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et al.k provided one possible explanation for this
apparent lack of uniform susceptibility in rodents
when they demonstrated that white mice below the
age of sexual maturity were uniformly susceptible to
infection but that older mice were relatively resistant.
Another possible factor was shown by Yamashita and
his associates c, d to be the strain of mice,employed,
some strains being more susceptible to secondary
hydatid infections than others. The first instance of
fertile E. granulosus secondary cyst formation in
rodents was reported by Schwabe et al.1 for white
mice and gerbils (Gerbillus gerbillus) with serial
passage to the second and third generations. Gerbils

k Schwabe, C. W., Schinazi, L. A. & Kilejian, A. (1959)
Amer. J. trop. Med. Hyg., 8, 29-36.

1 Schwabe, C. W., Luttermoser, G. W., Koussa, M. &
Ali, S. R. (1964) J. Parasit., 50, 260.

were shown to be superior to mice in terms of the
development rate of fertile cysts. Sweatman & Wil-
liams m had suggested that scolex production in
E. granulosus cysts is dependent more on the size of
the cyst than on the duration of infection and this view
is supported by the observations of Schwabe and his
associates. Subsequent studies (Schwabe, unpub-
lished observations) indicate that the jird (Meriones
tristrami) is as susceptible to infection as is the gerbil
and has the advantage of being more easily handled
and bred in the laboratory. Fertile unilocular hydatid
cysts as large as 5.5 cm in diameter have been pro-
duced in rodents (see the accompanying figure) and,
in some instances, the weight of the parasites has
exceeded that of their hosts. ,

m Sweatman, G. K. & Williams, R. J. (1963) Parasito-
logy, 53, 339-390.
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The development of Echinococcus has been in-
vestigated experimentally in the adult stage in defini-
tive hosts and in the larval stage in intermediate hosts
after both primary and secondary infections.

Development in definitive host

It is well known that the dog is a definitive host of
known species of Echinococcus but the fox and
domestic cat had never been found to be susceptible
experimentally to mature E. granulosus, expect for a
case of E. g. borealis infection described by Sweat-
man & Williams (1963). Hutchison & Bryan (1960)
reported that an attempt to infect opposums,
raccoons and domestic cats with E. granulosus had
been unsuccessful. In the jackal (Wittenberg, 1933;
Viljoen, 1937) and wolf (Matoff & Jaitscheff, 1954)
the development of E. granulosus has been successful
experimentally. Rico & Vita (1959) failed to infect
birds experimentally.
As for the development of E. multilocularis, Vogel

(1957) has stated that this parasite can develop to
maturity not only in dogs but also in cats and
foxes but his experiments to infect ferrets and badgers
yielded negative results. E. multilocularis in the dog
grew somewhat larger and produced more eggs than

in the cat and fox; the full development of this
species in dogs has been described also by Yamashita
et al. (1958). Rausch (1958) has reported that E.
multilocularis developed fully in the fox and wolf but
incompletely in the coyote. According to the experi-
mental results obtained by various workers, the time
required to reach maturity is probably about
6-9 weeks in E. granulosus and about 4-7 weeks in
E. multilocularis.

Jidejian (1957) has stated that the life-span of
E. granulosus in 5 months. This is in general agree-
ment with the findings of Hutchison (1958). How-
ever, Yamashita et al. (1956a) have shown that the
adult parasite can remain in the intestine of dogs for
at least 375 days after infection and some of the
worms attain a length of 9 mm. Vogel (1957) has
reported that E. multilocularis reached maximum
development 11/2-2 months after infection, and about
the third month after infection a reduction in size,
fertility and number of proglottides was observed.

Development in intermediate host

Primary hydatid-cyst infection. Experimental feed-
ing of eggs of Echinococcus to various animal
species has been reported by many workers. Primary
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hydatid-cyst development of E. granulosus has been
observed in sheep, pig, opossum, wallaby, cotton-rat
and bush-rat. However, in the European hedgehog,
red squirrel, hoary marmot (Marmota marmota
caligata), ground squirrels, flying squirrels, deer-
mouse, albino hamster, lemming, voles (Clethriono-
mys and Microtus), white rat and chinchilla, the
hydatid cyst did not develop experimentally. Rabbits
were almost completely resistant to egg-infection by
this species, but the development of hydatid cysts has
been obtained using massive doses of eggs (Sweat-
man & Williams, 1962). Although white mice are,
on the whole, resistant to infection with this parasite,
some workers have been successful in establishing
infections in them; but the development was reported
as being slow, cysts tended to be acephalic and only
a low percentage of mice showed infections (Yama-
shita et al., 1956b). Sweatman & Williams (1963)
produced infection in the grey squirrel and eastern
chipmunk by feeding eggs of E. granulosus borealis.
The cystic growth-rates in both animals were highly
variable but generally slow. No infection could be
produced in the white-footed mouse, in the hamster
or in the laboratory white mouse.
The growth-rate of E. granulosus cysts in animals

is highly variable, and it is slower in sheep than in
pigs. However, in the small laboratory animals,
it is faster than in domestic animals (Deve, 1949; de
Napolitano et al., 1953; Yamashita et al., 1956a,
1957, 1961; Sweatman & Williams, 1963). Sweat-
man & Williams suggested that the production of
scolices is more dependent on the size of the cyst
than on the period of infection.

Primary infection of multilocular hydatid cyst has
established experimentally in Macaca sp., Asiatic
chipmunk, cotton-mouse, deer-mouse, cotton-rat,
Cricetus barabensis, golden hamster, brown lemming,
Clethrionomys spp., Microtus spp., musk rat, Lagurus
lagurus, Mongolian gerbil or clawed jird, Apodemus
spp. and white mouse. However, rabbit, red squirrel,
hoary marmot, ground squirrels, western pocket
gopher, kangaroo-rat, harvest lemming, chinchilla,
white rat, porcupine, guinea-pig, horse, pig and goat
were resistant to infection of multilocular hydatid
cyst. The voles, especially of the genera Clethriono-
mys and Microtus, and the cotton-rat are the most
suitable intermediate hosts of E. multilocularis. The
histogenesis of multilocular hydatid cyst in rodents
has been described by Ohbayashi (1960). In the
cotton rat, but not in voles, formation of daughter
cysts has been found frequently. It is interesting that
dd-strain mouse can be infected experimentally with

both species of Echinococcus although the infection
rate is very low.
Almost all primary foci of the multilocular echino-

cocci, in orally infected experimental animals, are
found in the liver. Ohbayashi & Orihara (1964) re-
ported that out of 533 positive cases in experimental
rodents there were 518 cases in the liver, 3 cases in
the liver and lung and 12 cases in the livcr and
peritoneum. They also reported primary foci of
multilocular hydatid cyst in the subcutis of a male
vole as well as in the liver. Vogel & Schumacher
(1957) found cerebral multilocular cyst in an experi-
mentally infected vole.

Natural infection of primary hydatid cyst has been
encountered occasionally in the dog, cat and fox
(Brailsford, 1926; Ishino, 1941; De've, 1949; Witten
& Shortridge, 1961; McDonald & Campbell, 1963).
However, no worker has becn able to establish the
primary infection of hydatid cyst in the dog, cat or
fox experimentally.

Secondary hydatid-cyst infection. Secondary hyda-
tid cysts can be produced by the inoculation of scoli-
ces into experimental animals by various routes,
peritoneal, thoracic, subcutaneous, cerebral, etc.
Sweatman et al. (1963) made comparative observa-
tions on the scolex and germinal membrane of
E. granulosus as a source of secondary hydatid cyst,
and concluded that pieces of germinal membrane
from primary hydatid cyst did not develop into
secondary cysts following transfer to immature mice,
rabbits and sheep using the cerebral intraventricular
and intraperitoneal routes and therefore the scolex
appeared to be the only source of secondary
cysts. Deve (1949) has reported that the secondary
cysts of E. granulosus developed peritoneally in the
rabbit, while Lubinsky's (1960) experiments proved
negative. Deve (1933), Schwabe et al. (1959) and
Webster & Cameron (1961, 1963) have reported
secondary hydatid cyst infection in laboratory
white mice.
Rausch (1954), Lukashenko (1960) and Norman

& Kagan (1961) have maintained secondary hydatids
of E. multilocularis in cotton-rats, white mice and
gerbils by intraperitoneal inoculation of scolices.
Yamashita et al. (1957) reported that the scolex of
E. multilocularis injected into the peritoneal cavity
had a strong tendency to die at a comparatively early
stage of development and then to become incorpo-
rated into the host tissue. They also recognized that
a few scolices in the peritoneal fluid occasionally de-
vsloped into freely existing, minute masses which
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could be shown histologically to have adult-type
tissue. Yamashita et al. (1960) further observed
secondary echinococcosis, after intraperitoneal injec-
tion of scolices obtained from cysts of E. granu-
losus and E. multilocularis, in Mongolian gerbils
and mice (strains dba and C57BL/6). They con-
cluded that some animals become affected by intra-
peritoneal inoculation of scolices irrespective of
insusceptibility to oral administration of ova in
E. granulosus.

Generally speaking, the secondary hydatid cyst
was found most frequently in the liver. Yamashita
et al. (1963) reported that some of the scolices
obtained from a multilocular hydatid cyst can de-
velop into the multilocular cyst after inoculation into
a host by the intrahepatic route, but the susceptibili-
ty of the host to infection is not greater than after
intraperitoneal inoculation. It seems that the sus-

ceptibility to oral, peritoneal and intrahepatic infec-
tion tends to decline in that order. After subcutaneous
inoculation of scolices the cysts have a tendency to
grow along the needle track, and they grow much
more slowly than in the peritoneum (Yamashita
et al., 1957). The growth rate of intraperitoneally
inoculated cysts in gerbils is lower than that of simi-
larly inoculated cysts in cotton-rats; in white mice it
is even lower than in gerbils. Lubinsky (1960)
described several unsuccessful attempts to transfer
the cotton-rat strain of E. multilocularis cysts to
guinea-pigs and rabbits by both subcutaneous and
intraperitoneal injections.

It will be seen that Echinococcus larvae can be
maintained in the laboratory, by inoculation of sco-
lices from a cyst into a suitable animal host, without
passage through a definitive host and the consequent
risk to workers of infection by ova.
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The Use of Drugs against Larval Stages of Echinococcus

by JIRO YAMASHITA, Professor of Parasitology, Faculty of Veterinary Medicine, Hokkaido University,
Sapporo, Japan, and CALVIN W. SCHWABE, Professor ofEpidemiology, School of Veterinary Medicine and
School ofMedicine, University of California, Davis, Calif, USA

There are two distinctly different uses to which
chemicals or drugs which kill larval tissues of Echino-
coccus can be applied. Their first use is in surgery.
Scolicides which can be injected into cystsprior to their
surgical removal lessen the risk of secondary infection
of the host as the result of careless or accidental
spillage of hydatid " sand" at the operative site. A
second and potentially more important use for drugs
is in the treatment of human patients with hydatid
disease, particularly inoperable patients, and in the
mass treatment of infected sheep and other animals
as a feature of hydatid disease control programmes.
The requirements for chemical scolicides to be

used as adjuncts to surgery are less exacting than
those for drugs which must be administered to the
host as therapeutic agents either parenterally or per
os. For the former use, the chemical should merely
be able to kill the protoscolices and germinal tissues
of the parasite upon relatively short periods of
contact at relatively low concentrations. Such
chemical scolicides, to be of practical use, should also
be of relatively low toxicity to the host because of the
possibilities of accidental spillage into the serous
cavities. Formol has been widely used on an
empirical basis for this purpose and ethyl alcohol,
iodine preparations, mercuric chloride, phenol and
other chemicals have also been used but to a lesser
extent. In few instances have the actual scolicidal
properties of such cheinicals been determined in the
laboratory.
Among the first attempts to approach this problem

rationally was that of Meymerian and her associates a
who examined the in vitro scolicidal properties of

a Meymerian, E., Luttermoser, G., Frayha, G., Schwabe,
C. W. & Prescott, B. (1963) Ann. Surg., 158, 211-215.

38 compounds including formol and several others in
empirical use in hydatid surgery. The toxicities of
potentially useful scolicides were determined by
their intraperitoneal injection into white mice and
the determination of the LD60 for each substance.
An arbitrary measure of the relative value of scoli-
cides was then calculated by dividing the chemical's
LD50 by the product of its contact time and con-
centration. Under the experimental conditions
observed by Meymerian and colleagues and in
combined terms of maximum effective dilution,
shortest effective time and least toxicity, hydrogen
peroxide, cetrimonium bromide, iodine, octoglycine,
dihydropentiodide, sodium hypochlorite, glycerol
and formol were of potential value in that order. Of
these chemicals, sodium hypochlorite and formol are
both in routine hospital use for this purpose.
The question ofhydatid chemotherapy is a far more

complex one. In addition to exhibiting scolicidal
properties at very low concentrations, drugs for such
use must be maintainable in adequate blood con-
centrations by oral or parenteral routes of adminis-
tration. They must not be quickly metabolized to an
inactive state, must be of a low order of toxicity to
the host and must permeate the hydatid cyst wall at
a sufficient rate to occur in therapeutic concentra-
tions in the hydatid cyst fluid.
A variety of drugs have been proposed for this

purpose on the basis of their uncontrolled use in one
or a few human patients with hydatid disease.
Although none of these empirical reports will with-
stand objective scrutiny, a few drugs such as thymol
have been clinically associated with medical cure a
sufficient number of times to warrant their careful
evaluation.
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