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ABSTRACT 

To determine the antigenic relatedness of the different 

developmental stages of Cryptosporidium parvum, monoclonal 

IgG3 antibody (mAb), Cmg-3, was produced by immunizing mice 

with partially purified merozoites. The monoclonal Cmg-3 

reacted with a 3.5 kDa antigen of sporozoites in western blots 

and appeared to react with cell surface antigens of air-dried 

merozoites and sporozoites using immunofluorescence (IF). 

Additional mAbs, C6B6 (IgGl) and C4Al (IgM) , which react with 

a 20 kDa and multiple sporozoite antigens, respectively, were 

employed for immunoelectron microscopic studies with Cmg-3. 

These mAbs showed similar (surface/cytoplasmic) immunoelectron 

microscopic colloidal gold labeling patterns with all .Q. 

parvum life cycle stages. The three rnAbs were also examined 

for potential modulation of cryptosporidial infections in vivo 

by daily oral mAb administration to oocyst-inoculated neonatal 

mice. Monoclonal-treated neonatal mice were sacrificed four 

and eight days post infection (pi). Differences in infection 

rates were observed among the treatment groups (p<.05). 

suckling mice treated daily with orally administered mixtures 

of mAbs (ascitic fluids) showed significantly reduced parasite 

loads compared to control mice at four and eight days pi, 

while suckling mice receiving mAb Cmg-3 alone showed 

significant differences only at four days pi. Passive transfer 
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of immunity using hyperimmune bovine colostrum was performed 

to determine the therapeutic and prophylactic efficacy of 

daily oral administration of ariti-g. parvum antibody on the 

manifestation of cryptosporidial disease in neonatal mice as 

a model for treating cryptosporidiosis in immunocompromised 

patients. Hyperimmune colostrum was found to provide 

therapeutic and prophylactic efficacy against 

cryptosporidiosis in neonatal mice. Significantly fewer 

(p<O.05) stages of g. parvum were found in mice that received 

hyperimmune skim colostrum (HSC) or hyperimmune original 

colostrum (HC) than in those treated with control colostrum 

(CC) or saline. Using IF, antigen-specific IgG in HSC and HC 

to g. parvum was 35 times greater than that of CC. There was 

no significant difference between groups treated with HSC or 

HC (p<.05), which suggests that the immunoglobulins, other 

biologically active factors such as cytokines, or both, might 

be active factors of immunity against cryptosporidiosis. 



cryptosporidium, a protozoan 

reproduces within epithelial cells 

parasi te, grows 

of the digestive 

15 

and 

and 

respiratory organs of a wide variety of host species. Well 

known to veterinarians in the 1950's and 60's as a cause of 

diarrhea in animals, the parasite was first recognized as a 

cause of human gastroenteritis in 1976 (Meisel et al. 1976, 

Nime et al). Relatively few cases were diagnosed until 

cryptosporidiosis was reported to be a life-threatening 

infection in individuals with the acquired immune deficiency 

syndrome (AIDS) (CDC 1982) . Medical interest in the 

epidemiology, diagnosis, and treatment of cryptosporidiosis 

has increased dramatically since then. 

In 1907 a previously unrecognized coccidian parasite was 

found in the stomach of the cornmon mouse and named 

cryptosporidium muris (Tyzzer 1907). Another species, .Q. 

parvum, .was subsequently identified in the small intestine of 

the same host (Tyzzer 1912). A detailed description of the 

ultrastructure of various Cryptosporidium life cycle stages 

was published in 1966 (Hampton and Rosario 1966). Little is 

known about the antigenic relatedness of these life stages. 

At present, there is no effective treatment available to 

control cryptosporidiosis (Crawford and Verrnund 1988). 

Taxonom~ 
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cryptosporidium spp. are classified in the phylum 

Apicomplexa, the order Eucoccidia, and the family 

Cryptosporidiidae. other true coccidia (Eimeriorina) known to 

infect man include Toxoplasma gondii, Isospora belli, and 

Sarcocystis spp. Twenty species of Cryptorporidium were named 

according to the host in which the parasite was found (Levine 

1984). However, most human infections are probably caused by 

~. parvum (Casemore et al. 1985). The speciation of the family 

Cryptosporidiidae has yet to be fully elucidated. 

Life Cycle and Morphology 

Many aspects of the cryptosporidium life cycle resemble 

those of related coccidia. Cryptosporidium differs from other 

coccidia infecting warm-blooded vertebrates, however, in that 

its developmental stages do not occur deep within the 

cytoplasm of epithelial cells. They are confined instead to 

an intracellular yet extracytoplasmic location (Goebel and 

Brandler 1982). 

Infection follows the ingestion of oocysts (size 4.0-6.0 

~m), smallest among the coccidia. Oocysts obtained from the 

feces of infected animals are immediately infective for other 

animals (Reese et al. 1982, Tzipori et al. 1981, Moon and 

Bemrick 1981). In contrast, oocysts of other coccidia, such 

as Toxoplasma gondii, require a period of incubation outside 

the host before they become infective (Navin and Juranek 

1984). In the lumen of the gut the oocyst wall ruptures in 
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response to bile salts to release four motile sporozoites. 

The sporozoites are crescent shaped with a rounded 

posterior end and a tapering body. The compact nucleus is 

located in the posterior third of the parasite. Following cell 

penetration, the sporozoite rounds up, the nucleus migrates 

posteriorly and a vacuole appears at the anterior end (Current 

1986). At this site, on the brush border of the enterocyte, 

they develop into trophozoites (1.5-6.0 ~m). 

Trophozoites are spherical to subspherical and contain 

a nucleus that has a distinct nucleolus. They and all 

subsequent developmental stages are found within a 

parasitophorous vacuole surrounded by a host cell membrane 

(Pohlenz et ale 1978, Vetterling et al. 1971, Bird and smith 

1980) with an electron-dense attachment zone at the host-cell 

interface. 

The trophozoite undergoes two asexual multiplication 

cycles (merogony) to produce six or eight merozoites (type I 

meronts) followed by four merozoites (type II meronts). Most 

of the meront cytoplasm is incorporated into the merozoites 

and the highly modified residuum (feeder organelle) remains 

firmly attached to the base of the parasitophorous vacuole. 

Type I meronts rupture and release merozoites that may either 

reinfect other epithelial cells and develop into type II 

meronts or undergo cyclic development to become type I 

meronts. Merozoites of type II meronts develop directly into 
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sexual stages rather than undergoing cyclic development (Fayer 

and Ungar 1986). 

Type I and II merozoites, which are cresc~nt shaped, 

appear to be morphologically identical. Merozoites are 

distinguished from sporozoites in that the latter contained 

amylopectin granules near the center of the cell and a nucleus 

near the posterior end (current and Reese 1986). The nucleus 

of type I and II merozoites is always near the middle of the 

cell. Type I meronts appear to predominate over type II 

meronts (Current 1986). 

The process of sexual reproduction commences with 

reinfection of the host cells by type II merozoites, which 

develop into either macro (female) or micro (male) 

gametocytes. The macrogametocyte undergoes little change in 

becoming a macrogamete. Macrogametes are easily distinguished 

from other developmental stages because of the presence of 

bodies resembling amylopectin granules found in other coccidia 

near the basilar region of the parasite and the presence of 

wall-forming bodies near the periphery. The microgametocyte, 

which is an infrequently found, short-lived stage, undergoes 

sexual division to form 14 to 16 microgametes. Only a small 

portion of the microgamont cytoplasm is incorporated into the 

microgametes when they bud from the large residuum (Current 

and Reese 1986) . Microgametes, released from microgametocytes, 

fuse with macrogametes to form zygotes. Zygotes secrete a 
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protective outer wall, thereby forming oocysts (Armstrong 

1987). 

The cytoplasm of an unsporulated oocyst contains a single 

nucleus, numerous amylopectin granules, lipid bodies, and 

aggregates of ribosomes, but wall-forming bodies are not 

found. Two types of oocyst can be identified: thick-walled and 

thin-walled (Current 1985). Approximately 20% of the oocysts 

developing in host cells are thin-walled, have a single unit 

membrane, and release their sporozoites into the intestine; 

they are not found in the feces. The remaining 80% are thick

walled oocysts having two distinct layers. They pass down the 

gut intact and transmit the infection to a susceptible host 

via fecal-oral contamination (Fayer and Ungar 1986). 

Cryptosporidium may achieve greater reproductive 

potential by cyclic development of type I merozoites and 

sporozoites released from autoinfective, thin-walled oocysts. 

The presence of autoinfective oocysts and type I merozoites 

undergoing cyclic development may explain why a small inoculum 

can produce an overwhelming infection in a susceptible host 

species and why immune-deficient humans may have persistent, 

life-threatening infections in the absence of repeated oral 

exposure to oocysts (Navin and Juranek 1984, Cohen et ale 

1984, Casemore et ale 1985). 

Although each developmental stage of Cryptosporidium, 

exclusive of the sporozoite, has been examined in detail by 
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electron microscopy, relatively little is known about the 

antigenic relatedness among the different developmental 

stages. The paucity of knowledge related to stage-specific 

antigenicity makes it difficult to completely understand the 

biology and host-parasite interactions of cryptosporidiosis. 

Defining antigenic sites at the ultrastructural level may 

contribute to a better understanding of the parasite's 

biology. 

Epidemiology 

cryptosporidium infection in humans has been described 

only within the past decade. A 1980 World Health Organization 

report on parasite-related diarrheas (WHO 1980) did not 

include Cryptosporidium spp. The onset of AIDS in the united 

States brought attention to its association with diarrheal 

illness when 21 patients with AIDS and cryptosporidiosis were 

reported to the centers for Disease Control (CDC 1982). 

cryptosporidium is now also recognized as a frequent 

cause of gastroenteritis in normal individuals, with diarrhea 

being the major symptom. Symptoms may wax and wane in any 

patient and the severity of symptoms may correlate with the 

intensity of oocyst shedding (Casemore et al. 1985). Infection 

in immunocompetent individuals is usually less severe than 

that in immunocompromised individuals. 

Human infection with Cryptosporidium sp. has been 

described on six continents but is most prevalent in 
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developing nations, with children constituting the most 

susceptible portion of the population (Alpert et ale 1984). 

In many areas, cryptosporidium sp. is among the top three or 

four enteric pathogens identified (Hart et ale 1984, Wright 

et al. 1984). 

cryptosporidiosis is a common opportunistic infection in 

AIDS patients and may be a major factor contributing to death. 

Characteristically, the diarrhea is profuse and watery, with 

as many as 71 stools/day and up to 17 liters/day reported 

(Current 1984). Infection persisting for more than a month in 

persons thought to be at risk from AIDS may be considered a 

diagnostic marker for development of the immunodeficient state 

(soave et ale 1984). Patients undergoing immunosuppressive 

chemotherapy for leukemia and other life-threatening illnesses 

are particularly vulnerable to cryptosporidial infection 

(Cohen et ale 1984). Interrupting chemotherapy to overcome the 

infection is not possible for all patients, hence the urgent 

need for an effective and safe anti-cryptosporidial agent 

(Hart et ale 1985). 

cryptosporidium infection in animals is characterized by 

watery diarrhea, anorexia, and weight loss. In contrast to 

immunocompromised humans, animals do not develop chronic 

cryptosporidiosis; they either resist infection, have self

limited infections, or die soon after becoming infected (Fayer 

and Ungar 1986). Young animals, especially neonates, are more 
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prone to infection and clinical illness than are olde::::' animals 

(Tzipori 1983), presumably because they lack immunity to 

Cryptosporidium. A study of experimentally infected BALB/c 

mice showed that neonatal mice became infected but mature mice 

did not (Sherwood et al. 1982). 

Transmission 

cryptosporidiosis is a genuine zoonotic disease. 

Potential sources of infection may be pets and farm animals 

although such zoonotic infections have been rarely reported 

(Koch et al. 1983, Rahaman et al. 1984). Many infected persons 

had recently completed extensive travel (Sterling et al. 1986, 

Jokipii 1985). Common-source waterborne outbreaks may result 

when cryptosporidium oocysts escape filtration and are not 

inactivated by routinely used disinfectants (Angus et al. 

1982, Hart and Baxby 1984, William et al. 1987). The use of 

contaminated water in food preparation could contribute to 

transmission of Cryptosporidium sp., as could consumption of 

improperly pasteurized milk (Casemore 1985). Contact with 

other infected persons, particulary members of the same 

household, health-care providers, or attendees at the same 

day-care center, seems to be the most common source (Wolfson 

et al. 1985). 

Immune Response 

Immune response studies to Cryptosporidiurn infection have 

largely been confined to immunodeficient hosts, especially 
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individuals with AIDS (Crawford and Vermund 1988). These 

individuals, lacking T-Iymphocyte competency, are predisposed 

to a variety of opportunistic illnesses, including 

cryptosporidiosis. Clinical evidence indicates that both 

cellular and humoral immunity are required to overcome this 

infection since it may also occur in patients with congenital 

hypogammaglobulinaemia who have normal cellular immunity or 

in patients with severe combined immune deficiency (Crawford 

and Vermund 1988). 

While T-cell functions are unquestionably important in 

the development of immunity to cryptosporidiosis, nothing is 

known about the role of accessory cells or of the 

identification and localization of interacting cell types of 

the immune networh within gut-associated lymphoid tissue in 

response to this infection. 

circulating antibodies in response to Cryptosporidium 

infection have been detected in immunocompetent and 

immunocompromised individuals using immunofluorescent and 

enzyme-linked immunosorbent assays (Kocoshis et al. 1984, 

Ungar et al. 1986). It is not known whether humoral responses 

provide protection. Immunologically heal thy patients show 

early fluctuations of IgM followed by elevation of IgG within 

six weeks. Immunoglobulin G response may disappear within a 

few months postinfection or may persist, perhaps signifying 

continuous exposure to infection or an undetected infection 
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(Campbell and Current 1983). Some AIDS patients produced IgM 

while all produced IgG, which remained elevated throughout the 

course of illness (Ungar et ale 1986). Elevated IgA and IgE 

responses also have been noted (Casemore 1987). 

In one study, serum from 93% of patients with 

cryptosporidiosis reacted prominently with a 23 kilodalton 

(kDa) Cryptosporidium oocyst antigen (Ungar and Nash 1986). 

In ar.other, illl.TUUne sera of humans , calves, and horses were 

shown to react to a 20 kd membrane antigen of sporozoites 

separated by polyacrylamide gel electrophoresis (Mead et ale 

1988). The significance of serum responses to specific 

parasite antigens, however, has not been elucidated. The 

majority of cryptosporidial infections appear to involve 

neonates and children under 2 years of age. Results of some 

studies, however, suggest that protection from 

cryptosporidiosis may be afforded through colostrum and breast 

feeding since infection was rarely detected in those children 

exclusively breast fed (Mata et ale 1984, Guderian et ale 

1986, Hojlyng et al. 1986, Pape et al. 1987, Cruz et al. 

1988). Colostrum from a hyperimmunized cow, interestingly, was 

capable of neutralizing sporozoite infectivity in vivo 

employing a neonatal mouse model system, thus suggesting that 

antiparasi te acti vi ty may have been directed toward inhibiting 

parasite entry into host cells (Payer et al. 1988). The 

foregoing considerations are important because defining the 



25 

role of colostral immunity may be crutial in. mapping a 

strategy aimed at preventing or controlling infection caused 

by Cryptosporidium. 

Diagnosis 

Increased interest in Cryptosporidium as a causative 

agent of diarrhea in humans has led to the development of 

various techniques for concentrating and detecting parasites. 

Prior to 1980, diagnosis of human cryptosporidiosis depended 

on identifying the Cryptosporidium oocyst in biopsy samples 

of intestinal tissues processed for light or electron 

microscopy (Bronsdon 1984). Invasive, time-consuming 

procedures, however, are no longer necessary now that several 

techniques have been developed to identify cryptosporidium sp. 

oocysts in fecal specimens from animals and humans. 

The most widely used are the modified acid-fast staining, 

negative staining, and Sheather's sugar flotation techniques 

(Baxby et ale 1984, Cross and Moorhead 1984, Garcia et ale 

1983). All of these techniques permit a positive diagnosis 

when sUfficient numbers are present for detection. Some stool 

samples, however, may contain only a few oocysts, making it 

difficult for the medical microbiologist or the veterinary 

diagnostician to decide whether one or two Cryptosporidium

like bodies seen in a stained fecal smear warrant a positive 

diagnosis. In many instances, Cryptosporidium may not be 

detected at all because of small size and resemblance to 
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various yeasts and/or Blastocystis (sterling and Arrowood 

1986). 

Increased sensitivity can be achieved, however, by using an 

immunofluorescent assay. A monoclonal antibody (mAb) to a 

Cryptosporidium oocyst wall determinant has been developed and 

conjugated to florescene isothiocyanate (FITC) for use in a 

direct immunofluorescent assay applied to air-dried fecal 

smears (sterling and Arrowood 1986) . This test was 

subsequently modified to an indirect test using a more 

specific mAb (Arrowood and sterling 1989). specificity of the 

mAb for oocysts has been verified by Garcia et al. (1987). The 

mAb-FITC conjugate has been widely used to confirm 

questionable Cryptosporidium infections in both humans and 

animals. 

Treatment and Control 

Treatment of cryptosporidiosis, especially in 

immunodeficient persons, has been unsuccessful in most cases. 

The development of an effective treatment has been limited by 

the lack of in vitro cUltivation systems to study the 

biochemical and metabolic requirements of Cryptosporidium sp. , 

and by the lack of a reliable, small-animal model of clinical 

disease for screening the efficacy of drug compounds (Fayer 

and Ungar 1986). 

Of the numerous antimicrobial and antiparasitic drugs 

administered to immunodeficient persons with intestinal 
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cryptosporidiosis, the macrolide antibiotic spiramycin is the 

only one reported to date to have some efficacy (Collier et 

al." 1984). Most patients receiving this treatment, however, 

continued to shed cryptosporidium oocysts in their feces 

(Collier et al. 1984). While neither spiramycin nor any other 

agent offers a certain cure, additional laboratory testing and 

controlled clinical trials using other drugs may identify an 

agent with adequate clinical suppression to warrant its use. 

DL-difluoromethylornithine is currently being tested in humans 

(Fayer and Ungar 1986). 

As mentioned earlier, the major factor that appears to 

determine the severity and duration of a cryptosporidium 

infection in humans is the immune status of the host (Ungar 

et al. 1985). Discontinuing immunosuppressive chemotherapy, 

which results in a restoration of immune function, has 

eliminated cryptosporidiosis from the intestinal tract of 

several patients (Current 1986). Suckling mice treated daily 

with orally administered mixtures of anti-sporozoite 

monoclonal antibodies showed significantly reduced parasite 

loads compared with control mice at four days postinfection, 

even if infections were not completely interrupted (Arrowood 

et al. 1989). These findings suggest that immunomodulation or 

passive transfer of antibodies may be of value in controlling 

cryptosporidial infections. 

At present, supportive care with oral or intravenous 
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hydration is the primary therapeutic intervention available 

for humans with cryptosporidiosis (Fayer and Ungar 1986). The 

disease is self-limiting in immunocompetent individuals. For 

the majority of immunocompromised patients, such as those with 

AIDS whose illness is life-threatening, no agent or 

antidiarrheal compound offers clear benefit (Watt 1986). There 

are currently no vaccines available to prevent 

cryptosporidiosis in humans. 
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antigenic 

stages of 

Cryptosporidium parvum, even though we possess a rather 

complete knowledge of the fine structural detail of all 

developmental stages. This lack of knowledge makes it 

difficul t to completely understand the biology and host

parasite interactions of Q. parvum. 

Concerns over this issue have been addressed 

preliminarily through development of a monoclonal antibody 

against Q. parvum with partially purified merozoites. Indirect 

immunofluorescence has shown that this anti-cryptosporidial 

monoclonal antibody, Cmg-3, cross-reacts with sporozoites and 

other developmental stages. A preliminary immunoelectron 

microscopic study demonstrates that CIDg-3 also binds to all 

asexual and sexual stages of Q. parvum. 

The cross-reaction of this mAb with several life-cycle 

stages may be explained by antigenic sharing. In the case of 

most coccidian parasites, however, and especially Plasmodium, 

the proteins of the parasite are highly stage-specific; i.e., 

each is expressed in only a single developmental stage. 

Epitope sharing of Q. parvum, therefore, may have important 

implications in understanding of the biology of this parasite 

and in host-parasite interactions. 
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The present study was prompted by the hope that a precise 

mapping of antigenic determinants may contribute to a better 

understanding of the stage-specific antigenic relatedness of 

~. parvum. An electron microscopic irnrnunogold labeling 

technique employing monoclonal antibodies will be applied to 

locate and follow specific antigenic determinants through the 

growth cycle of ~. parvum. 

Another aspect of the study involves the modulation of 

cryptosporidial infections. These infections may be modulated 

in animals by orally administering anti-cryptosporidial 

monoclonal antibodies. Suckling mice treated daily by oral 

administration of a mixture of anti-sporozoite monoclonal 

antibodies C6B6 and C4A1 resulted in significantly reduced 

parasite loads compared to control mice at four days post 

infection (Arrowood et al. 1989). Lunlenal antibody might also 

be responsible for protection. 

The fact that monoclonal Cmg-3 binds to all developmental 

stages of ~. parvum suggests that oral administration of Cmg-

3 or a mixture of CIDg-3 and other rnAbs directed to other life 

cycle stages to oocyst-inoculated suckling mice may modulate 

cryptosporidial infections. 

Defining the role of colostral irnrnuni ty may also be 

crutial in mapping a strategy aimed at preventing or 

controlling infection caused by cryptosporidium. Mata et ale 

(1984) and Weikel et ale (1985) presented evidence of a lower 
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disease incidence in breast fed populations. Total prophylaxis 

has been ascribed to treatment of immunologically compromised 

humans with hyper immune bovine colostrum (Tzipori et ale 

1987). Colostrum from a hyperimmunized cow, interestingly, was 

capable of neutralizing sporozoite infectivity in vivo 

employing a neonatal mouse model system, thus suggesting that 

antiparasi te acti vi ty may have been directed toward inhibiting 

parasite entry into host cells (Fayer et ale 1988). 

Passive transfer of immunity against Cryptosporidium infection 

in neonatal mice using hyper immune bovine colostrum may be 

useful as a model to define parameters of treating 

cryptosporidiosis in humans, especially where it occurs in 

humans with AIDS. Such treatments, even if not completely 

successful in interrup'cing infections, are important in view 

of the increased knowledge they will yield regarding a future 

cure for cryptosporidium. 

This dissertation outlines research to study two aspects 

of Cryptosporidium. First, specific antigenic determinants 

will be identified and followed through the growth cycle of 

~. parvum to investigate antigenic sharing of molecular 

epitopes among the different life cycle stages. Secondly, the 

importance of passive immune protective mechanisms in 

cryptosporidial infection will be assessed by following the 

course of infection in neonatal mice which have been subj ected 

to treatments using either monoclonal antibodies or 
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hyper immune bovine colostrum. 
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SPECIFIC OBJECTIVES 

This proposed work will address the following specific goals: 

1. To produce hybridomas secreting monoclonal antibodies that 

recognize merozoite antigens of the coccidian parasite 

cryptosporidium parvum. 

2. To characterize these monoclonal antibodies by subclass 

and determine the molecular weight of the antigens recognized 

using western-blot techniques. 

3. To apply these monoclonal antibodies using an electron 

microscopic immunogold labeling technique to probe the 

distribution of the antigenic sites throughout the life cycle 

of g. parvum. 

4. To establish a suckling BALB/c mouse model of 

cryptosporidiosis and to investigate the possible modulation 

of cryptosporidial infections in vivo through oral treatment 

of suckling mice with anti-g. parvum monoclonal antibodies and 

through administration of hyperimmune bovine colostrum. 



MATERIALS AND METHODS 

1. 'Production of anti-cryptosporidium parvum monoclonal 

antibody with partially purified merozoite preparation. 

Merozoite preparation for Mouse Immunization 

34 

Four-day old suckling BALB/c mice were orally inoculated 

with 107 percoll-cleaned oocysts of cryptosporidium. Four days 

later, mice were sacrificed, the whole intestine removed, cut 

longitudinally, and chopped into 1 mm cubes in RPM! base 

medium (prewarrned to 37°C) in a petri plate. The crude 

material was vortexed heavily for 5 min and allowed to settle 

for 2 min at room temperature to remove large pieces of 

tissue. The supernatant was centrifuged at 1,500 x g for 10 

min. The supernatant was removed and the pellet resuspended 

in 0.025 M phosphate-buffered saline (PBS, pH 7.2). A 1-ml 

aliquot of crude material was layered over 9 ml of Percoll

Alsever's isopycnic solution in a high-speed centrifuge tube 

and centrifuged at 22, OOOg for 30 min at room temperature. The 

centrally distributed slender and crescent-shaped merozoites 

recovered from the Percoll gradients were washed with PBS and 

counted using a hemacytometer. 

Mouse Immunization Protocol 

Two month old Balb/c mice were immunized by 

intramuscularly injecting of a 0.2 ml preparation containing 
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a total of 5-7 x 107 merozoites in an equal volume of Freund's 

complete adjuvant. Two weeks later, a subsequent booster 

injection was given intraperitoneally (i.p.) using the same 

antigen in Freund's incomplete adjuvant. Three weeks later, 

the mouse was boosted by i.p. injection of antigen with no 

adjuvant for two successive weeks. Mice were eye-bled to one 

week later to determine the titer of Cryptosporidium 

antibodies. A mouse whose serum titer against Cryptosporidium 

was over 1,000 was selected for fusion. After a rest period 

of 4 weeks, the antigen containing 5-7 x 107 merozoi tes, 

dissloved in 0.4 ml saline solution, was injected i.p. On the 

following day, 108 merozoites suspended in 0.1 ml saline was 

inj ected intravenously. Three days after the intravenous 

boost, the spleen was removed and its cells used for the 

hybrid fusion. This immunization has been shown to give a high 

titer antibody response to merozoite antigens. 

Fusion 

The fusion protocol followed the method of de st Groth 

and Scheidegger (1980). Spleen cells was prepared by teasing 

pieces of spleen in RPMI-base medium without serum using a 

syringe plunger and # 60 mesh screen. The cell suspension was 

allowed to sit for approximately 2 min. The supernatant was 

removed from the sediment and transfered to a fresh centrifuge 

tube. Splenocytes were washed twice by centrifugation at 400g 

in RPMI-base (prewarmed to 37°C). The myeloma cells (P3-X63-
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Ag8. 653) also were washed in RPMI-base medium. A fusion 

mixture consisting of a 10:1 ratio of spleen to mouse myeloma 

cells was suspended together in RPMI-base. After a 10-min 

incubation at 37°C, the cell suspensions was centrifuged at 

800g for 5 min and the medium removed as completely as 

possible. A 50% polyethyleneglycol 4000 solution was slowly 

added to the cell pellet while resuspending the cells by 

lightly tapping the tube (Beisiegel et al. 1981) for cell 

fusion. 1.0 ml was added to the cell suspension over 1 min and 

the remaining 9.0 ml added over the next 2 min with stirring. 

The cells were centrifuged at 400g for 5 min. The supernatant 

was removed and the cells resuspended im medium supplemented 

with 10% fetal bovine serum. The cell suspension was 

distributed in equal amounts into successive wells of 24 well 

plates for selection of hybrids growing with hypoxanthine

aminopterin-thymine containing medium and placed at 37°C in a 

C02 incubator. Hybrid survival was improved by plating the 

c~lls on a thymocyte layer. 

Screening by Indirect Immunofluorescence (IF) 

Hybridomas that produce antibodies against merozoi tes 

were screened by an immunofluorescent procedure similar to 

that of Tilahum and Stockdale (1982). Merozoites were air

dried onto poly-I-lysine (50 ~g/liter distilled H20) coated 

multispot microscope slides. After sequential incubation with 

hybrid supernatants and fluorescein isothiocyanate-labeled 
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goat anti-mouse immunoglobulin, the preparations were mounted 

in PBS-glycerol-containing p-phenylenediamine to reduce 

quenching (Johnson et ale 1981). 

Expanding and Free~ing positive Clones 

After a positive well had been identified, the cells were 

transferred from the culture in the 24-well plate to 5.0 ml 

in a 60-mm dish and then to 10 ml in a 100-mm dish. At the 

100-mm dish stage, the cells were frozen. 

On the day of freezing, the cells were transferred to a 

sterile centrifuge tube and spun at 400g for 5 min. The 

supernatant was removed and the cell pellet was gently 

resuspended in 40% dimethylsulfoxide (DI1S0) /60% fetal calf 

serum (FCS). The final cell concentration was approximately 

5 x 106 to 5 X 107 cells/mI. 0.5 ml of the cell suspension was 

transferred to a chilled freezing vial (on ice). The vials 

were placed in a freezing rack at -70°C overnight. The vials 

were transferred to liquid nitrogen (-185°C) the day following 

the freezedown (Kennett, in Kennett et ale 1981). 

For in vitro maintenance of hybridomas, cells were 

maintained in culture using HEPES buffered RPMI 1640 (Gibco 

Laboratories, Grand Island, NY) supplemented with 10% heat 

inactivated fetal calf serum, 1% antibiotic mixture 

(penicillin, streptomycin, gentamycin) (Whittaker, 

Walkersville, MD), 1% sodium pyruvate and, 1% glutamine 

(Mishell and Shiigi, 1980). 
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single-cell cloning 

Thymocyte feeders were prepared 1 day before single-cell 

cloning. Thymocytes were aseptically removed from 1 week old 

BALBjc mice and placed in a petri plate containing 5 ml of 

RPMI-base. Pieces of mouse thymus were teased using a plunger 

and # 60 mesh screen. The cells and medium were transferred 

into a conical tube leaving behind all of the larger pieces 

of tissue. The cell suspension was allowed to sit at room 

temperature for 5 min. The medium and cells were removed and 

transferred to 100 ml of medium with 10% FCS prescreened to 

support hybridoma growth and then placed at 37°C in C02 

incubator overnight. To prepare thymocyte conditioned medium 

(TCM) , the cell suspension was collected and the cells removed 

by centrifugation at 400g for 10 min and filter-sterilized. 

50 ~l of TCM was added to each well of a 96-well plate 

and 50 ~l of medium with 10% FCS added. Hybridomas that 

produce antibodies were cloned by limiting dilution in 96 well 

plates (Mishell and Shiigi 1980). Limiting dilution cloning 

was done twice to generate a clonal population. 

classing and Subclassing of Monoclonal Antibodies 

The class and subclass of resulting monoclonal antibody 

were determined by an indirect immunofluorescent assay using 

isotype-specific biotinylated anti-mouse immunoglobulin 

antisera (Zymed Laboratories Inc., South San Francisco, CA). 

collecting Ascitic Fluid 
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Adult female BALB/cByJ mice were primed by injecting 0.5 

ml of pristane (2,6,10,14-tetramethyldecanoic acid) (Sigma, 

St.Louis, MO) into the peritoneum (Potter 1972, Hoogenraad and 

wraight 1986). After 7-14 days, 5X105 to 5X106 cloned hybridoma 

cells in RPMI-base were injected Lp. When the mouse was 

noticeably large, the tumor was taped with an 18-gauge needle 

attached to a 5-ml syringe. When tumours failed to appear, 

sublethal irradiation (350-500R) prior to injection of the 

cells was performed. Collected ascites fluid was treated with 

Cab-O-sil to remove lipids and cell debris (Neoh et. ale 

1986), titered by indirect immunofluorescence and frozen at-

20°C or -70°C. 

2. Polyacrylamide gel electrophoretic and western blotting. 

sporozoite Solubilization 

Percoll gradient-recovered oocysts were pulse-sonicated 

with a Branson model 200 Sonifier (Branson Sonic Power 

company, Danbury, CT) 15 to 20 times (18,000 Hz) at 20-s 

intervals over 20 min at 4°C. Greater than 95% of the oocysts 

were disrupted following this treatment. Undisrupted oocyst 

were removed by centrifuging the oocyst suspension at 400 x 

g for 10 min. 

Sporozoite antigen was prepared for polyacrylamide gel 

electrophoresis and western blot analysis as described by Mead 

et ale (1988). The sporozoite mixture from sonicated oocysts 
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described above was washed with Alsever's solution and 

resuspended to a volume of 4 mI. A 1-ml aliquot of sporozoite 

suspension was layered over 9 ml of Percoll-Alsever's 

isopycnic gradient solution in a high-speed centrifuge tube 

and centrifuged at 22,000 g for 30 min at room temperature. 

The centrally located sporozoite band recovered from the 

Percoll gradients was washed with PBS and counted using a 

hemacytometer. Approximately 2-3 x lOs sporozoites were 

pelleted and resuspended with 1 ml of 150 roM NaCI, 5 roM EDTA, 

50 roM Tris, and 0.02% sodium azide (NET) buffer, pH 7.4, 

containing 0.5% of the nonionic detergent Nonidet P-40, and 

1 roM each of the enzyme inhibitors N-a-tosyl-L

lysylchloromethyl ketone and phenylmethylsulfonyl fluoride 

(Sigma, st. Louis, MO) (Zingales and Coli, 1984). After 

incubating at room temperature for 10 min the suspension was 

centrifuged at 20,OOOg for 2 min. The supernatant-solubilized 

membrane preparation was decanted and stored at 4°C until 

used. 

Sodium Dodecvl sulfate-Polyacrylamide Gel Electrophoresis 

SDS-PAGE electrophoresis was carried out on slab gels 

according to the method of Laemmli (1970). All SDS-PAGE 

chemicals were obtained from Bio-Rad Laboratories (Richmond, 

CA). Gels were cast and run in a vertical slab system from 

Bio-Rad Laboratories. The gel system consisted of a 10 to 20% 

gradient resolving gel and a 4% stacking gel. A 250-J,LI 
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sporozoite membrane sample was treated with an equal volume 

of sample buf.fer containing 1% SOS, 140m1-1 p-mercaptoethanol 

(Sigma), 0.015% bromophenol blue (sigma), 100 roM phosphate 

buffer and 10% glycerol (Fisher) and placed in a boiling water 

bath for 4 min. Slabs were electrophoresed at 18°C at a 

constant 100mA. 

The molecular weights of the sample were calculated from 

the mobility of the prestained high and low molecular weight 

markers (Bethesda Research Laboratories, Gaithersburg, 

Maryland) co-electrophoresed in a separate well of the gel. 

Gels were stained using the GELCOOE silver stain kit (Pierce 

Chemicals, Rockford, IL). 

Western Blot Analysis 

Transfer of reduced and nonreduced sporozoite antigens 

from a SOS-polyacrylamide slab gel to nitrocellulose sheets 

was performed according to the electrophoretic blotting 

procedure of Towbin et ale (1979) using a Bio-Rad Trans-Blot 

Cell (Bio-Rad Laboratories, Richmond, CA). Transfer was done 

at 4 °c with a constant 20 volts overnight followed by 30 

volts for 2 hr. Following transfer, the nitrocellulose sheet 

was fixed (20:10:70, methanol-acetic acid-distilled H20) for 

15 min, washed twice in distilled H20, and soaked in a 1% 

powdered goat milk in 0.05 M Tris-buffered saline (TBS), pH 

7.5 for 30 min at 37°C to saturate additional protein binding 

sites (Johnson et ale 1984). The blocked strips were then 
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probed with anti-Cryptosporidium monoclonal antibody 

(hybridoma culture supernatant) for 1 hr, washed with TBS, and 

incubated for 1 hr with biotinylated goat anti-mouse IgG 

antibody (Amersham Corp., Arlington Heights, IL) diluted 1:400 

in TBS. After 3 washes (10 min each) in TBS the nitrocellulose 

strips were exposed for 1 hr to an appropriate solution c'i 

streptavidin-horseradish peroxidase (Amersham Corp. , Arlington 

Heights, IL) diluted 1:400 in TBS. Antigen bands with bound 

antibodies were visualized by a color reaction utilizing a 

substrate containing hydrogen peroxide and 4-chloro-l-naphthol 

(Sigma, st. Louis, MO). 

3. Immunoelectron microscopic localization of antigenic sites 

of g. parvum using monoclonal antibodies. 

Tissue Fixation and Preparation for Electron Microscopy 

Four day old suckling mice were orally infected with 107 

percoll-cleaned oocysts and used four or eight days post 

infection (PI), for tissue preparation. Heparinaized 0.025 M 

phosphate buffer saline (PBS) (1 unit/ml, pH 7.4, osmolarity 

up to 320 milliosmolar) and fixative were placed 130 cm above 

the worktable for tissue perfusion. The animal anesthetized 

was tied to the operating board with its back down. The 

abdominal cavity was opened by a midline incision with lateral 

extensions. The thorax was opened and the right atrium cut to 
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facilitate flow of solutions. A polyvinyl catheter (No. 8 F 

feeding tube) was inserted into the left ventricle, and 

heparinaized PBS allowed to flow. After the capillaries were 

cleared of blood, the perfusate was switched to fixative 

containing 1% glutaraldehyde (Polysciences, Warrington, PA) 

in PBS. Perfusion was continued for approximately 15 min. 

Following perfusion, the terminal ilium was excised and cut 

into 1 mm cubes. Tissue pieces were immersed in the same 

fixative used for perfusion for 15 min and then rinsed in 

buffer. Specimens were stored in buffer at 4°C until used. 

Tissue Embedding and Sectioning 

Post-fixation in osmium was avoided in post-embedding 

systems because of its adverse effect on antigenicity (Newman 

et ale 1982, Newman et ale 1983, Mayer and Walker 1987, Sam

Yellowe et ale 1988). The specimens were rinsed with distilled 

water, dehydrated with 30%, 50%, and 70% ethanol for 15 min 

each at room temperature (RT). The tissues were then placed 

in 70% ethyl alcohol-LR White resin (1:1), and finally into 

LR White resin (Polak and Varndell 1984). Another change of 

LR White was made and the tissue left overnight at 4°C. The 

following morning after a third change for one hour the tissue 

was in embedded LR White acrylic resin (Ernest Fullam, Latham, 

N.Y.) in gelatin capsules. Polymerization was accomplished in 

vacuum oven at 50°C for 24 h. (Murphy and Price 1983). 

For normal TEM studies the specimens were post-fixed in 

------_ .. _. __ .. 
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2% OS04. After postfixation, the tissues were washed in the 

phosphate buffer, dehydrated with a graded ehthanol series 

(30, 50, 70, 95%, 15 min: 100%-3x, 15 min, with agitation, 

RT), transferred to propylene oxide, and embedded in Epon 

according to the usual procedure (Luft 1961). 

Ultra-thin sections were cut with a glass or diamond 

knife on an Sorvall MT-2B ultra microtome, mounted on 100-mesh 

formvar coated nickel grids, and processed for 

immunohistochemistry. 

Immunoe1ectron Microscopy 

Three mAbs Cmg-3, C6B6, and C4A1 were used to study the 

antigenic relatedness of ~. parvum. Monoclonal C6B6 and C4A1 

were generated from BALB/C mice immunized with purified 

sporozoite antigens in our laboratory and reacted to a 20 kDa 

and multiple bands above 25 kDa antigens in a western blot 

assay , respectively. Human, equine and bovine anti

cryptosporidium immune sera strongly reacted with a 20 kDa 

sporozoite antigen recognized by C6B6 (Mead et ale 1988). 

The sections were subjected to treatment at room 

temperature. The grids were rinsed on drops of 0.1% BSA-Tris 

buffer composed of 20 mM buffered saline, supplemented with 

1 mg/ml BSA and 20 mM NaN3 (TBS-BSA). The washed grids were 

then incubated on drops of buffer supplemented with 5% normal 

goat serum (15 min) and transferred to appropriate anti

cryptosporidium monoclonal antibody solutions (Cmg-3, C6B6, 
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C4A1) for a 1 hr incubation. Control sections were incubated 

with TBS-BSA instead of mAbs. Grids were subsequently rinsed 

in TBS-BSA for 10x1 min and incubated with goat anti-mouse IgG 

or IgM antibody conjugated with colloidal gold particles (15 

or 10 nm) (Janssen Pharmaceutica, Beerse, Belgium) diluted at 

1:10 in TBS-BSA. After 1 hr of incubation, the grids were 

rinsed in TBS-BSA for lox1 min followed by distilled water. 

The sections were dried and stained with uranyl acetate and 

lead citrate and examined by a Hitachi H-500 electron 

microscope. 

In order to see if mAbs bound nonspecifically to tissue 

of uninfected mice, fixed tissues were embedded in LR White 

and ultra-thin sections were immunolabeled as described above. 

4a. Passive transfer of immunity against cryptosporidium 

infection in neonatal mice using monoclonal antibodies. 

Monoclonal Antibodies Used for Treatment 

Experimental neonatal mice groups were treated with two 

different ascitic fluids containing anti-cryptosporidium 

monoclonal antibodies for mouse passive protection tests: i) 

asci tes containing monoclonal antibody (Cmg-3), an IgG3, which 

was directed against a 3.5-kDa sporozoite antigen, and ii) a 

mixture of ascites of Cmg-3 and IgG1 (C6B6) and IgM (C4A1) 

monoclonal antibodies. Monoclonals C6B6 and C4A1 were derived 

from mice immunized with purified sporozoites and directed 

against 20-kDa and different molecular weights above 25-kDa 
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sporozoite antigen, respectively (Arrowood et al. 1989) while 

Crng-3 was generated from mice immunized with partially 

purified merozoites as antigen. Ascitic titers were determined 

using an indirect immunofluorescent assay on merozoite and 

sporozoite-coated microscopic slides. 

Experimental BALB/c Neonatal Mouse Groups 

All neonatal mice were infected at 4 days of age and 

sacrified 4 or. 8 days post infection. Infected neonatal mice 

were kept with original parents until sacrificed. Sacrifice 

was performed by cervical dislocation. Six experimental groups 

were established: control, treatment 1 (Kor), and treatment 

2 (Ea) for 4 or 8 days' treatment. Each group consisted of a 

minimum of 7 litters and each litter had four to ten pups. 

Animals were maintained in isolator cages throughout these 

experiments. 

Experimental Protocol 

Experimental groups received three different treatments: 

i) an ascitic fluid containing IgG3 mAb Cmg-3 (Kor), ii) 

mixtures of ascitic fluids containing mAbs of C6B6, C4Al, and 

Cmg-3 (Ea), iii) and saline (CL). Mice treated with Cmg-3 

received 10 ~l ascitic fluid and mice treated with the ascitic 

fluid mixture received a total volume of 30 ~l per dose (10 

~l of each mAb) based on the dosage reported for neonatal mice 

(Letchworth et al. 1983, Arrowood et al. 1989) and for calves 

(Sherman et al. 1983). Controls received 10 ~l saline. 

-----~~ --~--.~~~- ----~ 
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Neonatal BALB/c mice were infected per os with 104 

Percoll-cleaned oocysts at 4 days of age. They received the 

primary antibody dose or saline one hour prior to oocyst 

infection and subsequent doses once daily for 4 or 8 days 

until the mice were sacrificed. 

Parasite infections were assayed by sacrificing each 

mouse by cervical dislocation and removing the terminal ileum. 

The terminal ilium was fixed in 10% buffered formalin, 

embedded in paraffin, microtome sectioned longitudinally and 

stained with hematoxylin and eosin. These longitudinal 

sections were examined for parasite life cycle stages along 

villus surfaces. 

The 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 mouse. Three randomly chosen mice from each litter were 

examined for the presence of parasites. Two randomly chosen 

high power fields were selected for each tissue segment and 

total numbers of parasites were counted for each. 

Data Analysis 

A model II nested analysis of variance (Sokal and Rohlf 

1981) accommodating 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. The null 



48 

hypothesis of equal treatment means was tested by the F-value, 

measuring whether or not there is a systematic difference 

between the treatment means, for valence in the analysis of 

variance table. 

Mul tiple comparisons among the treatment group means 

(Tukey's studentized range test) were performed to study the 

magnitudes of the differences shown in ANOVA table. The sample 

means were taken as estimates of the corresponding treatment 

means and the 95% confidence intervals were put around the 

sample means and the evidence in these intervals were examined 

to study these differences. The statistical program package 

SAS (SAS Institute Inc., Cary, NC) with a VAX computer was 

used for analysis of variance. 

4b. Passive transfer of immunity against cryptosporidiurn 

infection in neonatal mice using hyperimmune bovine 

colostrum. 

Formation of Antibody Pools 

Colostrum samples (80-90 ml each) were obtained from the 

first milking after parturition from one cow immunized with 

adjuvant plus saline (control colostrum) and one cow immunized 

with adjuvant plus sonicated oocysts or sporozoites 

(hyperimmune colostrum). Immunofluorescence antibody titers 

was determined for oocyst and sporozoite antigens for each 

sample. The hyperimrnune and control colostrum samples were 
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separately pooled and sent to Dr. H.L. Leary of Mead/Johnson 

Research center in Evansville, Indiana. There the samples were 

defatted, and the skim colostrum freeze-dried. Bovine IgG 

content was determined by single radial immunodiffusion and 

expressed on a % wt/wt basis. The skim colostrum powders were 

returned to our laboratory. 

Experimental Animals 

untimed pregnant BALB/c mice were purchased from Harlar 

Sprague Dawley (Indianapolis, Ind). Blood samples were 

obtained from 2-3 female mice per shipment and their 

seronegativity against cryptosporidium confirmed by 

immunofluorescence or ELISA methods which had been developed 

in our laboratory. within two days of birth, mouse pups were 

randomized and placed back with the original mothers (eight 

pups/litter) to minimize maternal effects on experimental 

outcome. 

Animals were maintained in isolator cages throughout 

these experiments. Room temperature was maintained at 18-26°C 

with a 12 hour light/dark cycle and a relative humidity of 40-

70%. There were 10-15 air changes per hour with no air 

recirculation. Mice were fed Teklad Mouse/Rat Chow ad libitum; 

water was provided from a deep well tested quarterly and 

contains no known contaminants. Sacrifice of pups was 

performed by cervical dislocation. 

preparation of Colostrum Dosages 

--------------- ------- .-
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Control skim colostrum (Cll13) contained 29.4% IgG on a 

wt/wt basis and hyperimmune ~kim colostrum (H173) 24.0% IgG. 

Ten ml solutions of each were prepared and frozen in 0.5 ml 

aliquots. Separate aliquots were thawed and used as needed. 

Repeated freeze-thaw cycles were avoided. 

Ten ml solutions of each were prepared as follows. For 

Cll13, 1.7 grams of powder were added to 7 ml of distilled 

water in a graduated 50 ml conical centrifuge tube. The powder 

went into solution, albeit slowly, with gentle swirling to 

avoid foaming. After solubilization, sufficient distilled 

water was added to bring the final volume to 10 mI. For H173, 

using the procedure described above, 2.08 grams of powder were 

added to 7 ml distilled water and the final volume adjusted 

to 10 mI. 

These preparations reconstituted in distilled water 

provided a bovine IgG concentration of 5 mg in a 100 ~l volume 

for administration per os. The IgG dose is high, equivalent 

to 1.7 g IgG/Kg body weight, but was chosen to maximize the 

potential for efficacy. 

Experimental Protocol 

Three series of experiments were performed in duplicate 

with eight neonatal mice per treatment group. All neonatal 

mice were infected orally with 105 Cryptosporidium oocysts in 

50 ~l distilled water at 5-7 days of age. All treatments and 

dosages of oocysts were given per os directly into the stomach 
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through polyethylene tubing (Becton Dickinson, Parsippany, NJ) 

whose inside and outside diameters are 0.38 mm and 1.09 mm, 

repectively, attached to the needle (25G 5/8) of a 1 cc 

tuberculine syringe. Body weights of the individual neonatal 

mice were recorded on a daily basis. Diarrhea was monitored 

by abdominal palpation and oocyst shedding was evaluated by 

IF. 

The control experiments were designed to determine if the 

daily administration of saline affects the manifestation of 

cryptosporidiosis in neonatal mice. Additionally, sham 

infected animals were gavaged with el113 and HI73 daily for 

five days to determine adverse effects, if any. 

Group 1: Infect at 5 days; no further treatments. 

Group 2: Infect at 5 days; 100 ~l saline per os daily for 5 

days, beginning 2 days post infection (pi). 

Group 3: As in Group 2, but beginning saline 4 days pi. 

Group 4: Sham infect with saline at 5 days; 5 mg bovine IgG 

daily in 100 ~l control skim colostrum for 5 days, 

beginning 2 days pi. 

Group 5: As in Group 1, but control skim colostrum beginning 

at 4 days pi. 

Group 6: Sham infect at 5 days: 5 mg bovine IgG daily in 100 

~l hyper immune colostrum for 5 days, beginning 2 days pi. 

Group 7: As in Group 3, but hyper immune skim colostrum 

beginning at 4 days pi. 
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The second series of experiments compared the efficacy 

of control and hyper immune skim colostrum for the treatment 

of an active cryptosporidial infection in neonatal mice. 

Group 1: Infect at 5 days; 100 JLl saline via oral gavage 

daily, beginning 2 days pi (controls). 

Group 2: As in Group 1, but beginning 4 days pi (controls). 

Group 3: Infect at 5 days; 100 JLl control skim colostrum 

containing 5 mg bovine IgG daily for 5 days, beginning 

2 days pi. 

Group 4: As in Group 3, but beginning 4 days pi. 

Group 5: Infect at 5 days; 100 JLl control original colostrum 

daily for 5 days, beginning 2 days pi. 

Group 6: As in Group 5, but beginning 4 days pi. 

Group 7: Infect at 5 days; 100 JLl hyperimmune skim colostrum 

containing 5 mg bovine IgG daily for 5 days, beginning 

2 days pi. 

Group 8: As in Group 7, but beginning 4 days pi. 

Group 9: Infect at 5 days; 100 JLl hyperimmune original 

colostrum daily for 5 days, beginning 2 days pi. 

Group 10: As in Group 9, but beginning 4 days pi. 

The third series compared the prophylactic efficacy of 

control and hyper immune colostrum. 

Group 1: 100 JLl saline at 7 days; infect 1 hour later; 100 JLl 

saline daily for 3 additional days (controls). 

Group 2: As in Group 1, but for 7 additional days (controls). 
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Group 3: 5 mg bovine IgG in 100 ~l control skim colostrum on 

day 7; infect 1 hour later; 5 mg control bovine IgG daily 

for 3 additional days. 

Group 4: As in Group 3, but for 7 additional days. 

Group 5: 100 ~l control original colostrum on day 7; infect 

1 hour later; 100 ~l control original colostrum daily for 

3 additional days. 

Group 6: As in Group 5, but for 7 additional days. 

Group 7: 5 mg bovine IgG in 100 ~l hyper immune skim colostrum 

on day 7; infect 1 hour later; 5 mg hyperimmune IgG for 

3 additional days. 

Group 8: As in Group 7, but for 7 additional days. 

Group 9: 100 ~l hyper immune original colostrum on day 7; 

infect 1 hour later; 100 ~l hyperimmune original 

colostrum for 3 additional days. 

Group 10: As in Group 9, but for 7 additional days. 

The above experiments involved a minimum of 432 neonatal 

mice. 

Data Analysis 

The effect of anti-cryptosporidial hyper immune colostrum 

on cryptosporidial infections in neonatal mice was examined. 

Each mouse was sacrificed by cervical dislocation and the 

terminal ileum removed. The terminal ileum was embedded in 

paraffin, sectioned and stained with hematoxylin and eosin 

after being fixed in 10% buffered formalin for two days. Then, 
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the number of parasites along villus surfaces was counted per 

high power field in the tissue sections to quantitate parasite 

density. 

statistical analyses of these data were done by goodness 

of fit tests and a model II nested analysis of variance (Sokal 

and Rohlf 1981) accommodating unequal sample sizes in an 

effort to determine the significance of treatments on parasite 

infections. The null hypothesis of equal therapeutic or 

prophylactic efficacy was tested by the F-ratio for valence 

in the ANOVA table. Multiple comparisons among the treatment 

group means (Tukey's studentized range test) were performed 

to identify specific treatment or prophylaxis groups with 

variances significantly different from the control group. The 

95% confidence intervals were put around the sample means and 

the evidence in these intervals were examined to study the 

magnitudes of the differences among means. The statistical 

program package SAS (SAS Institute Inc., Cary, NC) with a VAX 

computer was used for analysis of variance. 
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RESULTS 

1. " Anti-Q. parvum monoclonal antibody from BALB/c mice 

immunized with partially purified merozoite preparation. 

Merozoite Antigen Preparation 

Merozoites were partially purified from Percoll 

gradients. Tissue debri stayed on the top of gradients and 

bacteria on the bottom. Merozoites were distributed in the 

middle of gradients with some contamination of bacteria and 

oocysts. Fairly cleaned-merozoi tes could be obtained after 

washing with PBS and were used for immunizing BABL/c mice for 

the generation of hybridomas. Each immunization used 5-7 x 107 

merozoites. 

Anti-cryptosporidial monoclonal antibody Cmg-3 

After completing the cell fusion, screening, and cloning, 

one mAb-secreting hybridoma was obtained. This anti

Cryptosporidium mAb, Cmg-3, was identified as an IgG3 subclass 

by immunofluorescence (IF) using isotype-specific biotinylated 

anti-mouse immunoglobulin antisera. Monoclonal Cmg-3 reacted 

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

in an IF and reacted with what appeared to be the surface of 

air-dried sporozoites (Fig. 1), indicating antibody cross

reactivity between merozoites and sporozoites. 
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Figure 1. Immunofluorescent staining patterns of monoclonal 
Crng-3 reacted with air-dried merozoites CA) and sporozoites 
CB) showing typical surface labeling. Bar, 5 ~m. 
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2. Polyacrylamide qel electrophoresis and western blotting. 

Polypeptides of sporozoites 

SOS-PAGE of .Q. parvum sporozoite antigens revealed a 

profile of proteins ranging in molecular weight from 3 kOa to 

200 kOa (Fig. 2, lane 1). A total of 46 bands was detected. 

Immunodetection of Sporozoite Antigens 

Monoclonal antibody cmg-3 recognized an antigen with an 

apparent molecular mass of 3.5 kilodaltons (kOa) as determined 

by western blotting of sporozoite antigens (Fig. 2, lane 2). 

3. Immunoelectron microscopic localization of antigenic sites 

of Q. parvum using monoclonal antibodies. 

Control 

Monoclonals Cmg-3 (IgG3), C6B6 (IgG1), and C4A1 (IgM) 

reacted with uninfected epithelial tissues to see if there is 

any nonspecific binding of mAbs to tissues (Fig. 3). 

Antibodies were not localized on the epithelial tissue. 

Trophozoites 

Monoclonals cmg-3, C6B6, and C4A1 reacted wi th 

trophozoites, which are transitional stages from sporozoites 

or merozoites to meronts, following colloidal gold labeling. 

Cmg-3 (Fig. 4) and C6B6 (Fig. 5) were found sparcely localized 

on the surface while C4Al (Fig. 6) was localized on the 

surface and in the cytoplasm of the parasite. 
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Figure 2. Silver-stained 10-20% gradient gel SDS-PAGE of NET
solubulized sporozoite antigens (lane 1) and western blot 
analysis of sporozoite antigens reacted with monoclonal Cmg-
3 showing reactivity to the 3.5-kDa antigen (lane 2). 
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Figure 3. Control micrographs of uninfected epithelial tissues 
labeled with (A) Cmg-3, (B) C6B6, (C) C4Al, and colloidal 
gold. 
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Figure 4. A. Immunoelectron micrograph of a trophozoite of ~. 
parvum reacted with mAb cmg-3 demonstrating sparce labeling 
of the parasite's surface (cmg-3; gold label). X34,300. 
B. Note the absence of gold particles in the trophozoite 
control (control buffer; gold label). X20,OOO. 
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Figure 5. A. Immunoelectron micrograph of a trophozoite of ~. 
parvum reacted with mAb C6B6 demonstrating sparce labeling 
of the parasite's surface (C6B6; gold label). X40,600. 
B. Note the absence of gold particles in the trophozoite 
control (control buffer; gold label). X15,600. 
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Figure 6. A. Immunoelectron micrograph of a trophozoite of g. 
parvum reacted with mAb C4Al demonstrating labeling of the 
parasite's surface and cytoplasm as well as the inner 
membrane of the infected epithelial cell (C4Al; gold label) . 
X43,lOO. B. Note the absence of gold particles in the 
trophozoite control (control buffer; gold label). X27,OOO. 
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Interestingly, C4A1 also reacted with the inner membrane of 

host epithelial cell surrounding the parasite. 

Type I Meronts .. 

Type I meronts, containing six to eight merozoites, were 

labeled with Cmg-3 (Fig. 7), C6B6 (Fig. 8), and C4Al (Fig. 

9). Cmg-3 and C6B6 showed similar labeling patterns in which 

gold particles were found on the surface of the crescent 

shaped-type I merozoites. C6B6 antibody was also localized in 

electron-lucent micronemes of a merozoi'te (Fig. 8). Monoclonal 

C4A1 was localized on the surface, but more colloidal gold 

particles were associated with the cytoplasm and dense 

granules and a large, granular residuum (feeder organelle) 

attached to the base of the parasitophorous vacuole (Fig. 9). 

The inner membrane of the epithelial cell surrounding the 

parasite was uniformly labeled by C4A1. 

Type II Meronts 

Type II meronts containing four merozoites were labeled 

with Cmg-3 (Fig. 10), C6B6 (Fig. 11), and C4A1 (Fig. 12). The 

immunogold labeling pattern of type II merozoites was very 

similar to that of type I merozoites. Gold particles, 

corresponding to bound IgG or IgM, were localized on the 

surface and in the cytoplasm of type II merozoites and on the 

inner membrane of the host cell. A feeder organelle within the 

parasitophorous vacuole was also labeled by C4A1 and Cmg-3. 

-------- ----
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Figure 7. A. Immunoelectron micrograph of a type I meront of 
g. parvum reacted with mAb crng-3 demonstrating labeling of 
the parasite's surface (Cmg-3; gold label). X13,300. 
B. Note the absence of gold particles in the type I meront 
control (control buffer; gold label). X16,300. 
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Figure 8. A. Immunoelectron micrograph of a type I meront of 
g. parvum reacted with mAb C6B6 demonstrating labeling of 
the parasite's surface and electron-lucent micronemes 
(arrowhead) (Cmg-3; gold label). X12,OOO. B. Note the 
absence of gold particles in the type I meront control 
(control buffer; gold buffer). X17,700. 
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Figure 9. A. Immunoelectron micrograph of a type I meront of 
g. parvum reacted with mAb C4Al demonstrating labeling of 
the parasite's surface and cytoplasm as well as the inner 
membrane of the infected epithelial cell (C4Al; gold label) • 
X21,300. B. Note the absence of gold particles in the type 
I meront control (control buffer; gold label). X14,800. 
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Figure 10. A. Immunoelectron micrograph of a type II meront 
of g. parvum reacted with mAb cmg-3 demonstrating labeling 
of the parasite's surface (cmg-3: gold label). X18,000. B. 
Note the absence of gold particles in the type II meront 
control (control buffer: gold label). X18,800. 
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Figure 11. A. Irnrnunoelectron micrograph of a type II meront 
of g. parvum reacted with rnAb C6B6 demonstrating labeling 
of the parasite's surface (C6B6; gold label). X16,OOO. 
B. Note the absence of gold particles in the type II meront 
control (control buffer; gold label). X17,lOO. 
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Figure 12. A. Immunoelectron micrograph of a type II meront 
of g. parvum reacted with mAb C4A1 demonstrating labeling 
of the parasite's surface and cytoplasm as well as the inner 
membrane of the infected epithelial cell (C4A1; gold label). 
X16,OOO. B. Note the absence of gold particles in the type 
II meront control (control buffer; gold label). X15,OOO. 
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Macroqamonts 

When macrogametes, the female sexual stages of 

cryptosporidium, were reacted with Cmg-3 (Fig. 13), gold 

labels were localized sparcely in the parasite. Monoclonal 

C4A1 (Fig. 14) was localized along the surface of 

polysaccaride storage granules (amylopectin) near the basilar 

region, around a vacuole, in the cytoplasm of the parasite, 

and over the innermembrane of the host epithelial cell. 

Microqamonts 

When microgamonts were incubated with Cmg-3, colloidal 

gold particles were very sparsely localized on the 

microgamete's surface and on the residuum from which 

microgametes bud (Fig. 15). 

Unsporulated oocysts 

Monoclonals Cmg-3 (Fig. 16), C6B6 (Fig. 17), and C4A1 

(Fig. 18) were localized in unsporulated oocysts. C4A1 

antibody was localized along the surface of numerous 

amylopectin granules in the cytoplasm and over the host cell 

membrane while Cmg-3 and C6B6 were sparcely localized in the 

cytoplasm. C4A1 was localized on the outer and the inner 

membrane and between two layers (Fig. 18). 

Sporulated oocysts 

Sporulated oocysts were labeled with Cmg-3 (Fig. 19), 

C6B6 (Fig. 20), and C4A1 (Fig. 21). Crng-3 and C6B6 antibodies 

were localized on the surface of a sporozoite. Abundant C4A1 

-----------"-" 
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Figure 13. A. Immunoelectron micrograph of a macrogamont of 
g. parvum reacted with mAD Crng-3 demonstrating sparce 
labeling of the parasite's cytoplasm (Crng-3; gold label). 
X21,400. B. Note the absence of gold particles in the 
macrogamont control fused by a microgamete (arrowhead) 
(control buffer; gold label). X14,OOO. 
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Figure 14. A. Immunoelectron micrograph of a macrogamont of 
g. parvum reacted with mAb C4A1 demonstrating labeling of 
the parasite's surface and cytoplasm as well as the inner 
membrane of the infected epithelial cell (C4A1; gold label). 
X16,OOO. B. Note the absence of gold particles in the 
macrogamont control (control buffer; gold label). XB,OOO. 
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Figure 15. A. Immunoelectron micrograph of a microgamont of 
g. parvum reacted with mAb Cmg-3 demonstrating sparce 
labeling of the parasite's surfac~ (Cmg-3; gold label). 
XI8,800. B. Note the absence of gold particles in the 
microgamont control (control buffer; gold label). X28,OOO. 
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Figure 16. A. Immunoelectron micrograph of an unsporulated 
oocyst of .Q. parvum reacted with mAb CIng-3 demonstrating 
sparce labeling of the parasite's cytoplasm (CIng-3; gold 
label). X15,800. B. Note the absence of gold particles in 
the unsporulated oocyst control (control buffer; gold 
label). X11,500. 
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Figure 17. A. Imrnunoelectron micrograph of an unsporulated 
oocyst reacted with mAb C6B6 demonstrating sparce labeling 
of the parasite's cytoplasm (C6B6; gold label). X17,500. B. 
Note the absence of gold particles in the unsporulated 
oocyst control (control buffer; gold label). X9,800. 
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Figure 18. A. Immunoelectron micrograph of an unsporulated 
oocyst of ~. parvum reacted with mAb C4Al demonstrating 
labeling of the parasite's surface and cytoplasm as well as 
the inner membrane of the infected epithelial cell (C4Al; 
gold label). X16,OOO. B. Note the absence of gold particles 
in the unsporulated oocyst control (control buffer; gold 
label). X17,100. 
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Figure 19. A. Immunoelectron micrograph of a sporulated oocyst 
of ~. parvum reacted with mAb Cmg-3 demonstrating labeling 
of the surface of a sporozoite (Cmg-3; gold label). X18,OOO. 
B. Note the absence of gold particles in the sporulated 
oocyst control (control buffer; gold label). X12,OOO. 
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Figure 20. A. Immunoelectron micrograph of a sporulated oocyst 
of ~. parvum reacted with mAb C6B6 demonstrating labeling 
of the surface of a sporozoite (C6B6: gold label). X27,000. 
B. Note the absence of gold particles in the sporulated 
oocyst control (control buffer: gold label). X16,700. 
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Figure 21. A. Immunoelectron micrograph of a sporulated oocyst 
of g. parvum reacted with mAb C4Al demonstrating labeling 
of the sporozoite's cytoplasm and posterior end (C4Al; 
gold label). X18,OOO. B. Note the absence of gold particles 
in the sporulated oocyst control (control buffer; gold 
label). X15,600. 
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antibody binding sites were associated with the posterior 

crystalloid body and cytoplasm of sporozoites. Colloidal gold 

labeling, however, was not evident in the nucleus and in the 

posterior third of the body. 

Free sporozoites 

sporozoi tes excysted from intact oocysts were labeled 

with cmg-3 (Fig. 22), C6B6 (Fig. 23), and C4Al (Fig. 24). Cmg-

3 and C6B6, which showed uniform surface reactivities for air

dried sporozoites by IF (Fig. 25), demonstrated surface 

labeling pattern, indicating that the 3.5 kDa and 20 kDa 

antigens have a sporozoite membrane origin. The monoclonal 

C4Al, which showed a pronounced polar reactivity for air-dried 

sporozoites by IF (Fig. 25), labelled the posterior 

crystalloid body, dense granules and electron-lucent 

micronemes. 

4a. Passive transfer of immunity against cryptosporidium 

infection in neonatal mice using monoclonal antibodies. 

Monoclonal Antibodies 

The western blot reactivities of mAbs Cmg-3, C6B6 and 

C4Al for solubilized ~. parvum sporozoite antigens are 

presented in Figures 3 and 26. mAbs Cmg-3 and C6B6 react with 

epitopes of 3.5 kDa and 20 kDa antigens, respectively, while 

C4Al reacts with several antigenic bands ranging from 25 kDa 

to 200 kDa. The epitopes recognized by these three mAbs have 
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Figure 22. A. Immunoelectron micrograph of a free sporozoite 
of g. parvum reacted with mAb Cmg-3 demonstrating sparce 
labeling of the parasite's surface (Cmg-3; gold label). 
X25,700. B. Note the absence of gold particles in the free 
sporozoite control (control buffer; gold label). X20,800. 
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Figure 23. A. Immunoelectron micrograph of a free sporozoite 
of Q. parvum reacted with mAb C6B6 demonstrating sparce 
labeling of the parasite's surface (C6B6; gold label). 
X22,OOO. B. Note the absence of gold particles in the free 
sporozoite control (control buffer; gold label). X27,OOO. 
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Figure 24. A. Immunoelectron micrograph of a free sporozoite 
of g. parvum reacted with mAb C4Al demonstrating labeling 
of the parasite's dense granule, micronemes (arrowhead) and 
crystalloid body (C4Al; gold label). X38,600. B. Note the 
absence of gold particles in the free sporozoite control 
(control buffer; gold label). X21,900. 
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Figure 25. Immunofluorescent staining patterns of monoclonals 
C6B6 (A) and C4Al (B) reacted with air-dried sporozoites 
showing the uniform surface and the polar reactivities, 
respectively. Bar, 5 ~m. 
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Figure 26. Western blot analysis of NET-solubulized sporozoite 
antigens reacted with monoclonal C6B6 (A) and C4Al (B) and 
Cmg-3 (C). 
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been shown to be common antigenic determinants of the various 

life-cycle stages of Q. parvum by immunoelectron microscopic 

studies. Monoclonals Cmg-3 and C6B6 showed uniform surface 

reactivities for air-dried sporozoites by IF while C4A1 

displayed a pronounced polar reactivity (Fig. 1 and 25). 

Treatment Conditions 

The characteristics of experimental groups and anti-Q. 

parvum monoclonal antibodies used in passive transfer 

treatments of BALBjC neonatal mice are presented in Table 1. 

Infection Rates Among mAb Treatment Groups 

Table 2 presents cryptosporidial infection rates for all 

experimental groups. Rates varied from a low of 86.7% in group 

CL to 100% in group Ea. The mean infection rate for all 

treatment groups was 94.6%. Infections were confirmed by the 

presence of parasites in histologic sections of the terminal 

ileum. 

ANOVA Results for Treatment Group Data 

The ANOVA results for experimental groups are presented 

in Table 3. The between- and within- subjects nature of the 

design dictates a repeated measure analysis of variance. The 

ANOVA model tested includes treatments (six levels), days (two 

levels), mice (three levels), litters (forty seven levels), 

and counts (two levels). 

The null hypothesis of equal treatment efficacy is tested 

by the F-value, measuring whether or not there is a systematic 
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Table 1. Experimental groups and anti-cryptosporidial 
monoclonal antibody used in passive transfer prophylaxis of 
BALBjc neonatal mice. 

Ascites IFA Treatment Treatment 
Group treatment Subclass Titer volume (JLl) period (days) 

Kor Cmg-3 IgG3 1024 10 4 and 8 

Ea C6B6 IgG1 1024 30 4 and 8 

C4A1 IgM 512 (10 JLl each) 

Cmg-3 IgG3 1024 

CL saline 10 4 and 8 

------- ... ~.--.---------. 
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Table 2. Cryptosporidial infection rates among mice in 
monoclonal antibody passive transfer prophylaxis groups. 

# of Total # # of mice Infection 
Group Days litters of mice infected rates (%) 

Kor 4 8 38 36 94.7 

8 7 31 30 96.8 

Ea 4 10 39 37 94.9 

8 9 33 33 100.0 

CL 4 7 35 33 94.3 

8 6 30 26 86.7 

TOTALS: 47 206 195 94.6 
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Table 3. Repeated measures analysis of variance for between 
and within subjects effects in anti-cryptosporidial mAb 
passive transfer prophylaxis groups. 

Source DF ANOVA SS Mean square F p 

Between subjects 

Treatment 2 750.660 375.330 32.73 0.0001 

Day 1 824.999 824.999 71.95 0.0001 

Mice 2 36.339 18.169 1.58 0.2106 

Error 92 1054.959 11. 467 

within subjects 

Count 1 3.620 3.620 1. 68 0.1982 

Count*Treatment 2 4.308 2.154 1. 00 0.3721 

Count*Day 1 0.162 0.162 0.07 0.7849 

Count*Mice 2 2.180 1.090 0.551 0.6048 

Error 92 198.281 2.155 
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difference between the treatment means, for valence in the 

analysis of variance table in Table 3, where F = 32.73. From 

a table of the F distribution for 2 and 92 degrees of freedom, 

a value of F larger than 3.07 with a 5% significance level and 

4.79 with a 1% significance level is required in order to 

reject the null hypothesis. Because the observed F valu.e is 

larger than either of these cutoffs, the null hypothesis of 

equal treatment means is rejected. If the treatment means are 

equal, the probability is 0.0001 that F is larger than or 

equal to the observed value. This probability is small, which 

is strong evidence to reject the null hypothesis. 

Difference between days was significant at P < O. 05, 

indicating that significant differences exist in the number 

of parasites between treatment days. There was no difference 

between counts of two randomly chosen fields at the O. 05 

level, i.e. the variance to which the two counts made on each 

tissue/slide differ from one another and thus contribute to 

the overall variance was negligible. No significant difference 

existed between three randomly chosen mice from each litter 

at p < 0.05, suggesting that the selection of more than three 

mice from each litter would not be required to reduce the 

variance components contributed by the mice. 

Multiple comparisons Among Means using the T-Method 

The smaple means were taken as estimates of the 

corresponding prophylactic means to obtain an idea of the 
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magnitudes of differences shown in the ANOVA table. The 95% 

confidence intervals were put around the sample means and the 

evidence in these intervals were examined to study these 

differences. The groups, group means and their corresponding 

95% confidence intervals are presented in Table 4. Treatment 

groups Kor and Ea differed significantly from the control 

group CR at 4 days p.i., that is, the 95% confidence intervals 

for groups Kor and Ea did not overlap those of group CR, but 

only group Ea showed significant difference from group CR at 

8 days p. i. 

4b. Passive transfer of immunity against cryptosporidium 

infection in neonatal mice using hyperimmune bovine colostrum. 

Colostrum 

The characteristics of hyper immune and control colostra 

used in passive transfer of immunity to examine the 

prophylactic and therapeutic effects are presented in Table 

5. The titers of these colostra were determined by indirect 

immunofluorescence using air-dried sporozoites, and merozoites 

(Table 6). Hyperimmune colostrum showed a titer of 35,000 to 

sporozoite or merozoite antigens. Control colostrum showed 

a titer of 1,024, indicating that cryptosporidiosis is 

prevalent among calves (Anderson 1982, Fayer and Ungar 1986). 

Skim colostrum demonstrated the same titer as that of original 

colostrum, indicating lyophylization of colostral whey had not 
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Table 4. Multiple comparisons - differences between monoclonal 
antibody passive transfer prophylaxis group means. 

Day 4 

Mean* 6.745 2.870 3.150 

Treatment CL Kor Ea 

Kor 3.875*** 

Ea 3.595*** 0.280 

Table values are the differences between treatment means 
Confidence = 0.95, OF = 48, MSE = 4.757 
critical Value of Tukey's Studentized Range (HSO) = 3.420 
* = mean of square root transformed data 
*** = significant at p < .05 

Day a 

Mean* 9.845 7.731 5.627 

Treatment CL Kor Ea 

Kor 2.114 

Ea 4.218*** 2.104 

Confidence = 0.95, DF = 42, MSE = 8.499 
critical Value of Tukey's Studentized Range (HSO) 3.436 
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Table 5. Bovine colostra used in passive transfer of immunity 
in BALB/c neonatal mice. 

Colostrum Type of colostrum 

H173 hyper immune skim 

173 hyper immune original 

Cll13 control skim 

1113 control original 

1140 hyper immune original 

NO not determined 

Antigen used IgG content 
in immunization (wt/wt) 

oocysts 24.0 % 

oocysts NO 

adjuvant 29.4 l1,-
0 

adjuvant NO 

sporozoites NO 
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Table 6. IF titers of bovine colostra used in passive transfer 
of immunity in BALB/c neonatal mice. 

Colostrum 

H173 

173 

C1113 

1113 

1140 

IF Titer for IgG 

on air-dried 
sporozoites 

35,000 

35,000 

1,024 

1,024 

35,000 

on air-dried 
merozoites 

35,000 

35,000 

1,024 

1,024 

35,000 
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destroyed antibodies. 

Infection Rates Among Therapeutic and Prophylactic Groups 

Table 7 presents g. parvum infection rates for all 

experimental groups. Injection of g. parvum oocysts via oral 

gavage showed a mean infection rate of 99.3%. Infections were 

confirmed by the presence of parasitic forms in histologic 

sections of the terminal ileum. 

ANOVA Results for Therapeutic Group Data 

The null hypothesis of equal therapeutic effects among 

treatments was tested by the F-value in the analysis of 

variance in Table 8. The subj ects effects of the des ign 

dictates a repeated measures analysis of variance. The ANOVA 

model tested includes treatments (five levels), day (two 

levels), and counts (two levels). The specific cutoff value 

of F for which we reject the hypothesis is found in tables of 

the F-distribution. For treatment groups, with 4 and 105 

degrees of freedom, we reject the null hypothesis of equal 

treatment effects if F is larger than 2.45 with a 5% 

significance level and 3.48 with a 1% significance level. 

Thus, our observed F of 19.55 is significant at the 1% level. 

The probability of getting an F-value this lagre or larger 

when there are no effects among treatments equals as little 

as 0.0001 and the null hypothesis is therefore rejected. 

Significant difference, however, were not demonstrated 

between treatment days at the 95% confidence intervals; that 
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Table 7. Cryptosporidium p-arvum infection rates among mouse 
groups treated via oral cannular gavage in colostrum passive 
transfer treatment experiments. 

Group Colostrum 

Treatment saline 

H173 

173 

Cl113 

1113 

prophylaxis saline 

H173 

1140 

Cll13 

1113 

Total: 

Total # 
of mice 

33 

26 

24 

31 

29 

30 

29 

31 

28 

26 

287 

# of mice 
infected 

33 

26 

24 

30 

29 

30 

28 

31 

28 

26 

285 

Infection 
rates (%) 

100 

100 

100 

96.8 

100 

100 

96.6 

100 

100 

100 

99.3 
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Table 8. Repeated measures analysis of variance for subjects 
effects in anti-,Q. parvum colostrum passive transfer treatment 
groups. 

Source DF ANOVA SS Mean square F P 

Treatment. 4 1439.780 359.945 19.55 0.0001 

Day 1 15.398 15.398 0.84 0.3626 

Count 1 0.027 0.027 0.02 0.8887 

Error 105 1933.612 18.415 
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is, the same therapeutic efficacies were obtained when mice 

were given treatment 2 or 4 days p. L for 5 days. No 

significant difference was demonstrated between two counts 

(p<.05). The F-ratios of day and count around 1.00 indicate 

that the differences in the treatment means are a random 

variation from sample to sample. 

Multiple Comparisons Among Therapeutic Group Means 

The groups, group means and their corresponding 95% 

confidence intervals are presented in Table 9. Hyperimmune 

skim (H173) and original (173} colostral groups differed 

significantly from control groups (p<.05), Le., saline, 

Cll13, and 1113. Significantly fewer (p<. 05) stages of .Q. 

parvum were found in mice when treated with hyperimmune 

colostrum than in those receiving control colostrum. 

Interestingly, no significant difference existed between H173 

and 173 as well as between Cll13 and 1113 at the 95% 

confidence intervals. 

ANOVA Results for Prophylactic Group Data 

The ANOVA results for prophylactic groups are presented 

in Table 10. From a table of the F distribution with 4 and 124 

degrees of freedom, a value of F larger than 2.37 is needed 

in order to reject the null hypothesis with a 5% significance 

level. With a smaller, 1% significance level, F has to be 

larger than 3.32. Since the observed value of F is larger than 

either of these cutoffs, the null hypothesis of equal 
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Table 9. Multiple comparisons - differences between colostrum 
passive transfer treatment means. 

Mean* 

Treatment 

Cll13 

1113 

H173 

173 

10.076 

saline 

0.752 

0.968 

5.373*** 

5.985*** 

9.324 9.108 4.703 4.091 

Cll13 1113 H173 173 

0.216 

4.621*** 4.405*** 

5.233*** 5.017*** 0.612 

Table values are the differences between treatment means 
Confidence = 0.95, DF = 105, MSE = 10.1455 
critical Value of Tukey's Studentized Range (HSD) = 3.926 
* = mean of square root transformed data 
*** = Significant at p < .05 
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Table 10. Repeated measures analysis of variance for subjects 
effects in anti-~. parvum colostrum passive transfer 
prophylaxis groups. 

Source DF ANOVA SS Mean square F P 

Treatment 4 1966.345 491. 586 10.79 0.0001 

Day 1 1.939 1.939 0.04 0.8369 

Trt*Day 4 80.215 20.054 0.44 0.7795 

Count 1 0.326 0.326 0.21 0.6496 

Error 124 5650.859 45.57 
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prophylaxis means is rejected. If the prophylactic means are 

really equal, the probability of observing F equal to or 

larger than our value 10.79 is only 0.0001. Since this 

probability is small, there is strong evidence for the notion 

that the prophylactic means are different. However, small 

values of F around 1.00 for day and count led to conclusion 

that the hypothesis of no effect is true; that is, there are 

no significant effects between two treatment periods (3 and 

7 days) or two counts. 

Multiple comparisons Among Prophylactic Group Means 

The groups, group means and their corresponding 95% 

confidence intervals are presented in Table 11. Hyperimmune 

colostra treatments using H173 and 1140 showed significant 

differences from other control colostra Cll13 and 1113 as well 

as saline controls at the 95% confidence intervals. 

significantly fewer (p<.05) stages of g. parvum were found in 

oocyst challenged mice that received hyperimmune colostrum 

compared with mice treated with control colostrum. Skim (H173) 

and original (1140) colostra showed the same prophylactic 

efficacies (p<.05) although they were produced with different 

antigens, i.e., oocysts and sporozoites, respectively. 

Significant treatment effects did not exist between C1113 and 

1113 at the 5% significance level. 
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Table 11. Multiple comparisons - differences between colostrum 
passive transfer prophylaxis means. 

Mean* 9.509 9.530 9.488 3.833 3.692 

Treatment saline Cll13 1113 H173 1140 

Cll13 0.021 

1113 0.021 0.042 

H173 5.676*** 5.697*** 5.655*** 

1140 5.817*** 5.838*** 5.796*** 0.141 

Table values are the difference between treatment means 
Confidence = 0.95, DF = 124, MSE = 24.2021 
critical Value of Tukey1s Studentized Range (HSD) = 3.915 
* = mean of square root transformed data 
*** = significant at p < .05 
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DISCUSSION 

Knowledge of the life history of cryptosporidium within 

the host and of the antigenic relationship between the various 

developmental stages facilitates a more thorough understanding 

of host responsiveness to infection with this parasite. The 

distribution of defined antigenic sites through the life-cycle 

stages of Cryptosporidium parvum has been mapped by electron 

microscopic immuno-gold labeling using anti-~. parvum 

monoclonal antibodies. This study represents the first 

application of this methodology towards defining the antigenic 

relatedness of cryptosporidium life cycle stages at the 

ultrastructural level. 

Anti-~. parvum monoclonal Cmg-3 (IgG3) reacted to 

purified sporozoites in immunofluorescent assays. When applied 

to microtome-sectioned infected mouse ilea and free merozoi tes 

recovered from infected ilea, distinct immunofluorescent 

reactivity was observed to both free merozoites and other 

tissue stages of the parasite. These data suggested that ~. 

parvum express shared antigens among the different life cycle 

stages. 

Using three anti-~. parvum mAbs and immunoelectron 

microscopy, antigenic determinants recognized by these rnAbs 

were mapped during the development of cryptosporidium within 

its host. The antigens recognized by these mAbs appear to be 

-~-.-.~--.----.--.-" ------
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uniformly distributed in both the cytoplasm and on the surface 

of the parasite. They also appear on the inner membrane of 

host epithelial cells. 

Each of the mAbs tested appeared to be localized in all 

developmental stages of ~. parvum: trophozoites, merozoites 

in type I and II meronts, microgametocytes, macrogamonts, 

unsporulated oocysts, sporozoites in oocysts and free 

sporozoites. Cross reactions involving these antigens may be 

explained by the persistence of antigenic determinants 

throughout the life cycle stages. Similar antigenic sharing 

has not been demonstrated for most other coccidia. 

In another coccidian parasite Eimeria, which has similar 

life cycle stages, there appear to be antigenic differences 

between the various developmental stages (Johnson et ale 1982, 

Joyner 1969, Danforth 1983, Danforth and Augustine 1983). In 

another coccidium, Plasmodium, the antigens of the parasite 

are highly stage-specific; i.e., each is expressed in only a 

single developmental stage. Each developmental stage of most 

coccidian parasites has its characteristic shape and 

distinctive set of functions; it inhabits a particular 

microenvironment and interacts with a specific target tissue, 

(Levine 1980) while all life-cycle stages of cryptosporidium 

are confined to the same intracellular but extracytoplasmic 

habitat.· This implies that although all the stages of 

Plasmodium have the same complement of genes, a different part 

------------
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of the genome is being expressed in each development stage. 

For cryptosporidium, the same part of the genome might be 

expressed in each developmental stage. 

Epitope sharing of g. parvum may be important not only 

for understanding the biology and host-parasite interactions 

of this parasite but also for developing a vaccine or 

immunotherapeutic strategy against cryptosporidium. Because 

there is antigenic cross-reactivity between the different 

developmental stages of g. parvum, antibodies against a common 

antigen may attack and neutralize several life-cycle stages, 

potentially making the development of a vaccine or 

immunotherapeutic modality of treatment easier. 

The presence of parasite antigens in the host membrane 

cell suggests that some antigens of cryptosporidium may be 

inserted into the host cell membrane by invading merozoites 

and sporozoites. It is also possible that certain of these 

antigens may modify the host cell to allow for parasite growth 

by serving as receptors or transport molecules for essential 

exogenously supplied nutrients and enzymes needed by the 

parasite. The number of antigens which may be inserted in this 

manner into the host cell membrane remains to be determined. 

The association of gold particles with the membrane of 

newly-infected epithelial cells suggests that microneme

derived proteins may be inserted during the process of 

merozoite and sporozoite invasion. Micronemes are found only 
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in invasive stages of the coccidia and other members of the 

phylum Apicomplexa, suggesting that they play a role in the 

entry of the parasite into host cells. Micronemes are 

morphologically related to rhoptries. The function of these 

organelles are poorly understood, but they are generally 

believed to be secretory (Aikawa et al. 1978, Sam-Yellowe et 

al. 1988). Their anterior location in invasive merozoites and 

sporozoites and their apparent interconnection suggest that 

contents of both micronemes and rhoptries may be emptied via 

a common ductule (Torii et al. 1989). The presence of parasite 

antigens on cryptosporidium infected host cells may represent 

secretory products of sporozoite and merozoite micronemes and 

rhoptries. An alternative explanation for their presence on 

the host membrane is that antigen synthesized by early stage 

parasites is released into and bound to the inner surface of 

the epithelial cells. A functional role for the antigens 

described in this study remains to be determined. 

Control of enteric cryptosporidiosis by the host immune 

system is indicated by the following observations. (i) The 

disease is self-limiting in immunocompetent hosts and 

stimulates the production of antibodies to~. parvum (Campbell 

et al. 1983, Tzipori and Campbell 1981, Ungar and Nash 1986, 

Ungar et al. 1986), but is persistent in immunodeficient hosts 

and in athymic (nude) mice (Fayer and Ungar 1986, Heine et al. 

1984, Navin and Juranek 1984); (ii) recovered immunocompetent 
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calves and humans are resistent to reinfection (Campbell and 

Current 1983, Cross et ale 1986). For these reasons, 

investigations on immunologic approaches to control this 

disease were initiated. 

Sherman et ale (1983) succeeded in protecting calves from 

serious enterotoxigenic Escherichia coli infections through 

the prophylactic oral administration of murine anti-~. coli 

mAbs in ascitic fluid. Treatment or prophylaxis of other 

diarrheal diseases may be afforded by the oral administration 

of specific immunologic agents. Suckling mice treat~d daily 

by oral administration of a mixture of anti-cryptosporidium 

sporozoite mAbs resulted in significantly reduced parasite 

loads compared to control mice at four days post infection 

(Arrowood et ale 1989). Further studies are required, however, 

to answer the question of longer term treatment impact on 

cryptosporidial infections, especially regarding parasite load 

and severity of clinical symptoms. 

Anti-cryptosporidium monoclonal antibodies Cmg-3, C6B6 

and C4Al used for immunoelectron microscopy were examined for 

their ability to modulate experimental cryptosporidial 

infections in BALB/c neonatal mice for two different periods, 

i.e., 4 and 8 days. The fact that Cmg-3, C6B6, and C4A1 bind 

to asexual and sexual stages of g. parvum suggested that oral 

administration of ascitic fluids containing mAbs to oocyst

inoculated suckling mice may modulate cryptosporidial 
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infections. 

To determine whether parasite loads in treated mice 

differed significantly, parasite numbers along villus surfaces 

were counted and the results subjected to repeated measures 

analysis of variance. since difference was significant at P 

< 0.05, the null hypothesis was rejected that there was no 

significant difference in the variance among treatments. 

A multiple comparison of treatment group means was 

performed (using Tukey's studentized range test) in an attempt 

to identify treatment groups differing significantly from the 

control group because the ANOVA demonstrated a significant 

difference between treatments at the O. 05 level. Suckling mice 

treated daily with orally administered mixtures of Cmg-3, 

C6B6, and C4Al or only with Cmg-3 showed significantly reduced 

parasite loads compared to control mice at four days post 

infection. However, when neonatal mice were treated with two 

different treatments for eight days, only the mouse group 

treated with mixtures of three mAbs showed significant 

differences. 

The passive transfer of immunity using mAbs has shown to 

limit the number of para.sites which complete the life cycle. 

Monoclonal antibodies transferred passively into the gut lumen 

appear to be ideally suited for interaction with the 

extracellular invasive forms (sporozoites, merozoites, and 

microgametes) of the parasite for several reasons. First, 
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antibodies may act directly on extracellular stages to damage 

them, or by interacting with components of the complement 

system (Rose et ale 1975, Deans and Cohen 1983). Secondly, 

antibodies may neutralize sporozoites and merozoites directly 

by blocking their attachments to new host cells (Deans and 

Cohen 1983). Finally, antibodies may enhance phagocytosis of 

extracellular forms mediated by Fc receptors on macrophages 

(Guy-Grand and Vassalli 1982, Lawn and Rose 1982). 

The partial reduction in the numbers of sporozoites of 

Eimeria found within the epithelium of immune animals was due 

to the inhibi tory effects of antibodies on invasion, as 

demonstrated in vitro (Davis et ale 1978, Whitmire et ale 

1988). It has been suggested that the hindering of penetration 

may prolong the exposure of the parasites to lytic factors 

normally present in the intestinal contents which can damage 

surface antigens and thereby inhibit the growth of those that 

do succeed in entering cells (Davis and Porter 1979, Mesfin 

and Bellamy 1979, Leathem and Burns 1967). This may explain 

why in immunocompetent hosts cryptosporidial infection is 

transient (Reese et ale 1982, Current et ale 1983). 

Despite the testing of more than ninety chemotherapeutic 

agents, no regimen provides sustained symptomatic relief or 

parasitologic cure against cryptosporidiosis (Fayer, personal 

communication). A study of cryptosporidiosis in Costa Rican 

children demonstrated a lower prevalence in breast-fed infants 
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less than 1 yr of age compared to children of the same age who 

were fed artificial diets (Mata et ala 1984). It was 

demonstrated that infectivity of ~. parvum sporozoites can be 

neutralized by immune bovine serum (Riggs and Perryman 1987, 

Riggs et ala 1989). Bovine transfer factor, reported to 

eradicate cryptosporidium at least temporarily in 4 of 8 

patients with AIDS (Louie et a1. 1987), failed to provide 

prophylaxis in 9 neonatal calves orally challenged with 

cryptosporidium oocysts (Fayer et ala 1987) while transfer 

factor produced from calves immune to ~. parvum stimulated a 

remarkable effect on the course of cryptosporidiosis in AIDS 

patients (Klesius et ala 1989). 

Treatment of cryptosporidiosis with colostrum has had 

mixed results. Immune anti-Cryptosporidium SPa bovine 

colostrum administered orally to a hypogammaglobulinemic child 

with persistent cryptosporidiosis resolved clinical signs 

associated with the disease and terminated oocyst shedding 

(Tzipori et ala 1986). Calves fed hyperimmune colostrum had 

a higher concentration of anti-~. parvum antibody in their 

sera, shed less oocysts and had diarrhea for significantly 

less time than calves fed normal colostrum (Fayer et ala 

1989). In contrast, none of two patients with AIDS nor one 

with congenital dysgammaglobulinemia experienced remission of 

diarrhea and all continued to shed cryptosporidium oocysts 

despite oral administration of many liters of non-hyperimmune 
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bovine colostrum (Saxon and weinstein 1987). It was reported 

that passive lacteal immunity is not an efficient means of 

protection against cryptosporidiosis in mice (Moon et al. 

1988, Arrowood et al. 1989). 

In an effort to evaluate further the role of passive 

immunity for cryptosporidiosis, hyperimmune bovine colostrum 

was produced and colostral whey was separated from milk solids 

including cellular constituents and fat. Skim colostrum was 

produced by lyophylizing colostral whey and its efficacy 

evaluated in neonatal mice. Because cryptosporidiosis is 

entirely limited to the gastrointestinal tract, a trial of 

oral administration of hyper immune bovine colostrum to 

neonatal mice was undertaken. Because there is no evidence for 

host specificity for this organism (Current et al. 1983, 

Tzipori 1983) and bovine gammaglobulin is known to pass 

through the entire gastrointestinal tract unaltered (Saxon and 

Weinstein 1987), it should come in contact with parasites 

present. 

Although all possible biologically active substances were 

not identified or quantitated, the concentration of anti-g. 

parvum IgG was used as a guide to assess passive immune 

responsiveness of daily, orally administrated colostral 

antibody on the course of cryptosporidial disease in neonatal 

mice. 

significantly fewer (p<. 05) stages of g. parvum were 

-----_ .. __ ._ .. __ .. -_ .... _ ... _------



112 

found in mice treated with hyperimmune skim colostrum (HSC) 

or original hyperimmune colostrum (HC) than in mice received 

control skim colostrum (CSC) or original control colostrum 

(CC) in therapeutic or prophylactic experimental groups. These 

data agree with another report that hyperimmune bovine 

colostrum can significantly reduce parasite burdens in humans 

and animals when given therapeutically (Tzipori et al. 1986) 

or prophylactically (Fayer et al. 1989). No significant 

difference existed between HSC and HC treatment regimens as 

well as between CSC and CC treatments at the 95% confidence 

intervals. Both HSC and HC demonstrated the same therapeutic 

and prophylactic efficacy against g. parvum infection in mice 

as reported for calves fed hyperimmune colostrum (Fayer et al. 

1989). HSC and HC showed a protective effect on challenge with 

g. parvum oocysts, suggesting that neutralizing activity was 

present. 

Colostrum is known to contain antibodies, T and B 

lymphocytes, polymorphonuclear leukocytes, and macrophages 

(Keller et al. 1986, Lee and outteridge 1981) and their 

associated cytokines, as well as other biologically active 

factors such as vitamins, prostaglandins (Reid et al. 1980), 

lactoferrin, and com~lement. All are capable of modulating an 

immune response (Non',ecke and Smith 1984, Norcross 1982). It 

is not known, however, whether the effector mechanisms of 

protective immunity against cryptosporidiosis might be 

---- --.-~---.-
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mediated by antibody, cells, or other components. The results 

of this study indicate there are factors present in 

hyper immune skim clostrum capable of significantly reducing 

cryptosporidiosis and that the activity or concentration of 

these factors is significantly greater in HSC than in CSC. 

Whether such factors are immunoglobulins or other biologically 

active substances such as cytokines is presently not known. 

The fact that HSC showed similar passive protective effects 

to HC indicates that immune cells are not required. 

Antibodies, cytokines, or both appear to play an active role 

in immunity of cryptosporidiosis. 

Although it is not presently known how the hyper immune 

colostrum might have exerted its beneficial effects, 

neutralizing antibodies might specifically bind to parasites 

and prevent cell invasion. Conversely, the nonspecific 

interaction of colostral components with parasites and host 

effector cells might reduce sporozoite and merozoite 

infectivity (Fayer et al. 1989). 

One cannot, however, exclude the possibility of cellular 

involvement in immunity of cryptosporidiosis, since 

hyper immune skim colostral components were transferred to an 

in vivo intact system, i.e., neonatal mice, even though they 

are immunologically naive. Athymic Balb/c mice were found to 

be more susceptible to infection than their euthymic 

counterparts (Heine et al. 1984). T cells act as helper cells 
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in antibody production as well as effector cells in protective 

immunity against most coccidian parsites (Lillehoj 1987, 

Mes"fin and Bellamy 1979). In malaria, in which the protective 

effects of antibody have been more convincingly demonstrated, 

immune effector cells and cytokines are required for solid 

protection (Eagan et ale 1987, Jensen et ale 1987). It might 

be the same as in cryptosporidial infection. 

Two issues warrant further investigation: the efficacy 

of this treatment in T-cell-deficient (nu/nu) mice, and 

whether purified antibodies or cytokines from hyperimmune 

colostrum are effective when used alone. Furthermore, 

definitive studies are needed to assess the usefulness of this 

type of treatment in protecting humans, especially those with 

AIDS who have ~. parvum infection. 
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APPENDIX A: Monoclonal an'tibody passive transfer prophylaxis 
data. 

# of parasites / high power field (450X) 

Group* Day Mice count 1 Count 2 

CL 4 1 30 41 
2 11 5 
3 0 0 
4 51 32 
5 0 0 
6 132 120 
7 66 38 
8 292 4 
9 67 58 

10 18 37 
11 20 28 
12 22 40 
13 35 32 
14 32 30 
15 30 25 
16 25 20 
17 20 17 
18 18 15 
19 84 192 
20 179 122 
21 142 111 

8 1 85 88 
2 99 90 
3 HIO 110 
4 81 90 
5 89 79 
6 106 89 
7 64 70 
8 81 74 
9 91 92 

10 83 81 
11 100 80 
12 70 91 
13 90 85 
14 79 85 
15 60 71 
16 71 59 
17 99 97 
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APPENDIX A: continued 

# of parasites /high power field (450X) 

Group Day Mice Count 1 Count 2 

CL 8 18 82 90 
19 87 78 
20 40 60 
21 125 101 
22 70 60 
23 99 108 
24 81 85 
25 89 80 
26 108 117 
27 65 72 

Kor 4 1 41 18 
2 28 11 
3 8 7 
4 83 57 
5 7 12 
6 31 29 
7 3 6 
8 8 5 
9 2 3 

10 5 9 
11 2 13 
12 6 5 
13 5 4 
14 12 6 
15 4 3 
16 5 2 
17 13 1 
18 3 1 
19 3 1 
20 3 3 
21 2 2 
22 0 0 
23 0 0 
24 1 1 

8 1 131 93 
2 111 75 
3 99 52 
4 44 25 
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APPENDIX A: continued 

# of parasites / high power field (450X) 

Group Day Mice Count 1 Count 2 

Kor 8 5 43 22 
6 51 63 
7 30 37 
8 59 23 
9 35 55 

10 158 99 
11 92 125 
12 79 61 
13 149 101 
14 100 37 
15 67 21 
16 30 58 
17 44 48 
18 30 44 
19 35 37 
20 22 18 
21 0 0 

Ea 4 1 121 117 
2 100 88 
3 11 39 
4 48 20 
5 14 18 
6 0 0 
7 108 128 
8 0 0 
9 0 0 

10 16 26 
11 23 4 
12 0 0 
13 1 2 
14 2 2 
15 1 1 
16 1 3 
17 4 5 
18 6 13 
19 3 6 
20 3 1 
21 6 13 
22 1 3 
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APPENDIX A: continued 

# of parasites / high power field (450X) 

Group Day Mice Count 1 Count 2 

Ea 4 23 7 10 
24 8 5 
25 4 3 
26 5 8 
27 3 6 
28 4 8 
29 10 5 
30 5 7 

8 1 25 19 
2 4 26 
3 0 2 
4 26 22 
5 45 52 
6 32 35 
7 26 49 
8 68 68 
9 48 60 

10 25 19 
11 23 17 
12 4 2 
13 12 10 
14 30 23 
15 25 17 
16 7 2 
17 102 82 
18 49 23 
19 23 19 
20 14 12 
21 42 32 
22 45 42 
23 19 14 
24 53 33 
25 33 32 
26 15 16 
27 19 14 

* See Table 1 for group definitions 
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APPENDIX B: Colostrum passive transfer treatment data. 

# of parasites / high power field (450X) 

Group* Day** Mice Count 1 Count 2 

Saline 2 1 108 265 
2 74 99 
3 87 24 
4 18 32 
5 174 118 
6 132 161 

4 1 128 188 
2 54 51 
3 122 110 
4 72 89 
5 100 91 
6 245 185 
7 170 84 
8 158 147 
9 191 142 

10 172 199 
11 92 101 
12 0 0 
13 135 120 
14 44 63 
15 149 131 
16 139 155 

Cll13 2 1 100 157 
2 70 89 
3 86 72 
4 28 29 
5 99 100 
6 126 165 
7 101 111 
8 72 70 
9 79 93 

10 22 59 
11 160 145 

4 1 91 101 
2 65 90 
J 84 71 
4 34 141 

---- --------~~~~~ 
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APPENDIX B: continued 

# of parasites / high power field (450X) 

Group Day Mice Count 1 Count 2 

Cll13 4 5 68 43 
6 110 100 
7 110 131 
8 113 76 
9 122 110 

10 220 163 
11 82 85 
12 102 111 
13 150 102 

1113 2 1 92 87 
2 132 106 
3 102 81 
4 20 23 
5 215 183 
6 0 0 
7 113 129 
8 153 140 
9 79 129 

10 191 136 

4 1 100 101 
2 120 85 
3 87 82 
4 30 42 
5 100 110 
6 65 66 
7 122 74 
8 73 122 
9 13 3 

10 155 131 

H173 2 1 21 9 
2 46 61 
3 9 4 
4 54 24 
5 41 48 
6 2 8 
7 1 3 
8 22 16 
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APPENDIX B: continued 

# of parasites / high power field (450X) 

Group Day Mice Count 1 Count 2 

H173 2 9 260 251 
10 2 4 
11 28 14 
12 3 8 
13 17 13 
14 11 32 

4 1 11 17 
2 50 54 
3 44 59 
4 13 2 
5 5 1 
6 10 19 
7 53 31 
8 3 8 
9 3 4 

10 8 10 
11 5 9 
12 22 15 
16 145 191 
17 52 37 
18 15 22 
19 13 3 
20 122 74 
21 15 13 

173 2 1 5 3 
2 1 9 
3 78 59 
4 49 75 
5 45 17 
6 16 30 
7 0 0 
8 1 0 

4 1 11 6 
2 13 53 
3 8 7 
4 5 9 
5 8 14 
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APPENDIX B: continued 

# of parasites / high power field (450X) 

Group Day Mice Count 1 

173 4 6 21 
7 5 
8 152 
9 44 

* See Table 5 for group definitions 
** Indicates days post infection 

Count 2 

33 
9 

137 
37 
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APPENDIX c: Colostrum passive transfer prophylaxis data. 

# of parasites / high power field ( 450X) 

Group* Day Mice Count 1 Count 2 

Saline 3 1 1 1 
2 9 33 
3 271 302 
4 281 476 
5 0 0 
6 538 338 
7 631 480 
8 0 0 
9 15 35 

10 348 470 
11 0 0 
12 45 19 
13 60 10 
14 322 288 

7 1 147 53 
2 69 113 
3 99 135 
4 31 10 
5 188 191 
6 0 0 
7 16 68 
8 102 61 
9 50 23 

10 104 126 
11 93 81 
12 192 95 

Cll13 3 1 0 0 
2 230 251 
3 338 347 
4 18 12 
5 221 232 
6 90 107 
7 1 30 
8 7 8 
9 222 250 

10 140 170 
11 40 19 
12 182 147 
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APPENDIX C: continued 

# of parasites / high power field (450X) 

Group Day Mice Count 1 Count 2 

Cll13 3 13 78 79 
14 70 65 

7 1 76 156 
2 5 8 
3 77 81 
4 266 192 
5 96 100 
6 11 10 
7 5 2 
8 70 20 
9 168 140 

10 110 101 
11 164 132 
12 99 81 
13 210 190 
14 159 142 
15 182 179 

H173 3 1 0 0 
2 61 26 
3 38 82 
4 0 0 
5 0 0 
6 6 5 
7 0 0 
8 0 0 
9 4 0 

10 0 0 
11 0 0 
12 82 36 
13 55 69 
14 20 15 
15 94 66 

7 1 4 23 
~ 56 57 
3 39 120 
4 8 6 
5 35 68 
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APPENDIX c: continued 

# of parasites / high power field (450X) 

Group Day Mice count 1 Count 2 

H173 7 6 2 25 
7 56 62 
8 3 1 
9 9 8 

1113 3 1 330 321 
2 34 87 
3 75 81 
4 71 45 
5 6 10 
6 280 250 
7 25 53 
8 91 120 
9 251 240 

10 4 2 
11 16 20 
12 74 75 

7 1 85 115 
2 18 22 
3 69 44 
4 147 90 
5 13 17 
6 11 13 
7 127 109 
8 158 149 
9 240 255 

10 143 120 
11 151 120 
12 36 40 
13 95 75 
14 207 158 
15 147 120 
16 203 181 

1140 3 1 0 0 
2 0 0 
3 40 48 
4 0 0 
5 106 108 

---- --- ------------
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APPENDIX C: continued 

# of parasites / high power field (450X) 

Group Day Mice Count 1 Count 2 

1140 3 6 0 0 
7 3 5 
8 0 0 
9 0 0 

10 145 111 
11 16 64 
12 106 111 

7 1 52 23 
2 9 18 
3 16 9 
4 3 4 
5 84 59 
6 2 3 
7 18 21 
8 0 0 
9 8 1 

10 15 43 
11 2 3 
12 35 20 
13 12 6 
14 1 2 
15 0 1 

* See Table 5 for group definitions 
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