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Three groups of congenitally athymic nude mice were persistently infected following oral administration of
2 x 107 Cryptosporidium parvum oocysts. Two groups were treated once daily for 10 days with either
neutralizing monoclonal antibody (MAb) 17.41 or an isotype control MAb. The third group received no
treatment. Intestinal-infection scores were significantly decreased in nude mice treated with MAb 17.41
compared with isotype control MAb-treated and nontreated control groups (P < 0.005). Biliary and pancreatic
cryptosporidial-infection scores were similar for the MAb 17.41-treated and isotype control MAb-treated
groups (P > 0.05).

Cryptosporidiosis results from gastrointestinal infection
by the coccidian Cryptosporidium parvum (5, 7, 12). In
immunodeficient hosts, C. parvum sporozoites and merozo-
ites cyclically infect intestinal epithelium, resulting in per-
sistent disease characterized by severe, often life-threaten-
ing diarrhea (6, 12). C. parvum is not limited to the
gastrointestinal tract of immunodeficient hosts but may also
cause biliary and respiratory tract infections (5, 6, 8, 12, 17).
Since no specific therapy is currently available, cryptospo-
ridial infection often contributes to the death of patients with
congenital immunodeficiency disorders or acquired immuno-
deficiency syndrome (6, 8).
Assessment of therapeutic protocols has been slowed by

the absence of a convenient animal model of persistent
cryptosporidiosis (5-7). Ungar et al. have recently demon-
strated that persistent infection can be established in immu-
nodeficient nude mice experimentally infected with C. par-
vum (24). Our hypothesis is that neutralizing antibodies to
sporozoite and merozoite surface antigens will resolve per-
sistent cryptosporidial infections in immunodeficient hosts.
To test this hypothesis, nude mice persistently infected with
C. parvum were treated orally with neutralizing monoclonal
antibody (MAb) 17.41. This MAb neutralizes sporozoite and
merozoite infectivity in suckling mice (2, 19, 20) and partially
protects mice against oral challenge with C. parvum oocysts
(19). In this report, we describe the diminution of persistent
cryptosporidial infection in immunodeficient mice following
oral treatment with MAb 17.41.

(These data were reported, in part, in an abstract [lb] and
a thesis [la].)
The C. parvum isolate used in these experiments was

originally provided by H. Moon and D. Woodmansee (Na-
tional Animal Disease Center, Ames, Iowa) and is infectious
for humans, newborn mice, calves, and young horses with
severe combined immunodeficiency (16, 21). The isolate was
maintained by passage in neonatal calves. The purification of
oocysts from calf feces was done as previously described
(21) with minor modifications. Potassium dichromate was no
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longer used, and feces were processed within 36 h of
collection. The extracted oocyst suspension was stored in
Hanks' balanced salt solution containing 10,000 U of peni-
cillin, 0.01 g of streptomycin, 0.05 mg of amphotericin B, and
500 U of nystatin per ml to prevent microbial overgrowth.
The oocysts were treated with 3% peracetic acid at room
temperature for 10 min to kill nonoocyst microbial agents
prior to mouse inoculation.
Treatment reagents were ascites fluid collected from mice

injected with the appropriate hybridoma cells producing
either neutralizing MAb 17.41 or isotype control MAb 7.3.4
(both immunoglobulin M isotypes). The concentration of
immunoglobulin in ascites was determined by radial immu-
nodiffusion (Tago Inc., Burlingame, Calif.). MAb 17.41 and
7.3.4 ascites contained 0.9 and 1.0 mg of immunoglobulin M
per ml, respectively. A previously described indirect immu-
nofluorescence assay was used to ensure that the MAb 17.41
ascites retained specific reactivity to surface antigens (21).
Ascites containing MAb 17.41 reacted with >95% of C.
parvum sporozoites according to the indirect immunofluo-
rescence assay. Sporozoites did not react with isotype
control MAb 7.3.4 or the conjugate.
Western blot (immunoblot) analysis was performed to

determine if sporozoites and merozoites shared similar anti-
gens reactive with MAb 17.41. Sporozoites and merozoites
were isolated as previously described (2, 21), adjusted to 5 x
109/ml, and boiled for 3 min in 65 ,ul of sodium dodecyl
sulfate-polyacrylamide gel electrophoresis sample buffer,
and then the soluble fraction (containing 5 x 107 organisms)
was electrophoresed in a 7.5% (wt/vol) polyacrylamide slab
gel with a 4% stacking gel (15, 20). Sporozoite and merozoite
antigens resolved by electrophoresis were transferred to
nitrocellulose as previously described (15, 20) and probed
with ascites containing MAb 17.41 or 7.3.4. The bound
antisporozoite and antimerozoite MAb was detected with a
peroxidase conjugated F(ab')2 fragment of goat anti-mouse
immunoglobulin M (mu chain-specific [Organon Teknika-
Cappel, West Chester, Pa.]) and developed with 4-chloro-1-
naphthol (15). On both sporozoites and merozoites, MAb
17.41 recognized two distinct antigens of approximately 75
and 215 kDa (Fig. 1). MAb 17.41 also reacted with two
additional sporozoite antigens of approximately 150 and 175
kDa. The additional sporozoite antigens containing this
epitope may be specific for this stage of the C. parvum life
cycle.
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FIG. 1. Western blot detection of sporozoite (lane 1) and mero-
zoite (lane 2) antigens recognized by MAb 17.41. Lanes 3 and 4
contain sporozoites and merozoites, respectively, analyzed with
isotype control MAb 7.3.4. Molecular weights of standards are
indicated on the left.

Thirty-eight congenitally athymic nude (nulnu) female
mice, 6 to 7 weeks old (Simonsen Laboratories, Inc., Gilroy,
Calif.), were randomly assigned to one of three groups.
These included a MAb 17.41-treated group (16 mice), an
isotype control MAb 7.3.4-treated group (16 mice), and a
nontreated group (6 mice). The nude mice were inoculated
orally via a 22-gauge feeding needle with 107 C. parvum
oocysts in 250 ,ul of 0.02 M phosphate-buffered saline (pH
7.4). To ensure that infection was established, the mice were
given a second dose of 107 oocysts 24 h later. Clinical signs
of cryptosporidiosis were absent during the first 5 weeks of
infection, and no deaths occurred. Occasional loose stools
were noted for mice in all three groups, but diarrhea was not
observed.
Treatment was initiated 5 weeks postinfection and lasted

10 days. The mice in the MAb-treated groups received a
daily oral dosage of 0.5 ml of ascites fluid (containing either
0.45 mg of MAb 17.41 or 0.50 mg of isotype control MAb
7.3.4) administered via a 22-gauge feeding needle. The mice
were lightly anesthetized with methoxyflurane (Pitman-
Moore, Inc., Washington Crossing, N.J.)-soaked gauze
sponges in a sterile glass jar to facilitate oral dosing. Three
mice from the MAb 17.41-treated group and three from the
isotype control MAb-treated group died during the treatment
period because of aspiration of the ascites fluid. All of these
six mice had histologic evidence of Cryptosporidium infec-
tion, i.e., numerous endogenous stages within the intestinal
and biliary mucosal epithelium, but no gross changes were
present. These mice were excluded from the final analysis of
data.
The presence of C. parvum in feces was determined by

using a modified Kinyoun acid-fast stain (13). All nude mice
were negative for Cryptosporidium spp. in the preinfection
samples. At 5 weeks postinfection (and prior to treatment),
all 38 mice were shedding C. parvum oocysts. All but four
mice were shedding C. parvum oocysts at the end of the
treatment period in at least one of two fecal samples ob-
tained on day 10 posttherapy and at necropsy. The four mice
that were negative on fecal exam (two from the MAb
17.41-treated group and two from the isotype control MAb
7.3.4-treated group) had histologic evidence of Cryptospo-
ridium infection.
The mice were necropsied 24 h after the final treatment.

TABLE 1. MAb 17.41 treatment of persistent cryptosporidiosis
in nude mice

Mean infection score + SD for:
Treatment No. of nude
reagent mice Intestine Biliary system and

pancreatic ducts

MAb 17.41 13 3.2 ± 1.5a 1.5 ±2.lb
MAb 7.3.4 13 5.5 ± 1.5c 2.5 ± 3.0c
None 6 6.3 ± 1.5 4.5 ± 2.3

a Significantly less than isotype control MAb 7.3.4-treated and nontreated
mice (P < 0.005).

b No significant difference from isotype control MAb 7.3.4-treated mice (P
> 0.05).

c No significant difference from nontreated mice (P > 0.05).

Gross and histologic changes observed in all groups were
similar to those previously described for persistent
cryptosporidiosis in nude mice (16, 24). The predominant
gross findings included icterus, multifocal areas of hepatic
necrosis, diffuse hepatic congestion, hypertrophy and thick-
ening of the gallbladder and common bile duct, and intestinal
distention in seven mice (5 of 13 isotype control MAb-
treated and 2 of 6 nontreated mice). Sections of stomach,
intestine, liver (including gallbladder and common bile duct),
and pancreas were scored for intensity of infection by
histologic examination (21). Individual scores were assigned
to distinct regions of the intestine, including stomach and
duodenum, jejunum, ileum, cecum, and colon. Individual
biliary tract scores were assigned to the gallbladder and
common bile duct, intrahepatic and extrahepatic ducts, and
pancreatic ducts. The scores were determined by estimating
the percentage of mucosa infected by C. parvum (0, absence
of infection; 1, 1 to 33% of mucosa parasitized; 2, 34 to 66%
of mucosa parasitized; 3, more than 67% of mucosa parasi-
tized) (21). The sum of the individual scores for different
regions of the intestine (maximum possible score = 15) and
the biliary and pancreatic systems (maximum possible score
= 9) were used to compute mean infection scores for each
treatment group. The Wilcoxon rank sum test was used to
examine differences in C. parvum infection among the MAb
17.41-treated, isotype control MAb-treated, and nontreated
groups (18).
The number of Cryptosporidium endogenous stages infect-

ing the biliary and pancreatic-duct epithelia was similar in
MAb 17.41-treated and isotype control MAb 7.3.4-treated
mice (Table 1). The histologic changes within the biliary and
pancreatic systems were similar in all three groups (Fig. 2).
Treatment with neutralizing MAb 17.41 did not significantly
affect the levels of biliary and pancreatic cryptosporidial
infection compared with levels in the isotype control MAb-
treated group. It has been hypothesized that the biliary
system serves as a reservoir for infection (5, 6). Therefore, it
may be crucial to ensure that therapeutic agents directed at
the autoinfective sporozoite and merozoite stages have
access to the biliary and pancreatic ductal system in order to
eliminate this potential reservoir of infection.
A significant reduction in intestinal Cryptosporidium in-

fection was demonstrated when oral passive immunotherapy
with MAb 17.41 was used rather than isotype control MAb
7.3.4 treatment or no treatment (Table 1 and Fig. 3). The
number of C. parvum endogenous stages within the intesti-
nal epithelium was similar in the isotype control MAb
7.3.4-treated and the nontreated groups, as reflected by the
mean infection scores (Table 1). Intestinal infection was
more severe in the anterior duodenum, cecum, and colon in
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FIG. 2. Photomicrographs of common bile ducts from nude mice persistently infected with C. parvum. There was no significant difference
in biliary tract infection between MAb 17.41-treated mice (A) and isotype control MAb 7.3.4-treated mice (B). Bar, 20 p.m. Arrows indicate
C. parvum organisms.

all groups. Even though our treatment protocol significantly
decreased the number of cryptosporidial organisms ob-
served histologically, it did not terminate infection. Contin-
uous oral treatment with higher concentrations of neutraliz-
ing MAb may provide further reductions in intestinal C.
parvum infection.

Previous studies have demonstrated partial protection
against cryptosporidiosis in animals treated with bovine
colostrum, MAb, and ascites fluid (1, 9-11, 19). Others have
used hyperimmune bovine colostrum to effectively treat
persistent cryptosporidiosis in immunodeficient humans (22,
23, 25). These studies provide supportive evidence that oral
passive immunotherapy with neutralizing anti-Cryptosporid-

ium antibodies may be a useful treatment approach. In this
report we discuss three important facts concerning therapy
of persistent cryptosporidiosis in an immunodeficient host.
First, oral administration of MAb 17.41, which recognizes
shared neutralization-sensitive epitopes on C. parvum spo-
rozoites and merozoites (2, 20), can significantly decrease
the number of cryptosporidial organisms in persistently
infected immunodeficient mice. Second, MAb 17.41 defines
epitopes that can be studied and isolated for induction of
host immune responses necessary for prevention or treat-
ment of cryptosporidial infections (2, 20). Finally, the data
demonstrate that delivery of a specific amount of treatment
reagent to intestinal, biliary, and pancreatic mucosal sur-
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FIG. 3. Photomicrographs of ceca from nude mice persistently infected with C. parvum. MAb 17.41-treated mice (A) had significantly
diminished cryptosporidial infection compared with isotype control MAb 7.3.4-treated mice (B). Bar, 20 ,um. The arrow indicates C. parvum
organisms.

faces may be necessary for a positive treatment effect. Since
there is no chemotherapy currently available that can termi-
nate persistent cryptosporidiosis in immunodeficient pa-
tients (3, 4, 6, 14), passive immunotherapy with neutralizing
MAb may reduce the severity of this debilitating disease.
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