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Cryptosporidium parvum is a protozoan parasite that infects 
the gastrointestinal epithelial cells of many vertebrates, includ-
ing humans [1]. It causes watery diarrhea in infected individu-
als and can be fatal to immunocompromized individuals, e.g., 
AIDS patients [1]. C. muris is another species of Cryptosporidi-

um that targets mammalian hosts. Although it typically para-
sitizes the stomach epithelium of murine species [2], C. muris 
has also been known to infect immunocompetent as well as 
immunocompromized humans [3,4].

C. parvum has been reported to be the most highly radiore-
sistant organism ever known [5,6]. However, the resistance of 
other Cryptosporidium species to various environmental stimuli, 
including radioresistance, is unknown. Therefore, in this study, 
we investigated the radioresistance of C. muris and compared 
its radioresistance with that of C. parvum.

The Animal Care and Use Committee of Konkuk University 
(Seoul, Republic of Korea) approved this study. C. parvum (KKU 
isolate) oocysts were maintained in pathogen-free C57BL/6 fe-

male mice (8-9 week old) that had been immunosuppressed 
by adding 10 mg/ml disodium dexamethasone phosphate 
(Sigma-Aldrich, St. Louis, Missouri, USA) to their drinking wa-
ter, which was provided ad libitum [6]. C. muris (KKU isolate) 
oocysts were also maintained in pathogen-free C57BL/6 fe-
male mice (8-9 week old), but without immunosuppression. 
Oocysts were isolated as described by Petry et al. [7]. Percoll 
purification was performed as described previously, with small 
modifications [8]. 

In order to obtain a backscattered ray and simultaneously to 
reduce the temperature increase resulting from energy absorp-
tion during high-dose radiation, purified C. parvum or C. muris 
oocysts (2×107) were suspended in 1 ml of filtered (0.22 μm 
filter) water in 1.5-ml microcentrifuge tubes, which were placed 
within a 50-ml tube filled with distilled water. Irradiation, at 
doses of 50, 100, 300, 500, and 1,000 Gy, was performed with 
a 60Co IR-222 (Nordion Co., Canada) low intensity gamma ir-
radiator, at room temperature (20˚C), for 30 min. Non-irradi-
ated oocysts were kept at room temperature for the same peri-
od. Room and irradiated sample tube temperatures were mea-
sured before and immediately following irradiation. Oocysts 
were then transported from the irradiation facility to the labo-
ratory (6 hr), and used to infect mice.

Nine to 10 female C57BL/6, SPF, 3-week old mice were allo-
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cated to each experimental group; each mouse was infected 
orally with 2×106 non-irradiated or irradiated oocysts. Mice 
were then housed separately in a wire-bottom cage in a Clean 
Rack (Three Shine Co., Seoul, Korea); conventional food pel-
lets and filtered (0.22 μm) water were freely supplied. Fresh fe-
ces (1 g) were collected from each mouse every other day, from 
3 to 63 days post-infection (PI). The number of oocysts per 
gram of feces (OPG) was counted from a fecal smear stain, us-
ing the modified acid-fast staining method on feces concen-
trated by formalin-ether sedimentation. OPG data from the 
mice infected with irradiated and non-irradiaed oocysts were 
statistically compared by the t-test. 

The temperatures of the irradiation room and sample tubes 
were the same (20˚C) before and after irradiation. Mice infect-
ed with non-irradiated or irradiated (50 to 300 Gy) C. parvum 
oocysts excreted oocysts from day 3 or 5 until day 51 PI, with a 
46-48 day patent period (Fig. 1). Mice infected with 500 or 
1,000 Gy-irradiated C. parvum oocysts commenced oocyst ex-
cretion a little later, i.e., day 9 or day 13, respectively, and the 
patent period was shortened to 36-40 days. The mean value of 
the peak OPG in control mice was 27.5×104 on the 7th day 
PI, and after this, the OPG decreased rapidly. The peak OPG 
value in the 50-Gy-irradiated group was similar to that of the 
non-irradiated control group, i.e., 26.3×104 at the 7th day PI, 
but mice irradiated with 100 to 1,000 Gy irradiation showed a 
reduced peak OPG value, reaching only 28% to 16% of that of 
the control group (Table 1). Oocyst excretion continued until 
day 49-51 PI in all experimental groups and stopped thereaf-

ter. Significant OPG reduction (P<0.05) was detected in mice 
infected with C. parvum oocysts irradiated 500 or 1,000 Gy dur-
ing day 9 to 13 PI. 

On the other hand, mice infected with non-irradiated or ir-
radiated (50 to 100 Gy) C. muris oocysts excreted oocysts from 
day 11 or 13 until day 63 PI, with a 52-day patent period (Fig. 
2). In the mice infected with 300 to 500 Gy-irradiated oocysts, 
commencement of oocyst excretion was delayed up to day 49 
or 53 PI. The mean peak OPG in control mice was 84.3×104 
at the 27th day PI, and, thereafter, the OPG was maintained at 
40×104 until day 59 PI. In the 50 Gy-irradiated group the peak 
OPG value (71.0×104 at the 31st day PI) reached 90% that of 
the non-irradiated control group, but it was reduced to only 
2.6% that of the control group by 500 Gy irradiation (Table 1). 
A statistically significant (P<0.05) reduction of OPG in mice 
infected with C. muris oocysts irradiated 300 to 1,000 Gy was 
observed from day 17 to 53 PI. The oocyst excretion continued 
until the end of the experiment (day 63 PI) in non-irradiated 
control groups as well as in those irradiated with 50 to 300 Gy. 
However, the oocyst excretion period of the 500 Gy-irradiated 
group was shorter, only 8 days (data not shown). In the mice 
infected with 1,000 Gy-irradiated oocysts, no oocysts were ex-
creted.

The rate of reduction of oocyst production in mice [100- 
(number of infected mice/total number of experimental mice) 
×100] ranged from 0% to 22.0% in mice infected with 0 to 
1,000 Gy-irradiated C. parvum oocysts (Table 1). On the other 
hand, the rate of reduction of oocyst production was 0% in 
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Fig. 1. Number of oocysts per gram of feces from mice infected with Cryptosporidium parvum (A) and C. muris (B) oocysts irradiated 
with varying doses of γ-rays.
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mice infected with C. muris oocysts that were irradiated with 0 
to 300 Gy (Table 1), whereas it was 100% in mice infected with 
1,000 Gy-irradiated C. muris oocysts (Table 1).

Some of the helminthic parasites were reported to be con-
trollable by γ-irradiation doses from 100 to 600 Gy [9-11]. Oth-
er coccidian protozoa, such as Toxoplasma gondii and Eimeria 

necatrix, are controlled by 600 to 2,000 Gy [12-14]. In the pre
sent study, C. muris completely lost its infectivity in mice with 
1,000 Gy irradiation, in contrast to C. parvum, which retained 
its infectivity even with 1,000 Gy irradiation. A previous study 
found that C. parvum remains infective to mice even after irra-
diation with up to 10 kGy and lost its infectivity only after 25 
kGy irradiation [6]. Thus, in the present study, we demonstrat-
ed that C. muris required a 25-times lower dose of γ-irradiation 
to eliminate infectivity in mice, compared to that required for 
C. parvum. 

In the present study, we also noticed that the pattern of oo-
cyst excretion in mouse feces differed substantially between C. 

parvum and C. muris. Oocyst excretion of C. parvum peaked as 
early as the 7th day PI, rapidly decreased thereafter, and ta-
pered off until day 51 PI. In contrast, in C. muris infection, oo-
cyst excretion commenced much later than that in C. parvum 
but was maintained over a longer period with a considerable 
OPG. This may underlie the excellent adaptation of C. muris to 
mice, explaining its categorization as a murine Cryptosporidium.

In our study, we found that there was a significant difference 
in radioresistance between C. parvum and C. muris; this differ-
ence should be further delineated by further studies. 
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