

alcohol. Alternatively, oocysts in stools have been 

preserved in a viable state using 2.5% potassium dichromate 

at 4
0 C (Moon and Bemrick, 1981). These techniques have not 

been entirely compatible with staining techniques (Garcia et 

al., 1983). 

Methods for parasite concentration from stools include 

flotation of oocysts on Sheather's sucrose, sodium chloride 

or zinc sulfate solutions. Alternatively, the oocysts may be 

sedimented from feces using formalin-ether (modified Richie) 

or formalin-ethyl acetate. Reported comparisons of these 

techniques ar£~ contradictory in identifying the most 

appropriate methodology (Anderson, 1983; Casemore et al., 

1985; McNabb et al., 1985). Oocyst density and stool 

characteristics influence the efficiency of these methods. A 

commercially available parasite concentrator simplifies 

concentration in handling time and reduces infection risk 

(Zierdt, 1984). While oocysts may be 

from Sheather's flotation of stool 

brightfield microscopy, they are more 

identified directly 

specimens using 

readily identified 

using phase contrast microscopy or brightfield microscopy 

following specimen staining (e.g. acid fast staining, Garcia 

et al., 1983). 

The Giemsa stain was the first technique applied to 
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identifying oocysts in fecal smears (Pohlenz et al., 1978). 

Some of the other reported techniques include negative 

staining (Angus et al., 1981), periodic acid-Schiff, 

trichrome (Garcia et al., 1983), methylene blue-eosin (Cross 

and Moorhead, 1984), safranin-methylene blue (B~cby and Hart, 

1984) and auramine-rhodamine staining (Ma and Soave, 1983). 

The latter technique is a fluorescent staining method which 

facilitates rapid scanning of fecal smears but suffers from 

non-uniform staining of oocysts, non-specific staining of 

fecal material and inherent toxicity of the reagents (Garcia 

et al., 1983; Ma and Soave, 1983). 

Of the many staining methods reported, the most widely 

applied are the modified acid-fast procedures (Bronsdon, 

1984; Casemore et al., 1984; Garcia et al., 1983; Ma and 

Soave, 1983; Pohjola et al., 1985) in which oocysts are 

stained red and yeasts are counterstained (e.g. methylene 

blue counterstain, Garcia et al., 1983). In spite of the 

widespread application, drawbacks are manifest when oocysts 

are present in low numbers or after shedding begins to wane. 

In this instance, oocysts often fail to stain and contain no 

internal features. Yeasts, which are quite similar in size 

and shape to oocysts, do not always counterstain well and can 

be easily mistaken for oocysts (Garcia et al., 1983). 

Experimental Investigations Involving Cryptosporidium 

Investigators initially applied adaptations of the 
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standard Sheather1s flotation technique to partially purify 

oocysts from feces for experimental work (e.g. Heine et al., 

1984b). Oocysts of Eimeria spp. (a related coccidian 

parasite) have been purified by adaptations of the Sheather1s 

flotation methodology (Jackson, 1964; Hammond, 1968: Dubey et 

al., 1972). 

Recently, 

centrifugation 

an 

method 

ether-PBS and 

was reported for 

density 

the 

gradient 

recovery of 

Cryptosporidium oocysts from feces (Waldman et al., 1986). 

Another recent report described an oocyst isolation method 

utilizing sucrose density gradients and glass bead columns 

(Heyman et al., 1986). Riggs and Perryman (1987) reported 

the adaption of an ether-extraction, sieving, hypochlorite 

treatment method for oocyst extraction. In none of these 

reports were the efficiencies of oocyst recovery described, 

nor were the methods evaluated for large scale preparative 

oocyst isolation. Kilani and Sekla (1987) reported an oocyst 

purification method employing hypochlorite treatment combined 

with Percoll or cesium chloride gradient centrifugation. 

Scant data WI:lre presented regarding oocyst recoveries. 

Purification of Cryptosporidium sporozoites may be of 

particular value for in vitro applications. One published 

report showed that within a few hours post inoculation, 

oocyst fluid of Eimeria bovis killed cultured cells (Payer 

and Hammond, 1967). Removal of oocyst wall debris from 
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Eimeria adenoeides sporozoites enhanced the efficien~y of 

first generation meront development when compared xo 

sporozoites contaminated with debris (Doran, 1970). These 

observations suggest a toxic or otherwise detrimental effect 

on cultured cells by coccidian oocyst walls and/or oocyst 

fluids. In addition to this concern, Cryptosporidium 

sporozoite purity may be important since sporozoite inocula 

contaminated with large numbers of oocyst walls can lead to 

confusion when determining whether completion of the life 

cycle has occurred (oocyst walls adhere to fibroblastic cells 

in vitro and are not always distinguishable from those 

arising through infection) (Woodmansee and Pohlenz, 1983). 

Sporozoites of Eimeria spp. have been purified from 

excystation mixtures using glass bead columns (Wagenbach, 

1969), centrifugal elutriation (Stotish et al., 1977), nylon 

wool columns (Tilahun and Stockdale, 1982), metrizamide 

density gradient centrifugation (Wisher and Rose, 

anionic cellulose column chromatography (Schmatz 

1984). Variants of these methods may be useful in 

Cryptosporidium spp. oocysts and sporozoites. 

1984) and 

et al., 

purifying 

An adult model of cryptosporidiosis demonstrating 

clinical symptoms is needed for many experimental 

investigations. Adult wild mice are reportedly quite 

susceptible to infection and may experience recurrent disease 

episodes, but infections are asymptomatic' (Klesius et al., 
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1986). Liebler et al. (1986) reported 

intrauterine infection of adult BALB/c mice, 

were established using non-conventional 

the experimental 

but infections 

methods and the 

resultant infections were asymptomatic. To 

immunocompetent adult models exist for 

investigations. 

date, no 

laboratory 

Cryptosporidium infections are readily established in 

vivo in neonatal murine and bovine 

19~2). Both models have been 

systems 

employed 

(Reese 

in 

et al., 

several 

experimental studies (Fayer and Ungar, 1986). In addition to 

the neonatal animal models, in vitro cultivation of 

Cryptosporidium parvum has been reported (Woodmansee and 

Pohlenz, 1983; Current and Haynes, 1984; Naciri et al., 

1986). Only Current and Haynes (1984) reported success in 

generating the entire life cycle in vitro. 

reports have appeared replicating their work. 

No published 
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SIGNIFICANCE 

Studies involving Cryptosporidium have been hampered by 

the lack of published techniques for generating and purifying 

large numbers of the parasite. Efficient methods for oocyst 

and sporozoite preparation are needed to facilitate 

biological and biochemical examination of this parasite and 

its host interactions. 

While diagnosis of cryptosporidial infections can be 

accomplished using conventional 

clearly superior method has yet 

Ungar, 1986). To resolve this 

staining techniques, no 

been accepted (Fayer and 

controversy, a sensitive, 

efficient and safe alternative to conventional diagnostic 

methods may be afforded by applying specific monoclonal 

antibodies in immunoassays for oocyst detection. 

Conflicting reports have been published regarding the 

value of breast feeding and colostrum feeding in 

infants from cryptosporidial infections. 

protecting 

Crypto-

sporidiosis-susceptible neonatal mice may be useful as an 

experimental model for examining maternal passive transfer of 

immunity and disease immunoprophylaxis following oral 

treatment with anti-parasitic monoclonal antibodies. 

In vitro CUltivation methods for Cryptosporidium parvum 

need to be verified and standardized for maximum utility. 

With in vivo and in vitro models, it should be possible to 

elucidate the pathogenic mechanisms responsible for the 
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establishment of cryptosporidiosis and the i~nunologic 

parameters responsible for overcoming the disease. 
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SPECIFIC OBJECTIVES 

1. To develop methods for the consistent production of 

Cryptosporidium parvum oocysts in large numbers from calves. 

Develop techniques for the recovery of purified oocysts from 

calf feces and the purification of oocyst walls and 

sporozoites from oocyst excystation mixtures. 

2. To produce hybridomas secreting monoclonal 

recognizing oocyst and sporozoite antigens. 

oocyst specific monoclonal antibodies into 

immunoassays for detecting oocysts in feces. 

antibodies 

Incorporate 

specific 

Characterize 

monoclonal antibodies by subclass and apply antibodies to 

antigenic analyses of oocyst walls and sporozoites via 

western blot techniques. 

3. To establish a suckling BALB/c mouse model of crypto

sporidiosis. Investigate possible modulation of crypto

sporidial infections by humoral and cellular components of 

maternal origin (colostrum). Attempt to modulate infections 

in vivo through oral treatment of suckling mice with 

sporozoite-specific monoclonal antibodies. 

4. To develop methods for infecting mammalian cell cultures in 

vitro with purified ~tosporidium parvum sporozoites. 
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MATERIALS AND METHODS 

1. Cryptosporidium parvum production and purification. 

Oocyst Production in Holstein calves 

Neonatal Holstein calves (1-2 days of age) were obtained 

from the University of Arizona Dairy Research Center and from 

local dairy operations and placed in isolation rooms at the 

U. of A. Agricultural Research Center experimental animal 

facility. Commercial milk replacer was substituted for whole 

milk in the calves' diet to reduce fat content in the feces 

following the onset of oocyst shedding. The calves were 

orally infected within 12 hours of being placed in isolation 

with 1-2 X 108 Cryptosporidium parvum oocysts (originally 

obtained from Dr. Harley Moon, USDA, Ames, IA) suspended in 1 

liter of reconstituted milk replacer. Scouring appeared 3 to 

4 days post infection at which time the collection of feces 

began. Feces were mixed with 5% potassium dichromate 

Bemrick, 1981) and were stored at 40 C. Feces were sieved 

sequentially through stainless steel screens with a final 

mesh size of 230 (60 pm porosity) as described by Heine et 

al. (1984b). If necessary, sieved feces were concentrated by 

centrifugation (250 ml bottles at 1500 X g for 15 minutes) to 

raise oocyst concentrations to 0.5-5.0 X 107/ml in 2.5% 

K2Cr207 . Oocysts were stored in 2.5% K2cr207 at 40 C. 

Oocyst shedding in feces was initially monitored by 



phase contrast microscopy and later· by a 

immunofluorescent assay (Sterling and Arrowood, 
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direct 

1986) . 

Air-dried fecal smears were heat-fixed and labeled with the 

monoclonal antibody CIB3-FITC (directly conjugated with 

fluorescein isothiocyanate). Slides were mounted with a 

solution of 50% glycerol prepared in 25 roM phosphate buffered 

saline, pH 8.0, and examined at 400X and 1000X using an 

epifluorescent UV microscope (Optiphot, Nikon Inc., Garden 

City, NY). A variation of this technique allowed 

quantitation of oocyst numbers in feces: 1 ml feces was 

washed free of K2Cr207 with 25 roM phosphate buffered saline 

(PBS), pH 7.2 and resuspended to 1 ml with PBS. The 

monoclonal antibody CIB3-FITC was added to the tube (100 pI 

of a 1:50 dilution, stock:PBS), incubated at room temperature 

for 15 minutes, washed with PBS and resuspended to 1 ml with 

PBS. The fecal suspensions were diluted 1/5, 1/10 and 1/20 

and put into hemacytometer chambers. Oocyst counts were then 

performed using epifluorescent microscopy. 

Sheather's Flotation of Oocysts from calf Feces 

Oocysts were initially purified from sieved feces using 

the Sheather's flotation method for coccidian oocyst 

concentration (Sheather, 1923). Sheather's solution was 

prepared by dissolving 500 g sucrose into 320 ml distilled 

H20 supplemented with 9.7 ml liquified phenol. Ten ml sieved 

feces were placed in a 15 ml conical polypropylene tube and 
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centrifuged at 1900 X g for 10 minutes. After decanting the 

supernatant, the fecal pellet was resuspended in a minimal 

amount of PBS. Ten ml Sheather's solution were added to each 

tube and mixed thoroughly with the fecal suspension. The 

tube was centrifuged at 1900 X g for 5 minutes and oocysts 

floating at the surface were recovered by inserting a glass 

syringe plunger into the tube, touching the fluid surface, 

removing the syringe plunger and rinsing the adherent 

material off into a flask with PBS. The fecal preparation in 

the Sheather's tube was remixed and the procedure repeated 

twice more. Syringe plunger recovered material was diluted 

with PBS, transferred to 50 ml polypropylene tubes and 

centrifuged as before. Pellets were resuspended in 2.5% 

o K2Cr207, enumerated on a hemacytometer and stored at 4 C. 

Excystation of Sheather's Flotation Recovered Oocysts 

Oocyst preparations were centrifuged at 1200 X g for 10 

minutes and the supernatant decanted. The pellet was 

resuspended in PBS and centrifuged as before. This PBS wash 

was repeated twice more and the oocyst pellet resuspended in 

tissue culture PBS (81 mM Na2HP04 , 15 mM KH2P04 , 137 mM NaCl, 

27 mM KCl, pH 7.2). An equal volume of excysting fluid (0.5% 

trypsin and 1.5% sodium taurocholate (Sigma Chemical Co., St. 

Louis, MO) dissolved in tissue culture PBS (T-PBS)) was added 

and the mixture incubated for 60 minutes at 370 C (Fayer and 

Leek, 1984). The excystation mixture was washed with PBS 
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three times as described above and resuspended in PBS or 

appropriate column buffers (see below). 

Purification of Oocysts and Sporozoites Using 
Whatman CF-ll and DE-52 Cellulose Columns 

A low ionic strength column buffer (50 roM Tris, 240 roM 

glucose, pH 8.0) was used to prepare CF-11 cellulose (Whatman 

Ltd., England) for column preparation. The CF-11 cellulose 

was pre-soaked in column buffer for 1 hour. Plastic syringes 

(1 cm inner diameter) were used as column supports. A small 

amount of glass wool was packed into the syringe, the CF-11 

cellulose suspension was poured into the syringe and allowed 

to pack to a depth of 3 em without drying. Three column 

volumes of buffer were passed through the column. Oocyst or 

sporozoite suspensions were applied to the columns and three 

or more column volumes of buffer were passed through. Eluent 

fractions were collected, centrifuged at 2600 X g for 10 

minutes, pellets resuspended in PBS and oocysts or 

sporozoites enumerated with a hemacytometer. 

Cryptosporidium sporozoite purification was attempted 

based on the Eimeria tenella sporozoite purification method 

of Schmatz et al. (1984). Two column buffer systems were 

tested: a phosphate-based buffer system and a Tris-based 

buffer system. Stock 2X phosphate buffer (190 roM Na2HP04 , 

13 roM NaH2P04 , 145 roM NaCI), pH 8.0, was prepared with 

distilled H20. Working buffers of various ionic strengths 

were prepared by diluting 2X phosphate buffer (PB) with H20 
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and supplementing with 1% glucose (making the buffers 

isotonic). Whatman DE-52 was treated before use 

suspending 10 g of pre-swollen DE-52 cellulose in 450 ml 2:8 

(PB:H20) buffer. After settling, fines were decanted, the 

DE-52 resuspended to 150 ml in 2:8 buffer, pH adjusted to 8.0 

with 5% phosphoric acid and fines again decanted. The 

treated DE-52 was then resuspended in the 2:8 buffer for 

column preparation. The DE-52 slurry was poured into 3 cc 

plastic syringes (1 cm inner diameter) and allowed to pack to 

a depth of 1.5 cm without drying. Columns were washed with 

50 ml of the appropriate working column buffer. Oocysts were 

excysted as described above and excystation mixtures applied 

to the columns as described for the Whatman CF-11 columns. 

Eluent fractions were collected, centrifuged and parasites 

counted as described above. 

Stock 2X Tris buffer (37 mM Tris base, 38 mM Tris HCI) , 

pH 8.1, was prepared with distilled H20. Working buffers of 

various ionic strengths were prepared by supplementing 100 ml 

2X Tris buffer (TB) with 2 g glucose and various quantities 

of NaCl, q.s. to 200 ml with distilled H20. Whatman DE-52 

was prepared by suspending 10 g of pre-swollen DE-52 in 

450 ml TB-1 buffer (TB supplemented with NaCI to an ionic 

strength of 0.150) minus glucose. After settling, fines were 

decanted, the DE-52 resuspended to 150 ml in TB-1 buffer 

minus glucose and fines again decanted (pH adjustment was not 
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necessary). The treated DE-52 was resuspended in TB-1 buffer 

minus glucose for column preparation. The DE-52 slurry was 

poured into 3 cc plastic syringes with an inner diameter of 

1 cm and allowed to pack to a depth of 1.5 em without drying. 

Columns were washed with 50 ml of the appropriate working 

column buffer. Oocysts were excysted as described above and 

excystation mixtures applied to the columns as described for 

the Whatman CF-11 columns. Eluent fractions were collected, 

centrifuged and counted as described above. 

Oocyst Isolation Using Discontinuous sucrose Gradients 

The discontinuous sucrose gradients used in the oocyst 

purification process were prepared from Sheather's solution 

diluted with PBS and supplemented with 1% Tween 80. The 1:2 

solution (Sheather's solu~ion:PBS) had a specific gravity of 

1.103 g/cm3 and the 1:4 solution had a specific gravity of 

1.064 g/cm3 . Ten ml of the 1:4 solution were layered over 

10 ml of the 1:2 solution in 50 ml polypropylene centrifuge 

tubes. A 5 ml portion of the sieved feces (in K2Cr207 ) was 

layered over the 1:4 solution. Each run consisted of sixteen 

such tubes centrif\lged at 1500 X g for 30 minutes. The upper 

5 ml layers, middle 1:4 layers and lower 1:2 layers were 

separately recovered from the tubes and pooled into three 

fractions. Pellets were also examined for the presence of 

oocysts. Pooled layers were diluted with 0.85% saline, 

centrifuged at 1900 X g and the pellets collected. Pellets 
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recovered from the (1:4) : (1:2) interface were resuspended 

to 40 ml with 2.5% K2Cr20
7 

and stored at 4
0 C or dispensed in 

5 ml aliquots over new gradient tubes and centrifuged as 

before. Pellets from the oocyst-rich (1:4) : (1:2) interface 

layers of the second run were washed with saline, resuspended 

to 4 ml in 2.5% K2Cr207 and stored at 4oC. 

Oocyst Isolation Using Isopycnic Percoll Gradients 

Percoll (Pharmacia, Piscataway, NJ) solutions of 

1.091 g/ml were prepared by mixing 9 parts Percoll, 1 part 

lOX Alsever's and 9 parts lX Alsever's solution (320 mosm, pH 

7.4) and used immediately. One ml aliquots of oocysts 

recovered from secondary discontinuous sucrose gradients were 

layered over 9 ml of the Percoll solution in high speed 

centrifuge tubes and centrifuged at 22,000 X g for 30 minutes 

at room temperature. Observed bands ,.,ere recovered, washed 

in PBS and examined for the presence and purity of oocysts 

and debris. Purified oocysts recovered from the major band 

in the lower third of the gradient were washed with saline 

and stored in 2.5% K2Cr207 at 4oC. 

Microbial Contamination and Hypochlorite 
Treatment of Percoll Purified Oocysts 

Percoll purified oocysts stored in 2.5% K2cr207 were 

centrifuged at 1200 X g for 10 minutes, supernatant decanted, 

pellet resuspended in 0.22 pm filter sterilized PBS and 

centrifuged as before. This PBS wash was repeated twice more 

and the preparation divided into four aliquots. The aliquots 
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were centrifuged as before and resuspended into 5 ml each: 1) 

PBS, 2) 0.5% commercial hypochlorite prepared in sterile PBS, 

3) 1% hypochlorite-PBS, and 4) 2% hypochlorite-PBS 

respectively. Treatments were performed in an ice bath for 5 

minutes, the tubes centrifuged as before, supernatants 

decanted and the pellets resuspended in 10 ml sterile PBS. 

The PBS wash was repeated twice more. Preparations were 

examined via phase contrast microscopy for damage to oocysts. 

One ml portions of each treatment preparation were 

transferred to trypticase soy broth culture tubes and 

incubated at 370 C for 1 week. Tubes were examined daily for 

microbial growth. Oocyst preparations were also excysted to 

assess treatment effect on sporozoites and oocyst excystation 

character. 

Sporozoite Isolation Using Isopycnic Percoll Gradients 

Oocysts recovered from Percoll gradients were washed 

three times with PBS (1500 X g for 10 minutes) and 

resuspended into 20 ml PBS at a concentration of 

1-2 X loB/mI. The oocyst suspension was mixed with an equal 

volume of excysting solution (0.5% trypsin, 1.5% 

taurocholate in T-PBS) and incubated 60 minutes in 

water bath. The excysting solution was removed by washing 

with Alsever's solution. The pellet of free sporozoites, 

oocyst walls and intact oocysts was resuspended to a volume 

of 4 ml in lX Alsever's solution. One ml aliquots of the 
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excystation mixture were layered over 9 ml of the Percoll 

solution and centrifuged as described for oocysts. Observed 

bands were recovered, washed with PBS and examined for the 

presence and purity of sporozoites, intact oocysts, oocyst 

walls and debris. 

2a. Anti-C. parvum 

purification. 

monoclonal antibody generation and 

Cryptosporidium Antigen for Mouse Immunizations 

Cryptosporidium parvum (Iowa isolate) oocysts were 

generated in calves as described above. Oocysts purified by 

Sheather's flotation were used for initial fusions. 

Discontinuous sucrose and Percoll gradient purified oocysts 

served as antigen source for the remaining mouse 

immunizations. Immunization regimens employed 1) intact 

oocysts, 2) excystation mixtures: sporozoites, oocyst walls, 

and intact oocysts, 3) purified sporozoites and 4) purified 

oocyst walls. 

General Immunization Protocol for Mice 

BALB/c ByJ mice were immunized in preparation for 

splenocyte fusion with the P3/X63-Ag8.653 myeloma cell line. 

RBF/Dn mice were immunized 

fusion with the FOX-NY 

Laboratories, Logan, UT). 

in preparation 

myeloma cell 

for 

line 

Primary immunizations 

splenocyte 

(HyCIone 

antigen 

injected 

emulsified in Freund's complete 

in the 

adjuvant 

thigh 

employed 

(FCA) 

muscle intra-muscularly (Lm. ) 
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(100-200 pI maximum). Secondary immunizations occurred two 

weeks later employing antigen emulsified in Freund's 

incomplete adjuvant (FIA) injected intra-peritoneally (i.p.) 

at 200-400 pI maximum volumes. The final immunization 

occurred two weeks later and employed antigen suspended in 

PBS injected intra-venously (i.v.) via tail veins (100-200 pI 

maximum). Four days later the immunized mouse was sacrificed 

by cervical dislocation and the spleen aseptically removed 

for use in the fusion protocol. 

Fusion Protocols and Monoclonal Antibody Screening Protocol 

The P3/X63-AgB.653 myeloma fusion protocol was similar 

to that of Fazekas de St. Groth and Scheidegger (1980). 

Immunized mice were sacrificed by cervical dislocation, their 

spleens removed and transferred to a sterile Petri dish 

containing 5 ml RPMI base medium (Gibco Laboratories, Grand 

Island, NY) and cut into small pieces using sterile scissors. 

A sterile stainless steel screen (190 pm porosity Cellector 

screen, Bellco Glass Inc., Vineland, NJ) was placed in the 

dish and the spleen pieces were rubbed across its surface 

with the plunger of a sterile 3 cc disposable syringe to' 

prepare a single cell splenocyte suspension. The cell 

suspension was transferred to a 15 ml sterile polystyrene 

tube, diluted to 10 ml with RPMI base, centrifuged at 200 X g 

for 10 minutes and the supernatant decanted. The RPMI base 

wash was repeated twice more, the cell pellet resuspended in 
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10 ml fresh RPMI base, and the cell suspension counted using 

a hemacytometer. Approximately 1 X 108 splenocytes in 

suspension were held at 370 C in a 7% CO2 incubator until 

used. Approximately 1 X 107 P3/X63-AgB.653 myeloma cells in 

log phase growth were recovered from large (75 cm2 ) culture 

flasks, washed with RPMI base and set aside in the incubator 

until used. Splenocytes and myeloma cells were combined in a 

50 ml polypropylene tube and centrifuged at 200 X g for 10 

minutes. The supernatant was decanted and the tube tip was 

tapped to resuspend the cell pellet in the minimal amount of 

medium remaining at the bottom of the tube. One ml of a 45% 

(vol/vol) polyethylene glycol (PEG-4000, Merck, West Germany) 

solution prepared in RPM! base (adjusted to pH B.O and 

0.45 pm filter sterilized) was added to the cell suspension 

over 1 minute with gentle agitation. The tube tip was kept 

submerged in water at 370 C throughout the fusion procedure. 

The cell-PEG mixture was allowed to stand for 1 minute 

followed by the addition of 1 ml RPM! base over 1 minute with 

gentle agitation. Twenty ml of RPMI base were added over the 

next 4 minutes with gentle agitation. The tube was 

centrifuged at 200 X g for 5 minutes, the supernatant 

decanted and the cell pellet gently resuspended into 5-10 ml 

hypoxanthine, aminopterin, thymidine (HAT) medium. The cell 

suspension was further di1uted with HAT medium prior to 

dispensing into culture plates. Generally, BALB/c ByJ 
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thymocytes were prepared (Mishell and Shiigi, 1980) in 150 ml 

HAT medium (1 X 106 thymocytes/ml). The fusion mixture was 

suspended in the thymocyte preparation and dispensed into 24 

well plates at 1 ml/well and incubated at 310 C in a 1% CO2 

incubator. The following day (day 1 post fusion) 1 ml HAT 

medium was added to each well. Culture plates containing the 

fusion mixtures were plac,~d on a feeding schedule summarized 

in Table 1. 

Fusions employing FOX-NY myeloma cells and 

splenocytes followed the protocol supplied by 

RBF/Dn 

HyClone 

Laboratories (Logan, UT). The major difference between this 

method and the one described above was the substitution of 

adenine, aminopterin, thymidine (AAT) medium for HAT medium 

(Taggart and Samloff, 1983). 

When hybrids became visible (usually 10 to 14 days post 

fusion) culture supernatants were recovered and screened by 

indirect immunofluorescence (a modification of the technique 

of Tilahun and Stockdale, 1982). Target antigens were 

air-dried onto poly-I-lysine (Sigma Chemical Co., St. Louis, 

MO) coated microscope slides. Briefly, microscope slides 

were soaked in 95% ethanol, wiped dry with Kim Wipes 

(Kimberly-Clark Corp., Roswell, GA) , immersed in 

poly-I-lysine (50 pg/liter in distilled H20) for 45 to 120 

minutes at room temperature and wiped dry with Kim Wipes. 

Oocysts, oocyst walls and sporozoites suspended in PBS were 



Table 1. Hybridoma fusion plate feeding schedule. 

Days 
Post Amount replaced 

Fusion Medium in each well 

7 HAT 1 ml 

9 HAT 1 ml 

11 HAT 1 ml 

13 HT 2 ml 

15 HT 1 ml 

17 HT 1 ml 

19 Growth 1 ml 

HAT hypoxanthine, aminopterin and thymidine 
supplemented growth medium 

HT = hypoxanthine and thymidine supplemented 
growth medium 

Growth = RPM! 1640 base supplemented with HEPES 
buffer, 15% fetal calf serum, glutamine, 
pyruvate and antibiotic mixture 

50 
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immediately applied to the slides, dried and the slides 

stored at -20oC or -70oC. Undilute hybridoma supernatants or 

PBS-diluted sera were applied to the slides and incubated in 

a humid chamber at room temperature for 30 minutes. The 

slides were rinsed three times with PBS and the appropriate 

secondary reagent applied for 30 minutes. For mouse sera and 

monoclona.l antibodies, PBS-diluted (1:100) fluorescein 

isothiocyanate (FITC) labeled goat anti-mouse IgG, IgM, IgA 

(U.S. Biochemical Corp., Cleveland, OH) was applied. The 

slides were rinsed with PBS, coverslip mounted with 50% 

glycerol (in PBS, pH 8.0) and examined using epifluorescent 

microscopy. 

Clonal Expansion, Isolation and Storage of Hybriciomas 

Antigen-specific monoclonal antibody secreting 

hybridomas were expanded in culture and cloned by limiting 

dilution (Mishell and Shiigi, 1980). Hybridoma cell samples 

were periodically frozen according to standard techniques and 

stored in liquid nitrogen (Goding, 1983). 

In Vitro Maintenance of Hybridomas 

Hybridomas were maintained in culture at 370 C in a 7% 

CO2 incubator using growth medium: 100 roM 

RPMI 1640 supplemented with 1% glutamine, 

HEPES buffered 

1% pyruvate, 1% 

antibiotic mixture (penicillin, gentamycin, amphotericin B), 

and 10% heat inactivated (56oC for 30 minutes) fetal calf 

serum ( FCS) . All supplies were obtained from Gibco 



Laboratories (Grand Island, NY). 

Isotype Analysis of Monoclonal Antibodies 
Secreted by Hybridomas 
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Affinity purified, biotinylated, isotype specific 

reagents were obtained from Zymed Laboratories (Burlingame, 

CA) and employed with FITC-Iabeled streptavidin in an 

indirect immunofluorescent assay to determine the class and 

subclass of individual monoclonal antibodies. 

Generation, Treatment and Storage of Ascitic Fluids 

Hybridomas were grown in BALB/c ByJ mice or F1 offspring 

of BALB/c ByJ X RBF/Dn mice as ascites tumors after priming 

with pristane (0.5 ml 2,6, 10, 14-tetramethylpentadecane, 

Aldrich Chemical Co., Milwaukee, WI) 11-14 days prior to 

hybridoma injection. Hybridomas that failed to grow in the 

above mice were injected into pristane-primed mice treated 

with 500 rad total body irradiation (University Medical 

Center) the day before hybridoma injection. Ascitic fluids 

collected for each hybridoma were pooled, titered by indirect 

immunofluorescence and fcrozen at or Some 

ascitic fluids were pooled and treated to remove cell debris 

and lipids (Neoh et al., 1986) prior to storage at -20oC or 

-70oC. Briefly, the pooled ascitic fluids for each hybridoma 

were diluted with an equal volume of veronal-buffered saline 

(VBS, prepared with complement fixation test diluent tablets, 

Oxoid U.S.A. Inc., Columbia, MD) and mixed with an 

appropriate weight of silicon dioxide (Si02, Cab-O-Sil M-5 
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scintillation grade, Eastman Kodak Co., Rochester, NY) 

maintaining a ratio of 15 mg Si02/ml diluted ascitic fluid. 

The mixtures were gently agitated on a rotating mixer at room 

temperature for 30 minutes, centrifuged for 20 minutes at 

1900 X g in 50 ml polypropylene tubes and the supernatant 

decanted. For long-term storage, delipified ascitic fluids 

were dispensed in 5 ml volumes and frozen at -200 C or -700 C. 

Monoclonal Antibody Purification from Ascitic Fluids 

Purification of the monoclonal antibodies from ascitic 

fluids involved several methodologies: ammonium sulfate 

precipitation (Goding, 1983) , polyethylene glycol 

precipitation (Neoh et al., 1986) and/or anion-exchange 

chromatography using a standard DEAE-Sephacel column 

(Pharmacia, Piscataway, NJ) or a DEAE-substituted column 

(TSK-DEAE-5-PW, Bio Rad Laboratories, Richmond, CAl on a Bio 

Rad HPLC apparatus. 

Human, Calf and MOuse Serum Collection, Storage and 
Titration Against Cryptosporidium Antigens 

Sera of experimentally infected calves, naturally 

infected humans and immunized mice were collected and stored 

at -200 C or -700 C. Cryptosporidium-specific antibody titers 

were determined using an indirect immunofluorescent assay 

against slide-bound oocyst and sporozoite antigens. For 

human sera, PBS-diluted (1:100) FITC labeled goat anti-human 

IgG, IgM, IgA (American Qualex Inc., La Mirada, CAl was 

applied. For calf sera, PBS-diluted (1:100) goat anti-bovine 
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IgG, IgM (Kirkegarde and Perry Laboratories, Gaithersburg, 

MO) was applied. 

2b. Anti-oocyst monoclonal antibodies. 

Anti-Qocyst Hybridoma Production 

Fusion A: A 4 week old BALB/c mouse was orally 

inoculated with 2 X 107 Sheater's flotation purified oocysts 

in PBS. Two weeks later the mouse was challenged with an 

equivalent oral inoculum. Two weeks later the mouse was 

injected i.v. with 2 X 106 oocysts (purified using Sheather's 

flotation, CF-ll and DE-52 cellulose chromatography) in PBS. 

A serum sample was obtained from the mouse and an IFA 

performed. Because anti-oocyst reactivity was neglible and 

anti-sporozoite reactivity poor, an alternate immunization 

regimen was initiated with this mouse (2 weeks after the i.v. 

injection) to enhance anti-oocyst serum reactivity. 

Antigen for the subsequent immunizations was prepared in 

the following manner. Oocysts purified from calf feces using 

Sheather's flotation, CF-ll cellulose chromatography and 

finally DE-52 cellulose chromatography were washed free of 

PBS and resuspended in PBS to 10 ml K2Cr20 7 with 

(6 X 10
5
/ml). The oocyst suspension was immersed in an ice 

bath and sonicated with a model 9100 sonicator (Lab-Line 

Instruments Inc., Melrose Park, IL). The sonicator tip was 

immersed just below the PBS surface and four separate 2 

minute pulses (power setting of 20) were performed. 
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Approximately 0.02% intact oocysts remained following 

sonication. The disrupted oocyst preparation was centrifuged 

at 5900 X g for 10 minutes. The pellet was resuspended in 

distilled H20 and stored at overnight. No 

morphologically apparent sporozoites were observed the next 

morning. The suspension was centrifuged for 10 minutes at 

5900 X g, washed with PBS four times and resuspended to 

600 pl. The preparation was dispensed in 200 pI aliquots and 

stored at -20oC. 

Each antigen aliquot (2 X 106 oocyst wall equivalents) 

was used to immunize the BALB/c mouse according to the 

generalized mouse immunization protocol (described in section 

2a above). 

Fusion B: Oocyst walls were purified using isopycnic 

Percoll gradients, suspended in PBS and stored at -20
o

C until 

used. No quantitatively 

contaminated the preparation. 

detectable intact oocysts 

7 Approximately 4.6 X 10 oocyst 

walls were injected per RBF/Dn mouse per immWlization 

according to the generalized protocol (described in section 

2a above). 

Fusion C: Oocyst walls were prepared and used to 

immunize BALB/c mice essentially as described for RBF/Dn mice 

in the Fusion B protocol. 

Monoclonal Antibody elBa Purification 

Anti-oocyst monoclonal antibody C1B3 was purified from 
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ascitic fluid by precipitating immunoglobulin proteins with 

ammonium sulfate (Goding, 1983), dissolving the precipitate 

in PBS and dialyzing against two changes of distilled H
2

0 and 

one change of 20 roM K2HP04 buffer, pH 8.0. Protein 

concentration of the antibody preparation was determined to 

be 1.81 mg/ml using UV spectroscopy (O.D. at 280 nm and 

260 nm). The antibody preparation was applied to a 

DEAE-Sephacel (Pharmacia, Piscataway, NJ) column equilibrated 

with 20 roM K2HP04 buffer and the buffer allowed to flow 

(0.9 ml/minute) until the 280 nm UV baseline trace 

stabilized. Eluting buffer was applied to the column and 

fractions collected. Eluting buffer was prepared by filling 

a mixing chamber (magnetic stir bar) with 200 ml starting 

buffer (20 roM K2HP04 ) and adding eluting buffer (20 roM 

K2HP04 , 500 roM NaCI, pH 8.0) at the same flow rate as the 

column eluent. After the 280 nm trace returned to the 

baseline and all fractions were collected, the column was 

washed with starting buffer and the procedure repeated. Peak 

fractions containing anti-oocyst activity were 

0.45 pm filter sterilized and stored at 4°C. 

pooled, 

Fluorescein Isothiocyanate (FITC) Labeling of 01B3 

DEAE-Sephacel purified C1B3 antibody was labeled with 

FITC (Sigma Chemical Co., St. Louis, MO) according to Goding 

(1983). Briefly, 20 ml purified C1B3 were dialyzed against 

two 500 ml changes of carbonate/bicarbonate buffer, pH 9.5 
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over 72 hours. Using a ratio of 100 pg FITC/mg C1B3 protein, 

3.0 mg FITC (dissolved in 3 ml dimethyl sulfoxide, DMSO) were 

added to 20 ml C1B3 solution (1.52 mg/ml) dropwise with 

stirring. The reaction was allowed to proceed in the dark 

for 3 hours without stirring. Unbound FITC was removed from 

the C1B3-FITC conjugate by applying the mixture to Sephadex 

G-25 (Pharmacia, Piscataway, NJ) columns, collecting and 

pooling the conjugate-containing fractions. Columns were 

prepared by hydrating Sephadex G-25 with PBS-azide (PBS 

supplemented with 0.1% sodium azide). The Sephadex G-25 

slurry was poured into a glass column (1.6 cm inner diameter) 

to a packed depth of 15 cm. The resulting bed volume was 

24 ml, eluting volume of 11 ml, 

10 mI. Samples were applied 

and 

in 

separation volume of 

6-8 ml volumes. After 

collecting active fractions, the column was washed with 

PBS-azide until all unbound FITC was eluted. The C1B3-FITC 

purification procedure was repeated for the remaining 

C1B3-FITC reaction mixture and the active fractions pooled. 

The C1B3-FITC conjugate was divided into two portions, the 

first was dispensed in 100 pI aliquots and stored frozen at 

-200 C, the second portion was mixed with an equal volume of 

glycerol, dispensed in 200 pI aliquots and stored at -200 C. 

Immunoflourescent assays against oocyst-containing fecal 

smears were performed USing the PBS-diluted conjugate to 

determine its active titer. 
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Direct Immunofluorescent (DIF) Assay Using CIB3 

Air dried fecal smears and microbial culture smears were 

prepared on microscope slides and heat fixed. If the sample 

was originally stored in K2cr207 , the heat-fixed smear was 

rinsed with PBS and allowed to dry before continuing. The 

CIB3-FITC conjugate was diluted 1:100 with PBS and applied to 

each smear in 50-100 pI volumes. The slides were incubated 

at room temperature for 15 minutes in a humid chamber, rinsed 

three times with PBS (over 9 minutes), wiped with KimWipes to 

remove excess PBS and coverslip mounted with 50% glycerol, pH 

8.0 or polyvinyl alcohol mounting medium. Slides were 

observed at 400X and 1000X using epifluorescence as described 

previously. 

Specificity of 01B3 

Immunofluorescent assays were performed using a variety 

of bacterial, fungal, yeast, and protozoal organisms 

air-dried onto microscope slides. Organisms were obtained 

from stock cultures in the Department of Microbiology and 

Immunology, University of Arizona. Additional cultures and 

fecal samples were provided by Lynn Garcia (UCLA Medical 

Center, Los Angele:s, CA), William Current (Lilly Research 

Laboratories, Greenfield, IN), as well as organisms available 

in this laboratory. 

To determine whether the CIB3-reactive antigen on 

oocysts was carbohydrate in nature, periodate oxidation and 
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competitive binding assays were performed. Carbohydrate 

oxidation employing periodic acid was adapted from the method 

of Woodward et al. (1985). Briefly, air-dried, heat-fixed, 

oocysts on slides were rinsed with 50 mM acetate buffer (AB), 

pH 4.5 followed by exposure to varying concentrations of 

periodic acid (0-20 mM in AB) at room temperature in the dark 

for 1 hour. Slides were rinsed and incubated with 50 mM 

sodium borohydride for 30 minutes at room temperature in the 

dark. Slides were rinsed five times with PBS followed by IFA 

employing C1B3-FITC. 

Competitive binding assays followed the standard IFA 

method with these modifications: 1) stock CIB3-FITC was 

diluted 1:200 with PBS, and 2) sugars (glucose, mannose, 

galactose, lactose, and xylose) of various molar 

concentrations were mixed in equal volumes (50 pI each) with 

the diluted ClB3-FITC before application onto slides. 

Treated slides were compared to control slides. 

CIB3-FITC Concomitant Staining Techniques 

Since the CIB3 monoclonal antibody cross-reacted with 

rarely encounted yeasts, alternate fecal smear treatments 

were attempted to aid in discriminating CIB3-labeled oocysts 

from ClB3-labeled yeasts. Fecal smears containing 

cross-reactive yeasts were stained with crystal violet, fast 

yellow, methylene blue, malachite green or various acid fast 

staining techniques (Lennette et al., 1980) prior to or 
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following C1B3-FITC labeling. Slides were observed under 

brightfield and epifluorescent microscopy to assess the 

effect of the accessory staining methods on the ability to 

discriminate oocysts from yeasts. 

aNa Hybridoma 

Hybridoma ON3 was derived from oocyst fusion B. Oocyst 

specificity of monoclonal antibody ON3 was assayed by IFA. 

Culture supernatant containing monoclonal antibody ON3 was 

provided to Lynn Garcia (UCLA Medical Center, 

CA) for testing of cross-reactivity to a 

Los Angeles, 

variety of 

microorganisms and parasites. 

Purification of aNa 

Ascitic tumors were produced in irradiated, 

pristane-primed mice. Ascitic fluids were treated with Si02 

and stored at -700 C. Methods used to purify monoclonal 

antibody ON3 included polyethylene glycol precipitation and 

high pressure liquid chromatography. 

PITC Labeling of ON3 

Ascitic fluids were mixed with an equal volume of 

starting buffer (10 roM phosphate, 0.01 roM 

One ml aliquots of the mixture were 

hydroxylapetite column (HPHT column, B10 

CaC1 2, pH 8.0). 

applied to an 

Rad Laboratories, 

Richmond, CA) on the HPLC system followed by the operation of 

a computer-driven gradient program. This program created a 

linear buffer gradient by mixing the starting buffer with 
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eluting buffer (10 mM phosphate, 0.01 mM caCl2 , 500 mM NaCl, 

pH 8.0). Eluent fractions were collected from the column, 

pooled into active fractions and concentrated 3X on a Minicon 

concentrator (Amicon Corp., Lexington, MA). The protein 

concentration of the purified OW3 preparation was determined 

by UV spectrophotometry to be 1.86 mg/ml. The sample was 

dialyzed into carbonate/bicarbonate buffer. The ratio of 

FITC to protein was calculated and the appropriate mixture 

prepared. Conjugated OW3 was passed over a Sephadex G-25 

column and stored at 40 C overnight. The conjugate was 

assayed for activity using a direct immunofluorescent method. 

Fluorescein Thiosemicarbazide (FTSC) Labeling of 0W3 

Antibody labeling with FTSC (Molecular Probes Inc., 

Eugene, OR) was adapted from the method of O'Shannessey and 

Quarles (1985) . Monoclonal OW3 was purified from 

Si02-treated ascitic fluid by PEG precipitation (Neoh et al., 

1984). A 17.5 ml volume of treated ascitic fluid was mixed 

with an equal volume of 13% PEG (in VBS) and immersed in an 

ice bath for 30 minutes. Precipitated immunoglobulin was 

recovered by centrifuging at 3900 X g for 20 minutes, 

decanting the supernatant and dissolving the pellet in 8 ml 

VBS. Protein concentration was determined using the BCA 

assay (Pierce Chemicals, Rockford, IL). 

volume was adjusted to 12 ml, reducing 

The VBS-protein 

the protein 

concentration to 1.53 mg/ml. Sephadex G-25 was hydrated in 
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acetate buffer (100 roM sodium acetate, 100 roM NaCI, 0.01% 

thimerosol, pH 5.5). The slurry was poured into a glass 

column with a 1 cm inner diameter (Econo-column, Bio Rad 

Laboratories, Richmond, CAl yielding a 15 ml bed volume. The 

column eluent was routed through a 280 nm UV detector (UV-l, 

Pharmacia, Piscataway, NJ) connected to a chart recorder 

(Pharmacia, Piscataway, NJ). The ON3-VBS preparation 

(3.5 ml) was applied to the column to exchange buffer 

constituents. The eluted protein peak was collected into a 

volume of 4 ml and placed on ice. Sodium m-periodate was 

added to a final concentration of 10 roM and the mixture 

oxidized for 20 minutes. The mixture was applied to a 

Sephadex G-25 column (15 ml bed volume) equilibrated with 

PBS. The oxidized protein peak was collected into a volume 

of 5 ml from the column eluent. FTSC dissolved in dimethyl 

formamide (DMF) was added to yield a final concentration of 

10 roM, reacted in the dark on a rotating tray at room 

temperature for 2 hours. The reaction mixture was 

centrifuged at 1200 X g for 10 minutes and the 

decanted. The supernatant (5 ml) was applied to 

G-25 column (15 ml bed volume) equilibrated with 

supernatant 

a Sephadex 

PBS-azide. 

The 6 ml eluent volume contained a visibly labeled product 

(orange) and was split into two portions, one stored at 40 C 

and the second mixed with an equal volume of glycerol and 

stored at -200 C. Activity of the QW3-FTSC conjugate was 
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assayed using a direct immunofluorescent method. 

Biotin Hydrazide (BH) Labeling of 0W3 

Antibody labeling with BH (Molecular Probes Inc., Eugene 

OR) was adapted from the method of O'Shannessey and Quarles 

(1985). Monoclonal antibody OW3 was purified from 

Si02-treated ascitic fluid by PEG precipitation. A 17.5 ml 

volume of treated ascitic fluid was mixed with an equal 

volume of 13% PEG (in VBS) and immersed in an ice bath for 30 

minutes. Precipitated immunoglobulin was recovered by 

centrifuging at 3900 X g for 20 minutes, decanting the 

supernatant and dissolVing the pellet into 8 ml acetate 

buffer (100 mM sodium acetate, 100 mM NaCl, pH 5.5). Protein 

concentration was determined using the BCA assay (Pierce 

Chemicals, Rockford, IL). The acetate buffer volume was 

adjusted to 12 ml (protein concentration of 1.53 mg/ml) and 

placed in an ice bath. Sodium m-periodate was added to a 

final concentration of 10 mM and the mixture oxidized for 20 

minutes. The mixture (6 ml) was applied to a Sephadex G-25 

column (15 ml bed volume) equilibrated with acetate buffer. 

The oxidized protein peak (minus periodate) was collected 

into a volume of 7 ml fr'om the column eluent. Solid BH was 

added to 3.5 ml of the oxidized OW3 preparation yielding a 

final concentration of 10 mM. The mixture was reacted in the 

dark on a rotating tray at room temperature for 2 hours. The 

reaction mixture was applied to a Sephadex G-25 column (15 ml 
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bed volume) equilibrated with PBS-azide. The protein peak 

was collected into a 4 ml eluent volume which followed the 

6.5 ml void volume. The OW3-biotin preparation was split 

into two portions, one stored at 40 C and the second mixed 

with an equal volume of glycerol and stored at -20oC. 

Activity was assayed using a modified IFA. Streptavidin-FITC 

(Zymed Laboratories, Burlingame, CA) diluted 1:100 in PBS was 

employed as the secondary reagent in the indirect 

immunofluorescent assay. 

2c. OOcyst detection methods: 

antibodies. 

chemical stains and monoclonal 

Auramine-Rhodamine Staining of Fecal Oocysts 

Acid-fast staining with auramine-rhodamine was based on 

Truant's auramine-rhodamine stain (Lennette et al., 1980). 

The stain was prepared by combining 1.5 g auramine 0, 0.75 g 

rhodamine B, 75.0 ml glycerol, 10.0 ml phenol and 50.0 ml 

Air-dried, heat-fixed fecal smears were 

stained 15 minutes and rinsed with H20. Smears were 

decolorized 2 to 3 minutes with 0.5% HCl (in 70% ethanol) and 

rinsed with H20. The smears were counterstained for 2 to 4 

minutes with 0.5% potassium permangenate (in distilled H20), 

rinsed with H20 and air-dried. Slides were examined at 400X 

and 1000X using epifluorescence (using the wavelength and 

filter combination used for fluorescein observation). 



Diaminobenzidine (DAB) Staining of 
Fecal Oocysts Using OW3-Biotin 
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DAB staining was adapted from the methods of Wordinger 

et a1. (1983). Stock 3,3'-diaminobenzidine tetrahydro 

chloride (Sigma Chemical Co., St. Louis, MO) was prepared by 

dissolving DAB in 50 mM Tris buffer, pH 7.6, to a 

concentration of 45 mg/ml, dispensing in 100 pI aliquots into 

plastic vials and storing at -20oC until used. Air-dried 

fecal smears were prepared. OW3-biotin was diluted in PBS, 

applied to the smears (50 pI) and incubated 30 minutes in a 

humid chamber. Slides were washed three times with PBS and 

the excess PBS wiped off. Streptavidin-horseradish 

peroxidase (Bethesda Research Laboratories Inc. , 

Gaithersburg, MO) wa~ diluted in PBS, applied to the smears 

(50 pI) and incubated 30 minutes in a humid chamber. Slides 

were washed three times with PBS and the excess PBS wiped off 

with KimWipes. Working DAB solution was freshly prepared by 

thawing a stock DAB vial, diluting it to 10 ml with 50 mM 

Tris buffer, pH 7.6 or with PBS and adding 100 pI 3% H20 2 . 

Working DAB was applied to the smears (100 pI) and the slides 

incubated in the dark for 15 minutes. Slides were washed 

once with PBS followed by two H20 washes. Copper sulfate 

(0.5% CUS04 in 0.85% NaCI) was applied to the smears for 5 

minutes and the slides washed twice with distilled H20. If 

slides were counterstained, 1% aqueous methylene blue was 

applied for 15-30 seconds and washed briefly under tap H20. 
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All slides were dried, smears were coverslip mounted with 

Permount (Fisher Scientific, Pittsburg, PA) or simply coated 

with a thin layer of immersion oil and observed under 

brightfie1d microscopy at 200X and 400X magnifications. 

Aminoethylcarbazo1e (ARC) Staining of 
Fecal Oocysts Using OW3-Biotin 

A 3-amino-9-ethy1carbazole (AEC) substrate and 

hematoxylin counterstaining kit was obtained from Tago Inc. 

(Burlingame, CA) and employed as per instructions on 

air-dried, heat-fixed fecal smears. Fecal smears were 

treated with OW3-biotin prior to AEC substrate application 

essentially as described for the DAB method. Stained slides 

were dried, coverslip mounted with PBS:glycerol and observed 

under brightfield microscopy at 200X and 400X magnifications. 

Detection of Oocysts in Paraffin-Embedded Tissues 

Tissues (e.g. terminal ileum of infected mice) were 

fixed in 10% buffered formalin, embedded in paraffin, 

microtome sectioned (5~) and dried onto albumin-coated 

microscope slides. Slides were warmed to 650 C for 5 minutes, 

immersed in xylene (room temperature) and agitated 5 minutes. 

Slides were transferred to cold (40 C) 95% ethanol for 5 

minutes and rinsed three times with PBS at room temperature. 

Excess PBS was removed and immunofluorescent or immuno-

peroxidase (DAB or AEC) assays were performed. 
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Oocyst Detection Method Evaluation 

Seven fecal oocyst detection methods were compared for 

their ability to correctly detect oocysts in fecal smears on 

microscope slides: 1) a commercial acid fast technique 

(VOLU-SOL, VOLU-SOL Medical Industries Inc., Las Vegas, NV), 

2) Truant's auramine-rhodamine stain, 3) a direct IFA 

employing C1B3-FITC (diluted 1:100 in PBS), 4) DAB staining 

of fecal oocysts employing OW3-biotin (diluted 1:200 in PBS) 

and streptavidin-horseradish peroxidase, 5) AEC staining of 

fecal oocysts employing OW3-biotin (diluted 1:200 in PBS) and 

streptavidin-horseradish peroxidase, 6) an indirect IFA 

employing OW3 hybridoma culture supernatant and FITC-labeled 

goat anti-mouse IgM (American Qualex Inc., La Mirada, CA), 

and 7) an indirect IFA employing QW3-biotin (diluted 1:200 in 

PBS) and streptavidin-FITC. Fecal samples (310 total) were 

obtained from the Maricopa County Health Laboratory (Phoenix, 

AZ) and from positive controls available in this 

Replicates of each fecal sample were assayed 

seven methods. Results were evaluated by 

positive and negative results among the seven 

by 

laboratory. 

the above 

correlating 

methods and 

assessing the potential for false positive identifications. 

Sensitivity and specificity were assessed for each method. 

2d. Anti-sporozoite monoclonal antibodies. 

Anti-Sporozoite Hybridoma Production 

Fusion A: Six week old BALB/c mice were immunized with 
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1 X 106 Sheather's flotation purified oocysts suspended in 

Alsever's solution, emulsified with FCA and injected i.m. 

into the thigh muscle (100 pI total). Three weeks later 

4 X 106 Sheather's flotation purified oocysts suspended in 

Alsever's solution were injected i.p. (400 pI total). The 

fusion was performed four days later. 

Fusion B: Six week old BALB/c mice were immunized by 

i.p. injection of 4 X 106 Sheater's flotation purified 

oocysts suspended in Alsever's solution (400 pI total). 

Three weeks later 1 X 106 oocysts and 1 X 106 excysted 

sporozoites (purified via Sheather's flotation and CF-11 

cellulose column chromatography) were suspended in PBS, 

emulsified with FCA and injected i.m. and i.p. (100 pI each). 

The final immunization occurred two weeks later using an 

equivalently purified preparation of excysted 

sporozoites and 2 X 106 oocysts suspended in PBS, injected 

i.v. (100 pI total). The fusion was performed four days 

later. 

Fusion c: Immunizations were performed using the 

general protocol described in section 2a above. Antigen for 

each immunization consisted of 2 X 106 excysted sporozoites 

6 and 2 X 10 oocysts purified by Sheather's flotation, CF-l1 

and DE-52 cellulose column chromatography. 

Fusion D: See oocyst fusion A. 



2e. Polyacrylamide gel electrophoresis and western blotting. 

Sporozoite Antigen Preparation for Polyacrylamide Gel 
Electrophoresis and Western Blot Analysis 
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Approximately 1 X 109 Percoll-purified sporozoites were 

suspended in 400 pI NET buffer (10 roM Tris HCI, 150 mM NaCI, 

50 roM phenylmethylsulfonylfluoride, 50 roM N-a-p-tosyl-L-

lysine chloromethyl ketone, 0.5% Nonidet P-40 (vol/vol) 

(Sigma Chemical Co., St. Louis, MO». The suspension was 

incubated 10 minutes with agitation at room temperature and 

then centrifuged at 20,000 X g for 2 

supernatant was decanted and stored at 4oC. 

minutes. The 

The sporozoite 

membrane preparation was diluted with sample buffer (25 mM 

phosphate buffer, 1% SDS, 140 roM 2-mercaptoethanol, 0.015% 

bromophenyl blue, 6.0 M urea, 10% glycerol) and boiled for 4 

minutes before applying to gels (Bio Rad Laboratories, 

Richmond, CAl. 

Oocyst Antiaen Preparation for Polyacrylamide Gel 
Electrophoresis and Western Blot Analysis 

Oocyst walls from approximately 2.5 X 109 

Percoll-purified oocyst were suspended in 1 ml solubilization 

solution (sample buffer described above supplemented with 

250 mM dithiothreitol), degased and placed in a 100°C water 

bath for 12 hours. This technique was adapted from the 

urea-dithiothreitol method for solubilizing Eimeria oocyst 

walls (Stotish et al., 1978). The reaction mixture was 

centrifuged at 20,000 X g for 5 minutes, the supernatant 
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decanted and stored at 40 C. The pellet was examined for the 

presence of non-solubilized wall materials. The antigen 

mixture was diluted with fresh sample buffer and boiled 4 

minutes before polyacrylamide gel electrophoresis. 

Polyacrylamide Gel ElectrophoresiS and Silver Staining 

Electrophoresis of sporozoite and oocyst wall antigen 

preparations essentially followed the standard Laemlii system 

(1970). Two gel systems were employed: continuous gradient 

gels of 10-20% acrylamide and non-gradient 10% acrylamide 

gels (with 4% stacking gels) for molecular weight 

o determinations. Electrophoresis was carried out at 18 C at a 

constant 100 rnA (Protean gel electrophoresis unit, Bio Rad 

Laboratories). Gels used for silver staining were fixed and 

stained using the Gel Code silver stain system (Pierce 

Chemicals, Rockford, IL). 

Western Blot Analyses 

Following electrophoresis, gels were transferred to a 

Bio Rad Trans-Blot apparatus for transfer of proteins to 

nitrocellulose paper. Transfer was carried out overnight at 

40 C and 30 volts (constant) followed by two hours at 60 

volts. Gels were stained to verify 

Nitrocellulose strips were blocked with 

protein transfer. 

1.0% 

milk dissolved in 20 mM Tris, 500 mM NaCI, 

powdered 

pH 7.5 

goat 

(Tris 

buffered saline, TBS) for 30 minutes (Johnson et al., 1984). 

The blocking solution was replaced with undilute hybridoma 
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supernatants, TBS-diluted ascitic fluids or TBS-diluted sera 

and incubated for 1 hour. The nitrocellulose strips were 

washed with TBS and incubated with TBS-diluted (1:1000) 

biotinylated goat anti-mouse Ig, biotinylated goat anti-human 

Ig or biotinylated goat anti-bovine Ig (Bethesda Research 

Laboratories Inc., Gaithersburg, MO) for 1 hour, washed with 

TBS, incubated with TBS-diluted (1:1000) streptavidin-

horseradish peroxidase (Bethesda Research Laboratories Inc., 

Gaithersburg, MO) for 1 hour, washed with TBS and developed 

with 0.05% 4-chloro-1-naphthol and 0.015% H202 (Kirkegarde 

and Perry Laboratories, Gaithersburg, MO). 

3. Colostrum and anti-!h parvum monoclonal antibody influences 

on murine cryptosporidial infections. 

Experimental BALB/c Mouse Groups for Colostrum Studies 

Four experimental murine colostrum treatment groups 

(each with a minimum of 9 litters) were established: group 

Be: the control group consisted of 6-10 week old naive 

parents (no known prior exposure to Cryptosporidium); group 

EN: 6-10 week old mothers previously infected as neonates and 

inoculated as adults (7 to 14 days prior to parturition); 

group BA: 6-10 week old mothers inoculated as adults (7 to 14 

days prior to parturition); group B1: 6-10 week old mothers 

previously infected as neonates. Neonatal mice of the 

different experimental groups were inoculated at 4 days of 

age with 104 sucrose gradient purified ooysts and those to be 
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examined for parasite growth were sacrificed 4 days post 

infection. Cryptosporidium infected neonatal mice (to be 

used as parents) were reared in a room isolated from the 

stock mouse colony. 

Examination of Mice Wi thin Experimental Groups 

Parasite infections were assayed by sacrificing each 

mouse by cervical dislocation and removing the terminal 

ileum. A small portion of the ileum was spread onto a 

microscope slide (wet mount) for immediate observation of 

parasite life cycle stages using phase contrast microscopy. 

The remaining, larger portion of the terminal ileum was fixed 

in 10% buffered formalin, embedded in paraffin, microtome 

sectioned and stained with hematoxylin and eosin. These 

longitudinal sections were examined for parasite life cycle 

stages along villus surfaces. Two methods of scoring were 

used to assess infections: 1) a (+/-) score was recorded for 

parasite presence in the mucosal scrapings and in histologic 

sections, and 2) quantitation of parasite density along 

villus surfaces was performed by counting the number of 

parasitic forms per high power (450X) field in the tissue 

sections for each mo'Use. 

Experimental BALB/c Mouse Groups Treated with 
Anti-sporozoite MOnoclonal Antibodies 

Experimental groups included those treated with ascites 

fluid, purified monoclonal antibodies, mixtures of ascites 

fluids and mixtures of purified monoclonal antibodies. 
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Monoclonal antibody C6B6, an IgGl, reacted with a 20 kDa 

sporozoite antigen on western blots. Monoclonal C4A1, an 

IgM, reacted with multiple sporozoite antigen bands (25 kDa 

to 200 kDa) on western blots. Monoclonal antibody C8C5, an 

IgG3, reacted with a 20 kDa sporozoite membrane antigen on 

western blots. Table 2 summarizes the treatment conditions 

for all experimental mouse groups. 

Treatment and Purification of Monoclonal Antibodies 

Ascites tumors for each hybridoma were produced by i.p. 

injection of 2 X 106 hybridoma cells per pristane-primed 

mouse. Ascitic fluids were collected and delipified with 

Si02 . For long-term storage, delipified ascitic fluids were 

dispensed in 5 ml volumes and frozen at -70°C. Delipified 

ascitic fluids, without further processing, were used to 

treat ascitic fluid treated mice. 

Two methods of Mab purification were employed. 

Monoclonal C6B6 was purified by thaWing -700 C frozen ascitic 

fluids and centrifuging at 22,000 X g for 10 minutes in 10 ml 

polypropylene tubes. The supernatant was mixed with an equal 

volume of the HPLC column starting buffer (16 mM Tris, pH 

8.5), filtered through an 0.8 pm membrane filter and injected 

at 0.5 ml per high pressure liquid chromatography (HPLC) run. 

An HPLC system (Bio Rad Laboratories, Richmond, CA) was 

employed with an anion exchange column (TSK-DEAE-5-PW, Bio 

Rad Laboratories, Richmond, CA). A linear ionic gradient was 
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Table 2. Experimental group identification for colostrum and 
monoclonal antibody passive transfer treatments of BALB/c ByJ 
mice. 

BC 

BW 

BA 

BI 

BSP 

BSA 

BFP 

BFA 

BEP 

BEA 

BM 

BU 

Immunologic t 
status of dam 

naive 

infected as 
neonate + adult 

infected as 
adult only 

infected as 
neonate only 

naive 

naive 

naive 

naive 

naive 

naive 

naive 

naive 

Oral Mab treatment 

none 

none 

none 

none 

10 pI C6B6 purified Mab 
lX, day 0 only 

10 pI C6B6, ascitic fluid 
lX, day 0 only 

5 pI C4Al, purified 
lX, day 0 only 

10 pI G4Al, ascitic fluid 
lX, day 0 only 

5 pI GaG5, purified 
lX, day 0 only 

10 pI CaG5, ascitic fluid 
lX, day 0 only 

10 pI C6B6, 5 pI C4Al and 
5 pI CaC5, purified 
4X, days 0, 1, 2 and 3 

10 pI each C6B6, C4A1 and 
CaC5 ascitic fluids 
4X, days 0, 1, 2 and 3 

t All sires were naive 
Mab = monoclonal antibody 
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formed by gradually replacing the starting buffer with 

eluting buffer (20 mM Tris, 500 mM NaCl, pH 8.5) during the 

run. Peak(s) containing active monoclonal antibody were 

collected, pooled and concentrated into PBS on an Amicon 

stirred cell filtration apparatus equipped with a 30,000 

molecular weight cut-off membrane filter (PM30, Amicon Corp., 

Lexington, MA). Monoclonal antibody protein concentrations 

were adjusted to approximately 2.5-3.0 mg/ml, filter 

sterilized with 0.45 pm syringe filters and stored at 40 C 

until administered to mice. 

Purification of monoclonals C4A1 and C8C5 differed from 

C6B6 in the following manner. Thawed ascitic fluids were 

mixed with an equal volume of 30% polyethylene glycol 8000 

(J.T. Baker Chemical Co., Phillipsburg, NJ) prepared in VBS, 

and immersed in an ice bath for 20 minutes. Precipitated 

immunoglobulin was recovered by centrifuging the treated 

ascitic fluid at 3900 X g at 40 C for 20 minutes, decanting 

the supernatant and dissolving the pellet in VBS 

to the original ascitic fluid volume). Monoclonal 

preparations 

polypropylene 

were centrifuged at 22,000 X g 

for 20 minutes, decanted, 

(replacing 

antibody 

10 ml in 

tubes 

through a 0.8 pm membrane filter and injected onto 

filtered 

the HPLC 

column in 1.5-2.0 ml volumes. The same HPLC equipment was 

employed with these monoclonal antibodies, but working 

buffers differed. Starting buffer was 10 mM sodium phosphate 
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(pH 8.0) and the eluting buffer was 50 mM sodium phosphate, 

500 mM NaCI (pH 8.0). Active monoclonal antibody fractions 

were collected and treated as above. 

Protocols for Monoclonal Antibody Treated Experimental Groups 

Neonatal BALB/c ByJ mice born of 6-10 week old control 

(naive) parents were inoculated with 1 X 104 oocysts at 4 

days of age. Mice treated with individual monoclonal 

antibodies received a single oral dose of antibody 

approximately one hour prior to oocyst inoculation. Mice 

treated with monoclonal antibody mixtures received the first 

antibody dose one hour prior to oocyst inoculation. 

Additional antibody doses were administered once daily until 

the mice were sacrificed. 

Monoclonal Antibody Dosages for Experimental Groups 

Antibody dosage was based on the dosage reported by 

Sherman et al. (1983) for treatment of calves. Mice in the 

treatment groups received 10 pI ascitic fluid, a dosage 

approximately 100 times greater than that used for calves 

(comparing antibody volume to body weight). Table 3 

summarizes the characteristics of the monoclonal antibodies 

used in the experimental treatments. Mice treated with 

purified monoclonals received 25-30 pg antibody protein in 

5-10 pI volumes of PBS. Treatment with ascitic fluid 

mixtures involved administering 30 pI total ascites fluid 

volume (10 pI each monoclonal antibody). Treatment with the 



Table 3. Treatment characteristics of 
monoclonal antibodies used in passive 
experiments. 

Quantity 
Purified Mab Subclass Mab 

G6B6 IgG1 25ug 

G4A1 IgM 29ug 

G8G5 IgG3 30ug 

Ascites Fluid 

G6B6 IgG1 N.D. 

G4A1 IgM N.D. 

G8G5 IgG3 N.D. 

Mab = monoclonal antibody 
IFA = immunofluorescent assay 
N.D. = not determined 

IFA 

>= 

>= 

>= 

>= 

>= 

>= 
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anti-sporozoite 
transfer mouse 

titer 

1024 

256 

128 

2048 

512 

512 
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purified monoclonal antibody mixture required administering 

20 pl total volume (10 pI of C6B6, 5 pI of C4A1, and 5 pI of 

C8C5) . 

Data Analysis for Experimental Groups 

A model II nested analysis of variance (Sakal and Rohlf, 

1981) accomodating unequal sample sizes was applied to square 

root transformed numeric data collected on parasite numbers 

along villus surfaces in an effort to determine the 

significance of treatments on parasite infections. Multiple 

comparisons among treatment group means (T-method) were 

performed to identify specific treatment groups with 

variances significantly different from the control group. 

4. In vitro cult:lvation of £.:.. parvum. 

Maintenance of Cell CUltures 

RPMI 1640 base or 100 roM HEPES-buffered RPMI 1640 base 

was supplemented with 1% glutamine, 1% pyruvate, 1% 

antibiotic mixture (penicillin, streptomycin, amphotericin 

B), 1% MEM vitamin solution, 1% MEM non-essential amino acids 

and either 10% FCS for growth media or 2% FCS for maintenance 

media. Bovine turbinate (BT) cells (Flow Laboratories, 

MaClean, VA), Human Fetal Lung (HFL) cells (Flow 2000, Flow 

Laboratories), and murine L929 cells (supplied by Pat 

Shadoan, Dept. Vet. Sci., Univ. of AZ) were maintained in 

25 cm2 or 75 cm2 flasks at 370 C in a 7% CO2 incubator. 

Cell cultures were freshly passaged to new flasks before 
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sporozoite inoculation. Upon reaching confluency, the cells 

of one 75 cm2 flask were trypsinized and used to seed three 

24 well plates. Alternatively, the cells of one 25 cm2 flask 

were used to seed one 24 well plate. The wells of each plate 

contained sterile 13 mm glass coverslips (Bellco Glass Inc., 

Vineland, NJ) or 15 mm Thermanox covers I ips (Miles 

Laboratories Inc., MaClean, VA). The glass coverslips were 

washed with detergent, rinsed with distilled H
2
0, placed on 

filter paper disks in glass Petri dishes and sterilized by 

autoclaving. Cell cultures were allowed to approach 

confluency on the coverslips in the 24 well plates prior to 

sporozoite inoculation. 

In Vitro Infection Run A 

Cell cultures (BT and HFL) were prepared in 24 well 

plates with glass coverslips as described above. After 48 

hours in culture the cells were inoculated with sporozoites. 

Sporozoites were prepared from Percoll purified oocysts 

(washed free of K2Cr207 with PBS) stored in PBS overnight at 

4oC. Oocysts were centrifuged at 1200 X g for 10 minutes, 

the supernatant decanted and the pellet suspended for 2 hours 

at 370 C in PBS supplemented with 1% antibiotic mixture and 1% 

glucose. Oocysts were washed with P.BS and suspended in 

excystation solution (0.25% trypsin in T-PBS) at 370 C for 40 

minutes. The excystation mixture of intact oocysts, oocyst 

walls and sporozoites was centrifuged at 1200 X g for 10 
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minutes, supernatant decanted and the pellet resuspended in 

growth medium (RPMI 1640 with 10% FCS) to a concentration of 

2 X 106 sporozoites/ml. Approximately 1 X 106 sporozoites 

were dispensed in 0.5 ml/well in the culture plates. Plates 

were incubated throughout the experiment at 310 C in a 1% CO2 

incubator. Coverslips were recovered from the wells at 15 

minutes, 4 hours and 24 hours post inoculation. Wells were 

rinsed with sterile T-PBS after 4 hours incubation (to remove 

oocysts and free sporozoites) and filled with fresh growth 

media. Upon removal from culture plates, coverslips were 

processed for scanning electron microscopy (SEM). 

In Vitro Infection Run B 

Cell cultures (BT, HFL and L929) were prepared in 24 

well plates with glass coverslips as described above. After 

48 hours in culture the cells were inoculated with 

sporozoites. Percoll purified oocysts were washed free of 

hypochlorite. 

Hypochlorite was removed through three centrifugation washes 

with sterile PBS. Oocysts were suspended in excystation 

solution at 310 C for 60 minutes, divided into three portions 

and centrifuged at 1200 X g for 10 minutes. Sample A was 

washed three times with PBS, suspended in growth medium and 

applied to the cell cultures at a concentration of 3.5 X 105 

sporozoites/ml/well. Sample B was resuspended into 1 ml RPMI 

base and applied to a sterile Percoll gradient prepared with 
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RPMI base (in place of Alsever's solution). Sample C was 

resuspended in 1 ml Alsever's solution and applied to a 

standard Percoll gradient. Sporozoites recovered from the 

Percoll gradients were washed with PBS, resuspended in growth 

medium and applied to the cell cultures at a concentration of 

3.5 X 105/ml/well. Sporozoite preparations from samples B 

and C contained virtually no oocyst walls and few «2%) 

intact oocysts. Culture wells were washed with sterile T-PBS 

at 6 hours post inoculation and filled with fresh growth 

media. Coverslips were removed at 24, 72 and 120 hours post 

inoculation, immersed 25 times in PBS and transferred to 

wells in a 24 well plate containing 1 ml 3.7% phosphate 

buffered formalin for one hour. Following fixation, 

coverslips in wells were washed five times over 10 minutes 

with PBS-saponin (0.1% saponin), i.e. wells were filled with 

1 ml PBS-saponin per wash step. A mixture of monoclonal 

antibodies (equal volumes of culture supernatants from C1B3, 

C6B6, C3B4 and C4A1, supplemented with 0.1% saponin) was 

applied to each coverslip (0.5 ml/well) and incubated 20 

minutes at room tempera.ture. Coverslips were washed with 

PBS-saponin. Coverslips were incubated 20 minutes at room 

temperature with FITC-Iabeled goalt anti-mouse IgG + IgA + IgM 

(U.S. Biochemical Corp., Cleveland, OH) diluted 1:100 in 

PBS-saponin. Coverslips were washed with PBS, mounted onto 

microscope slides with polyvinyl alcohol (PVA or PVA-PPD) and 
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examined at 400X and 1000X magnification via epifluorescent 

and differential interference contrast microscopy. 

In Vitro Infection Run C 

HFL and BT cells were set up in 24 well plates 

containing glass covers 1 ips as described above. Percoll 

purified oocysts were hypochlorite treated and excysted as 

described in run B. Sporozoites were purified on standard 

Percoll gradients and inoculated at the same concentration as 

described in run B. Culture conditions were equivalent with 

the exception that coverslips were not washed after 

sporozoite inoculation, nor was the growth medium changed. 

Coverslips were removed at 18 and 40 hours post inoculation, 

dipped 25 times in PBS and immersed in various fixatives: 1% 

paraformaldehyde, 1% phosphate buffered formalin (stock 

formalin diluted in PBS), 2% phosphate buffered formalin, 

100% ethanol or Bouin's fluid (75 ml saturated aqueous picric 

acid, 25 ml concentrated formalin, 5 ml glacial acetic acid). 

Fixation proceeded overnight at 40 C. Bouin's fluid fixed 

coverslips were washed six times with 70% ethanol before 

immunofluorescent labeling. Coverslips were labeled with 

monoclonal antibodies and examined as described in run B 

above. 

In Vitro Infection Run D 

Conditions were essentially the same as described for 

run C with the following changes. Hypochlorite treatment was 
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terminated by centrifuging oocysts at 1200 X g for 5 minutes 

and resuspending the pellet in PBS supplemented with 0.1% 

sodium thiosulfate to neutralize residual hypochlorite. Two 

additional PBS washes were performed before oocysts were 

exposed to excysting fluid. Coverslips were removed at 16 

and 40 hours post inoculation, fixed in Bouin's fluid, 

processed for immunoperoxidase (DAB) staining employing 

monoclonal antibodies C6B6, C3B4, C8C5 and C4A1 and Giemsa 

staining. 

Preparation of Coverslip CUltures for SEM 

Coverslip cultures were removed from 24 well culture 

plates, dipped 25 times in PBS, transferred to wells in a 24 

well plate containing 1 ml glutaraldehyde solution (2.0% 

glutaraldehyde in 50 mM phosphate buffer, 2.0% sucrose, pH 

7.2) and fixed overnight at 4
0

C. Wells were washed twice 

with working phosphate buffer (50 mM phosphate, 2.0% sucrose, 

pH 7.2), filled with working osmium solution (2.0% osmium 

tetraoxide, 50 mM phosphate, 2.0% sucrose, pH 7.2) and 

incubated 1 hour. The osmium solution was decanted and the 

well washed with a series of ethanol solutions to dehydrate 

the fixed cell cultures: 35% ethanol, 5 minutes; 50% 

ethanol, 5 minutes; 75% ethanol, 5 minutes; 95% ethanol, 5 

minutes; and 100% ethanol, 5 minutes (the latter repeated 

three times). Coverslips were critically point dried out of 

CO
2 

(Anderson, 1951) using a Polaron 3100E apparatus 
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(Watford, England). Coverslips were mounted onto stubs with 

Avery spot-o-glue (Azuza, CA) and electrically joined to the 

stub with a drop of colloidal silver ink (Ted Pella Inc., 

Redding, CA). After the ink dried, coverslips were coated 

with approximately 30 nm of gold:palladium alloy (60:40) in a 

Polaron 5100 magnetron sputtering device. Coverslips were 

examined with a scanning elecron microscope (DS 130, 

International Scientific Instruments, Santa Clara, CA) at an 

accelerating voltage of 20 KeV and tilt angle of o. 

DAB Staining of Parasitic Forms on Coverslip CUI tures 

The following steps were all performed at room 

temperature. After 70% ethanol treatment of Bouin's-fixed 

coverslips, coverslips were washed three times with TBS. 

Wells were filled with 100 mM glycine (in TBS) and incubated 

for 15 minutes. The glycine solution was replaced with RPM! 

base supplemented with 2% FCS and incubated 15 minutes. The 

RPMI solution was replaced with the monoclonal antibody 

mixture described in run D above and incubated 30 minutes. 

Wells were washed with TBS four times, filled with 

biotinylated goat anti-mouse IgG (Bethesda Research 

Laboratories Inc., Gaithersburg, MD, diluted 1:250 with TBS) 

and incubated 60 minutes. Wells were washed with TBS four 

times, filled with streptavidin-horseradish peroxidase 

(Bethesda Research Laboratories Inc., Gaithersburg, MD, 

diluted 1:200 with TBS) and incubated 60 minutes. Wells were 
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washed with TBS four times, filled with working DAB reagent 

(see oocyst DAB labeling above) and incubated in the dark for 

15 minutes. Wells were wdshed with TBS three times, washed 

with distilled H
2

0 twice, filled with 0.5% CUS0
4 

(in 0.85% 

NaCI) and incubated 5 minutes. Wells were washed with 

distilled H20 twice followed by coverslip counterstaining 

with working light green stain. Excess H20 was removed from 

coverslips and each dipped in the working light green stain 

for 30 seconds. Coverslips were then dipped 20 times in 

distilled H
2
0, dried and mounted onto microscope slides with 

Permount. Coverslips were examined for parasites at 400X and 

1000X using brightfield microscopy. 

Light Green Counterstain for Use with DAB Stain 

Stock light green stain was prepared by dissolving 1 g 

light green SF yellowish dye (Harleco, Gibbstown, NJ) in 

500 ml distilled H20 supplemented with 1 ml glacial acetic 

acid. The solution was mixed, filtered through a Whatman 

number 1 filter and stored in an amber bottle at room 

temperature. Working light green stain was prepared by 

diluting 1 ml stock stain with 50 ml distilled H20 (Sheehan 

and Hrapchack, 1980). 

Giemsa Stain for Coverslip CUltures 

Coverslip cultures were dipped 25 times in 100 mM 

phosphate buffer, pH 6.5, transferred to a well containing 

0.5 ml Bouin's fluid and fixed for a minimum of 2 hours. 
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Fixed coverslips were decolorized by washing wells six times 

with 70% ethanol. The last ethanol wash was replaced with 

working Giemsa stain and the coverslips allowed to stain 90 

minutes. Working Giemsa stain was prepared by 

Accustain Giemsa (Sigma Chemical Co., St. Louis, 

diluting 

MO) with 

distilled H20 (1:20), allowing to stand 

centrifuging at 1200 X g for 10 minutes and decanting 

30 minutes, 

the 

supernatant for immediate use. After staining, coverslips 

were dipped 25 times in distilled H20, dried and mounted onto 

slides with Permount. 

Paraformaldehyde Preparation 

Stock 40% paraformaldehyde was prepared after the method 

of Robertson et al. (1963). Briefly, 40 g para formaldehyde 

(Matheson Coleman and Bell, Norwood, OH) were mixed into 

100 ml distilled H20, heated to 650 C, 40% NaOH added dropwise 

(while mixing) until the solution cleared and finally 5.4 g 

glucose were added. The solution was stored at room 

temperature in the dark. Working solutions were prepared by 

diluting the stock paraformaldehyde into PBS. 

Polyvinyl Alcohol (PVA) Mounting Medium 

PVA was prepared according to the method of Freer (1984) 

for mounting immunofluorescent slide preparations. Briefly, 

20 g polyvinyl alcohol (Sigma Chemical Co., st. Louis, MO) 

were gradually mixed into 80 ml PBS-azide. The preparation 

was mixed for 12 hours at 4oC, 40 ml glycerol added and 
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mixing continued for an additional 24 hours. The PVA 

solution was centrifuged at 22,000 X g for 15 minutes, the 

supernatant decanted and stored at 40 C until used. PVA was 

supplemented with p-phenylenediamine (Sigma Chemical Co., St. 

Louis, MO) for photographic purposes: 0.2 ml of an aqueous 

5% p-phenylenediamine (PPD) solution was added to 10 ml PVA. 

The PVA-PPD preparation was used within one week of 

preparation or discarded. 
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RESULTS 

1. Crvptosporidium parvum production and purification. 

Oocyst Production in Holstein Calves 

Oocyst production for 7 calves infected with the Iowa 

isolate of Cryptosporidium parvum is illustrated in Figure 1. 

In general, oocyst output peaked between 5 and 10 days post 

infection. Feces collected on these days were also those 

most efficiently processed, i.e. yielded the "cleanest" and 

largest numbers of purified oocysts. 

Sheather's Flotation of Oocysts from calf Feces 

Sheather's flotation purification of oocysts from calf 

feces yielded partially purified oocysts. Accurate 

determinations of recovery efficiencies were not made due to 

the difficulty of assessing oocyst retention in the discarded 

Sheather's/feces mixtures. Qualitative estimates suggested 

oocyst recoveries were poor. Sheather's purified oocyst 

preparations contained substantial numbers of bacteria and 

other fecal debris. 

Oocyst Age and EffiCiency of Excystation 

are dependent on Sporozoite recovery and purification 

oocyst excystation rates. Table 4 

relationship between oocyst age (post 

illustrates the 

of excystation. In general, oocysts 

longer (after collection from infected 

collection)and degree 

stored 6 months or 

calves) 

rates less than 50%, even when pre-treated 

excysted at 

with 0.5% 
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Figure 1. Mean oocyst production per day (± standard 
deviation) by Holstein calves infected with the Iowa 
isolate of Cryptosporidium parvum. Numbers inside 
the bars indicate the number of calves contributing 
data for that day. 
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Table 4. Oocyst age versus excystation efficiency. 

Storage Time Degree of 
t Isolate in K2cr2Q7- Excystation 

Iowa 2 months 83.9% 

Iowa 4 months 83.2% 

Iowa 6 months 39.0% 

Iowa 3.5 months 82.9% 

Mexico 4 months 68.9% 

Louisiana 5 months 38.1% 

Arizona 7.5 months 28.5% 

t Percent excystation calculated by 
dividing the number of empty oocyst 
walls by the total original number of 
oocysts and multiplying by 100. 
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hypochlorite. 

Oocyst and Sporozoite Purification Using 
Cellulose Column Chromatography 

91 

Whatman CF-11 and DE-52 column chromatography 

purification of oocysts and sporozoites were attempted. 

Tables 5 and 6 illustrate results obtained from the non-ionic 

CF-11 column compared with the ionic DE-52 column recoveries. 

Up to 32.6% recovery of oocysts was accomplished using DE-52 

columns with the 6:4 (PB:H20) phosphate buffer. Substantial 

numbers of bacteria, however, contaminated the preparations. 

Application of Sheather's flotation recovered oocysts to 

CF-11 and DE-52 columns was associated with rapid column 

clogging, lowering recoveries. The greatest recovery of 

sporozoites was accomplished using CF-11 columns, but with 

the disadvantage of contamination with high numbers of intact 

oocysts, bacteria and fecal debris. Better oocyst and 

sporozoite recoveries were accomplished when phosphate 

buffers were used with the DE-52 columns than when tris 

buffers were used with the DE-52 columns. The 6:4 phosphate 

buffer worked best, giving a 20% sporozoite recovery with 

small numbers of bacteria present (28% of the intact oocysts 

applied to the columns contaminated the recovered 

sporozoites, but few oocyst walls were present). 

Oocyst Purification Using Discontinuous Sucrose 
and Isopycnic Percoll Gradients 

The banding patterns of oocysts in discontinuous sucrose 
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Table 5. Oocyst and sporozoite purification using ionic DE-52 
cellulose column chromatography with phosphate buffers 
compared to non-ionic CF-11 cellulose column chromatography. 

Buffer Eluent-Recovered Percent-Recovered 
Dilution Ionic 
(PB:H#l Strength Oocysts S12orozoites Oocysts S12orozoites 

3:7 0.217 3.5X105 1.lX106 4.9% 5.8% 

4:6 0.289 5.5X105 1.7X106 7.7% 8.9% 

5:5 0.362 1.8X106 2.2X106 25.4% 11.6% 

6:4 0.434 1. 8X106 3.4X1Q6 25.4% 17.9% 

7:3 0.506 1. 6Xl06 2.3X106 22.5% 12.1% 

8:2 0.578 1.6X106 0 22.5% 0.0% 

CF-11 Column Used 
5.2X106 5.4X106 with Tris/Glucose 73.2% 28.4% 

Buffer 

Sample applied to each column: 6 oocysts 7.1Xl07 1.9X10 sporozoites 



93 

Table 6. Oocyst and sporozoite purification using ionic DE-52 
cellulose column chromatography with Tris-NaCl buffers. 

Eluent-Recovered Percent-Recovered 
Tris-NaCl Ionic 
Buffer Strength Oocysts SEorozoites Oocysts SEorozoites 

1 0.150 0 0 0.0% 0.0% 

2 0.225 3.0X105 3.5X105 7.0% 4.2% 

3 0.300 1.5X105 2.5X105 3.5% 3.0% 

4 0.375 3.0X105 7.0X105 7.0% 8.4% 

5 0.450 6.5X106 8.0X105 15.1% 9.6% 

6 0.525 6.5X106 4.5X105 15.1% 5.4% 

7 0.600 6.5X106 4.5X105 15.1% 5.4% 

Phosphate 
Buffer 

1. 4X106 2.0X106 (6:4) 0.434 32.6% 24.1% 

Sample applied to each column: 6 oocysts 4.3XI06 8.3X10 sporozoites 
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gradients and isopycnic Percoll gradients are shown in 

Figures 2A and 2B. Oocysts recovered from each step in the 

purification procedure are shown in Figure 3. Oocysts 

appeared undamaged by these purification procedures. Oocysts 

recovered from the surface of conventional Sheather's 

flotations often appeared dented or partially collapsed. 

Oocyst recoveries from each gradient step are summarized 

in Figure 4 and the efficiency of each step is shown in 

Figure 5. The oocyst data for these figures are based on 13 

replicate runs for each gradient procedure. From a starting 

988 sample of 1.84 X 10 oocysts, 6.24 X 10 ± 1.53 X 10 (S.D.) 

oocysts were recovered from the Percoll gradient. In the 

primary discontinuous sucrose gradient, the majority of 

cleaned oocysts (61%) were recovered in the 1:4 layer and at 

the (1:4) : (1:2) interface (see Figure 2). Approximately 

10% of the oocysts are recovered in the 1:2 layer (data not 

shown) where there is considerably more contaminating debris. 

The remaining oocysts were presumably lost during 

centrifugation washes and in the pellet. In secondary 

discontinuo~~ sucrose gradients, 72% of the applied oocysts 

were recovered while 77% of applied oocysts were recovered 

from Percoll gradients. 

Oocyst preparations were largely free of fecal debris 

after the primary discontinuous sucrose gradient, with 

bacteria being the major contaminant (as determined by 



Figure 2. A. Left tube = primary discontinuous sucrose 
gradient of sieved feces showing upper debris layer 
at the sample: (1:4) interface and lower oocyst 
layer (0) at the (1:4) : (1:2) interface. Right 
tube = secondary discontinuous sucrose gradient of 
primary cleaned oocysts. B. Percoll gradient of 
secondary discontinuous sucrose cleaned oocysts 
showing upper bacteria layer and oocyst layer {OJ. 
C. Percoll gradient of oocyst excystation mixture 
showing upper oocyst wall layer (OW) and sporozoite 
layer (SP). 

95 



Figure 3. A. Oocysts recovered from primary dis
continuous sucrose gradient. B. Oocysts 
recovered from secondary discontinuous sucrose 
gradient. C. Oocysts recovered from Percoll 
gradient. Magnification x4,330 using differential 
interference contrast microscopy. 
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Figure 4. Oocyst recoveries from primary discontinuous 
sucrose gradient (loS), secondary discontinuous 
sucrose gradient (2°5) and from Percoll gradient (P). 
Original oocyst number suspended in sieved feces (00). 
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Figure 5. Panel A. Oocyst recovery efficiencies for 
primary discontinuous sucrose gradient (1 0 S6, 
secondary discontinuous sucrose gradient (2 S) and 
Percoll gradient (P). Panel B. Recovery efficiencies 
from Percoll gradient for oocyst walls (OW), intact 
oocysts (IO) and sporozoites (SP). 
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microscopic examination). As illustrated in Figure 2, the 

majority of the recovered oocysts were found at the 

(1:4) : (1:2) interface, while only bacteria and debris were 

found at the sample: (1:4) interface. Oocyst preparations 

from the secondary discontinuous sucrose gradient contained 

few bacteria, while Percoll gradient preparations were 

essentially free of all debris and bacteria (Figure 3). 

Viability and infectivity of the recovered oocysts were 

demonstrated by successfully infecting 4 day old BALB/c mice 

4 with inocula of 10 oocysts. 

Microbial Contamination of Purified Oocysts 
and Oocyst Treatment with Hypochlorite 

Oocysts recovered from Percoll gradients and 

subsequently treated with cold sodium hypochlorite (0.5%, 

1.0%, and 2.0%) for 10 minutes exhibited no microbial growth 

in trypticase soy broth after incubation at 370 C for one week 

(Table 7). Percoll purified oocysts were also free of 

microorganisms capable of aerobic growth after storage in 

2.5% K2Cr
2

07 . Growth was not observed after oocysts were 

suspended in trypticase soy broth for one week. Hypochlorite 

treatment (0.5%) increased oocyst excystation efficiency 

without morphologically damaging sporozoites. Degraded 

parasite masses were observed following treatment with higher 

hypochlorite concentrations. 



Table 7. Effect of hypochlorite treatment on potassium 
dichromate stored oocysts: microbial contaminants, 
excystation and sporozoite integrity. 

HYQochlorite treatment concentration 

0% 0.5% 1.0% 2.0% 
Microbial t 
Growth in TSB none none none none 

Post-treatment 
ratio of intact 99:1 9:1 9:1 7:3 
oocysts VS 
oocyst walls 

Excystation 
efficiency 30% 50% 60% 60% 

Sporozoite 
morphology typical typical typical typical 

t trypticase soy broth 
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Sporozoite and Oocyst Wall Purification Using 
Isopycnic Percoll Gradients 

Layers of sporozoites and oocyst walls produced in a 

Percoll gradient are shown in Figure 2C. The appearance of 

the excystation mixture applied to the gradient is shown in 

Figure 6 along with the appearance of sporozoites and oocyst 

walls recovered from the gradient. 

Sporozoite, intact oocyst and oocyst wall recoveries on 

Percoll are shown in Figure 7. Recovery efficiencies for 

each are shown in Figure 5. Data for these recoveries were 

based on three replicate runs. From a starting sample 

containing 4.20 X 109 sporozoites, 2.62 X 109 ± 5.21 X 108 

sporozoites were recovered. Purified sporozoite preparations 

contained virtually no oocyst walls and were contaminated by 

approximately 2.2% intact oocysts (7.13 X 107 ± 7 3.00 X 10 ). 

Oocyst walls (85%) were recovered at the top of the gradient. 

Sporozoites (63%) were found in the lower portion of the 

gradient and overlapped with the intact oocysts (27%). Small 

numbers of oocysts that appeared to be damaged or to have 

undergone partial excystation (exhibiting fewer than 4 

sporozoites internalJ.y) were found between the oocyst wall 

and the sporozoite layers. 

2a. Anti-!k,. parvum oocyst monoclonal antibodies. 

Anti-OOcyst Hybridomas 

Four fusions yielded 8 hybridomas secreting anti-oocyst 

reactive monoclonal antibodies. Table 8 summarizes the 



Figure 6. A. Oocyst excystation mixture prior to 
Percoll gradient separation. B. Sporozoites 
recovered from Percoll gradient. C. Oocyst walls 
recovered from Percoll gradient. Magnification 
x4,330 using differential interference contrast 
microscopy. 
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Table 8. Characteristics of anti-oocyst hybridomas and 
monoclonal antibodies. 

Western blot t 

Hybridoma IsotY]2e IFA aQQearance reactivity 

C1B3§ 19G1 oocyst surface 40-200 kDa smear 

OW3Ql 
19M oocyst surface >200 kDa band 

1FA = immunofluorescent assay 
t antigen prepared from solubilized oocyst walls 
§ derived using a BALB/c mouse from oocyst fusion A 
ql derived using a RBF/Dn mouse from oocyst fusion B 
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characteristics of hybridomas C1B3 and OW3 from 

oocyst-specific fusions A and B, respectively. 

Characteristics of 6 additional anti-oocyst hybridomas 

(derived from oocyst fusions B and C) are summarized in 

Appendix Al. 

Anti-Oocyst CIB3 Hybridama Characteristics 

Hybridoma C1B3 was derived from oocyst fusion A. This 

hybridoma secreted an IgG1 monoclonal antibody which 

recognized an oocyst wall surface determinant (Figure 8). 

Tables 9 and 10 summarize the periodate oxidation and 

carbohydrate competitive inhibition results respectively. 

Periodate oxidation was unsuccessful in destroying the 

C1B3-reactive antigenic site on oocysts. Glucose, mannose 

and galactose reduced the intensity of oocyst fluorescence in 

IFA's, suggesting these sugars may be part of the antigenic 

site on oocysts. Western blot analysis of solubilized oocyst 

wall antigens using C1B3 supernatant showed reactivity to a 

wide band of 40-200 kOa (Figure 9). While C1B3 recognized a 

determinant on oocyst walls, it also recognized determinants 

on unidentified yeasts and bacteria encountered occasionally 

in stool specimens. The organisms tested for reactivity with 

C1B3 are listed in Appendix A2. Oocysts of both Q. parvum 

and Q. baileyi were labeled by C1B3. Oocyst reactivity was 

apparent in stools preserved with K
2
Cr20 7 , formalin and 

polyvinyl alcohol (PVA). Rhodotorula gracilus was labeled by 



Figure 8. Immunofluorescent appearance of Cryptosporidium 
parvum oocysts labeled by monoclonal antibody C1B3. 
Oocysts were bright, apple-green spherical objects 4 pm 
to 5 pm in diameter (bar = 5 pm). 
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Table 9. Monoclonal antibody C1B3 reactivity to periodate 
treated oocysts. 

Treatment IFA Reaction 

Control +++++ 

Acetate Buffer +++++ 

Acetate Buffer and Borohydride +++++ 

Periodate 0.1 roM +++++ 

Periodate 5.0 roM +++++ 

Periodate 20.0 roM ++++ 

IFA immunofluorescent assay 
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Table 10. Carbohydrate inhibition of monoclonal antibody C1B3 
reactivity to oocysts. 

Treatment IFA Reaction 

Control ++++ 

Glucose 0.1 M ++ 
Glucose 0.001 M ++++ 

Galactose 0.1 roM ++ 
Galactose 0.001 roM ++++ 

Mannose 0.1 roM ++ 
Mannose 0.001 roM ++++ 

Lactose 0.1 mM ++++ 
Lactose 0.001 roM ++++ 

Xylose 0.1 roM ++++ 
Xylose 0.001 roM ++++ 

IFA Immunofluorescent assay 
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Figure 9. Western blot analysis of solubilized oocyst wall 
material using monoclonal antibodies and hyper immune 
sera. Lane 1) normal mouse serum, Lane 2) hyperimmune 
RBF/Dn mouse serum (mouse used in anti-oocyst fusion B), 
Lane 3) monoclonal antibody OW3, and Lane 4) monoclonal 
antibody C1B3. 
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CIB3, but not uniformly across the yeast cell surface. 

Formalin-fixed yeast cells were not labeled by CIB3. Stool 

samples containing cross-reactive yeasts and bacteria had 

been previously fixed in formalin, preventing any attempt to 

isolate, cultivate or identify these organisms. 

FITC Labeling of Monoclonal Antibody ClBa for 
Application in Direct Immunofluorescent Assa~ 

FITC-conjugated CIB3 displayed the same labeling 

characteristics in direct immunofluorescent assays as the 

unconjugated monoclonal antibody in indirect 

immunofluorescent assays. Stock CIB3-FITC (Sephadex G-25 

column recovered) displayed a distinct IFA titer of 512 when 

diluted in PBS and applied to air-dried fecal smears 

containing oocysts. Storage of CIB3-FITC in 50% glycerol at 

-20oC was successful for greater than 12 months, i.e. the 

working dilution for the stock reagent did not diminish over 

extended storage. Direct immunofluorescent assays were 

successful with a 15 minute incubation time for antibody 

binding. Oocysts appeared as 4 pm to 5 pm spherical objects 

against a dark background, facilitating rapid scanning of 

fecal smears. 

concomitant Stains Emploved with ClBa-FITC in 
Immunofluolrescent Assays for Yeast Differentiation 

Cross-reactive yeasts were often distinguishable from 

oocysts because of yeast cell size, shape or distinct bud 

scars on the cell body. A few yeasts were virtually 
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indistinquishable from oocysts. Table 11 summarizes the 

results of applying concomitant stains for yeast 

differentiation. Staining fecal smears with crystal violet 

before CIB3-FITC application proved to be the best method for 

differentiating yeasts from oocysts. Crystal violet stained 

yeasts were red under epifluorescence. Oocysts remained 

unstained after crystal violet application. Staining smears 

with a commercial acid-fast stain (Vol-U-Sol) before applying 

CIB3-FITC also worked well, though heavily stained acid-fast 

oocysts (deep red) were less fluorescent than unstained 

oocysts (many acid-fast oocysts displayed a patchy 

fluorescence) . 

Anti-Qocyst OW3 Hvbridoma 

Hybridoma OW3 was derived from oocyst fusion B. This 

hybridoma secreted an IgM monoclonal antibody which 

recognized an oocyst wall surface determinant (Figure 10). 

Western blot analysis of solubilized oocyst wall antigens 

using OW3 supernatant showed reactivity to a band of >200 kOa 

(Figure 9). The organisms tested for reactivity with OW3 are 

listed in Appendix A3. Oocysts of Q. parvum were labeled by 

OW3, while Q. baileyi oocysts were not labeled. No other 

microorganisms or helminth eggs or larvae were labeled by OW3 

(Garcia 

K
2
Cr

2
0

7
, 

stools. 

et al., 

formalin 

1987a) • Reactivity was apparent using 

and polyvinyl alcohol (PVA) preserved 
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Table 11. Effect of combining various chemical stains with 
C1B3-FITC to facilitate the differentiation of oocysts from 
cross-reactive yeasts. 

BeforeLAfter Flourescence Visible Stain 

Stain C1B3-FITC Oocyst Yeast Oocyst Yeast 

Fast Yellow Before ++++ +++ 
Fast Yellow After ++++ +++ 

Methylene Blue Before ++++ + 
Methylene Blue After ++++ +++ 

Malachite Green Before ++++ ++++ 
Malachite Green After ++++ ++++ 

Crystal Violet Before +++ + ++++ 
Crystal Violet After +++ ++ +++ 

CV/decolorized Before ++++ + +++ 
CV/decolorized After ++++ ++++ ++ 

Acid Fast Before +++ + +++ ++ 

CV = crystal violet 
± = very poor fluorescence 
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Figure 10. Immunofluorescent appearance of Cryptosporidium 
parvum oocysts labeled by monoclonal antibody OW3. 
Oocysts were bright, apple-green spherical objects 4 ~ 
to 5 ~ in diameter (bar = 10 ~). 
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FITC and FTSC Labeling of Monoclonal Antibody OW3 

Attempts at conjugating monoclonal antibody OW3 with 

flourescein were unsuccessful. Reacting OW3 with FITO caused 

the monoclonal antibody to precipitate from solution. 

Activity of the conjugate (the non-precipitated portion) was 

very low (titer <32) and the background was very high. 

Several attempts to conjugate OW3 with FTSO were 

unsuccessful. Significant precipitation occurred as the 

conjugation reaction progressed. The column-purified 

supernatant had low activity (titer <32) and the background 

was low. 

Biotin Hydrazide Labeling of Monoclonal Antibody 0W3 
for Application in Immunoassays 

Biotinylated OW3 displayed the same labt'!ling 

characteristics as the unconjugated monoclonal antibody. 

Stock OW3-biotin (Sephadex G-25 column recovered) displayed a 

distinct indirect immunofluorescent titer of 4096 when 

diluted in PBS. The conjugate was stable for at least 4 

months when stored at 4°0. Storage at -20°0 in 50% glycerol 

was unsuccessful. Indirect immunofluorescent assays were 

successful with 20 minute incubation times for reagent 

binding. Oocysts appeared as 4 pm to 5 pm spherical objects 

fluorescing bright apple-green against a dark background, 

facilitating rapid scanning of fecal smears (especially at 

low power, 200X). Immunofluorescent assays were successfully 

performed using histologic sections of infected murine 
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intestinal tissue (Figure 11). 

Immunoperaxidase Assays Employing OW3-Biotin 

Indirect immunoperoxidase assays employing OW3-biotin 

were successful for demonstrating oocysts in fecal 

(Figure 12) and infected murine intestinal tissues 

13). In fecal smears, oocysts were stained brown 

against a light blue background (methylene 

smears 

(Figure 

(DAB) 

blue 

counterstain). Oocysts were most easily identified when 

numbers were high. Fecal samples with low oocyst numbers 

required extended time for slide examinations. Histologic 

sections labeled with OW3-biotin were counterstained green, 

facilitating tissue orientation and oocyst identification. 

2b. Immunofluorescent and chemical oocyst detection methods. 

Comparison of Oocyst Detection Methods 

Table 12 summarizes the results of applying seven 

methods for oocyst detection in fecal smears. Equivalent 

sensitivity and specifity were observed for OW3 and 

OW3-biotin IFA methods. Using the acid-fast method, as the 

standard for oocyst detection, the IFA and IPA methods were 

>100% sensitive and 100% specific. Using the OW3 IFA methods 

as 100% specific, the DAB method was 80.6% sensitive and 100% 

specific, the AEC method was 71.0% sensitive and 100% 

specific, the C1B3 method was 93.5% sensitive and 100% 

specific, the auramine-rhodamine (AR) method was 93.5% 

sensitive and 85.3% specific, and the acid-fast (AF) method 



Figure 11. Immunofluorescent appearance of Cryptosporidium 
parvum oocysts along infected villus surfaces of 
BALB/c ByJ mice using QW3-biotin in an indirect immuno
fluorescent assay (bar = 10 pm). 
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Figure 12. Immunoperoxidase (DAB) labeled CryptosDoridium 
parvum oocysts (see arrow) in a fecal smear using 
QW3-biotin (bar = 10 pm) . 
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Figure 13. Immunoperoxidase (DAB) labeled Cryptosooridium 
parvum oocysts (see arrow) along infected villus sur
faces of BALB/c ByJ mice using QW3-biotin (bar = 10 ~m). 
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Table 12. Comparison of detection methods for oocyst 
identification in stools. 

Method 

AF AR C183 DAB AEC OW3 ~ 

% Positive 3.9% 9.4% 9.4% 8.1% 7.1% 10.0% 10.0% 

% False 2.6% 1.6% 0.0% 0.0% 0.0% 0.0% 0.0% 
Positives 

Sensit i vity§ 38.7% 93.5% 93.5% 80.6% 71.0% 100% 100% 

Specif ici ty ql 60.0% 85.3% 100% 100% 100% 100% 100% 

§ Sensitivity calculated by taking the number of 
confirmed positives identified by each method and 
dividing by the total number of confirmed positives 
and multiplying by 100. 

ql Specificity calculated by taking the number of 
confirmed positives identified by each method and 
dividing by the total number of positives for that 
method and multiplying by 100. 

AF = commercial acid fast technique 
AR = Truant's auramine-rhodamine acid fast technique 
C183 = direct immunofluorescent assay using C183-FITC 
DAB = immunoperoxidase assay using OW3-biotin and 

diaminobenzidine as substrate 
AEC = immunoperoxidase assay using OW3-biotin and 

amino ethyl carbazole as substrate 
OW3 = indirect immunofluorescent assay using OW3 

supernatant and goat anti-mouse IgM-FITC 
OW3-biotin = indirect immunofluorescent assay using 

OW3-biotin and streptavidin-FITC 
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was 38.7% sensitive and 60.0% specific. Figure 14 

illustrates the correlation analysis between the OW3 indirect 

IFA and the remaining 6 methods. Scales indicate the 

relative number of oocysts identified on slides by the 

different methods. The OW3-biotin IFA method and the 

auramine-rhodamine method were equivalent to the OW3 indirect 

IFA; the DAB, AEC and C1B3 methods were somewhat less 

sensitive (especially when oocyst numbers were small) and the 

acid-fast method much less sensitive. The acid-fast method 

yielded over half again as many false positives (8/315 

samples) as confirmed positives (14/315). False positives 

were also a problem with the auramine-rhodamine technique. 

2c. Anti-g. parvum sporozoite monoclonal antibodies. 

Five 

sporozoite 

Anti-Sporozoite Hybridomas 

fusions yielded 16 hybridomas 

reactive monoclonal antibodies. 

secreting 

Table 

anti-

13 

summarizes the characteristics of 3 hybridomas (C8C5, C6B6 

and C4A1) derived from sporozoite-specific fusion D. 

Monoclonal antibodies from these hybridomas were utilized in 

experiments to examine the potential immunomodulatory role of 

orally administered antibodies on cryptosporidial infections 

in neonatal mice. 

Characteristics of the 13 remaining anti-sporozoite 

hybridomas are summarized in Appendices B1 and B2. 
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Figure 14. Correlation analysis of oocyst detectllJO 
methods. Six methods were compared to the monoclonal 
antibody OW3 method (100% sensitive and 100% specific) 
shown on the abscissa scale. Scales represent the 
relative oocyst numbers demonstrated in the fecal 
smears by each method. Method key: acid fast (.), 
AEC (fit), DAB (&), C1B3 (0), auramine-rhodamine (0), 
and OW3-biotin (A). 
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Table 13. Characteristics of anti-sporozoite hybridomas and 
monoclonal antibodies. 

Western blot§ Merozoite t 

Hybridoma Isotype IFA appearancet reactivity reactivity 

C8C5 surface, whole 20 kDa band + 

C6B6 surface, whole 20 kDa band + 

C4A1 surface, polar multiple bands + 

IFA = immunofluorescent assay 
t reacted to air-dried parasites on microscope slides 
§ antigen prepared from detergent solubilized sporozoites 
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Anti-Sporozoite Hybridomas C8C5, C6B6 and C4A1 

Hybridoma C8C5 secreted a monoclonal antibody (an IgG3 ) 

that reacted with what appeared to be the surface of 

air-dried sporozoites in an IFA (Figure 15). Hybridoma C6B6 

secreted a monoclonal antibody (an IgG1 ) that also reacted 

with what appeared to be the surface of air-dried sporozoites 

(Figure 16). Hybridoma C4A1 secreted a monoclonal antibody 

(an IgM) that reacted with what appeared to be the surface of 

air-dried sporozoites, especially at the anterior polar end 

(Figure 17). Monoclonal antibodies C8C5 and C6B6 reacted 

with a 20 kDa sporozoite antigen in western blots while C4A1 

reacted with multiple bands, 25 kDa and greater (Figure 18). 

2d. Polyacrylamide gel electrophoresis of Q. parvum proteins. 

Sporozoite Proteins Separated by PAGE 

Figure 19 illustrates the molecular weight range of 

NET-extracted sporozoite proteins separated by PAGE. 

Approximately 46 protein bands were evident ranging in size 

from 3 kDa to 200 kDa. 

2e. Immune serum reactivity to Q. parvum antigens in western 

blots. 

Oocyst and Sporozoite Antigens Identified in Western Blots 

Hyperimmune mouse serum (hybridoma OW3 derived from this 

mouse) reactivity to solubilized oocyst antigens is shown in 

Figure 9. The mouse serum reaction to oocyst antigens was 

indistinguishable from the monoclonal antibody OW3 reaction, 



Figure 15. Immunofluorescent appearance of Gryptosooridium 
oarvum air-dried sporozoites labeled by monoclonal 
antibody GaG5. Panel A illustrates the photographic 
appearance of sporozoites (bar = 5 pm). Panel B 
schematically illustrates the fluorescent appearance. 
GaG5 labeling appeared uniform across the sporozoite 
surface. 
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Figure 16. Immunofluorescent appearance of Cryptosporidium 
parvum air-dried sporozoites labeled by monoclonal 
antibody C6B6. Panel A illustrates the photographic 
appearance of sporozoites (bar = 5 pm). Panel B 
schematically illustrates the fluorescent appearance. 
C6B6 labeling appeared uniform across the sporozoite 
surface. 



Figure 17. Immunofluorescent appearance of Cryptosporidium 
parvum air-dried sporozoites labeled by monoclonal 
antibody C4A1. Panel A illustrates the photographic 
appearance of sporozoites (bar = 5 pm). Panel B 
schematically illustrates the fluorescent appearance. 
C4A1 labeling appeared to be polar on the sporozoite 
surface at the sporozoite anterior end. 

125 



97K-

68K-

43K-

25K-' 

18K-

14K-

, 
! 

~""l 

12345678 

8K 

-25K 

Figure 18. Western blot analysis of NET-solubilized 
sporozoite material using monoclonal antibodies and 
human immune sera. Lane 1) monoclonal antibody C3C3, 
Lane 2) monoclonal antibody C6B6, Lane 3) monoclonal 
antibody CaC5, Lane 4) monoclonal antibody C4Al, Lane 
5) monoclonal antibody OW3, Lane 6) monoclonal antibody 
C2A3, Lane 7) monoclonal antibody C8C6, and Lane 8) 
human immune serum. The molecular weight markers on 
the right correspond to the blot in lane 8 (prepared 
from a separate blot preparation), hence the slightly 
shifted molecular weight distribution. 
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Figure 19. Silver stained NET-solubilized sporozoite 
proteins separated by polyacrylamide gel electro
phoresis. 
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but differed distinctly from the monoclonal antibody C1B3 

reaction. Immune human serum reactivity to sporozoite 

antigens is shown in Figure 18. Monoclonal antibodies C8C5, 

C3B4, C6B6 and C1D3 reacted to a 20 kDa antigen which 

correlated with a distinctly reactive 20 kDa band using 

immune human (Figure 18) and calf serum (not shown) . 

Monoclonal antibody C4A1 reacted with a number of sporozoite 

bands (25 kDa and greater) identified in the western blot 

using immune sera. 

3. Colostrum and anti-Q. parvum monoclonal antibody influences 

on murine cryptosporidial infections. 

Cryptosporidial infections among experimentally treated 

BALB/c mice were compared following challenge with 104 

oocysts. Only treatment groups BM (purified Mab mixture) and 

BU (Mab ascitic fluid mixture) differed significantly from 

the control (BC) group (see below). 

Cryptosporidium Infection Rates Among 
Colostrum and Nab Treatment Groups 

Infection rates for all experimental groups 

summarized in Table 14. Infections were confirmed 

are 

by 

identifying parasites in mucosal scrapings and/or the 

presence of parasites in histologic sections of the terminal 

ileum. Treatment group rates of infection and the total 

infection rate are indicated in the table. Rates varied from 

a low of 85.7% in group BFP to 100% in groups BSA, BFA, BEP 

and BEA. The mean infection rate for all treatment groups 
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Table 14. Infection rates among mice in colostrum and 
monoclonal antibody passive transfer treatment groups. 

Treatment t Total # 
grouJ2 # of litters of mice # infected % infected 

Be 13 72 71 98.6% 

BW 11 75 70 93.3% 

BA 9 69 67 97.1% 

BI 10 65 63 96.9% 

BSP 5 22 21 95.5% 

BSA 6 26 26 100.0% 

BFP 5 21 18 85.7% 

BFA 6 31 31 100.0% 

BEP 5 23 23 100.0% 

BEA 6 28 28 100.0% 

BM 5 20 19 95.0% 

BU 5 15 14 93.3% 

TOTALS: 86 467 451 96.6% 

t See Table 2 for treatment group definitions 
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was 96.6% ± 4.2% (S.D.). 

AnalYSis of Variance Results for Treatment Group Data 

The ANOVA table for the 12 colostrum and Mab-treated 

groups identifies all sources of variation and their 

corresponding degrees of freedom (Appendix C1). 

treatment groups were each represented by 9 

Colostrum 

replicate 

experimental litters. Monoclonal antibody treatment groups 

were each represented by 5 replicate experimental litters. 

Three randomly chosen mice from each litter were examined for 

the presence of parasites. Two randomly chosen high power 

(400X) fields were selected for each tissue segment (e.g. see 

Figure 20) and total numbers of parasites were counted for 

each. Raw data were transformed using the square root method 

(i.e. X = (Y + 0.5]°·5) to make variances independant from 

means before the ANOVA was performed. 

The calculated results of the ANOVA are presented in 

Appendix C2. The calculated F ratio for level A (treatments 

over litters) was 2.143. Tabular values for F. 05( 11/64) 

1.941 while F. 01 (11/64) = 2.538. The calculated F ratio 

exceeded the tabular F ratio at the 0.05 level but not at the 

0.01 level. 

Appendix C3 summarizes the variance components 

contributed at the various ANOVA levels in absolute and 

percentage values. The percent variance components were 

11.1% for treatments, 48.8% for litters, 33.6% for mice and 



Figure 20. Giemsa stained Cryptosooridium oarvum 
infected BALB/c ByJ ileum segment (bar = 10 ~). Arrow 
denotes parasitic form. 
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6.5% for the error. 

In defense of the parasite counting methodology, 

consider the variance component analysis of the ANOVA. The 

variance component representing the ERROR (i.e. the degree to 

which the two counts made on each tissue/slide differ from 

one another and thus contribute to the overall variance) was 

only 6.5%, far less than the variance contributed by 

differences between individual mice (33.6%), differences 

between litters (48.8%), or differences between treatment 

groups (11.1%). Indeed, preliminary counts of up to 10 high 

power tissue fields per mouse showed no evidence of improved 

results. To reduce the variance components contributed by 

litters and mice, larger numbers of litters would require 

treatment and examination. The results to date suggest such 

an effort is not warranted. 

Mul tiple Comparisons Among Means Using the T-Method. 

Appendix C4 presents the method used to calculate the 

95% confidence limits for the treatment group means. Table 

15 summarizes the groups, group means and their corresponding 

95% confidence limits. Figure 21 graphically displays the 

data. Only treatment groups BM (purified Mab mixture) and BU 

(Mab ascitic fluid mixture) differed significantly from the 

control group (BC), i.e. the 95% confidence limits for groups 

BM and BU did not overlap those of group BC. 
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Table 15. Colostrum and monoclonal antibody passive transfer 
treatment group means ± 95% confidence limits. 

Group t mean§ ± 95% confidence limits 

BC 15.412 + 3.587 (where n = 54) 

BW 14.682 + 3.587 (where n = 54) 

BA 13.061 + 3.587 (where n = 54) 

BI 11.802 ± 3.587 (where n 54) 

BSP 11.110 ± 4.813 (where n = 30) 

BSA 13.177 + 4.813 (where n = 30) 

BFP 9.364 + 4.813 (where n = 30) 

BFA 14.379 ± 4.813 (where n = 30) 

BEP 11. 609 + 4.813 (where n = 30) 

BEA 11. 935 + 4.813 (where n 30) 

BM 6.584 + 4.813 (where n = 30) 

BU 4.476 + 4.813 (where n = 30) 

t See Table 2 for treatment group definitions 
§ mean calculated from square root transformed parasite 

numbers counted along ileum villus surfaces. 
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Figure 21. Multiple comparison of colostrum and monoclonal 
antibody passive transfer treatment group means ± 95% 
confidence limits. Means were calculated from square 
root transformed parasite numbers counted along ileum 
villus surfaces. Only groups BM and BU demonstrated 
95% confidence limits that did not overlap the 95% 
confidence limits of the control group (Be). See Table 
2 for treatment group definitions. 
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4. In vitro cultivation of Q. parvum. 

In Vitro Cryptosporidium Infection Run A 

Figure 22, panel A shows a sporozoite attached to an HFL 

cell surface at 15 minutes P.I. Figure 22, panel B shows a 

sporozoite lying against a BT cell surface at 4 hours P.I. 

Figure 22, panel C shows a merozoite or sporozoite attached 

to the host cell surface at 24 hours P.I. Figure 22, panels 

A and C show parasites with plumes of "membrane-like" 

material around the anterior end of the parasites at the cell 

surface/parasite junction. These structures partially 

covering the parasites are probably of host cell membrane 

origin (the host cell membrane ultimately surrounds the 

sporozoite or merozoite prior to differentiation of this 

stage to the trophozoite stage). Figure 22, panel B may 

represent a sporozoite that has yet to begin the process of 

enclosing itself in the host cell membrane. Figure 22, panel 

D shows a mature Type I meront (6-8 merozoites enclosed) on a 

BT cell surface at 24 hours P.I. Figure 22, panel E shows a 

mature Type II meront (4 merozoites enclosed) on a BT cell 

surface at 24 hours P.I. 

In Vitro Cryptosporidium Infection Run B 

Figures 23-25 illustrate parasites in BT, HFL and L929 

cell cultures. All cultures appeared to display parasites 

arising from generation in vitro. In general, the HFL cell 

cultures had the "crudest" appearance, Le. more debris and 



Figure 22. Scanning electron micrographs of in vitro 
Cryptosporidium parvum infections. A. Sporozoite 
on an HFL cell at 4 hours P.I. B. Sporozoite on a 
BT cell at 4 hours P.I. C. Merozoite or sporozoite 
on a BT cell surface at 24 hours P.I. D. Type I 
meront on a BT cell at 24 hours P.I. E. Type II 
meront on a BT cell at 24 hours P.I. Bars = 1 ~. 
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Figure 23. Cryp~osDoridium parvum infection in BT 
cell cultures. Cell cultures were labeled with anti
sporozoite (C4Al, C6B6 and C3B4) and anti-oocyst (C1B3) 
monoclonal antibodies for immunofluorescent analysis. 
A1. Differential interference contrast (DIC) image of a 
24 hour P.I. culture. A2. Immunofluorescent image of Al 
showing what appears to be a developing meront. B1. DIe 
image of a 72 hour P.I. culture. B2. Immunofluorescent 
image of B1 showing what appears to be an oocyst in the 
upper left corner and a trophozoite in the lower right 
corner. Bars = 5 ~. 



Figure 24. Cryptosporidium parvum infection in HFL 
cell cultures. Cell cultures were labeled with 
anti-sporozoite (C4A1, C6B6 and C3B4) and anti-oocyst 
(CIB3) monoclonal antibodies for immunofluorescent 
analysis. A1. Differential interference contrast 
(DIC) image of a 24 hour P.I. culture. A2. Immuno
fluorescent image of A1 showing oocysts in the center 
of the image and what appears to be a type II meront 
in the lower left corner. B1. DIC image of a 24 hour 
P.I. culture. B2. Immunofluorescent image of B1 that 
shows what appears to be a type I meront. Bars = 5 ~. 
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Figure 25. Cryptosporidium parvum infection in L929 
cell cultures. Cell cultures were labeled with 
anti-sporozoite (C4A1, C6B6 and C3B4) and an~i-oocyst 
(C1B3) monoclonal antibodies for immunofluorescent 
analysis. A1. Differential interference contrast 
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(DIC) image of a 72 hour P.I. culture. A2. Immuno
fluorescent image of A1 showing what appears to be an 
oocyst or type I meront. B1. DIC image of a 120 hour 
P.I. culture. B2. Immunofluorescent image of B1 showing 
what appears to be a developing type I meront. 
Bars = 5 JlITl. 
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cell associated structures were present leading to confusion 

when attempting to distinguish parasites. Both BT and L929 

cells were quite "clean" in appearance, facilitating parasite 

identification. Cultures inoculated with the crude inocula 

proved to be the most difficult to critically evaluate. 

Figure 24, panels A1 and A2 illustrate the complex mixture of 

forms present. Oocysts are evident, single forms suggestive 

of sporozoites or merozoites and clusters that appear to be 

meronts. Figure 23 illustrates probable meronts in BT cells 

while Figure 25 illustrates probable meronts in L929 cells. 

A comparison of Figure 23, panels A1 and A2 with Figure 24, 

panels B1 and B2 demonstrates the difficulty of 

distinguishing meronts from aggregate structures labeled with 

anti-sporozoite monoclonal antibodies. 

In Vitro Cryptosporidium Infection Run C 

Parasites evident in the BT cultures were very similar 

to the results described for infection run B above. Table 16 

summarizes the effects of various fixatives on BT cell 

adherence to coverslips and also parasite fluorescence 

following monoclonal antibody labeling. 

In Vitro Cryptosporidium Infection Run D 

Figure 26 illustrates the immunoperoxidase (DAB) 

staining of parasites in BT cell cultures using 

anti-sporozoite monoclonal antibodies. Again, clusters of 

sporozoites or merozoites (meronts) were identified. Single, 



Table 16. Effects of various fixatives on cell culture 
adherence to coverslips and cryptosporidial antigen 
reactivity to monoclonal antibodies. 

Cell Parasite Cell 
culture Fixative fluorescence adherence 

BT Bouin's fluid ++++ ++++ 

BT 1% para formaldehyde ++++t + 

BT 1% formaldehyde N.D. 

BT 2% formaldehyde N.D. 

BT 100% ethanol +++t +++ 

HFL Bouin's fluid ++++t ++++ 

HFL 1% para formaldehyde N.D. 

HFL 1% formaldehyde N.D. 

HFL 2% formaldehyde N.D. 

HFL 100% ethanol ++++t ++++ 

t = non-specific fluorescent particles in cytoplasm 
N.D. = not determined (cell cultures sloughed off 

coverslips) 
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Figure 26. Immunoperoxidase (DAB) labeled Cryptosporidium 
parvum parasitic forms appearing in in vitro BT 
cell cultures using a mixture of anti-sporozoite mono
clonal antibodies (C6B6, C3B4, C4A1, and C2A3). A. 16 
hours. B. 40 hours P.I. Bar = 10 ~. 
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2-3 pm DAB-stained objects were also apparent in the 

cultures. Giemsa-stained BT cell cultures are illustrated in 

Figure 27, showing individual parasites and clusters. Figure 

27, panel A illustrates a stained parasite next to an 

unstained oocyst (see arrow). Stained sporozoite nuclei are 

seen within an oocyst (stain permeable) in Figure 27, panel 

B. Figure 27, panels C and D illustrate what appear to be 

the stained nuclei of merozoites in meronts. 



Figure 27. Giemsa stained parasitic forms appearing in in 
vitro BT cell cultures at 40 hours P.I. Panel A shows 
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an unstained oocyst next to what appears to be a develop
ing parasite. Panel B shows stained nuclei of sporozoites 
within an oocyst. Panels C and D show stained structures 
probably representing the nuclei of developing merozoites 
within meronts. Bar = 5 ~. 
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DISCUSSION 

Experimental Cryptosporidium infections were easily 

established in calves and yielded large quantities of oocysts 

requiring purification (approximately 5 x 1010 oocysts 

recovered per calf during the peak of shedding). Sieved 

o feces could be stored in 2.5% K2Cr20 7 at 4 C for four months 

with no significant loss of viability as judged by degree of 

excystation and ability to infect mice or calves. These 

observations agree with the age-related characteristics of Q. 

parvum oocysts reported by Speer and Reduker (1986). 

Cryptosporidium parvum oocyst purification using methods 

based on Sheather's flotation has been unsatisfactory even 

though modified Sheather's techniques have been successfully 

used to isolate oocysts of other coccidian species (Hammond, 

1968). Excessive contamination of Cryptosporidium oocysts by 

fecal debris invariably followed use of flotation techniques, 

necessitating further purification. 

The three step discontinuous sucrose and isopycnic 

Percoll gradient purification technique developed in this 

laboratory was easy to perform, relatively inexpensive and 

yielded large numbers of purified oocysts and sporozoites. 

Oocysts recovered from the secondary discontinuous sucrose 

gradients (44% of the original number) were sufficiently 

clean for many experimental purposes. More than 34% of the 

original oocysts were routinely recovered in pure form from 
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the Percoll gradients. 

and virtually free of 

The oocysts recovered were infectious 

microbial contamination. Purified 

oocysts stored in 2.5% K2Cr207 demonstrated no viable aerobic 

microbial contaminants. Hypochlorite treatment (0.5%) of 

oocysts augmented sporozoite excystation rates, especially 

from oocysts stored more than 4 months in K2cr
2

0
7

• 

These oocysts provide a source of oocyst walls and 

sporozoites required for reliable biochemical 

characterization and for immunologic studies directed at 

characterizing antigens responsible for inducing immunologic 

responses by the host. Heyman et al. (1986) suggested that 

phenol might alter the antigenicity of the oocyst 

diminution in oocyst wall reactivity with 

wall. No 

monoclonal 

antibodies or by immune sera directed to the oocyst wall was 

observed following isolation of oocysts using 

gradients containing phenol. 

sucrose 

Cellulose column chromatographic purification of 

Cryptosporidium sporozoites, based on the method of Schmatz 

et al. (1984) for Eimeria sporozoite purification, was found 

to be inefficient and produced sporozoite preparations 

contaminated with intact oocysts and bacteria. Purified 

sporozoites were essentially free of oocyst walls, however, 

but the technique was tedious and demonstrated poor 

sporozoite yield. Riggs and Perryman (1987) recently 

reported the use of Whatman DE-52 column chromatography for 
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sporozoite purification. Their methods varied somewhat from 

the methods described above. The authors' initial results 

compared closely with those generated in this laboratory, but 

the optimal recovery conditions were not adequately 

described, making their results difficult to evaluate. 

Kilani and Sekla reported the application of cesium chloride 

gradients for sporozoite purification. No data regarding 

recovery efficiencies were presented. The methods were not 

evaluated in this laboratory. 

Isopycnic Percoll gradient isolated sporozoites were 

found to be free of oocyst walls with few contaminating 

intact oocysts. Quantitative recoveries of 63% or greater 

were routinely obtained using the Percoll 

approximately 2.2% contamination by intact 

degree of contamination was dependent on the 

technique with 

oocysts. The 

efficiency of 

excystation. The recovered sporozoites were suitable for 

antigen analysis by 50S-PAGE and western blotting (Mead et 

al., 1988b) and nucleic acid analyses (Mead et al., 1988a). 

Eight anti-oocyst hybridomas were generated from the 

oocyst-specific fusions. The hybridomas derived from 

immunized BALB/c ByJ mice all cross-reacted with a variety of 

unidentified fecal yeasts and bacteria. Of the 5 

BALB/c-derived monoclonal antibodies, C1B3 was the most 

extensively tested for cross-reactivjty. Cross-reactive 

bacteria in immunofluorescent assays could be differentiated 
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from oocysts based on size. Unfortunately, cross-reactive 

yeasts were found to be problematic when occasionally found 

in fecal samples. Combining a crystal violet pre-stain step 

to the direct immunofluorescent method (C1B3-FITC) solved the 

difficulty of cross-reactivity, but not 

provide maximum value, it was 

immunofluorescent method for oocyst 

satisfactorily. 

decided that 

detection should 

To 

any 

be 

fairly rapid, simple to perform and 

interpretation of results. 

require little 

Preliminary evidence suggests 

glycosylated determinant on oocyst 

C1B3 reacts with 

walls. Western 

a 

blot 

analysis of solubilized oocyst walls with C1B3 demonstrated a 

wide, reactive smear 40-200 kDa. Silver stained 

polyacrylamide gels showed diffusely stained proteinaceous 

material in the range below 200 kDa. It is not clear whether 

the reactive material is carbohydrate or perhaps glycolipid 

or glycoprotein in nature. 

Anti-oocyst hybridoma OW3 (derived from an RBF/Dn mouse) 

demonstrated reactivity to Cryptosporidium parvum oocysts but 

not to Cryptosporidium baileyi oocysts. Additionally, OW3 

did not cross-react with any bacteria or yeasts labeled by 

C1B3, nor any other microorganisms or parasites tested to 

date (Garcia et al., 1987a). aW3 reacted with an oocyst wall 

antigen of 200 kDa in western blots. Since OW3 and 

hyperimmune serum from the RBF/Dn mouse did not react with 
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the antigenic smear observed with the BALB/c ByJ-derived 

C1B3, it may be speculated that RBF/Dn mice are genetically 

restricted from recognition of this determinant. It is in 

turn possible that BALB/c mice are restricted from 

recognizing the 200 kDa antigen (no anti-oocyst monoclonal 

antibodies of BALB/c origin demonstrated OW3-like 

specificity). The anti-oocyst monoclonal antibody derived 

from BALB/c mice by McLauchlin et al. (1986) cross-reacts 

with fecal yeasts and oocysts of g. baileyi much like the 

anti-oocyst monoclonal antibodies derived from BALB/c mice in 

this laboratory (unpublished observation) . 

Anti-oocyst immunofluorescent and immunoperoxidase 

assays have proven to be valuable in detecting oocysts in 

fecal samples, paraffin-embedded histologic tissue sections, 

in vitro infected cell cultures and water supplies (Sterling 

and Arrowood, 1986; Garcia et al., 1987a; Musial et al., 

1987; Madore et al., 1987). Both OW3 and C1B3 are useful: 

OW3 reacts specifically with mammalian g. parvum oocysts 

while C1B3 will react with mammalian and avian oocysts (g. 

baileyi). Using both monoclonal antibodies, a differential 

quantitation of the oocyst tYIles may be performed. 

Conjugating OW3 with flUorescent dyes (FITC and FTSC) 

for application in direct immunofluorescent assays was 

unsuccessful. Conjugation of OW3 with biotin hydrazide was 

successful. Immuno-assays employing OW3 have been restricted 
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to indirect methods, lengthening assay time to approximately 

90 minutes. Given the extremely high sensitivities and 

specificities of these assays, it may be expected that they 

will replace the chemical staining methods now commonly 

employed for oocyst detection. An indirect immunofluorescent 

assay employing Ows has been commercialized by Meridian 

Diagnostics Inc., Cincinnati, OH. The OW3 immunofluorescent 

assays were observed to be 100% sensitive and 100% specific 

compared to the standard acid-fast method (38.7% sensitive 

and 60.0% specific) and the auramine-rhodamine method (93.5% 

sensitive and 85.3% specific). The non-fluorescent OW3 

methods (immunoperoxidase) were 

positives) though slightly less 

100% specific (no false 

sensitive than the best 

chemical staining method (auramine-rhodamine) and twice as 

sensitive as the acid-fast method. 

Sixteen anti-sporozoite hybridomas were derived from 

immunized BALB/c mice. Only those monoclonal antibodies 

demonstrating sporozoite surface antigen reactivity were 

examined in detail. Two monoclonal antibodies, C6B6 and 

C8C5, reacted with a 20 kDa sporozoite antigen in western 

blots. Immunofluorescent labeling suggests this antigen is 

located on the sporozoite surface. Biotinylation of cell 

surface proteins substantiates this observation (Mead et al., 

1988b). Monoclonal antibody C4Al reacted with multiple 

sporozoite antigenic bands in western blots. Whether the 
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multiple bands represent enzyme-processed products of the 

same antigen is not clear. Immunofluorescent labeling 

suggests this antigen(s) is located on the sporozoite surface 

and is especially pronounced at the anterior polar surface. 

Western blots against sporozoite antigens employing 

immune human and calf sera demonstrate distinct reactivity to 

a 20 kDa band matching the antigen identified by monoclonal 

antibodies C6B6, C8C5, C3B4 and C1D3. The 20 kDa antigen 

probably correlates with the immuno-reactive 23 kDa sonicated 

oocyst antigen reported by Ungar and Nash (1986) (sonication 

of oocysts should result in the solubilization of sporozoite 

antigens contained within giving rise to anti-sporozoite 

reactivity in western blots). Western blot reactivity of 

C4A1 correlated with a number of sporozoite bands observed in 

western blots employing human immune sera. 

Monoclonal antibodies C6B6, C8C5 and C4A1 were examined 

for their ability to modulate experimental cryptosporidial 

infections in suckling mice. All three monoclonal antibodies 

cross-reacted with antigens on merozoites in 

immunofluorescent assays. Further studies should determine 

whether these antigens are present in/on trophozoites, 

meronts or other tissue stages. It is not clear whether 

infection resolution is a result of individual immunologic 

responses to infective stages (sporozoite, merozoite, 

microgamete) or tissue-bound stages (trophozoite, meront, 
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gametocyte, oocyst). Certainly, multiple responses to 

several stages may be necessary for infection resolution. 

Sherman et al. (1983) succeeded in protecting calves 

from serious enterotoxigenic Escherichia coli infections 

through the prophylactic oral administration of murine 

anti-~. coli ascitic fluid. Treatment or prophylaxis of 

other diarrheal diseases may be afforded by the oral 

administration of specific immunologic agents. Tzipori et 

al. (1986) recently reported the successful treatment of 

cryptosporidiosis in an immunodeficient child with 

hyper immune bovine colostrum. Conflicting reports of the 

anti-cryptosporidial value of colostrum and breast feeding 

(Mata et al., 1984, Weikel et al., 1985, Mathan et al., 1985) 

led to the present investigation. 

Experimental murine colostrum treatment groups were 

designed to determine whether prior exposure to 

Cryptosporidium parvum would induce immune responses in the 

murine dam providing passive immunity to her offspring. 

Groups included dams infected as neonates and allowed to 

recover. Such mice would presumably be nlore likely to 

transfer parasite-specific immune 

offspring. Additional groups of dams 

components to 

were inoculated 

their 

with 

oocysts during gestation to determine whether 

gestation-associated immunosuppression might alter the nature 

of immune factors passed to the neonate in colostrum and 
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breast milk. 

Experimental BALB/c ByJ mouse colostrum and monoclonal 

antibody passive transfer treatment groups did not 

significantly differ from the control group in infection 

rates. The mean infection rate for all groups was 96.6% + 

4.2% (S.D.). The experimental treatment conditions clearly 

did not abrogate parasite infections in mice. Parasite loads 

in two monoclonal antibody treatment groups (BM and BU) did 

vary signific~tly from the control group (BC) as discussed 

below. 

To determine whether parasite loads in treated mice 

differed significantly, parasite numbers along villus 

surfaces were counted and the results subjected to analysis 

of variance after square root transformation of data. Since 

the calculated F value was greater than the tabular F.05 

(11/64) (i.e. 2.143 > 1.941), the null hypothesis was 

rejected: there was a significant difference in the variance 

among treatments at the 0.05 level (95% confidence). 

Since the ANOVA demonstrated a significant difference 

between treatments at the 0.05 level, a multiple comparison 

of treatment group means was performed (using the T-method) 

in an attempt to identify treatment groups differing 

significantly from the control group. The only treatment 

groups showing statistically significant variance 

(difference) from the control group were groups BM (mice 
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treated with purified monoclonal antibody mixtures on a daily 

basis) and BU (mice treated with ascitic fluid mixtures on a 

daily basis). The 95% confidence limits for the means of 

these groups did not overlap the 95% confidence limits for 

the mean of the control group. 

None of the colostrum treatment groups differed 

significantly from the control group in terms of infection 

rates or parasite loads. It would appear that colostrum and 

breast milk from Q. parvum infected (recovered) and 

challenged mice confers no protection from infection to 

neonatal mice. These results support the observations by 

Moon et al. (1982) and Tzipori et al. (1983) that colostrum 

is not efficacious in protecting neonatal calves from 

cryptosporidial infections. It is not clear whether these 

observations apply as well to human infants. 

No assays for the presence of anti-parasitic immune 

components in murine colostrum and breast milk were performed 

on these mice. Continued exposure to the parasite might 

result in higher anti-parasite activity in colostrum and 

breast milk. Higher activity might be necessary for an 

impact to be observed on infections. In that regard, 

hyperimmune bovine colostrum was reported to be efficacious 

in the treatment of cryptosporidiosis in an immunodeficient 

child (Tzipori et al., 1986). 

It could not be determined whether the reduced parasite 
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loads in the mice from the orally administered 

anti-sporozoite monoclonal antibody treatment groups (BM and 

BU) correlated with a difference in clinical symptoms. While 

a significant reduction in parasite load was observed at 4 

days post infection in these mice, further studies are 

required to answer the question of longer term treatment 

impact on cryptosporidial infections, especially ~egarding 

parasite load and severity of clinical symptoms. 

Woodmansee and Pohlenz (1983) described the partial 

development (through the asexual stages) of Q. parvum in a 

human rectal tumor cell line. The authors experienced 

difficulty differentiating life cycle stages given the large 

numbers of adherent oocysts present on the host cells. 

Current and Haynes (1984) reported the development of the 

entire Cryptosporidium parvum life cycle in human fetal lung 

cells. To date, no published accounts have reproduced the 

results of Current and Haynes. Naciri et al. (1986) reported 

the cultivation of Q. "muris" in baby hamster kidney cells. 

Unfortunately, the only evidence presented in the paper 

supporting this assertion was the identification 

in/on the cell cultures. No other life cycle 

identified; The parasite inoculum described by 

of oocysts 

stages were 

the authors 

was apparently contaminated by oocysts making it difficult to 

interpret their results. The authors presented clear 

evidence of Q. "muris" development in chicken embryos. 
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Quotes have been placed around "muris" (the taxonomic 

designation used by the authors) since it appears they have 

mistakenly substituted the species name "muris" for "parvum". 

The authors' description of their Cryptosporidium isolate 

corresponds to the accepted species "parvum". 

Attempts to cultivate ~ parvum in vitro in this 

laboratory were successful through asexual stages in Bovine 

Turbinate (BT) cells at 24 hours P.I. (SEM data). 

Identification of parasite life cycle stages in host cells 

was difficult using visible microscopic methods. Giemsa 

stained coverslips were most useful when compared to 

replicate coverslips labeled with monoclonal antibodies 

(immunoperoxidase or immunofluorescence). Interference 

contrast microscopy, in conjunction with immunofluorescent 

labeling techniques, was best suited for identifying 

developing parasites in cell cultures. Bouin's fluid and 

100% ethanol were the most successful fixatives. Bouin's 

fluid was compatible with giemsa staining and immuno-labeling 

methods. Ethanol fixation was not compatible with 

differential interferf!nce microscopy and occasionally 

resulted in non-specific granular fluorescence in cell 

cultures following monoclonal antibody labeling. 

Even when the "cleanest" inocula were employed, intact 

oocysts and oocyst walls adhered to mammalian cell cultures 

making it difficult to determine whether oocysts developed in 
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vitro. If total numbers are any indication, very few (if 

any) oocysts developed in vitro in any of the cell cultures 

(BT, Human Fetal Lung and murine L929). Meront development 

was confirmed in Bovine Turbinate cells using SEM. 

Microscopic methods coupled with immuno-Iabeling techniques 

revealed structures that reacted with anti-sporozoite 

monoclonal antibodies (these Mabs cross-react with 

merozoites). In the absence of stage-specific reagents, 

interpretations must be made cautiously. The Mab-reactive 

structures had the rounded appearance of trophozoites and the 

clustered appearance of meronts. Some clusters appeared too 

large to be type I meronts and may have represented multiple 

meronts in close proximity to one another. Development 

through the asexual stages (Type I and Type II meronts) 

should be sufficient for investigation of the 

infection-blocking potential of anti-parasitic antibodies or 

drugs. Further efforts are 

experimental parameters making 

consistently reproducible. 

necessary to establish 

infections 

In conclusion, a three step discontinuous sucrose and 

Percoll gradient method was developed for the useful 

purification of oocysts from infected calf feces. A Percoll 

gradient method was also developed for the purification of 

sporozoites and oocyst walls from oocyst excystation 

mixtures. Purified parasite stages were useful for 
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immunoassay application and the development of anti-parasite 

monoclonal antibodies. Purified oocysts were useful for the 

experimental infection of neonatal calves and mice. 

Colostrum and breast milk from Q. parvum infected/recovered 

mice did not provide protection from cryptosporidial 

infections in neonatal mice. Orally administered 

anti-sporozoite monoclonal antibody mixtures 

reduced the parasite load in the ilea of 

infected neonatal mice. Several mammalian 

significantly 

experimentally 

cell cultures 

supported the asexual development of Q. parvum, but parasite 

growth was variable in replicate experiments restricting the 

experimental value of the infections. 



Appendix Ai 

Characteristics of additional anti-oocyst hybridomas and 
monoclonal antibodies. 

Western blot 
H~bridoma IsotY,Qe IFA aEEearance reactivit~ 

OWi t IgM oocyst surface >200 kDa band 

OW2 t IgM oocyst surface N.D. 

BOW1§ IgG1 oocyst surface N.D. 

BOW2§ IgM oocyst surface N.D. 

BOW3§- N.D. oocyst surface N.D. 

BOW4§ IgM oocyst surface N.D. 

N.D. = not determined 
IFA = immunofluorescent assay 
t = derived using a BALB/c mouse from oocyst fusion C 
§ = derived using a RBF/Dn mouse from oocyst fusion B 
BOW series of hybridomas secreted monoclonal antibodies 

that cross-reacted with fecal yeasts and bacteria 
like monoclonal antibody C1B3 
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Appendix A2 

Monoclonal antibody C1B3 reactivity to selected protozoa. 

Organism 

Blastocystis hominis cyst 

Cryptosporidium baileyi oocyst 

Cryptosporidium parvum oocyst 

Giardia lamblia cyst 

Isospora belli cyst 

IFA = immunofluorescent assay 

IFA Reaction 

+ 

+ 
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Appendix A2, continued 

Monoclonal antibody C1B3 reactivity to selected yeasts. 

Organism 

Candida albicans 

Candida krusei 

Cryptococcus neoformans 

Geotrichum candidum 

Rhodotorula gracilus 

Saccharomyces cerevisiae 

Torulopsis glabrata 

Trichosporon cutaneum (beigerii) 

IFA = immunofluorescent assay 

IFA Reaction 

+ 
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Appendix A2, continued 

Monoclonal antibody C1B3 reactivity to selected bacteria. 

Organism 

Acinetobacter sp. 

Bacillus cereus 

Bacteroides sp. 

Campylobacter sp. 

Clostridium sporogenes 

Enterobacter aero genes 

Escherichia coli 

Flavobacterium sp. 

Fusobacterium sp. 

Lactobacillus sp. 

Klebsiella pneumonia 

Mycobacterium phlei 

Peptococcus sp. 

Proteus vulgaris 

Pseudomonas aeruqinosa 

Salmonella typhi 

Serratia marcescens 

Shigella flexnerii 

Streptococcus faecalis 

IFA immunofluorescent assay 

IFA Reaction 
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Appendix A3 

Monoclonal antibody OW3 reactivity to selected protozoa. 

Organism IFA Reactiont 

Balantidium coli trophozoites, cyst 

Blastocystis hominis trophozoites, cyst 

Chilomastix mesnili trophozoites, cyst 

Cryptosporidium baileyi oocyst 

Cryptosporidium parvum oocyst + 

Dientamoeba fragilis trophozoites 

Entamoeba histolytica trophozoites, cyst 

Entamoeba coli trophozoites, cyst 

Entamoeba hartmanni trophozoites, cyst 

Endolimax nana trophozoites, cyst 

Giardia lamblia trophozoites, cyst 

Iodamoeba butschlii trophozoites, cyst 

Isospora belli oocyst 

Trichomonas hominis trophozoites 

IFA = immunofluorescent assay 
t as reported by Garcia et al. (1987a) except for testing 

of Q. baileyi performed in this laboratory 
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Appendix A3, continued 

Monoclonal antibody OW3 reactivity to selected yeasts. 

Organism IFA Reaction t 

Candida albicans 

Candida quilliermondii 

Candida krusei 

Candida EaraEsilosis 

Candida EseudotroEicalis 

Candida troEicalis 

CrY12tococcus albidus 

Cryptococcus laurentii 

CrY12tococcus neoformans 

Geotrichum sp. 

Rhodotorula rubra 

Saccharomyces cerevisiae 

Torulopsis glabrata 

TrichosEoron cutaneum 

IFA = immunofluorescent assay 
t as reported by Garcia et al. (1987a) 



Appendix A3, continued 

Monoclonal antibody OW3 reactivity to selected bacteria. 

Organism 

Campylobacter jejuni 

Mycobacterium avium 
(Mycobacterium intracellulare) 

Salmonella group B 

Salmonella group D 

Shigella flexnerii 

IFA = immunofluorescent assay 

IFA Reaction t 

t as reported by Garcia et al. (1987a) 
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Appendix A3, continued 

Monoclonal antibody OW3 reactivity to selected helminth eggs 
and larvae. 

Organism IFA Reaction t 

Ascaris lumbricoides 

Trichuris trichiura 

Hookworm 

Strongyloides stercoral is 

Taenia spp. 

Hymenolepsis nana 

Hymenolepsis diminuta 

Diphyllobothrium latum 

Clonorchis sinensis 

Paragonimus westermani 

Fasciola/Fasciolopsis 

Schistosoma mansoni 

IFA = immunofluorescent assay 
t as reported by Garcia et al. (1987a) 



Appendix Bl 

Characteristics of additional anti-sporozoite hybridomas 
and monoclonal antibodies. 2 Merozoite1 

IFA al2l2earancel 
Western blot 

Hybridoma IsotYl2e reactivity reactivity 

C3C3 t IgG3 cytoplasmic, 210 kDa band + 
extra-nuclear 

C2C2§ IgG3 surface, whole N.D. N.D. 

C4B1§ IgG1 cytoplasmic, N.D. N.D. 
whole 

C3B4Ql IgGl surface, whole 20 kDa band + 

C4A3 Ql N.D. cytoplasmic, N.D. N.D. 
speckled 

* C1D3 IgG1 surface, whole 20 kDa band N.D. 

* C2A1 N.D. surface, whole N.D. N.D. 

* caC6 IgG1 cytoplasmic, no reaction N.D. 
sub-polar 

* C2A3 IgG2a cytoplasmic, no reaction + 
polar 

* C6C1 IgG2a cytoplasmic, N.D. N.D. 
whole 

* C6B4 N.D. cytoplasmic, N.D. N.D. 
peri-nuclear 

* C9A6 N.D. polar N.D. N.D. 

BSP-1£ IgM surface, polar N.D. N.D. 

N.D. = not determined 
IFA = immunofluorescent assay 
1 reacted to air-dried parasites on microscope slides 
2 antigen prepared from detergent solubilized sporozoites 
t derived from sporozoite fusion A 
§ derived from sporozoite fusion B 
Ql derived from sporozoite fusion C 
* derived from sporozoite fusion D 
£ derived from oocyst fusion C 
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Appendix B2 

Immunofluorescent appearance of Cryptosporidium 
parvum air-dried sporozoites labeled by monoclonal 
antibody C3C3. Panel A illustrates the photographic 
appearance of sporozoites (bar = 5 pm). Panel B 
schematically illustrates the fluorescent appearance. 
C3C3 labeling appeared to be cytoplasmic but extra
nuclear. 
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Appendix B2, continued 

.. 

Schematic illustration of the immunofluorescent 
appearance of Cryptosporidium parvum air-dried sporo
zoites labeled by monoclonal antibody C4B1. Labeling 
appeared to be uniformly cytoplasmic. 

169 



Appendix 82, continued 

Schematic illustration of the immunofluorescent 
appearance of Cryptosporidium parvum air-dried sporo
zoites labeled by monoclonal antibody C2C2. Labeling 
appeared to be uniform across the sporozoite surface. 
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Appendix 82, continued 

Immunofluorescent appearance of Cryptosporidium 
parvum air-dried sporozoites labeled by monoclonal 
antibody C3B4. Panel A illustrates the photographic 
appearance of sporozoites (bar = 5 pm). Panel B 
schematically illustrates the fluorescent appearance. 
C3B4 labeling appeared uniform across the sporozoite 
surface. 
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Appendix B2, continued 
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Schematic illustration of the immunofluorescent 
appearance of Cryptosporidium parvum air-dried sporo
zoitss labeled by monoclonal antibody C4A3. Labeling 
was speckled, either cytoplasmic or on the surface. 
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Appendix B2, continued 

Immunofluorescent appearance of Cryptosporidium 
parvum air-dried sporozoites labeled by monoclonal 
antibody C1D3. Panel A illustrates the photographic 
appearance of sporozoites (bar = 5 pm). Panel B 
schematically illustrates the fluorescent appearance. 
C1D3 labeling appeared uniform across the sporozoite 
surface. 
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Appendix B2, continued 

Immunofluorescent appearance of Cryptosporidium 
parvum air-dried sporozoites labeled by monoclonal 
antibody C2A1. Panel A illustrates the photographic 
appearance of sporozoites (bar = 5 pm). Panel B 
schematically illustrates the fluorescent appearance. 
C2Al labeling appeared uniform across the sporozoite 
surface. 
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Appendix B2, continued 

.' . 

Immunofluorescent appearance of Cryptosooridium 
parvum air-dried sporozoites labeled by monoclonal 
antibody caC6. Panel A illustrates the photographic 
appearance of sporozoites (bar = 5 pm). Panel B 
schematically illustrates the fluorescent appearance. 
caC6 labeling appeared to be cytoplasmic in a sub-polar 
location at the sporozoite anterior end. 
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Appendix B2, continued 

Immunofluorescent appearance of Cryptosporidium 
parvum air-dried sporozoites labeled by monoclonal 
antibody C2A3. Panel A illustrates the photographic 
appearance of sporozoites (bar = 5 pm). Panel B 
schematically illustrates the fluorescent appearance. 
C2A3 labeling appeared to be cytoplasmic in a polar 
location at the sporozoite anterior end. 
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Appendix B2, continued 

Immunofluorescent appearance of Cryptosporidium 
parvum air-dried sporozoites labeled by monoclonal 
antibody C6C1. Panel A illustrates the photographic 
appearance of sporozoites (bar = 5 pm). Panel B 
schematically illustrates the fluorescent appearance. 
C6C1 labeling appeared to be uniformly cytoplasmic. 
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Appendix B2, continued 

. . 

Schematic illustration of the immunofluorescent 
appearance of Cryptosporidium parvum air-dried sporo
zoites labeled by monoclonal antibody C9A6. Labeling 
appeared to be cytoplasmic and polar. 
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Appendix B2, continued 

.' . 

. . 

Schematic illustration of the immunofluorescent 
appearance of Cryptosporidium parvum air-dried sporo
zoites labeled by monoclonal antibody C6B4. Labeling 
appeared to be cytoplasmic and peri-nuclear. 
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Appendix 82, continued 

Schematic illustration of the immunofluorescent 
appearance of Cryptosporidium parvum air-dried sporo
zoites labeled by monoclonal antibody BSP-l. Labeling 
appeared to be polar on the anterior surface. 
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Appendix Cl 

ANOVA table showing the degrees of freedom for each level of 
the colostrum and monoclonal antibody treatment experimental 
design. 

degrees of 
Source of variation freedom Jevel 

Among groups (treatments) 11 A 

Among subgroups (litters) 64 B 

Among subsubgroups (mice) 152 C 

Within subsubgroups (error) 228 D 



Appendix 02 

ANOVA table calculated results for the colostrum and 
monoclonal antibody passive transfer mouse experiments. 

Level Sum of s9!!ares ..J2L Mean squares F ratio 

A 4104.842 11 373.167 2.143 t 

B 11143.323 64 174.114 4.973 

C 5321. 812 152 35.012 11.289 

D 707.109 228 3.101 

t F 
( 11/64) = 1.941 

t F· 05 = 2.538 .01 (11/64) 
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Appendix C3 

Calculated variance components for the four levels in the 
ANOVA of the colostrum and monoclonal antibody passive 
transfer mouse experiments. 

Variance 
Level Component Percent Source of Variation 

A 5.281 11.1% Among groups (treatments) 

B 23.184 48.8% Among subgroups (litters) 

C 15.955 33.6% Among subsubgroups (mice) 

D 3.101 6.5% Within subsubgroups (error) 

183 



184 

Appendix C4 

Calculation of the 95% confidence limits for application in 
the T-method of multiple comparison of treatment group means. 

95% Confidence Limits for Treatment Group Means: 

95% C.L. = mean ± t.05/64df (M.S./n)0.5 

where M.S. = mean square level B = 174.11442 

n = number of individual counts in group 

t.05/64df = 1. 9977 

Groups BC! BW! BA! B1: 

n = 54 

95% C.L. = mean + 1.9977 (174.11442/54)°·5 

95% C.L. = mean ± 3.587 

Groups BSP! BSA! BFP! BFA, BEP! BEA, BM! BU: 

n = 30 

95% C.L. = mean + 1.9977 (174.11442/30)°·5 

95% C.L. = mean ± 4.813 
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