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Abstract Cryptosporidium parvum is a well-known in-
testinal parasite which is associated with severe acute
diarrhea in humans and animals. This parasite is composed
of morphologically identical but genetically different
multiple genotypes. In humans, cryptosporidiosis is mainly
caused by two C. parvum genotypes, human genotype
(previously known as genotype 1 and recently proposed as
new species C. hominis) and cattle genotype (previously
known as genotype 2). However, recent molecular studies
indicate the genetic heterogeneity among the isolates of C.
parvum human or cattle genotype. Therefore, identification
of the isolates at the subgenotype level is more useful for
control of the Cryptosporidium infection or for under-
standing of the population structure of C. parvum
genotypes. In the present study, we identified the
subgenotypes of the C. parvum human or cattle genotype
isolates from humans and animals in Japan using DNA
sequencing analysis of the C. parvum 60-kDa glycoprotein
gene (GP60) and showed the new subgenotype in a
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raccoon dog isolate. This study suggested that C. parvum
cattle genotype might be composed of zoonotic and host-
specific multiple subgenotypes.

Cryptosporidium parvum is a well-known intestinal para-
site, which causes an enteric disease in humans, domestic,
and companion animals. This parasite is composed of
morphologically identical but genetically different multiple
genotypes (Xiao and Ryan 2004). In humans, cryptospo-
ridiosis is mainly caused by two C. parvum genotypes,
human genotype (previously known as genotype 1 and
recently proposed as new species C. hominis) and cattle
genotype (previously known as genotype 2) (Xiao and
Ryan 2004). The former genotype is found almost
exclusively in humans, while the Ilatter in humans,
domestic, and wild animals (Xiao and Ryan 2004), and
therefore, it is speculated that Cryptosporidium infection in
humans occurs by either anthroponotic (human to human)
or zoonotic (animal to human) transmission.

Polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) analysis has generally been
applied for the identification of the isolates from humans
and animals at the species or genotype level (Xiao et
al. 1999, 2000). However, recently, DNA sequencing
analysis of the C. parvum 60-kDa glycoprotein (GP60)
gene had shown extensive genetic heterogeneity among C.
parvum human or cattle genotype isolates and identified
several subgenotypes in both genotypes (Ia, Ib, Id, Ie, If in
human or Ila, IIb, Ilc, I1d, Ile, IIf in cattle genotype) (Peng
et al. 2001; Leav et al. 2002; Alves et al. 2003; Peng et
al. 2003; Sulaiman et al. 2005). Therefore, identification of
the isolates at the subgenotype level is more useful for
control of the Cryptosporidium infection or for under-
standing of the population structure of C. parvum
genotypes. In the present study, we identified the
subgenotypes of the C. parvum human or cattle genotype
isolates from humans and animals in Japan using DNA
sequencing analysis of the GP60 gene and also showed the
new subgenotype in a raccoon dog isolate.
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Table 1 Cryptosporidium parvum isolates examined in the present study

Isolates Host Geographical origin Genotypes Subgenotypes
CH-46 Human Tokyo Human Ie

CH-117 Human Tokyo Human Ia

CH-146 Human Tokyo Cattle Ilc

CH-158 Human Osaka Human Ib

HNJ-1 Human Tokyo Cattle Ila

CC-140 Calf Hokkaido Cattle lla

CC-141 Calf Hokkaido Cattle Ila

CC-153 Calf Gifu Cattle Ma

CRD-154 Raccoon dog Osaka Cattle New type

The nine isolates examined originated from the five
Japanese patients, three calves, and a raccoon dog
(Table 1). Cryptosporidium oocysts were purified from
each sample by sucrose centrifugal flotation method (Abe
et al. 2002), and the genomic DNA of each isolate was
extracted and purified following the method reported
previously (Abe et al. 2002). The PCR amplification of the
following loci was performed using the TaKaRa Ex Taq
Hot Start Version (TAKARA Shuzo, Otsu, Japan). Iden-
tification of the isolates at the species or genotype level was
performed by the PCR-RFLP analyses of the small subunit
ribosomal RNA (SSUrRNA) and Cryptosporidium oocyst
wall protein (COWP) genes reported previously (Xiao et
al. 1999, 2000). The genotype of the three isolate HNJ-1,
CH-158, and CRD-154 had been identified previously
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using the neighbor-joining algorithm based on evolution-
ary distances calculated by the Kimura two-parameter
model with 1,000 bootstrap sampling, and was drawn using
the Njplot program. The partial sequences of GP60 gene of
each isolate obtained in the present study were deposited in
the DNA Data Bank of Japan (DDBJ, http://www.ddbj.nig.
ac.jp/) under accession numbers AB237130-AB237138.

Based on the RFLP profiles of the SSUrRNA and COWP
genes, two (CH-46, 117) of the three human isolates were
identified as C. parvum human genotype, while the other
was human isolate (CH-146) and the three calves isolates
(CC-140, 141, 153) as C. parvum cattle genotype (data not
shown) (Table 1). The GP60 gene was successfully
amplified in all isolates. As shown in Fig. 1, the eight
isolates except the raccoon dog isolate (CRD-154) were
classified into the subgenotypes reported previously (Peng
et al. 2001; Leav et al. 2002; Alves et al. 2003; Peng et
al. 2003; Sulaiman et al. 2005). Namely, the five isolates,
HNJ-1, CH-146, CC-140, 141, 153, from humans and
calves identified as cattle genotype were classified into Ila
or Ilc, and the three isolates CH-46, 117, and 158 from
humans identified as human genotype were into Ie, Ia, and
Ib, respectively. On the other hand, the raccoon dog isolate
(CRD-154) identified as cattle genotype was not classified
into any subgenotypes and appeared to be new subgeno-
type (Fig. 1). At present, in Japan, two subgenotypes, la
and Ie, have been found in human isolates (isolates HJ3 and
HJ2 in Fig. 1) (Wu et al. 2003), and in the present study, we
showed the presence of other subgenotypes in Japanese
human and animal isolates.

In Portugal, 41 isolates from domestic and wild
ruminants were subgenotyped and were classified into
only two subgenotypes, Ila or IId (Alves et al. 2003). The
three isolates from calves examined in the present study
were also identified as Ila. Although the data about the
molecular typing at subgenotype level of the cattle
genotype isolates from animals are limited in the world,
only Ila and IId among six subgenotypes of cattle genotype
appeared to be zoonotic and the other subgenotypes (IIb,
llc, Ile, IIf) might be human-specific. Previously, we
showed for the first time the presence of the C. parvum
cattle genotype in wild mammals (raccoon dog) and
suggested that the isolates from wild mammals might
have the zoonotic potential. However, in the present study,
this isolate (CRD-154) from raccoon dog was not classified
into any subgenotypes (Fig. 1), and therefore, we speculate
that C. parvum cattle genotype might be composed of
zoonotic and host-specific multiple subgenotypes. Further
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molecular epidemiological studies including the typing at
the subgenotype level is required to clarify the zoonotic
potential and host specificity of the subgenotypes in C.
parvum cattle genotype.
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