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subgroup receiving DEX intraperitoneally at a dose of 62.5,
125, 250, or 500 pg/day for 14 days prior to oocyst inocula-
tion. All mice continued to receive DEX either orally or
intraperitoneally following oocyst inoculation throughout
the duration of the experiment.

An additional study was designed to determine the chro-
nicity of C. parvum infections in C57BL/6N mice compared
with nonimmunosuppressed mice. The first group of mice
was given DEX for 14 days prior to oocyst inoculation. The
second group of mice was retained as nonimmunosup-
pressed controls. Mice in both groups were inoculated
intragastrically with 10° oocysts. Each group consisted of 20
mice, and the experiment was repeated twice.

Another study was designed to determine whether C3H/
Hel/beige mice, which lack natural killer cell activity, are
susceptible to a C. parvum infection. Female C3H/HeJ/beige
mice (Jackson Laboratory, Bar Harbor, Maine), age 6 to 8
weeks and weighing 15 to 20 g, were used. The group
consisted of 10 mice that were inoculated intragastrically
with 10° oocysts.

Another group of 10 C57BL/6N mice were maintained on
an 8% protein diet (ICN Biochemicals, Inc., Costa Mesa,
Calif.) (suitable for immunosuppression induction [15]) for 2
months prior to intragastric inoculation of 10° C. parvum
oocysts.

Parasites. The C. parvum oocysts (Iowa isolate) used in
this study were originally obtained from Harley Moon (U.S.
Department of Agriculture, Ames, Iowa). The oocysts were
produced in experimentally infected Holstein calves and
purified from feces by using discontinuous sucrose gradients
(3). Purified oocysts were stored in 2.5% potassium dichro-
mate at 4°C. Oocysts (stored for less than 4 months) used for
inoculation were prepared by washing with RPMI 1640 base
medium (Sigma Chemical Co.) to remove the potassium
dichromate. Each mouse was inoculated intragastrically
with 10° purified oocysts in a volume of 100 pl of RPMI 1640
base.

Determination of docyst shedding in infected mice. Fecal
pellets were collected from mice to monitor oocyst shedding
throughout the experiment. Pellets were resuspended in a
volume of 2.5% potassium dichromate approximately equal
to twice that of the feces and stored at 4°C. Fecal suspen-
sions were smeared onto microscope slides and observed for
the presence of oocysts by an oocyst-specific monoclonal
antibody-based direct immunofluorescence assay (4).
Smears were examined microscopically in a blind fashion
and scored 0 to 4+ based on oocyst numbers. Scoring was as
follows: 0, no oocysts detected; 1+, <5 oocysts per smear;
2+, 5 to 50 oocysts per smear; 3+, 50 to 100 oocysts per
smear; and 4+, >100 oocysts per smear.

Histologic examination of tissues. Mice were necropsied at
weekly intervals postinoculation (p.i.). Tissue samples har-
vested from the lungs, liver, gall bladder, pancreas, spleen,
stomach, duodenum, jejunum, ileum, cecum, and large
intestine were fixed in 10% formalin, embedded in paraffin,
sectioned, and stained with hematoxylin and eosin. Stained
sections were examined for C. parvum localization by using
bright-field microscopy in a blind fashion and scored quali-
tatively according to parasite load. Because of the patchi-
ness of cryptosporidial colonization, 10 microscope fields
were examined. Scoring was as follows: 0, no parasites
observed; 1+, small numbers of parasites focally distributed
in the tissue (<10% of the tissue colonized); 2+, moderate
numbers of parasites widely distributed throughout the tis-
sue (10 to 50% of the tissue colonized); and 3+, large
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FIG. 1. Patterns of C. parvum oocyst shedding intensity in four
strains of mice. The mice were immunosuppressed by administering
DEX orally at 0.25 pg/g/day for 14 days and then inoculated
intragastrically with 10° oocysts. Oocyst shedding intensity was
determined as follows: 0, no oocysts detected; 1+, <5 oocysts per
smear; 2+, 5 to 50 oocysts per smear; 3+, 50 to 100 oocysts per
smear; 4+, >100 oocysts per smear.

numbers of parasites widely distributed throughout the tis-
sue (>50% of the tissue colonized).

Statistical analysis. Treatment differences were statisti-
cally compared for significance at P < 0.01 utilizing analysis
of variance (19).

RESULTS

The results of the study designed to determine whether
any of the five different strains of adult mice could be
infected with C. parvum following immunosuppression with
DEX are presented in Fig. 1 and 2. Oocyst shedding inten-
sities of mice given DEX orally at a dose of 0.25 pg/g/day are
shown in Fig. 1. All CBA mice died prior to inoculation with
C. parvum. In the other four strains of mice, oocyst shedding
was initially detected on day 6 p.i. Oocyst shedding was no
longer detectable in the C3H/HeN and BALB/cAnN mice
after 10 and 12 days p.i., respectively. Oocyst shedding also
ceased in the DBA/2N mice after 21 days p.i. However, the
CS7BL/6N mice continued to shed oocysts throughout the
duration of the 28-day experiment, even though shedding
was particularly light in these mice after 14 days p.i.

Oocyst shedding intensities of mice given DEX intraperi-
toneally at a dose of 125 pg/day are shown in Fig. 2. As
before, all CBA mice given DEX at the four doses died prior
to inoculation with C. parvum. Furthermore, all mice of the
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FIG. 2. Patterns of C. parvum oocyst shedding intensity in four
strains of mice. The mice were immunosuppressed by administra-
tion of DEX intraperitoneally at 125 pg/day for 14 days and then
inoculated intragastrically with 10° oocysts. Oocyst shedding inten-
sity was determined as follows: 0, no oocysts detected; 1+, <5
oocysts per smear; 2+, 5 to 50 oocysts per smear; 3+, 50 to 100
oocysts per smear; 4+, >100 oocysts per smear.
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FIG. 3. Patterns of C. parvum oocyst shedding intensity in
immunosuppressed (DEX) and nonimmunosuppressed (controls)
C57BL/6N mice. The mice were immunosuppressed by administra-
tion of DEX intraperitoneally at 125 pg/day for 14 days prior to
intragastric inoculation with 10° oocysts. Oocyst shedding intensity
was determined as follows: 0, no oocysts detected; 1+, <5 oocysts
per smear; 2+, 5 to 50 oocysts per smear; 3+, 50 to 100 oocysts per
smear; 4+, >100 oocysts per smear.

remaining four strains receiving DEX at doses of 250 and 500
pg/day died prior to inoculation with C. parvum. Mice given
DEX at a dose of 62.5 pg/day were inconsistent in their
shedding of oocysts, and only a few developed infections.
Oocyst shedding intensities were greater in mice receiving
DEX intraperitoneally at a dose of 125 pg/day than in mice
receiving DEX orally. Oocyst shedding was initially de-
tected on day 4 p.i. in all four strains of mice. Shedding was
no longer detectable in C3H/HeN mice and BALB/cAnN
mice after 14 and 21 days p.i., respectively. All DBA/2N
mice died by day 14 p.i. The entire group of C57BL/6N mice
continued to shed oocysts until the end of the 28-day
experiment. These results indicate that C57BL/6N mice
receiving DEX at a dose of 125 pg/day are the most
susceptible to infection by C. parvum.

After finding the susceptibility of the C57BL/6N mice
given DEX intraperitoneally to C. parvum infections, we
designed a study to determine the chronicity of C. parvum
infections in C57BL/6N mice compared with nonimmuno-
suppressed mice. The results are presented in Fig. 3. The
intensities of oocyst shedding were significantly greater in
the immunosuppressed than in the nonimmunosuppressed
mice. Both groups of mice commenced oocyst shedding on
day 4 p.i. The nonimmunosuppressed mice stopped shedding
after day 7 p.i., whereas the group of immunosuppressed
mice continued to shed oocysts throughout the 10-week
experiment. There appeared to be a second, but lower, peak
in mean oocyst shedding intensities on day 17 p.i. in the
immunosuppressed mice. This may have been the result of
autoinfection (8, 30). Chronically infected mice exhibited
soft (nondiarrhetic) stools, lethargy, and dehydration.

Microscopic examination of tissue sections revealed that
C. parvum was localized predominantly in the small and
large intestines of the DEX-immunosuppressed mice (Fig.
4). Specifically, cryptosporidia were noted in the gastric
glands of the stomach, duodenum, jejenum, ileum, and colon
collected on day 60 p.i. The greatest levels of parasites were
located in the jejenum, ileum, terminal ileum, and colon. The
colonization levels increased toward the end of the experi-
ment. No parasites were observed in the nonimmunosup-
pressed mice.

Three of the 10 C3H/HelJ/beige mice exhibited only mild
oocyst shedding (1+) for 5 days and subsequently ceased to
shed oocysts by day 6 p.i. No cryptosporidia were localized
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FIG. 4. Histologic section of the ileum from a DEX-immunosup-
pressed mouse. Note the numerous parasites (arrowheads) associ-
ated with the villous brush border. Bar = 70 pm.

in the intestines of any of these animals on day 7 p.i. (data
not shown). Two of 10 C57BL/6N mice given the 8% protein
diet for 2 months exhibited only mild oocyst shedding (1+)
for 6 days and subsequently ceased to shed oocysts by day 7
p.i. No cryptosporidia were localized in the intestines of any
of these animals on day 7 p.i. (data not shown).

DISCUSSION

This study demonstrates the first successful attempt to
produce chronic cryptosporidiosis in adult mice following
drug-induced immunosuppression. The impetus for these
experiments was the lack of both an in vitro culture system
and a suitable adult small animal model to study the disease
and evaluate potential anticryptosporidial agents. The most
widely used laboratory animal model for research on C.
parvum has been the neonatal mouse (2, 9, 23, 28). Unfor-
tunately, the small size and the short duration of the parasitic
infection in the neonatal mouse (only 2 to 3 weeks) constitute
significant disadvantages of this animal model. Attempts to
develop germfree adult mice as a model for C. parvum have
failed because of the low level of parasite colonization in the
gut (12).

An immunocompromised animal model for chronic
cryptosporidiosis is necessary because the most severe
infections have been reported for immunocompromised or
immunosuppressed individuals. This is particularly true for
AIDS patients. Such a model will be required to study the
effectiveness of anticryptosporidial agents as well as the
immunological defects which allow for susceptibility to
disease. Immunosuppressed models have been character-
ized for the hamster and the rat by using cyclophosphamide
(25), hydrocortisone acetate (5, 27), or DEX (26). Ungar et
al. (31) demonstrated chronic infections in neonatally in-
fected BALB/c mice treated with anti-CD4 monoclonal
antibodies. However, they were unable to produce chronic
infections in similarly treated adult mice. The genetically
immunocompromised nude BALB/c mouse has been shown
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to establish chronic infections (14, 31). Moreover, Mead et
al. (20) demonstrated chronic C. parvum infections in immu-
nocompromised SCID and NIH III (bg/nu/xid) adult mice.
The NIH III mouse has depressed natural killer cell activity
and no T-cell-mediated, T-independent B-cell-mediated, or
lymphokine-activated killer cell responses. The lack of sus-
ceptibility we found in the C3H/HeJ/beige mice suggests that
the resistance to C. parvum infections is not dependent on
the presence of natural killer cell activities. The major
disadvantages in using the SCID and NIH III mice are their
individual costs and their stringent housing requirements.

We demonstrated that DEX-immunosuppressed adult
mice of various strains respond differently to inoculation
with C. parvum. The dose of DEX administered is critical
when attempting to produce an infection. For example, the
CBA mice were particularly susceptible to DEX and died
shortly after the drug was given. The BALB/cAnN, C3H/
HeN, and DBA/2N mice immunosuppressed by intraperito-
neal injections of DEX developed only light parasitic infec-
tions which cleared within 3 weeks. However, the C57BL/
6N mice immunosuppressed by intraperitoneal injections of
DEX at a dosage of 125 pg/day proved very susceptible to C.
parvum and developed chronic infections. These results
suggest that the genetic background of the mouse plays a
significant role in susceptibility to cryptosporidiosis follow-
ing immunosuppression with DEX. The effects of DEX on
the immune system may differ in certain strains. The lack of
susceptibility to C. parvum noted in the low-protein diet-fed
mice may be the result of an incomplete immunosuppression
in these mice. Feeding the mice the low-protein diet and
assessing their immune functions for a longer period should
be considered.

A major limitation of the DEX-immunosuppressed mouse
model for cryptosporidiosis may simply be that the beneficial
effects of this model are limited to it and are not applicable to
all immunocompromised hosts. Cost effectiveness is the
primary advantage of using the DEX-immunosuppressed
C57BL/6N mouse as a model for cryptosporidiosis com-
pared with other methods of immunosuppression and other
immunodeficient mouse models. A second advantage is that
this mouse can be infected as an adult and will establish
chronic infections with C. parvum. Consequently, the
C57BL/6N mouse holds great promise of being a superior
animal model in which to test anticryptosporidial agents as
well as to discern the immunological defects which allow for
the development of chronic infections.
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