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Human Taenia eggs develop into cysticerci in scid mice
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SUMMARY

The intermediate hosts for Taenia saginata and T. solium are cattle and pigs (and humans for the latter), respectively. In
wiro-hatched (but not activated) oncospheres of both Asian Taenia (T. saginata asiatica, a new subspecies of T. saginata
or T. asiatica, a new species) and T. solium injected subcutaneously into the backs of mice with severe combined
immunodeficiency (scid) developed into fully matured cysticerci. Five-month-old metacestodes of Asian Taenia had no
hooklets and were bigger in size than those previously reported and similar to those of T. saginata. Their morphology
suggested that the cysticerci were more advanced than those in the intermediate host animals. It is suggested that scid mice
are valuable experimental animal models for studying human taeniid cestode infections.
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INTRODUCTION

Taenia saginata and T. solium are well-known human
taeniid cestodes. Recently, Fan (1988) reported a
unique Asian Taenia which, like T. solium, requires
pigs as the intermediate host. The metacestode
recovered from pigs has hooklets like T. solium but
adult worms from humans have no hooklets like T.
saginata. Regarding the taxonomy of this species,
two ideas suggest that it should be a new subspecies
of T. saginata asiatica (Fan, 1988; Fan et al. 1995;
Zarlenga et al. 1991; Bowles & McManus, 1994) and
a new species, T. asiatica (Eom & Rim, 1992, 1993).
Despite the taxonomic issue, these cestodes require 2
mammalian hosts for completion of their life-cycle.
The intermediate hosts for T. saginata and for both
T. solium and Asian Taenia are mainly cattle and
pigs, respectively. However, various mammals in-
cluding monkeys, rabbits, bears, foxes, rats etc were
reported to be infected with cysticerci having hook-
lets (reviewed by Gemmell et al. 1983). Recent
experimental work by Fan and his colleagues has
revealed that pigs as well as cattle and reindeer, and
cattle, goats, monkey and wild boar as well as pig
may be the intermediate host for T. saginata and
Asian Taenia, respectively. Dogs and monkeys as
well as pigs may act as the intermediate host for T.
solium (Fan, Lin & Chen, 1992 a; Fan, Lin & Chung,
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19926; Fan et al., 1992c). The definitive host for
these is exclusively human. Thus, the life-cycle of
these taeniid cestodes is based on the food chains
between cattle or pigs and humans who eat beef and
pork (and viscera, mainly the liver of pigs) con-
taminated with cysticerci of these cestodes. As a
consequence adult tapeworms develop in the
intestine and contaminate the environment with eggs
(embryonated eggs = oncosphere embryos in the
embryophores) released from the adult worms. In
T. solium infection, humans may suffer from cysti-
cercosis cellulosae due to the accidental uptake of
eggs (Gemmell et al. 1983 ; Schantz et al. 1992). The
specificity of the definitive host appears to be very
critical (Verster, 1974; Allan et al. 1991). Therefore,
we have limited critical information on these human
Taenia which are the most important causative

Table 1. Routes, sources and fates of eggs or
oncospheres of taeniid species in scid mice

(Egg = oncosphere in embryophore. Oncospheres were
inoculated orally and subcutaneously into the same
individuals.)

Inoculation
Development of
cysticerci in scid

Route With Asian Taenia T. solium

Oral
Oral
Subcutaneous

Eggs
Oncospheres
Oncospheres

No (0/4)
No (0/5)
Yes (5/5)

No (0/4)
No (0/5)
Yes (5/5)
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agents for both public health problems and economic
loss. If we can establish some experimental animal
models for cattle or pigs, it would be a considerable
advance for (i) developing new research work on
applied science in immunology such as vaccine
development and immunodiagnosis in live-stock,
humans and even wild animals to prevent cysti-
cercosis, (ii) obtaining information on environmental
contamination, or (iii) basic science in developmental
biology, immunology and co-evolution in the host-
parasite relationship etc.

In the present paper, we describe how to establish
the fully developed cysticerci in mice with severe
combined immunodeficiency (scid mice) instead of
pigs for 2 species of human Taenia, T. solium and
Asian Taenia.

inoculated subcutaneously developed into fully
matured cysticerci under the dorsal skin of scid mice
(Fig. 1 A-C). In contrast, when scid mice were orally
inoculated with either eggs or oncospheres, they
harboured no cysticerci in the liver, peritoneal cavity
or muscles. All cysticerci of Asian Taenia and T.
solium had fully developed scoleces and remained
viable 5 months after infection. The number of
cysticerci ranged from 34 to 564 in Asian Taenia,
whereas the range was 2 to 27 in T. solium. Micro-
scopical observation revealed that the 5-month-old,
cysticerci of Asian Taenia had no hooklets, although
1-month-old larvae in pigs had them. In contrast,
those of 5-month-old T. solium had hooklets
(pictures not shown).

MATERIALS AND METHODS

Animals

A total of 18, 8-week-old female mice with severe
combined immunodeficiency (scid; CQ-\l-scid),
produced at the Central Institute for Experimental
Animals, Kawasaki, Japan, were used for exper-
imental infections (Ishiwata et al. 1992). The scid
mice were infected with eggs or oncospheres orally
or subcutaneously in a safety cabinet. They were
kept in dry-heated (200 °C for more than 2 h) metal
cages with autoclaved woody bedding and covered
with a filter cap (CM-l-A, CLEA-Japan). Auto-
claved drinking water and cobalt 60-irradiated food
(CL-2, CLEA-Japan) were provided ad libitum. All
materials and waste were autoclaved after use. All
mice were autopsied under ether anaesthesia 5
months after oral or subcutaneous inoculation
according to the institutional guidelines.

Parasites

Eggs of Asian Taenia were prepared in Taiwan just
1-2 weeks before experiments, whereas those of
T. solium were collected in China and prepared in
Taiwan approximately 2 months before. Preparation
of eggs and in vitro hatching of oncospheres were
carried out according to previously described
methods (Takemoto et al. 1995; Lightowlers et al.
1984; Negita & Ito, 1994). Eggs or oncospheres,
rinsed with sterile PBS, adjusted to approximately
1 x 104/0-2 ml sterile PBS, were used for oral or
subcutaneous inoculation.

RESULTS

The results are summarized in Table 1 and in Fig. 1.
Oncospheres of these two human Taenia species

DISCUSSION

This is the first report that metacestodes of human
taeniid cestodes such as Taenia solium and Asian
Taenia (= T. saginata asiatica or T. asiatica) form
fully developed cysticerci in mice subcutaneously
infected with in ^'fro-hatched (but not activated)
oncospheres. There is only one paper by Machnicka
& Smyth (1985) showing the very early post-
oncospheral development of T. saginata in immuno-
suppressed mice. As shown in Fig. 1 F, cysticerci of
Asian Taenia were larger than those reported in pigs
(Fan et al. 1995) and the size appeared to be similar
to those of T. saginata. Although cysticerci of Asian
Taenia became calcified within a few months after
oral egg infection in pigs (Fan et al. 1995), they were
all viable and larger in scid mice after 5 months of
subcutaneous infection with oncospheres than those
recovered from pigs 1 to 2 months after oral egg
inoculation. It is suggested that the size of the
cysticercus in the intermediate mammalian host
might be controlled by some immune response
which can not kill the established larvae but restricts
the parasite to a smaller size (Mitchell, Goding &
Rickard, 1977; Lucas et al. 1980; Ito, 1985; Ishiwata
et al. 1992; Dixon & Jenkins, 1995). Alternatively,
we speculate that there might be some unknown
animal which may be a more suitable intermediate
host for Asian Taenia than the pig. If there are such
suitable host animals other than domesticated
animals, they might be some wild rodents.

In Echinococcus granulosus infection, mice may be
a good experimental animal model for human or
cattle: activated oncospheres inoculated either intra-
peritoneally or intravenously developed into cysts in
the peritoneal cavity or lung, thoracic cavity or liver
(Dempster et al. 1991). We have used immediately in
vitro-hatched oncospheres without activation of the
oncospheres. So, it would be interesting to know if in
vitro-hatched but non-activated oncospheres of E.
granulosus subcutaneously inoculated into mice could
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Fig. 1. Development of cysticerci of Taenia solium (A and D) and Asian Taenia (B,C, E and F) in scid mice. Small
arrows show individual cysticerci, whereas large arrows show massive ones under the dorsal skin of scid mice. The
smallest cysticerci of Asian Taenia (E and F) appeared to be very similar to those recovered from pigs (Fan et al.
1992a, 1995). D and E were under the same magnification; F was a higher magnification of E. D and E show
cysticerci of T. solium and Asian Taenia, recovered from the mouse in A and B, respectively.

develop into cysts. In w^ro-hatched but non-
activated oncospheres of these human Taenia can
develop into cysticerci in some tissues beyond the
usual tissue specificity, provided that they are
inoculated into such tissues. This was found to be
true for T. taeniaeformis in scid mice, when in vitro-
hatched oncospheres without activation were intra-
peritoneally infected (Ito et al. unpublished obser-
vations). Although we have no critical evidence on
the importance of activation or the importance of the
bile salt for activation, it is evident that oncospheres
could be activated (like those of Hymenolepis spp. ?)
and develop into metacestodes under some exper-
imental conditions. The maximum number of
cysticerci of Asian Taenia recovered from each
mouse was 564. We believe that we could obtain
more cysticerci from each mouse if we could inject
more oncospheres in a larger volume of PBS to
maintain the space for metacestode growth. If we
could use activated oncospheres, we might obtain
higher numbers of metacestodes in scid mice.

A more interesting finding was that the 5-month-
old, cysticerci of Asian Taenia had no hooklets,
whereas 1-month-old larvae in pigs had them (Fan,
1988; Fan et al. 1992a,b, 1995). So, it is conceivable

that the hooklets of Asian Taenia disappear or are
lost from the scolex between 1 and 5 months of larval
age.

Although we had no opportunity to obtain classical
T. saginata, which requires cattle as the intermediate
host, we do not doubt that the oncospheres would
develop into cysticerci in scid mice, since activated
oncospheres of this parasite could attain very early
larval development in immunosuppressed mice
(Machnicka & Smyth, 1985). It would be very
interesting to determine whether 1-month-old
cysticerci of either Asian Taenia or T. saginata in
pigs or cattle and/or in scid mice do or do not have
hooklets in order to obtain more critical information
on the gene control for the hooklets through
development and evolution of these human taeniid
cestodes.

In this study, we have established scid mice as an
experimental animal model for the intermediate host
of human taeniid cestodes. This model can be used
as a good in vivo incubator in checking the viability
of taeniid eggs, preparation of a standardized larval
stage to produce antigens for serodiagnosis, tools for
comparative study on developmental biology with or
without the immune system, a source of exper-
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imental infection in the definitive hosts, and in the
establishment of an experimental animal model for
human (reviewed by Ito & Smyth, 1987). Further
experiments using several mutant mice including
transgenic mice are in progress.
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