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PREFACE

The successtul in vitro cultivation of parasites has long been a major goal in parasitology
as ils realization allows investigations of the basic biology, biochemistry, and physiology
of parasites to be carried out under controlled, reproducible conditions, free from interfercnce
by host-related factors. It also has considerable value as a tool for the collection of excre-
toryisecretory (E/S) antigens for vaccination or diagnostic purposes. Success in this field
also greatly furthers the replacement of laboratory animals by artificial systems — a very
desirable end in its own right.

Although techniques for in vitro culture of parasitic helminths still lag a long way behind
those for bacteria, fungi, and protozoa, major advances have been made within recent years
and a number of species can now be cultured throughout part or the whole of their life cycles
in vitro.

The aim of this volume is to provide details regarding the cultivation of representative
species of parasitic helminths of vertebrates and to discuss the general problems involved
and evaluate the success of available techniques. Enterophilic nematode parasites of insects
are not dealt with as their life cycles are more akin to free-living forms. No attempt is made
to review in detail all the species on which ir vitro culture attempts have been made, but
to deal Jargely with those species for which reasonably reliable and reproducible culture
systems have been developed.

In order to be successful in this field, it is essential to be familiar with the morphology
of the species in question and its various larval stage(s) so that the success of growth
and/or differentiation during in vitro expesiments can be assessed. This is especially important
in dealing with trematodes and cestodes, many species of which have complex life cycles,
but provide superb material for in vitro experiments. Such information is often difficult to
obtain from current texts, being often hidden away in obscure publicatiops. Attempts have
been made to remedy this by providing, for these groups, very full, illustrative accounts of
the life cycles of the species concerned, together with detailed descriptions of the morphology
of the adult and larval stages.

With the availability of commercial culture media, sterile plastic ware, and, more re-
cently, techniques for the cryopreservation of helminths, the horizons of helminth in vitro
culture have been greatly expanded, and it is hoped that the contributions in this volume
will encourage workers to take up the challenge of this difficult, but rewarding, field.

This volume makes no attempt to provide alt the minor technical details for the prep-
aration of widely used standard media, glassware, etc. Many such details can be obtained
from laboratory manuals on tissue culture or from the excellent text, In Vitro Methods for
Parasite Cultivation, by A. E. R. Taylor and J. R. Baker, 1987,
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J. D. Smyth
TABLE OF CONTENTS

I. General TROUCHION L. ottt et et ettt i 2

Il TOITIINOIOEY - e et vt e e et e ettt e e e r s e et e e e e 2

I1l.  Specific Problems of Helminth Culture ... 2

A. HAabIALS ottt ettt et et et e e e 2

B. N Y145 1= 11 - N R 3

C. L = 5 1115 TR RS 3

D. Elimination of Metabolic Waste Products ........... ... 3

E. Provision of “*Trigger” Stimull ... 3

F. Spatial Relationships . .........ooiiiinii 4

IV.  Criteria for Assessing Growth and Development................. ... 4

V. Literature Reviews on Helminth fn Vitro Culture ... ... 4

RTINS . . v e sttt e et et e e e e et e et e e e et e e e 5




2 in Vitro Cultivation of Parasitic Helminths
1. GENERAL INTRODUCTION
in vitro cultivation has a special contribution to make 1n the following areas:

Routine maintenance ol helminth species

1.

2. As a diagnostic andfor taxonomic tool

3. Biochemical and physiological studics

4. Immunological studies. antigen collection, immunodiagnosis, and vaccine develop-
ment

5. Drug testing

6.  Providing model systems for the study of differentiation, especially larval/adult trans-
formation and asexual/sexual differentiation

The majority of helminth pathogens of man and domestic animals still defy attempts to
culture them in vitro throughout their whole life cycle, but substantial advances have been
made in all helminth phyla within recent ycars. Although there is an understandable tendency
to concentrate research on helminths of man and domestic animals, it is important to stress
that attempts to culture any species of parasitic helminth — whether of medical or economic
importance — 18 worthwhile as, if successful, the techniques developed can often be applied
to other species. An early example of this can be seen in the case of the cestode. Schisto-
cephalus solidus — a bird tapeworm of no economic or medical significance — which was
the first cestode to be successfully cultured to sexual maturity with the production of fertile
eggs.'? The experience gained with this species later led to the successful in vitro cultivation
of a number of other cestode species (including the human pathogen, Echinococcus gran-
ulosus), as well as several species of trematodes.

1I. TERMINOLOGY

The term ‘‘in vitro”, literally meaning ““in glass™", has Jong been used to describe a
culture system involving a tiquid or solid medium in a glass container. Although glass vessels
have largely been replaced by plastic, the older term is still retained in the literature. More
specific terms are also used: axenic (Greek a = free from: xenos = 2 stranger): hence an
axenic culture of a species is one free from the presence of another species; monoxenic and
polyxenic refer to conditions when one or more species of organisms are present.

II1. SPECIFIC PROBLEMS OF HELMINTH CULTURE

The complex life cycles of many helminths, often involving three or more hosts. mean
that in vitro culture of many species is exceptionally difficult. The chief problems jnvolved
are briefly summarized below.

A. HABITATS

Although the majority of parasitic helminths live in a restricted number of biological
habitats, such as the intestine, lungs, liver, bile duct, or blood systems of vertebrate hosts,
some species can occur in almost any part of a vertebratc or invertebrate host. In addition,
some species have free-living stages, ¢.8.. trematode cercaria and cestode coracidia. The
physicochemical and nutritive characteristics of most of these habitats are very poorly known.
The kinds of basic physiological data required, before the natural environment can be
replicated in vitro, include pH, pO,. pCO;, Eh, viscosity, sugar and amino acid levels,
osmotic pressure, and concentrations of the chief physiological ions. Except for some ver-
tebrate hosts (e.g., man, dog), it is exceptionally difficult 10 obtain most of these data, as

Ihe process of measurement. involving instrumentation. when applied to a host habitat, is
likely to interfere with the very parameter it is attempting to measure. The physicocheroical
and biological characteristics of some of the more common helminth habitéts have becn
reviewed by Crompton,™* Kennedy.® Smyth,” Smyth and Halton,” Smyth and McManus.
and Mettrick and Podesta.” ' |

B. NUTRIENTS

The diet of parasitic helminths of vertebrates consists of a wide range of matenials, e.g.
blood, bile. mucus. tissue. secretions. cells. intestinal contents. etc.. whose nutritioﬁai
properties are difficult to replace by defined media. In invertebrates, the range of nutritive
materials utilized by parasites is even more diverse. Like most organisms. some helminth
species appear to require specific nutrients or growth factors before they will grow or
reproduce normally; moreover, these may be required to be presented in a specific form
(e.g., liquid, particulate. or solid, etc.). Trematodes. for example. appear to require some
specific requirement (nutritional?; culture condition?) before eggs with normal eggshells are
produced in vitro and this still remains the major unsolved problem in trematode development.
Intraspecific nutritional differences, too, may be important. For exarople, in cestodes. al-
though a large number of isolates of Echinococcus granulosus (from sheep, camel, goat
etc.) have been grown to sexual maturity in virro, the horse isolate of this species has 5(;
far r_esisled all attempts to culture it. and it appears to have some very specific growth
requirement at present not understood.*

C. STERILITY

Many stages of the life cycles of helminths involve living in nonsterile environments
(such as the intestine) so that elimination of contaminating microorganisms is necessary
before initial axenic culture can be achieved. A more satisfactory alternative, however, is
to avoid this problem by commencing culture with stages (¢.g., metacercariae, plerocercoids,
and encysted nematodes) which occur in sterile habitats within the organs or tissues of
vertebrates or invertebrates. Sterility used to be the major problem inhibiting workers from
even attempting in vitro culture of parasitic helminths, but the advent of antibiotics has
changed this sitwation and their application now makes it possible to obtain almost all stages
of most species in a sterile condition.

D. ELIMINATION OF METABOLIC WASTE PRODUCTS

In the host habitat, the natural circulation of body fluids rapidly removes the metabolic
waste products of a worm from the site of their production. For successful in vitro culture
the conditions provided must also allow for the removal of toxic waste products. Unless z;
continuous. unlimited flow system (from a reservoir) is available, this normally involves
renewing media at intervals or using a complex recirculating system.

E. PROVISION OF “TRIGGER” STIMULI

The complex nature of many helminth life cycles means that each stage of development
(e.g.. the L, to L, molt in nematodes or the cercaria‘schistosomulum- transformation in
trematodes) may require, as well as differing nutritional requirements, exposuze to specific
(usually physiological) triggers before stage transformation can take place. The provision
of such triggers has represented a major challenge to workers in this field, and a wide range
of such triggers has been identified. In cestodes, the following are examples of some which
have proved to be necessary for triggering sexual differentiation: provision of a suitable
substrate (Echinococcus granulosus);" presence of trypsin (Mesocestoides linearus);'! an-
aerobic conditions (M. corti):"* and presence of hemin (Hymenolepis microsioma).”® In
trematodes. the cercaria/schistosomulum transformation can be brought about by a variety
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of methods. such as syringe passage. centrifuging, shaking vigorously, cte.” Similar triggers
are likely to be required during many stages of necmatode life cycles.

F. SPATIAL RELATIONSHIPS

In exceptional circumstances, the spatial relations of a worm with its in vitre environment
may play an important role in development. For example, if cultured to sexual maturity free
in a liquid medium, the cestode, Schistocephalys solidus, produces only infertile eggs, and
(after some years of failure!) it was found that the organisms required compression during
maturation® in order for the cirrus to be inserted into the vagina and to bring about insem-
ination and fertilization (see Chapter S, Figure 0). The insemination/fertilization problem,
however, has never been solved in the case of some other cestode species, e.g., E. granulosus
and E. multilocularis (which are also self-fertilizing)."* and this also remains a major problem
in many nematode and trematode in vitro culture Systermns.

[V. CRITERIA FOR ASSESSING GROWTH AND DEVELOPMENT

In estimating the success {or otherwise) of a particular in vitro technique, it is important
to be able to distinguish between the mere “gurvival’’ of a worm and true “‘growth’’ and
“development’”. These terms are interpreted bere as follows.

Survival — Survival is the maintenance of an organism in vitro under conditions which
allow the metabolism to operate at a level to keep the cells and tissues alive at their present
level of differentiation.

Growth — Growth is the occurrence of cell division and tissue synthesis resulting in
increase in cell numbers, but not necessarily in further differentiation.

Development — Development is the differentiation of cells, tissues, and organs and
their resulting sequential transformation into the various stages of the life cycle from egg
to adult.

Maturation — Maturation is the development of the reproductive system resulting in
the production of viable spermatozoa and ova.

It cannot be too strongly urged that in order to obtain a reliable assessment of these
processes in vitro, it is essential to work out in detail the pattemn of growth, development,
and maturation in the normal life cycle, so that appropriate criteria of progress can be
established. It is surprising to find that even in some of the species widely used for exper-
imental studies, that detailed knowledge of various basic aspects of the life cycle is siill
unknown, In this text, where appropriate, an attempt is made to provide details of the
morphology of the adult parasite and its larvat stages and to briefly describe its life cycle,
with relevant data on the growth and development in vivo, if available.

V. LITERATURE REVIEWS ON HELMINTH IN VITRO CULTURE

The early literature on helminth in vitro culture has been reviewed by Taylor and
Baker's'¢ and Smyth.¢ More recent work has been reviewed by Taylor and Baker,"” Smyth
and Haiton,” and Smyth and McManus.®

¥
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I. GENERAL CONSIDERATIONS

A. SPECIES AND STAGES STUDIED
1. Metacercariae

The most successful in vitro culture of trematodes to date has been obtained using
metacercariae (e.g., Sphaeridiotrema globulus) or, more rarely, cercariae (c.g., Schistosoma
mansoni) as starting material. Culture attempts using adults have generally not been satis-
factory and tend to be essentially records of how long a particular species **survived”” under
the conditions provided.

The metacercariae of some species exhibit progenesis (see Chapter 3). With the genitalia
being partially differentiated, a simple stimulus, such as a rise in temperature, is sometimes
sufficient to induce the completion of spermatogenesis, oogenesis, and vitellogenesis. Thus,
the metacercariae of Codonocephalus urniger will mature in 48 h in saline alone, if cultured
at 40°C.) However, these species are the exceptions and the metacercariae of many common
species (e.g., Fasciola and Diplostomum) are not progenetic and are much more demanding
in their culture requirements.

When seeking material for in vitro experiments, it should be remembered that many
commonly available invertebrates and vertebrates (especially arthropods, fish, and amphibia)
serve as intermediate hosts for trematodes and may contain metacercariae. It is thus worth-
while for workers in different countries to examine their local fauna for trematode larvae
and, in this way, as yet untried species suitable for in vitro experimentation may be dis-
covered.

2. Cercariae

Procedures for the artificial transformation of cercariae into metacercariac have made it
possible to use cercariae as starting material, but most experimental work has been confined
to metacercariae (see Chapters 3 and 4).

B. EXCYSTMENT OF METACERCARIAE

Depending on the species and its location in the host, metacercariae may be free (¢.g.,
in North America, Diplostomum baeri eucaliae in the brain of the brook stickleback, Eucalia
inconstans; in Europe, Diplostomum phoxini in the brain of the minnow) or encysted in its
intermediate host (e.g., the cosmopolitan species, Sphaeridiotrema globulus) or on vegetation
(e.g., Fasciola hepatica). It is common for the metacercarial cyst wall, when present, to
consist of several layers, in which case consecutive treatments with both pepsin and trypsin
are likely to be necessary to bring about excystment. The gas phase, especially the pCO,,
and the oxidation-reduction potential (Eh) may also need to be controlled and, as in the case
of Fasciola, these conditions appear to play a part in stimulating the release of an endogenous
secretion which assists the excystment process.” In some species (€.g., Bucephaloides, a
common larva in the brain of marine fish), the thickness of the cyst wall differs in different
sites; those from the nasal region and orbit have thicker walls (and hence require longer
pepsin treatment) than those from the cranial fluid of the brain, which hatch more readily.

In some encysted species (Parvatrema timondavidi, Chapter 3), the cyst wall is so thin
that merely raising the temperature to 37 to 40°C is sufficient to bring about excystment.*
Although the excystment techniques used by different authors are referred to under different
species, it is likely that this technique can be varied, within reasonable limits, with equally

satisfactory results.

C. OBTAINING STERILE METACERCARIAE FOR CULTURE
1. Without Using Antibiotics

It is possible to obtain metacercariae or tetratacotyles of some species in a sterile condition
without using antibiotics, as, indeed, was the practice in the early pioneer days of in vitro

1 sy

culture before the advent of antibiotics.®® This can be achieved by taking care to sterilize
the surface of the host before dissecting out the larvae. This is best achieved by painting
the host surface {e.g. . the skin of a fish) with alcoholic iodine (1% in 90% ethanol). dissecting
out the cysts or free larvac with sterile instruments, and transferring them to sterile saline.®
As a further precaution, the larvac may be washed at least four times with sterile saline,
either in tubes, by allowing them to settle, after shaking each time in tubes, or in a rotator,
if available. It 1s convenient to hold small fish in a retort clamp during dissection,; this leave;
the hands free and enables larvae to be dissected out at eye level. '

2. Using Antibiotics

Evetn if antibiotics are to be used, it is still advisable to minimize the risk of chance
contamination by using the technique described above, or a similar one, to obtain the initial
culture material as free from microorganisms as possible. Encysted metacercariae will clearly
be much easier to surtace sterilize if contaminated than, say, metacercariae of species (e.g.,
Diplostomum) which lie free in the host tissues. The use of acid pepsin for cyst excystment
(see below) usually results in released larvae being in a sterile condition.

The antibiotics widely used are as follows: penicillin (10¢ IU/ml) + streptomycin
(%00 pgfml) and/or gentamycin (100 pg/ml). Penicillin and streptomycin are most conve-
niently purchased as a concentrated solution of 5000 IU/ml and 5000 pg/ml, respectively
kept frozen at —20°C until required, and then stored at 4°C, and the addition of 2 ml/'IO(S
ml gives the required concentration shown above. Gentamycin is usually provided in a
concentrated solution of 50 mg/ml. The addition of 2 ml/l of gentamycin gives the required
concentration. The use of fungicides, such as myostatin or nyostatin: may be necessary, in
some cases, if fungal infections are encountered. .

NOTE: Workers in laboratories where antibiotics are not available should not be discouraged
from attempting in vitre culture. Careful use of aseptic procedures and of the techniques
outlined above in Section 1.C.1., especially repeated washing, can readily enable sterile
cultures to be obtained, although some experimentation may be necessary 1o overcome initial
problems with different species.

D. CULTURE MEDIA
1. Commercially Prepared Media

A wide range of synthetic media is now available; those most used for helminth culture
have been Parker 199, Parker 858, NCTC 135, NCTC 108, Eagle’s Medium, RMPI 1640,
and CMRL 1066. For details of the composition and source of these media, consult standard
tissue culture texts.”® Although various authors have used specific media for various species,

it is often worthwhile to experiment with a substitute medium if the recommended one is
not available.

2. Naturally Prepared Media

In laboratories which may not have the facilities (or funds) to obtain commercial media,
it should be pointed out that it is quite often possible to prepare satisfactory alternative media
by utilizing natural products such as blood, hen eggs, organ extracts {e.g., liver), or various
““broths’" as used by the early bacteriologists. The latter are prepared by digesting fresh
meat in pepsin or trypsin, filtering and/or autoclaving the extract, and buffering it appro-
pnately. One of the most widely used media was peptone broth, the preparation of which
is given in standard microbiological texts.”
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E. BUFFERS

All helminths produce guantities of acidic metabolic byproducts,'? and trematodes are
no exception. and efficient buffering is essential for successful cultures. Until recently, the
standard buffers for culture media were NaHCO; and various phosphate buffers. These have
now largely been replaced by organic buffers (of which the most widely used is HEPES
which maintains a stcady pH about 7.4) which are not subject to pH shift by CO, loss.
However, as a source of CO, Is often a metabolic requirement of helminth cuiture systcms,
a common practice is to use half the usual concentration of NaHCO, and make up the
difference with HEPES. Recommended concentrations ase 10 mM NaHCO, plus 20 mM

HEPES.

F. CULTURE VESSELS

Almost any shape or size of vessel can be used for culturing helminths, the only criteria
being that the size should be appropriate for the volume of medium used; screw-top vessels
are convenient and are better for maintaining sterility, but rubber bungs or cotton wool plugs
may also be used, with suitable precautions. Occasionally, certain types of glass may create
problems by releasing ions (e.g., Na*) which may upset the pH and/or the tonic balance.
A wide range of presterilized plastic or glass culture vessels are now available commercially
and are widely used in published techniques. However, even poorly equipped Jaboratories
can often carry out rewarding experiments on in vitro culture by using a variety of vessels
such as discarded medicine bottles or bottles used for domestic products. It should be pointed

out that much of the early work in this field was carried out using simple equipment of this

nature.

G. CRITERIA FOR ASSESSING GROWTH AND DEVELOPMENT
1. General Comment

As stressed in Chapter 1, an important prerequisite for in vitro culture attempts is to
establish whether an organism is actually “developing™* and not just “surviving”*. In order
to determine this for a particular species, it 1s essential 1o be familiar with the normal pattern
of development in vivo. In this text, details are provided for most of the species discussed.
There are, however, a number of basic stages which are common to most species which
can be used for assessing growth in vitro. These have been reviewed?-!? and those appropriate
to metacercariae development are listed in Table 1 and discussed further below. Some of
these criteria may also be applied to pseudophyllidean cestodes (see Chapter 5) which, like

trematodes, form sclerotin (quinone-tanned) eggshells.

2. Stages in Maturation™ (Figure 1)

Stage 1: Cell multiplication — As in all embryonic development, a burst of mitotic
activity characterizes the onset of growth and development. This stage cannot be recognized
macroscopically, but, by inhibiting cell division in metaphase through the use of colchicine,
mitoses can readily be detected in aceto-orcein squashes'™-? (see Section II, Appendix, this
chapter). To test for mitoses, colchicine is added to the culture medium, using a small
sample. to produce a concentration of 10-* and is incubated normally for 4 h and squashes
are prepared. The inhibited mitoses can be counted under oil immersion.

NOTE: Colchicine is carcinogenic and should be handled with due precautions.

Stage 2: Body shaping — Cell division results in the lengthening of the body, partic-
ularly in the posterior region where the genitalia will develop.

TABLE 1
Criteria Recommended for the Recognition of Developmental Stages of Trematodes From Metacercaria to Aduit (Based on

Diplostomum) and Pseudophyllidean Cestodes From Plerocercoid to Adult (Based on Diphyllobothrium)

Time in host

Diphyliobothrium

Diplostomum

Method of detection

Criterion recommended

C)]

(h)

Phase

Aceto-orcein squashes after colchicine

Miloses counls

0—1

0 24

(1) Cell multiplication

Direct observation o living material or

Division into proglotrids (Diphylfo-

12—24

(2) Segmentation or body shap-

aceta-oreein squashes
Syuashes or whole mounts

bothrium) or regions (Diplostomym)

Appearance of uterus and tesles pri-

ing
(3) Organogeny

24 -48

mordia
Appearance of ‘‘roselte’”

Squashes

and
Hcomma’’ stages in spermatogenesis

Appearance of mature spermatozoa

4—5

36—40

(4) Earty gametogeny

Squashes or unstained teases

Histochemical tests ¢

5.6

6—7

40—48
55—60

(5) Late gametogeny

whole specimens

Presence of eggshell precursors in *vi-

(6) Eggshell formation and vi-

Diazo ', cateche
Direct observations

cells

telline’™”
Appearance of fully formed cgg

tellogenesis
(7) Oviposition

ving material or

catechol-treated whole mounts

60—72

For the preparation of aceto-orcein and its use in tissuc “‘squashes’™, see Section 11, Appendix, and Figure 2
In tre: J i ic i s and in ps i :
ematode specics which form quinone-tanned cggs and in pseudophyilidean cestodes, the egyshell precursors give positive reactions with the diazo test (for

b

phenols) and the catechal test (for phenol oxidase). For details see Section 11, Appendix.

From Belt, E. J. and Smyth, J. D., Parusitology, 48, 131, 1958, With permission.
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Stage 3 Stage 5 Stage 6 Stage 7
LATE EGG-~SHELL
ORGANOGENY GAMETOGENY FORMATION OVIGEROUS

§K "‘-\_ spermatids / shell globules

J/ vc
AN \ T %, [ catechol +
PNEE ANV : Lol ve
Vo Vo . ) w{ET diazo +
Wz, L ; RE%
o L
UNDIFFERENTIATED )
Stage 0 Aceto—orcein squash vitellinc cell 'tanned' egg
FIGURE 1. Criteria for the recognition of the major stages in the development of an undifferentiated metacercaria

1o an adult trematode based on Diplostomum phoxini (also see Figure 1. Chapter 3). (Modified from Bell. E. I.
and Smyth, J. D., Parasitology, 48, 131, 1958.)

Stage 3: Organogeny — Organogeny is characterized I?y the appearance of the anlage_n

of the genitalia (already present in progenetic forms) which can be seen in aceto-Orceln
w mount preparations.

Squagltl:;eoa: ]l;.gl:ly game‘t)oginy — Early gametogeny, a c?haracteristic and easi}y recog:-
nizable stage, is marked by the appearance of the beginning of .spermatogenesm, easﬂy
recognizable in aceto-orcein squashes (Figure 1). The correspond{ng phases of ooge(r})elsg
are less easy to recognize although developing ova have some affinity for neutral red (0.1%
in BSS) in fresh preparations. .

Stage 5: Late gametogeny — Late gametogeny is characterized by the appearance of
mature spermatozea in the testes. . . .

Stage 6: Eggshell formation and vitellogenesis — Eggst}ell fom_1anqn and v1tellogenejsls
are characterized by the appearance of eggshell precursors in the vitelline cglls.. In species
which form sclerotin eggshells (the majority of trematodes), the: most_readnly 1d§ntlﬁable
precursor is a phenolic compound which gives strong color reactions with stable7 diazotates
(e.g., Fast Red Salt B), a reaction easily recognizable in wl-lole mounts or sections. Other
precursors identifiable by cytochemical means are basic proteins and the enzyme, polyphepol
oxidase. For technical details of applying these techniques,''-*** see Section 11, Appendix,

this chapter. ' ot ,
Stage 7: Oviposition — Oviposition i3 characterized by the appearance of fully forme

eggs. o
Comparable stages for the dioecious schistosomes are given in Figure 13, chapter 4.
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II. APPENDIX
A. ACETO-ORCEIN: PREPARATION

Oreein (synthetic) ig
45% acetic acid 100 ml

a.  Heat to boiling and simmer for 1 h in a fume cupboard, preferably under a reflux
condenser.
Cool, filter, and store in a dark cupboard.

C. Before immediate use, filter just a small amount, as the solution is inclined to pre-
cipitate.

d. Tissues to be stained must be freed of saline or media by washing in water (see
procedure below).

B. ACETO-ORCEIN: SQUASH TECHNIQUE (FIGURE 2)

1. Initial Procedure

a.  Transfer metacercaria {or other tissue fragment) into a watch glass or deep cavity slide.
b.  Draw off medium with a fine Pasteur pipette and replace it with basic saline (BSS).
¢.  Quickly repeat washing three times to remove all medium.

d.

Finally, remove as much saline as possible and replace with freshly filtered aceto-
orcein. If not washed sufficiently, precipitations may occur.

e.  Cover cavity slide with a similar inverted slide or glass plate and incubate at 37 to
40°C. Very small metacercariae may be stained in 2 to 5 min; some take 5 to 15 min.
Large, whole trematodes and cestode proglottids may require 15+ min, but appropriate

staining times may vary substantially with species and can only be determined by trial
and error.

2. Squashing

a.  Transfer the stained tissue to a slide in a drop of aceto-orcein, add a cover glass (No.
0 or No. 1}, and draw off surplus fluid with filter paper. Examine for basic morphology
at low power.

b. To examine for cytological detail, place a piece of filter paper over the cover glass
and squash firmly with the thumb. The tissues (now soft and macerated) will spread
out and much cytological detail can be seen, especially at oil immersion level.

c.  Such squashes only have a life of a few hours unless the edges are sealed. Nail varnish

or stencil correcting fluid is excellent for this purpose, and preparations so sealed may
be usable for 24 h or longer.

C. CYTOCHEMICAL TESTS FOR EGGSHELL PRECURSORS

The majority of trematodes form a quinone-tanned or sclerotin eggshell by the following
mechanisms:?

phenol oxidase
Protein + diphenol —————— protein + quinone =
tanned protein (sclerotin)

The basic constituents of sclerotin are thus proiein, phenolic substances, and the enzyme,
phenol oxidase, From this it follows that the eggshell-forming material in the vitellaria
(where it appears as globules), and later in the uterus, may be traced by means of cytological
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1. Place a fragment of worm tissue in
a deep cavity slide in a jittle culture
mediurn.

2. Withdraw medium with a fine pipetie
and replace with BSS, Leave 2-—3 mins,
withdraw liquid and replace 'mlh fresh
BSS. Repeat for several rinsings.

6. Remove top cavering slide, before
removing preparation; spillage can
result in slides sticking together.

7. Remove tissue in a little aceto-
orcein and transfer to a flat slide.
Cover with a No.0 or 1 cover glass,
avoiding bubbles. Run in more aceto~
orcein, if needed.

i : i . Observe preparation for gross
3. Withdraw BSS: replace by aceto-orcein 8
(freshly filtered). Leave for 2-3 mins and morphology (testes etc.), before

again replace with fresh aceto-orcein. squashing for cytological details.

4. incubate preparation by placing slide -
on floor of 37-80°C incubator, a.nd {not C
before) cover carefully with an inverted

cavity slide to make a closed chamber.

9. SQUASH: for cytology. Cover with
filter paper and squash by pressing
down firmly with 2 thumb. Further
squashing pressure can be applied by
roiling a round-bodied pencil on top.

5. Incubate preparation for:

2-5 mins — very small trematodes;
5-15 mins - small fragments of worms;
15-60 mins - large trematodes or
whole proglottides of cestodes.

FIGURE 2. Technique for the preparation of aceto-orcein squashes of trematode or cestode tissues.

tests for these substances. Some species form keratin or other forms of eggshell which cannot
be stained by these methods.?

1. Diazo Technique for Phenols 1%

Eggshell precursors first appear as globules in the vitelline cells and are readi}y dgtecti;i
by the Diazo techaique. This method also works well in whole mounts after fixation in 70%

ethanol.

Procedure

a.  Flatten and fix in 70% ethanol, 2to 24 h.
. Wash in distilled water, 15 min. .
¢.  Place in 1% agueous Fast Red Salt B (freshly prepared- and filtered) in a watch gol(zixss
or small petri dish and observe under a low-power bmf)cular. In small trematodes
(e.g., Diplostomum), the phenolic globules in the vitelline cells become colored in

L R g e

15

0.25 to 3 min. Larger trematodes (¢.g.. Fasciola and Schistosoma may require 15 to
20 min.

d.  Wash in water, 15 min.

e.  (Optional) Counterstain Hghtly in Gower’s Carmine, or similar stain; differentiate in
acid alcohol if necessary.

f. Dchydrate, clear. and mount.

Result

The color developed by the eggshell precursors depends on the nature of the phenolic
compound(s) in that particular species. it ranges from yellow-orange to bright red, the
vitellaria standing out against an almost colorless background. Because the phenol is con-
verted to quinone in the fully formed sclerotin eggshell. the latter becomes diazo ™ in the
uterus.’'

2. Catechol Technique for Phenol Oxidase!!-'3:*4

When incubated in catechol (a di-phenol) as a substrate, phenol oxidase converts catechol
into a quinone which *‘tans’” the eggshel] protein precursors and results in a yellow to brown
color developing at the enzyme site. In some trematodes, e.g., Diplostomum, the reddish
color which develops 1s almost as brilliant as that of the diazo technique; in others it is much
paler. The catechol test™ has the advantage over the diazo test in that it not only gives a
color reaction with the eggshell precursors in the vitellaria. but also with the completed
eggshell. This is useful for demonstrating the position and shape of eggs in the uterus and
especially for revealing abnormalities in eggshell development.

Procedure

a.  Fix and flatten specimens in 70% ethanol. 2 to 12 h.

Rinse in distilled water, 30 min.

c. Incubate in 0.1% aqueous catechol (freshly prepared just before use) at 37°C for § to
30 min. Too long of an incubation is to be avoided as the catechol solution slowly
self-oxidizes on exposure to air.

d.  Dehydrate, clear, and mount in balsam.

&
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a deep cavity slide in a little culture
rmedium.

2. Withdraw medium with a fine pipette
and replace with B5S. Leave 2'—3 mins,
withdraw liquid and replace ‘wrth fresh
BSS. Repeat for several rinsings.

3. Withdraw BSS; replace by ac.eto—.urcein
(freshly filtered!}. Leave for 2-3 mins and
again replace with fresh aceto-orcein.

j. incubate preparation by placing slide
on flgor of 37-30°C incubator, a'nd (not
before)} cover carefully with an inverted
cavity slide to make a closed chamber.

5. Incubate preparation for:

2-5 mins - very small trematodes;
5-15 mins - small fragments of worms;
15-60 mins - large trematodes or
whole proglottides of cestodes.

FIGURE 2. Technique for the preparation of aceto

tests for these substances. S
be stained by these methods.?
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6. Remove top covering slide, before
removing preparation: spillage can
result in slides sticking together.

7. Remove tissue in a little aceto-
orcein and transfer to a flat slide.
Cover with a No.0 or T cover glass,
avoiding bubbles. Run in more aceto-
orcein, if needed.

|

8. Observe preparation for gross
morphology (testes etc.), before
squashing for cytological details.

8. SQUASH: for cytology. Cover with
filter paper and squash by pressing
down firmly with a thumb. Fu:thef
squashing pressure can be applied by
rolling a round-bodied pencil on top.

-orcein squashes of trematode or cestode tissues.

ome species form keratin or other forms of eggshell which cannot

. Diazo Technigue for Phenols o ’
' Fjggshell precirsors first appear as globules in the vitelline cells and are readﬂy d.etecte‘:;i
by the Diazo technique. This method also works well in whole mounts after fixation in 70%

ethanol.

Procedure

4. Flatten and fix in 70% ethanol, 2 to 24 h.

Wash in distilled water, 15 min. . ~
Place in 1% aqueous Fast Red Salt B (freshly prepared and filtered) in 2 waitch glass

or small petri dish and observe under a low-power
(e.g., Diplostomum), the pheno

binocular. In small trematodes
lic globules in the vitelline cells become colored in

s
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0.25 to 3 min. Larger trematodes (e.g.. Fasciola and Schistosoma may require 15 to

20 min.
Wash 1in water. 15 min.

e.  (Optional) Counterstain lightly in Gower’s Carmine, or similar stain; differentiate in
acid alcohol if necessary.

f. Dehydrate, clear, and mount.

Result

The color developed by the eggshell precursors depends on the nature of the phenolic
compound(s) in that particular species. It ranges from yellow-orange to bright red, the
vitellaria standing out against an almost colorless background. Because the phenol is con-
verted to quinone in the fully formed sclerotin eggshell, the latter becomes diazo™ ™ in the
uterus. !

2. Catechol Technique for Phenol Oxidase! 1314

When incubated in catechol (a di-phenol) as a substrate, phenol oxidase converts catechol
into a quinone which *‘tans’’ the eggshell protein precursors and results ip a yellow to brown
color developing at the enzyme site. In some trematodes, e.g., Diplostomum, the reddish
color which develops is almost as brilliant as that of the diazo technique; in others it is much
paler. The catechol test'* has the advantage over the diazo test in that 1t not only gives a
color reaction with the eggshell precursors in the vitellaria, but also with the completed
eggshell. This is useful for demonstrating the position and shape of eggs in the uterus and
especially for revealing abnormalities in eggshell development.

Procedure

a.  Fix and flatten specimens in 70% ethanol, 2 to 12 h.
Rinse in distilled water, 30 min.

c. Incubate in 0.1% aqueous catechol (freshly prepared just before use) at 37°C for 5 to
30 min. Too long of an incubation is to be avoided as the catechol solution slowly
self-oxidizes on exposure to air.

d.  Dehydrate, clear, and mount in balsam.
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I. DEFINITIONS: PROGENESIS AND NEOTENY

Progenesis is defined as the advanced development of genitalia in a larval form, and a
metacercaria which contains the anlagen (primordia) of the genitalia is said to be progenetic.
The related term neoteny is used for the phenomenon in which the gonads rcach maturity
in a larval form. An advanced progenetic condition clearly borders on neoteny and the terms
neotentic and progenetic arc rather loosely used in the literature and are only definable and
applicable within broad limits.

Based on the developmental stages in Table 1 (Chapter 2) and Figure 1. the degree of
metacercarial ‘‘maturation’” can be designated as Stage O: undifferentiated (i.c., nonpro-
genetic); Stage 3: organogeny (i.e., progenetic), etc. The position of some of the species,
whose in vitro culture is discussed in this text, is shown in Figure 1,

The occurrence of neotenic metacercariae (i.e., those which actually become ovigerous
in the intermediate host) is more common than is generally appreciated. Buttner' has reviewed
numerous species exhibiting this phenomenen. A good example is Coitocaecum anaspidis
in the freshwater crustacean Anaspides tasmaniae.”

1. POSTHODIPLOSTOMUM MINIMUM

Cultured by: Ferguson®

Natural definitive hosts: numerous birds, especially herons
Experimental hosts: chicks*

Habitat: intestine

Prepatent period: 34 h*

Motluscan host: Physa spp.*

Second intermediate host: numerous freshwater fish
Distribution: cosmopolitan

A. LIFE CYCLE (FIGURE 2)
1. Adult (Figure 3)

P. minimum is a common strigeoid trematode parasitizing birds of the order Ciconi-
iformes, particularly herons, the great blue heron, Ardea herodias, being commonly in-
fected.” It is, however, exceptionally nonhost specific and — as well as a wide range of
birds — amphibia, reptiles. and mammals have been experimentally infected.® Ar unusual
feature of the adult is its “*‘morphological plasticity’’ and specimens from different hosts
show variations in such features as the size and shape of the forebody, hindbody, suckers,

and eggs.® This species may be part of a species complex and there is evidence that at least
two physiological strains may occur.”

2. Molluscan Stages

The eggs are unembryonated when laid and the molluscan hosts are species of Physa
(e.g., P. sayii and P. gyrina”) in which mother and daughter sporocysts develop.

3. Cercaria
The cercaria are of the longifurcate monostoma type and are phototropic.*

4. Metacerearia

Like the adult worm, the metacercaria is exceptionally nonhost specific and cysts have
been recorded from 97 species of 18 families of freshwater fish.” Cysts show some predi-
lection for the kidney, hiver, pericardium, and spleen, but can be found in any organ. After
cercarial penetration, genital anlagen appear first at 14 d and are well developed by 27 d.




. .. . . "
20 In Vitro Cultivation of Parasitic Helminths
L POSTHODIPLOST M MINIMUM
ADULT 7 | ovigerous Coitocaecum anaspidis [ NEOTENIC ] OSTOMU
——DRAL SUCKER—— C\m/_)f——-—'MOUT“
PHARYNX —- — b \\ ANTERIOR NERVE
6 EGG-SHELL ) EGG BARRIER % NERVE COMMISSURE ——7 T .

{ TT- QESOPHAGUS

T FORMATION

POSTERIOR NERVE

5 + LATE GAMETOGENY
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OVARY HOLDFAST

HODLDFAST GLAND

DEVELOPMENTAL STAUGES

3 | ORGANOGENY Sphaeridiotrema globutus ANTERIOR TESTIS GENITAL ANLAGEN
’ . [ PROGENETIC ] POSTERIOR TESTIS
3 % —— VITELLINE RESERVOIR
33 BURSA COMPULATRIX
2 1 BODY SHAPING ; EXCRETORY PORE
GENITAL PORE
(T BURSA COMPULATRIX
} {CELL MULTIPLICATION A. ADULT B. METACERCARIA
o | UNDIFRERENTIATED ? e ' FIGURE 3. Posthodiplostomum minimum. (A) Adult. (Modified from Ulmer, M. J., J.
Diplostomum spathoceunt Parasirol., 47, 608, 196]. With permission.) (B) Metacercaria. (Modified from Hughes.
LLARVA o

R. C., Trans. Am. Microsc. Sci., 47, 320, 1928. With permission.)

FIGURE |. Stages of metacercarial development reached by different species in the intermediate
host. The metacercariae of D. spathaceum are entirely undifferentiated; those of 5. globulus are
progenetic and possess well-formed genital anlagen; those of C. anaspidis are neotenic and reach
full sexnal maturity in the *‘intermediate’” crustacean host.

A thin membranous cyst, of parasite origin, appears at about 19 to 21 d and is closely
applied to the metacercaria; a host reaction cyst wall develops at about 29 d.”

B. IN VITRO CULTURE TECHNIQUE*’
1. Source of Material

In the original experiment, metacercariae were obtained from the pumpkinseed sunfish
{Lepomis gibbosus) and the liver and kidney were removed (nonaseptically) and digested in
pepsin for I h. The concentration of this was not stated, but a 1% solution of pepsin in a
basic saline (e.g., Hank’s), adjusted to a pH of 2.0 (with HCI), is likely to be effective.
After 1 h, cysts became free and some larvae excysted. After washing several times in sterile
saline, larvae were finally excysted by a further treatment with sterile pepsin. A 5% solution
of trypsin at pH 8.0 also resulied in effective excystment. The concentrations and times of
exposure to both these enzymes are worth experimenting with.

POSTHODIPLOSTOMUM MINIMUM ADULT

HERON
Ardea herodias

prepatent
period 38 h. .

S AU e e o A R AN DR YT TR TS

progenetic

METACERCARIA

7

2. Washing and Sterilization

fish eaten L. . o . . . . .
! O - The original technique® utilized gravity washing in repeated tubes of sterile saline, but
. saline + antibiotics and several rinses, with agitation on a rolier tube system, would now-
; hatches adays be more effective.
metacercaria fully \
Hevelopsd 27 days 3. Culture Vessels
after penetration miracidium (O The original technique® used small tubes (13 X 100 mm) plugged with cotton wool and
released O ' sealed with parafilm, but screw-top Leighton tubes (or similar) would clearly be more
mother ' convenient
sporocyst 0""\\ ’ .
97 species of < EAY . .
f.w. fish infected U daughter \_()\? _ 4. Medium and Conditions ‘
cysts in kidney, penetrates S N7 sporocyst <, The original technique used 2 mi of Tyrode (diluted 5:3) plus three drops of yeast extract
liver, etc. fish furcocercaria o cercaria A ' (concentration unstated). It is likely, however, that a well-balanced tissue culture mediurm
PHYSA sp. :

FIGURE 2.  Posthodiplostomum minimur: life cycle. (Based on data from Hoffman’ and Miller.*)
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(such as NCTC 109 or NCTC 1350) plus serum and yeast extract would be equally or more
effective. The original gas phase was not stated (probably air?); culture temperature was
36°C.

5. Results

Although the resuits obtained with this species are relatively poor compared with species
discussed later, they are included here for historical reasons as representing the first serious
attempt to culture a larval trematode in vitre. in the best cultures, sexual maturation was
achieved and eggs appeared in about 10 d. The eggs produced in culture, although normal
in size, were abnormal in shape and appearance, with thin shells and abnormal yolk cell

development.

C. EVALUATION

That the original culure system was unsatisfactory is reflected in the fact that only
abnormal eggs were produced and the prepatent period of 10 d compares very unfavorably
with that of 34 h in vivo. As with other specics dealt with in this text, the failure to form
normal eggshells is a common feature of trematode in vitro development.

1IL. SPHAERIDIOTREMA GLOBULUS

Cultured by: Berntzen and Macy®

Definitive hosts: swans, ducks, and other water fow!®

Experimental hosts: chickens,” ducklings,® and chick chorioallantois'

Prepatent period: 68 to 72 h

Location; lower small intestine and ceca

Molluscan hosts: species of Bithynia, Fluminicola, Gabbia, Gonobiasis,
and Oxytrema

Second intermediate host: encysts in same molluscan host

Distribution: cosmopelitan

A. LIFE CYCLE (FIGURE 4}
1. Adult (Figure 5)

S. globulus (family Psilostomatidae) is a trematode with a worldwide distribution in a
variety of water fowl such as the mute swan (Cygnus ober), the coot (Fulica americana),
the lesser scamp (Achya affinis), and the muscovy duck (Cairna moschata). Tt can cause
severe ulcerative, hemorrhagic enteritis, especially in swans.® Experimentally, it develops
readily in ducks or chicks. The life cycle has been described by Szidat"’ and by Burns'?
(under the probable synonym of S. spinoacetabulum).

2. Molluscan Stages
Eggs are unembryonated when laid and measure 110 10 128 X 65 pm.'" After passing

through redial stages, cercariae are released.

3. Cercaria
This was described as Cercaria helvetica XVII. "

4. Metacercaria

Cercariae penetrate the same species of snails which serve as the first intermediate hosts
and encyst on the inner side of the shell as well as between the shell and the mantle. The
degree of progenesis reaches Stage 3 (see Figure 1), the anlagen of the cirrus sac, ovary,
and testes being represented only by a cluster of cells.?
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SPHAERIDIOTREMA GLOBULUS

DUCK bird develops ulcerative
Anas boschas - haemorrhagic enteritis

prepatent
period 68~72 h

METACERCARIAL CYST

HOSTS

WATER FOWL
{41°C

WATER \

10°C hatches

snails eaten

metacercariae encyst \
between shell and mantle D

\ A
mother rediae O

/ daughter rediae > —<<

SO,
~ffpmm Cercaria helvitica VIl - N

. cercaria w

GONOBIASIS VIRGINICA GONOBIASIS YIRGINICA
[U. 5. A.] [U. 8. A.]

penetrates same
snail species

FIGURE 4. Sphaeridiotrema globulus: life cycle. (Based on data from Fri i
" . ried and Hi » u
Bumms,”? and Macy and Ford.'?) uifivan, ™ Sadat

B. IN VITRO CULTURE TECHNIQUE?®
1. Source of Material

Small numbers of rr?etacercarial cysts can be obtained by crushing snails and dissecting
the cysts out from the tissues.'* For large numbers, digestion of whole snail tissues in 1%
pepsin + 1% HCI in balanced saline is recommended.

2. Excystment

. After isolation of cysts from snails, rinse in saline + antibiotics at 37°C for about 30
min. The original technique used 50 mg of streptomycin per milliliter and 25 mg of neomycin
per n:lilliliter, but basic antibiotic solutions are likely to be equally effective. After rinsing
aseptic procedures were followed. Cysts were excysted by treating with acid pepsin (a;
above) for 30 min, followed by 1% trypsin (1:250) in Earle’s saline + NaHCO, at pH 8.3.

3. Culture Media and Conditions

The most satisfactory results were obtained in NCTC 109-y made up of 80% NCTC
199 + 20% egg yolk. Various methods of obtaining sterile egg yolk bave been used by
different workers; these authors (1) placed eggs in 70% ethanol for 30 min, (2) removed
?md opened the eggs under UV light, and (3) separated the yolk from the albumen, broke
it up with a glass rod, and measured it into a measuring cylinder. ’

To each 20 ral of yolk, 80 ml of NCTC 109 was added and then centrifuged at
2000 X g for | h at room temperature. The resulting supernatant was labeled NCTC 109-
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SPHAERIDIOTREMA GLOBULUS

ORAL SUCKER

GENITAL PORE
EGG
VENTRAL SUCKER

H X4~ VITELLARIA

OVARY

FIGURE 5. Sphaeridiotrema globulus: adult from ceca of do-
mestic duck: expeximcmal infection. (From Bums. 1. P..J. Par-
asitol.. 47, 933, 1961, With permission.)

y. The pH was adjusted to 7.8 using 5% NaHCOs. The best results were obtained with a
gas phase of 10% O, + 10% CO, + 80% N,. Metacercariac were cultured in 10 mi of
medium in Kimax culture tubes (15 X 150 mm, screw top) at pH 7.8. The roller system
was set to rotate for 5 min at 2-h intervals. Results at 42°C were betier than at 37°C, which
is mot suprising considering {hat the adult is a bird parasite (see Figure 4).

4. Results
This is one of the few in vitro experiments in which detailed growth measurements in

vivo were also made, SO that the in vitro results could be critically compared with these
directly. Although the size of the worms developed in vitro compared reasonably well with
those in vivo, the gonads did not develop to the same extent.

Growth and development in vitro was slower than in vivo (Figure 6), worms becoming
ovigerous in vitro at 126 h compared with 68 to 72 b in vivo in the duck. An average of
100 eggs per fluke per day were produced in vitro for periods up to 20 d, after which time
degeneration set in. Of those produced by in vitro worms, some embryonated normally and
hatched out (apparently) normal miracidia. Unfortunately, the ability of these miracidia to
penetrate snails was not tested, nor was the percentage of viable eggs stated.

C. EVALUATION
This seems an excellent in vitro system with which to experiment further. The fact that

apparently normal eggs were produced suggests that the eggshell formation system in this
species may not be so nutritionally demanding as many other species.

Sphaeridiotrema globulus

in vivo ' in vitro in vitro
(42 °C} (37 °C)
Egg
Vitellaria
Ovary

Left testes

Right testes

24 48 60 72 84 96 108 120 132
Time {h)

FIGURE 6. idi
e o T anfipﬁé;’gdw!r(’ma globulus: maturation of progenetic metacercariae in
compared with that in vive, i i
e i 2, in ducklings. (F
and Macy, R. W.. J. Parasitol., 55, 136, 1969. With psmli(sszznm)Bemucn’

IV. PARVATREMA TIMONDAVIDI

Cultured by: Yasuraoka et al.!s
Definitive hosts: shore birds
Exper.imental hosts: mice' and herring gulls
Location: small intestine (ileum) l
l\Pdre];.):sltem periad: 36 to 48 h

;; )};islcuinslp'lg.st. Tapes (Ruditapes) philippinarum,

Ol‘ld mn - y

A. LIFE CYCLE (FIGURE 7)
1. L:Jefinitive and Intermediate Hosts
. limondavidi i ;
world; thes(:e cz;frioglamiy Gymnophallidae) is a parasite of shore birds throughout th
carial cysts. Yasu:aokay ; Tolrsne infected by eating mussels and clams containin gmeta :
worms (Fiouree § et al." failed to infect baby chicks or ducklings, but sex gl] .
e gures 8 and 9) were recovered from mice 3 to 7 d postinf i NS
555 appeared a8 early 45 361, postinfection (p.i.,), although
Metacercariae ‘‘encyst’’ i
X yst’” in the same speci
clati ) ¢ ‘ pecies of mollusk and fo i
o S s . ARt o 0
hosts. Bartoli’% founIi i b knogm if there are one or two intermediate :rrnlcfll 0’}‘:
s able to fird < umerous metacercariae in the mussel Mytilus galloprovinciali, L!;S
sobranchs in the sa POT?C.YS}S n tbls 'specws or in numerous other lamellibranchs iy
it cercmaemﬁ vicinity. It is likely then that there is only one intermediate ?1; l'inJ-
encyst”’ without being rel >
larval neyst g released from the moi 7 i
al stages (sporocysts?; redia?) clearly must have rapid develo:mgrl;ltS l;ilas:islt the catier
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PARVATREMA TIMONDAVIDI

HERRING GULL

Larus argentatus
o ADULT

METACERCARIA pre-patent

period 36 - 48 h

eggs in faeces

0
\

hatch in water?

metacercariae 'encysted
in gelatinous tissue

] )

H E
! £l f
i »
i S
| s ]
penetrates J 3 1st molluscan
-« —— . cercaria?
mussel ? host unknown
— mussel ?

MYTILUS sp.
[EUROPE, U.S.A.]

cycle. The molluscan stages aré imperfectly known. Although
§ shore lamellibranchs throughout the world, it is not known
if all the larval stages develop in the same species of mollusk intermediate host (and “‘encyst’” there without
escaping) or whether another species of mollusk is involved in the life cycle. The cercaria figured above 18
that of Panvairema boringuenae which may be a synonym for P. rimondavidi. (Based on data from Endo
and Hoshina,'® Yasuraoka et al..'s Bartoli,” and Cable.*?)

FIGURE 7. Parvatrema timondavidi: life
metacercariae are common jn several species o

2. Metacercaria
The metacercaria (see Figure 8) is markedly progenetic,'® reaching developmental stage

3 to 4 (see Figure 1) with well-developed (but immature) testes and ovary. The advanced
state of progenesis in the testes is reflected in the fact that in the mouse, sperm appear as

early as 24 h."

B. IN VITRO CULTURE TECHNIQUE™

1. Source of Material
Metacercariae were extracted from the umbo region (adjacent to the hinge) of 7. phi-

lippinarum where they are embedded in gelatinous tissue.

2. Excystment
Attempts to extract metacercariae from the viscous, gelatinous material surrounding

them by using pepsin or trypsin failed. However, successful excystment was achieved by
protonged (38 h) incubation in a simple saline solution (0.85% sterile NaCl; pH 7.1) at 37°C,

70 to 80% excystment being achieved.
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ORAL SUCKER

EXCRETORY VESICLE\Z\ .

PHARYNX f’-'

N # NG % GENITAL
CAECA —- ) . )// PORE
g VAR i 3 i
g DVARY i _
; SEMINAL
GENITAL PORE VESICLE
MEHLIS' GLAND
SEMINAL VI TELLARIA
VESICLE VITELLARIA
OVARY —— TESTIS
TESTIS TESTIS UTERUS

LAURERS' CANAL

A, METACERCARIA B. ADULT

1l:"IGL’RE 8‘_ Par};a!r;*m timondavidi. (A) Metacercaria, from the clam, Tapes (Ruditapes) in Japan. (B) Adult
rom axperimental infection of mice. (Meodified from Endo, T. and Hoshi 4o ,
1974, Tak pecmizsiont} shina, T., Jpn. J. Parasitel., 23, 73.

Krebs-Ringer -
Krebs-Rin Parvatrema timondavidi

+ glucose
Eagle's MEM
199

NCTC 109
NCTC 109 + 20%
bovine serum
NCTC 109 + 20%
chicken serum
Eagle's MEM

199

NCTC 109
NCTC 109 + 20%
bovine serum

NCTC 109 + 20%
chicken serum —O—@ ®

IN VIVO [mouse] — 5 o - @

N I 3 ] ]
0 12 24 36 48 60 72 34 96 108 123 131 334
HOURS IN CULTURE

O Sperm in seminal vesicle @ Eggs inuterus @ Embryonated eggs

|

incubated in saline for excystment

IN VITRO sz1°c] IN VITRO 37°C

?QURE 9. Parvcf:rema timondavidi: time of appearance of spenm and eggs int vivo and in virro. {From
asuracka, K., Kaiho, M., Hata, H., and Endo, T., Parasitology, 68, 293, 1974. With permission.)

3. Culture Conditions and Media

Excy§ted metacercariae were washed in 5 to 10 ml of sterile Krebs-Ringer's-Trismalate
gpl-{ 7.1) in double-strength antibiotics (400 IU/ml of penicillin; 200 pg/ml of streptomycin)
in 12 x 100 mm tubes. After settling, the washing process was repeated five times. Final
cultures were set up in 2 ml of medium in 14 X 150 mm tubes, loosely capped, and incilbated
at 37 or 41°C in a gas phase of 8% CQ,. Tubes were placed on a rotator sy"stem set at 12
revolutions per hour. The media was replaced every second day. The following culture
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FIGURE 10. Parvatrema timondavidi: comparison of nurnb.er of eggs in the
uterus during development in vive (in mice) and in vitro. .Vemcal bars represent
05% confidence limits. (Modified from Yasuraoka, K., Kaiho, M., Hata, H., and
Eado, T.. Parasitology, 68, 293, 1974. With permission.)

-Ri ’s-“Tris”’ i i ithout glucose, (2) Eagle’s
1 used: (1) Krebs-Ringer’s-"Tsis solution with or wi - glucose .
ﬁ?ﬁ T:;i’arker 1(99, (4) NCTC 109, and (5) NCTC supplemented with inactivated bovine

or chick serum.

4. Results o ‘
Results are summarized in Figure 9. Best results were obtained in NCTC 109 with 20%

bovine or chick serum, sperm appearing in 30 h in cultured wgrms compared w1t}1 24 l: ig
in vivo worms, Growth at 41°C was much faster than at 37°C. The r}umbe:'oo e%]g.reas
Medium 199 or NCTC 109 without serum was <20 eggs per uterus (Figure 10), :v‘;ted)
worms grown in mice contained 30 to 70 eggs per uterus. Some eggs (perlcent;) zc;bism o
became embryonated and developed motite miracidia although (unfortunately) y
the latter to penetrate molluscan hosts was not tested.

. Evaluation L _
¢ E‘i‘;,le lflact that some eggs embryonated and produced motile miracidia indicates that this

is a promising result. Should the miracidia prove to be inff.:ctive to snails, thg speae;l con;lld
be maintained without using an experimental animal definitive host, thus making it a valuable

experimental system.
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V. MICROPHALLUS SIMILIS

Cultured by: Davies and Smyth!*

Chief definitive host: Common gult (Larus canus)

Experimental hosts: guinea pigs, rats, and mice®

Location: posterior small intestine

Pre patent period: 24 h — Stunkard;?' 48 h — Davies and Smyth"

Molluscan host: Littorina saxatalis, L. spp.

Second intermediate host: metacercarial cysts in the *‘green” shore crab,
Carcinus meanas (Europe), Carcinides meanas (L.S.)

Distribution: cosmopolitan

A. LIFE CYCLE (FIGURE 11)
1. Adult (Figure 12)

This species is a frequent intestinal parasite of the common gull in Europe and the U.S.
and is probably cosmopotitan in distribution. It also occurs in tems and probably other shore
birds. Its incidence, intensity, and distribution in the alimentary canal of gulls has been
described in detail by Bakke.”* The worm shows a tendency to establish itself in the
posterior region of the intestine and in the rectum and cloaca.

2. Molluscan Stages

In Europe and North America, its first intermediate host is wsually L. saxatalis, although
it is also found in other Liftorina spp. Eggs hatch only on ingestion by the snail and there
are two generations of sporocysts. The infection causes parasitic castration of the snail.>

3. Metacercaria

The metacercariae (Figure 11), which occur chiefly in the digestive gland (hepatopan-
creas) of the crab, are markedly progenetic, reaching developmental stage 3 (see Figure 1)
with well-formed, but immature, genital anlagen. Its ultrastucture has been investigated by

Davies.? The advanced state of progenesis is reflected in the fact that, in vive, eggs appear
as early as 24 to 48 h p.i.

B. IN VITRO CULTURE TECHNIQUE"
1. Source of Material

Cysts were obtained from crabs (after pithing) by cutting away the carapace, removing
the digestive gland, and washing in Hank’s basic saline (BSS).

2. Excystment
Cysts readily excysted after treatment in 0.5% pepsin (pH 2.0) in BSS for 30 min

followed by 0.5% trypsin (pH 7.0) in BSS for 10 to 30 min. Excysted metacercariae were

washed in six changes of BSS + antibiotics (100 wg/ml of streptomycin; 100 IU of peni-
cillin).

3. Culture Media and Conditions

Culture conditions included temperature, 38 to 41°C; gas phase, air, N,, or N, + CO,.
Cultures were in Leighton tubes, 10 mi of medium and 50 to 100 organisms per tube. A
very large number of media were tested (Table 1) and most culture conditions were capable
of supporting spermatogenesis and vitellogenesis.

-4, Results (Table 1)
Good results were obtained with a simple basic medium (BM) of NCTC 135 + 20%
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FIGURE 13. Microphallus similis: rate of development in vivo (in mouse) compared with the best
results in vitro. (From Davies, C. and Smyth, J. D., Int. J. Parasitol.. 9, 261, 1979. With per-
mission.)

fetal calf serum, >80% of flukes producing eggs of which about 50% appeared to be normal.
The addition of various supplements (such as chick embryo extract — CEEs,) did not improve
results significantly and was, in fact, generally detrimental. Exceptions were the addition
of a cell monolayer (BHK) or in a diphasic medium with substrate of coagulated newborn
calf serum (NBCS) with pits in which the worms could burrow. In contrast to some species
(e.g.. Diplostomum), the addition of egg macerate did not appear to be advantageous.

The rate development in vitro was only slightly less than that in vivo (Figure 13). In
the best results, most flukes contained some (apparently) morphologically normal eggs (N,
Figure 14A and B), but abnormal eggs (A, Figure 14A) were also common. These abnor-
malities took various forms as follows:

1. Tanned masses of vitelline cells with or without an associated ovum, but without a
shell (Figure 14B, A,)}

2. Small, shelled eggs containing vitelline cells, but no ovum (Figure 14B, A;)

3. Apparently normal eggs, but without an operculum or often with an irregularly thick-
ened shell (Figure 14B, A;)

Free ova were sometimes seen in the uterus. Attempts to embryonate eggs produced in
vitro were unsuccessful and, after 2 weeks of incubation in sea water, the eggs still contained
their original ova.

C. EVALUATION

The fact that eggs were produced in almost all media probably reflects the very advanced
progenetic condition of the metacercaria. The failure of eggs to embryonate suggests that
fertilization may not have taken place in vitro, a view supported by the fact that sperm were
rarely seen in the uterus of cultured worms and then only in very smail numbers. The
production of abnormal eggshell is likely to be related to the occurrence of pretanning of
the shelt droplets in the vitellaria and vitelline ducts, a phenomenon reported in other species
(e.g., Fasciola hepatica and Microphalloides japonicus).

FIGURE 14. Microphallus similis. (A) 6 d in virro culture iu Hank's BSS + 20% fetal calf
serum; apparently normal (N) and abnormal (A) eggs are present; ( B) 4 d in vitro culture in
NCTC 135 + 20% fetal calf serum; apparently normal (N) and various kinds of abnormal
(A, Ay, A;) eggs are present. (From Davies, C. and Smyth, . D., Ins. J. Parasitel., 9, 261,
1979. With permission.)

V1. MICROPHALLOIDES JAPONICUS

Cultured by: Fujino et al.®

Definitive host: rat (Rattus norvegicus)

Experimental hosts: mouse, rat, guinea pig, dog, and sparrow?’

Location: small intestine

Prepatent period: 12 to 24 h

Molluscan host: unknown

Second intermediate host: metacercarial cysts in the marsh crab, Helice
tridens tridens

Distribution: Japan
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MICROPHALIOIDES JAPONICUS
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FIGURE 15. Microphalloides japonicus: life cycle. The diagram of the crab is notional. (Based on data
from Fujino et al.** and Yoshida.?)

A. LIFE CYCLE (FIGURE 15)

1. Aduit . _
This species was found in the rats of Fukuoka City, Japan, but this may not be the

original patural host as, experimentally, both birds and other mammals have been infected.

2. Molluscan Host
At present this is unknown.

3. Metacercaria .

Metacercarial cysts, which are more oval than round, are very.c.ommon in marsh crabs
(see above) in Japan, cysts being found in the ovary, hypodermis lining of the carapace, on
the stomach wall, and in other paris of the body cavity. Crabs of the genera C hasmagnathzfs
and Hemigraspus can also serve as hosts.”” The metacercaria (Figure 16) is h}ghly progenetic
and this condition is reflected in the fact that, in experimental mice, some incomplete eggs
appear as early as 12 h p.i. and fully formed eggs appear in 24 h, The .larva pr?bably neefis
little (if any) nutrient in order to reach maturity and at 37°C, even in Hank’s BSS, will

produce a few eggs (see below).

B. IN VITRO CULTURE TECHNIQUE*

1. General! Conditions .
General conditions included temperature, 37°C; gas phase, air, pH 7.2 to 7.4.; and
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FIGURE 16. Microphalloides japonicus. (A) Freshly excysted metacercaria; (B) adult developed
after 48 h in vitro cultured in Krebs-Ringer. (From Fujino, T., Hamajima, F., Ishii, Y.. and Mot.
K.. J. Heminthol.. 51. 125, 1977, With permission.)

culture tubes with rubber stoppers. Culture media included Hank’s BSS, Eagle’s MEM,
MEM + (inactivated) 20% calf serum, NCTC 109, and NCTC 109 + 20% calf serum.
Most media contained antibiotics (200 IU/ml of penicillin: 100 pg/ml of streptomycin).
Media were unchanged throughout.

2. Excystment

Metacercariae fresh from crabs are enclosed in a thick transparent chitinous membrane.
In physiological salines, within a range of temperatures of 31 to 41°C, the ¢yst wall becomes
thin and larvae finally emerge so that enzyme treatment is not required. Most cysts excysted
at 37°C within 1 h. Some cysts failed to excyst, but even these encysted worms, when
cultured, produced some abnormal eggs.

3. Results

These are summarized in Table 2. Small numbers of eggs were produced even in Hank’s
BSS or Krebs-Ringer’s. Best results were obtained in MEM + calf serum and NCTC 109
+ calf serum, worms in the former producing most eggs. Sperm appeared in the seminal
vesicle after about 12 h and after 24 h, eggs and/or vitelline masses were formed in the
uterus. Both abnormal eggs and (apparently) normal eggs were produced. Unfortunately,
tests to determine if the eggs were capable of embryonation were not carried out. No
morphological differences between eggs produced in vitro and in vivo could be detected.

C. EVALUATION

This appears to be a promising system. The fact that some (apparently) normal eggs
appeared indicates that some further experiments with this organism might result in larger
numbers of normal eggs being produced.
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TABLE 2

Microphalloides japonicus: Egg Counts in Uterus Of Worms Cultured in Different i
Media AMBLOSOMA SUWAENSE

Days after cultivation INTESTINAL CAECA

1 2 3 5
Medium* SF ANE (R) SF ANE (R SF ANE R) SF ANE (R) v

i

', DVARY i 7
0.85% NaCl 0 0 0 0 LIS GLARD A
Krebs-Ringer's )5 03 (=3 15 164 U—49) 15 250 (015 13 225 (56T VITELLARIA 7 3
Haoks' BSS 15 01 (00— 15 15 (0—45) 15 182 (046 13 224 (3—-41) UTERUS  OVARY —dfh
Eagle’s MEM 14 14 (O—4 15 256 (6—4m 15 §53 (5123 13 49  {0—130 )
NCTC 108 15 14 (0—3) 15 271 (4—100) 15 344 (390} 13 456 (0—162) '
Eagle + serum 15 15 (@7 15 331 @-i03) 15 606 (4—12 15 944 (719D ~— PARS PROSTICA e
NCTC 109 + serum 15 290 {(6—13) 15 108 (055 15 257 (157 15 452 (0239 ms'ﬂsq—'a_\i,. HH

GENITAL PDRE—_\;A_;;‘; :

\-).- £

s Abbreviations: SF, surviving flukes; ANE, average aumber of eggs per fluke: R. range (minimum number of eggs- -maximum \ Al
- S \};/l 7
number of ¢2gs). \'\ﬁ-‘—-—;sxcn&roav PORE—— i =
N
From Fujino, T., Hamajina, F., Ishii, Y.. and Mori, K. J. Helminthol.. $1, 125, 1977. With permission. (WHOLE WORM) CENITALIAL e
L h (GENITALIA] IWHOLE WORM!
A. apuLt B. METACERCARIA

VIL. AMBLOSOMA SUWAENSE

FIGURE 17. Amblosoma suwaense. (A) Metacercaria; (B) adult worm grown in hen egg. (Modified from

Cultured by: Schnier and Fried” ' Schimaza. T J ! ;
u, T..Jpn. J. P I.. 23,100, 1974
Definitive host: unknown, probably water birds Lo e 974. With permission.)
Experimenta) hosts: chick chorioallantoic membrane (CAM)* and chick B. IN VITRO CULTURE TECHNIQUE®
[;ggs?l . " 1. Source of Material
Pr::;:zzt. ;t:gl:dn'tir{oc;ng ' and The f;ee rliemiercagae were dissected out from the epithelium of the snail, C. decisum
: rinsed in Locke’s BSS + antibioti S '
Molluscan host: unknown tomycin). antibiotics (200 IU/ml of penicillin + 200 pg/m of strep-
Second intermediate host: metacercariae (unencysted) in freshwater snails,
Sinotaia quadrata (io Japan), Campeloma decisum (in the U.S.) 2. Culture Conditions and Media
Distribution: Japan and the U.S.; may be cosmopolitan ﬁ General conditions included temperature, 37.5°C; 12 X 75 mm plastic culture tub
i ) . 2T e es;
A. LIFE CYCLE stationary upright cultures; 2 ml of medium per tube; and gas phase, air. Half of the medium
i ' Definitive Host j was replaced daily. A wide range of media were tested: 0.85% NaCl, Hank's BSS, NCTC
. i : ' ' N 135, NCTC 135 + 50% chicken serum (normal), NCTC 135 + 50% chi ’
The life cycle is very imperfectly known, neither the definitive host nor the first moltuscan (inactivated), NCTC 135 + 20% egg yolk, and NC:F chicken serum
host having yet been found. Fried and Schnier” failed to establish the worms in domestic g8 yolk, an C 135 + 20% albumen.
chicks. However, the adult worm was first obtained® by growing it in developing chicken 3. Resnlts
embryos using the elegant chorioallantoic membrane (CAM) technique developed by Fried;** Best results were obtained i
. . . i ed in NC .
the worms also can develop in the albumen of the egg.* This is the first time an adult worm used for Sphaeridiotrema globz:?usﬁ T\;z:,iz ;eiozf il 0“." fthe same medium saccesstully
has been identified by growing it to maturity utilizing this technique without the natural ' also reported that results with normal (i.e., not ina%:eﬁroutsei[n 4 d (Figure 17). These authqrs
definitive host being known. Since the metacercariae are found in freshwater snails, it 1s . inactivated serum. Although some (appa;'e‘n,tl ) norrnalva )dse U were betir than with
likely that the natural hosts are water-dwelling birds. » made 1o determine their viability. Three typ);s of abn:;ggs :;;0?5 :r’e n:b::its;ndpts welrle
rmal ned, small,

unshelled, and incompletely shi
2. Intermediate Hosts pletely shelled.

As mentioned, the first intermediate host is unknown. Free metacercariac were first 1 C. EVALUATION
found in the freshwater snail, Sinotaia quadrata, in Japan®® and later discovered in Wisconsin : This is clearly a useful i .
. . . . . ex : - : i
in the U.S., in another species of freshwater snail, Campeloma decisum Font.*® | by the CAM teczlmique, musp;?;?,?;i;a; (:g:;ﬁgi:ﬁ;ﬂyfi nc;;r;:; grown h".t vive
methods. However, as with many other species disc i iSO it in e
i ’ ussed g
3. Metacercaria , the eggs were Targely abnormal, pe ssed here (i.e., Microphailus similis), |

The metacercariae (Figure 17), which are progenetic, occur between the epithelium and |
the shell. Two levels of progenesis appear to occur; in one, larvae have differentiated gonads 2 |
and genital ducts, but no vitellaria; in the other, vitellaria are additionally present.* |
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VIII. METAGONIMUS YOKOGAWAI

Cultured by: Yasuroaka and Kojima™

Definitive hosts: man, cats, dogs. and fish-eating mammals

Experimental hosts: mice, rats, and hamsters*-**

Location: duodenum

Prepatent period: 5 d (in mice)

Molluscan host: Semisulcospira spp.

Second intermediate host: numerous fish species, e.g., the sweet fish,
Plecogiossus altivelis. in Japan

Distribution: Far East, U.S.S.R., and Balkans

A. LIFE CYCLE (FIGURE 18)
1. Adult

M. yokogawai is a well-known buman pathogen, man becoming infected by eating fish
containing metacercariae. Its general biology has been reviewed in detail by 1t0.* Cats and
dogs serve as active reservoir hosts, but it has also been reported from many other fish-
eating mammals and even birds {pelicans).

2. Molluscan Stages
Eggs hatch only on ingestion by a suitable snail host (e.g., Semisulcospira sp.) in which
sporocysts and rediae develop. The cercaria is of the parapleurolophocercous type.*

3. Metacercaria

The cercariae readily penetrate numerous fish species where the metacercariac normally
encyst under the scales, but can occasionally be found in the muscles. The metacercaria 1s
not highly progenetic, but contains the anlagen of the ovary and testes. It becomes infective
to kittens at 15 d.*

B. IN VITRO CULTURE TECHNIQUE*
1. Source of Material

Cysts were separated from scales of infected fish with a scalpel and rinsed thoroughly
in 0.4% NaCl.

2. Excystment

Cysts were treated with 0.03% pepsin (1:3000) in 0.7% HCI for 3 h at 39 to 40°C. After
rinsing twice in sterile 0.8% NaCl, they were treated in trypsin (20,000 Hb units per milliliter)
at pH 7.1 for 30 min at 37°C.

The action of pepsin readily freed the cysts from the scales, but excystment only occurred
after subsequent treatment with trypsin, 80 to 90% of metacercariae excysting within 20
min, escape taking place through a smail hole which appeared in the cyst. Excysted me-
tacercariae were rinsed in Krebs-Ringer’s-*“Tris’” solution coptaining 200 IU/m} of penicillin
and 100 pg/ml of streptomycin.

3. Culture Conditions and Media

General conditions included temperature, 37.5°C; 14 x 150 mm culture tubes or 25-
mm Carrel flasks (both with Morton closures); 2 ml of medium per culture; 50 to 100
metacercariae per culture; gas phase, 8% CO, in air. All media contained antibiotics (con-
centrations as above).
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FIGURE 18. Metagonimus yokogawai: life cycle. (Based on Smyth,™ Ito.” and Saito.*"

4. Results

A variety of media were tested, best results being obtained in Medi
containing .NCTC 109, chick embryo extract, and humfn serum in a ratio lgt{n 3:5:3(.]"23:;2
begame ovigerous in 12 d (Figure 19) with only abnormal eggs being formed. The vitellaria
s“-tamAed poorly with Fast Red Sait B indicating that eggshell formation was not normal. That
tn vitro development was inhibited was further indicated by the fact the worms bé;came
ovigerous in vivo (in mice) in 5 d and iz vivo worms also grew in size at a much faster rate
(Figure 20).

The addition of various supplements, liver concentrates, yeast extract, vitamins, or hen
egg yolk, failed to be beneficial to development in vitro.

C. EVALUATION

.Thei fact that this species can mature in the mouse within 5 d makes it a useful organism
for in vivo and in vitro laboratory studies. The failure to form normal vitellaria. and therefore
normal eggshell, reflects a common pattern seen in many of the species discussed in this
text and suggests a nutrient deficiency in the medium.
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TABLE 3
Metagonimus yokogawai: Components of Cuiture Media Utilized by Yasuraoka ' 2l
jima
and KoJ Metagonimus yokogawoi
20F
Liver Yeast
Human concentrate extract Vitamin 109 Nfugc il
Miedium  CEE,,  serum (1%) 0.5%) mixture ; _ £ IN VIVO
— —_ — 10 - 16 |
A - - - - _ _ 8 o
c 4 3 — — - ; £l
C 4 : 0—5 i _ _ 2.5 E
D 4 - - o
E 4 3 — ! o _ : ¢ 12t
F 4 3 0.5 - 0.5 - 15 S
3 0.5 1 - - : 7
G 4 . . 3 — —_ 10t
H 4 3 _ — 10 — <
I - - - - u IN VITRO
E 8
Note: Concentrations are given in parts per 10 ml. E .
. . Q ]
From Yasuraoka. K. and Kojima, K., Jpn. J. Med. Sci. Biol., 23, 199, 1970. With permission. o
al
. c O i &) in vivo
Metagonimus yekogawal L in vitro ”
’ T T i %
i o I e
Ego | i | o . -
I i ! . i
Vitellaria G O ool . 2 4 6 8 10 12 18 16 13
i ; DAYS
' ' H | i
Receptaculum seminis ! : C‘? ' O I FIGURE 20. Metagonimus yokogawai: comparison of relative body worm,
. ! area in worms grown ir vive (in mice) and in vitro. Each point represenis
Seminal Vesicle () ! O . . | ] the mean of the best ten flukes in a sample. (Modified fron} Yasuraqu, K.
| ' ’ ' | : and Kojima, K., Jpn. J. Med. Sci. Biol., 23, 199. 1970, With permission.)
Acetabulo-genital o | 0 | ; ]
apparatus ) : | ' . :
i A I : ’
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I. COTYLURUS ERRATICUS

Cultured by: Mitchell, Halton, and Smyth'

Definitive hosts: various specics of gulls

Experimental host: gull

Location: small intestine

Prepatent period: 96 h?

Molluscan hosts: Valvata spp., Lymnaea spp.. and Physa fontinalis

Second intermediate host: metacercaria (tetracotvle) in numerouas salmonid
fish

Distribution: cosmopolitan

A. LIFE CYCLE (FIGURE 1)
1. Adult

This species is a common intestinal parasite of fish-eating birds, especially gulls, through-
out the world. It has been reported in Larus californicus in the U.S. and in L. ridibundus.’
L. canus, and L. fuscus® in Europe. Details for maintaining the life cycle in the Iaboratory
are given by Olson;® its morphology has been described (Figure 2A and B) by Guberlet.*

2. Molluscan Stages
The chief molluscan host appears to be species of Valvata, V. lewisi, in the U.5.* and
{probably) V. piscinalis in Europe, although it has also been reported from species of Lymnaea

and Physa.® There are two sporocyst generations and the average time for cercariae o cmerge
after snail infection is 35 d.?

3. Metacercaria (Figure 2C)

Cercaria penetrate and encyst in a wide range of salmoneoid fish (Salmonidae) throughout
the world, such as trout, graying, whitefish, cisco, and various varieties of salmon ®237
The metacercariae were originally described’ under the larval generic name, Tetracotyie
intermedia, a term which is still widely used.

Metacercariae occur almost exclusively in the pericardial cavity, becoming encysied in
2 to 3 weeks at 21°C. They occasionally occur in the mesenteries of the pyloric cagca in
close proximity to the pericardium. The wall of the cyst is composed of an outer, fibrous,

spongy layer and an uneven, thin, transparent layer. Their size range is 0.48 to 1.48 X
0.41 to 1.11 mm.?

B. IN VITRO CULTURE TECHNIQUE!
1. Source of Material
Cysts were removed with aseptic precautions from the pericardial cavity and transferred

to Young’'s teleost saline® + antibiotics (streptomycin, 1 mg/ml; benzylpenicillin, 100
1U/ml).

2. Excystment

Cysts were washed in Hank’s BSS and then readily excysted by incubating thern at 41°C
in 0.5% trypsin + 0.2% sodium taurocholate at pH 7.5. Excystment began atter 30 to 45
min and was usually completed within 1 to 2 h.

3. Culture Media and Conditions

General conditions included temperature, 41°C; gas phase, air; and pH 7.4 (7). Culture
vessels were Leighton tubes (Bellco) with 5 m! of media + antibiotics {(as above). The
culture media included the basic medium, Morgan 199, or NCTC 135 + inactivated chicken
serum (Flow Laboratory, Irvine, Scotland).
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FIGURE 1. Conlurus erraticus: life cycle. (Based on data from Olson? and Niewiadomska and Kozicka.%)
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FIGURE 2. Convlurus erraticus. (A} and (B) Adult (After Guberle‘l, 1. E., J. Parasitol., 9, 6, 1922. With
permission.) (C) Metacercaria. (After Niewiadomska, K. and Kozicka, J.,
1970. With permission.)
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TABLE 1
Cotylurus erraticus: In Vitro Culture; Development in Different Media
Compared with that In Vive

Treatment Periog in culture/in vivo (d) First egg production {d)

In vitro

M199 6 {died) e

NCICl33 6fdiedy e

M199 + 20¢% chicken serum 9 9

Mi99 ¢+ 0% 9 7

NCTCI35 + 404 9 b

MI99 + B0% 9 7

NCTCI3S + §0% & )
in vivo

Grown 1n Larus ridibundus 3 45

From Mitchell. J. S.. Halton, D. W., and Smyth. J. D., fnr. J. Parasitei . 8, 390, 1978, With
permission.

4. Results

Little development took place in M 199 or NCTC alone. The addition of chicken serum
had a marked effect (Table 1). The best results were obtained in NCTC 135 + 80% serum
in which the hind body developed rapidly and paired testes could be identified after 3 d.
Eggs appeared in the uterus at 6 to 9 d, compared with 4 to 5 d in vive (Figure 3).°°
Ultrastructure studies showed that the development of the testes and spermatozoa in vitro
compared favorably with that in vivo (see Figure 2A and B). In the ovary and vitellaria,
cellular differentiation in vitro compared well with that in vive, although fewer fully dif-
ferentiated cells were present in in vitro worms. However, the eggs produced in vitro were
abnormal both in size and shape (compare Microphallus similis). This result is in contrast
to that obtained with Cotylurus lutzi which, when cultured'® in NCTC 135 —~ 40% chicken
serum, but supplemented with chicken gut extract, produced normal eggs. The degree of
abnormality in C. erraticus in vitre eggs was further emphasized by the abservation that no
ova were found in TEM sections of eggs.

C. EVALUATION

The fact that only abnormal eggs were produced in vitro is likely to be related to (1)
pretanning of eggshell material. (2) failure of insemination and fertilization to occur, and
(3) failure of ova to be released into the ootype. possibly due to the lack of the appropriate
trigger. Nevertheless, the organism is useful as an experimental model to study the devel-
opmental biology of trematodes.

II. COTYLURUS LUTZI

Cultured by: Basch et al.;'® Voge and Jeong'"

Definitive hosts: unknown; probably birds

Experimental hosts: finches, canaries, and chicks (poor hosts)

Location: smail intestine

Prepatent period: 7 d

Molluscan hosts: Biomphalaria glabrata

Second intermediate host: B. glabrata in which metacercariae (tetracotyles)
encyst in ovotestis

Distribution: Brazil
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FIGURE 3. Corvlurus erraticus: comparative development in vive (in gulls) and in vitro. {After
Halton. D. W. and Mitchell. 5. S., Z. Parasitenkd., 70, 515, 1984. With permission.)

A. LIFE CYCLE (FIGURE 4)
1. Definitive Host

This species was first described by Basch!? from the metacercarial (tetracotyle) stage in
Biomphalaria glabrata in Brazil. Its natura} definitive host is still unknown. The fact that
finches. canaries. and chickens can act as experimental hosts may suggest that terrestrial
rather than aquatic birds may be the definitive hosts.

2. Molluscan Stages
B. glabrata appeass o be the only molluscan host so far identified. It can be readily
infected experimentally at 25 to 27°C. furcocercariae emerging 25 d postinfection (p.1).

3. Metacercaria

Cercaria penetrate the same snail species (B. glabrata) and develop into tetracotyles
(metacercariae; Figure 5A) in the ovotestis. “‘Encysted’” tetracotyles contract, but do not
form cyst walls. The tetracotyle is only slightly progenetic, the anlagen of the genitalia being
present as a small group of undifferentiated cells (see Figure 5A).

B. IN VITRO CULTURE TECHNIQUE"
1. Source of Material

The material was obtained from young adult Biomphalaria glabraia exposed to large
numbers of cercariae. After 1102 months, snails were washed and their shells gently crushed
in 0.34% NaCl. The ovotestis containing “‘encysted”’ metacercariae (tetracotyles) were teased
in sterile 0.34% NaCl + antibiotics (10 pg of gentamycin, 500 U of penicitlin, and 500
wg of streptomycin per milliliter) and the freed organisms were rinsed four times before
culturing. Since a cyst wall is not formed, enzymes or bile salts are not necessary. However,
it has been shown that a temperature of 41°C was essential for activation as this did not
occur at 37°C."
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FIGURE 4. Conviurus lutzi: life cycle. {Based on data from Basch. )
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2. Culture Media and Conditions

C. lutzi was first cultured to sexual maturity by Voge and Jeong.' who experimented
with a number of different culture conditions, including the gas phase. In the best of these
conditions. adult worms developed, but only eggs with abnormal shells. which failed to
embryonate, were produced. Best results were obtained in NCTC 135 + 50% chick serum
at 39 to 41°C in a gas phase of air.

Basch et al.* later improved this technique Dy the addition of chick intestine mucosal
extract and obtained eggs which gave rise 10 normal miracidia (see below). These workers
used NCTC 135 + 40% chick serum + antibiotics (100 U of peniciliin, 100 pg of strep-
tomycin, and 10 pg of gentamycin per milliliter) supplemented with a number of extracts
of chicken tissues. The most successful of these was an extract of chicken mucosa prepared

as toflows.

The small intestine was cut at the gizzard and at the beginning of the large intestine. This portion (approximately
70 cin fong) was cut into two equal lengths and labeled “‘upper’” and “Jower'" small intestine. Each half was
washed in several changes of cold (5°C) normal saline and then the mucosal layer was seraped off with a microscope
slide and homogenized in a glass tissue grinder with a Teflon plunger. These extracts were squeczed through silk
bolting cloth. brought up to 20 ml with normal saline. and centifuged for 60 min at 3000 rpm at S°C. The
supernatant was filtered twice and then sterilized by passage through 0.65 and 0.45 wm Millipore filters. Dialyzed

intestinal extracts were also prepared.

Cultivation was carried out in 25 % 150 mm glass tubes, containing 15 larvae in 5 ml of
medium: tubes were closed with silicone rubber stoppers and sealed with parafilm. The gas

phase was air.

3. Results
fatestinal extract was the only extract which was beneficial in that all cultures containing

it produced some eggs with normal eggshells. However, miracidia only developed in eggs
from cultures containing the undialyzed upper” small intestine mucosal extract. In the best
results, the first eggs appeared at 5 d, a day earlier than the prepaient period reported in
vivo.'2 Normal (embryonated) egg production continued for about 24 d and then fell away.

In vitro-produced eggs were allowed to hatch and, of the 72 snails exposed to the
miracidia, 5 became infected. Well-encysted tetracotyles were found in the ovotestis several
weeks later. These larvae proved 1o be infective to zebra finches (Taeniopygia castanoius)
which later produced C. lufzi eggs, thus completing the life cycle.

C. EVALUATION

This is clearly a most successful in vitro systenl in that it represents the only culture
system (to date} in which normal eggs, which gave rise to active miracida, were produced.
Moreover, the infectivity of the miracida to snails was proved experimentally. Compare this
result with that of Sphaeridiotrema globulus in which embryonated eggs were obtained, but
their hatchability and infectivity was not further tested.

The variation in the putritional requirements of even closely related species is reflected
in the fact that tetracotyles of Cotylurus strigeoides, when cultured in the same medium
which was successful for C. lwzi, produced only abnorma! eggs and when grown on the

chick chorioallantois, only showed minimal postmetacercarial development.
II1. DIPLOSTOMUM SPATHACEUM

Cultured by: Kannangara and Smyt b
Definitive hosts: fish-cating birds, especiaily gulls
Experimental host: gull

].( |Ldli011. S]Ilall mtes! tine
IN]OHUSCﬂI« }IOSIS Li}?f”afﬂ .\pp., (,SpeClall& 14. Slag)ldll.s, L— palué“ iy, a”d
L- pé’ré’gra"‘]
g . l. I . I, l l N 1
- o ( P O
"('Olld mtermediate host: metacercaria iplost; e u“l) 10 MUMETeUS sa

Distribution: cosmopolitan, cspecially Europe and the U.S.

A. LIFE CYCLE (FIGURE 6)

1. Adult (Figure 7A}

R hThere ar‘c a number of Synonyms of D. spathaceum, the most common being D). volvens
- huronense, and D. flexicaudum.'” Because of the occurrence of the metacercaria in tﬁe;

Z?:t“ ;)t 1{5 co;nmt:)nly referred to as the *‘eve fluke’'. Its biology, ecology, speciation, and
stribution has been comprehensively reviewed by Chubb' an .18 ’

recognize the existence of subspecies. ’ | Dubois. Some authors

The species is a common parasite of fish-eating birds, especially gulls, Larwus spp., and

38 species of birds from 7 families have been re iti
: orted s
e Franre o ported as definitive hosts.'® Its morphology

2, Molluscan Stages
) The chief molluscan hosts are species of Lymnaea, L. stagnalis (cosmopolitan) and [
‘;J;regm {Europe) belr_lg commonly infected. Mother and daughter sporocysts deve.lop (S{:E;
lg‘L.llje 6) an.d cercaria are released. Cercarla hang in the water in & very characteristic
position, their furca spread at an angle of about 120° with the tail stem. ' h

3, Metacercaria (Figure 7B)

. Cercang penetrate a wide range of fish hosts, and the metacercaria has been reported
in 103 species of freshwater fish in Europe and the U.S.; at least 23 fish species havg bee
reported to be ipfected in the U.K.'? The South African clawed toad, X e,;nopus laevis hzlT
also‘ been experimentally infected, and natural infections have been fox,mcl in wild am Hibi )
reptlle‘s, and mammals.'® Several cases of human eye infections have heen reportedp"“ Tt?’
cercariae are remarkable for showing a powerful taxis toward the eye after penet.ratio ;
Thus, although they may penetrate all over the body, within 12 h, 80% are found i t:'
eye. Mast fish lens have from 1 to 20 metacercariae, but up to 100 mz;y be present Infe::rtli .
(d‘zplostomiasi:) result in some degree of blindness and stunted growth and thi;‘, incre: 0“‘*
with accurgulation of larvae with age. The metacercaria — often referred to as a d Ioi?z:j
mulum — is no‘nprogenetic and also remains unencysted. It should be noted howevepr ;hat
there are occasional records of small numbers of progenetic metacercaria f:aund in s;lail
and these may mature directly in gulls without passing through the fish intermediate stage S"

B. IN VITRO CULTURE TECHNIQUE"

1. Source of Material

) dl‘:ISh (Rutilus futilus) were killed by severing the spinal cord just behind the head and
,O-i ing thf& head in a retort clamp for easy dissection under a strong Jight. The eyes were

Eau_ltec'i 'w1th lialcohollc todine (1% in 90% ethanol) and left to dry. The lens was extracted
y incising the cornea and i i - the i

by lncisi aﬁ n nd the lens teased out in sterile NCTC 135 to free the contained

, Elt should be noted t?lat in th‘e U.S. another species, D. adamsi, 1s found in the retina.?’
n Europe, a closely allied species, D. gasterostei,” occurs in the retina in the three-spined

stickleback. Gasterosteus aculeatus, and another species, Tylodelphys clavata, occurs within

the humor of the eye of trout.>® These speci
. . e species should not be i ]
species. t confused with the present
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proved to be very refractory to in vitre culture. It was eventually found that the compaosition,
consistency, and (probably) the particulate nature of the egg-saline medium was crucial to
development.'*

Of the various types of egg macerates prepared, two were more successful than others,
although sexual maturity was achieved in ali media. These two media were (1) NCTC 135
to yolk-albumen-macerate, 5:1; and (2) NCTC 135 to cooked egg whole macerate, 5:1.
Details of preparation are given below.

Preparation of egg medium — Components from an egg (opened aseptically) ware coagulated by heating 1o
80°C for 1 1/4 h in a covered sterile beaker. The coagulated material was transferred to a sterile glass homogenizar
with an equal volume of NCTC 135 containing 2% yeast extract (GIBCO), 1% glucose. and 20% tetal calf serutm
(Flow) with penicillin and streptomycin at 100 U/ml. The mixture was homogenized for 15 3 at stow speed in a
sterile Waring blender and stored in sterile bottles at 40°C. A number of other hquid or diphasic media were tried
without success (Table 2}

Culture conditions — Culture vessels used were Falcon {Tasks, Leighton tbes. universal containers, and {1-
m! (disposabie) plastic tubes; the last proved most suitable. The gas phase was 5% CO, + 15% O, + 30% N, or
air. No difference was found between these two, and air was routinely used. Cultures were sgitated gently in an
agitating incubator at 40 rpm at 41°C.

3. Results

These are summarized in Table 2. Full sexual maturity up lo oviposition was only
achieved in egg media (Figure 8) and, in media containing 15 to 20% or less egg yolk in
NCTC 135, gonadal development did not proceed beyond the stage of genital development.

In the best results, i.e., in cooked whole egg macerate (see Table 2, 5d) and 5:1 yolk/
albumen macerate (see Table 2, 5¢), the earliest time that eggs appeared was 10 to 12 d,
worms in the cooked macerate being slightly bigger. However, all ¢ggs produced were
abnormal, and the vitellaria were not as well developed as in in vive matured worms.
Moreover, egg appearance at 10 to 12 d compared very unfavorably with an in vive ovi-

Media — On the basis that metacercariae of the closely_relgted species, Dl.dplil;omm‘,1
from the brain of the minnow can be grown to sexual maturity in 2 simple yolk/a fum;
avixture. 2+ it was expected that the same sort of semisolid medium would suffice for D.

spathaceum. In preliminary experiments, this was

position time of 6 d when eggs can be seen in the uterus; Heatley'® reports that a single egg
was found in the uterus as early as 93 h. However, as shown below, the in vitro prepatent 'j

d be the case, and the organism | period is similar to that for worms grown on the chick chorioallantois.
found not to e case, |
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= § < growth in vive. (From Kannangara. D. W. W, and Smyth. J. D., Int. J. Parasitol., 4, 667. 1974, With
E g & 44 permission.)
S £ Lo
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g = E C. CULTURE ON THE CHICK CHORIOALLANTOIS
& % 2 It is worth recording that, in an elegant experiment, Leno and Holloway® have also
< g successfully grown this species to sexual maturity (Figure 9) using the valuable CAM
¥ % % g (chorioallantois) technique developed by Fried.?” Although only a small proportion of worms
) ! % - . e
B oz 2 g 4 5l tH+ 7 roduced eggs, some of these proved to be normal, viable, and fertilized and developed
@ Q E S | | P 12434 p . P
(= E SE E viable miracidia, eye spots appearing 15 d postembryonation. Thus, this vatuable technigue
& 3 = can be used as an adjunct to in vitro experiments to obtain viable stages of developing worrms
‘; = % = = without the need to use experimental birds as hosts.
a M = O - =l
; : E &) ) g 4+ + + - i
' <& 2 B . 4 L + MV D. EVALUATION
' R - ko . . - . : . . .
' =3 - ’% ' g The fact that this species has a very wide cosmopolitan distribution and its mollusk
. £ w g < stages occur in species of Lymnaea make it an especially useful laboratory model for in
g KT “ = vitro culture experiments. Although only abnormal eggs were produced, the fact that worms
: E B S p g Y p
. wn Lo = . . . e s . -
§ g % .t . - T : i 3 grew on the chick chorioallantois suggests that nutritional factor(s) are missing from the in
= < g - + * S vitro medium used. It should also to be noted that results in liquid media were very poor,
" < = _ which suggests that (like D. phoxini) this species has a feeding mechanism that readily takes
- B w B U = ] in food in semisolid, but not liquid form.
g = EZ0 8 & ;,
= = YZ"
g ° . . - : IV. DIPLOSTOMUM PHOXINI
» = Z ° £
® -2 g Z 2 S - 2,
s S 5 e g PRE Cultured by: Bell and Smyth*
i = - X & . s . .
g “é ; £ g 5 + g 8 ‘E’ 8 B i Definitive hosts: fish-eating birds
- " " = oy .
; S g £ . 5 822 EExc o Experimental hosts: ducks®
o a3 =] = M a4 U R H R
§ é s 2 ,‘% .2 % g = i L g:% E Location: duqdenum )
8 T 23 ZsTs<S 3 EE£3% 4 Prepatent period: 84 h*
3 E ESPgses i < x & 25 7 : Moll hosts: Ly ially L dL iculary
R 2 g2:ih2n?2 £333 - : olluscan hosts: Lymnaea spp., especially L. peregra and L. auricularia
«g' £ £%23E 2 g 2 wmgg ol Second intermediate host: metacercaria (diplostomulum) tn brain of min-
T e = e . = , = 7 :
% o EF0R sk gUMEOGE  E oW
- - ) S o .
3 é PR 5 Rise >é Distribution: Europe and the U.S.S.R.
2
- a e <+ « = NOTE: Because the life cycle, morphology, and in vitro technique for this species are so
similar to that of D. spathaceum, only brief details are provided.
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FIGURE 9. Diplostomum spathaceum (in U.S., syn. D. ﬂexicaudwn?"‘}: develop:ncm on tll'-e Bc:g:
allantois. (A) Early stage, showing genital anlagen {G) and lngcstgd blood (C), bar — 100 T:h( ) e
hindbody (HB) becomes apparent and the anterior (AT) and posterior (PT) testes deve]o? a[];) 3 aﬁe_r
anlage, bar = 100 pm; (C) sexual maturation with appearance of eges, bar = }QO p;n ;‘ : b::gg; -
embryonation, containing miracidium with eyespots, bar‘ = 50 wm; (E) free :}_::::\ iu .,qion )
um. (From Leno, G. B. and Holloway, H. L.. J. Parasitol., 72. 555. 1986, With permussion.

A. LIFE CYCLE AND MORPHOLOGY N ' ‘
Details of the life cycle are given in Figure 10. The common definitive hosts are various

species of ducks, but the metacercarial stage is very host speciﬁc and appears io be ?onﬁn.ed
to the European minnow (Phoxinus phoxinus) in whose brain the (unfencysted} metg@rc?n;e
are found. In the UK., up to 60% of minnows are commqnly infected. Details o t 2eS
morphology of the various stages and of the life cycle are given by Bell and Hopkins,

Blair,® Rees,®> and Smyth.*
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FIGURE 10. Diplostomum phoxini: life cycle. (From Smyth, J. D., {atreduction t Animal
Parasitology. 2nd ed., Edward Amold, London, 1976. With permission.)

B. IN VITRO CULTURE TECHNIQUE
The general culture technique and conditions were the same as those used for D. spa-
thaceum.

1. Results

The most satisfactory results were obtained with semisolid egg media, liquid media
being generally unsatisfactory. This was first used by Bell and Smyth™ and Smyth.** who
found that egg yolk, slightly diluted with saline, stimulated mitosis. and development to
spermatogenesis was obtained. The addition of albumen to the medium and the use of
continuous agitation finally led to complete maturation leading to oviposition. The eggs
produced, however, were abnormal, being imperfectly formed with thin shells. Later,
Kannangera and Smyth" found that in a medium consisting of 2 ml of egg yolk, 0.5% yeast
extract, and 0.5 m! of albumen, worms produced eggs on the fourth day (see Figure B).
Cooked egg macerate or yotk/albumen (5:1) as used for D. spathaceum, proved 10 be
somewhat better. A number of workers have attempted to replace the egg medium with
defincd constituents, but without success. ™
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C. EVALUATION _ ,

As with D. spathaceum. the fact that only abnormal eggs were produ.ced points to th.c
lack of a (nutritional?) factor or condition required for_eggshell production. It shoul_d Es.
noted that this organism is especially useful for teaching and research purposes. as ‘t e

ia will sti 5 after § > 1D & i or at least a month.™
metacercaria will still produce eggs atter storage 1n a refrigerator for at least a

V. FASCIOLA HEPATICA

Cultured by: Smith and Clegg™

Definitive hosts: commonly sheep and cattle, but also other mammals

Experimental hosts: mice™

Location: bile duct

Prepatent period: 90 weeks (sheep)** ‘ .

Molluscan hosts: commonly Lymnaed spp., more rarely in species of Pseu-
dosuccinea, Fossaria, Physa, and Similiminaea™

Metacercaria: encysted on pastur¢

Distribution: cosmapolitan

A. LIFE CYCLE AND MORPHOLOGY o .
The life cycle of this species 1s so well known that its life cycle and morphology will

not be discussed here.

B. EXPERIMENTAL HOSTS ' ‘
Development readily takes place in the mouse, egg production commencing at about 5

to 6 weeks.?®

C. IN VITRO CULTURE: EARLY WORK . ’ o
In spite of the fact that F. hepatica causes significant disease in livestock throughout

the world, very few attempts have been made to culture tzither the afiu}t 4‘())r larval stagTsf.
Early work, which was largely unproductive, has been reviewed by Fried. _More res:ent )%
some limited success was achieved by Davies and Smyth*! Who ‘found that in a medium o

NCTC 135 + 50% chick serum + red blood cells, growth in size was compargble to Ihét
in vivo (in mice), but only a trace of genital rudiment deve](?ped, whereas z.n WW’. c.n;rus,
ovary, and testes anlagen had developed by that ‘time. An improved technique was later
developed by Smith and Clegg® and this method is described below.

D. IN VITRO CULTURE: TECHNIQUE*

1. Source of Materials _ o
Cercarial emergence from infected snails can be enhanced by placing the snails m a

glass dish and lowering the temperature to (say) 14°C by adding ice. As .the tempeifatu;e
rises, cercariae emerge en masse and encyst on the glass walls from which theyz??, 3(;
scraped off, after allowing time for the metacercaria} cyst wall to hardep (about ; ).

This can equally well be carried out in small bes with the waﬂs lined with cellophane ;m
which the encysting metacercariae can adbere. This latter technique hgs the adva_ntage that
specific numbers of cysts can be cut out at a time and used for culturing or feeding exper-

iments.

2. Excystment . _
Numerous techniques have been described for the excystment of the metacercaria. One

of the simplest is as follows:™

()

a.  Place cysts in N/20 HCI, at 39°C.

b.  Add an equal volume of a solution of 1% NaHCO,, 0.8% NaCl. and 20% bile {sheep.
dog, or pig).

C. Metacercaria (70 to 80%) will excyst within 4 to 3 h (1.2% crude tauroglycocholate
or pure synthetic sodium taurocholate can be used instead of the bile).

A similar method for large-scale excystment of metacercaniae is alse available.*” This
15 useful for metabolic experiments and involves incubation for 1 h under 60% CO./40%
N., followed by the addition of 10% sterilized sheep bile (or taurocholate) which stimulates
excystment.

3. Culture Medium and Conditions

Medium — All media contained 5¢ Usml of penicillin + 50 pg/ml of streptomycin,
Best results were obtained in RMPI 1640 + 50% human serum and 2% human red blood
cells. The serum was prepared from tvpe A blood allowed to clot at room teroperature,
centrifuged at 10,000 X g for 30 min, and filtered through a 0.2-pum cellulose membrane.
Lower concentrations of serum gave inferior results.

Conditions — Culture vessels were plastic. screw-top, Leighton culture tubes, sealed
with parafilm; 2 mi of medium were gassed for 30 s with 8% O, in air. Temperature was
37°C.and the medium was renewed every 3 to 4 d.

4. Results

Results are snummarized in Figure 11. Most worms grew at a relatively linear rate for
up to 14 weeks before finally degenerating. However, a few worms (seven in four experi-
ments) grew more rapidly during the 7th week in culture and by 14 wecks had grown to 6
to 7 mm by 3.0 to 3.5 diameter — a size comparable to that of sexually mature Fasciola
grown in mice.*® These larger worms showed extensive development of the uterus and a
morphologically normal cirrus and cirrus sac. Testes were present in all specimens and
mature spermatozoa in some. The vitellaria showed extensive development, but only a
rudimentary ovary was present and no eggs were formed.

E. EVALUATION

Perhaps the most interesting feature of these results was the sudden development and
differentiation of a small number of worms. Since the nutrient provided to all worms was
the same, this small number were either initially physiologically different from the rest or
(more likely) this small number was somehow subjected to specific (chance!) culture con-
ditions in the systern which triggered their differentiation. This system clearly has consid-
erable potential for further experimental work.

V1. SCHISTOSOMES OF MAN

A. GENERAL REVIEW
1. Early Work: Pre-approximately 1975

The successful culture of adult schistosomes from cercariae has Jong been a desirable
aim of parasitologists, although considering the importance of schistosomes and the number
of persons working on them, surprisingly little effort (or resources) has been directed towards
this end. Most early expeniments were carried out on Schistosoma mansoni, the most suc-
cessful of this early work being that of Clegg.** Using a relatively simple medium based
on lactalbumen hydrolosate. glucose, and rabbit red blood cells (RBC), he trapsformed
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FIGURE 11. Fasciola hepatica: growth of metacercariae in RPMI 1640,
50% human serum, and 2% RBC. The growth rate is based on Y6 worms
(16 cultures in & experiments). A few individuals (seven in four experi-
ments) showed an accelerated growth rate. The approximate growth rate
is based on the growth in mice. (After Smith, M. A. and Clegg, C. A,
2. Parasitenkd., 66, 9, 1981. With permission. )

cercariae to schistosomula by allowing them to penetrate mouse skin. Most in vitro grown
males produced spermatozoa, but femates failed to produce eggs except in one, apparently
abberant, worm in which sexual maturity was reached.

During this period, too, a number of workers developed what can be described as
“‘maintenance’’ techniques which enabled adult schistosomes, removed from laboratory
hosts, to survive in vitre for periods long enough for metabolic experiments to be carried
out — up to 12 d in some ipstances. Details of these are given in Fried,* Hansen and
Hansen,* and Smyth and Halton.** Most of these early experiments wese carried out on S.
mansoni, but a few investigators used S. haematobiumn, S. japonicum, and the bird schis-
tosome, Trichobilharzia ocellata, again with very limited success.

3. Recent Work: Post-approximately 1975

More recent work in the field has been reviewed by Clegg and Smith** and Smyth and
Halton.**

The cercarial-schistosomule transformation — One of the major difficulties facing
earlier workers was the supply of culture material. Schistosomula for in vitro culture were
normally obtained from the tungs of a laboratory host as 7-d-old worms which were difficult
to obtain in quantity, although they could also be obtained (in small numbers) by allowing
them to penetrate a membrane.*? This situation was greatly improved by the development
of a number of techniques for artificially transforming cercariae to schistosomula. These
techniques have been reviewed by 2 number of workers;** they fall into two categories,

incupation and mechanical methods.

63
Incubation metheds

lncubat;on %n tissue culture (Rose) chambers + tissue explants™

Incubation in diffusion chambers in the peritoneal cavity*

chubla;um in saline contgining specific substances such as lecithin, serum, ELAC
actalbumen hydrolysate in Earle’s), etc. or various combinations of thege** !

S

Mechanical methods

1. High-speed centrifugation®
2. Whorling in a vortex mixer*

3. Repetitive syringing through hypodermic needles™

Npt all 9f these methods (Table 3) produce identical results and to what extent th
cercarial-schistosomule transformation is completed by them has been much exami : d‘iﬂ'}"‘-ﬁ ":-:
Bpth the mechanical and incubation methods have produced good results i‘n th “Tl | ds
dlft?&rﬁl:]l A»jforkers. The incubation method, using ELAC, has been describlzd as tfl:)c: an‘l:et; Oc{
which is *¢ . . g least traumatic for the organisms. Furthermore, it provides almost limitl N
numbers of schistosomules with the least work and equipment.”** » \ o
The mechanical method has also been shown to be very efficient, and the snecessful
::1ult;11‘(e1 of S mansoni by Basch.>®-%7 described below, made use of a;‘1 ingenim;s ;i:';]‘;
( ;,iag l::re lsg;nge which enables cercariae to be passed from one syringe to another
The de.velopment of these methods proved to be a great stimulus for further work. All
three species of human schistosomes, S. mansoni,>*** §. japoni('dm 18,:49,39.501 d \)
haematobium® plus one species of rodent schistosome, Schiszosomazium) douthitti :'_'Zﬂh e
been grown to sexual maturity in vitro. with pairing taking place, although eggs w ot
produced in ail species. The most successful of these techniques :;re reviewcdggelo;m o

B, IN VITRO CULTURE OF SCHISTOSOMA MANSONI

Cultured by: Basch™-57
Definitive hosts: man
Experimental hosts: mice and other rodents
Location: hepatic portal system
Prepatent period: 34 to 48 d*
Molluscan host: commonly Bi ] Si
e y Biomphalaria glabrara, but, occasionally, other
Distribution: tropics

1. Life Cycle and Morphology

The life cycte and morphology of this speci i
fisouhe Tk Y y pecies are so well known that they will not be

2. Growth Rate
. In ogder to establish.suitable criteria for comparing growth in vitro with that in vivo, it
is essential to have available reliable data on the normal growth rate in an experimen’tal

.
] i l i I 1.1 . l .[- I: g

. Stage 1 (7dy — L ; ici
orcfin) ) ung forms; no cell division detectable (tested by colchicine-aceto-
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TABLE 3 . .
Schistosoma mansoni: Assessment of Different Techniques for the Transformatm!r} of
Cercariae into Schistosomules Evaluated Against the Characteristics of 1-h In Vive

Schistosomules
Digestive system Nuclear condition Glycocalyx CHR®
Cercariae Granules in esophageal glands Heterochromatic Present P_:_!ﬁiti\fe
n vive schistosomules Granules in mucosal epithelium Fuchromatic Absent Negauve
In vitro schistosomules
* 2 1—3h 3h
Dried rat skin 1 h* ’46_—_‘.‘;: e o
Centrifugedivonexed 1—3h 2 DI oy
Syringe-passaged 1--3h 24—48 h _4 ' 4é .
Omnirixed 1—3h 24—42 111 2_—;4 ; e
Cenirifugediincubated I—3h ,.4——46_’4 ; i o
Serum incubated Ih 2 =6
ELAC incubated i—3h 24—48 h 6—24 h 48 h

Note: Asterisk indicates time at which in vitro schistosomules are comparable to 1-h in vive schistosomules.

»+  CHR. Cercarienhiillen reaktion.

From Cousin, C. E., Stirewalt, M. A, Dorsey. C. H.. and Watson, 1. P.. J. Parasitol., 72, 600, 1986, With

pernussion.

Syringe A Syringe B

double-headed
‘needle’

cercariag  ——w —= schistosomula

FIGURE 12. Double syringe system used by Basch® for the passage of gercariac of
Schistosoma mansoni, backward and forward, to transform them into schistosomula.
{From Smyth, J. D. and Halton, D. W., The Physiology of Trematodes, 2nd ed., Cam-
bridge Upiversity Press. Cambridge, 1983. With permission.)

e  Stage 2 (15 d) — Gut ceca joined behind ventral sucker

Stage 3 (28 d} — Males, two testes; females, narrow uterus

* Stage 4 (28 d) — Male, eight testes, anterior two with spermatozoa; female, small
ovary; pairing begins . . .

e  Stage 5 (30 d) — Vitellaria give a positive reaction for eggshell phenol materials with
diazo salt (e.g., fast red salt B)

e  Stage 6 (34 to 35 d) — First eggs produced

AR I6.37
These criteria. or variations of them, have been used by a number of workers. Bass;ch >
(see below) based his assessment of growth on the stages drawn up by Faust et al.

3. In Vitro Culture Technique®**’ . | .
Production of Schistosomula — The source of material was a Puerto Rican strain ©

S. mansoni maintained in PR-albino Biomphalaria glabrata and golden hamsters.

1. Cercariae were released from snails by exposure o a 75-W bulb.

x
- i
3!
i
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!
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Waler containing cercariae was collected through a Sartorius SM 13420 nylon mesh,

size 0.1 mm, into 50-ml screw-top glass centrifuge tubes and cooled 1o 10°C.

3. Cercariae were concentrated by centrifuging for 30 to 60 s at 1000 rpm.

4. The upper 90% water was discarded and 20 ml of wash mediom was added. This
consisted of BME medium with added 16 md¢ HEPES and 300 U/m! of penicillin,
300 pgiml of streptomycin, and 160 pg/ml of gentamycin.

5. The tubes were centrifuged again to form a pellet of cercariae. All subsequent steps
were carried out in a bacteriological hood.

6. Cercariac from the two tubes were pooled and resuspended into two new tubes of 25
ml of wash media and again centrifuged.

7. The two pellets were removed separately by Pasteur pipettes to fresh tubes with wash
media. These pairs of tubes were clipped into a SI-150 rotator (Scientific Industries,
Springfield, MA), tilted to keep the fluid below the tube lip, and rotated at sufficient
speed to keep the cercariae remaining in suspension in the antibiotic wash. After 10
min, the tubes were centrifuged and the process repeated with two new tubes,

8. A pellet of washed cercariae was then drawn into a 5-ml glass syringe with a double
passage system and a six gauge needle (see Figure 12), and the cercariae passed
backwards and forwards causing shearing of the tails.

9. The cercaria were poured into a petri dish and, with a rotatory movement, the tails
separated from the bodies.

10. The tails were withdrawn with a Pasteur pipette, fresh wash medium supplemented
with 5% serum being added when necessary.

1}. The cercarial bodies were transferred to a 15-ml centrifuge tube containing 9 ml of
medium + serum and the process of 10-min rotation, centrifugation, and transfer
repeated three times.

i2. The cercarial bodies at this point were considered to be schistosomula.

Establishment of cultures — Sedimented schistosomula were distributed. with a Pasteur
pipette, equally into 8 to 12, 35 x 10 mm, petri dishes each containing 2.0 1o 2.5 m] of
prewarmed and pregassed culture medium. Eight small petri dishes were placed in larger
(150 X 15 mm) plastic petri dishes and incubated at 36°C in a humidified, flowing CO,
atmosphere.

Culture medium — The composition of the culture medium (Medium 169) is given in
Table 4. Tt was stored at 4°C, in 10-ml volumes, in 16 X 125 mm tubes with slightly
loosened caps, under 5% CO,. Dilution of the medium to 275 mOsm/kg, to compensate for
evaporation, was said to improve growth somewhat. A drop of sterile, washed RBC was
added to each culture after 24 to 48 h. The RBC (type O), obtained from the local blood
transfusion service, were washed twice by centrifugation. The culture media and the RBC
were renewed twice weekly. When worms reached (Faust’s) Stage 18 (Figure 13), five
worms of each sex were transferred to a glass Leighton tube in 1.5 mm medium. A drop
of RBC was also added.

4. Results

This technique achieved a considerable degree of success. Schistosomula developed
pigment in the gut by the 5th day, gut fusion began on day 11, and pairing was first observed
during the 7th week of culture. Large numbers of adult worms were eventually obtained,
about 10% of which produced eggs after more than two months culture. Most females
produced 15 to 20 eggs, but up to 40 were obtained in some worms.

Unfortunately, the eggs produced by these experiments were abnormal, being only about
half the normat size (Figure 14) with the spine typically thin and poorly formed; they were
assumed to be infertile. Although the vitelline glands, ovaries, and testes were telatively
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TABLE 4
Schistosoma mansoni: Culture Medium 169 of Basch®
Component* Stock conc Add stock Working conc

1M BME (£} liquid® 1l

or
b (i) BMF (E) powder’ 1 packet

plus
1 i) Water 3 % distilled” 1
2 Lactalbumin hydrolysate lg 1 gl
3 Glucose lg 11.] mmol:]
4 Hypoxanthine 10 * mol1 0.5 ml 5 x 10 *molil
5 Serotonin 10 * mol/1* 1 ml 10~ molil
6 (1) Insulin U-100¢ 100 Uiml 2 ml 0.2 Urml

or
6 (ii) Insulin, crystalline' 8 mgiml? 1 mi R wgiml
7 Hydrocortisone 10T M 1 ml 10 ¢ mol/]
8 Triiodothyromne 2 X 107 M I ml 2 % 10 “ moll
9 MEM vitamins® 100 %< Sml 0.5 %
10 Schneider's medium® 1 X . 50 ml 5%
11 HEPES 24g 10 mmaoli
12 Serum 1 x¢ 100 ml 10%
13 NaOH 5 molil q.s. pH 7.4
14 NaHCO, (for 1. ii. only) 22¢g 26 mmol‘]
15 Water, 3 % distilled g.s. to 275 mosmol/’k

Note: q.s.. quantam sufficit.

«  Biochemicals from Sigma. St. Louis, MO.
®  Grand Island Biological (GIBCO), New York, 320—1015.

«  GIBCQ 420—1100.
4 Stocks frozen at — 20°C. Working concentration is based upon a theoretical total volume of 1 1,

dilution to 275 mosmol’k and addition of ather components increases the volume and reduces the

nominal working concentrations.
< Lilly TNletin NDC (002—1 135—01.
i Bovine origin; Sigma 1—550¥.
r  GIBCO 320—1120.
& GIBCO 350—1720. (This medium was supplemented by human blood cells. Type O.)

From Basch. P. F.. J. Parasitol., 67, 179, 1981 With permission.

poorly developed, electron microscope studies® showed that the structure of the vitelline

cells and reproductive tracts was similar to that of normal in vive worms.
An extension of this work was a series of experiments in which paired in vitro worms
were injected or transplanted into the veins of mice. These worms failed to develop further.

However, some normal eggs were produced by the use of any of the following:

. Ex vivo worms, i.e., those grown in vivo to pairing and then cultured in vitro for 34
w0 53d

2. Schistosomula grown in vitro for up to 13 d before injection into mice

3. Worms grown up to prepairing stage (see Figure 13) before injection into mice

C. EVALUATION
Although normal, fertile eggs were not obtained by this technique, the resuits of Basch

and colleagues must be considered to represent a major step forward in schistosome culture.
The fact that paired worms grown entirely in vitro failed to produce normal eggs, whereas
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FIGURE 14. Schistosoma mansoni: (a) 1o (e) paired adults grown from Lransfonﬁed cercariae in vitro, (a) One
female (arrows) clasped by two males; {(f} normal egg from worm grown in vive in harnsler.; (g) o Q) .abnormal
in vitro eggs (about half normal size). (From Basch, P. F.. J. Parasitol., 67. 186, 1981. With permission. )

in vitro worms injected into mice, before pairing, produced normal eggs, suggests that in
vitro development only becomes abnormal at, or near, the paixjng stage — perhafps due to
the lack of an appropriate stimulus from the male and/or suboptlmlt'{al in vitro e?nvu‘onment,

This view is supported by tater work® in which various combinations of ex vive, cultured,
and unisexual male and female worms were implanted into hamsters. It was found that
females of any type (ex vivo or cultured) coimplanted with ex vivo males, were al?le to
develop to sexual matusity, and produced viable eggs. Manyvof the f:ultpr.ed males did not
induce growth and maturation of females, but in a few cases viable miracidia were produce;i5
when cultured males plus ex-vivo or unisexual females were implanted. It was concluded
¢ that both cultured males and females have the potential for full growth and repro-
ductive maturation, but are retarded by inadequate culture conditions.”

D. OTHER SCHISTOSOMA SPECIES ‘ .
Only limited success has been achieved with the other two species of Schistosoma

infecting man, S. haematobium and S. japonicum. Although in vitro techniques for both
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thesc species have been established, only limited development has been achieved, and eggs
have not been obtained. For these reasons, these species are only briefly mentioned here.

1. Schistosoma haematobium

Using cercariae (from Bulinus fruncatus), Smith et al.®! transformed them to schisto-
somula by passing them through mouse skin and culturing them in Leighton tubes in 2 ml
of medium. The medium consisted of 50% human serum and 50% Earle’s BSS ~ antibiolics
in a gas phasc of 8% CQ, in air; 1% RBC (type O) were added later. fn the best results,
worms grew at a rate approaching that in vive and males produced sperm, but females failed
to develop vitellana or eggs. For technical details, the original paper®' or the summary by
Fried* should be consulted.

2. Schistosoma japonicum

Experiments with this species have been somewhat more successful. Both tecently
transformed schistosomula®®“*% and 17-d liver forms® have been grown in vitro to near
maturity with pairing, and abnormal eggs were produced in one instance.™ Growth in vitro
was also considerably less than that in vivo.

VII. SCHISTOSOMES OF ANIMALS

Several species of schistosomes infecting animals develop much more rapidly than those
in man. and it is surprising that, until recently, they have beea little used as experimental
models for in vitro studies. The best known species are Trichobilharzia ocellata™ and
Schistosomatium douthitti *> Most success has been achieved with the latter species. whose
culture is described briefly below.

A. SCHISTOSOMATIUM DOUTHITTI

Cultured by: Basch and O'Toole®

Definitive hosts: numerous wild rodent species (see below)

Experimental hosts: mice and hamsters™

Location: hepatic portal system

Prepatent period: 11 d%

Molluscan hosts: species of Lymnaea, Physa, Stagnicola, and Pseudo-
succinea

Distribution: Canada and the U.S.

1. Life Cycle

Details for maintaining the life cycle in the laboratory are given in Smyth™ and Kagan
et al.® In North America, the common hosts are the field vole (Microms pennsylvanicus)
and the musk rat (Ondatra zibethica). but field mice, nutria, and other rodcnat species may
also serve as natural hosts. The worms normally occur in the blood vessels of the mesenteries
of the small intestine. Occasionally. they occur in the lungs.

The males and females are paired until the latter are ready to oviposit. The ferpales then
separate from the males and migrate into the blood vessels and deposit their eggs. Unisexual
female infections®® can also produce parthenogenetic eggs so that (unlike S, mansoni) a
stimulus from the male is not required for sexual maturation to be achieved.

The eggs have no spine, but penetrate the blood vessels and gut wall and are embryonated
when they reach the intestinal lumen. Eggs are passed out in the feces and hatch on contact
with water.
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2. Molluscan Development

The most common molluscan host is probably L. stagnalis. but several other specics
and genera are infected.™ There are 2 sporocyst generations and as many as 40.000 o
60.000 cercariae may arise from a single miracidium. The incubation period for snails is

about 37 10 52 d.

3. Adult (Figure 15)

The morphology and general biology of the adult worms and cercariac have been de-
scribed by Price” and Malek.™

Male -— Length is 1.9 to 6.3 mm. The body is divided into a forebody, which is
flattened. and a hind-body. which forms the gynecophoric canal. There are 14 to 16 testes.

Female — Length is 1.1 to 5.4 mm. The essential female genitalia arc present ¢xcept
that a Laurer’s canal has not been described. When in copula, the female is held in the
gynecophoric canal of the male with only its anterior end protruding.

4. In Vitro Cuiture Technigue®

General procedure — The source of matcrial was . douthitti maintained in laboratory
mice or Syrian golden hamsters with the larval stages in Stagnicola emarginata angulata.
The general culture protocol was based on that used successfully by Basch* for S. mansoni.
with minor modifications, summarized below.

1. Cercariae were processed and converted 1o schistosomula by the double syringe method
{see Figure 12).

2. Schistosomula were placed, approximately 500 per dish, into 13 X 35 mm petri dishes
with 2.5 ml of medium 169 (see Table 4).

3. The medium was changed after 2 to 3 d and washed human RBC (Type O} were
added.

4. The medium was further renewed every 2 to 3 d for 2 weeks, when about 10 to 12
schistosomula were transferred to glass Leighton tubes coptaining 1 to 5 ml of medium
+ cells.

5. The medium was renewed cvery 2to 3 d thereafter.

Results — Growth of S. douthirti was much morc rapid than that of Schistosoma mansond,
but when the cultured worms reached a similar stage of maximal development, again the

eggs, which were produced in 3 to 4 weeks in vitro, were not viable. Eggs were much more
numerous and were even produced in single female cultures, as in in vivo unisexual infections.

B. EVALUATION

The fact this species devetops more rapidly in vivo and in vitro than §. mansoni makes
it a particularly useful laboratory model. The additional observation that unpaired females
(unlike S. mansoni) will produce viable eggs is also an added advantage. and comparison
of the physiology of the two species could possibly throw some light on the nature of the
“trigger”” for sexual maturation of the female S. mansoni provided by the male during

pairing.
VIIl. MISCELLANEOUS TREMATODE SPECIES

A. GENERAL COMMENT

This text has concentrated on giving practical details of the in vitro culture of those
species which (1) have been most successfully cultured and/or (2) those which are more
likely to be easily available from Jocal sources in different countries. However, for com-
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pleteness, it is worthwhile listing some other species which have been cultured with limited

degrees of suceess, which are species not generally available, or where results were published
too recently for inclusion.

B. SPECIES CULTURED

Thcsc species are ai follows: Fasciolidae, Fasciolopsis buski;? Echinostomatidae. Echin-
oparvphium serratum’™ and Echinostoma malavanum;’ Brachylaemidae. Lewcochloridi-
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omorpha constantiae;” Troglotrematidac, Paragonimus westermani,’® P. mivazakii, and P.
ohira:”’ Opisthorchiidae. Opisthorchis (= Clonorchis) sinensis;™ Isoparorchiidae, /sopar-
ochis hypselobagri™ and Amphistomatidae, Orthocoelium scoliocoelium

IX. TREMATODA: INTRAMOLLUSCAN STAGES

A. GENERAL COMMENT
Relatively litile success has been achicved in the in vitro culture of the intramolluscan

stages of trematodes and yet it is self-evident that the successful culture of such stages
would, by eliminating the need to maintain snails in the laboratory, greatly facilitate research
in trematode diseases, cspecially schistosomiasis. Most experiments have been carried out
on schistosomes of man with some on the bird schistosome, Trichobilharzia ocellata. Al-
though the transformation of the miracidia to sporocysts can readily be carried out in virro,
further development has been very limited, and the production of viable sporocysts or
cercariae from miracidia has not yet been achieved. So little progress has been made that
only a brief account is given below, and the in vitro cultivation of cercariae from miracidia
remains a major challenge to parasitologists. Various aspects of the field have been reviewed
by Hansen and Hansen,* Clegg and Sraith,*S Fried,* Mellink and van den Bovenkamp,*

and Smyth and Halton.*

B. MIRACIDIUM/MOTHER SPOROCYST/DAUGHTER SPOROCYST

TRANSFORMATIONS
1. The Miracidium/Mother Sporocyst Transformation

A number of workers have used relatively simple techniques to bring about the mira-
cidium-sporocyst transformation. The stage is characterized by the cessation of swimming
and the shedding of ciliated plates from the miracidium. Di Conza and Basch®? used a defined
medium + 20% human serum for S. mansoni and reported mother Sporocists developing
and increasing three to four times their length, but no daughter sporocysts were formed.

If cultures were started from daughter sporocysts (see below), some growth occurred in
that some embryos were formed internally and microvilli developed externally, but further
development did not occur. Rather similar resulis were obtained by other workers with S.
mansoni > S. japonicum.** and Trichobitharzia ocellata.® Earlier work was reviewed by
Hansen and Hansen.*’ Most of the media uscd in the above experiments were based on
Schreider’s Drosophila medium plus additives or modifications.

2. The Mother Sporocyst/Danghter Sporocyst Transformation

Daughter sporocysts of . mansoni develop in snails in 10 to }8-d-old mother sporocysts,
breaking through the mother sporocyst wall and migrating to the hepatopancreas where they
give tise to a forther generation of daughter sporocysts.® Cultures started from this stage
have been more successful than those from the earlier stages, and a second generation of
sporocysts has been produced in virro.%*

A controlling factor in these ater, successful cultures appears to be the mainienance of
a low Eh which was achieved by the addition of Cleland’s Reagent (dithiothreitol) or cysteine
plus glutathione, together with low levels of oxygen.®**” In Schneider’s medium. at the
appropriate Eh, and supplemented with galactose, reducing agents, serum, and a low pO,
and a high pCO,, a second generation of sporocysts developed which emerged over 7 to 11
d culture.* A summary of the limited achievements of all stages of larval in vitro culture
is given in Table 5. In general, the technigues are not yet sufficiently established to be used
routinely and are therefore not given here. For details, the original papers should be consulted.
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) TABLE 5
Schistosoma mansoni: Cultivation of Larval
Stages In Vitro

Period of cultivation

Stage (25—-27°C)
Miracidium to mother sporocyst ind
Mother sporocyst o daughter Not accomplished
Daughter sporocyst 3 weeks
Daughter to secondary daughter Td
Secondary daughter sporocyst ild

Sporacyst to cercaria Not accomplished
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I. BASIC PROBLEMS OF CESTODE IN VITRO CULTURE

A. GENERAL COMMENTS o . ‘
Substantial progress has been made with the in vitro cultivation of this group and a

number of species can now be cultured 1o maturity_or near rpaturity apd some (e.lg'., H};
menolepis diminuia) have been cultured through their entire life ;;ycle in wm:. Early w\or
in this field has been reviewed by Smyth,"* Taylor and Baker, and Voge. M(S)re recent
work has been reviewed by Arme,’ Evans.® Howell,” and Smyth and McManus.

B. SPECIFIC PROBLEMS . N ’
Many of the problems of cestode cultivation are shared with other parasitic helminths,

such as trematodes or nematodes. There are, however, some problems wb1ch are uglql.;i to
cestodes. A major one is the fact that cestodes have no gut so that all nutrient m;;t. e ]t areln
in through the tegument and all waste material must be excreted through it. ) 1; cle tly‘
places a limit on the kind of molecules which can pass through the tegument and greaily
lture media which can be used. A further complication,

imi omposition of the cu
D itied years, is the fact that adult cestodes

which inhibited in vitro culture of cestodes for many

normally inhabit the intestines of vertebrates which contain a rich microflora, so that obtaining
adult worms in a sterile condition represented a1
such as gentamycin, penicillin, and streptomycin has
there is no reason why any adult tapeworm <anno

d a major problem. The availability of antibiotics
largely eliminated this difficulty, and
t be obtained in a sterile condition by the
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use of appropriate washing and sterilizing techniques. Although adult worms can now be
obtained in a sterile condition, it has been found that the more satisfactory approach has
been to use the larval stages as starting material for in virro culture attempts, as — at least
in vertebrates — they occur in sterile tissue sites from which larvae can readily be dissected
in a sterile condition. This approach has been very successful with many species of the
better-known gencra such as Schistocephalus, Ligula, and Diphyllobothrium among the
Pseudophyllidea and Hymenolepis, Taenia, and Echinococcus among the Cyelophyllidea.

C. CONDITIONS OF CULTIVATION
Once sterility has been established. further problems arise. the chief of which are
considered below.

1. Physicochemical Conditions

A major difficulty is that the precise conditions pertaining in the alimentary canal of a
particular host at a particular time are very poorly known. Moreover, the nutrient content
and general composition of the intestinal contents will fluctuate with the feeding patterns of
the hosts. The situation is further complicated by the fact that some species, e.g., Hymen-
olepis diminuta, undergo complex migratory movements relative to the feeding patterns of
the host® — all situations difficult to reproduce ir vifro. Again, although the broad char-
acteristics of the vertebrate gut are well known, little information is available on the conditions
withip specific sites, such as the crypts of Lieberkiihn. for example, in which some cestode
species embed their scoleces. Much more information is available on the biological envi-
ronment within tissue sites inhabited by larvae, such as liver, body cavity, muscles, blood
stream, bile ducts, brain, etc.,>'*"" although data for hosts other than man and laboratory
aninals are relatively scarce.

Ideally, to provide appropriate conditions for iz vitro culture, data should be available
on the pH, pO,, pCO,. Eh, amino acid and carbohydrate levels, temperature, osmuotic
pressure, and concentrations of the common physiological ions of the natural habitat, Un-
fortunately, for most species, very little of this data is available and much more information
1s needed in this area of research.

2. Nutritional Requirements

The nutritional materials available to cestodes in intestinal or tissue sites are complex
in composition and difficult to replace by defined media. Moreover. individual specics have
been shown to have very specific nutritional requirements and what is satisfactory for one
species may not be so for another, closely related, species even though it utilizes (tapparentdy)
the same site in the same host! A classical example of this is the case of Echinococcus
granulosus in which protoscoleces from sheep hydatid cysts (sheep *‘isolates' ™) grow readily
to sexual maturity in vitro, whereas those from horse hydatid cysts, although surviving for
long periods in vitro fail to undergo sexual differentiation.’? Since both isolates grow to
sexual maturity in the gut of a dog, it is clear that the worms are selecting different nutrients
and/or conditions in the intestine for their growth processes. The requirements of the sheep
isolate are clearly being provided for in vitre and those for the horse isolate are not. This
simple experiment led to the discovery of different nutritional (metabolic?) strains of E.
granulosus.'? Little precise information is known regarding the special nutritional require-
ments of cestodes, apart from the basic metabolic requirements such as carbohydrates,
proteins, and lipids,® and most culture media used have been derived empiricalty, utilizing
the many synthetic media now commercially available.

3. Removal of Metabolic Waste
In the natural habitat, the metabolic waste products of adult and larval cestodes are
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readily removed from the vicinity of the organisms as 4 result of the natural circulation of
body fluids or associated body movements. As with all helminth culture, a successtul in
vitro technique must similarly provide conditions which allow for the rapid removal of toxic
waste products. Some carly authors have used complex continuous flow systems,’* although
later workers have found that roller tube systems, with reasonably frcquent media renewals,
are equally effective.

4. Provision of Differentiation Stimuki

Cestodes have complex life cycles often involving up to three hosts (two intermediate
and one definitive) and it is well established that specific stimuli may be required to *“trigger”’
the differentiation of one stage to another. The nature of these triggers has been resolved
for very few species; examples of well-recognized triggers are change in temperature (€.8..
Shistocephalus, see Section II) and presence of bile (e.g., Spirometra, see Section V).

5. Host-Parasite Spatial Relationships

The spatial relationship between an adult tapeworm and the intestinal mucosa of its host
is difficult to reproduce artificially in virro, and in some cases these relationships play a
vital role in the developmental biology of the worm. Thus, it is well established that
compression of the strobila is necessary for insemination in species such as Ligula and
Schistocephaius and probably other species.® Other specific spatial requirements (attach-
ment?, surface contact?) may be necessary in other instances, but little 1s understood in this
area of cestode biology.

11. SCHISTOCEPHALUS SOLIDUS

Cultured by: Smyth'**%!

Definitive hosts: numerous fish-eating birds; more rarely, fish-eating mam-
mals (e.g.. otters)

Experimental hosts: ducks, chicks, pigeons, rats, hamsters

Prepatent period: 36 to 48 h

First intermediate host: procercoid in fresh-water copepods

Second intermediate host: plerocercoid in three-spined stickleback, Gas-
terosteus aculeatus, and related species

Distribution: Europe, Russia, North America

This species is of some historic importance as being the first cestode to be cultured to
sexual maturity in vitro with the production of fertite eggs.'>*

A. GENERAL BIOLOGY AND MORPHOLOGY
1. Adult

The adults have been reported from a wide range of fish-eating birds, but because the
plerocercoid is highly progenetic (see below) and matures within 36 to 48 h in the bird, it
may rarely be found on autopsy, even in areas where fish infected with plerocercoids abound.
1t has occasionally being reported from fish-eating mammals, such as otiers. The morphology
of the adult has been described in detail by Hopkins and Smyth® (Figures 1 10 3. Itisa
lanceolate-shaped worm measuring 50 to 80 by 10 mm. The bothria on the scolex are litile
more than shallow grooves which result in the worm having little adhesive powers to attach
1o the intestinal wall. The lack of powerful bothria is compensated for by the fact that the
plerocercoid is highly progenetic, being already segmented with well-formed genital anlagen
(see Figure 1) and can mature and commence producing eggs as early as 36 h postinfection.
The species is also upusual, however, in possessing an additional band of circular muscles

i SRR A SRR

SCRISTOCEPHALUS SOLIDUS

D /
F—'.T\- Il /!
- 132 mma)
LB (65 mm.)
\/ 5 mm.

A. apbuLt B. PLEROCERCOID

FIGURE I Scki.stocephalus solidus. (A) Adult from experimental infection in ducks:
de}mls of the genitalia are given in Figure 2; {B) plerocercoid from bady cavit nf
stickleback, Gasrerosteus aculeatus. Note the advanced state of progenesis, as b::v.b
den.ced by the segmented condition and the presence of genital anlagen { see Figure
3) in all except the most anterior proglottides. (From Hopkins, C. A. and Sff’%lh

1 D., Parasirology, 41, 283, 1951, With permission.) T b

which may help it to brace itself against the peristalsis of the gut and so retain s position.

This could explain how in some experi )i
. ‘ perimental hosts (e.g.. hamsters as been 1
remain (exceptionally) for as long as 18 d.% * P it hes been found (o

2. Plerocercoid

The‘ plerocercoid (Figures 1 and 4) has the main features of the adult, with 62 w 92
proglottides and progenetic genitalia, containing spermatocytes and oocylc; but n;) § 'r-
matozoa‘ or ova. It occurs in the body cavity of the fresh-water and ma.rine‘ fom)# o}p;)e
three-spined stickleback, Gasterosteus aculeatus. The ten-spined stickleback, Pungitius (Py-
gostetfs) pungirius, has been infected experimentally* and may be a naturalyhmt in Russia

The. siting of the plerocercoid in the (sterile) body cavity makes it readity r;émoved ln P
sterile condition for in vitro culture. When the body cavity is slit open with a fine scal leI
the larva(e) emerges immediately (Figure 4): often only a single large larva is present P

3. Life Cycle (Figure 5)

The life cycle follows the typical pseudophyllidean pattern.'' The eggs need a wanmn
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SCHISTOCEPHALUS SOLIDUS

SEMINAL CIRRUS CIRRUS
VESICLE SAC PORE

AR sty

VAGINAL PORE UTERINE PORE

A8

(SR

progenetic plerocercoid
(Schistocephalus solidus}

250 pm

FIGURE 4. Gasterosteas acuieatus {three-spined stickleback} with body cavity
cut open to telease a plerocercoid of Schistocephatus sofidus which may ftself
weigh >90% of the (unopened) fish. (Drawn from an original photograph.;

temperature and oxygen to embryonate. requiring about 8 d at 26°C. In the laboratory, this
can readily be achieved by placing washed eggs on cellophane disks on watch glasses enclosed
in petri dishes, with occasional changes of water. Eggs hatch on exposure to light and ‘
develop into procercoids if eaten by a suitable copepod species, such as Eucyvelops ::
(= Cyclops?) agilis,* becoming infective in about 10 d. Fish become infective by ingesting
infected copepods, and birds become infective by eating infected fish.

RECEPTACULUM  MEHLIS' GLAND VITELLARIA
SEMINIS COMPLEX

FIGURE 2. Schistocephalus solidus. dorsal view of adult genitalia as seen in whole
mount preparation. (From Hopkins, C. A. and Smyth, J. D.., Parasitology, 41. 283,
1951. With permission.)

Py ——

4. Laboratory Maintenance: Experimental Hosts

Practical details regarding the maintenance of this species in the laboratory have been
comprehensively reviewed by Orr and Hopkins.™ Birds and mammals (rats, hamsters) have
proved to be effective experimental hosts, and it is interesting to note that the position taken .,‘
up in the host gut, as well as the fongevity, varies substantially from host to host. The most |
satisfactory bird laboratory hosts appear to be 1 to 4-week-old ducks or 2 to S-week-old
chicks in which 40 to 50% become established.!' Pigeons can also be infected, but they
require to be fed fish or plerocercoids enclosed in gelatine capsules; feeding free plerocercoids
to pigeons is generally unsatisfactory. Intracoelomic infection can also be readily carried
out in mice, which is a particularly useful technique for providing a ready supply of fertile
eggs.zé,zv
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SCHISTOCEPHALUS SOLIDUS VAGINAL PORE
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B. IN VITRO CULTURE TECHNIQUE: PLEROCERCOID TO ADULY**-22
1. Source of Material

With practice it is relatively easy to remove the plerocercoids of this species from the
body cavity of the stickleback which should be killed by pithing. It is convenient to leave
the needle in the fish so that it can be bandled without touching the skin (as pressure on the
swollen abdomen of an infected fish may result in premature release of the larva, (see Figure
4, with subsequent risk of infection).

In the original technique,'” the surface of the fish was painted with alcohali¢ iodine (1%
iodine, w/v, in 90% ethanol), before dissection with sterile instruments. The fish was held
in a retort stand at eye level for easy dissection and on removal, by sterile forceps or platinum
loop, larvae were placed in sterile saline in petri dishes and rinsed several times in sterije
saline before culturing. This early work was carried out without the benefit of antibiotics,
but the basic technique was sufficiently successful to allow a substantial nurnber of sterile
cultures to be established, over a number of years, and most of the basic problems of
cultivation were satisfactorily solved.?® Nowadays, workers would be well advised to rinse

e ARSIk AL P sl

-

MEHLIS' GLAND  VITELLINE RESERVOIR

FIGURE 3. Schistocephalus solidus, anatomy of female genitalia; reconstruction »fr(.)m serial sections.
(From Hopkins, C. A. and Smyth. 1. D., Parasitology. 41, 283, 1951. With permission.)
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FIGURE S. Schistocephalus solidus: life cycle and some physiological factors relalin}g9 1706 it.z (5]:;03' i:;:;
1. D.. An buroduction to Animal Parasitology, 20d ed., Edward Amold, London, 1976, .

mission.)

plerocercoids, after removal from the fish, in BSS containing the usual antibiotic mixtures
to assure sterility before culturing.

2. Culture Media and Conditions . o
It was early established'® that a rise in temperature to bird temperature of 40°C was the

stimulus that triggered maturation of the progenetic genitalig to sexual. maturity. Thl\s co;id
be achieved even in relatively crude media such as bacterial broth in plugged test tubes
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{commercial tissue culture media not then being available). The plerocercoid has excep-
tionally high food reserves, such as glycogen (50% of the dry weight®), so that probably
little, 1f any. nutrient uptake appears to be necessary to achieve sexual maturation; prolonged
maintenance would, however. clearly need some additional nutrients.

Although eggs were produced in these early experiments (see below), these proved to
be infertile. In addition. cytological examination of cultured worms revealed that the testes
showed some cytological abnormalities and insemination — as shown hy the absence of
spermatozoa from the receptaculum seminis — had not taken place. Subsequent work®
showed that for plerocercoids to develop 10 normal sexually mature adults and for insemi-
nation and fertilization to occur in vitro, the following culture conditions were essential:

1. Use of well-buffered media to counteract the toxic effects of acidic metabolic waste
products — Nutrient broth was replaced by 100% horse serum (which has strong
buffering powers) with considerable success, but most of the modern nssue culture
media, such as Morgan 199, NCTC 135, NCTC 109, and RPMI 1640, now available,
buffered with added serum and, perhaps, HEPES, are likely to be equally successful.

2. Cultivation under anaerobic conditions or at a pQ, sufficiently low to ptevent premature
oxidation of the phenolic egg-shell precursors in the vitellaria — this can be achieved
by using tall culture tubes.

3. Gentle agitation of the culture medium to assist diffusion of waste metabolites from
the vicinity of the worm, with renewal of media at appropriate intervals to maintain
the pH.

4. Compression of worms during cniture within dialysis tubing to enable self-insemination
to take place and fertilized eggs to result — The latter can be achieved by simply
holding a loop of narrow-bore dialysis tubing in place with a bung or using a more
sophisticated ground glass assembly (Figure 6) which can be prepared by a competent
glass blower.

3. Results

As mentioned above, in the early experiments, eggs were infertile and cytological
abnormalities were present in the testes. However, once the reasons for this were established
and the culture conditions summarized above were applied, no difficulty was found in
maturing worms iz vitro with the production of fertile eggs. The highest level of fertility
achieved was 88% which approaches the in vivo situation. Moreover, plerocercoids matured
under these conditions in about the same time as in a bird (36 to 40 h). Highest fertility
was achieved when two worms were cultured within the cellulose tubing (see Figure 6) so
that the surface of the worms were pressed against cach other. Sectioned worms showed
the receptacultum seminis of cultured worms to be full of spermatozoa. It was not established
whether or not cross-fertilization took place. Eggs from worms matured free in a culture
tube rarely hatch, although occasionally a low level (>6%) of fertility occuered. A curious
feature of these experiments was that a few (apparently) infertile eggs developed parthen-
ogenetically, resulting in the formation of **miniature’’ oncospheres which failed to hatch.*"

4. Evaluation

This is probably one of the easiest cestodes to mature in vitro once the basic techniques
are mastered and the fact that fertile eggs can be obtained means that animal definitive hosts
can be eliminated entirely. Although the techniques described above are recommended, it
is likely that simpler technigues would suffice. Renewing the media frequently and the use
of antibiotics may make absolute sterility unnecessary. The worm is an excellent model for
biochemical experiments, as the fact that maturation can be “‘triggered’” by simply raising
the temperature to 40°C implies that a metabolic ‘‘switch’" is operating and the biochemistry
of this system has been much investigated.'®-?
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INSEMINATION TUBE III. LIGULA INTESTINALIS

%

Cultured by: Smyth;*'-3** ¥Flockart**

Definitive hosts: numerous species of fish-eating birds

Experimental hosts: birds, rabbits, cats, dogs™

Prepatent period: 48 to 72 h

First intermediate host: procercoid in fresh-water copepods

Second intermediate host: plerocercoid in numerous species of fresh-water
fish

Distribution: Europe, Russia, North America, cosmopolitan?

o o A SRR TR

Schistacephalus solidus

A. GENERAL BIOLOGY AND MORPHOLOGY
1. Adult
The adults have been reported from numerous fish-eating birds (gspecially herons and
ducks) which become infected by cating fish infected with the plerocercoid. The parasite is
commonly found in reservoirs inhabited by fish-eating birds and up to 100% of fish may
be infected. The strobila is unusual in being unsegmented, but transversely wrinkled, The
genitalia (Figure 7) closely resemble those of Schistocephalus solidus (see Figure 3], but
are more condensed. Because the plerocercoid is progenetic (see below), maturation takes |
place rapidly in the bird gut (within 2 to 3 d). |

cellulose tuhing

‘compressed’

WOrm—— fertile egas |

2. Plerocercoid 4
The plerocercoids are much larger than those of Schistocephalus and in large fish may h
reach a length of S0 cm. The progenesis of the genitalia is somewhar less than that in ;i
Schistocephalus, but the anlagen of the genitalia are clearly visible in stained sections of !
the plerocercoid (see Figure 7A). The plerocercoid is widely distributed baving baen reported |
from some 70 species of fish of the family Cyprinidae. Its presence frequently causes parasitic
castration in fish (Figure 8) as evidenced by the marked reduction in the development of ‘
the gonads.® The ovary is often reduced to the level found in a “*spent’” fish and the testis 1
is similarly affected. These effects are associated with the reduction in size and granulation !
of the basophil cells in the transitional lobe of the pituitary, but the mechanism of this 2ffect
is not understood.®

“free” worm—

J > SO N |
i Ly AST

¥ e

infertile eggs §7-~]

undergo

J ‘hich cnables Schistocephaius solidus to
FIGURE 6. Culture tube w nderso

self-fertilization during maturation in vifro at 40°C. lnser.nination .onlyv
are compressed during maturation thus enab}mg the cirrus {r}feac’l?
proglottid to enter the vaging; this results in fef'ti]e eggs. Worms culmred‘\ Tee
in the medium produce only infertile eggs. (From Smyth, J. D. .and Myhv iaru..\si
D. P.. The Physiology and Biochemistry of Cestodes. Cambridge University
Press, London, 1989, 263. With permission.)

3. Life Cycle and Laboratory Maintenance

The life cycle is almost identical with that of S. solidus (see Figure 3) and will not be
discussed further here. Details of the maintenance of the life ¢cycle in the laboratory have
been given by Orr and Hopkins.* After feeding plerocercoids to ducklings, epgs were found
in the feces after 72 to 168 h of infection. Eggs were extracted by sieving and were washed
by decantation and placed in water in crystallizing dishes. Flockart™ found eggs in sections
of aduit worms as early as 48 h and reported that ducklings 2 to 7 d old were the most ‘

when worms

C. IN VITRO CULTURE TECHNIQUE: GROWTH OF PLEROCERCOID**

No serious attempt has been made to culture procercoids of this species to pleroclercozldz;
but relatively small plerocercoids {2 to 200 mg flz‘t;:sh y81ghl, FgV.) E?V;Ize;oi:ett:u I\
ids in vi is Wi ieved® using a medium 3 § .

larger plerocercoids in vitro. This was achieve ’ 5%
0 Sg% )E::ast extract, and 0.65% glucose in Hanks’s BSS at pH 7.1, at ?1 Cina gfi; phase
f 5% CO, in air, plus antibiotics. Larvae were cultured in 5 ml of medium, renewed every
s : ’ 00% growth in 8 d was reported. Somewhat

48 h, in 125 % 20 mm roller tubes. Upto 5 ‘ . ‘
better results were achieved in a slightly modified medium (0.6% glucose, 0.5% yeast

extract. and 20% horse serum in Hanks's BSS).*

suitable host for Iaboratory infection.

Eggs can be embryonated at 25°C in a incubator in the dark and hatched by exposure
to a bright light after 10 d. Egg fertility of in vive eggs has been reported to be 84 to 90% .
When emergent coracidia were fed to the copepods, Diapromus fragilis and Mesocveiops
leuckarti, infective procercoids developed in the body cavity after 10 d at 25°C. Cyclops
strenuus and C. bicuspidatis have also been reported as suitable intermediate hosts.** Pler-
ocercoids have been found to develop satisfactorily in tropical fish fed on infected copepods,
the following species being infected experimentally:*® Schuberti barbs (Barbus sachsi), Giant
danios (Danio malabaricus), and White Cloude Mountain minnows (Tarichthys atbonubes).
Of these, Giant danios, which reach a size of 10 to 12 cm, are ideal as Iaboratory hosts; in
these. plerocercoids possess genitalia anlagen after 60 d at 25°C.
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CERCOID
LIGULA INTESTINALIS A. PLEMRO >

T
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cirrus pouch

2 <N
uterus \/

vitellaria rudiments —

1 mm.
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FIGURE 7. Ligula intestinalis, comparison of the genitalia in (A) plerooercmd.fl:dmbﬁst.l, nq:oﬂleu;:z:r;m:? :
. itali ; sent; (B) sexually mature adult obtain y in vi

antagen) of the genitalia are already present; : bt

i)leroiercoid. (From Smyth, I. D., Parasitology. 38, 173, 1947. With permission.)

B. IN VITRO CULTURE: PLEROCERCOID TO ADULTZ 13

1. Whole Plerocercoids ' o .
Because the culture techniques required for Ligula are so smnlajr to.those des.Lntt;Ei tf;:;

Schistocephalus, they will only be dealt with briefly here. The mamn difference 1n

large size of the Ligula plerocercoids requires larger culture tubes and more frequent changes

of media as the acid excretory products rapidly bring about a pH drop which inhibits

development. ) . N |
ThE. original technique®! used bacteriological peptone broth (ox hear.t brotl:u? lZ;
tone) — at that time, commercial media were not available. LaFer experiments u’i“h
e 5% saline + 1% peptone and also undiluted horse serum. Ine

edia + 0. »
e ucoesshu d using 50 ml of undiluted serum in tall culture tube

most successful results were obtaine

j
!
j: ]
|

|
|
|
|
i
1
i

N

toituitary gland shricrmall

pregesetic

- plerocercoids ) ) ) )
\ Ligula intestinalis

FIGURE 8. Ruoach infected with plerocercoids of Ligula intestinefis. The presence of
the larvae causes ““parasitic castration’ of the fish.

(% x 1 in.) (providing semi-anaerobic conditions), the medium being changed every 24 h
with one larva per culture tube. Egg production took place at 70 h and about 6% of eggs
proved to be fertile.

Some 30 years later, Flockart.”® using the modern tissue culture media now available,
was able to improve op these results. She used Parker 199 or NCTC 135 with 20% calf
serum and cultured larvae within cellulose dialysis tubing (to induce insemination) as used
for Schistocephalus (see Figure 6). As the plerocercoids of Liguia are larger than those of
Schistocephalus, diffusion of the toxic, acidic waste products of metabolism was increased
by making large number of minute perforations in the cellulose tubing with 4 sharp needle.
This system proved to be very successful although the fertility of the eggs never exceeded
31%. It is likely that the buffering powers of the medium could be improved by the addition
of HEPES, although this does not yet appear to have been attempted.

2. Plerocercoid Fragments

As indicated above, culturing whole plerocercoids creates difficulties due to the large
size of a larva, especially in removal of the metabolic waste products and the large amounts
of media required. An alternative method is to culture short lengths (about 6 to 12 mm) cut
(aseptically) from the central region of the plerocercoid (Figure 9). Such fragments can be
cultured in small tissue culture flasks or culture tubes in 20 ml of medium, changed every
1 to 2 d, depending on size, at 40°C. Eggs should appear on the third day of culture. Eggs
produced by this method have been reported as having 11 to 19% fertility.** This technique
is especially useful for teaching purposes as each student can culture his own fragment. kt
is also a valuable technique for biochemtical studies.

Plerocercoid fragments can also be matured by implantation in the peritoneal cavity of
mice, the eggs produced having a fertility of 11 to 21%.>* Such fragments eventually become
encapsulated.

C. EVALUATION

The large size of the plerocercoids of L. intestinalis and the ease with which whole
larvae or fragments cut from them can be cultured to sexual maturity in vitro, with the
production of eggs, makes them especially useful for research in comparative biochemistry
and developmental biology and a number of valuable studies have been carried out.**** The
species also provides delightful experimental material for teaching purposes!

Compared with Schistocephalus — in which eggs produced in vitre may have a fertility
as high as 88% — the fertility of eggs produced by Ligula is low (>>31%) and clearly the
technique needs improving to provide better conditions for insemination to take place. This
is a research area which would reward further study.
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Ligula intestinalis : TABLE 1
% n .
Development of Different Strains of Spirometra spp. In Viirg
Egs inh Length at Total
. medium" Proglottids termigati vy
N : Soecics o _ rmiation cultivation
i : p Gravid® (d) {d) shed (d) {cm) pecied (d)
in vitro ol
Spirometra munsonoides :
o i }g 18 24 44.5 32
Australian® " o 0o 0
S 14 16 o IR0 ':'()
14 18 » ) 2
. ? 36.0 X
. Terminated due (¢ contamination ’ ;?
Malay _ 15 18 i 42.5 ?J
Terminated due to contamimation »: ?
Terminated due to contarnination . &la
1 T' e H N, -3 1 1
ime required (o become gravid. This was determined by periodic removal of the culture chamber and ex

amnination of the worms with an inverted micros 1

! croscope. As the uterus filled with egys. it became dark 2

Time w:hen egps first appeared in culture medium. Bt brame kst opae
Australian and .Mala)-' worms are regarded as strains of a single species.

Not observed; if shedding occurred, it was in very small pieces.

FIGUREY. Ligula intestinalis, pleroceréoid cut in fragments each d

of which may be cultured individually to sexual maturity in vire. X
(Modified from Smyth, J. B., J. Exp. Biol., 26, 1. 1949. With = From Bemtzen. A. K. and Mueller, J. F., J. Parasitol., 58. 750, 1972, With
M v 9. > 2. With permission.

permission. )
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SPIROMETRA MANSONOIDES

IV. SPIROMETRA MANSONOIDES

a— RN

Cultured by: Berntzen and Mueller!6:17:3%:40

Definitive hosts: cat, dog, racoon™

Experimental hosts: cats**

Prepatent period: 12 to 13 d*

First intermediate host: procercoid in fresh-water copepods®™

Second intermediate host: water snake, amphibia, alligators, birds, mam-

mals including man
Distribution: Europe, Russia, North America, probably cosmopalitan
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RECEPTACULUM SEMINIS OVARY VAGINA

A. GENERAL COMMENT
This species is widely distributed and is best known for its ribbon-like plerocercoid or

*sparganum’’ which occurs in the viscera and/or muscles of a wide range of cold-blooded
and warm-blooded hosts. The pathological condition it induces in man is known as “‘spar-
ganosis™ "' Although the most worked-on species is referred to as Spirometra mansonoides,
the speciation is complex and there appears 10 be several strains in different countries
(Table 1). Closely related species are Spirometra erinacei in cats and dogs, with plerocercoids
in snakes and amphibia, and Spirometra (Diphyllobothrium? ) mansoni with its adult in dogs
and its plerocercoid in snakes.

The plerocercoid has been the subject of much biochemical research as it releases a
growth factor which induces abnormal growth in experimental mice (see below). In a
marathon effort spanning many years, Mueller and colleagues'®"*** have developed elegant
techniques which enabled them to culture this species from the procercoid to the egg-
producing adult and thus reproduce a gubstantial part of the life cycle in vitro.

B. GENERAL BIOLOGY AND MORPHOLOGY

1. Adult
The morphology of the adult,** which closely follows that of species of Diphyltoboth-

A rp
ROGLOTTIS B, SCOLEX VARIATION

FIGURE 0. Spirometra mansonoides, m ]
: - s, morphology of adult is. (¥ x|
J. Parasitol., 21, 114, 1935, With permission.) ) St

:;u;r:l }é?vs:?:fn31r; Flgurcdll 01;_ 1t has been most studied in the cat in which it has been reported
r 3.5 vears.*! For details of the laboratory mai i
. . § tenance in cats, see Mueller.*
Like the adult Diphyllobothri ' hsorbs. ‘ min B
) wm latum, Spirometra absorbs large jties of vitami
& . , vantities of vik
which probably gives the scolex its pinkish color. = > ofvimin B

2. Sparganum (= Plerocercoid)
it ;l"hlel: sfparganum 1s'r1bbo‘n-like and ivory white in color, with the scolex poody developed
Wi;l :pj;gi ;hg stt;oblla wnnl;)led, but unsegmented. Intermediate hosts can become infected
\ : in three ways: by direct ingestion of copepods infected with ids
ingestion of an intermediate host already i i d B e
y infected with a plerocercoid (e.g., a frog) and
f:;lt‘Jsleque?t rglease of the' spargana and penetration of the intestine, and ( espgcially mijm by
local app ication pf poultices (e.g., split frogs) to wounds or sore eyes; the spargana mic:rat
into the human tissue under the influence of body heat. ’ B
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3. Life Cycle and Laboratory Maintenance

The life cycle (Figure 11) gencrally follows the pseudophyllidean pattern,** and a val-
uable review ol the techniques for maintaining the life cycle in the laboratory is given by
Mueller.* Eggs are passed in the feces of infected cats and, on reaching water. embryonate
within 10 d at 25 to 27°C and hatch when exposed to light. Eggs can be stored for a year
at 4°C if fungus devclopment is controlled by adding a few drops of alcoholic iodine. The
eggs are resistant 1o jodine which eventually disappcars by evaporation or organic combi-
nation.** When hatched coracidia are eaten by a susceptible copepod, such as Cyclops
vernalis, procercoids develop to an infective stage in 10 to 14 d at 23°C."' Like many
pscudophyllideans, the late nauplii and early copepodid stages are most susceptible; adults
are difficult to infect. For maintenance of copepod cultures, see Mueller. ™

The chief patural second intermediate host appears to be the water snake, but amphibia.
reptiles. birds, and mammals, including man, are also infected naturally. The sparganuim s
highly paratenic and, if it enters the intestine of an unsuitable host, rapidly migrates through
the gut wall and establishes itself as a tissue parasite. Mice make excellent laboratory
intermediate hosts and can be infected with the spargana by feeding with infected copepods
or procercoids or with a whole sparganum o1 by injecting sparganurm scoleces subcutaneously
or intraperitoneally. Mueller* recommends injecting 0.5 mi of saline + antibiotics into 4
lightly etherized mouse in the lumbar or sacral region, a procedure which raises a small
blister. The scoleces are then injected directly into this blister using 1 ml of saline +
antibiotics, a 1-mi disposable syringe, and a 19-gauge needle. Spargana migrate throughout
the body and can occur almost anywhere in the tissues. Larvae become infective to the
definitive host after as little as 4.5 d in the mouse.

In the natural life cycle, it is not known how cats are able to catch and consume water
snakes and thus acquire this infection. In the laboratory, cats are readily infected by feeding
with a sparganum, all but 3 to 4 mm of the anterior end being cast off before strobilar
differentiation commences.*' The North American strain of S. mansonoides releases a sub-
stance. with properties resembling those of a mammalian growth hormone,*® which stimulates
excessive growth in the mouse and has been the subject of much research.®

C. IN VITRO TECHNIQUE: PROCERCOID TO PLEROCERCOID
In a series of elegant techniques, Mueller®42* developed a system for obtaining pro-
cercoids of §. mansonoides in a sterile condition and culturing them to infective plerocercoids.

1. Basic Procedure

Large quantities of eggs were embryonated in 500-ml Erlenmeyer flasks, the whole
being shaken continuously, except for a short break of 1 min every hour, the water being
changed frequently to avoid bacterial growth. A few drops of iodine were added to control
bacteria, if necessary. Mass hatching took place in sirong sunlight, and the released coracidia
were allowed to infect nauplii and early copepodid stages of Cyclops vernalis.

The basis of obtaining sterile procercoids from the copepods was the observation that
under the influence of heat, the procercoids forced themselves out of the copepods and could
be harvested in a modified Bacrmann apparatus (Figure 12) adapted for obtaining sterile
cultures. If after collection, procercoids are found to be contaminated, a more sophisticated
technique can be applied. This involves placing the copepods after harvesting in a large
beaker of clean, sterile water with a little activated charcoal added and stirring. The copepods
clean out their intestines and the charcoal settles. After 2 h, the copepods are again con-
centrated by the Baermann technique (above). A sufficient number of sterile procercoids
are obtained by application of these methods.* Procercoids were cultured in a roller tube
system, using a medium of Parker 199 + 10 calf serum + chick embryo extract in a
proportion of 1.5 m} of CEE to 6 ml of 199-CS.
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HGURE. 1. Spiro:.netra mansonoides, life cycle. The snake is probably the matural
intermediate (paratenic) host, but the spargana are also found in amphibia and mammals

(including man). (Modified from Muecller, ). F., J. Parasitol., 60, 3, 1974. With
mission.) » 60, 3, 174, per-

2. Results

Although a few cultures were sometimes contaminated, the technique was very suc-
ces§ful< A remarkable degree of growth was achieved, larvae doubling in size ever}f’ 24 h
during the first week but slowing later. Plerocercoids up to 20 mm were obtained in .’?wZek‘;
and up 10 30 mm were obtained in 9 weeks. This rate of growth is comparable to thak
obtained in mice, and cultured plerocercoids were shown to be infeciive to cats in which

they grew to mature worms. For further details regardi i
S. ing the above <., the origi
papers should be consulted. 7 ’ Ve technigues. the orginal

D. IN VITRO TECHNIQUE: PLEROCERCOIDS TO ADULT WORMS'""
1. Early Experiments »

In a highly successful series of experiments, Berntzen and Mue plo? ;
plerogercoids of §. mansoncides to egg-producing adults in v’ftrol:lé[ﬁ meb?“:lritg;zz:sa:;
expenmepts,‘° plefocercoids grown from procercoids obtained by the technique ;lbove were
cuhgred in a continuous flow apparatus (as vsed for Trichine!lc; spiralis) using a complex
mgdlum (Mecyum 115). The gas phase was 5 or 10% CO, in N,. Plcroccl:t:oids were trc';ted
with an evaginating sofution of bile salts and trypsin. Other details are grven in the later
experiments described below. Maximum development achieved by this technique was the
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vial

bolting cloth
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FIGURE 12. Modified Baermann apparatus for harvesting procercoids of Spirometra

mansonoides for in vitro culture. (Adapted from Mueller, J. F.. Trans. Am. Microsc.
Soc., 78, 245, 1959. With permission.)

development of 194 to 30] morphologically normal proglottides, the posterior of which
contained some genital anlagen, but sexual maturity was not achieved.

2. Later Experiments

Later experiments’” modified the technique used in the early experiments (described
above) and improved it to such an extent that sexually mature, egg-producing worms were
obtained.

Source of material and pretreatment — In contrast to the early experiments, spargana
from laboratory mice were used instead of those cultured from procerceids. They were cut
to a length of 8 to {0 mm, with sterile precautions, and the ““tail"* was discarded. They
were then placed in an evaginating solution for the first 72 h. This solution comprised sodium
taurocholate, 2 g; trypsin (1:250). 1 g: glutathione (reduced), 400 mg; in 100 ml of Earle’s
BSS. used in a ratio of 3:8 with medium.'®

Medinm — The culture medium used was Medium 115 as used in the earlier experi-
ments.'s with the exception that 0.1 ml of cat bile was added to every liter of medium and
after 120 h, the reducing component of the medium (Solution G} was omitied. For details
of the composition and preparation of Medium 115, the original paper'” should be consulted.
Details of this are also given in Taylor and Baker.

Culture conditions — Worms were cultured in a complex, continuous flow culture
apparatus developed by Berntzen.* The gas phase was 10% CO, in N,, the pH was 7.2to
7.3, and the culture temperature was 38°C. The medium flow rate was regulated to replace
12.5 ml of metabolised medium with preconditioned new medium every 4 h. This system
obviously produced a carefully stabilized environment. Over a period of 20 to 42 d, worms
grew to a length of 31 to 44 cm and eggs appeared between 16 to 22 d of culture. Some
80% of the eggs were found to be fertile and when embryonated, the hatched coracida
proved to be infective to copepods (species not stated). This clearly was a most successful

mhd g, o
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sys_tcm and similar results were obtained with the Australian and Malaysian *'strains’™ of
Spirometra mansonoides {sce Table }1.)

3. Evaluation

This system represents a most successful culture technique for this species. It does not
appear to have been repeated or extended by these or other workers for further studies on
the developmental biology of Spiromerra. If combined with the earlier culture systems for
procercoids, it should also be possible to devise a system to culture pr()cercaid; from the
oncospheres and thus complete the entire life cycle of this species in vifro, but so far this
has not been attempted. '

V. HYMENOLEPIS DIMINUTA

Cultured by: Berntzen;'* Schiller;*” Voge:** Roberts and Mong™

Definitive hosts: Rat and other rodents; occasional accidental parasite of
man

Experimental hosts: laboratory rat; rejected in mouse after 11 d

Prepatent period: 12 to 13 &°

Intermediate host: numerous species of Orthoptera, especially Tribolium
spp., occasionally in Lepidoptera or Coleoptera

Distribution: cosmopolitan

Four species of Hymenolepis have been extensively used as experimental models for in
vitro culture, H. diminuta, H. nana, H. microstoma, and H. citelfi. Much of the basic work
was carried out on H. diminuta and the techniques developed for this species were then
adapted for the others. H. diminuta was the first cestode to be cultured through its eutire
life cycle in vitro — a result which marked a milestone in the development of cestode in
vitro culture.

A. GENERAL BIOLOGY
1. Adult

Hymenolepis diminuta is widely used as a laboratory cestode model and its morphology
and life cycle are well known and will not be discussed in detail here. Most aspects of its
biology have been comprehensively reviewed by Arai.* The adult is normally maintained
in the laboratory in the rat in which the prepatent period is generally quoted as being 12 to
13 d. However, it can vary from 12 to 21 d, depending on the size of the infection.” The
worm shows the two well-known migration patterns of an age-dependent forward migration
and a diurna) (circadian) migration. The worm size depends not only on the spezjes of
deﬁnitive host, but also on the worm load; in light infections, worms are about 70 cm long.®
It is now recognized that different isolates of H. diminuta may represent different “*strains™
which may have different nutritional or metabolic characteristics. These differences may be
{-eﬂectcd in different requirements for in vitro culture, as is known to cccur in different
isolates of Echinococcus granulosus, aithough this phenomenon has not been demonstrated
for any Hymenolepis sp. The life span of the species is not known, but it has been reported
that the worm can live for at least 14 years.™

2. Life Cycle and Laboratory Maintenance

When proglottides become gravid, they are shed and disintegrate while still within the
host intestine. The eggs, which are embryonated when laid, are immediately infective to a
wide range of intermediate hosts. The most commonly used laboratory intermediate hosts
are the beetles, Tribolium confusum or T. molitor, but the larvae can develop in numerous
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species of insects. The optimum (emperature for development of the larva in 7. molitor is
30°C. an infective cysticercoid developing in about 180 h.2 In 7. confusum. larvae develop
as early as 3 d at 37°C, but require 24 d at 20°C.* If the insects are starved before feeding.
they rapidly ingest the cggs and the hatched oncospheres penetrate the gut and develop into
cysticercoids in the hemocele. The collection, sterilization, and storage of cggs have been
described in detail by Hundley and Berntzen®® as described below.

B. IN VITRO CULTURE: ONCOSPHERE TO CYSTICERCOID*
1. Eggs: Collection, Sterilization, and Storage

Although it is possible to obtain reasonable quantities of eggs in a sterile condition by
dissecting surface-sterilized gravid proglottides.*® larger quantities of eggs requirc a more
elaborate treatment. The following technigue of Hundley and Berntzen® allows substantial
quantitics of cggs to be collected, sterilized, and stored.

Feces were allowed to accumulate on trays beneath rat cages and were collected twice a week. The fecal pellets
were then scooped out with a strainer, rinsed free of hair with (ap water, and soaked for another hour in pans of
water. The material was then liquified by stimng, and filtered through two layers of gauze and the filtrate was
colfected in 4 large beaker which was allowed to stand for a further 2.5 h. The supematant was then siphoned off
and the sediment was resuspended m water. This process was repeated until the supernatant was clear. After the
cd for a final time, the sludge remaining was resuspended in saturated NaCl (sp gr. 1 .262),
% g. The eggs, which formed a dark rng at the top
re then rinsed free of salts by alternate centrifugation.

supernatant was remoy
poured into 50.m) centrifuge tubes, and centrifuged ar 100
of the tube, were removed by a vacuum trap apparatus. Eggs we
siphoning. and resuspension in distilled water.

Eggs obtained in this way were transferred to 15 x 125 mm screw-top tubes and treated
with sterilizing agents for 20 min, followed by washing five times in sterile distilled water.
It was found that water dilutions of Osyl, 1:500; Zephiran, 1:5000: and iodine, 1:9, were
equally effective in sterilizing the eggs. Sterile eggs were stored in 50-ml Erlenmeyer flasks
or culture tubes — 6-ml suspensions of concentrated eggs in each container — with the
addition of 4 ml of 1% streptomycin and were stored at 5 or 21°C. Egg viability was
preserved better in flasks than in tubes.

2. Oncosphere Cuiture Technique

Oncospheres were first cultured to cysticercoids with a rather elaborate technique with
monolayers of rat fibroblasts;™ the resultant cysticercoids were shown to be infective to rats
and were also grown to adults in virro. The whole life cycle was thus completed in vitro.
This monolayer technique is not described here because a much simpler system. based on
that used for H. citelli,’ was later developed by Voge* and this is given below.

Eggs were dissected from surface-sterilized proglottides and suspended in Earle's saline in screw-1op vials with
glass beads (3 mm) and shaken to break the shells. They were then transferred to a sterile hatching solution of 1%
trypsin or 25,000 units per milliliter of Tryptar { Armour Pharmaceutical) and 19 bacterial amylase in Earle's BSS
with biocarbonate. Most oncospheres hatched within 20 min and were transferred to the basic culture medium as
used for H. citelli (see Table 7) and were then transferred to the final cultare medium of basic medium plus a
reducing medium of L-cysteine to give a final concentration of 8.93 X 10~ M 10 1.62 x 107 M. Approximately
150 larvae can be grown in a tube with 6 ml of medium.

Tubes were sealed with parafilm and incubated at 28°C in ap inclined position; 2 ml of
culture medium was replaced after 3 to 4 d and was replaced weekly thereafter or more
frequently if it became excessively acid. The hollow-ball embryonic stages were present at
3 d, ovoid stages were present at 7 d, and tripartite body divisions were present at 9d. A
few withdrawn organisms were seen at 14 d, and most organisms had withdrawn the scolex

at 18 d.

B R T LT SR S

C. IN VITRO CULTURE: CYSTICERCOID TO MATURE ADULT
1. Continuous Flow Technique of Berntzen'*

The first successtul culture of H. diminuta (and later of H. nuna) was achieved by
Berntzen.">" a result which represented a milestone in helminth culture. His method differezl
fr?m those of carlier workers in that (1) it involved an ingenuous continueous flow apparatus
{(Figure 13) utilizing large quantities of an extremely complex medium which conminea
almost cvery major metabolite known to occur in cellular metabolism; {(2) the flow system
meant that the waste metabolites were almost immediately removed fr(in;u the wnrn;«; and
(3) the physicochemical conditions were apparently coatrolled, at least initia]ly b\u’t the
actual pCO, or pO, or Eh levels were not stated. ‘

_ With ‘this system, Berntzen!* reported that cysticercoids grew to sexually mature adults
WI.th gravid proglottides in 15 d — only 2 d Jonger than required in vivo. Unfortunately
this author appears to have failed to provide sufficient details of his system for (1fhers to bz;
able to repeat these findings. For example, it was found to be imp;;vssible- 1 t)rcparc his
culture medium according to the published formula, and, in addition. later workers (. inciudiné
Berntzen and colleagues®) failed to obtain consistent results with this method a}ld it alsa
proved to be unsuccessful for other cyclophyllidean species. Some of his original conclusions
have also been questioned as being equivocal ™ .

On account of these difficulties with Bemtzen’s published technique, it is not given
here, but details can be found in the original paper’® or in the condensed account given in
Taytor and Baker.? A later, madified technique, developed for H. nuna proved to bz:: some-
what better and is discussed later. Although this technique proved to be wnsatisfactory, this
result proved to be a major stimulus to other workers and a number of successful, but sir;lpler
techniques have since been developed. Some of these are described below. .

2. Schiller’s Diphasic Blood-Agar Technique®’
‘ Squrce of Material — Cysticercoids were dissected from flour beetlos at 16 d post-
mf:actlon and were excysted artificially by incubation in undiluted ox bile for 30 min at
37. C Before culture they were washed three times in sterile Hanks' BSS + 100 units per
milliliter of penicillin and 100 pg/ml of streptomycin.

. Medium — The .diphasic medium employed consisted of a blood-agar base overlaid
with Hanks” BSS. This medium was prepared as follows,

Nl..\trient agar, 16 g. + 3.5 g of NaCl were dissolved in 700 ml of distilled water. To this was added 300 ml
of sterile, deﬁbﬂnated rabbit blood (inactivated at 56°C for 30 min) with thorough mixing. After antoclaving, the
blood-agar mixture was dispensed in 10-ml units into cotton-stoppered Erlenmeyer (lasks. After cooling 10 s:e:lat’.ion
10 ml of Hanks’ BSS. adjusted to pH 7.5 with NaHCO, plus antibiotics, as above. was added to each ﬂ;sk Thé
med@m was then preincubated at 32°C for 24 h to allow diffusion and to test for sterility. After passing wir.i'l 3%
CQ, in N,, the medium was adjusted to a final pH 7.5 with NaOH. ! o ,

Culture conditions — Cysticercoids (10 to 15) were cultured in each flask agitated on
a Dubnoff metabolic shaking incubator (set at 30 c¢/min) at 37°C in a gas phase of 3% CO
in N,. i :
Procedure — After 6 d, worms were transferred aseptically to fresh media and on day
8, powdered glucose (1 mg/ml) was added to the fluid overlay, On day 10, worms were
transferred to individual flasks. Thereafter, transfers were made every 24: h. On day 20, the
volume of BSS overlay was increased to 20 ml and glucose was added as above. S
' Results — These are summarized in Table 2. Wormms began shedding proglottides with
viable eggs on day 24. Although the worms produced were smaller than in vive grown
worms, the morphology appeared to be normal and eggs proved infective to beetles. DWhen
6-d worms from rats were used, instead of cysticercoids, larger-sized worms were obtained
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FIGURE 13. Continuous flow culture apparatus used by cht.zen fo.r the first sue-
cesstul i vitro culture of adult Hymenaolepis diminuta from cysticercoids. (Modified
from Berntzen, A. K., J. Parasirol., 47, 351, 1961. With permission.)

TABLE 2 o
Hymenolepis diminuta: In Vitro Growth and Development From Artificially Excysted
Cysticercoids in Schiller’s Diphasic System

18 d in vitro 29 d in vifro 44 d in vitre
(4 worms) (9 worms) {5 worms)
Mean Range Mean Range Mean Range
Total length (mm) 33 2050 87 71—123 129’ 112—;3.7
Max width (mm) 10 05—12 13 1.0-20 2.0 ;.;-66;)
Tota) nusnber of proglottids 365 185—534 480 418—523 529 5 o
ITmmature 235 133—286 167 140—223 161 122——
Mature 55 52—61 45 3660 47 4;—76
Pregravid o4 48—68 68 42—77 69 52—91
Gravid 0 — 147 109—199 254 230—27[0
2
Percent fertile 0 — 3; . 2?——27 33 ; -gj
Shedding events 0 — . — . .
Proglottids shed/event 0 — 4: 17j77 T 2()—_—}-

Development of infective cysts

From Schiller, E. L., J. Parasitol., 31. 516, 1965. With permission.
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TABLE 3
Hymenolepis diminuta: In Vitro Growth and Development of Worms from Rats 6 d
Postinfection in Schiller’s Diphasic System

0 d in vitro® 10 d in vitro 14 d in vitrn

(12 worms) (23 worms) (14 worms)
Mean Range Mean Range Mean Range
Total length (1un) 37 1746 182 130—29i1 230 1432
Max width (mm) 0.6 04028 1.4 1.0—2.0 1.5 1.0--2.5
Total number of proglottids 436 339—606 1.054 732---1,322 J.144 97 1.4
Iinmature 436 339—606 443 251710 465 16270
Mature 0 — 225 §1—374 270 134-—54
Pregravid 0 —- 274 130—656 182 0943
Gravid 0 — 920 [ 1 159° (36
Percent fertile 0 — 200 3—62 13¢ 0—36

Deveiopment of infective N - + - 4o -

Cysts

®  6-d-old controls.
® 14 of 23 worms were gravid.
¢ 11 of 14 worms were gravid.

From Schiller. E. L., J. Parasitel., 51, 516, 1965. With permission.

and gravid proglottides developed earlier (Table 3). This latter method was further improved
by Roberts and Mong* and details of their technique is given below. Roberts™ later showed
that sheep blood could replace rabbit blood, but horse blood gave poor results.

3. Roberts and Mong’s Modification of Schiller’s Technique®

Culture conditions -— Roberts and Mong*® modified Schiller's technique slightly and
in particular studied the development under different gas phases of 0, 1, 5, or 20% n N,
and, in contrast to results of previous workers, found that the development was unaffected
by any of these gas phases. The medium was prepared according to Schiller*” except that
Hanks® BSS was gassed with one of the above gas phases for 10 min and sealed before it
was added to the solidified blood agar in the culture flasks. Flasks were also sealed and
preincubated for 24 h at 34°C instead of 32°C.

Source of material — As starting material. these authors used 6-d-old worms from rats
previously infected with 40 cysticercoids from Tribolium confusum. Worms were tinsed in
Krebs-Ringer's solution adjusted to pH 7.4 with phosphate buffer, damaged warms being
rejected. After rinsing a further four times in Hanks® BSS. worms weare transferred to
Erlenmeyer flasks containing 10 ml of Hanks’ BSS with 5000 U of penicillin, § mg of
streptomycin, and 500 U of Mycostatin (Squibb nystatin) and were incubated for 1 h at
37°C using a Dubnoff water bath operating 30 excursions per minute. The worms were then
blotted on clean, sterile Whatman No. 50 filter paper, weighed individually, and cultured,
one worm per flask.

Procedure — Worms were cultured, using the shaking water bath system as above for
5 d in 25-ml Erienmeyer flasks with 5 ml of blood agar and 5 ml of Hank’s BSS overlay.
They were then transferred to 50-ml flasks with 10 ml of each media component for the
subsequent 7 d of the experiment. Worms were transferred to a flask with fresh medium
every 24 h. Cultures were evaluated after 12 d.

Results — This system was very successful, producing gravid worms in 2 d -— a time
comparable to that obtained in vivo; results are summarized in Table 4. Although some
proglottides were abnormal, most produced large quantities of eggs. Moreover, these were
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TABLE 4 : HYMENOLEPIS N
. . ANA DAY
Hymenolepis diminata: In Vitro Growth and Development of Worms From Rats OF  APPEARANCE
6 d Postinfection in Roberts and Mong’s Modification of Schiller’s Diphasic STRUCTURE t 2 34567 89101112

System GRAVID PROGLOTTIS ' '
; i vi E66 SHELLL T
Oxygen in Total proglettids at 4 M +P;0Eglotti&a after 12 d i vitro -3 i —- " Cd
Experiment  gas phase tirme® (Mean = SE.n = 10, or mean, range, n = ) -._ VITELLIN: MEMBRANE ) .
number (%) {mean = SE, n = 5) Total Gravid®
ONCOSPHERE COAT
I 236 * 33 _ ONCOSPHERE ;
0 788 = 91 26 - !
| 755 = 88 14 £7 META-ONCOSPHERE :
1 339 = 26 PrE- : —
0 1092 (1055--1129) 98 (90—106) RE-ONCOSPHERE ' . | °
5 1023 {1025—1026) 86 (56—116) {UTERUS o 7
il 283 = 52 - :
0 876 (684 —1069) 23 (21—26) SEMINAL RECEPTACLE!
20 901 (895—907) 14 (8—19) ;
. 249 + 29 SEMIN#!_NV—E“SlCLE ;
0 896 (866—-927) 73 {(17—129) YOLK GLAND NZh
20 919 (864—975) 114 (113—116) , L
TESTES v 7 Lo
o +  Numbers of proglottids in samples of worms fixed at O time (6 d in vivo). OVARY — Lt :
Lyt > Proglotlids containing substantial numbers of eggs with apparently normal morphology (not total in gravid™ Do
region, see Lext). PRIMORDIA ; J T
1. From Roberts, L. $. and Mong. F. N., Exp. Parasitol.. 26, 166, 1969. With permission.
b 7] IN VITRO
embryonated and proved highly infective to beetles. A major result from this experiment . IN VIVO

was that the level of oxygen present, over the range 0 to 20%, appeared to make no difference
to the growth or differentiation and substantial numbers of proglottides were produced over

the entire range. FIGURE 4. Hymenofepis nana. comparison of times of development

of genitalia in worms grown in vitro and in vive. (After Berntzen,
A. K., J. Parasitol., 48, 785, 1962. With permission.)

BT rrm v i v vl
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D. EVALUATION

Although Berntzen's original system appeared to produce results in his hands, published
details of the system may have been incomplete because other workers, including the writer,
have been unable to reproduce his results. It should be said, however, that his later modi-
fication of this method — as developed for H. nana (and discussed later in this text) — has
proved to be more satisfactory.

Either Schiller’s original technique®” or Roberts and Mong’s modification®” of it appear
to work well. The latter method, which avoids the difficulties of growing the early post-
oncospheral stages, has been widely used for experimental purposes and appears to be the
most satisfactory for general use. It is clear, however, that as a result of their experiments
with the gas phase, this parameter may not need to be as strictly controlled as was formerly
thought necessary. In a later experiment of Hymenolepis nutrition. Roberts and Mong®
successfully used 5% CO, in N,.

The original technique used rabbit blood in the solid phase and sheep blood has also
been shown to be effective. It should be noted. however, that Turton®' could only obtain
preoncospheres using horse blood.

Experimental hosts: laboratory mouse and rat (different strains?)
Prepatent period: }1 to 16 d in the rat; 14 to 25 d in the mouse”’
Intermediate host: Tenebrio spp.. Tribolium confusum
Distribution: cosmopolitan

A. GENERAL BIOLOGY AND LIFE CYCLE

The general biology of this species is so well known that it will not be discussed 1n
detail here. Morphologically it differs from H. diminuta chiefly by the presence of a well-
developed rostellum with a crown of hooks. The life cycle differs markedly from that of
H. diminuta in that in addition to utilizing insect intermediate hosts, eggs can also hatch in
the rodent gut and penetrate the villi and develop into cysticercoids there. Hence there is
both an indirect and a direct life cycle. From the point of view of assessing the success of
a par?14cu1ar in vitro technique, it is important to know the pattern of development in the
?’fﬁmt“{i host and the time of appearance of the various genitalia. These are shown in

igure 14.

V1. HYMENOLEPIS NANA B. IN VITRO CULTURE: ONCOSPHERE TO CYSTICERCOID*

The technique adopted was essentially that first used for the culture of the oncospheres
of H. citelli to cysticercoids in vitro; this is described in detail under the latter specigs.
Growth and development of the cysticercoid was found to occur only in the présence of 5“%

Cultured by: Berntzen;* Sinha and Hopkins®
Definitive hosts: rat and other rodents; man

D G- 4 P e
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(ETmR:—s gas exhaust L TABLE 5
& Hymenolepis nana: Liver Extract Medium Which Supports Growth of Cysticercoids
Y MENOLEPIS NANA In Vitro to Egg-Producing Adults in 12 d
Component and concentration in final medium Volume (ml} of stock sotutions to

medium reservoir

rubber tubing

culture chamber

FIGURE 15. Hymenolepis nana, a single recirculating unit used for the successful
cultivation of cysticercoids to adult worms. (Modifted from Bemtzen, A. K., J.

Parasitol., 48. 785, 1962. With permission.)

CO, in 95% N,. Cysteine was found not 10 be an essential component of the medium, as
cysticercoids developed with or without reducing agent, as long as the cultures were gassed
with the above gas mixture. Completion of morphological development took place in 15 d.

The developmental sequence was as follows: 4 d. hollow ball stage; 6 d, early tripartite
organisms; 11 d, fulty developed tripartite organisms; 14 d, scolex withdrawn; 15 d, fully
developed. After 22 d in vitro, cysticercoids were fed to mice and patent worms were

recovered 10 d later.

C. IN VITRO CULTURE: CYSTICERCOID TO MATURE ADULT
1. Continuous Flow Technique of Berntzen*

Berntzen® followed up his culture of H. diminura'* by culturing H. nana from cysti-
cercoids to sexual maturity using a modified continuous flow apparatus (Figure 15) and two
culture media, Medium 101 and Medium 102. However, it must be pointed out that at least
one experienced worker, Hopkins,” failed, over a period of 18 months, to reproduce
Berntzen's results. The nature of the complex media used makes it unlikely that these will
ever be useful for routine culture studies and, for that reason, data on their composition are
not given here. For details, the original paper can be consulted. As Hopkins points out, it
is likely that he may not have been exactly duplicating some essential step in Berntzen's
complex procedures. Hopkins also analyzed many of Berntzen’s conclusions regarding the
importance of the gas phase and of various components of his media and other factors and
concluded that few of these could be justified on the limited data provided. Nevertheless,
there is no doubt that Berntzen’s system worked, in his hands, and the rate of development
achieved in vitro only lagged slightly behind that in vivo (see Figure 14).
s62

2. Simplified System of Sinha and Hopkin:
As with H. diminuzta, later workers found that H. nana could be grown to sexual maturity

in a much simpler medium and in a standard roller tube culture system. Details of this are
given below.

prepare 100 ml of medinm

20% Horse serum .
0.3% Glucose P
0.5% Yeast extract X
409 Hanks® saline "
f0%: Rat hiver extract (20% aqueous) ‘113

o 8

sulfate (Crystamycin, Glaxo)ml of medium
NaHCQ. {1.4%) — NaOH (0.2 M)
pH 7.2, gas 95% N. + 3% CO,, roller tubes at 37°C

Antibiotics (100 IU of sodium penicillin G + 100 pg of streptomycin )

From Hopkins. C. A.. Symp. Br. Soc. Parasitol., &, 27. 1967. With permission.

' Squrce of cysticercoids and excystment — Cysticercoids were dissected from infected
Tribolium confusum into Hanks’ BSS. The free cysticercoids were washed twice in sterile
BSS and thereafter all procedures were carried out at 37°C in sterile solutions with antibiotics
(100 units per milliliter of penicitlin + 100 pg/ml of streptomycin). L o

Excystmen.t was carried out by (1) treating larvae with 1% pepsin (1:2500) in BSS at
PH 1.7 (pH adjusted with 0.2 N HCD) for 12 to 15 min followed by (2) washinﬁ three ;inles
in BSS and treating with a trypsin-bile solution (0.5% trypsin + 0.3 sodium tauro ]v:
cocholate) at pH 7.2 in BSS. About 90% of worms exc;'sted within 8 té 10 min T}is
were was:hed three times in BSS and collected in a petri dish in preparation t';wr cul;urint.’ )

Medlium — The medium used is shown io Table 5. Particular attention is drawn to tail.e
.fact‘ tljmt it was found™ that the growth properties of the yeast extract varied substantially
in d}fgercnt batches from different manufacturers. The sampfe used in the original c\ riment)s
(Original Difco YE, Table 5) promoted excellent growth, yet when this was usep(;: u ané
replaced with other samples, much variation occurred (Figure 16). This js a w;:!l~rec0 Ir:ized
phenpmenon in all in vitro culture fields and may sometimes be responsible for the diffﬁen ces
obtallged] py different workers apparently using the same medium. o

at liver extract was first used, : v ‘hich is easi 1y extr

ter uscd. Thie s meeot o foll(l):’;l;ts .]dmb liver (which is easier to obtain} extract was

1 h? Iamt} liver was transported from the abbatoir in an iced container. cut into pieces of about 20 g, and stored
{11 - 15°C. When requircd“ it was thawed at 4°C for 48 h. One part liver tissue {by weight) was. hv>;1n:;ni7¢é w;h
iour parts ‘( by w].ume‘) of deionized water at 4°C. The brei was adjusted to pH 44.0 with 1 ¥ H(E 14 a-p:pm;imalc]v
2.5 ml:100 ml (zf brei). squeezed through muslin, and centrifuged at 5420 x g for | a ar 4°C ’[:he s 1atan
was cu]i‘ected. filtered through a 0.43-pm membrane filter, and sterilized by ;;assim: Lhr(.mvhmu 0 ”wpénf'all‘im
The sterile extract was stored in aliquots of 5 and 10 ml at —15°C. o . soem e

Cuiture conditions — Excysted larvae (16 to 20) w
: ) ; ere used per culture tube; the tubes
wfere gas4sed twice with 5% CO, in N,. The pH of the tubes was 7.2 + 0.2 some 2to 3 h
after setting up. The media was changed on days 3, 6, 9, 11, and 13. No details of columes
of media used were given. ’ B + Ro el of volumes
Results — During 14 d of cultivation, cysticercoids grew to strobilated worms 7 to 30
mgl long: 60 to 70% had mature genitalia and 20 to 30% produced eggs in some proglottides.
Dls.ch'arged.eggs were found in the medium from the tenth day onward and these eggs proved
to ’bc mfec?tlve to beeflcs and normal cysticercoids developed. Evans® reported similar results
using a slightly modified medium, but full details were not reported.
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TABLE 6
1.8 A Original Difco YE ? Hymenolepis microstoma: Sequence of Development
b o betch 2050 A in the Mouse (Adult Male: Swiss Albino)
% Difco batck 357010 E
O Difco batch 583588 & . N
1.6 @ Difco batch 483370 % Days PI Observations
¥ 1 B
HYMENOGLEPIS NANA ;; 3 } No internal segmentation: or grossly visible unlagen :
1.4 Z 3 Some internal scgmentation; appearance of anlagen ]
& . 4 . !
4 5 } External segmentation: 7 and 7 anlagen discermble :
~ : 6 Testes in few :
e 1.2 7 Testes defined
E 8 Early maturc to mature segments |
9
,,:E 10 } Mature segments !
O :
E t Disappearance of ¥ glands: few preoncospheres !
=] 12 Preoncospheres: no hooks E
13 Semigravid proglottids: oncospheres I
14 Near gravid proglottids '

15 . .
) } Gravid proglottids

Note: Pl postinfection.

From De Rycke, P. H.. Z. Parusitenkd.. 27, 350, 1966. With per-
mission.

i 1 2 3 !l 5 6
DAYS IN CULTURE

a tendency to attach in the duodenum.®” The mouse appears to be the most salisfactory :
laboratory host. The worm lives in the intestine for the first 3 d postinfection and then

STV

- |
'i migrates into the bile duct on the fourth day.® The prepatent period varies slightly with the ks
‘h FIGURE 16, Hymenolepis nana, comparison h°f g‘s,‘”‘h maintenance temperature of the host, being 14 d at 21°C and 15 d at 35°C % I
1y properties of different samples of yeast extract in l~§ ’:‘e ldlﬂl The approximate sequence of segmentation and genital differentiation is given in Table ‘
I (see Table 5) used for in vitro culture of CYSUCLTCOIRe 10 7 6 and the rate of growth is shown in Figure 17.% Cysticercoids develop readily in Triboli !
P : oo, C. A Symp. Br. Soc. growth is shown in Figure 17.% Cysticercoids develop readily in Tribolium :
3 worms. (Modified from Hopkins, S [

Bl S, 27, 1967. With permission.) confusum, becoming infective in 8 d in beetles kept at 30°C.™
B. IN VITRO CULTURE: ONCOSPHERE TO CYSTICERCOID

JATION
D. EVALUAT Seidel® cultured H. microstoma from eggs to oncospheres and on to adult worms,

As pointed out above, although Berntzen’s
successfully used by other workers and can‘not,
other hand, the system of Sinha and Hopkins®
been successful in the hands of other workers. It would ap

much to recommend it for general use.

VIL. HYMENOLEPIS MICROSTOMA

system worked in his hands, it has not been
be considered to be a viable system. On the
represents a simple system which has also

1. Culture Technigue
pear to be a system which has

Eggs were dissected from surface-sterilized gravid segments in Earle’s BSS and shells
were broken by shaking with glass beads. The eggs were then transferred to 130 > 25-mm
centrifuge tubes containing 3% NaHCQ, in 0.85% NaCl and 50,000 units of Tryptar which
had been gassed with 5% CO, in N, for 10 min and then again, with eggs present, for 20
min. After hatching. the oncospheres were centrifuged at 5000 rpm for 2 min and washed
Cultured by: De Rycke and Berntzen;* Evans;® Seidel™ 3 once in culture medium before placing them in culture vessels.%

Definitive hosts: mouse and other rodents Oncospher;s were cultured in 130 X 10-mm scre?v-top tubes in 6 ml of medium, with
Experimental hosts: laboratory mouse, rat, and hamster®’ 2 :30 to 70 organisms per tube. The tgbes were sealed W}th Parafilm and kept stationary in an
Prepatent period: 14 to 16 d in the mouse®s*° 1nci‘med position, at 24 and 28°C., in a gas phase of air. Thg medium remained uncl?anged
Intermediate host: Tribolium confitsum during the first week of culture, but thereafter 2 ml of medium was replaced three times a

Distribution: cosmopolitan? week.

2. Medium

This was a madification of that used by Voge and Green® for H. citeili, but organisms
grew best in media without reducing agents — in contrast to the conditions required by H.
diminuta and H. citelli.

A. GENERAL BIOLOGY AND LIFE CYCLE ‘ . .
Unusual for a cestode. this species occupies an extraintestinal site, namely, the common

bile duct and the extrahepatic ducts, although in some hosts (e.g., hamsters, rats) there is
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125
H. MICROSTOMA
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LENGTH
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0o 2 4 6 8 10 12 14 16
DAYS IN MOUSE

FIGURE 17. Hymenolepis microstoma, growth in
mouse (adult male: Swiss albino). (Modified from
De Rycke, P.H.. Z. Parasitenkd.. 27. 350, 1966. With
permission.)

3. Results o
In media without the addition of reducing agents and containing 10% fetal calf serum,

morphologically normal cysticercoids developed after 16 d in culture, but were cultured
until 21 d when used later for culturing to adult worms (see below).

C. IN VITRO CULTURE: CYSTICERCOID TO MATURE ADULT

- EI??%;:IEZM Berntzen® were the first to grow cysticercoids of H. mz:crosron?a t; tf‘lear
sexual maturity in vitro. They used a medium referred to as HM67, a ?‘ned_lum denv.e Tom
Medium 115 previously used by Berntzen and Mutf.lle;“ for the cultivation of ngzromhe:;a
mansonoides, plus glucose, serum, and hamster b11_e in a gas phase of air. A tloug ~te
worms grew and strobilated. they remained small (Figure 18) and complete sexual maturity

was not achieved.

2. Technique of Evans® . S )
Evans®® was the first to culture H. microstoma 10 egg-producing adults, using a modi

fication of the method used by Sinha and l-gopkins62 for H. nana. A useful, abbreviated
is technique is given by Evans. »

aCCO;;:d(;fl::VS_C;f;e ?nediur%) consiZted of 60 ml of (modified) Eagle’s rnec?mm Fplus a?(-)

tibiotics) with 10 ml of sheep or hamster liver extract and 30 ml of ho;se serum. llto

m] of ox bile was added and the pH was adjusted to 7.6 and dxs.pensedvlnto STml VO un;ez

into roller tubes. The tubes were gassed for 30 s with 5% CO? in N, 1mrned1ately53(e:afe

with rubber bungs, and rotated in an incubator at nine revolutions per hour at 37. or

2.5 h.
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FIGURE 8. Hymenolepis microstoma, growth in vitro in Medioma HMA7 with
serum and bile. (Modified from De Rycke, P. H. and Berntzen, A. K.. J. Parasiol.,
53, 352, 1967. With permission.)

Culture procedure — Cysticercoids were obtained from Tribolium confusum and, after
excystment, were washed three times in sterile Hanks’ and 20 to 30 were placed in each
culture tube. The tubes were regassed for 30 s before culturing in the roller tube system.,
The medium was changed on day 6, and on day 7 the larger worms were transferred to new
medium (one to three per tube); the medium was renewed on days 9 and 11 and daily
thereafter, the tubes being gassed and sealed on each occasion.

Results — Organisms (80 to 100%) had strobilated by day 7 and 38 10 100% showed
gonad development. By day 9., both male and female systems were fully developed and
sperm were present. Gravid proglottides with apparently normal eggs had developed by day
16, but these were not formed in cultures lacking ox bile. Gravid worms were obtained
from cultures gassed with 5 and 10% O,. but not in those gassed with 15, 20, or 30% O,.

3. Technique of Seidel®”

Using cysticercoiods from Tribolium confusum and a diphasic medivm (see below),
Seidel™ first showed that hemin was a fundamental requirement for strobilation in H.
microstoma. The maximum development he achieved in these early experiments was the
development of proglottides containing preoucospheres, but not fully formed oncospheres.
He later improved® this technique and. by using cysticercoids grown from oncospheres,
was able to obtain fully gravid worms, thus completing the entire life cycle of this cestode
in vitro — a remarkable achievement! His later technique is given below.

Medium — The diphasic medium consisted of 20 ml of nutrient agar slants {with or
without 5% whole human blood) overlaid with 20 ml of Triple Eagle's Medium with 30%
inactivated horse serum, as used in the early experiments.” If nutrient agar was used without
blood, it was necessary to incorporate hemin into the liquid overlay. NCTC 135 plus 20%
horse serum was also satisfactory as an overlay. The final concentration of glucose in all
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fluid media was adjusted to 5 mg/ml. The pH was adjusted 10 7.0 10 7.2 with NaHCO.. A
<tock hemin solution is prepared by dissolving 100 mg of hemin in 1 to 2 ml of trietha-
nolamine. This is diluted in water to give a 1 mg/100 ml solution and is sterilized by
membrane filtration.

Culture procedures — These followed those used in early experiments.” Culture vessels
(not stated) containing five to ten organisms were sealed with Parafilm and incubated in an
inclined position at 37°C. During the first 10 d of culture, $ ml of medium was replenished
every second day. When worms grew 1o about 10 mm, cultures were subdivided so that
each tube contained not more than three worms. The pH was checked periodically.

Results — During the first 4 d of culture. the pattern of development in all media closely
followed that in vivo reported by De Rycke® (see Figure 17). Normal adult worms measuring
90 to 150 mm with gravid proglottides developed: the patency time was not stated, but was
probably more than 14 d.

D. EVALUATION

The fact that this species has been grown through its entire life cycle in vitro makes it
a valuable model for studies in developmental biology and metabolism, although its advan-
tages have not been much exploited. The separate systems for growing the cysticercoid from
the egg and the adult from the cysticercoid are relatively simpie and appear to be readily

reproducible.

111

CYSTICERCQIDS

0.2 mm.

0.5 mm.

ONCOSPHERES

VIII. HYMENOLEPIS CITELLI
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Cultured by: Voge and Green®

Definitive hosts: Cifellus spp. (squirrels)’>™
Experimental hosts: hamster;” mice™
Prepatent period: 18 to 19 d (ground squirrel)™
Intermediate host: Tribolium confusum
Distribution: cosmopolitan?

A. GENERAL BIOLOGY AND LIFE CYCLE

Although this species of Hymenolepis is not widely used as an experimental cestode
model, it is important as being the first specics whose oncosphere was grown to a viable
cysticercoid.” The experience gained with this species was then applied to H. diminuta, H.
nana, and H. microstoma with equal success. To date, the adult H. citelli has not been
grown from a cysticercoid in vitro.

H. citelli was first reported in the genus C irellus,™ and its general biology and life cycle
in the ground squirrel, C. beecheyi, were elaborated further by Voge,” who also documented
the morphological differences between it and H. diminuta (Figure 19). The life cycle is
similar to that of H. diminuwa, described earlier, and will not be dealt with in detail here.
The hamster has been most used as a laboratory host;”> however, the worm can be grown
in mice, but it is more readily rejected, particularly in heavy infections.™

B. IN VITRO CULTURE: ONCOSPHERE TO CYSTICERCOID
1. Culture Technique®

Gravid proglottides (from hamsters) were washed in three changes of 0.85% NaCl
containing penicillin (300 units per milliliter) and streptomycin (300 pg/mi), being kept in
each wash for 10 to 15 min. Eggs were teased out in Earle’s BSS and shaken with glass
beads in sterile screw-cap tubes to break the shells. When most egg shells were broken,
eggs were transferred o small petri dishes with trypsin solution (25,000 units of Tryptar)
in BSS at room temperature and checked every 5 min for hatching. Having removed most

R A

HYMENOLEPIS CITELLI HYMENOLEPIS DIMINUTA

?GFTRE 19.  Cysticercoids and eggs of Hymenolepis citelli compared with those of &
:mmuéa. (A) alnd 518) 20-d-old cysticerct from Terebrio spp.; (C) and (D) live embryonamd
eggs. Camera lucida drawings. (Modified from Voge, M Vi : )

o o ge, M., J. Parasitol., 42, 485, 1946,

of lth.e broken shells, oncospheres were then concentrated in the bottom of the dish by
swirling and transferred to 130 X 10-mm screw-cap culture tubes with 6 ml of me&' Y
The exact number of organisms per tube was not stated, but >250 appeared to be t l‘um'
at the hollow ball stage. and some were transferred to other tubes. .

2. Medium

) The rL:u]ture medium (Table‘7) was a modification of that used by Landureau™ for the
(1:1(;0 urel ofcockroach cells, The ‘mgredients were dissolved in 900 mg of distilled water and
. Hr(r;Oo fetal ca_llf serum (noninactivated) was added and the pH was adjusted to 7.0 with

aHCO,. Reducing agents were added before use, as it was established that reduci
conditions were necessary to stimulate growth. e

1 Refiucmg agents were added to individual cultures to give concentrations as follows:
i_u}:gthlon.c, 9.9 x 107* M; L-cysteine, 1.9 X 10 * M: L-ascorbic acid, 4.9 x“ 10-¢ M

1(t:l 1o.thre1tol, 4011049 ke 107* M. For details of preparation of stock solutions of th::se’
reducing reagents, the original paper should be consulted.

3. Results

Although tt!e results showed some variation, with abnormal organisms appearing in all
cultures, the evidence clearly indicated that the presence of reducing agenis »ssre neg : '
fo.r normal growth and differentiation to take place. Best results were obtained in ccelst'sar)
with ascorbic acid or cysteine in which complete development to cysticercoids was achL'le UTZS
The authors®* point out, however, that both of these substances have other metabo]icl f:nelc:

o o ath L oan

T o —
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TABLE 7 that the tetrathyridium can be maintained easily in the laboratory by intraperitoneal passage
Hymenolepis citelli: Modified Landureau’s Medium’ o throug}T r.I'l'i(:C.g" Its life cycle is also unique in having an asexual phase in the intestine of
used for the Cultivation of Oncospheres to the definitive host (see below).
Cysticercoids
A. GENERAL BIOLOGY
\-Arginine HC1 ~ 2.0°¢ L-Valine 0.152 g 1. Morphology
(-Aspartic acid  0.200 1‘;(,‘510 ' TH.O g:;g Voge® regards M. variabilis and M. manteri as synonyms of M. corti. The genus
L-Glutamic acid 1.0 .

Mesocestoides is characterized by the presence of a paruterine organ — a thickened sac

i CaCl. 0.484 . . : .. . . .

“‘f‘\:am"e g(ﬁg < NaCl 7.42 (Figure 20) which appears to provide additional protection for the delicate oncospheres which

-Alamne . o - 3 . - r .o - - 3
Ecwlem‘; 0.101 NaHCO, 0.424 ' tack a protective capsule. The morphology of M. corti is shown in Figure 20 and will not
L-Glutaminc 0.559 Nat,PO, - HO 0.010 be discussed in detail here.
Glycine 0.200 Glucose 25 :
1-Histidine HC1 ~ 0.404 Trehalose ” 8-265 2. Life Cycle

_ 3 249 x-Ketoglutaric aci L3063 . . . .

L t““_‘“‘e g 0124 Citric agcid 0.0153 _ The adult of M. corti occurs in a number of carnivores, such as the dog, fox, cat. skunk,

L-L¥SsIDE Bl . . . . . .

l.—l\/;rethionine 0.492 Fumaric acid 0.0058 - e:tc:.3 although other species mfe_ct other m'amma!s (especially rodents) and reptiles. This

L-Proline 0.748 L-Malic acid 0.038 particular species, however, is unique in having the property to undergo asexunal development i
L-Serine 0.083 Succinic acid (1)-3059 : during the intestinal phase in the definitive host. This was first dramatically demonstrated i
1-Threonine 32:;9 Ea::];z:%;[hvdrol\’sa‘e 35 by Eckert et al.,* who in one of several experiments fed 1000 tetrathyridia to a dog and

L-Tyrosine J36d Aac LAy Erot -

obtained, on autopsy. some 40,600 worms 11 weeks later; a similar multiplication took
place in other dogs and skunks. The other widely used experimental species, M. lineatus,
does not divide asexually in this way. Although all the details of the life cycle are not clear,

Note: The above are dissolved in 900 ml of double-distilled water, filtered
through a Millipore filter, 0.22-p.m pore size, and stored at — 25°C

i until used. the pattern of development in the intestine (Figure 21) appears to be as follows.® When a

5 ’ A Green. 5. J. Parasitol., 6. 291, 1975. With per- tetrathyridium is taken into the gut, it first sheds it posterior tissue and its scolex divides

& F’f’“,‘o‘mge’ M. and Green. 5. /. Faraweet.. 25 = somewhat uncvenly into a large and a small form, each with two suckers. The smaller form 4
oy mission.

regenerates two suckers and may divide again; the larger form also regenerates two suckers,

3 ol iions. in addition to reduction, so that other factors may be involved. Development in vitro but strobilates and fg@s an adulF WOT. F'unh'ennore: tpe adult worm ap;?ears ta be capable
i\!’., 1005, . 1 than that in vive; the time which elapsed between withdrawal and of further asexual divisions by either lengitudinal splitting of the scolex {to produce a two-
(e was substantially longer than o o — wi as sucker form which can regenerate, as above) or a bud can arise from the strobila. In dogs,
$e he ation of the external “protectl\'e layer5 was about 2 weeks twice as ]Oﬂg ! X £ X g
;S I the forma 4 in vivo. The total time to develop infective cysticercoids in vitro was 45 d, gravid proglottides have been reported at 12 d,”” but the prepatent period may be as early
RS, ¢ uired in vivo. / .. L : ; 2

S that ¢4 £ 20 d in vivo. The infectivity of the in vitro-grown as 10 d, as in the related species, M. lineatus.”

compared with an (estimated) time © :
cysticercoids was demonstrated by feeding 45-d-cultured orgamisms t0 harnsters, numerous

eggs being passed 21 d later.

The remainder of the life cycle is still incompletely known, but it is thought that two
intermediate hosts are involved. The first is unknown, but may be a coprophagous arthropod.
This hypothesis is based on an observation by Soldatova® of various developmental stages
from oncospheres to a (procercoid-like)® cysticercoid in oribatid mites. It was assumed that
r minor modifications of this stage developed into a tetratyridivm when eaten by the second intermediate host. In

: different species, this can be a species of amphibia, reptile, bird, or mammal. The second
intermediate host appears to act as an (obligatory) paratenic host. In the fabaratory, mice
serve as excellent intermediate hosts,** the tetrathyridium localizing in the liver and (uniquely)
dividing by splitting longitudinatly from the scolex. The specimens of M. corti used in

laboratories throughout the world probably all came from the original isolate obtained by
IX. MESOCESTOIDES CORTI : Specht and Voge®* from the fence lizard, Scelporus occidentalis biseriatus.

ERV OO R PR

C. EVALUATION .

The success of this technique is reflected in the fact that it, 0 :
it. have been used by other authors to successfully culture.the opcospheres gf othgr spefsles,l
H _diminuta, H. nana, and H. microstoma, to infective cysticercoids; for details see individua

species.

e
&
3
b4
3
:

Cultured by: Barrett et al.;’® Thompson et al..”” Ong and Smyth;™ Ong”
Definitive hosts: carnivores, especially dogs and skunks®

Experimental hosts: cats, dogs® :
Prepatent period: 12 d (in dogs)™ .
Intermediate hosts: first, unknown?; second, reptiles, birds, mammals
Distribution: cosmopolitan?

B. IN VITRO CULTURE: ONCOSPHERE TO TETRATHYRIDIUM®*

Early experiments by Voge®™ succeeded in growing the oncosphere to procercoid-like
stages and to young tetrathyridia containing an apical organ and outlines of suckers
{Figure 22). This technique was improved on by Voge and Seidel,*® who succeeded in
completing the growth of the oncosphere to a fully developed tetrathvridium. This modified
technique is given below.

This species has proved to be an excellent model for the study of differentiatign. in
cestodes on account of the ease with which the second larval stage — Fhe tetrarhyndzw.n
can be cultured in vitro to develop either sexually or asexually. An additional advantage 1§

1. Culture Technique
Gravid proglottides were obtained from the feces of skunks or dogs and washed for 30
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1. Segmenation + poe— 4 N CYCLE /s
genizal anlzgen k» _— — \\\\ /8\\ /.-‘/ .
R _ E T e Cl
2. Cirrus pouch - testes t '\"f'—j.'——t”ms pouch ;IEF)::IEAL f -
,.7ﬁ/spe(m ducts RENTIATION SEX‘UAL
3 Sperm ducts + genital pore -““H\,L_\__‘ i i
l» — . B genital pare scolex dividing—@\ 03] DIFFERENTIATION

4. Genitat aniagen

5  Cirrus = uterus:
tesies malure
uterus

6. fQvary + vitedine
gland mature;

testes degenerate ovary

vitelline gland

w

Gravid segment

FIGURE 20. Mesocestoides corti, diagrammatic representation of the stages of
sexual differentiation during development {rom a tetrathyridium to an adult worm in
vivo and in vitre. (From Barrett, N. 1., Smyth, J. D.. and Ong. S. J.. Int. J. Parasitol.,
12, 315, 1982. With permission.)

mmin in Earle’s saline containing antibiotics (penicillin, 900 TU/ml, and dihydrostreptomycin,
900 pg/mt) before transferring them to depression slides. Eggs were freed from the paruterine
organs by squeezing gently with fine forceps. Hatching was initiated by adding two drops
of Tryptar (25,000 units per milliliter) in Earle’s saline with biocarbonate™at pH 7.0 and
placing the slides in covered petri dishes at room temperature. Hatching was usually ac-
complished in 30 min and oncospheres were transferred to 10 X 1000 mm culture tubes by
pipette in 3 ml of Medium A (see below). The tubes were sealed with a double layer of
Parafilm and kept at room temperature (24 to 28°C) in a slanted position. Each tube received
approximately 50 to 60 oncospheres, Medium (1 ml) was chan ged once a week for the first
2 weeks and three times a week thereafter. -

Under these conditions, larva developed to early tetrathyridia with clacareous corpuscles
and sucker primorida (see Figure 22G). To complete development, larvae which had attained
a length of approximately 400 um were transferred to the diphasic blood-agar Medium B
(see below) and cultured at a higher temperature (37°C).

ADULT WORM é MESQCESTOIRES CORT!:
f

" 7. Parutermne argan forns; T .
3 ovary degenerates gva + vitelline material
T i
o - FIGURE 21. Maesocestoides corti. p: : i :
! i ? corti. pattern of asexualisexual dev: a 1) N
ll{;‘ | L yterus remnant defimitive host (catidog). al development in {ha intesting of the
ne | H
[1e P
I 2. Virelline gland degenerates ; N
15}‘,_’, |I ‘. paruterine argan 2. Medium
I ' For the first stage of devel - ;
{\i:" : gy st stagi ‘eve op@ent, a monophasic medium (called here, for convenience,
R . m d} was _lle?d. Thxsy Cf)l'fSlSled of Triple Eagle’s Medium plus 30% inactivated horse
6‘3 : rut;i an anub}otlllcs (penicillin, 300 IU/ml; dihydrostreptomycin, 300 wg/m!). For later
3 evelopment to “di : . h A . o
ancosphere p ully developed tetrathyridia, a diphasic medium (Medium B} was used.

This consisted of blood agar slants of 5% citrated blood in nutrient agar in 16 % 125 mm

tubes overlaid with ! i ’ i i
tubes with 8 m! of Triple Eagle’s Medium (pH 7.0). Medium was changed once a

3. Results

At 64 d, the best cultures developed tetrathyridia 1.5 mm long and 1 mm wide; the
sucker mlfsculature was well developed and the apical organ had disappeared. These la)rvae
appeared indistinguishable from those grown in vive. There was, however rﬁuch variation
of odevelopment within a culture tube. Transformed tetrathyridia which h’ad been kept at
30°C on blood agar for 5 weeks, or longer, began to multiply asexually and appeared nonl?nal.

C. EVALUATION

4 This tfechnique appears to have been reasonably successful, but clearly could be con-
siderably improved to provide more uniform results. It has the advantages that the media
and systems used are relatively simple and could be readily prepared in most biological
laborz'itorles. Theoretically, tetrathyridia grown in this way could be grown to adults b\g' the
technique described below and the whole life cycle would then be completed in vitro.

D. IN VITRO CULTUI}E: ASEXUAL MULTIPLICATION OF TETRATHYRIDIA
' 'Yogg and Coulombe'7 were the first to examine asexual multiplication of tetrathyridia
in vitro in a number of different media. They found that asexual multiplication accurred in
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TABLE 8
Mesocestoides corti: Liquid Medium Used by Thompson et al. for i{n Viiro
Culture of Tetrathyridia to Adult Worms in a Diphasic Medium Based on
S.10E.H® as used by Smyth®*-* for Culture of Echinococcus granulosus

MESOCESTOIDES CORTI

Liquid Phase*

Medinm CMRI. 1066 with glutamine (Flow Laboratories) or Medium 199 (modified) A5 ml
A with Earle’s salts and glutamine {Flow Laboratortes)

Fetal calf serum iCommonwealth Serum Laboratories/Grand Island Biological Companyl 25 ml
30% p-Glucose (Brtish Drug Houses) 725 m)
3% dog bile in Hanks™ saline 2.0 ml
54 veast extract in Hanks™ saline (Difco) 43 ml
Sodium bicarbonate Il
HEPES 2 ¥
Neomycin-penicillin (Commonwealth Seram Laboratories) L4 pgrmi
Gentamycin {Schering) 100 pgdml
Amphotericin (Squibb) 2 pgml

Solid Phase?

Bovine serum coagulated at 76°C for 75 min

S T

*  See Table 13.
24
- From Thompson. R. C. A.. Jue Sue. L. P., and Buckley, S. I.. Inr. J. Parasizol.. 12. 303, 1982. With j
.E permission. :
£
& examination of the factors controlling asexual/sexual differentiation was carried our later by
1 . E G Ong and Smyth.™ These various experiments arc described separately below.
I3
i‘; : FIGURE 22. Mesacestoides corii, diagrammatic representation of the in virro 1. In Vitro Technigue of Thompson et al.™
(3 development of an oncosphere to a young tetrathyridium. (A) Batched oncosphere; Culture procedures and media — Tetrathyridia were removed aseptically from
AR (B) early growih stage with external coa; (C) tail differentiation; (D) anerior Quackenbush mice in which they had been maintained by serial passage. They were treated

differentiation; (E) constriction of tail. loss of hooks, and appearan;e of subtegu-
mental muscles and tegument; broken line denotes partial disimegﬁuon of external
coat; {F) loss of tail, appearance of excretory pore, tegumental spme‘s . calcareouhs
corpuscles, and primordia of suckers. The clear ve§icles are pr.obab]y lipid granules.
(From Voge, M.. J. Parasitol.. 53, 78, 1965. With pertnission.)

with 0.05% pepsin at pH 2.0 for 5 min at 38°C and rinsed three times in Hanks' BSS plus
antibiotics (0.4 pg/ml of penicillin; 0.4 p.g/ml of neomycin) before placing in culture vessels.
Both monophasic (liquid) and diphasic culture systems were used. The composition of the
liquid medium is shown in Table 8; the solid phase in the diphasic systern was prepared by
coagulating bovine serum at 76°C for 75 min; 150 larvae in 10 ml of culture fluid were used

both monphasic and diphasic media provided that blood or p}asma was Present, Culturing
was carried out in Eslenemeyer flasks containing 20 ml of fluid media V{nh.whole biood or
solid agar bases. The greatest increase occurred in whole blood and an initial pH of 7.4 to

i i imin 1 i described further here
in NCTC 109 medium. This preliminary technique will not be r
e ore standardized techniques of Ong and Smyth™ in

because it has been overtaken by the m r ‘
which much greater levels of asexual multiplication were obtained (see Table 11 and Section

IX.E.3).

E. IN VITRO CULTURE: TETRATHYRIDIA TO MATURE Z.ADULTS’”“ -
Two groups of workers, Barrett et al.”® and Thompson e_t al 7 smultaneguﬁy publls.he ‘
results of experiments which resulted in the sexua) differentiation of tetrathyridia of M. co:z
in vitro. Both of these groups of workers used a medium base.d on that. devetloped for ¢ i
cultivation of the strobilar phase of Echinococcus®™® with minor modifications. Both o

these results can be regarded as preliminary because although some sexually mature adults

were obtained, they provided little unequivocal evidence as to the nature of the factors

ingucing sexual or asexual differentiation. Based on these early results, a more critical

in 30-ml tissue culture flasks. Cultures were gassed every third day with 10% O,/5%
CO,i85% N, and the liquid medium was changed every 3 d. The pH of the medium was
not stated, but was probably 7.4, at least initially. The number of cultures used in these
experiments was not stated.

Results — Tt was reported that ‘‘consistent development’” of segmented, mature, adult
worms was obtained, using Medium 1066 in the liquid phase, the percentage of strobilated
adults being higher in diphasic media (30 to 70%) than in monophasic media (1 to 2%).
Asexual multiplication of tetrathyridia also occurred in all cultures, either by scolex division
or the formation of buds, as described in the in vivo cycle (see Figure 21). It was particularly
interesting to note that self-insemination was observed in many worms, but sperm were not
seen in the copulation canal nor were fully developed oncospheres observed. The authors
speculated that the failure to produce viable oncospheres could have been due to some
abnormality in the reproductive system that precluded fertilization or that nutritional factors
may have been involved.
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TABLE 9
Mesocestoides corti: Medium Used by Rarrett et al. for the In Vitro Culture of
Tetrathyridia to Adult Worms in a Diphasic System Based on Medium
§.10E.H® as Used by Smyth*™® for Echinococcus granulosus

Liguid Phuse {Modificativas of SI0E.H)? {including 20 myf HEPES)

Fetal calf serum {(Gibeo) 100.0 ml
CMRL 1066 (Flow) including 100 1U-ml of penicillin and 100 pgrmb of streptoptycin (Flow)  200.0 ml
50 Yeast extract (Gibco) in Hanks® salipe 36.0 ml
304 Glucose (Hopkin & Williams) in distilled water 5.6 ml
5% Dog bile in Hanks’ saline (ot 0.24 sodium taurochalate (Sigma) in distilled water) 1.4 ml

Yariations

Substituting CMRL 1066 with
RPMI 1640 (Flow?
McCoys SA (Flow)
TC 199 (Gibeo)

Substituting fetal calf serum with
Horse serum (Flow)

Solid Phase”
Newborn calf serum (Flow) coagulated at 76°C until it becomes opaque and “‘sets”

s Sge Tabte 13.

From Barrett, N. J., Smyth, J. D., and Ong, S, .. fne. J. Parasitol.. 12, 315, 1982 With permission.

2. In Vitro Technique of Barrett et al.”

Culture procedures and medium — Tetrathyridia were removed aseptically from TFI
mice in which they had been maintained by intraperitoneal passage. In an initial experiment,
after 50 d of asexual multiplication in vitro, one tetrathyridiam spontaneously segmented
and developed into a sexually mature adult. This observation stimulated further work on the
possible factors inducing asexual/sexual differentiation. Monophasic and diphasic media
were used, the liquid medium being S10E.H (Table 9) — as used for Echinococcus — and
the solid phase being coagulated bovine serum. Other culture parameters examined included
number of larvae per culture, type of culture vessel and volume of media, gas phase, enzyme
pretreatment, shaking or stationary conditions, and frequency of media changes: for details,
see Table 10.

Results — Although sporadic sexual maturation occurred in most cultures, it occurred
most often in the following system: 5 or 10 ml of Medium S10E.H (see Table 9}, in Leighton
tubes, slowly rotated in an incubator at 38°C with 100 to 200 worms, changing the medium
every 2 or 3 d. Segmentation occurred more frequently in cultures gassed with 209% CO;
than with other gas mixtures, the earliest segmentation being reported at 15 d in liquid
medium. There was, however, much inter- and intravariation in cultures. A few shelled
eggs with hooked oncospheres were found in one mature worm, suggesting that insemination

had occurred in at least one instance.

3. In Vitro Technique of Ong and Smyth™
In the Jight of the above results, Ong and Smyth™® investigated. ander more carefully

controlled conditions, the effect of various physicochemical factors on asexual/sexual dif-
ferentiation comparing results, where possible, using 95% confidence intervals. This resulted
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TABLE 10
Mesocestotdes corti: Various Parameters Used by Barrett
et al. for the In Vitro Culture of Tetrathyridia to Adult
Worms

Number of tetrathyridia‘culture 20—400

Amount of media‘culture {a) Liquid {ml) (b) Solid {mi}
Sterilin t.c. flasks 20 -
Costar t.c. flasks 10 10
M.D. botties 20 20
Leighton t.c. tubes Sor10 Enr 3

Gas phase (a) Air “

b) 10% CQ,, 5% O,, 85% N,
{cy 20% CO., 80% N,

Pretreatment {a) 0.2% pepsin in Hz;nks’ saline {pH
2), rotated for 20 min at 38°C

{b) 0.3% trypsin in distilled water,
treated as (a)

(a) “"Sull”” — in incubator

(b)Y “*Activated’” — either rotated at |
revolution/S min (Leighton t.c.
tubes) or shaken in a waterbath.
continuously or intermittently (all

t.c. flasks and M.D. botiles
Intervals between changing media  2—35 d =

Movement of cultures

Note: Tissue cultures = te.

From Barrett. N. J., Smyth. J. D., and Ong, S.J i
. 1. DL LS ) e JOP ‘
315, 1982. With permission. y e Porasiol 12

in a greatly improved, standardized technique which enabled sexual development in vin
to proceed at the same rate as that in vivo (in dog), although only a low roa ti of
embryonated eggs was obtained. production of
Cg!turg conditions and media — The monophasic medium (S.10E.H, Table 9) w
a mod1ﬁca§1on of that used by Barrett et al.®? (see above), except the H'E,P‘ES buffer w::
rePlaced with 20 mM ’HEPPSO (N-hydroxyethylpiperazine-N'-2-hydroxy propane sulfonic
%Cld, Rcsc:.a:ch Organics, In‘c., Ohio), which gave a higher, stable pH of 7.73 at 37°C
ctrathyqdlg xjemoved aseptically from TFl mice were first screened to exclude divi‘;ior;
stggesior individuals with only two suckers or those without suckers. Hence, only tetrath '.'d'
with four sqckers were used in the cultures; 25 to 100 larvae were used’ per‘ culturc>tnb;a
the latter being 19 x 105 mm Leighton tubes set at an angle of about 10° in a roller ;‘ be
apparatus at a speed of one revolution per minute at 38°C in an incubator. To mainlainuthe
gas ph.ase and pH (see below), culture tubes were sealed with two layers 'of Parafum. The
:l}ow1ng gas Ehases were tested: (1) zir; (2) 5% CQ,/95% N.; (3) 5% ‘COJ!D% 0;’85%
mg ?;?oiji)néobﬁfg;%/ﬁgcpgzé 'IE“(he7etfect of_pl:l on sexual differentiation was tested ~using
the Tol s pK, 7.01): HEPES (pK, 7.30); and HEPPSO (pK, 7.73) all
Pretreatment — The carlier experiments, described 37 ytil i
ent41y t? stimulate evagination. This is, in fact, unnecess:rgoz’evag?;::iz:: tglizim 1:12??_
Sa]l::i ;()lli{:»\fevcr, iln order to test the possible effect of pretreatment — before c;:llturirig
— the wing preliminary experiments wi arv ins i i
Hanks' BSS before the foilowiniz prctrct:tm:::s?erformed‘ Allfarvae were rinsd bricfly o

1. No pretreatment, apart from preliminary rinsing
2. Incubated in BSS at 38°C overnight
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3. Tncubated in BSS adjusted to pH 2.0 with HCI and shaken for 10 min at 38°C
4 TIncubated in 0.2 pepsin in BSS at pH 2.0 and shaken for 10 min at 38°C

5 Ipcubated in 0.5% trypsin in BSS at pH 7.4 and shaken for 20 min at 38°C
6. Treated as (4) (ollowed by (3)

Results — Rather unexpectedly. it was found that the only cultures which underwent
segmentation werc those which had been incubated overnight in Hanks' BSS. Littic difference
was observed between cultures containing from 25 to 100 tetrathyridia. When the effect of
pH and O, was investigated (Figure 23). it was found that a pH >7.4 and an anaerobic gas
phase gave significantly greater segmentation rates than a lower pH or an aerobic gas phase.
Thus. a gas phase of 3% CO,95% N, combined with a pH higher than 7.4 provided the
most suitable conditions for segmentation and sexual differentiation. In the best cultures,
organisms began segmentating vitro within 1 week. a period compatible with the rate of
development in the dog.”” The paruterine organ began developing 8 d after the onset of
segmentation. Although sexually mature adults were grown consistently from tetrathyridia,
fully developed oncospheres were only obtained sporadically. The size, morphology. and
activity of these oncospheres appeared to be similar to those in oncospheres produced in
vivo.” Due to the fact that the first intermediate host is unknown, it was not possible to test
their viability. In any case, this would have been difficult due to the small numbers of
oncospheres produced. Although self-insemination was sometimes observed, it is clear that
conditions for this process to occur readily in vifro were not present in the culture conditions
provided. Asexual multiplication readily occurred, but only in those diphasic cultures in
which the base had been perforated with small holes (Table 11) into which the tetrathyridia
could penetrate. This result agrees with the observation of Voge and Coutombe,*” who found
that in blood agar tubes, the numbers of organisms only increased if they became embedded
in the agar. In diphasic media, without holes in the bases. large number of adults, but few
asexual forms, were produced.

F. EVALUATION

M. corti must be regarded as one of the most valuable models for studying the phe-
nomenon of asexual/sexual differentiation in cestodes or, indeed, any helminth parasite. It
shares this position with the hydatid organism, Echinococcus granulosus, whose development
in vitro can likewise be triggered to develop asexually or sexually by varying environmental
conditions.® M. corti has the added advantage that it can be more readily maintained in the
Jaboratory in mice in which Jarge numbers of tetrathyridia can be produced. In addition,
since all developmental stages have now been cultured in virro, it should be possible to
complete the entire life cycle in vitro. To date, this has not been achieved.

It is difficult to criticalty compare the results of the three groups of workers discussed
above™ 7 because it is likely that minor (and probably unrecorded) differences in protocols
may have been used. Thus, Ong and Smyth™ found that sexual development only took place
in organisms which had been “preconditioned”” in BSS at 38°C ovérnight and sexual dif-
ferentiation was stimulated by a pH >7.4 and anaerobic conditions. It is not known if the
other groups stored or otherwise treated their larvae before culturing. It is clear that asexual
development takes place best in diphasic media either with holes in the solid base or with
a semisolid phase in which the larvae can burrow. The addition of blood may be an ad-
vantage.® The results of Ong and Smyt 78 were the only ones in which nondividing organisms
were initially screened before culturing and statistical analysis applied to the results. Never-
theless, there may be other factors, such as Eh, which may be important and which were
not apparently controlled by any group and this parameter may need further examination.

A major problem encountered by all of the above workers was the low level of self-
insemination ang fertilization achieved, resulting in only very small number of oncospheres
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FIGURE 23. Mesocestoides corti, cffect of the gas phase on the induction ol
ﬁexual differentiation of tetrathyridia in vitro. The anaerobic phase induces signif-
icantly higher segmentation rates than air: C.I., confidence limits. (From (ang_
S.-J. and Smyth, J. D. Ine. J. Parasitol., 16, 361, 1986. With permission. ) .

being produced. This is 4 common problem with other cestodes, such as Schisiocephalus

;ol;;]us and Echinococcus granulosus, and further work is clearly needed on this problem
in M. corti. ) '

X. MESOCESTOIDES LINEATUS

Cultured by: Kawamoto et al.*!

Definitive hosts: carnivores, especially dogs and foxes®

Experimental hosts: cats, dogs,***' hamsters®?

Prepatent period: 10 d (in cats)®?

Intermediate hosts: first, unknown?; second, tetrathyridia in reptiles (es~
pecially snakes), birds and mammals .

Distribution: cosmopolitan

A. GENERAL BIOLOGY
Unl}kc Mef.mces’tm'des corti, this species does not multiply asexually in the intermediate
gost or in the intestine of the definitive host; otherwise its life cycle is similar. M. lineatus
as the added advantage, hgwever, that a5 well as developing in cats and dogs (which are
dlffj‘IClII.t laboratory posts), it will also develop in the hamster® — a much easier host to
mamtlz)un. The first intermediate host is unknown, there being unsupported evidence that it
may be coprophagous arthropod.® The morphology generally resembles that of M. corti
and will not be discussed further here. ’ g o that o A cord
When a tetrathyridia is taken into the initi i i '
: tra gut of the definitive host, it sheds its posterior
bod%’1 region within 24{ h, and all viable worms become attached in the anterior lhi!['):l) of the
gut.”! Gravid proglottides are formed by day 10.

B. IN VITRO CULTURE: TETRATHYRIDIA TO ADULTS*
In a series of elegant experiments. Kawamoto et al.”* demonstrated that, unlike M. cort,
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TABLE 12
Mediuvm NCTC-135-Plus Used by Kawamoto et al.
for the {n Vitro Cultivation of Tetrathyridia of
Mesocestoides lineatus to Adult Worms
v Stock solutions®
= ','3‘ ~ o % V] Stock sotution Ar 10 mM cach of B kinds of amino acid: arginine
B b —-—=¥q SHIAS . . . . . " . .
* g~ HCL, aspartic acid. asparagine. alaninc. cystine. glutamic acid.
E - tryptophan, tyrosine; in distilled water
s = Stock solution B: 10 mM cach of 11 kinds of amino acid: glveine,
a: 3 .+ histidine, 1soleucine, leucine. lysine HCIL. methionine. proline,
6 us § o o ~ e phenylalunine, serine. threonine, valine; in distilled water
—_ & "'g' + l: A 2z Stock selution C: thyamine HCI, riboflavin, calcium pantothenate,
é ".é xLe pyndoxine HCL: p-aminobenzoic acid. macin, folic acid. inositol,
.g z <+ 25 mg each: biotin, 12.5 myg; choline chioride, 250 mg: vitamin
< 2 = B12. 50 mg; dissolved in 100 ml of distilled water
= ;‘E ] = Componentsiliter of NCTC-135-plus®
a £ 'E "‘:_ = s © _ Stock solution A 50 ml
&2 R = : § & == ' Stock solution B 50 ml
s d £ Stock solution € 5 mt _
e & B NCTC-135 (Earle's salt with glutamine) 9.6 g
— - - Sodium bicarbonate 2.1g !
'-'3% 2 g §8 % fEE HEPES 38 .
2 = e ES ™ o+ o x S~ Streptomycin 100—200 mg
] 29 + P = o x 4
% = @ g bl g Kanamycin 100—200 mg
| 5 ER - - T Zo® ; T
: @ K . .
i f ‘E = = * Stock solutions were stored at —20°C in adequate volumes. Az
& == - g " pH was adjusted to 7.4 with 1 & NaOH and then distilled water
i‘ iE -3 5 glg sgug w g™ Z was added. bringing the final volurne 1o a liter.
"}5 [ 2 = < e == E . . . .
[ 5 14 — ¥ = E + 2, From Kawamoto, F., Fujioka, H., and Kumada, N., {nt. J. Parusitol.,
S YR 5| & 5 16, 333, 1986. With permission.
{3.. ﬁ w 2 2 =
e = 2l = .
i} . - = ol 9 e .. . . .
{i g § E‘: 3 < w v S o oo ES sexual differentiation only occurred when organisms were pretreated with trypsin or other
¢ i o~ - iveY — . .. . .
&4 i = 2|E= === = proteolytic enzymes. A minimum exposure of 24 h was necessary to induce segmentation
b P ot . -
% S f.j 5 «‘9: which first occurred 5 d post-treatment.
= 2|° &
@ = E| 2 .
i = z 5 cmc D S=7 8 % 1. Source and Laboratory Maintenance of Tetrathyridia
B < 3 g etrathynidia of M. lineatus were collected from snakes, mostly istrodon halvy ang
E.: - 2 E Tetrathyridia of M. lineat llected f) ak tly Aghkistrodon hat d
g ﬁ _= oo e B & Elaphe quadrivirgata, in Japan.®? Encapsulated tetrathyridia were freed from their cysts by
] [y Y2 == = N . . . . - . ;
£ iz~ caan Z== EF s digestive treatment with 0.5% pepsin for about 3¢ min at 37°C. After washing in phosphate-
% a7 2 5 = buffered saline (PBS). they were maintained in male ICR mice by intraperitoneal mjection
2 & oy ) I : P ]
<= el = £ ; (20 larvae per mouse). When required for culture, the tetrathyridia were remowved aseptically
[~ T = = c p w
? = r 2* - T “eg F - from the b(?dy cavity and vf’ashed at least three times in PBS containing 200 pg/ml each of
g gl® = === E £ streptomycin and kanamycin.
= = 2
g T& g ?
_§ é . - Ei 2. Culture Conditions and Medium
2 =R +tge" FER 5 4 Tetrathyridia were cultured in monophasic liquid media in two types of plastic culture
S Ziwo = o - = ]
§ = .3 g “ dishes: 60-mm culture dishes (Coming) or 90-mm petri dishes (Nissui Co.); 5 to 10 larvae
=] . . . . . ' .
S 2 g2 g Z were cultured in 8 mJ of medium in the smaller dishes and in 15 ml] of medium in the larger
@ ¥ B £ = fe} &
- v =2 . . . . -
< 2 cSwwmozr gSE~--2 dishes. They were cultured at 37°C in a gas phase of 5% CQ, in air or by a candle-jar
S s E y gas p
= 5 z 8 = o . - -
8 § 2. 5 ¢ s £ method. Media were changed every 3 d.
Tetrathyridia were treated with enzymes (in NCTC-135 or M-199) for 3 h o 5 d. In
the 5-d treatment, the medium was changed at 72 h and culture was continued for 2 d. After
enzyme treatment, larvae were transferred to medium NCTC-135 plus, a medium supple-
mented with vitamins and amino acids (Table 12).
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3. Results
After treatment with trypsin alone, tetrathyridia evaginated their scoleces, segmented, dead protoscolex live protoscolex

and grew to sexually mature adults. The induction of development was apparently rclated
to the proteolytic activity of the trypsin hecause it was inhibited or decreased by the addition
of soybean trypsin inhibitor. Pronase E was as effective as trypsin, but chymotrypsin showed
less activity. [n the best cultures, shelled eggs containing active oncospheres were observed.

Fhaunt

C. EVALUATION

M. linearus appears to require differcnt “rigger(s)”’ to stimulate sexual differentiation
than M. corti. Moreover. the physicochemical conditions successful with each species are
difterent, M. lineatus strobilating under aerobic conditions, whereas M. corti favors anaerobic
conditions. Sufficient data are not available to compare other parameters of the two culture
SYStems.

The monophasic system for M. lineatus is easy to handle and its success is reflected in
the fact that the average time for strobila formation (5 d) agreed with that required in vivo.*

XI. ECHINOCOCCUS GRANULOSUS

Cultured by: Smyth;*****¢ Smyth and Davies;'2** Smyth et al.” germinal membrane

';: Definitive hosts: wild, feral, and domestic carnivores, especially dogs and
“ 98 - .
g fOXG% , FIGLBE 24, Echinococcus granulosus. brood capsule from sheep
" Experimental hosts: dog o : hydatid eyst. Note presence of some dead protoscoleces. (From
§ Prepatent period: 34 to 40 a : Smyth. J. D. and Davies, Z., Int. J. Parasitol., 4, 631, 1974, With |
i Intermediate hosts: cystic larva (hydatid cyst) in man and numerous species . :
bE of wild and domestic ungulates, especially sheep, goats. horses, pigs. ateh :
' ! T oo s P as sheep, they hatch in the duodenum, and the released oncosphere penetrates the "
£yl and camels : and eventually reaches a tissue site, especially the li penciraes e mucosa '
i!‘\..; Distribution: cosmopolitan'® ' be infected. T ssue site, especially te liver or lungs. although any organ can :
infected. The oncosphere develops i h 1Sti :dati S ini
H capsules (F elops nt'o a characteristic hydatid cyst containing brood !
e . L . . . . . . apsules (Figure 24), each of which contains protoscoleces. If — say after slaugh i
IHN Recent work on the in vitro culture of Echinococcis granulosus and E. multifocularts viscera containing the cysts are fed to a do h y ater siaughter - the
Ve has been reviewed by Smyth and McManus,® Smyth,* and Howell.” Eartier literature has and develops i : g, each protoscolex evaginates in the duodenum
Y evelops into an adult worm. However, the protoscoleces also have the unusual property
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been reviewed by Taylor and Baker.” In one early experiment, Webster and Cameron
obtained a few segmented forms of both these species, but with no genital development.

A. GENERAL BIOLOGY

1. Speciation
Echinococcus gramdosus is well known to be the causative organism of hydatid disease

(hydatidosis/echinococcosis), a zoonotic disease of man and domestic and wild animals
caused by the larval stage or hydatid cyst. There is a vast literature on the biology, epide-
miology, and pathology of this organism; the early work has been reviewed by Smyth!®*?
and more recent studies have been reviewed by Thompson.'*! The systematics of the species
are now recognized to be complex due to the existence of intraspecific variants (strains?:
isolates?) whose general biology, developmental biology, biochemistry, immunology. and
physiology may vary substantially. Of particular relevance. it can be noted that although
the isolate of E. granulosus from sheep can readily be grown to sexual maturity in vitro,
the isolate from horse fails utterly to develop in the same culture system. Striking physio-
logical differences have been shown to exist between these two isolates.®2'* Recent work
on the genetics of this species has been reviewed by Thompson and Lymbery.'®

2. Life Cycle
The life cycle is sufficiently well known to need little elaboration. The adult worm,

which is very small (2 to 8 mm),"! inhabits the small intestine of carnivores, especially
dogs. The typical taeniid-type eggs are passed in feces and if ingested by an ungulate such

of being able to dedifferentiate into a ‘‘secondary’ hydatid cyst, should they leak out from
P cyst‘ in tbe intermediate host (Figure 25) — a situation which often arises in surgical
operations in man for the removal of a cyst. ‘ ¢

‘ This ability of a protoscolex to differentiate sexually into an adult worm, if taken
into the gut, or asexually into a sccondary cyst, in a tissue site, has made thi!s cestode
one of the most fascinating organism to study. Elucidation of the factors which control
asfcxual,*'sexuai differentiation in Echinococcus and the reproduction of this phenomenon in
vitro has represented one of the major challenges in parasitology and has bécn lhe subject
of a !arge number of studies which have taken many vears to resojve. %% The ﬂituagion
now is that growth of a protoscolex in a cystic (i.e., asexual) direction or in a strobiiar {t.e
sexua]{) direction can now be controlled in virro. Before discussing these techniques i.t 15
essential to have some understanding of the potential growth patterns of a roluscof i
vitro, and these are discussed below. ’ o

B. SOURCE AND HANDLING OF HYDATID CYST MATERIAL
I. Collection and Transport
‘Althou gh it is oftep {elatively easy to obtain hydatid cyst material from a local abbatoir
cir s]ayght&;r house, it is 1mport‘anl to note that this material needs to be handled with great
care, if it is to be used for setting up in virro cultures. Some of the difficulties in handling
such rqatenal have been reviewed by Smyth and Davies® and Smyth.?? i}
Briefly, particular care should be exercised in transporting hydatid material to the lab-
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b in Molecular Peradigms for Eradicating Helmintic Parasites, UCLA Symp. on Molecular and Cellular Biology, ' 8. EVAGINATL IN BILL
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e oratory. In particular, it should not be allowed to become overheated (as may happen in the MEC UM
{‘i‘.‘.i summer months or in tropical countties) and transport in previously cooled, insulated con- L Medium §10.E
R tainers is recommended. Ideally, h datid cysts should be dissected on the same day, but -
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Although it is possible, with care, to obtain protoscoleces in a sterile condition from -
cysts dissected in a nonsterile room, the use of an open ““Jaminar flow’" (sterile) cabinet is M?:‘LODF;G:AS{ CIFFERENTATICH
strongly recommended. In the following procedures, sterile glassware and instruments are —
used throughout. ’

Warning — Protective glasses should be worn during dissection as hydatid cysts are . ==t
under pressure and may squirt liquid containing protoscoleces into the eyes. ' "~ .es= Medium S1D.E

Procedure for dissecting cysts (Figure 26)83:%9:% __ Paint the surface of a cyst with R—
19 iodine in 95% ethanol, allow to dry, and repeat the process. Using a large-size needle
(size 16 to 19) and a 10- to 50-mi hypodermic syringe, appropriate to the cyst size, draw
off about half the fluid contents of the cyst and transfer it to a sterile container. Using
scissors or a scalpel, remove the top of the cyst so that the inside can easily be seen for
access. Remove the brood capsules, which form the bulk of the ‘‘hydatid sand’” on the

bottom of the cyst, with a Pasteur pipette and transfer them, iu a little hydatid fluid, to a

FIGURE 26. ' Echino.a.)ccus granulosus, technique for setting up ir vitro cuitures: all procedures are carried
out under sterile conditions. (From Smyth. J. D., Angew. Parasitol., 20. 137, 1979. With permission. )

Checking brood cap’sules/pr‘otoscoleces — Before setting up cultures, samples of brood
cap'sul'es shoutd F)c examined (microscopically) for presence of bacteria and viability. Due
to indigenously infected cysts, bacteria are occasionally present and such material should

screw-top vial or other sealable container. With fresh cysts, it may be pecessary to scrape
off brood capsules adhering to the germinal membrane. Brood capsules are best stored at 4
to 6°C in 20-ml vials (universal containers) in about 10 ml of hydatid fluid. Many brood
capsules burst during these procedures releasing protoscoleces, but treatment with pepsin
(see below) is normally necessary to obtain a pure isolate of protoscoleces, free from germinal
membrane fragments; 1 ml of sewled brood capsules/protoscoleces provides about 10 to 12
cultures. This material can be stored in a refrigerator for 1 to 3 d, but is best used immediately.

be abandoned. Regarding viability, some cysts are either completely infertile or contain may
dead protoscoleces, readily recognizable by their brown color (see Figure 24). Experience
show§ that brood capsules containing more than about 40% dead protoscoleces make poor
material for culture. Viability is usually evident by observing slight movement (stimulated
by a drop of bile, if necessary) or, if in doubt, by observing flame cell movement.
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1. Unevaginated protoscolex (Figure 274) — The protoscolex remains undifferentiated,
as in a hydatid cyst.

2. Vesicular type (Figure 27b) — The protoscolex swells and becomes **vesicular'” and
rounded. eventually sccreting a laminated membrane, and can now be regarded as a
miniature hydatid cyst.

3. Posterior bladder type (Figure 27¢) — A small bladder or vesicle develops in the
posterior region of an uncvaginated protoscolex, apparently arising from a few cells
carried over from the germinal membrane of the brood capsule to which it was attached.
This type sceretes a laminated membrane and eventually also develops into a hydatid
Cyst.

4. Evaginated protoscolex with bladder (Figure 27d) — This type probably arises from
the previous type, becoming evaginated when the posterior bladder is in an early stage
of development. In monophasic medium, this, too, will develop into a small hydatid
Ccyst.

5. Free posterior bladder (Figure 27f) — In the horse isolate (but not the sheep isolate),

- ' some posterior bladders may become separated from the protoscoleces, form inde-

: ' pendent bladders, secrete a laminated membrane, and become small hydatid cysts.'™

laminated membrane..

" PAS +ve!

vesicular
form

N

pasterior
. bladder

. : In diphasic media, strobilar development (sexual differentiation) takes place under ap-
free posterior bladder propriate culture conditions (see Section XI.E).

fEve Ste Y

. : D. IN VITRQO CULTURE: CYSTIC (ASEXUAL) DIFFERENTIATION OF
evaginated form _ PROTOSCOLECES

: The very early experiments on in vitro cultivation of protoscoleces of E. granufosus™
used a variety of monophasic liquid media, including various combinations of bovine am-
niotic fluid, hydatid fluid, bovine serum, beef embryo extract, and Parker 199. In almost
all combinations of media tried, the growth patterns followed those shown in Figure 27 and
described above. Personal observations since then have confirmed that in almost any well-
balanced liquid medium, such as NCTC 135, CMRL 1066, or Parker 199, plus 20% bovine
or fetal calf serum, at a pH of about 7.4, in either an anaerobic or aerobic gas phase, cystic

P CHTITTROY 1

[P & P

-
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PROTOSCOLEX Echingcoceus granufosus

FIGURE 27. Echinococcus granulosus, the various forms developed from a protos-
colex when cultured in vitro in monophasic liquid medium. (From Smyth. J. D. and
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McManus. D. P.. The Physiology and Biochemisiry of Cestodes, Cambridge University
Press. Cambridge, 1989. With permission.)

Pepsin treatment — Before using for in vitre culture, samples of brood capsules must
be treated with pepsin to release the protoscoleces and digest any degd protoscioleces present.
Digestion is carried out at 38°C in 2 mg/ml of pepsin (1:10,900) in Hanks ' BSS adjustgd
to pH 2.0 with 5 N HCI and sterilized by membrane filtration. Stirring with a magnetic
stirrer assists the digestion process, but is not essential. The process should be examined at
intervals, conveniently under an inverted microscope, the digestion being stopped when all
the protoscoleces are freed from their brood capsules (15 to 45 min). ‘

Washing protoscoleces — After pepsin treatment, rinse the bprotoscoleces four ~tlmes
in BSS, allowing them to settle thoroughly after each rinse. Each rinse may be cqnvemently
carried out in a 20-ml vial on a roller tube, at 38°C, allowing 15 min for each rinse. After
rinsing, protoscoleces should be used immediately for culturing.

C. IN VITRO CULTURE: GENERAL GROWTH PATTERNS (FIGURE 2782
When cultured in vitro, a protoscolex can develop in a numbe_r of d1~fferept ways,
depending on the culture conditions, especially whether monophasic or diphasic media
are used. It is important to understand this pattern before the more genera} problems of
asexual/sexual differentiation are dealt with. In monophasic media, the following forms may

appear in culture:

development takes place, resulting in miniature hydatid cysts with larninated membranes
(see Figure 27¢). In the longest experiment carried out,’ over a period of 8 months of
culture, the beginnings of brood capsules could just be observed through the cyst wall, but
protoscoteces were not formed. To date, viable cysts with “*fertile”” brood capsules have
not been grown in virro. This is not surprising, since in vivo (in mice) cysts only become
fertile after 8 months.'™

The pattern in the in vitro development of protoscoleces from horse hydatid ¢ysts is
slightly different from that of sheep, in that the posterior bladders show a tendency to break
off and form miniature hydatid cysts as in Figure 27; there are also other minor differences
in development.'®

E. IN VITRO CULTURE: PROTOSCOLECES TO ADULT WORMS
1. General Comment

Determination of the factors which induced a protoscolex to differentiate sexuvally, t.e.,
in a strobilar direction, has been one of the major challenges in cestode ir vitro culture. All
earty attempts using the more standard culture procedures failed to induce strobilar growth.®
This led to the conclusion that some unsuspected and unusual requirement was missing from
the culture conditions provided. Further microscopic study of the adult worm in situ in the
dog gut showed that the contact of the scolex was much more intimate than previously
suspected, with the extended rostellum penetrating into the mouth of a crypt of Liberkithn.
This led to the conclusion that the missing requirement could be a solid substrate contact
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TABLE 13
Aedium S.10E.H.: Used for the In Vitro Culture of Echinocaccus granulosus and E.
multilocularis from Protoscoleces to Adult Worms®s*-%

Liquid Phase
Basic medium
CMRL 1066 260 m!
Fetal calf serum 100 ml
5% Yeast exiract (in CMRL 1066) 36 mi
30% glucose (in distilled H,() 5.6 ml
1.4 ml

5% Daog bile or 0.2% Na taurocholate (in Hanks' BSS)

Plus

Buffer
20 mM HEPES + 10 mM NaHCO,

Antibiotics
100 pgiml of gentamycin (andéor 100 IL:ml each of penicillin and streptomycin)

Solid Phase

Bovine serum® coagulated at 76°C for 30-—6 min

s Bovine serum is often sold commercially as ~“newborn calf serum”. This should not be confused with “fetal
calf serum™ (as used in the liquid phase) which does not coagulate on heating.

with which, in some way, triggered strobilar differentiation, possibly via a neurosecretory
mechanism.

Further experimentation showed that this hypothesis generally held for E. granulosus
(but contrast £. multilocularis) and when protoscoleces were cultured in a diphasic medium
with a suitable substrate (coagulated bovine serum), strobilar differentiation resulted and
sexually mature adult worms developed (see Figure 26).% By varying the composition of
the liquid phase (Table 13) and other parameters, a reasonably reliable technique has now
been developed. This is shown in Figure 26 and described below.

2. Culture Technique (see Figure 26)
The basic technique has been described in some detail®®#%% and the account below has

incorporated some minor variations.

Culture material and evagination — The initial culture material consisted of sterile,
washed protoscoleces obtained from hydatid cysts by the protocel described above (Section
X1.B.2). Before culturing, these are evaginated by treating in CMRL 1066 (or NCTC 135)
containing sodium taurocholate (2 mg/ 100 ml) or sterile dog bile (1 ml of 5% dog bile in
100 mi of CMRL 1066). The sodium taurocholate should be as pure as possible. Crude
mixtures of bile salts (often sold under the name of “‘sodium tauroglycocholate’”) may

contain deoxycholate which has a powerful lytic effect on protoscoleces and may kill or

damage them in vitro.'”"

Diphasic culture medium — The liquid phase consisted of Medium S.10E.H (sce Table
13). The solid phase consisted of coagulated newborn calf or bovine serum, coagulation
being obtained by heating at a precise temperature of 75 to 76°C in an oven for 30 to 60
min. The texture of the surface appears to be fairly critical and should be neither too hard
nor too soft.

Culture conditions — A number of different types of glass or plastic containers have
been used successfully as culture containers — milk dilution bottles (Kimax, U.S.), plastic
flasks, or Leighton tubes have all been used. About 10,000 protoscoleces were used per
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f:IGL};E 28. T\‘gtional diagram comparing the growth of Echinococcus granulosus (shesp strain) and
= multilocudaris in the dog. (From Smyth. 1. D.. Angew. Parasitol., 20, 137, 1979, With permission.)

culture vessel with 20 ml of liquid medium over the solid base. Cultures are incubated at
3§,S°C (Qog body temperature} preferably in a water bath with discontinuous shaking (2-
min shaking three times per hour) or in a slow revolving roller tube systern.. The initial ;-I
was 7.4 and the medium was gassed with 10% O,/5% CO,/85% N,, but there s no 5ubstungal

ev1dcn3¢edthat this gas mixture is critical or optimum for the system. Medium was renewed
every 3 d.

3. Criteria for Assessing Development

In the. dog (Figure 28), maturation normally requires 40 d (exceptionally 35 d) and
segmentation takes place at 14 d. It is thus important to be able to recognize thc:z~ ;mall but
gradual changes which take place up to segmentation, so that the suc«;-.ss of a fm‘ticular
culture.system under test can be evaluated as early as possible during cultivation. For
convenience, development up to segmentation has been divided into stages as follow;:

. Presegmentation Stage | (Figure 29, PS.1; see Figure 33A i
‘ . PS.1; s 3A) —~ A protoscolex im-

mediately after evagination with bile * ) protoscoler m

. Presegmentation Stage 2 (Figure 29, PS.2: see Figure 33B) — Calcarecus corpuscles
become less dense and indistinct outlines of excretory canals appear

. Presegmentatlon Stage 3 (Figure 29, PS.3; see Figure 33C) -~ Excretory canals and
posterior excretory bladder become clear; calcareous corpuscles now almost disap-
peared o

. Pli:§crlg$entation Stage 4 (Figure 29, PS .4 Figure see 33D) — “‘Banding™ stage, in
which the *“‘pinching off’* of a proglottis becomes evident, alth istine i
whieh ™ , although no distinet partition

. Segmentat?on Stage 5 (Figure 29, S.5) — The first proglottis forms

. chmentagon Stage 6 (Figure 29, 5.6) — The second proglottis forms

. Segmentation Stage 7 (Figure 29, $.7) — Testes appear
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= FIGURE 29. FEchinococcus gramudosus. developmental stages up to genital pore devel(.)pxjnem. (From
3 Macpherson, C. N. L. and Smyth, J. D., Int. J. Parasitol., 15, 137. 1985. With permission.) .
;E FIGURE 30. Echinococcus granudosus, range of development in vizro achieved over many years, compared
:§ . . . . . with that in the dog: somewhat notional. (From Smyth, J. D. and Davies. Z., Int. J. Parasitol.. 4. 631, ]
. i . Segmentation Stage 8 (Figure 29, S.8; Figure see 33E) — Genital pore evident 1974, With pemission.) 3
el . Segmentation Stage 9 — Spermatozoa present (not shown) ;
!;;;* * Segmentation Stage 10 — Uterus evident normally needs renewing once a week. A battery of these can be connected together using R
HE ! . Segmentation Stage 11 — Cells in uterus a single gas pipeline. It is partly based on a system developed by Berntzen™ for H. nana.
e . Segmentation Stage 12 — Shelled eggs in uterus The above results were all obtained using hydatid material of sheep origin. It has since been
P T .. . . .
demonstrated that similar results can be obtained with isolates from buffalo, goats, camels,
4. Results cattle, and man,"'® but not horse which behaves entirely differently from any other isolate

Culture of hydatid isolates from sheep — In common with results with other helminths,
much intra- and intervariation occurred. Differences were probably due to a variety of factors,
such as unevenness in seeding cultures, contaminants, differences in culture vessels, me-
chanical failure of equipment, and (especially) variation in the hydatid samples and cu_lture
components, such as sera, yeast extract, bile salts, and basic chemicals. As is w1d§ly
recognized, fetal calf serum proved to be the most variable component, its growth’ properties
varying with each sample. Our experience was to test a number of samples and, if feasible,
purchase and deep freeze a large quantity of a sample which gave good growth. The results
of in vitro cultures over a period of some 3 years are summarized in Figure 30. In all these
experiments, only one single culture segmented in 15 d (compared with 14 d in the dog);
approximately 50% took between 16 to 22 d and the rest took more than 20 d." Thus, most
in vitro cultures lagged behind development in vivo, but in the best results, this lag was
only 1 to 4 d, but in many, it was 50% behind that in the dog. The major differences between
in vivo and in vitro worms was the failure of self-insemination to take place in the latter.
1t has been shown'® that self-insemination takes place in dog worms (Figure 31) and although
all sorts of experimental techniques have since been tried, it has not yet been possible to
induce self-insemination in vitro.'* This is in contrast with the situation in Schistocephalus
solidus in which insemination was induced by cultivation within cellulose tubing (See Figure
6). The culture tube system, described above, can also be effectively replaced by the
circulating *‘lift"”" system shown in Figure 32. This works very effectively and medium

and fails to grow in vitre. This situation is discussed further below.

Culture of hydatid isolates from horse — The application of in vitre culture has
revealed unexpected biological and biochemical differences between hydatid isolates of
different origins. When the techniques used above were used with protoscoleces of horse
origin, quite unexpectedly the organisms failed to strobilate in vitro. This was at first
attributed to suspected faults in techniques or in media components. When, however, after
2 years of experiments involving some 200 cultures, horse material failed to strobilate, it
was realized that isolates of E. granulosus from horse represented a different *“strain’” from
that of sheep with probable nutritional requirements different from sheep and other isolates
such as buffalo. goats, etc.'? Further investigations have revealed that substantial physio-
logical and biochemical differences exist between horse isolates and sheep.*

Anomolous monozoic development — In the course of culturing E. granulosus pro-
toscoleces (of sheep origin) to sexual maturity. a proportion of organisms in one culture
developed sexually mature genitalia without becoming segmented into proglottides, i.e.,
they were ‘‘monozoic’” in form.* These monozoic forms were miniature in size compared
with fully segmented specimens from dogs or from normal cultures, but they appeared
contain a full complement of genitalia This unusual result points to independent control of
somatic and sexual differentiation. Monozoic organisms similar to those developed in £.
granulosus cultures developed much more readily in cultures of the related species £.
multilocularis (see Figure 36).
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1 IE FIGURE 31. Echinococcus granufosus. self-inserination as seen in whole mount of mature worm from dog.
N ;I o (After Smyth. . D. and Smyth. M. M., 7. Helminthol.. 43. 383, 1969. With permission.) FIGURE 32. Echinococcus granutosus, a stationary. circulating
{‘illl B “.lift"’ for the cultivation of protoscoleces to adult worms. The
TR F. IN VITRO CULTURE OF PARTLY DEVELOPED IN VIVO WORMS*! f;fj’e'f‘; ;::"}iiicfef:ff-mﬁ, °‘.’°“‘r';"‘“gb?edi“m ;rom that in the
103 ver Hask. s in the interface between the worm and the
- 1. General Cqmment ) . solid phase remaining undisturbed, but nutrients and waste materials
As emphasized above, adult worms grown in the above culture systems fail to undergo = can be exchanged via the dialysis membrane_ Up to six such systems
self-insemination and therefore do not produce fertile eggs. However. itisa relatively simple can be connected to a single gas pipeline, providing a batery of
matter fo obtain fertile eggs by commencing with partly matured (i.e., inseminated) in vivo "“g"’?* (After Smyth. J. D. and McManus, D. P., The Physiology
worms and complete their maturation in vitro.1"" In the sheep isolate, insemination has been ggd:ew(lgggm\tgtgfc:ﬁ?#& Pt A et
shown to take place at about 22 d.”” but worms a few days later are recommended for use. T permission.)
As the shelled eggs produced by this technique are highly infective, due safety precautions 4 T
: ; - . hese worms are then tre i in vi sterns deseri
should be adopted throughout. P trdnsferred into the in vitro culture systerns described above
B and allowed to complete their development in vitro until egg production begins.
2. Technique for Obtaining Gravid Worms . i . )
q g d'}[]'huzl |b§ thehusc of this technique, worms gravid with infective eggs rmay be obtained
o ) ) ) 5 and handled within the safety of L Thi : o .
1. Dogs are infected by feeding protoscoleces in the usual way and are autopsied about has also been used successfu!}l - aé::::e :;3:' This methoc},lzor mior vikiations of if, ;
5 d before shelled eggs are due to appear in the uterus. In the shecp isolate of E. : on this species and it has aleo)be)e, 1 use dr?l l: and Thompson®** for obtaining ferile eggs
granulosus, this is about 35 d, as the prepatent period in dogs is generally accepted | or obtaining fertile eggs of £. multilocularis. ™
to be about 39 to 40 d. However, great care must be taken in selecting this time, as G. I
» 5 - . IN VITRO CULTURE: ONC ;
it is known that the isolate from Swiss cattle has a prepatent period of 35 d*” and other The oncosphere of E granulosgs:gaRE O BARLY CYSTI-C LARVA™
isolates may show similar differences. the sizs of the original or;cos hcré (;eed];' en g;own to an early cystic larva some six times
2. The infected gut is cut into 4- to 6-in. lengths, sliced open and placed in large glass not yet been achieved.'"* T}P:e techni lgfu -~ th‘)y bm,ngth to a fully developed cyst hias
containers of (preheated) BSS maintained in a water bath or incubator. Worms free : tacniid larva, is describéd in Section X?I‘-IleB ? llus, Whlc'h M successful with otbet
themselves from the gut wall within about 10 to 15 min and can be picked up with a spp. 1s consi’dered ‘B.1. where cultivation of oncospheres of Taeniidae
Pasteur pipette. : ’
3. The}}1:ng wotn:;;; aret:) trar;;feqed tto Vlilti of sterile BS]? wiﬂ;)ethe u:ual ant}tlat:oftlcs anc: H. EVALUATION
washed tepeatedly, by allowing to settle or on a roller tube system, Wi requen . .
pe ¥y, oY g y ! Some of the techniques described above have now been developed to the stage where

changes of media. In this way, sterile, partly matured worms may be obtained.

T — &
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D they can be reliably used routinely Lo develop normal (or near-normal) adult strobila of E.
granulosus and E. multilocularis. It must be emphasized, however, that satisfactory results
are very dependent on the quality of the constituents of the medium: and in this respect.
variation in the growth-promoting propertics of the fetal calf serum component is well
documented and different samples are likely to produce different results. It must also be
emphasized that the growth rate in virro lags substantially behind that in vive and the long
culture periods required, often exceeding several months, is inclined to discourage workers.

The major outstanding problem in these culture systems remains the failure 1o induce
sclf-insemination in vitre with the result that fertile eggs are not produced. This is likely to
be a spatial relations problem {as in Schisrocephalus), but other factors such as notrition
may also be involved. The solution to this problem remains a major chalienge in this field.
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XIL. ECHINOCOCCUS MULTILOCULARIS

L e
iy,

cr

'. Cultured by: Smyth;* Smyth and Davies;"'* Smyth and Barrett;''® Barrett!*
Definitive hosts: wild, feral, and domestic camivores, especially foxes of
' the genera Vulpes and Alopex®®
Experimental hosts: cats,''® dogs''*
Prepatent peried: 30 d4'**
Intermediate hosts: multilocular hydatid cysts in man and numerous species
of wild rodents. especially those of the genera Microtus, Lemmus, and
Clethrionomys™
Distribution: mainly Europe (especially France and Germany), Japan,
. subarctic Islands (especially St. Lawrence Island), North America, but
distribution localized'*°
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A. GENERAL BIOLOGY
Recent work on the in vitro culture of Echinococcus multifocularis has been reviewed
by Smyth and McManus,® Smyth,* and Howell.”
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1. Speciation

Echinococeus multilocularis is well known to be the causative organism of (multilocular)
hydatid disease. a highly pathogenetic zoonotic disease of man and wild animals, caused
by the larval stage or hydatid cyst. Unlike £. granulosus, which generally forms a well-
defined unilocular cyst, which can often be removed surgically, the cysts of E. multilocularis
are composed of numerous small vesicles. containing protoscoleces, which are extremely
proliferative and invasive to host tissues. The cysts are inoperable in man and invariably
result in death. There is a vast literature on the biology, epidemiology, and pathology of
this organism: the early work has been reviewed by Smyth!®'? and more recent studies
have been reviewed by Thompson.’®-'™ The systematics of the species do not appear to be
as complex as those of E. granulosus, although evidence of different strains is beginning
to emerge.'?®

2. Life Cycle
The life cycle generally resembles that of E. granulosus and will not be discussed in

p inococcus L in vl Iture of adult worm from protoscoleces from sheep cysts (except . i f . ) i
FIGURE 33. Echinococcus granulosus, in vitro cult , p detail here, the major difference being that rodents, and not ungulates, serve as intermediate

F). Unlabeled scale bars = 100 pm. For stages see Figure 29. (A) Stage PS.1, freshly evaginated protoscolex;

note calcareous corpuscles (cc); (B) intermediate stage between PS.2 and PS.3, calcareous corpuscles disappearing
and excretory canals (e) and bladder (b) becoming visible; (C) Stage PS.3, excretory canals {e) and bladder {b)
now very cvident; (D) Stage PS.4, “‘banding’" stage. with partition (p) of first proglottid appearing; (E) sexual
mature adult worm with three proglottides; (F) horse isolate, Stage PS.3. 8-d culture: no further development ocours
even after prolonged culture; (G) 66-d culture; note variation in individual development. (From Smyth, J. D. and
Davies. Z.. Int. J. Parasitol., 4, 631, 1974, With permission.)

hosts. The adult worm is also much smaller (1.2 to 3.7 mm) than E. granulosus (1.5 to 6
mm). although their size range overlaps.'' There are also minor differences in morphology.

Like E. granulosus. the cysts can differentiate into secondary cysts (in a tissue site) or
into adult worms (in an intestinal site). Unlike E. granulosus, however, the cysts grow very
rapidly in laboratory rodents which makes this species a useful —- if somewhat dangerous
— experimental organism.
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B. SOURCE AND HANDLING MULTILOCULAR HYDATID CYST MATERIAL 1. PAINT SURFACE THICE 5 RenovE Cvsie S

1. Warning WETH (ODINE FROM BODY CAVITY IN PEPSIN
E. multilocularis cystic material must be handled with the greatest of care and it is

recommended that ail those concerned with these operations (or even watching) should wear

protective glasses and rubber gloves. It is strongly recommended that when animals are

being dissected to remove cysts (see below) that the procedure should be carried out in a _

glass chamber with arm holes or, at the very least. under a glass or plastic shield held over . - Waring blender

the site of dissection between the animal and the operator. This is essential for safety, as -
the hydatid fluid in the cystic vesicles is often under considerable hydrostatic pressure and 5wt
may squirt into the face or eyes of the operator. Care should also be taken when injecting s~ ass pepsin
experimental animals with protoscoleces, as an accidental scratch with a needle, or spillage (pH 2.0)
into a cut in the skin, could result in the protoscoleces becoming established and proliferating 8. DIGEST IN PEPSIN 5 ) .
in the tissue of the operator. * SIEVE UNDIGESTED 6. REmMOVE DEBRIS

(MAINTAIN pH AT 2) MATERIAL

2. Maintenance in Laboratory Animals _ \
E. multiloculuris 18 read_ily mai'ntained.in cgtlon rats (Sigmodon hispidus) or gerbils - N\ add 5N. HCI ;o

(Meriones unguiculatus) by intraperitoneal injection.’*" Cotton rats are the better hosts in /’ Vi

that the host tissues do not become so heavily calcified as in gerbils. Jnnocula for serial 2 / /

N passage are casily prepared by chopping some cyst material into small picces with a scissors = - ) ;

3 {with precautions as outlined above!) in a little saline and pressing the fragments through a - A__‘:{debﬁs (ighter)
:§ small fine-mesh sieve. This produces a suspension of protoscoleces plus much ceflular and _ : gl pmtoscole:;
~ calcified debris. About a 0.2-ml injection per animal is adequate. The cysts take about 4 to ; = ' (heavier)

Ee 6 months to become fertile in cotton rats. : 0.5% pepsin pro‘”cok?ces
‘9 - e
- C. IN VITRO CULTURE: PROTOSCOLECES TO ADULT WORMS - 7 : MOMOPHASIC
. i 5 . . WASIIINBSS X & 8. EVAGINATE IN : MEDIUM
B 1. Obtaining Protoscoleces from the Host™* 3 iLE MEDI ——
e Cystic material of E. muitilocularis is dense and jelly-like and the surrounding host : v S
}i 7 tissue often heavily calcified and thercfore requires treatment with a much stronger pepsin ) T g S,30E.H
fel p solution (0.5%) than those of E. granulosus and digestion for a much longer time. A great : C o
LN g 4 N )
. deal of debris is also produced and the separation of this from the protoscoleces requires i f e
special care. The following procedure (Figure 34) is recommended: . - E-—~_. f -> | : 9. IN VITRO CULTURE
1. Shave the abdomen of the animal and paint it with 1% iodine in 95% ethanol; allow l - l ’\— \ -
to dry; and repeat. oo N o
2 Remove the surface skin, and then cut open the body wall to expose the body cavity. A —_
. S . -~ . CMRL 1066 :
3, Carefully dissect the cyst material into a weighed beaker or petri dish and transfer + dog bile | - . S10E.H

about 10 g of cysts into prewarmed 200 ml of sterile pepsin (5 mg/ml; 1:10,000} in : .
Hanks’ BSS, at a pH 2.0, in a sterile Waring blender. Alternatively, a tubular ho- i
mogenizer (such as the Internationale Laboratoriums Apparate O GH 84) can be used.
4. Homogenize for 10 to 15 s only first, and then again, if necessary; too-long homog-
enizing may produce excess frothing. The solution immediately becomes alkaline due FIGURE 34. Echinococcus multilocularis. protocol for setiing up i vitro cultures buscd on ihe
to the release of calcium corpuscles from the host tissue. Readjust the pH to 2.0 with technique of Smyth.™ (Diagram from Barrett, N. J., Ph.D. thesis, Umversity of London. London,
1984, With permission.)
5 N HCL
5 Transfer to a covered, sterile 500-ml beuker, stirring the mixture with a magnetic 7 Th .
stirrer on a hot plate or in an incubator at 38.5°C, continually adjusting the pH to 2.0 ' ‘ e pure suspension of protoscoleces should finally be transferred to a screw-top vial
with 5 N HCL. The pH may take some time (5 to ] 5 min) to stabilize. When the pH and washed four times, rotating the vial for 10 min on a rotator during each washing.
finally stabilizes at 2.0, allow di gestion to proceed for a further 30 to 60 min, depending
on the nature of the material.
After digestion, pour through a sterile plastic or metal sieve into another beaker. By
frequent washings in Hanks’ BSS, followed by repeated removal of supernatant debris,
an almost pure suspension of protoscoleces can be obtained.

2eid

“ad-- congulated NBC

All apparatus and solutions used above should be sterile.

(3

2. Setting Up Cultures®®

The same medium as used for E. granulosus (see Table 13) suffices for E. multifocularis
as do the same culture vessels and the general protocol. However, because (unexpectedly,
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2 FIGURE 35. Echinococcus multilocularis, development of ‘*monozoic™ forms in vitro,
g early stages (1 to 3) not shown. Such forms apparently develop only under abnormal
R conditions of culture; they fail (o undergo strobilization, but develop a complete set of
. male and female genitalia. Note development of ““cirrus bulge™ due to development of :
5 genitalia, without corresponding somatic development (see also Figure 36C). Similar i
[g : monozoic forms have occasionally been found in cultures of E. granulosus. (From Smyth, |
W 1. D. and Barrett. N. J., Rev. Iber. Parasitol., 39, 39, 1979. With permission.) :
&
15 e .
b Y . . A . . - -
‘:" i see results) strobilization will take place 1n a monophasic medium (as well as a diphasic
1 R medium), a simple roller tube system, with 10 to 20 m} of liquid Medium S.10E.H in
(S . . .
BE § Leighton tubes or screw-top vials, with 0.05 ml of settled protoscoleces per culture, has K
6.7 eventually proved to be the most efficient system and is recommended for routine use.
g

3. Results
The first remarkable feature of the in vitro development was the fact that strobilization

took place in monophasic (liquid) medium, in contrast to the culture of E. granulosus which
required a diphasic system.

The second unusual feature was the fact that — again in contrast o E. granulosus —
in a high percentage of cultures, early segmentation was suppressed and unsegmented and
sexually mature ‘‘monozoic’’ forms developed (Figures 35 and 36C). This was particularly
the case in the early experiments by Smyth and Davies''* and Smyth and Barrett'!® in which
monozoic development was the dominating pattern of development.

The monozoic forms have a characteristic triangular shape, with the cirrus region bulging
out, as the somatic tissue does not appear 10 grow sufficiently quickly relative to the i
developing genitalia. During the carly stages of culture, the development is similar to that
in E. granulosus, but at about 21 d, a translucent, circular area appears about half way down
the body. This has been called the *cirrus patch™** which eventually develops into a cirrus

D

and genital pore. After about 25 d of culture, testes appear and by about 31 d the uterus wo «
cavity can be identified. In the best cultares, the uterus contains ova and vitelline cells, but
like E. granulosus, fertile eggs are not produced, apparently due to the failure of insemination FIGURE 36. Echinococcus multilocularis. in vitro development. (A) Aberrant early culture with additianal

§c<;Iex bud fonniilg; (B‘) normal adult with two proglottides. approaching sexual maturity; (Ch “*monozoic®” torm
in 2-%(-cyul!u1"e.4l\ote Lngngular profile with **cirrus bulge'” due to development of genitalia. without corresponding
somatic growth; for details of morphology. see Figure 35; (D) 70-d culture showing a variety of forms dc;'elnpcd

to take place.
In later in vitro experiments,*%¢ however, using slightly modified roller tube systems

and media buffered with HEPES, development more nearly approached that in vivo, with including some monozoic forms together with adult with worms 2 1o 3 proglottides. (From Smyth. J. I»
Parasitol., 20, 137, 1979. With permission. } : myth. J. I Angew.
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two-segment and three-segment worms developing. ulthough the interproglottid divisions
were rarely clearly formed (see Figure 36D). These organisms have been called *‘pseudos-
cgmented’’ forms."'® When cultures were allowed to develop for very long periods. abnormal
forms sometimes appeared. the most siriking of these being a strobila with an extra scolex
(sec Figure 36A); occasionally, several extra scoleces developed.!'®

D. EVALUATION
The chicf problem in preparing cultures of E. multilocularis is that of the initial separation

of protoscoleces from the cystic material removed from the rodent host. This materal is
frequently dense and heavily calcified, as explained above, and when macerated develops
an *‘ice cream-like’’ consistency. Treatment with pepsin frees the contained protoscoleces,
in duc course, but a certain amount of manipulative skill is required to separatc the tissue
debris during the washing procedures, without losing too much of the parasite material.
However, this separation procedure is readily mastered with some practice.

The actual culture technique is relatively simple, and if a rotler tube system utilizing
Leighton tubes is used, development can be readily followed under an inverted microscope.
That development achieved in vitro does not quite approach that in vive is evident from the
tendency for ‘‘monozoic’ forms to develop and also the failure for insemination to take
place, as with E. granulosus. However, the failure to produce fertilized eggs does mean
that the organism is safe to handle in vitro, a result which has many advantages for routine
physiological or biochemical work. If fertile eggs are required, a combination of growing
worms in dogs up to insemination and then culturing them in vitro can be utilized (see
Section E below).

From the physiological point of view. the most intriguing result from the culture of E.
multilocularis is the fact that its protoscoleces will differentiate in a strobilar (sexual) direction
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u!osu{s in }*:ig.ure 27. i.e.. they either became vesicular or formed posterior bladders before
fonpmg miniature hydanud cysts with laminated membranes. More successtul results were
ac:hleved using fragments of germinal membrane. Thus, Rausch and Jentoft'?* cultured pieces
of germinal membranc in a basic medium of 40% ascitic fluid in Hanks™ BSS plus Helﬁ
cells and nutrients such as vole embryo extract, but. unfortunately, full detuils of the t-.:r:-hniqL;c
used were not provided. In these culturcs, tissues proliferated and produced vesicles after
29 d of culture and by 55 d some 22 protoscoleces were present in the vesicles; the latter
proved infective to voles on intraperitoneal injection. ‘
Somewhat similar experiments were carried out by Lukashenko,** who wtilized pro-
to;coleces, separate vesicles, and minced tissues. In a medium of Parker 199, supplemented
with cotton rat embryo extract. bovine serum, and lactalbumin hydrolvsate, vesicles devel-
oped after 38 d, a laminated membrane developed in 54 d, and provtoscoieces developed
after 99 d. The Jatter proved infective to cotton rats on intraperitoneal injection. |

XHI. VARIOUS TAENIIDAE

A. GENERAL REVIEW

With the exception of Echinococcus spp., dealt with in the previous section. the taeniid
cestodes have proved to be unusually difficult to culture in vitro, and to date no gravid adult
of any Taenia species has been grown from a cysticercus. The nearest to achicving this goal
has l?cen the results of Osuna-Carrilio and Mascaro-Lazeano,'®® who grew sexually ma’iure
T. pisiformis from a cysticercus, but failed to obtain normal development or fert‘ilc eges
Most progress has been made with the devetopment of oncosphercs of several Taeniu spee]céé
and Echinococcus granulosus to nearly fully developed cysticerci or early cystic stavés, The
most successful of these techniques are discussed below. Results of iegs—successfxﬁ exper-

§ PTETCAT IS L GEITRIY
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iments, which were not followed up later, are not reviewed here: most of these are referenced

in a menophasic medium, whereas E. granulosus will only do so in a diphasic medium. At
in Taylor and Baker® and Voge.? .

present, no evidence is available to explain this remarkable phenomenon, which suggests
that cach species responds to different physiological, nutritional, or biochemical *‘triggers’’
to initiate strobilar (i.e., sexual) or cystic (asexual) differentiation. This clearly is a fun-
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B. IN VITRO CULTURE: ONCOSPHERES TO CYSTIC LARVAE
1. General Comments
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damental problem requiring further detailed investigation.

E. IN VITRO CULTURE OF PARTLY DEVELOPED IN VIVO WORMS

The original technique for this was first developed by Smyth and Howkins™' for E.
granulosus and has already been described earlier (Section X1.F). This technique, in a
slightly modified form, has been used successfully for the production of eggs by E. mul-
tilocularis.'" Worms were grown in dogs for 20 to 21 d and then matured in vitro in
monophasic or diphasic medium for 8 d when fertile eggs were produced, although these
were fewer than those produced by in vivo worms. For further technical details, the original

paper should be consulted.

F. IN VITRO CULTURE: CYSTIC (ASEXUAL) DIFFERENTIATION OF

PROTOSCOLECES

As indicated earlier, the germinal membrane of E. multilocularis is extremely prolif-
erative, invading and branching out in the tissues of the host in vive. It is therefore not
surprising to find that the cystic stages are much more amenable to in vitro culture than the
corresponding stage of £. granulosus.

There appears to be no recent work carried out on cystic development in vitro, although
a number of interesting resutts were carried out by early workers. Thus, Yamashita et al.'>
cultured protoscoleces in a basic medium of lactalbumin hydrolysate in Hanks’ BSS rein-
forced with various autrients, such as bovine serum, bile and liver extracts. Only infertile
cysts were formed, the developmental routes following closely that described for E. gran-

Techniques for the in vitro culture of taeniid oncospheres to cysticerci were first described
by Heath and Smyth,''* the species involved being E. granulosus, Taenia hydatizena, T
ows T. pisiformis, and T. serialis. The most successful results were obtained will; T:
pistformis, oncospheres of which were grown to the cystic stage with development of hooks
and suckers. Some early cystic development was obtained with the other species .ctudied
Growth of these species is shown in Figure 37. A remarkable feature of the develbpmeﬁ
of T pisiformis was the fact that some larvae of 7. pisiformis underwent transverse or
longitudinal fission, a phenomenon probably due to the cellular ‘organizer”” region becoming
divided by the action of the centrifugation process involved in the early cultivat?nn procedure:
and one worthy of further investigation. Later improvement of the initial technique bj;'
Heath'* resulted in the development of almost normal cysticerci of T. hydatigena, .T. ovis
T. se.rialis, and T. raeniaeformis; these had fully developed suckers, bot hook l'or‘malior;
was .mcomplete in that blades were formed but not hardened and shafts were absent. The
application of these or similar techniques to 7. saginata resulted in only limited success, 37128

The early differentiation of the oncosphere of E. granulosus in vitre has also been examined
in some detail.'*®

2. Technique of Heath'¢

4 'l[‘he technique is essentially a modification of that of Heath and Smyth."? [t basicaily
involves: )
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- 1. HYDATIGENA TABLE (14
. » T, PISIFORMIS ¢ Artificial Gastric and Intestinal Solutions for Hatching of Taeniid Eggs
140 F / : . :
y Solution A — Gastric solution
" 1% pepsin (1:10,000 Sigma) - % concentrated HC) + 0.85% NaCl in distilled water
__120r1 /‘ E. CRANULOSUS Solution B — Tntestinal solution
2 | 4 1% pancreatin {porcine 3 X N.F. Sigma) ~ 1% NaHCO, + 5% of the appropriate bile (sheep
e " 1 S””':“S e or rabbit - collected sterile) in distilled water (Bile was stored at - 10°C until required. )
LE' 100 / T. OVIS
-;- b . From Heath, D. D. and Smyth. 1. D., Parasitology, 61, 329. 1970. With PEVIISSION.
o A /
o L o /. /"‘ 7. Transfer organisms to culture medium; in addition to activated oncospheres, the culture
e 60 I . %- /v- will now contain unactivated oncospheres (i.e., those still within their oncosphere
£ L / of o membranes) and numerous keratin blocks from the disintegrated embryophores of the
g 40 - /:/ - eggs (see Figure 38A).
— — A/: u/ 3/
20 ﬁsﬁéﬁ/ Medium and culture procedure — The culture medium consisted of NCTC 135, with
P the dextrose level raised to 400 mg/100 ml with antibiotics as above, plus 1% washed,
I , . . , . ) packed rabbit blood cells plus fetal calf serum. The concentration of fetal calf serum was
N * é ' 4 ‘ 6 8 10 50% for the first 7 d, 20% for the next 14 d, and 10% thereafter. The gas phase was air
g and the temperature was 37 to 39°C and media were changed twice weekly. The culture
R Number of days cultured vessels were 30- or 250-m! disposable plastic flasks (Falcon). Generally only about 10% of
- eggs yielded developing oncospheres, but the number varied with the source and age of the
-E FIGURE 37. A comparison of the carly in vitro development of cystic larvae of Faenia pisiformis, eggs. Optimum development was achieved when 0.1 m} of culture medium was provided
i T, hydari iali i d Echinococcus granulosus from oncospheres. (From Heath, . . .
5 1. hydarigena. T. serialis. T. ovis, an g - for each developing oncosphere. The volume of fluid per larva was progressively doubled
it D. D. and Smyth, J. D., Parasitology. 61. 329, 1970. With permission.) : i ' |
.« I[; at each change by removing 50% of the larvae, until each larva ultimately received 10 mi
;i : . 1.  Teasing the eggs from a gravid proglottis of culture fluid at each change. .
| e 2. Washing with BSS + antibiotics . :
“-:g i 3. Treatment with pepsin _ ’ ' . 3. Results ’ . . . _ %
6l 4, Hatching and activating in pancreatin plus bile The account below summarizes the best results obtained with this technigue. or the
5. Washing to sterility _ N earlier one of Heath and Smyth'** on which it is based, or subsequent modifications developed
6.  Culturing in a tissue culture medium (Parker 858, NCTC 135, etc.) with the addition for specific species.

of fetal calf or other serum and red cells

Obtaining hatched oncospheres from eggs — The following technique is based on
Heath:!'*

1. Obtain gravid proglottides by purging or autopsying infected dogs. _

2. Wash worms with BSS until visually clean and chop worms in BSS and sieve worm
debris from eggs.

3. Allow eggs to settle overnight at 4°C and then treat with Hibitane (I.C.L. Ltd., L()nQOn,
active constituent chlorbexidine gluconate) for 20 min followed by washing three times
in distilled water and storing at 4°C if required. , .

4. Hatch and activate eggs by concentrating the requisite number of eggs by centpfuganqn
in screw-capped culture tubes (Pyrex No. 9826) and pretreat with the artificial gastric
solution (Solution A, Table 14) for 1 h at 37 to 39°C followed by centrifugation at
3000 revolutions per minute for 3 min. -

5. Draw off the supernatant leaving 2 to 3 mm of liquid above the eggs and add a.I‘tlflClal
intestinal solution (Solution B, Table 14), screwing the cap on quickly to retain CO,;
hatching and activation should take place, as in E.