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Monoclonal antibodies, immune bovine serum, and immune bovine colostral whey neutralized infectivity of
Cryptosporidium parvum sporozoites for mice in a time-dependent manner. Immune colostral whey neutralized
sporozoites more rapidly and completely than immune serum, monoclonal antibody (MAb) 18.44, or a
combination of MAb 18.44 and MAb 17.41. Mice were partially protected against oral challenge with C.
parvum oocysts when treated with immune colostral whey, MAb 17.41, or a combination of MAb 17.41 and
MAb 18.44.

Cryptosporidiosis, caused by the protozoan parasite Cryp-
tosporidium parvum, is a common cause of diarrhea in
humans, calves, and other mammals (2, 6, 9, 10, 12, 14, 17,
19). The disease is self-limiting in animals with competent
immune systems but persistent and life threatening in immu-
nodeficient hosts (2, 3, 6, 7, 8, 13, 18). Infection is initiated
by sporozoites released from oocysts in the intestinal tract.
Disease in the immunodeficient host is maintained by cycli-
cal infection of intestinal epithelial cells both by type I
merozoites and by sporozoites released from thin-walled
oocysts. The widespread distribution of the organism, its
transmissibility among mammalian species, and the absence
of effective therapeutic agents have made C. parvum a
significant cause of disease in patients with genetically based
or acquired immunodeficiency disorders (2, 3, 6-8, 10,
12-14).
Our goal is to develop immunologic regimens for the

prevention and treatment of cryptosporidiosis. We hypoth-
esize that infection may be prevented by neutralizing sporo-
zoites in the intestinal lumen before they penetrate epithelial
cells. In this study, we tested the rate and magnitude of
sporozoite neutralization by four immune reagents and com-
pared those results with the abilities of the reagents to
protect mice against oral challenge with C. parvum oocysts.
Two monoclonal antibodies (MAbs) reactive with surface

antigens on viable C. parvum sporozoites were obtained
from hybridomas that were previously described (15). Anti-
body 18.44 (immunoglobulin G3 [IgG3] isotype) reacted with
a nonprotein sporozoite surface antigen which eluted in the
void volume of a Bio-Gel A column (exclusion limit, 500,000
daltons). The antibody bound to 100% of viable sporozoites
and neutralized their infectivity when incubated with them
for 30 min. The concentration of MAb 18.44 in cell culture
supernatants was 640 ,ug/ml. Ascitic fluid collected from
mice injected with 18.44 hybridoma cells contained 18 mg of
IgG3 per ml. Antibody 17.41 (IgM isotype) reacted with
sporozoite antigens of 98, 55, and 28 kilodaltons and neu-
tralized sporozoites when incubated with them for 30 min. It
was present in cell culture supernatants at a concentration of
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100 p.g/ml. Ascitic fluid collected from mice injected with
17.41 hybridoma cells contained 1.9 mg of IgM per ml. EqT6
and EqT12 MAbs were used as IgG3 and IgM MAb isotype
controls, respectively. The production of EqT6 and EqT12
and their reactivity with equine thymocytes have been
described (20, 21). Immune bovine serum was obtained by
immunizing cattle with excysted oocysts and sporozoites.
The production, sporozoite antigen specificity, and neutral-
izing activity of this immune serum were previously de-
scribed (15, 16). The immune bovine colostrum was pro-
duced by intramuscular and intramammary immunization of
cattle with C. parvum oocysts (4). Whey from this colostrum
neutralizes sporozoite infectivity and partially protects mice
against challenge with C. parvum oocysts (5). This same
immune colostrum partially protected oocyst-challenged
calves (4). Similar colostrum was successfully used to treat
an acquired immunodeficiency syndrome patient with Cryp-
tosporidium infection (B. L. P. Ungar, D. J. Ward, R. Fayer,
and C. A. Quinn, J. Am. Med. Assoc., in press).

Neutralization kinetics studies were performed with hy-
bridoma cell culture supernatants, serum, and colostral
whey as follows. C. parvum sporozoites were isolated by
ion-exchange chromatography as previously described (16).
Sporozoites (2 x 105 in 10 RI of Hanks balanced salt solution
or RPMI 1640 medium) were incubated with 25 ,ul of immune
reactant or nonimmune control solution in 96-well round-
bottom microdilution plates for 0, 10, 20, or 30 min at 37°C.
After incubation, the contents of a well were drawn into a
microdilution syringe and infused per anus into the intestinal
tracts of BALB/c mice, 3 to 5 days old, as described
previously (16). Removable rubber patches were applied to
the perineum of each mouse to prevent defecation. Patches
were removed after 4 h, and the mice were returned to their
dams. Four days after injection, intestinal tracts were re-
moved from each mouse and scored for intensity of infection
by histologic examination (16). Infectivity scores for individ-
ual mice ranged from 0 (absence of infection) to a maximum
of 9 (organisms present in >67% of mucosal epithelial cells
in ileum, cecum, and colon).
Experiments to assess protection against oocyst challenge

were performed with hybridoma ascitic fluids, serum, and
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FIG. 1. Kinetics of neutralization of C. parvum sporozoites by

MAb 18.44. Data are means ± standard deviations of three experi-
ments comparing infectivity scores of mice injected with 2 x 105
sporozoites previously incubated for the indicated times with neu-
tralizing MAb 18.44 or isotype control MAb EqT6.

colostral whey as follows. BALB/c mice, 3 to 5 days old,
were separated from dams for 1 h to minimize gastric
content. They were then treated by gastric intubation with 65
,ul of immune or nonimmune control solution. Individual
mice were placed in paper cups and kept at 37°C for 2 h.
Oocysts were isolated and treated with peracetic acid, as
described previously (9, 16). Oocysts (2 x 104) in 10 ,ul of
medium were mixed with 55 of the appropriate immune or
control solution and administered by gastric intubation to
individual mice. Mice were then returned to their dams.
Each mouse was treated by gastric intubation with 65 ,ul of
relevant immune or control solution at 20 h postoocyst
injection. Mice were necropsied 96 h postchallenge, and
intestinal tracts were scored for intensity of C. parvum
infection as described above.
MAb 18.44 neutralized sporozoites in a time-dependent

manner (Fig. 1). Neutralization was significant after 20 min
but greatest following 30 min of incubation. Immune bovine
serum and a combination of MAb 17.41 and MAb 18.44
neutralized sporozoites at rates and magnitudes comparable
to those observed with MAb 18.44 (Fig. 2). However,
neutralization of sporozoites with immune colostral whey
was virtually complete following 10 min of incubation. To
determine the reason for this more rapid neutralization by
colostral whey, sporozoites were examined for evidence of
agglutination following incubation with immune colostral
whey, control colostral whey, and RPMI 1640 medium.
Sporozoites remained individualized in all three reagents,
indicating that agglutination of organisms was not the major
reason for neutralization. However, the viability of sporo-

zoites, as assessed by the fluorescein diacetate reaction (11),
was reduced to 40% following incubation with immune
colostral whey, compared with 80% in control colostral
whey and >95% in RPMI 1640 medium.
The ability of immune bovine serum, immune bovine

colostral whey, and ascitic fluids containing MAb 17.41 and
MAb 18.44 to protect mice against oral challenge with

Immune
Cobotrum
Serum
mAb 18.44
mAb 18.44 + 17.41 --+--
Media control

Control
0

0

A

A

0

0

0

10

Time (min)
FIG. 2. Kinetics of neutralization of C. parvum sporozoites by

immune bovine colostral whey, immune bovine serum, MAb 18.44,
and the combination of MAbs 17.41 and 18.44. M and error bars,
Mean ± standard deviation of infectivity scores from 12 experi-
ments with mice injected with sporozoites incubated for 30 min in
Hanks balanced salt solution or RPMI 1640 medium.

oocysts was determined (Table 1). Neither immune bovine
serum nor MAb 18.44 ascites provided significant protection
compared with their respective controls. Immune colostral
whey significantly reduced infectivity scores in mice chal-
lenged with 2 x 104 oocysts. Infectivity scores were also
significantly reduced in mice treated with ascitic fluid con-
taining MAb 17.41 or pooled ascitic fluids containing MAb
17.41 and MAb 18.44. Reduced parasite loads have also been
observed by Arrowood et al., who treated mice with com-
binations of MAbs reactive with C. parvum sporozoite
antigens (1).
The rapid neutralization of sporozoites by immune colos-

trum observed in the current study may explain protection
against an oocyst challenge observed here and in calves (4),
as well as the positive treatment effects reported by others
who used immune bovine colostrum to treat a child with

TABLE 1. Protection of mice against oral challenge with
2 x 104 C. parvum oocysts

Infectivity score
Reagent pa

Immune Control

Bovine serum 4.9 ± 1.3 6.0 ± 2.1 NS
MAb 18.44 ascites 7.3 ± 1.9 8.3 ± 0.9 NS
MAb 17.41 ascites 4.3 ± 2.0 8.3 ± 0.9 <0.0005
MAb 18.44 + MAb 17.41 1.9 ± 2.1 8.3 ± 0.9 <0.0005

ascites
Bovine colostral whey 2.0 ± 1.9 7.3 ± 1.1 <0.0005

a Differences between immune and respective control groups were evalu-
ated by Student's one-tail t test. Groups contained 8 to 12 mice each.
Significance conclusions were verified by repeat experiments. NS, Not
significant.
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persistent cryptosporidiosis (18). The ability to quickly neu-
tralize sporozoites within the gut lumen prior to infection of
epithelial cells may be important in reducing initial infection
following ingestion of oocysts and in diminishing autoinfec-
tion caused by sporozoites released from thin-walled oocysts
produced in the infected host (2).

Ascitic fluids containing a combination of MAb 17.41 and
MAb 18.44 partially protected mice against oral oocyst
challenge, as evidenced by reduced infectivity scores. In
contrast to rapid sporozoite neutralization by colostral
whey, sporozoite neutralization mediated by the combina-
tion of MAbs 17.41 and 18.44 was neither more rapid nor
profound than that observed with immune reagents that
lacked the ability to protect mice against oocyst challenge
(MAb 18.44 alone and immune bovine serum). The fact that
antibody concentrations in cell culture supematants used for
sporozoite neutralization studies were lower than concentra-
tions of ascitic fluids used for oocyst challenge experiments
may account for this disparity. Cell culture supernatants
were used in the sporozoite neutralization studies to simplify
interpretation of the role of the MAb in mediating neutrali-
zation. Ascitic fluids were used in the oocyst challenge
protection experiments to maximize the amount of neutral-
izing antibody delivered to the intestinal lumen. Therefore,
the results of the sporozoite neutralization and oocyst chal-
lenge studies involving MAbs are not directly comparable. It
is clear, however, that MAb 17.41 can reduce the intensity of
infection in mice challenged with C. parvum oocysts. Spo-
rozoite antigens recognized by MAbs 17.41 and 18.44 are
potentially useful for induction of protective immune re-
sponses against infection by C. parvum.

Roberta Konzek, Jean Liljegren-Harmening, Dana Leach, and
John Ahmann provided excellent technical assistance.

This work was supported by Public Health Service grant AI 25731
from the National Institutes of Health and Immunology Training
Grant Al 07025 from the National Institutes of Health, grant
86-CRSR-2-2861 from the U.S. Department of Agriculture, grant
1OA-3073-0732 from the Washington State Agricultural Research
Center, and funds from the Washington Dairy Products Commis-
sion.

LITERATURE CITED
1. Arrowood, M. J., J. R. Mead, J. L. Mahrt, and C. R. Sterling.

1989. Effects of immune colostrum and orally administered
monoclonal antibodies on the outcome of Cryptosporidium
parvum infections in neonatal mice. Infect. Immun. 57:2283-
2288.

2. Current, W. L. 1988. The biology of Cryptosporidium. ASM
News 54:605-611.

3. Current, W. L., N. R. Reese, J. V. Ernst, W. S. Bailey, M. B.
Heyman, and W. M. Weinstein. 1983. Human cryptosporidiosis
in immunocompetent and immunodeficient persons. Studies of
an outbreak and experimental transmission. N. Engl. J. Med.
308:1252-1257.

4. Fayer, R., C. Andrews, B. L. P. Ungar, and B. Blagburn. 1989.
Efficacy of hyperimmune bovine colostrum for prophylaxis of
cryptosporidiosis in neonatal calves. J. Parasitol. 75:393-397.

5. Fayer, R., L. E. Perryman, and M. W. Riggs. 1989. Hyperim-
mune bovine colostrum neutralizes Cryptosporidium sporozo-
ites and protects mice against oocyst challenge. J. Parasit.
75:151-153.

6. Fayer, R., and B. L. P. Ungar. 1986. Cryptosporidium spp. and
cryptosporidiosis. Microbiol. Rev. 50:458-483.

7. Gross, T. L., J. Wheat, M. Bartlett, and K. W. O'Conner. 1986.
AIDS and multiple system involvement with Cryptosporidium.
Am. J. Gastroenterol. 81:456-458.

8. Heine, J., H. W. Moon, and D. B. Woodmansee. 1984. Persistent
Cryptosporidium infection in congenitally athymic (nude) mice.
Infect. Immun. 43:856-859.

9. Heine, J., J. F. L. Pohlenz, H. W. Moon, and G. N. Woode. 1984.
Enteric lesions and diarrhea in gnotobiotic calves monoinfected
with Cryptosporidium species. J. Infect. Dis. 15:768-775.

10. Janoff, E. N., and L. B. Reller. 1987. Cryptosporidium species,
a protean protozoan. J. Clin. Microbiol. 25:967-975.

11. Mishell, B. B., and S. M. Shiigi. 1980. Determination of viability
with fluorescein diacetate, p. 19-21. In B. B. Mishell and S. M.
Shiigi (ed.), Selected methods in cellular immunology. W. H.
Freeman and Co., San Francisco.

12. Navin, T. R., and D. D. Juranek. 1984. Cryptosporidiosis:
clinical, epidemiologic, and parasitologic review. Rev. Infect.
Dis. 6:313-327.

13. Snyder, S. P., J. J. England, and A. E. McChesney. 1978.
Cryptosporidiosis in immunodeficient Arabian foals. Vet.
Pathol. 15:12-17.

14. Soave, R., and D. Armstrong. 1986. Cryptosporidium and
cryptosporidiosis. Rev. Infect. Dis. 8:1012-1023.

15. Riggs, M. W., T. C. McGuire, P. H. Mason, and L. E. Perryman.
1989. Neutralization-sensitive epitopes are exposed on the sur-
face of infectious Cryptosporidium parvum sporozoites. J. Im-
munol. 143:1340-1345.

16. Riggs, M. W., and L. E. Perryman. 1987. Infectivity and
neutralization of Cryptosporidium parvum sporozoites. Infect.
Immun. 55:2081-2087.

17. Tyzzer, E. E. 1912. Cryptosporidium parvum (sp. nov.), a
coccidian found in the small intestine of the common mouse.
Arch. Protistenkd. 26:394-412.

18. Tzipori, S., D. Roberton, and C. Chapman. 1986. Remission of
diarrhoea due to cryptosporidiosis in an immunodeficient child
treated with hyperimmune bovine colostrum. Br. Med. J. 293:
1276-1277.

19. Tzipori, S., M. Smith, C. Halpin, K. W. Angus, D. Sherwood,
and I. Campbell. 1983. Experimental cryptosporidiosis in
calves: clinical manifestations and pathological findings. Vet.
Rec. 112:116-120.

20. Wyatt, C. R., W. C. Davis, T. C. McGuire, and L. E. Perryman.
1988. T lymphocyte development in horses. I. Characterization
of monoclonal antibodies identifying three stages of T lympho-
cyte differentiation. Vet. Immunol. Immunopathol. 18:3-18.

21. Wyatt, C. R., N. S. Magnuson, and L. E. Perryman. 1987.
Defective thymocyte maturation in horses with severe com-
bined immunodeficiency. J. Immunol. 139:4072-4076.

NOTES 259


