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golden hamsters, Mongolian gerbils, chinchillas and
gibbons that were orally inoculated with cysticerci
obtained from naturally infected pigs, have been
reported. Gravid proglottids were recovered only from
chinchillas and gibbons (Cadigan et al. 1967; Verster
1971, 1974; Maravilla et al. 1998). In T. s. saginata,
sexually mature tapeworms were recovered from gerbils
inoculated with cysticerci obtained from naturally
infected cattle (Kamiya et al. 1990). It has also been
demonstrated that cysticerci of T solium recovered from
SCID mice could develop to maturity in hamsters,
although only pregravid tapeworms were obtained
(Wang et al. 1999). In the present study, we examined
the infectivity and development of T. s. asiatica metac-
estodes from SCID mice in humans and its alternative
definitive host, golden hamsters and Mongolian gerbils.

Materials and methods
Parasite

Proglottids of the T. s. asiatica adult worm were col-
lected from a Taiwanese aborigine patient after dewor-
ming with atabrine (Quinacrine) (Fan et al. 1990b). The
worms were stored at 4°C in saline until used.

Development of metacestodes in SCID mice

Eggs were collected from gravid proglottids. Embryo-
phores were removed by incubating the eggs in 10%
sodium hypochlorite for 10 min, and the oncospheres
were washed five times in sterile saline. Eighteen SCID
mice (C.B-17/Icr-scidJel, female) purchased from a
commercial source (CLEA, Tokyo, Japan) were subcu-
taneously inoculated with 20,000 and 40,000 onco-
spheres or intraperitoneally with 18,600 oncospheres of
T. 5. asiatica (Table 1). The SCID mice were kept in
sterile cages and wood chips were used as bedding. The
mice were provided with autoclaved drinking water and
commercial pellet food (CLEA, Tokyo, Japan) ad

libitum. All the inoculated SCID mice were anesthetized
under diethyl ether at 10, 20, 21, 24 and 45 weeks after
inoculation and examined the presence and number of
metacestodes. To check the evagination rate, cysticerci
were incubated in calf bile in 37°C for 1 h. For the
morphological observation, evaginated cysticerci were
stored in a refrigerator at 4°C in saline overnight, fixed
in 70% alcohol, and cleared in glycerin.

Development of tapeworms in human and alternative
definitive hosts

Each of three human volunteers (1 female, volunteer A,
30 years old, 2 males, volunteer B and volunteer C, 26
and 51 years old, respectively) swallowed five 45-week-
old cysticerci that were obtained from SCID mice. After
ingesting the cysticerci, the volunteers checked their
feces daily for the presence of proglottids. Fifty-five
3-week-old male golden hamsters were purchased from a
commercial breeder (SLC, Shizuoka, Japan) and used
for the experiment after 3 weeks acclimatization
(Table 2). The hamsters were divided into two groups,
designated HI and H2, and then orally inoculated with
20 and 24 week-old cysticerci, respectively. Eighty-one
5-11 week-old male and female Mongolian gerbils
raised in our laboratory, were used for the experiment
(Table 2). The gerbils were orally inoculated with 10, 20,
21 and 45 week-old cysticerci and divided into 4 groups,
namely G1, G2, G3 and G4. The animals were injected
subcutaneously with prednisolone acetate at different
schedules as shown in Table 2. They were then orally
inoculated with cysticerci of T. s. asiatica obtained from
SCID mice by stomach tubes and fed commercial pellet
food (CLEA, Tokyo, Japan) and water ad libitum.
Animals were anesthetized with diethyl ether at 2 to
146 days post inoculation and tapeworms were collected
from their intestines. After storing the worm in saline at
4°C overnight, the worms were fixed in 70% ethanol,
stained with acid-carmine and observed under light
microscope.

Table 1 Recovery rates of T. 5. asiatica metacestodes from eighteen SCID mice subcutaneously inoculated with oncospheres

Oncospheres SCID mice Metacestodes
recovery
Source® Inoculation Inoculation Namber Age of Number Recovery
route dose autopsy (weeks) rate (%)
Average Range
A Subcutaneous 20,000 5 12,20 133.6 20-218 0.1-1.1
Intraperitoneal 18.600 5 12,20 10.8 0-30 0-0.3
B Subcutaneous 40,000 3 24,62 153.6 1-450 0.003-1.1
Subcutaneous 20,000 5 10-45 814.2 174-2,000° 0.9-6.4

# Source A: eggs collected from wornms alter deworm treatment in
December, 2003 and inoculated into mice on January 9, 2004

* Source B: eggs collected from worms afler deworm treatment in
April, 2004 and inoculated in May. 2004

" The number of recovered metacestodes from lof the 5 mice was
estimated by the dilution method (2000 metacestodes were recov-
ered) and other samples were counted without dilution
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Table 2 Alternative definitive host groups and their treatment
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Animals Cysticerci Schedule of
PA treatment®
Group Number Age Sex® Number® Age
(weeks old) (weeks old)
H1 10 6 M 6 20 A
10 6 M 6 20 B
11 6 M 6 20 C
10 6 M 6 20 D
H2 8 6 M 15 24 A
6 6 M 15 24 D
Gl 21 57 M, F 20-40 10 A
G2 11 6-9 M, F 6 20 A
11 6-9 M., F 6 20 C
10 6-9 M 6 20 D
G3 11 6-12 M 25-40 21 A
G4 17 5-11 M 2 45 E

SM: male; F: female

*Number of cysticerci/animal

“Dosage of PA (prednisolone acetate) was 0.2-0.5 mg per animal.
PA treatment schedules are as follows: A: every 7 days from 17—

Results
Development of metacestodes in SCID mice

Metacestodes were recovered from the subcutaneous
tissue inoculation site from subcutaneously inoculated
mice, and from the peritoneal cavity of intraperitoneally
inoculated mice (Table 1). The recovery rates of met-
acestodes from intraperitoneally inoculated mice ranged
from 0% to 0.3%, while those from subcutaneously
inoculated mice ranged from 0.1% to 1.1% (Table 1,
parasite source A). The recovery rate of metacestodes
from subcutaneously inoculated mice was higher than
those from intraperitoneally inoculated mice.

The total length of the evaginated cysticerci in-
creased with age, as well as the average width of the
scolex and diameter of the suckers (Table 3). Evagina-
tion rate of the recovered cysticerci was 88% for
10 week-old cysticerci, 69% for 24 week-old cysticerci
and 100% for 45 week-old cysticerci (Table 3).

Microscopic observation revealed that calcareous
corpuscles were few in 10 week-old cysticerci but
abundant in 24 and 45 week-old cysticerci (Fig. 1b, 2b).
Hooklets (rudimentary hooks) could be observed in 10
(Fig. lc, d), 24 (Fig. 2¢, d) and 45 week-old metaces-

3 days before infection; B: every 4 days from 6 days before infec-
tion; C: every 2 days.from 6 days before infection; D: no PA
treatment; £: 7 and 0 days before infection and every 14 days from
56 days after infection

todes (10-48% of the specimens of all ages possess the
hooklets). The rostellar region of 10 week-old cysticerci
was full of small-granules aggregations (Fig. lc, d),
while the rostellar regions of 24 and 45 week-old cysti-
cerci showed fewer small-granules aggregations (Ta-
ble 3, Fig. 2c, d).

The recovery rate of tapeworms was 1.2% (3/246) for
20 week-old and 1.4% (3/210) for 24 week-old cysticerci
in the golden hamster. The recovery rate of tapeworms
were 0% (0/640) for 10 week-old, 1.0% (2/192) for
20 week-old, 0.5% (2/403) for 21 week-old and
5.8%(2/34) for 45 week-old cysticerci in Mongolian
gerbils (Table 4).

Development of tapeworms in alternative definitive
hosts

Tapeworms of T. s. asiatica were recovered from golden
hamsters at days 6, 7, 12, 13 and 14 post-infection. The
worms were also recovered from immunosuppressed
gerbils at days 2, 7, 25, 36 and 62 post-infection (Ta-
ble 4). Worms were detected in the anterior part of the
small intestine. The length of the six tapeworms recov-
ered {rom the six hamsters (one worm from each animal)
after fixation, ranged from 1 mm to 6 mm, while that of

Table 3 Evagination rates and morphological measurements of T. s. asiatica cysticerci recovered from three SCID mice

Age of Morphological observation of cysticerci Evagination
metacestodes (weeks) rate”

Number of  Total length Width of scolex  Diameter of No. of calcareous

examined (pm) (pm) © suckers corpuscles

(Mean + SD) (Mean +SD) (pm) (Mean £ SD)

10 n=24 1,750 £ 470 590 £ 130 220+ 60 Few (less than 50)  50/57 (88%)
24 n=30 3,890 £ 800 680 £ 100 290 + 30 Abundant 34/49 (69%)
45 n=9 3,930+870 710 £ 060 300+£40 Abundant 25/25 (100%)
4 Evagination rate of cysticerci was examined in 100%, calf bile at 37°C for 1 h

—339—



98

Fig. 1 a-d A 10 week-old
cysticerci recovered from a
SCID mouse. a A whole
specimen. Bar, 500 ym. b Few
calcareous corpuscles (cc). Bar,
50 pm. ¢ The rostellum. Bar,
50 pm. Hooklets (1) and small-
granules aggregations (sg). Bar,
50 pm. d Drawing of the
rostellum in the Fig.le

the six tapeworms from the six gerbils ranged from
I mm to 40 mm (Fig. 4). The tapeworm positive rate of
the hamsters inoculated with 20 week-old cysticerci was
7% (3/41) and with 24 week-old cysticerci was 21% (3/
14). The tapeworm paositive rate of the gerbils inoculated
with 10 week-old cysticerci was 0% (0/21), with
20 week-old cysticerci in gerbils, 6% (2/32), with
21 week-old cysticerci, 18% (2/11), and with 45 week-
old cysticerci in gerbils, 11% (2/17) (Table 4). Genital
primordia were observed in posterior segments of the
worms recovered from the gerbils on days 36 and 62
post-infection (Fig. 3). The longest worm (40 mm in
total length) with 164 demarcated segments was recov-
ered from a gerbil at 36 DPI.

Development of tapeworms in human

Two out of the three human volunteers who took the
cysticerci shed strobila or segments of 7. s. asiatica in

their feces. Strobilae with gravid segments but without
scolex were found on day 64 (1 strobila), 90 (3 strobilae)
and 131 (1 strobila) post-infection from the volunteer A
and on day 114 (2 strobilae), 138 (1 strobila) and 194
(1 strobila) post-infection from the volunteer B. Volun-
teer C did not shed any proglottids and was deemed not
infected. The prepatent periods of T. s. asiatica infection
in the two human volunteers were 64 and 114 days,
respectively. The two human volunteers were dewormed
using atabrine at days 191 (expulsion of 3 strobilae)
and 194 (expulsion of 1 strobila) post-infection, respec-
tively. Gravid segment excretion of volunteer A was
found from 81 to 90 (mean number of proglottids
per day was 4.3 ranging from 0 to 14) and from 177
to 190 (9 proglottids per day: ranging from 0 to 42)
days post-infection. Volunieer B excreted gravid seg-
ments from 169 to 191 days (5.3 proglottids per day;
ranged from 0 to 33) post-infection. Eggs were detected
during and after the period of segment shedding in the
feces.
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Fig. 2 a-d A 24 week-old
metacestode recovered from a
SCID mouse. Bar, 500 pun.

a A whole specimen. Bar,

500 pm. b Calcareous
corpuscles completely filled the
neck region of the metacestode.
Bar, 50 pm. c¢The rostellum.
Bar, 50 ym. d Drawing of the
rostellum in the Fig.1b.
Hooklets (h) and fewer
small-granules aggregations
(sg). Bar, 50 pm

Discussion

Tt has been reported that oral inoculation with eggs of T.
5. asiatica could not produce successful infection in mice
and that only intraperitoneal inoculation of oncospheres
hatched in vitro could result in a high recovery rate of
metacestodes from SCID mice (Ito et al. 1997a; Ito and
Ito 1999). However, our results showed that only a few
metacestodes could be recovered from intraperitoneally
inoculated animals and the recovery rate was much
lower than subcutaneously inoculated ones.
Metacestodes of 7. s. asiarica had been found io
develop to maturity in the liver of experimentally in-
fected pigs, showing hooklets and active movement at
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28 DPI (Fan 1988). In SCID mice, T. s. asiatica met-
acestodes had been reported to develop to cysticerci with
a total length (after evagination) of 16 and 31 mm, and
with suckers diameter of 199 and 252 p m at 9 and
25 weeks after subcutaneous inoculation, respectively
(Wang et al. 2000). We observed a similar increase in the
total length of cysticerci, but the diameter of the suckers
was larger than those reported by Wang et al. (2000).
However, they also reported that the inner hooklets
ranged from 11 to 19 and the outer hooklets were small
and numerous on the rostellum of the 9 to 31 week-old
cysticerci in addition to the numerous calcareous cor-
puscles in the neck region of the 9 week-old cysticerci
(Wang et al. 2000). No further study on the diflerences

Table 4 Recovery of 7. s. asiatica tapeworms from Mongolia gerbils and golden hamsters orally inoculated with cysticerci obtained from

SCID mice

Animal Cysticerci inoculated Weeks post-infection at necropsy Tapeworms
recovery

Group Age (wk) Number® <1 week 1-2 weeks 2-4 weeks >4 weeks Total Number® (%)

number? (%)

H1 20 6 0/16* 2/12 1/13 - 341 (T 3/246 (1.2)

H2 24 15 11 /1 1/6 0/6 3/14 (21) 37210 (1.4)

Gl 10 20, 40 - 0/21 - - 0721 (0) 0/640 (0}

G2 20 6 1/12 1/7 0/13 - 2/32 (6) 2/192(1.0)

G3 21 25-40 0/1 1/3 1/3 0/4 2/11 (18) 2/403 (0.5)

G4 45 2 0,2 01 - 2/14 2/17 (11) 2/34 (5.8)

“ Number of inoculated cysticerci/animal

® Only one worm was detected in each infected host

¢ The number of tapeworms recovered from hamsters or gerbils/the
number of eysticerci inoculated

4 No. of positive animals/No. of examined
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Tig. 3 A tapeworm of T. s. asiatica recovered from a gerbil at day
36 post-infection. Genital primordia (g) in posterior segment of the
strobila. Bar, 200 pm

of the number of the hooklets and calcareous corpuscles
among the various ages of metacestodes had been pub-
lished. In our study, the rudimentary hooks, reported to
be inner hooklets by Eom and Rim (1993) and Fan et al.
(1995), were observed in most but not all the cysticerci of
all ages. We observed many small-granules aggregates in
place of outer hooklets as reported by Eom and Rim
(1993) and Fan et al. (1995) in the rostellar region, with
few calcareous corpuscles in the 10 week-old cysticerci.
In the 24 week-old cysticerci, we observed only few
small-granules aggregates in the rostellar region but
abundant calcareous corpuscles. We also demonstrated
that the infectivity of the cysticerci recovered from SCID
mice varied with age by using the alternative definitive
host models. No adult tapeworm could be recovered
from the alternative definitive hosts (gerbils) inoculated
with 10 week-old cysticerci, but several adult worms
were recovered from the gerbils and hamsters orally
inoculated with 20, 21, 24 and 45 week-old cysticerci.
This could be due to the insufficient development of the
10 week-old cysticerci, whereas the older cysticerci were
sufficiently developed to grow to maturity. Since the
45 week-old cysticerci showed the highest recovery rate
among the various ages, they were thought to be more
mature than other younger cysticerci.

50
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Fig, 4 Length of T\ s. asiatica adult worm recovered from either
gerbils (black circle) or hamsters (white circle) in the period of 2 to
62 days post-infection

However, in our study, animals inoculated with a
higher dose of the 21 week-old cysticerci showed lower
recovery rate than those inoculated with a lower dose of
the 20 week-old cysticerci. It has been reported that
golden hamsters inoculated with 20 cysticerci of T. so-
lium showed a lower recovery rate than those inoculated
with 10 cysticerci (Monroy-Ostria et al. 1993).

Evagination of the cysticerci scolex in vitro by incu-
bation with bile has been used for evaluating the via-
bility of cysticerci (Peniche-Cardena 2002). Fan et al.
(2000) showed that the evagination rate of the 9 week-
old cysticerci recovered from SCID mice was 77% after
incubation in 100% pig bile for 20 min at 37°C. How-
ever, the infectivity of those cysticerci has not been
demonstrated. In our study, a high evagination rate
(88%) was obtained for 10 week-old cysticerci but were
found not to be infective to gerbils. Thus, a high evag-
ination rate of the cysticerci does not always indicate
high infectivity of the cysticerci in its definitive hosts.
However, the presence of abundant calcareous corpus-
cles in the scolex and the degree of rostellar development
could be considered as important criteria for evaluating
the infectivity of the cysticerci.

Tapeworm recovery in the positive groups (HI1, H2,
G2, G3, and G4 groups) was 6.2% (2/32) at 1 to 7 DPL,
20.8% (5/24) at 8 to 14 DPI, 8.5% (3/35) at 15 to
28 DPI and 8.3% (2/24) at 29 to 62 DPI. The recovery
rate of the latter phase (29 to 62 DPI) was not lower
than that of the earlier phase (1 to 7 DPI). We
hypothesize that tapeworms of T. s. asiatica could sur-
vive in the intestine of their hosts for a long period once
they establish in the intestine. To prove the hypothesis, a
highly sensitive, reliable and quick detection method
such as coproantigen ELISA test is needed to confirm
the establishment and survival of the worms in the
intestine of the alternative definitive hosts.

It was reported that proglottids were detected in one
out of three human volunteers who had ingested
10 week-old cysticerci of T. s. asiatica obtained {rom the
liver of an experimentally inlected Freisian Holstein calf
(Chao et al. 1988). The first gravid proglottid was found
on day 122 post-infection (Chao et al. 1988). A Korean
male volunteer showed that the first gravid proglottid of
T. s. asiatica could be recovered from feces 76 days after
eating five cysticerci obtained from naturally infected
domestic pigs (Eom and Rim 1992). In our study, the
first strobila shed with feces was observed at 64 DPI in
the female volunteer, and 131 DPI in the male volunteer.
Gravid proglottids were first observed at 81 in the for-
mer and 177 DPL in the latter. Thus, there is a variation
in the prepatent period of human T. s. asiatica infection.

In the alternative definitive host infection, genital
primordia were observed in the posterior segments of the
tapeworms recovered on day 36 and 62 post-infection. It
was obvious that 7. s. asiatica develop better in the
human host than in the alternative definitive hosts.
However, a longer infection period might be necessary
for their development in the alternative definitive hosts.
In this study, the alternative definitive host models were
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shown to be effective in demonstrating the infectivity of
the various ages of T. s. asiatica metacestodes.
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REVIEW

PROPERTIES AND FUNCTIONS OF CESTODE
- CALCAREOUS CORPUSCLES

Arihiro Osanai and Haruo Kamiya

Abstract All cestodes contlain mineral concretions termed calcareous corpuscles and these concretions are likely
to be involved in the parasite survival in host environment. Nevertheless, the precise function of calcareous:
corpuscles is still unclear and has not been studied from the view of biochemistry and molecular biology. This
review inlends to summarize the published litertures about the properties, formation and function of calcareous
corpuscles and to discuss how the biochemical and molecular biological approaches on calcareous corpuscles will

be concerned in the host-parasite relationship.
Hirosaki Med. J. 56 :37—44, 2005
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ALMRERS: - REGBIEFAVIR - BRRRIHERE - FEREHE

Identification of taeniid cestode eggs - extraction of egg DNA and use of CO I gene

Yuka Kato, Nariaki Nonaka, Yuzaburo Oku, Masao Kamiya

Laboratory of Parasitology, Department of Disease Control, Graduate School of Veterinary
Medicine, Hokkaido University

IHx)ay 728U F =7 REREIEICER
FRRET LT 208, EEREICE L THRIIOH
EhoEPRAIETAIZLIEETH B, BLi
EEANER X UHRIOBHIcE Y ZF /) ay
ADIBEBWI 2T > T\ 505, Z DFR BN
ELT, BRIFDNA OFfAI L 2 7 = 7RGEHE
DOFEIEEEBEL -,

9, WEHIE L OIRERIIZ AV CERE
LD 5 DRI EER X O DNA iz o W»t
WES L 7z, BPRREEIC DV T, EEORRERE
BICHT2FA VA y o288 (7942
A0pm TYEA, 20pm CIEEE) IR TH o 7L,
DNA #i Hf 1+ # B @ QlAamp DNA Mini Kit
(Qiagen) #F\2 2 & T, HERBETH -5
HERROW#ENE (KOH fE, SDS iwinsBE
RUER, F - LA - BMBAE) 2EMET LI
TE7z, 70°C 1288 &L UV —80°CHiIc X 5%
SR AN ER MR BF T 1k DNA M 8l PCR (RBH B
W38 77 4 < — PRA, PRB iz & 2#i8) T
REOHEEIHERTEL, 1% L) VEE
L7z RO CIIEIRMNERD Sz d o Tk,

INEFTLTC. ¥ ay 7 AB3EIE (R
e & 7 3 TBER) (S ESER 7 BEEH 4K,
7 A= NVESEHR R BXUOF=7E-5bE235%
(igeHofk, MRGHh 3 4k, EIREH 2 B, S
BHSRHR b BR. FEH 1K), AFSHoREz A
WT CO I B OERERTIZHREL =, Fohi:
BEH & T TREEIN TV L RETF = 7R E&RE
DECFIE & BB LT, $8FERBETI4
< —EmSPI-A & B#A##HE L (KA), 87
Z 7 REROHHE DNA ICH L ¢ EmSP1-A & B
#HW7PCR 2{Tok b3, ZEHERTOAR
IR B 5, EmSP1-A & B O EMEHTHE
REIN, D754 2 —DORBRERFHT 572D
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Ji%H (Bag 1.Xho 1), BBiREHE (SexA 1),
HEEESEH (Sfc 1), Bkged (Nsi 1), 35 (Msl
I) BEUSEEHYADOEERITE (EcoR 1.

Hph 1) HETE 3 W#ENITIN:,
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A survey of gastrointestinal parasites‘ in dogs and cats in Kanto district
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HEEEMBL -, X5, AuE~07 7 — 1 RE
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U4 R 2HEORDBEMENRSH -7, SEOFETIET
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4 ZIPEREOEFHAIN TS, LOLIHS DR

EnHLrr Lt Eme, SHLEX/ av I RELY
Vo SR MEET A i, BEHEREEART L8N
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B SERICRE LA B LURAORERERR

Shihts BB MRNE  IBEE (%)

- 3 279 24 8.6
&2 986 5 5.2
8 10 0 0
385 29 7.5
<A RD> <3a>
ZABSHE BER BSE o SREteR  BiEE  BRE (%)
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A 3 @R 3+ 1.1 ELISARIS & 2 8 BB RENRED
A58 3 11 RERESTORKTEE
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s T BARGE WA AHIARKE BE SHBGE AR
5Y s HY 2 5Y 1 5y o
L 228 L 241 [ 80 nL 86
FRESML o FMEBORL B IR 'S B CE
#BA HRA KIZA £RA

279 279 96 96

Key words: Echinococcus, dog, cat

EEERAE  SHRRER. BEREAFRESRMA
B EE Y FERMERE , 371-8511  F¥ & R AUAGATHA AN ET
3-39-22. E-mail:kenjirok@showa.gunma-u.ac.jp
Correspondence: K. Konno, Institute of Experimen-
tal Animal Research, Gunma University Graduate
School of Medicine, 3‘39-22', Showamachi, Mae-
bashi city, Gunma 371-8511

Jpn. J. Vet. Parasitol. Vol.3. No.2 2005

—353—



PN TS 2 T 5 T 2 23R8 (BB £ 003 — 1 v 1K) @
ZASERDPRIZ O WT

SRR, BAEZER? . R
VBB AT, AGHBE R B A IR A e R

Biological and genetic characteristics of Japanese and European isolates of Echinococcus
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ZNH6DHDIFBETFRINC OHENS 5 2 L8
monTws!'?, —F, IETHITL Vw2
% @48 E multilocwlaris 1. 3 —1 v 8 T4
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BRI 2 2 EMSBE I NS, I
FTOBEME» LI, WRES, b Tl
FRANOHELH 2 DO, I —0 v L s
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