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To understand the prevalence of Cryptosporidium infection in rodents in China and to assess the potential
role of rodents as a source for human cryptosporidiosis, 723 specimens from 18 rodent species were collected
from four provinces of China and examined between August 2007 and December 2008 by microscopy after using
Sheather’s sugar flotation and modified acid-fast staining. Cryptosporidium oocysts were detected in 83 spec-
imens, with an overall prevalence of 11.5%. Phodopus sungorus, Phodopus campbelli, and Rattus tanezumi were
new reported hosts of Cryptosporidium. The genotypes and subtypes of Cryptosporidium strains in microscopy-
positive specimens were further identified by PCR and sequence analysis of the small subunit rRNA and the
60-kDa glycoprotein (gp60) genes. In addition to Cryptosporidium parvum, C. muris, C. andersoni, C. wrairi,
ferret genotype, and mouse genotype I, four new Cryptosporidium genotypes were identified, including the
hamster genotype, chipmunk genotype III, and rat genotypes II and III. Mixed Cryptosporidium species/
genotypes were found in 10.8% of Cryptosporidium-positive specimens. Sequence analysis of the gp60 gene
showed that C. parvum strains in pet Siberian chipmunks and hamsters were all of the subtype IIdA15G1,
which was found previously in a human isolate in The Netherlands and lambs in Spain. The gp60 sequences
of C. wrairi and the Cryptosporidium ferret genotype and mouse genotype I were also obtained. These findings
suggest that pet rodents may be potential reservoirs of zoonotic Cryptosporidium species and subtypes.

Cryptosporidium spp. are protozoan parasites that infect a
wide range of vertebrates, including humans. Cryptosporidiosis
is acute and self-limiting in immunocompetent hosts but life
threatening in immunocompromised individuals (48). Humans
and animals can acquire Cryptosporidium infection through
direct contact with infected individuals or contaminated fo-
mites or by consumption of contaminated food or water (16,
47). Rodents, which are abundant and widespread, have been
considered reservoirs of cryptosporidiosis in humans and farm
animals. Previous studies based on oocyst morphology showed
that many wild rodents might serve as hosts of Cryptosporidium
parvum-like and C. muris-like parasites (4, 8, 42). The reported
prevalence rates of Cryptosporidium in rodents ranged from
5.0% to 39.2% (11–13). Nearly 40 rodent species belonging to
11 families (Sciuridae, Muridae, Cricetidae, Castoridae, Geo-
myidae, Hystricidae, Erethizontidae, Myocastoridae, Caviidae,
Hydrochoeridae, and Chinchillidae) have been reported as
hosts of Cryptosporidium spp. (10, 12, 30, 53).

Recently, PCR-based genotyping and subtyping tools have

been used in assessing the human-infective potential of Cryp-
tosporidium spp. in animals and the extent of cross-species
transmission of cryptosporidiosis in animals (47, 49, 51). Five
Cryptosporidium species and nearly 20 Cryptosporidium geno-
types of uncertain species status have been identified in ro-
dents worldwide in recent studies (3, 6, 12, 13, 18–20, 23, 26,
30, 31, 36, 39, 52, 53). Among them, C. parvum, C. meleagridis,
cervine genotype, C. muris, C. andersoni, chipmunk genotype I,
and skunk genotype have been associated with cryptosporidi-
osis in humans although the last four species and genotypes are
each responsible for only one or a few cases (47). Subtyping
based on sequence analysis of the 60-kDa glycoprotein (gp60)
gene has been used in tracking the transmission of six Crypto-
sporidium species and genotypes, including C. hominis, C. par-
vum, C. meleagridis, C. fayeri, and the rabbit and horse geno-
types (7, 37). There are at least 10 gp60 subtype families of C.
parvum, two (IIa and IId) of which are involved in zoonotic
transmission. In rodents, natural C. parvum infection is rare
(11), and only one C. parvum subtype (IIaA15G2R1) has been
reported in capybaras (Hydrochoerus hydrochaeris) in Brazil (30).

Until recently there has been no genetic characterization of Cryp-
tosporidium spp. in rodents in China. Worldwide, there are also
hardly any genetic data on Cryptosporidium spp. from pet rodents.
The purpose of this study was to determine the prevalence of Cryp-
tosporidium in some wild, laboratory, and pet rodents in China and to
assess the zoonotic potential of Cryptosporidium spp. from rodents.

MATERIALS AND METHODS

Specimens. A total of 723 fecal specimens were collected from 18 species of
rodents in several areas of China from August 2007 to December 2008. The sampled
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animals included wild, laboratory, and pet rodents. Relevant information on animal
species, sex, and age and clinical signs were recorded at the time of sample collection.

(i) Wild or captive rodents. Fresh fecal specimens were collected from eight
species of captive or wild rodents. The former included one woodchuck (Mar-
mota sibirica) in the Wild Animals Rescue Centre of Henan Province and one
nutria and eight porcupines in the Zhengzhou Zoo; the wild rodents included
five species of wild rats and mice trapped in different areas (Table 1). Brown rats
were trapped mostly from the field, granary, and the zoo in Zhengzhou City, with
some from the field in Shangqiu City, both in Henan Province. Asian house rats
(Rattus tanezumi) were trapped in a rice shop (17/33) and on a pig farm (16/33)
in Longyan City, Fujian Province. House mice were trapped in residences in
Linzhou and Kaifeng City, Henan Province. Striped field mice (Apodemus
agrarius) and Himalayan field rats (Rattus nitidus) were trapped in the fields of six
cities (Dujiangyan, Beichuan, Anxian, Pengzhou, Mianzhu, and Shijin) in Si-
chuan Province after the massive earthquake in 2008. The trapped animals were
killed and transported in coolers with ice packs to the laboratory within 48 h.

(ii) Laboratory rodents. Ten 22-day-old laboratory Mongolian gerbils were
bought from the animal facility of the Capital Medical University, and fresh fecal
specimens were collected from the animals upon arrival. Laboratory white mice
(the KM strain) and rats of 3 to 14 weeks in age were bought from the Laboratory
Animal Center of Henan Province and Henan Academy of Agricultural Sciences,
respectively, and euthanized upon arrival in the laboratory. Rectal contents from
wild, captive, and laboratory rodents were taken for parasite detection.

(iii) Pet rodents. All pet-derived specimens were from seven pet shops in a pet
market in Zhengzhou City, Henan Province. Fresh fecal specimens were col-

lected in the pet shops from red squirrels, Siberian chipmunks, chinchillas, and
Pteromys that occupied individual wire cages with removable trays for cleaning.
Because hamsters of the same species and age were housed together in glass
containers and guinea pigs were housed together in large wire cages, they were
purchased from the pet shops and euthanized upon arrival in the laboratory.
Rectal contents were taken from the four species of hamsters and one species of
guinea pigs killed (Table 1).

Cryptosporidium oocyst detection. Fecal specimens, rectal contents, and mu-
cosal scrapings from the intestine were examined for the presence of various
parasite ova, cysts, and oocysts, including Cryptosporidium. Cryptosporidium oo-
cysts were detected by microscopy after sugar flotation and modified acid-fast
staining. The sizes of Cryptosporidium oocysts of various Cryptosporidium species/
genotypes were measured using a Nikon light microscope (model Eclipse E200)
at a magnification of �1,000.

DNA extraction. Oocysts from microscopy-positive specimens were purified by
the sucrose density gradient centrifugation as described previously (41).
Genomic DNA was extracted from the purified Cryptosporidium oocysts using a
Mag Extractor Genome kit (Toyobo Co. Ltd., Osaka, Japan), based on chao-
tropic extraction and absorption onto silica-coated magnetic beads. The DNA
was kept at �20°C before being used in PCRs.

Cryptosporidium genotyping and subtyping. Nested PCR analyses of the small
subunit (SSU) rRNA and gp60 genes were done on DNA of microscopy-positive
specimens using primers and procedures previously described by Jiang et al. and
Alves et al., respectively (2, 21). Positive and negative controls were included
in each analysis. Two-directional sequencing of positive PCR products was

TABLE 1. Prevalence of Cryptosporidium species/genotypes in wild, laboratory, and pet rodents in China

Host Location of animal(s)
Total
no. of

samples

No. of
positive
samples

Prevalence
(%)

No. and/or name of Cryptosporidium
species/genotype(s) (no. of samples)c

Wild rodents 147 10 6.8 3 genotypes
Hystrix hodgsoni (porcupine) Zhengzhou Zoo 8 0 0.0
Myocastor coypus (nutria, coypu) Zhengzhou Zoo 1 0 0.0
Marmota sibirica (woodchuck) WARCHPa 1 0 0.0
Rattus norvegicus (brown rat) Zhengzhou and Shangqiu

City
64 4 6.3 Mouse genotype I (3), mouse genotype I

plus rat genotype III (1)
Rattus tanezumi (Asian house rat) Longyan City, Fujian

Province
33 6 18.2 Mouse genotype I (1), rat genotype II (1),

rat genotype III (1), mouse genotype I
plus rat genotype II (1), mouse genotype
I plus rat genotype III (1)

Mus musculus (house mouse) Linzhou and Kaifeng City 12 0 0.0
Rattus nitidus (Himalayan field rat) Sichuan province 2 0 0.0
Apodemus agrarius (striped field

mouse)
Sichuan province 26 0 0.0

Laboratory rodents 264 5 1.9 1 genotype
Mus musculus (laboratory mouse) LACHPb 229 4 1.7 Mouse genotype I (4)
Rattus norvegicus (laboratory rat) 25 1 4.0 Mouse genotype I (1)
Meriones unguiculataus (Mongolian

gerbil)
Capital Medical

University
10 0 0.0

Pet rodents 312 68 21.8 7 genotypes
Mesocricetus auratus (Golden

hamster)
Pet market in Zhengzhou

City
50 16 32.0 C. muris (6), C. andersoni (5), C. parvum

(2), C. muris � C. parvum (1), C.
andersoni � C. parvum (1)

Phodopus sungorus (Siberian
hamster)

51 4 7.8 C. muris (1), C. parvum (1), C. andersoni �
C. parvum (1), hamster genotype (1)

Phodopus campbelli (Campbell
hamster)

30 3 10.0 C. parvum (1), C. andersoni (1) C. muris �
C. parvum (1)

Phodopus roborovskii (desert
hamster)

5 0 0.0

Sciurus vulgaris (red squirrel) 19 5 26.3 Ferret genotype (5)
Tamias sibiricus (Siberian

chipmunk)
20 6 30.0 Ferret genotype (3), ferret genotype � C.

parvum (1), C. muris � C. parvum �
chipmunk genotype III (1)Chinchilla laniger (Chinchilla) 96 0 0.0

Cavia porcellus (Guinea pig) 40 34 85.0 C. wrairi (30)
Pteromys sp. 1 0 0.0

Total 723 83 11.5 10 genotypes

a WARCHP, Wild Animals Rescue Centre of Henan Province.
b LACHP, Laboratory Animal Center of Henan Province.
c Plus signs indicate mixed infections.
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done by SinoGenoMax Co., Ltd (Beijing, China), on an ABI Prism 3730 XL
DNA analyzer (Applied Biosystems). Restriction fragment length polymor-
phism (RFLP) analysis of the SSU rRNA PCR products with endonucleases
SspI and VspI was performed only on Cryptosporidium specimens from guinea
pigs prior to sequencing.

Sequence analysis. Nucleotide sequences were aligned with each other and
with reference sequences in the GenBank using ClustalX, version 1.81 (ftp://ftp
-igbmc.u-strasbg.fr/pub/ClustalX/), and the default setting, with manual adjust-

ment. Two neighbor-joining trees based on the SSU rRNA and the gp60 genes
and a maximum-parsimony tree based on the SSU rRNA gene were generated
using the software Mega 4 (http://www.megasoftware.net/). An SSU rRNA se-
quence of Monocystis agilis (GenBank accession no. AF457127) was used as the
outgroup of the tree based on the SSU rRNA gene. The reliability of branches
in two trees was assessed by bootstrap analysis using 1,000 replicates. The degree
of similarity among sequences was determined using MegAlign, version 5.0 (a
tool in the software DNAStar).

FIG. 1. Phylogenetic relationships among various Cryptosporidium species/genotypes from rodents in China and some known Cryptosporidium species and
genotypes, as inferred by a neighbor-joining analysis of the partial (�735 positions in the final alignment) SSU rRNA sequences based on distances calculated
using the Tamura-Nei 93 model and adjusted with a gamma distribution (shape parameter, 1). Bootstrap values (in percentages) above 50 from 1,000
pseudoreplicates are shown for both the neighbor-joining (the first value) and maximum-parsimony analyses (the second value). ns, node with bootstrap values
lower than 50%. Sequences from brown rats in Japan (23) are not included because of the lack of data from the 5� end of the fragment under analysis. The
multiple-sequence alignment of partial SSU rRNA sequences used in the generation of the phylogenetic tree is presented elsewhere (see the supplemental
material).
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Statistical analysis. Chi-square analysis was performed to assess the correla-
tion between the prevalence of Cryptosporidium and the age or sex of the host
using SPSS, version 11.5 (Statistical Package for the Social Sciences), for Win-
dows (SPSS Inc., Chicago, IL).

Nucleotide sequence accession numbers. Unique partial Cryptosporidium SSU
rRNA and gp60 gene sequences obtained from rodents in this study were deposited
in the GenBank database under accession numbers GQ121017 to GQ121030.

RESULTS

Prevalence of Cryptosporidium in rodents. Cryptosporidium
oocysts were detected by microscopy in 83 (11.5%) specimens
from 9 of the 18 rodent species. In wild rodents, only Asian
house rats and brown rats were positive, with prevalence rates
of 6.3% and 18.2%, respectively. In laboratory animals, the
prevalence rate of Cryptosporidium in mice and rats was 1.7%
and 4.0%, respectively. In pet rodents, guinea pigs had the
highest prevalence (85.0%) of Cryptosporidium, followed by
sciurid animals (28.2% in squirrels and chipmunks) and ham-
sters (16.9%). Cryptosporidium oocysts were not detected in
other laboratory and pet rodent species (Table 1). The preva-
lence rate of Cryptosporidium was 12.5% (74/594) and 6.9%
(9/129) in young and adult animals and 10.7% (42/392) and
12.4% (41/331) in females and males, respectively. These dif-
ferences in Cryptosporidium prevalences between the two age
or sex groups were not significant (for age, �2 � 3.13 and P �
0.05; for sex, �2 � 0.49 and P � 0.05).

Cryptosporidium species/genotypes. PCR analysis of the SSU
rRNA gene generated the expected products in 76 of the 83
specimens. RFLP analysis of the positive PCR products was
done with DNA only from guinea pig specimens, which showed
only one banding pattern, indicative of the presence of C.
wrairi. DNA sequencing of PCR products from six specimens
confirmed the identification of C. wrairi. Overall, nucleotide
sequence and phylogenetic analysis of the SSU rRNA gene
PCR products identified a total of 10 Cryptosporidium species/
genotypes, including six species and genotypes previously re-
ported in rodents, such as C. parvum, C. muris, C. andersoni, C.
wrairi, and the Cryptosporidium ferret genotype and mouse
genotype I. In addition, one Cryptosporidium genotype in rats,
the rat genotype II, had sequence almost identical to a 483-bp
sequence (AY898790) from a genotype previously reported in
a sheep (40) (see the supplemental material). The only difference
between the two was an insertion of TT in a poly(T) region in the
sequence obtained from the sheep specimen. Three new Crypto-
sporidium genotypes were found, including the hamster genotype
in a Siberian hamster, chipmunk genotype III in a Siberian chip-
munk, and rat genotype III in Asian house rats (Table 1).

Sequence and phylogenetic analyses of the partial SSU
rRNA gene indicated that the Cryptosporidium hamster geno-
type was most closely related to the W19 genotype from a New
York watershed, with 97.7% similarity. Chipmunk genotype III
exhibited highest sequence similarity (97.7 to �97.9%) to
Sbey03b and Sbey05a from California ground squirrels but
formed a clade with the seal genotype that was not supported
by bootstrap analysis (Fig. 1). Rat genotypes II and III exhib-
ited 97.1% and 96.6% sequence similarity, respectively, to their
closest relative, rat genotype I, with a 98.8% similarity to each
other. These three genotypes formed a well-supported clade
separated from other common intestinal Cryptosporidium spp.
(Fig. 1). The phylogenetic relatedness of the novel Cryptospo-
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ridium genotypes to others remains to be substantiated by
analysis of the full SSU rRNA and other genes. Sequence
differences in the partial SSU rRNA gene among the four new
Cryptosporidium genotypes in the present study and their rel-
atives are shown in Table 2.

Subtypes of C. parvum, C. wrairi, and the Cryptosporidium
ferret genotype and mouse genotype I. Sequences of the gp60
gene were obtained from C. parvum, C. wrairi, ferret genotype,
and mouse genotype I in this study. These sequences were
aligned with reference sequences downloaded from the GenBank.
Only one subtype was identified in each of the four Cryptospo-
ridium species/genotypes. Sequences of C. parvum isolates
from chipmunks and hamsters were all identified as subtype
IIdA15G1. The sequence of C. wrairi had the highest similarity
to sequences of C. hominis subtypes IgA24 and IaA19R3 at
77.2% and 77.1%, respectively. The sequence of the Crypto-
sporidium ferret genotype was most closely related to a se-
quence from C. meleagridis, with a similarity of only 71.7%.
The sequence of the Cryptosporidium mouse genotype I was
most closely related to C. parvum subtype IIfA6, with 97.2%
similarity (Fig. 2). Numbers of serine-coding trinucleotide re-
peats (TCA, TCG, and TCT) in various gp60 subtypes ob-
tained in this study are shown in Table 3.

Morphometrics of Cryptosporidium oocysts. The sizes of oo-
cysts of eight Cryptosporidium species and genotypes obtained in
the study were measured under a light microscope. The morpho-
metric measurements of oocysts of C. parvum, C. wrairi, C. ander-
soni, and C. muris were within the reported ranges, with those of
C. andersoni and C. muris significantly larger and more elongated
than those of C. parvum and C. wrairi (Table 4). Other Crypto-
sporidium genotypes from rodents had oocyst morphometric mea-

surements similar to those of C. parvum and C. wrairi although
the mouse genotype I had slightly smaller oocysts (Table 4).

Clinical signs. Most of the animals with Cryptosporidium
infection showed no apparent clinical signs of disease at the
time of specimen collection. However, five hamsters, including
one golden hamster positive for Giardia, one golden hamster
positive for both Giardia and C. parvum, and one golden ham-
ster and two Siberian hamsters with no identifiable parasites,
had fecal materials on their tails.

DISCUSSION

In this study, the overall Cryptosporidium prevalence in 723
rodents in China was 11.5%, which was within the reported
range of 5.0% to 39.2% (11–13). The infection rate (21.8%) in
pet rodents was apparently higher than infection rates in wild
(6.8%) and laboratory rodents (1.9%). This might have been
caused by the overcrowded living conditions and poor man-

FIG. 2. Phylogenetic relationship of gp60 nucleotide sequences of C. parvum, C. wrairi, and the Cryptosporidium ferret genotype and mouse
genotype I obtained in this study and known Cryptosporidium subtype families, as inferred by a neighbor-joining analysis based on distance
calculated using the Kimura two-parameter model. Bootstrap values greater than 50% from 1,000 pseudoreplicates are shown. The name of each
subtype family starts with the Cryptosporidium species or genotype designation, with C. hominis, C. parvum, C. meleagridis, C. fayeri, rabbit
genotype, horse genotype, C. wrairi, ferret genotype, and mouse genotype I represented by I, II, III, IV, V, VI, VII, VIII, and IX, respectively. The
sequence of the C. parvum subtype family IIk (AB237137) is not shown because of its short length.

TABLE 3. The number of serine-coding trinucleotide repeats in
various gp60 subtypes obtained in this study

Species or genotype No. of samples
subtyped

No. of
subtypes

Subtype
family

No. of serine-
coding

trinucleotide
repeats

TCA TCG TCT

C. parvum 10 1 IId 15 1 0
C. wrairi 6 1 VII 17 0 1
Ferret genotype 5 1 VIII 5 2 0
Mouse genotype I 5 1 IX 6 0 0
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agement in pet stores; chinchillas were mostly housed singly or
paired and were negative for Cryptosporidium spp. in this study.
Cryptosporidium oocysts were not detected in the majority of
wild rodents examined in this study, which might have partially
resulted from the small sample sizes. We reported Cryptospo-
ridium infection in Phodopus sungorus, Phodopus campbelli,
and R. tanezumi for the first time.

Ten Cryptosporidium species/genotypes were found by DNA
sequencing in this study. Concurrent infections with mixed
Cryptosporidium species/genotypes were seen in 10.8% of the
positive animals, as reported in a few previous studies (12, 42).
The oocyst shedding intensity varied by hosts; golden hamsters
shed higher numbers of C. muris-like oocysts than the other
two hamster species (hundreds versus a few per slide), and red
squirrels shed more Cryptosporidium oocysts than chipmunks.

Among the Cryptosporidium spp. found, C. parvum is the
only species commonly found in humans (47). Calves are major
recognized reservoirs for C. parvum although other ruminants
(sheep, goats, and deer) (38, 39), alpacas (43), horses (9, 17),
and occasionally carnivores (dogs, gray wolves, and raccoon
dogs) (15, 29, 35), pigs (27, 54), and rodents (mice, hamsters,
squirrels, eastern chipmunks, nutrias, and capybaras) (6, 12,
30, 31, 36, 39) are also hosts. In the present study, C. parvum
was identified in pet rodents for the first time.

Cryptosporidium muris has been found in many rodents
(mice, wood mice, rats, bank voles, Syrian hamsters, desert
hamsters, squirrels, and Siberian chipmunks), and some mar-
supials (bilbies) (45), other mammals (Bactrian camels, moun-
tain goats, reticulated giraffe, ringed seals, cats, rock hyraxes,
cynomolgus monkeys, dogs, and pigs) (11, 24, 25, 28), and birds
(tawny frogmouth) (33). It has also been identified in a few
humans in developing countries (14, 32, 34). It was found in pet
hamsters (6.6%) and pet Siberian chipmunks (5.0%) in the
present study.

In this study, C. andersoni was unexpectedly identified in pet
hamsters, and the morphology and size of its oocysts were
similar to those of C. muris (Table 4). Its prevalence (5.9%) in
pet hamsters was similar to that of C. muris (6.6%). In addition
to ruminants (cattle, sheep, Bactrian camels, and European
wisnets), natural C. andersoni infection has been found in a few
rodents (Marmota bobac) (39), birds (wood partridge) (33),
and humans.

A high prevalence (85.0%) of Cryptosporidium was found in

pet guinea pigs (mostly 	300 g), but no clinical signs of cryp-
tosporidiosis were observed, which is consistent with reports in
the literature (44). Only C. wrairi was detected in guinea pigs;
the other host-adapted Cryptosporidium sp., guinea pig genotype
II (19), was not found in this study.

The Cryptosporidium ferret genotype has been found in fer-
rets and red squirrels (Sciurus vulgaris) (26, 50). In the present
study, 26.3% of red squirrels and 25.0% of Siberian chipmunks
harbored the genotype, a result similar to that observed
(21.4%) in red squirrels (S. vulgaris) in Italy (26). The Crypto-
sporidium chipmunk genotype I, previously reported in red
squirrels, eastern squirrels, eastern chipmunks, and deer mice
in the United States and Italy (12, 26), was not detected in this
study.

The Cryptosporidium mouse genotype I was previously iden-
tified mostly in house mice (Mus musculus) and other small
rodents (yellow-necked mice, common voles, and bank voles)
and occasionally in prairie bisons, takins, red pandas, and leop-
ards (1, 5, 22). In this study, it was found in 2.0% of laboratory
mice and rats, 6.3% of wild brown rats, and 9.1% of Asian
house rats.

Several other novel Cryptosporidium genotypes were identi-
fied in rodents in this study, including the hamster genotype,
chipmunk genotype III, and rat genotypes II and III although
the rat genotype II is likely the same parasite previously found
in a sheep in Australia (40). Two common Cryptosporidium
genotypes previously found in wild brown rats in Japan, the
rat genotype I and a genotype phylogenetically related to the
W19 genotype in a New York watershed (23), were not found
in this study. Because a high sequence heterogeneity in the
SSU rRNA gene is known for W19 (21), we consider the BR3,
BR4, BR12, BR16, BR20, BR40, and BR44 sequences of the
partial SSU rRNA gene from the Japanese study to belong to
the Cryptosporidium W19 genotype and propose to name this
group of parasites the Cryptosporidium rat genotype IV. Al-
though also related to W19, the Cryptosporidium hamster ge-
notype has nucleotide substitutions in both the hypervariable
and semiconserved regions and thus should be considered a
separate genotype.

The gp60 subtyping technique is useful in tracking infection
sources of Cryptosporidium spp. Cryptosporidium parvum iso-
lates in this study were all identified as IIdA15G1, belonging to
the zoonotic C. parvum subtype family IId, which is not as

TABLE 4. Morphometric measurements of some Cryptosporidium species and genotypes in this study

Cryptosporidium species
or genotypea Animal source No. of

oocysts

Parametera

Length (
m) Width (
m) Shape index
(length/width)

Mean 95% CL Mean 95% CL Mean 95% CL

C. muris Golden hamster 50 8.10 8.00–8.20 6.03 5.98–6.08 1.34 1.32–1.36
C. andersoni Golden hamster 50 7.85 7.78–7.92 5.90 5.84–5.96 1.33 1.32–1.34
C. wrairi Guinea pig 50 5.25 5.22–5.28 4.72 4.68–4.76 1.11 1.10–1.12
C. parvum Siberian hamster 50 5.42 5.36–5.48 4.90 4.85–4.95 1.11 1.10–1.12
Ferret genotype Red squirrel 50 5.31 5.26–5.36 4.98 4.92–5.04 1.07 1.06–1.08
Mouse genotype I Laboratory mouse 50 4.83 4.79–4.87 4.07 4.02–4.12 1.19 1.18–1.20
Rat genotype II Asian house rat 20 5.14 5.06–5.22 4.42 4.35–4.49 1.16 1.13–1.19
Rat genotype III Asian house rat 20 5.21 5.14–5.28 4.40 4.31–4.49 1.16 1.13–1.19

a The morphometric measurements of oocysts from the hamster genotype and chipmunk genotype III were not obtained because of low oocyst numbers or the
presence of mixed infections. CL, confidence limit.
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common as the major zoonotic subtype family IIa (47). The
subtype IIdA15G1 was previously reported in humans and
lambs in southwest Europe (38, 46). Thus far, there have been
no confirmed C. parvum cases in humans in China, and the IId
subtype family has not been found in farm animals in the
country. Therefore, the source of C. parvum in pet rodents is
not clear. Because C. parvum was detected only in pet rodents
in this study and belonged to one subtype, it could have orig-
inated from other animals kept by the pet shop. The IId sub-
type family of C. parvum was previously known mostly as a
parasite of sheep and goats in southern Europe (38). More
samples from rodents and other animals should be examined
to understand the distribution of C. parvum and its subtypes in
China. In addition to C. parvum, partial gp60 nucleotide se-
quences of C. wrairi, ferret genotype, and mouse genotype I
were obtained for the first time.

The results of this study indicate that a high genetic diversity
of Cryptosporidium spp. exists in rodents in China. However,
this observation is based on sampling of limited animal species
in limited regions. Nevertheless, data obtained thus far suggest
that pet rodents may play a potential role in the zoonotic
transmission of Cryptosporidium spp. With the rapid increase
in the number of pet rodents in recent years, more studies
should be conducted to assess the public health importance of
Cryptosporidium spp. from rodents and the role of these ani-
mals in the transmission of human cryptosporidiosis.
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