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In vitro Studies and Host-Specificity in Echinococcus
J. D. SMYTH 1

Anatomical, biochemical and physical factors may play a part in determining the host-
specificity of Echinococcus species. The author discusses the morphological differences
between the duodenums ofcommon potential carnivore hosts such as cat, fox and dog, and
the biochemical differences in intestinal physiology-particularly the composition of the
bile, which is important in the initial establishment of the parasite. After a consideration
of the histochemistry, cytology and ultrastructure of adult and larval Echinococcus, he
reviews the advances made in in vitro techniques in recent years. These are ofparticular
importance to research in hydatid disease in view of the dangers associated with maintaining
the highly infectious adult stage of Echinococcus in dogs and of the difficulty of obtaining
a sufficiency of animals infected with the larval stage. The culture of cystic E. multi-
locularis from protoscolices has now been achieved, and sexually mature adults of E.
granulosus with 3 proglottids have been grown in vitro from protoscolices; with the latter,
the major factor inducing growth in a strobilar direction is the continuous contact of the
rostellum with a protein substrate.

PHYSIOLOGICAL AND ANATOMICAL EXPLANATIONS
FOR HOST-SPECIFICITY

Definitive host

General problems. Before considering the question
of host-specificity in any detail, we need to examine
what is known regarding the processes of establish-
ment of Echinococcus in the dog gut. On theoretical
grounds, it can be argued that establishment in the
gut of a suitable host requires the following sequence
of events: (a) evagination of scolex; (b) provision of
a suitable surface for attachment; (c) provision of
suitable environmental conditions, among which the
following especially may be important: (i) pH,
(ii) gas phase-especially pCO2 and P02, (iii) Eh,
(iv) biochemical compatibility (especially amino-
acids, carbohydrates and bile salts), (v) antigenic
compatibility with the host.

Clearly, in order to be able to give an opinion
whether or not a particular animal can serve as a
definitive host, we need to know (a) the limits of the
various parameters tolerated by the parasite, (b)
precise data on the physico-chemical characteristics
of the alimentary canal of the host in question. Un-
fortunately, with regard to Echinococcus, little infor-
mation is available on either of these points.

1 Professor of Zoology, Australian National University,
Canberra, Australia.

Establishment in the intestine. It has been shown
(Smyth & Smyth-unpublished data, 1967) that the
sequence of events leading to establishment, growth
and maturation of Echinococcus granulosus in the gut
of a dog is as follows. After evagination in the upper
part of the duodenum, a process which is accelerated
by the presence of bile, the majority of evaginated
protoscolices make their way between the villi and
some enter the crypts of Lieberkuhn and become
attached there. This is a slow process, however, and
even after 5 days in the gut some 50% of ingested
protoscolices still lie between the villi and have not
penetrated into the crypts. Although organisms are
occasionally found at the bottom of a crypt, most
appear to become established only a short distance
from the mouth of a crypt. Since the transverse
section of the extended rostellum of a protoscolex
is somewhat wider than that of the cavity of a
crypt, the latter becomes distended-especially in the
region of the suckers where the diameter is, of course,
considerably wider. Each sucker also grasps a piece
of mucosa so that initial contact with the mucosa is
altogether exceptionally intimate. Occasionally, the
wall of the crypt becomes so stretched by this process
that it becomes entirely broken down and the lamina
propria penetrated. This picture of the early stages
of establishment is of considerable significance, for it
has been shown (Smyth et al., 1966, 1967) that the in-
timate contact of the scolex with a protein substrate
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as revealed here is a necessity for the induction of the
"* strobilization stimulus " which stimulates the proto-
scolex to develop in a strobilar direction. In vitro
studies (see p. 8) have shown that without such a
stimulus the protoscolex becomes vesicular and dif-
ferentiates into a hydatid cyst. Again, the fact that
a developing Echinococcus is capable of breaking
through from a crypt of Lieberkiihn into the lamina
propria is of considerable importance from the im-
munological point of view, for it implies that-at
this stage at least-the worm is partly a tissue para-
site and as such is likely to be strongly antigenic to
the host and hence potentially capable of stimulating
antibody formation and tissue reactions. The pro-
portion of worms which penetrate in this way is
probably small so that the antibody response may
not be great. It would be interesting to determine
at what stage after infection, if at all, the serum of
a dog contains antibodies to Echinococcus.
As a worm grows in length and differentiates, the

size of its suckers and rostellum greatly increases.
This condition may be responsible for the fact that
during this period the worm moves up a crypt of
Lieberkiihn, until, at about 35 days, it normally lies
with only its rostellum in a crypt and with its suckers
firmly attaching to the base of the villi.

Morphological differences between common poten-
tial carnivore hosts. This question does not appear
to have been very much studied. Smyth & Smyth
(1967) have shown that the size and shape of the villi
and crypts of Lieberkiihn differ substantially in the
dog, fox and cat. The approximate sizes of the
crypts of Lieberkiihn in the duodenum of dog, cat
and fox are as follows, although the different shapes
of the crypts in each animal make exact comparisons
difficult:

Host

Dog
Fox
Cat

Shape

Slit-like
Round
Oval

Width

15.8 I&
4.8 I
17.5 P'

* Mean of 10 measurements.

This " microtopography " of the gut almost cer-

tainly plays a part in determining whether a parti-
cular " strain " can live in a particular host. Size
comparisons are difficult to make accurately because
the size of the scolex depends to some extent on the
age of the worm and no information is available on

sizes from infections of the same age. However, the
mean sucker size of E. granulosus at 135 days is

118.8 ,u compared with a mean of 87.3 ,u in E. multi-
locularis after a longer period of growth (290 days)
(Yamashita et al., 1958). This means that a host
duodenum with a particular villus or crypt size may
be more suited to one of the two sizes of suckers
and rostellum than the other. There is no direct
evidence that host-specificity could be related to the
sucker and/or rostellum size of the worm and, at
present, any speculation on these grounds can be no
more than that.

Biochemical differences in intestinal physiology.
Apart from differences in the chemical composi-
tion of bile, the possible differences between the
physiology of potential carnivore hosts have not
been examined.

Bile could play a part in determining host-speci-
ficity in either a positive way, by being essential for
some part of the establishment process, or in a
negative way, by being toxic and thus making estab-
lishment impossible. The physiological properties
of bile are complex but are probably mainly related
to the detergent properties of the bile-salt molecule.

Bile salts have long been known to stimulate evagi-
nation of the cestode scolex as well as to act syner-
gistically with trypsin to digest cyst membranes.
Most of the common bile salts-as well as deter-

gents such as Tween 60-greatly accelerate the evagi-
nation of the scolex of Echinococcus, but many bile
salts, even if they do this, have toxic or lysing effects.
Thus, deoxycholic acid-a constituent of ox bile-
causes very rapid lysis of the cuticle (Smyth, 1962c).
Further work showed that the bile from other herbi-
vores, such as hare, rabbit and sheep, likewise caused
lysis of the cuticle of E. granulosus-as did that from
man-whereas bile from the carnivores, fox, cat
and dog, had no such effect (Smyth & Haslewood,
1963; Smyth, 1962c). As a rule, the herbivore biles
producing lysis were those reported as being rich in
deoxycholic acid, largely conjugated with glycine.
Bile from the dog is relatively poor in deoxycholic
acid, which in carnivores is largely linked with
taurine.

It follows, then, that Echinococcus protoscolices
could not become established in a host whose bile
contained a concentration of deoxycholic acid over
a certain threshold level.

Again, taking the positive point of view, a specific
bile salt may be necessary for stimulating the meta-
bolism in some way (such as by affecting the mito-
chondria/cytoplasm interface) and it may be that
Echinococcus can develop only in a host containing
such a salt. Such a conclusion is not, however, sup-
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ported by in vitro experiments, for it has been shown
(see pp. 10-11) that maturation in vitro can occur in
the absence of bile salts.

Intermediate host
Almost nothing appears to be known regarding

the possible physiological or biochemical factors
involved in host determination. Bile is known to be
involved in the hatching and activation of cestode
eggs and Berberian (1957) has shown that human
bile, intestinal juices of sheep and cattle, and arti-
ficial pancreatic juice caused rapid disruption of the
embryophores of E. granulosus and activation of the
oncospheres. In dog bile or dog or cat jejunal juice
hatching was poor and oncospheres were non-mobile.
This may account for the general immunity of dogs
and cats to hydatid disease, although instances of
both dogs and cats being infected with hydatids are
known (Whitten & Shortridge, 1961). Since dogs
infected with E. granulosus would clearly be in con-
tinuous contact with eggs, the immune mechanism
which prevents infections in dogs-whether its nature
be physiological or immunological-must be well
developed.

HISTOCHEMISTRY, CYTOLOGY AND ULTRASTRUCTURE
OF ECHINOCOCCUS

Adult worm
Histochemistry. In general, the cytology and histo-

chemistry of the adult worm have been little studied.
Very few studies on the enzyme distribution have
been made. Both acid and alkaline phosphatases
have been detected in the cuticle (Kilejian et al.,
1961; Yamao, 1952) although the former authors
failed to detect acid phosphatase. The periodic-acid-
Schiff (PAS) technique when appied to Echinococcus
(Kilejian et al., 1961) has confirmed the chemical
results of Agosin et al. (1957) that large quantities
of glycogen are present. The glycogen appears to be
stored mainly in the parenchyma with lesser quantities
in the vitelline glands and ova, while the reproductive
organs were reported as being free from glycogen.
With one exception, the cytology of Echinococcus

does not appear to differ much from that of other
cyclophyllidean cestodes. The exception is the occur-
rence of a group of cells in the extreme tip of the
rostellum forming the rostellar gland (Smyth, 1963,
1964a, 1964b). The existence of this gland was
predicted when adult strobila freshly removed from
dogs and examined microscopically on a warm stage
were found to release drops of secretion. The gland

consists of about 30 spindle-shaped cells, many of
which contain drops of a secretion of various sizes.
This secretion is extremely labile and exceptionally
refractory to fixation by normal, routine fixation
procedures. Prolonged fixation (several months) in
formol will (just) preserve it; it is, however, readily
fixed in Zenker-formol. After fixation in the latter
for about three days, the globules are sufficiently
well preserved to withstand paraffin-wax embedding.
Histochemical evidence suggests that the secretion
is a lipoprotein but the histochemical reactions are
remarkably weak and the chemical nature of the
secretion at present remains something of a-mystery.
Since the gland only becomes well developed and
commences to secrete as the worm approaches
maturity, it is likely that the secretion is concerned
in some way with the regulation and control of the
maturation process but it may prove to be histolytic
in nature.
Chromosome number. The chromosomes ofEchino-

coccus are extremely small and difficult to observe.
The diploid number is 2n =18 (Smyth, 1962a) as
determined in aceto-orcein squashes after mitosis
had been inhibited by colchicine treatment. The
chromosomes contain two large banana-like chromo-
somes which are particularly characteristic. No in-
formation on the chromosomes of E. multilocularis
is available and this is an area which especially needs
further study. It would be particularly interesting
to determine whether any gene or chromosome
abnormalities occur in any of the " strains " of
Echinococcus from different areas of the world.

Ultrastructure. Studies by Morseth (1966) have
shown that the structure of the tegument (= cuticle)
in general follows the pattern reported in other
cestodes.

Briefly, the cuticle consists of a cytoplasmic modi-
fication (the distal cytoplasm) of cells (the peri-
nuclear cytoplasm) lying in the parenchyma. The
surface of the tegument is drawn out into spine-like
projections-or microtriches-as in other cestodes.
Vesicular inclusions of unknown composition and
function are found in the distal cytoplasm. The
tegument appears to be multinucleated in some
places, confirming the view that this structure is
syncytial,in nature.
The ultrastructure of the spermatozoa, flame cells

and some other specialized structures have also been
studied (Morseth, unpublished) but these do not
appear to differ from the general invertebrate pattern.
The cuticle appears to be rich in fine, hair-like,
sensory endings.
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Hydatid cyst

Histochemistry. One of the most interesting ob-
servations on the histochemistry of the cyst has been
that within a cyst a protoscolex is covered with a
PAS-positive material which is readily demonstrated
histochemically (Kilejian et al., 1961, Smyth et al.,
1966; Morseth, 1967). This layer is continuous
with a fine PAS-positive coating lining the germinal
layer-both these layers are fast to amylase and there-
fore are not glycogen, although the latter is present in
the germinal membrane as well (Kilejian et al., 1961).
These results suggest that the layer covering the pro-
toscolices is a mucopolysaccharide. It may be specu-
lated that, in an exposed cyst, such a layer may serve
to slow down desiccation and in this way could have
some survival value for the organism. This layer
may also be strikingly demonstrated by use of the
fluorescent dye Primuline, for which it has an un-
explained affinity. Under the fluorescent microscope
this dye fluoresces yellow-green at 422 A. By means
of fluorescent-labelled antibody, this mucopoly-
saccharide layer has been shown to be immunologic-
ally identical with the P human blood group sub-
stance (Smyth, Morgan, Morgan & Watkins-un-
published data, 1966). It was previously shown by
Cameron & Staveley (1957) that the hydatid fluid
contained a specific anti-P-inhibiting substance and
the occurrence of this layer is likely to account for
the origin of this substance.

Kilejian et al. (1962) have shown that the hydatid
fluid and protoscolices contain a mucopolysaccharide
-other than glycogen-with a characteristic infrared
spectrum and containing only galactose and glycogen
as the sugar units. The same material was also iso-
lated from the laminated membrane. It is interesting
to note that in protoscolices cultured in vitro a lami-
nated envelope develops (see p. 9) and the culture
fluid is strongly positive for the anti-P-inhibiting sub-
stances (Smyth, Morgan, Morgan & Watkins-un-
published data, 1966).

Ultrastructure. Ultrastructure studies have shown
that when a protoscolex is evaginated, the region from
the suckers to the tip of the rostellum is free from
the mucopolysaccharide layer but possesses micro-
triches. The implication of this is that, when freshly
evaginated, only this anterior region is capable of
making a close association with the gut wall. In the
posterior region, the microtriches are not fully
developed but are represented by small knob-like
projections of the tegument, which are covered by
the mucopolysaccharide layer. The knob-like struc-

tures probably represent the bases of microtriches
which later develop spines (Smyth et al., 1966;
Morseth, 1967; Smyth, 1967).

Ultrastructure studies on the laminated layer show
it to consist of a network of fine fibres (Morseth,
1967). Dense granular material is scattered through-
out these fibres except in the area immediately below
the germinal " membrane ". The latter sends finger-
like processes into the fibrous material of the lami-
nated layer. These projections may help to prevent
the detachment of the germinal layer from the lami-
nated layer.

IN VITRO CULTIVATION OF THE PARASITE

General background and problems
The progress of research in hydatid disease is much

hampered by the dangers associated with maintaining
the highly infectious adult stage of E. granulosus in
dogs, and hence the establishment of a technique for
the in vitro cultivation of this stage is especially im-
portant. As detailed below, this end is now in sight.

Again, although the larval stage is not infectious,
supplies of infected animals are frequently difficult
to obtain, so that a technique for in vitro cultivation
of the cystic stage would likewise be of considerable
value. At least for E. multilocularis, this aim has now
been achieved, as outlined further below.
Although the techniques described below are still

rather specialized, they are undoubtedly capable of
simplification to the level of routine techniques.
When this stage is reached-and it may not be very
far away-it is likely that we shall enter a particularly
fruitful period of research which should enable us to
solve some of the basic problems relating to the
development, morphogenesis and physiology of the
adult Echinococcus.

Cultivation of the cystic stage
Under this heading are included unsuccessful

attempts to cultivate the strobilate stage, which have
resulted in the development to the cystic stage.
The protoscolices from a hydatid cyst are, of

course, unusual in being capable of differentiating
in either of two directions: (a) into an adult strobi-
lated tapeworm, when eaten by a dog; or (b) into a
hydatid cyst, if one should leak out of a cyst and
reach a tissue site, as in secondary hydatidosis. Most
culture attempts to date have utilized cystic materials
-either protoscolices or pieces of germinal mem-
brane. Apart from one experiment by Webster &
Cameron (1963), there do not appear to have been
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any attempts made in which the oncosphere stage
was used as starting material. This is perhaps under-
standable in view of the highly infectious nature of
the eggs.

Cultivation ofcystic E. multilocularis. Two groups
of workers have succeeded in culturing in vitro viable
cysts of E. multilocularis from protoscolices or ger-
minal membrane as starting material. The first of
these were Rausch & Jentoft (1957), in Alaska, who
succeeded in culturing E. multilocularis from voles.
Unfortunately, their original paper is of limited value
to other workers as it provided only incomplete
details of the techniques used and no further infor-
mation was published. Thus, detailed data on the
volume, media composition or type of culture con-
tainer were not given. These authors used a basic
medium of 40% ascitic fluid in Hanks's saline to-
gether with other nutrients such as vole embryo
extract. HeLa cells were also used in some media.
In these experiments, fragments of undifferentiated
germinal tissues cut from cysts were used and not
protoscolices. In the host medium (basic medium
plus vole embryo extract with HeLa cells) the tissues
proliferated and produced vesicles after 29 days'
culture; by 55 days some 20 protoscolices were pre-
sent in vesicles. Vesicles were infective to voles when
injected into the body cavity.
Somewhat similar experiments were carried out

by Lukasenko (1964) utilizing protoscolices, separate
vesicles and minced tissues of Alveococcus ( = Echino-
coccus) multilocularis. The best results were obtained
using Parker 199 medium supplemented with cotton-
rat (Sigmodon hispidus) embryo extract, bovine serum
and lactalbumin (hydrolysate?). In culture, vesicles
could be seen by the naked eye after 38 days and a
laminated membrane appeared at 54 days (contrast
with 21 days for E. granulosus, see below). After
99 days, the vesicles contained protoscolices with
hooks. The viability of these protoscolices was
proved by inoculation of cotton-rats by intraperito-
neal injection.
Yamashita et al. (1962) utilized protoscolices as

culture material and obtained them by treating brood
capsules with trypsin before cultivation. These
workers used a basic medium of 0.5% lactalbumin
hydrolysate in Hanks's saline reinforced with bovine
serum, bovine bile and liver extract. In these experi-
ments, protoscolices developed only in a cystic direc-
tion. This could take place by either of two routes:
(a) by the protoscolices becoming vesicular and even-
tually secreting a laminated membrane, or (b) by
each protoscolex forming a posterior bladder

(= vacuole). In some cases, germinal cells, similar to
the early formation of a brood capsule, were formed;
fully formed protoscolices were not found, however.

Cultivation of cystic E. granulosus. Smyth (1962b)
simultaneously obtained results with E. granulosus
almost identical with those of Yamashita et al. for
E. multilocularis. Smyth used a variety of natural
and synthetic media (hydatid fluid, bovine serum,
bovine amniotic fluid, embryo extracts (chick and
bovine) and synthetic media (Parker 199) and com-
binations of these) as culture media. Protoscolices
were treated with pepsin followed by a trypsin-pan-
creatin-bile mixture to eliminate dead and degene-
rating material. As stated, the results obtained were
almost identical with those of Yamashita et al., i.e.,
protoscolices formed small hydatid vesicles by either
becoming vesicular or forming a thin-walled posterior
vesicle. In both cases a laminated envelope was
secreted. Histochemical tests showed that this lami-
nated envelope was strongly PAS-positive and ap-
peared to be immunologically and histochemically
identical with the mucopolysaccharide laminated
layer of a fresh hydatid cyst. That this material is
an anti-P-inhibiting substance (= P) is shown by the
fact that (a) the medium in which the protoscolices
were cultured becomes strongly positive for anti-P-
inhibiting substance, and (b) a protoscolex secreting
a laminated membrane in vitro fluoresces brightly
when treated with fluorescent-labelled anti-P-serum
(Smyth, Morgan, Morgan & Watkins-unpublished
data, 1966). Later workers, who obtained results
very similar to these with E. granulosus were Gurri
(1963) and Pauluzzi et al. (1965). Pauluzzi et al. found
that vesicular development with formation of a lami-
nated membrane occurred in a number of media-
mainly combinations of Parker 199 and various
animal sera. Gurri maintained cultures of proto-
scolices from sheep, pigs, and cattle for periods up
to 125 days and obtained cysts up to 800 ,t in diam-
eter; the medium used was a complex synthetic
medium plus 20% serum. Although cystic develop-
ment was obtained, this worker found that no lami-
nated membrane appeared in vitro-although when
protoscolices were injected intraperitoneally into
white mice they formed a laminated envelope within
15-20 days. The failure of cultured organisms to
form laminated membranes in Gurri's experiment
is in striking contrast with that obtained by all
other authors, mentioned above, and is difficult to
account for. This anomalous result may, however,
provide a clue to the mechanism of the formation
and secretion of the laminated envelope, since the

9



J. D. SMYTH

medium used by Gurri may prove to be deficient in
some factor necessary for the formation of this muco-
polysaccharide layer.

Factors controlling cystic differentiation: vesicula-
rization. A feature of the experiments described
above is the fact that worms cultured in vitro readily
become vesicular and eventually form miniature
hydatid cysts. We can ask the question, under what
conditions does vesicularization occur and how is it
that protoscolices do not simply remain protosco-
lices ?

In an attempt to obtain information on this point,
Smyth (1967) has examined the effect of some phy-
sical factors on vesicularization in vitro. The effect
of oxygen tensions of 0% (anaerobic), 10%, 20%
4nd 95% and of pH (6.5-8.0) was examined. It was
found that under anaerobic conditions or under high
oxygen tensions (95 %) protoscolices became rapidly
vesicular, whereas at levels of oxygen of 10%-20%
this did not occur. Again, a low pH (6.5) or a high
pH (8.0) induced vesicularization but not a pH at
levels of 7.0-7.4. Similarly, high levels of bile caused
the same effect. Smyth concluded from these obser-
vations that any abnormal condition in vitro causes
a protoscolex to develop in a vesicular direction.
Webster & Cameron (1963) had previously come to
the same general conclusion for E. multilocularis.

Also, according to these workers, an acid pH was
necessary for strobilar development and a pH of 7.0
induced vesicularization. Since this result did not
appear to be supported by controlled experimental
data and is in contrast to that obtained above for
E. granulosus, it would appear to require confirma-
tion. Since a vesicular protoscolex rapidly secretes a
laminated envelope (thus essentially becoming a
miniature hydatid cyst), the process of vesiculari-
zation can be considered to serve a protective func-
tion when viewed against the life-cycle of the worm.

Factors controlling cystic differentiation: posterior
vesicle formation. In monophasic media, proto-
scolices which did not become vesicular developed a
posterior vesicle which eventually secreted a lami-
nated membrane and become a miniature cyst
(Smyth, 1962b, 1967). This vesicle is believed to
develop from the remains of a fragment of germinal
layer left at the original point of contact of the
protoscolex with the germinal layer.

In vitro cultivation of protoscolex to an adult stro-
bilate worm
Preliminary experiments. Determination of the

factors which control the development of a proto-

scolex in a strobilar direction has proved to be one
of the most baffling and refractory problems in
hydatid research. Of the earlier workers mentioned
above, only Webster & Cameron (1963) and Luka-
senko (1964), utilizing mainly E. multilocularis, ob-
tained some degree of early strobilization. Webster
& Cameron (1963) tried some 46 media, mainly com-
plex media, and obtained a few strobilate worms
which, however, degenerated and failed to develop
genitalia. The precise conditions under which this
result was obtained were not, however, clarified by
these workers or confirmed by further work. A very
similar result was obtained by Lukasenko (1964),
who reported the development, in some media, of
strobila with 2-3 segments, but no development of
genitalia took place.

Successful cultivation- of protoscolices to sexually
mature strobilae. The general failure of the usual
culture techniques to induce growth in a strobilar
direction, with proglottid formation and develop-
ment of genitalia, led Smyth et al. (1966) to the con-
clusion that some wholly unsuspected and unusual
requirement was missing from the culture conditions
provided. This led to the re-examination of the con-
ditions under which a worm lives and grows while
attached to the intestinal mucosa. These conditions
have already been dealt with earlier and, in summary,
it was shown (a) that, within the small intestine of a
dog, worms penetrate deeply between the villi with
each sucker drawing a plug of epithelium into its
cavity, (b) that the everted and extended rostellum
of a worm normally penetrates a crypt of Lieberkuhn,
and (c) that the rostellar tip contains gland cells which
secrete externally. Consideration of these led us to
the conclusion that contact of the scolex with the
mucosal epithelium was so close that perhaps it could
be regarded as more of a tissue parasite than an
intestinal one, at least during the early stages of
establishment. If this hypothesis were sound, the
organism would not only be absorbing nutritive
materials from the intestinal contents but it could
also be absorbing directly through its contact with
the mucosa. In other words, the scolex of Echino-
coccus could be regarded as being essentially pla-
cental in nature. The fact that only the rostellum and
suckers of a newly evaginated protoscolex bore
microtriches reinforced this hypothesis.
These considerations led us to speculate that the

requirement lacking in the in vitro systems used was
the provision of a solid substrate which could act as
a supporting surface and from which, at the same
time, nutriment could be directly obtained.
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Experiments have shown, in fact, that this general
hypothesis appears to hold, although a number of
basic problems had to be overcome before it could be
adequately tested (Smyth et al., 1966, 1967; Smyth,
1967). The main one of these was concerned with
obtaining satisfactory evagination of the protosco-
lices. Although some evagination will take place
without preliminary treatment, the process is greatly
accelerated by treatment with enzymes. It is known
that pepsin plays some role in evagination, but fur-
ther treatment with pancreatin and trypsin in the
presence of bile serves the dual role of accelerating
evagination and removing cystic debris. Pretreat-
ment with pepsin (0.025%, 3 x crystallized) at pH
2.0 (15 min) followed by treatment with 0.3% pan-
creatin + 0.1 % trypsin (2 x ) + 5% dog bile or the
equivalent bile salt (for 1-3 hours) produces initial
evagination of over 90% of protoscolices. In any
one batch of cultures, the degree of evagination ap-
pears to be related to the source and freshness of the
material and in most cases the proportion evaginating
falls to about 10%-30% after about 3 hours.
Once the problem of evagination was essentially

overcome, culture attempts were carried out with
diphasic media, using liquid and solid phases. The
culture system, in screw-top bottles, consisted of a
solid base of coagulated bovine or canine serum into
which a series of small holes had been made with a
fine glass pipette; alternatively, the surface was
roughened. The whole was covered by a liquid phase
of Parker 199 + 20% hydatid fluid. A gas phase of
8.8% 02 + 5% CO2 in N2 was initially used. In this
diphasic system, a marked change came over the
cultures; organisms which were evaginated remained
so, became visibly elongated and eventually stro-
bilated. Under the best conditions in this system,
worms became segmented and finally formed 3 pro-
glottids, as in a dog gut, although the rate of
development was only about half as rapid as in
the dog.

In early experiments, Parker 199 was used exclu-
sively as the basic synthetic medium, and in this
medium development did not proceed beyond the
point of formation of 3 proglottids with the appear-
ance of the genitalia anlagen. A much improved
medium, consisting essentially of Parker 858 + 20%
hydatid fluid, containing enough NaHCO3 to raise
the pCO2 to 12 %-15% with a gas phase of 5% CO2
at pH 7.4, was later developed (Smyth, 1967). In
this medium maturation has been repeatedly ob-
tained (Smyth et al., 1967). The male and female
genitalia became fully developed and a large number

of spermatozoa were produced. It is especially in-
teresting to note, however, that mature, embryonated
shelled eggs did not form in these cultured worms.
Cytological examination showed that in such worms
the receptaculum seminis was empty, indicating that
fertilization had not taken place. Although this
result clearly suggests that some physical requirement
to fertilization is lacking in the culture system used,
such a result has a curious advantage, for it means
that the organism may now be safely cultured in the
laboratory without the danger of infection from eggs.
The high pCO2 used in this system may be

related to C02-fixation with subsequent formation
of pyruvate or fumarate and its use in the oxida-
tion of reduced nicotinamide adenine dinucleotide
(NADH). The optimum gas phase appears to lie
between 10% and 20% 02, for below and above this
level abnormalities tend to develop. However, the
precise optimum P02 has not been determined. Thus,
the factors which induce in vitro strobilization of
Echinococcus are now known but the exact limits of
their action are not yet precisely defined. It now
remains to adapt the technique so that (a) large
numbers of worms may be produced, in mass cul-
tures, making it possible to extract metabolic
antigens, and (b) fertilized eggs may be obtained at
will, so that the dangerous infected-dog stage may
be eliminated.
An alternative approach: in vitro cultivation of

partly developed worms (from a dog). An alternative
to the in vitro method described above is to make use
of worms which have undergone partial development
in the dog. This has the advantage of being quicker
and also requiring less sophisticated techniques. The
worms are removed before they reach the egg-bearing
stage and the final stages ofmaturation are completed
in vitro; thus the dangerous egg-bearing stage is
handled in a culture tube.
The technical details of this method (Smyth &

Howkins, 1966) are as follows:
1. Remove, post mortem, the intestine of a heavily

infected dog 30-35 days after infection and rapidly cut it
into 10-cm lengths; place each length in a dish containing
Hanks's saline at pH 7.4 (preheated to 39°Q; place the
dishes in an incubator.

2. Allow to stand for 5 min and examine for worms.
If none are present, increase the incubation time to
15 min-30 min. (Experience has shown, however, that the
longer the intestinal pieces are left in saline the more
abnormal the worms becomi.)

3. Pool worms and rinse at least 5 times, in 50 ml of
Parker 199 medium containing penicillin 1000 IU/ml and
streptomycin sulfate 1000 IU/ml.
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4. After rinsing, transfer worms to Parker 199 medium
+ 20% hydatid fluid + 100 IU/ml each of penicillin and
streptomycin; gas with 10% 02 + 5% CO2 in N2.
(Either monophasic or diphasic medium (see Smyth,
1967; Smyth et al., 1967) can be used.) Cultivate in
4-UK fl oz (ca 115-ml) flat-sided bottles with 20 ml
of the liquid medium or in screw-top Leighton tubes
(5 ml of medium) at 39°C.

Maturation is readily obtained by this technique,
although the time required is somewhat longer than

in the dog. Thus, a 35-day-old worm matures after
a further 7 days in culture-2 days longer than re-
quired in vivo. In another experiment in diphasic
medium, a 28-day-old worm matured on the 42nd day.

POSTSCRIPT

The chromosome number of E. multilocularis has
now been shown to be 18, as in E. granulosus
(Lukasenko et al., 1965).

RESUME

Des facteurs anatomiques, biochimiques et physiolo-
giques interviennent sans doute pour determiner la
specificitd de 1'hote definitif au cours de l'infection par
Echinococcus spp. Les duodenums des carnivores com-
muns susceptibles d'heberger le parasite (chien, chat,
renard) presentent des diffdrences morphologiques,
notamment sous le rapport de la taille et de la forme des
villosites et des glandes de Lieberkuhn, qui influencent
certainement le d6veloppement chez 1'h6te d'une espece
determinee. La composition de la bile, variable suivant
1'hote eventuel, revet aussi une grande importance au
moment de l'implantation initiale du parasite. C'est
ainsi que les protoscolex d'Echinococcus ne peuvent
parasiter l'intestin d'un h6te si la teneur de la bile en
acide desoxycholique depasse un certain seuil. Les autres
facteurs physiologiques qui pourraient etre en cause
n'ont guere e 6tudies.

L'auteur decrit l'ultrastructure, la cytologie et l'histo-
chimie des stades larvaire et adulte.d'Echinococcus. Une
des particularites des protoscolex est de pouvoir evoluer
vers la forme adulte strobilaire s'ils sont ingeres par 1'hote
definitif, ou de donner naissance a de nouvelles hydatides
par greffe tissulaire apres rupture du kyste initial chez
l'hote intermediaire (hydatidose secondaire).

Des progres importants ont ete realises en ce qui
concerne les techniques d'etude du parasite in vitro. On
est parvenu, 'a partir de protoscolex, A cultiver E. multilo-
cularis au stade kystique, et l'on a reussi egalement la
culture in vitro d'E. granulosus jusqu'au stade adulte
completement developpe et la maturit6 sexuelle. Le
facteur principal qui induit 1'evolution du parasite vers
la forme strobilaire est le contact permanent du rostre
avec un substrat de nature proteique.
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