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Fig.4. Alignment of the GDH gene diagnostic fragments generated with primers GDHF3 and GDHBS for the iso-
lates from dogs and the strains found to be of Assemblage A, B, C, or D. Dots indicate bases that are identical to
the strain Ad-136 bases, The GenBank accession number for each strain of G. intestinalis is as follows: Ad-136
(U60982), Ad-137 (U60983), Ad-141 (U60984), Ad-147 (U60985), Ad-148 (U60986), Ad-1 (L40509), Ad-2
(L40510), Ad-7 (L40508), and BAH-12 (AF069059). Ad-136, 137, 141, 147 and Ad-148 were found to have
the dog-specific genotypes, Assemblage C and D respectively. Ad-1, 2 and Ad-7, BAH-12 were found to have
the zoonotic genotypes, Assemblage A and B respectively. The sequences of the isolates (B-D) were identical to
that of isolate A. The sequence of the forward or reverse primer is underlined. The different sequence site
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Portland-1
A Assemblage A
Ad-2
r Ad-7
Assemblage B
'——— BAH-12
Ad-136
Ad-137
Assemblage C
Ad-141
Ad-147
Isolate A
Isolate B
Isolate C Assemblage D
Isolate D
0.01
=4 — Ad-148
Fig.5. Phylogram of the 4 isolates (A-D) from dogs, Portland-1,

and 9 previously published strains from the GenBank, based on
281 nucleotide sequences of the GDH gene region constructed
using the neighbor-joining method. GenBank accession numbers
for 9 strains are the same in Fig. 4.

strain Ad-148. The sequence of the isolates from dogs
examined was variant from Ad-148 sequence at only one
nucleotide position 134 (T—C) (Fig. 4), but clustered with
Ad-148 found to be Assemblage D by phylogenetic analysis
(Fig. 5). Therefore, we firstly confirmed the presence of
variant in Assemblage D. In the present study, we revealed
the genotype of Giardia isolates in Japan, and showed that
direct sequencing of the PCR product amplified with the
primer pair GDHF3 and GDHBS5 was a useful tool for dis-
tinguishing between the zoonotic and dog-specific geno-
types.
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Abstract Recent molecular studies show that Crypro-
sporidium parvum 1s composed of at least eight genotypes
including zoonotic genotypes. Therefore, it is important
to screen the genotypes of the isolates harbored in ani-
mals for the control of human cryptosporidiosis. The
ferret is a popular pet, but also a reservoir of Crypto-
sporidium. Since the infectivity of zoonotic genotypes in
ferrets remains unclear, there is a possibility these hosts
harbor zoonotic genotypes. In the present study, we
examined the genotypes of C. parvum isolates from fer-
rets in Japan using polymerase chain reaction direct
sequencing. The sequences of the isolates examined
clustered with the ferret-adapted genotype (ferret geno-
type). Our study suggests that ferrets harbor the ferret
genotype which is conserved across geographical areas.
Further study is required to determine whether ferrets
are a significant reservoir for human cryptosporidiosis.

Cryptosporidium is a protozoan parasite that is ubiqui-
tous within its geographic distribution and the range of
its vertebrate hosts. In humans and many other mam-
mals, Cryptosporidium parvum is recognized as a signif-
icant pathogen, primarily as a cause of acute, severe
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diarrheal illness. Recent molecular studies indicate that
C. parvum is not a single uniform species but is com-
posed of at least eight distinct genotypes which are
morphologically identical (human, monkey, -cattle,
mouse, dog, pig, marsupial, and ferret) (Morgan et al.
2000; Xiao et al. 20002). Molecular epidemiological
studies show that the human genotype has been found
only in humans, while the cattle genotype has been
found in humans, as well as domestic livestock such as
cattle, sheep, and goats (McLauchlin et al. 2000,
Morgan et al. 2000; Guyot et al. 2001). Therefore, the
cattle genotype is generally recognized as being zoo-
notic. On the other hand, the monkey, mouse, dog, pig,
marsupial, and ferret genotypes have been found only in
their respective hosts (Morgan et al. 2000), although a
few asymptomatic cases of infection with the dog or pig
genotype have been reported in humans (Xiao et al.
2001, 2002). Recently, the cattle genotype, which is
pathogenic to humans, was also detected in a domestic
dog and pigs (Morgan et al. 1999; Fayer et al. 2001).
Therefore, it is possible that the cattle genotype might be
harbored in a variety of animals. In Japan, the ferret is a
popular companion and sold in many pet shops, but a
survey of zoonotic pathogens in ferrets has not been
performed. In addition, only a few Cryptosporidium
isolates from ferrets have been genotyped (Xiao et al.
1999, 2000b; Sulaiman et al. 2000). In the present study,
we obtained three isolates from ferrets in a pet shop in
Japan, and identified the genotypes of the isolates by
polymerase chain reaction (PCR) direct sequencing.
Fecal samples were collected from three ferrets
exhibited at a pet shop in the city of Kanazawa, Japan.
These animals showed no clinical symptoms, such as
diarrhea, when the fecal samples were collected. The
concentration of the Cryptosporidium oocysts from fecal
samples and the extraction of DNA from oocysts were
performed by the method reported previously by Abe
et al. (2002a, 2002b). Cryptosporidium diagnostic frag-
ments were amplified by PCR with the following primer
pairs targeting the different gene loci: cryl5 and cry9 for
the Cryptosporidium oocyst wall protein (COWP) gene



(Xiao et al. 2000b), and chsp] and chsp4 for the Cryp-
tosporidium heat shock protein 70 (HSP70) gene (Gobet
and Toze 2001). Both areas amplified with the primer
pairs include a variable region which can be used to
distinguish among Cryptosporidium species as well as C.
parvum genotypes (Xiao et al. 2000b; Gobet and Toze

2001). PCR amplification was performed in a volume of

50 ul containing 1x PCR buffer, 2 mM MgCl,, 250 uM
of each dNTP, 0.5 uM of each primer, 1.25 units of Ex
Taq DNA polymerase (TAKARA Shuzo, Otsu, Japan),
and 5 ul of the DNA sample. We used the PCR buffer
and dNTP mixture supplied with Ex Tag DNA poly-
merase. Reactions were performed on a GeneAmp PCR
System 9700 thermocycler (PerkinElmer, Foster City,
Calif.). Samples were denatured at 94°C for 3 min, and
then subjected to 40 cycles of 94°C for 30 s, 55°C for
30 s, and 72°C for 60 s, followed by a final extension at
72°C for 7 min. The annealing temperature was changed
from 55°C to 56°C in case of the PCR with the primer
pair chspl and chsp4. The DNA of C. parvum strain
HNJ-1, originating from a patient, was used as a posi-

M 1 2 3 4 BM1234

A

580bp»

Fig. 1A, B Detection of Cryprosporidium specific fragments by
PCR. The A COWP and B HSP70 genes were amplified with the
primer pair cryl5 and cry9 or chsp! and chsp4, respectively. Lanes:
M, molecular marker (100 bp ladder); /, C. parvum strain HNJ-1;
2-4, isolates from the ferrets (A-C). Each arrowhead shows the
Cryptosporidium diagnostic fragment amplified by PCR

Fig. 2 Phylogram of the three
isolates (A—C) from ferrets and
cryptosporidial organisms
including genotypes previously
published (Sulaiman et al. 2000;
Xiao et al, b), based on the
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tive control. This strain has the cattle genotype (Abe
et al. 2002a). Amplification products were subjected to
clectrophoretic separation using 3% agarose gels,
stained with ethidium bromide, and visualized on a UV
transilluminator.

The PCR products were gel purified using a QIA-
quick Gel Extraction kit (QIAGEN, Hilden, Germany),
and sequenced using an ABI PRISM BigDye Termina-
tor Cycle Sequencing FS Ready Reaction kit (Perkin
Elmer) on an automated sequencer (ABI PRISM 310
model; Perkin Elmer). PCR products were sequenced in
both directions using each primer pair mentioned above.
The nucleotide sequences of the isolates were aligned by
Clustal-X (version 1.63b; December 1997). The COWP
or HSP70 sequences of the isolates obtained in the
present study were compared with sequences previously
obtained from the ferret genotype and other cryptos-
poridial parasites (Sulaiman et al. 2000; Xiao et al.
2000b), and the phylogram was created using the
neighbor-joining method (Saitou and Nei 1987).

As shown in Fig. I, Cryptosporidium diagnostic
fragments, approximately 550 bp in the COWP gene
(Fig. 1A), or 580 bp in the HSP70 gene (Fig. 1B), were
amplified by PCR with each primer pair in all isolates
from ferrets as well as from strain HNJ-1. The sequences
of the COWP or HSP70 genes of the isolates from ferrets
were 1dentical, and clearly clustered with the isolate
known to have the ferret genotype (Fig. 2) (Sulaiman
et al. 2000; Xiao et al. 2000b). Therefore, the three
isolates examined in the present study were identified as
the ferret genotype of C. parvum.

The first case of cryptosporidial infection in ferrets
was reported in 1988 in the United States (Rehg et al.
1988). However, the species and genotypes of the isolates
were not identified because the examination was per-
formed only by histopathological methods (Rehg et al.
1988). Since then, the genotypic analysis of ferret-

B . parvum monkey genotype
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C, parvum mouse genotype
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derived Cryptosporidium isolates has been performed for
only about five isolates from the United States, and all
1solates examined were found to have the ferret genotype
(Xiao et al. 1999, 2000b; Sulaiman et al. 2000). These
studies, together with the present study, suggest that
ferrets harbor the ferret genotype and that this genotype
is conserved across geographical areas. Cross-transmis-
sion studies showed that dogs, cats, mice, pigs, rabbits,
rats, and chickens, can be infected with the cattle-
derived isolates, but the isolates from cattle were not
genotyped (Fayer and Ungar 1986). In addition, recent
molecular epidemiological studies have shown the pres-
ence of the cattle genotype in a dog (Fayer et al. 2001).
Further molecular epidemiological studies or the use of
experimental infection with the cattle genotype in ferrets
is required to confirm whether these animals could act as
a significant reservoir for human cryptosporidiosis.

At present, the pathogenicity of the ferret genotype is
unclear because clinical data on the original hosts of
each isolate genotyped were not provided (Xiao et al.
1999, 2000b; Sulaiman et al. 2000). On the other hand, it
was suggested that the cause of ferret deaths on a farm
was related to infection with Cryptosporidium organisms
(Rehg et al. 1988). However, in that study, the dead
animals had received dexamethasone daily and the other
ferrets infected with Cryprosporidium showed no clinical
symptoms. Moreover, the isolates from the dead animals
were not genotyped. Therefore, it is unclear whether the
cause of death was infection with the ferret genotype. In
the present study, the ferret genotype appeared to be
non-pathogenic in ferrets since the three animals in-
fected showed no clinical symptoms. Further study is
required to fully understand the veterinary significance
of the ferret genotype in ferrets.
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