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Coproantigens in Intestinal Cestode Infections
J.C.Allan

Reliable diagnosis of human intestinal taeniasis, currently based on the detection of eggs or
proglottides, is difficult at present. The detection of parasite specific antigen in host faeces,
which has been demonstrated in other types of gastrointestinal infection, was investigated as
a means for the diagnosis of intestinal cestodiases. A number of experimental model systems
were used for the initial work. These included Hymenolepis diminuta in the rat, Taenia pisiformis
in the dog and T.solium in immunossuppressed golden hamsters.

Parasite specific faecal antigen was detected by an antigen capture type ELISA assay, based
on a hyperimmune rabbit antiserum to H.diminuta adult somatic antigen, in the faeces of rats
infected with Hymenolepis diminuta. This antigen was present before patency. Levels of parasite
antigen in faeces rose sharply at patency, though this was not due to the eggs themselves. The
ELISA test was highly specific as the ELISA OD values from faecal samples from rodents
infected with Hymenolepis citelli, H.microstoma, Diphyllobothrium ditrenum, Necator
americanus, Strongyloides ratti, and Heligosmoides polygirus and from uninfected rodents lay
more than two standard deviations below the mean of those from H.diminuta infected rats.
H.diminuta antigen levels in faeces appeared to be independent of worm burden. Successful anti
helminthic chemotherapy caused the rapid loss of parasite specific antigen from host rat faeces,
levels returning to background six days after treatment. Western blot analysis indicated the
presence of a number of H.diminuta specific antigens in the faeces of infected rats.

A similar type of ELISA assay was developed for the diagnosis of Taenia pisiformis infections
in dogs. Dog faeces was found to interfere with the ELISA assay to a considerable extent. This
interference was found to be due to damage or desorption of the capture antibody layer. Dog
faeces was shown to contain a number of proteases and a low molecular weight, non
proteolytic, component that appeared to desorb antibody from the microtitre plate. This
interfering activity could be partially counteracted by the addition of 2mM PMSF, a protease
inhibitor, to the faecal supernatant or by heating the supernatant at 80°C for thirty minutes. The
best method of countering the interference was by adding 50% heat inactivated foetal calf serum
to the faecal supernatant. T.pisiformis specific antigen levels were shown to rise soon after initial
experimental infection in two dogs. These antigen levels tended to plateau out several weeks
before patency although there was a marked daily fluctuation in the coproantigen ELISA OD
values. Parasite specific faecal antigen levels were independent of the presence or numbers of
Taenia eggs in host faeces. The coproantigen ELISA for Taenia pisiformis was demonstrated
to be considerably more sensitive than egg detection. A number of, apparently, T.pisiformis
specific antigens were recognised by Western blotting in the faeces of infected dogs.
Experimental infections of golden hamsters with T.solium were undertaken to provide parasite
antigen and faecal material from infected hosts. Three infections were carried out, the hamsters
being immunosuppressed with intramuscular injections of Depomedrone (methylprednisolone
acetate) and infected with three to five T.solium cysts each. In one of the three infections 86%
of the necropsied hamsters were found to be infected with 45% of the original worm dosage and
14% of such hamsters were worm free. The T.solium tapeworms were found to reach sexual
maturity but did not become gravid. Parasite specific antigen was detected by a coproantigen
ELISA, based on antibodies raised against T.solium adult somatic antigen, in faeces from
T.solium infected hamsters. This antigen appeared highly specific as a similar coproantigen
ELISA test based on antibodies to T.saginata adult somatic antigen could not differentiate faecal
samples from T.solium infected hamsters and controls.

Faecal samples from humans infected with either T.saginata or T.solium were shown to be cross
reactive in both the coproantigen ELISAs based on polyclonal antibodies to T.solium or
T.saginata adult somatic antigen. A field study was carried out in a village in Guatemala using
the first of these two coproantigen ELISAs. 414 faecal samples were tested, 2 were positive for
Taenia antigen. These two cases were confirmed by microscopy. No other cases of Taenia were
detected by microscopy. 63% of the samples contained eggs from other species of helminth
including 2.9% with Hymenolepis nana. Chemotherapy of the Taenia infected individuals resulted
in the loss of Taenia antigen from faeces within six days. Faecal samples from 20 human Taenia
infections were tested by coproantigen ELISA for Taenia specific antigen, all were positive. One
of these cases was negative for Taenia eggs. Preliminary attempts to antigenically differentiate
faecal samples to the Taenia species level by ELISA and Western blotting were not successful.
These preliminary findings indicate that parasite coproantigen detection may a useful method
for the diagnosis of intestinal cestodiases.
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CHAPTER ONE
INTRODUCTION

1.1 Taenia solium and T.saginata; General Biology

The Class Cestoda comprises highly specialized endoparasitic flatworms in which the adults
of the vast majority of species occur in the intestine, it's associated diverticulae or, occasionally,
the coelomic cavity of a vertebrate host (the exception to this is the genus Archigetes
(Carophillidea, Carophylliidae) in which the adult, actually a neotenic larval stage, can be found
in the coelom of freshwater oligochaetes). The immature intermediate stages occur in the body
cavities or tissues of invertebrates or vertebrates (Schmidt, 1970, Stunkard 1983). Their existence
has been known for centuries (Hoeppli 1956) although their precise nature has been a mystery

for much of this time.

Baer (1951) stated that “Tapeworms are by far the most highly specialized parasites known and
although their origin from distant platyhelminthic stock is obvious, all traces of direct affinities
have disappeared.” Most have an indirect Iifecycle involving the adult stage in the infection of
a definitive host and the immature larval stage in the infection of a separate intermediate host.
There are, however, exceptions such as Hymenolepis nana which has a direct lifecycle and can
complete it's larval stage in the definitive host (Schmidt, 1970). They are covered in a tegument
in the same way as most of the other parasitic flatworms but show complete absence of a
digestive tract (Lumsden, 1975, Barnes, 1980). The class itself is divided into two subclasses the
Eucestoda and the Cestodaria. The former group, the "true tapeworms", is by far the largest and
shows the greatest morphological divergence from other trematodes. According to Schmidt
(1970) adult worms of this subclass are (with the exception of the Carophyllidea and
Spathebothriidea) polyzoic with one or more set of reproductive organs in each proglottid. The
embryo is shelled and has six hooks (thus the term "hexacanth'). The latter subclass is
monozoic with a single set of reproductive organs and a ten hooked embryo ("decacanth”). It

is to the former group that all the cestodes in this study belong.

A large number of cestodes parasitise man with either their larval or adult stages or,



occasionally, both. All these cestodes belong to one of two orders, the Pseudophyllidea and
the Cyclophyllidea (Pawlowski, 1985). Many, such as those belonging to the Taeniidae and
Diphyllobothriidae, are zoonotic. Indeed, of all the species of cestode parasitising man, two have
a place unique among the zoonoses in that man comprises the sole definitive host in nature.
These two species, Taenia solium and Taenia saginata, have been termed euzoonotic by
Garnham (1956) because of the obligatory relationship between man and animals which is
essential to the parasites’ survival and which, if broken, would lead to their elimination. These

two species will be discussed here.

Morphologically the body of the adult is divided into three regions, the anterior scolex which acts
as a holdfast in the definitive host, a short neck region and finally a series of segments often
called the strobila. The scolex possesses specialized structures for attaching to the intestinal
mucosa of the definitive host. Both species have four suckers arranged round the scolex, but
only Taenia solium has what is referred to as an armed scolex containing a rostellum with two
rows of hooks the total number of which varies between twenty two and thirty two (Pawlowski,
1985, WHO, 1983). The neck region contains a mass of mitotically active embryonic cells from
which the strobila tissues differentiate. The strobila consists of serially repeating segments called
proglottides which show increasing sexual maturity posteriorly. The terminal proglottides contain

mature shelled embryos.

The adult T.solium tends to be shorter than the adult T.saginata, at 1.5 - 8 metres for the former
compared to 4 - 12 metres for the latter. It also consists of fewer proglottides, at 700 to 1000
as compared to approximately 2000. In both species the terminal gravid proglottides are shed
and pass out of the host. In T.saginata infection, however, the terminal proglottides can actively
migrate, often leaving the anus of their own accord. This has been reported in many studies,
Kirichek et al (1986) reported 3.53% of the total number of segments shed in their study were
shed actively. In one classic example a clergyman had to bring his sermon to an abrupt halt as
five foot of tapeworm came down his trouser leg (Thornton, 1979). T.solium proglottides are
usually shed passively (Pawlowski, 1985).

In contrast to the situation with the definitive host both species have a much wider range of



intermediate hosts available. T.saginata normally infects bovids both domestic and wild (Nelson
et al 1965), hence it’s common name the beef tapeworm. Cystic stages of this worm have also
been found in camels, sheep and various species of gazelle (Pawlowski and Shultz, 1972). In
northern Russia it appears to use reindeer as an intermediate host as no cattle are present
(Kirichek et al, 1986). T.solium is normally found in pigs, hence the name pork tapeworm, but
has also been found in a wide variety of other animals such as dogs, polecats, camels, bears,
cats, foxes, and a number of others (WHO 1983). The feature of this latter taeniid which is most
significant from the perspective of human health is it's ability to infect man with the larval stage.
This causes a disease which, in marked contrast to the clinically benign adult infection, can be

extremely damaging and often, if there is involvement of the central nervous system, fatal.

At this juncture it is important to point out that another form of Taenia in which the adult is found
in man has been identified in Taiwan and other parts of South East Asia. The larvae primarily
infect pigs in the endemic region and a variety of other animals. They possess an armed
rostellum with rudimentary hooklets as cysticerci but the adult appears morphologically identical
to Taenia saginata. It is worth noting that there have been reports of the presence of
rudimentary hooklets in a rostellum in T.saginata infections of cattle. For instance, in one of the
first experimental infections of cattle with T.saginata, Leuckart described the presence of "a
distinct, though small rostellum, and with the rudiments of hooks" (Viljoen, 1937). Temporary
hook analgen have been reported in the cysts of other Taenia saginata infections (Slais and
Machnicka, 1976). There is a possibility that this Asian Taenia, on the basis of morphology and
site selection in the cystic phase, may constitute either a strain of T.saginata or a new species
of Taenia (Fan, 1988, Fan et al, 1989a, 1989b, 1990). This new strain or species will not be dealt
with here as it has not yet been fully investigated. Many of the features of the biology of known
T.solium and T.saginata, infections probably also apply in this case. The discussion that follows
will be limited to T.solium and T.saginata as these species are currently taxonomically

understood and to aspects of the biology of other cestodes that help in their understanding.

Viljoen (1937) reviews the historical development of our understanding of both adult and larval

taeniases. Aristophanes in BC 424 mentions the Greek custom of palpitating the tongue of pigs



to detect "glandular tumours®, a method of diagnosis which is still widely used today. Later
Roman pork vendors had to guarantee the meat against "measles". Le Coultre (1928) quotes
Anthimus (511-534 AD) as being perhaps the first to connect the eating of raw pork with
tapeworm infection, although he did not know the precise mechanism.

It was not until 1685 that Hartman discovered the parasitic nature of the cystic stage and later,
in 1698, when Malphigi described the head process of the cysticercus that the true origin of the
cystic stage began to be suspected. In 1854 van Benden successfully infected pigs with
"bladderworms" after feeding them with adult Taenia solium. Finally the lifecycle was completed
when in 1855 Kuchenmeister infected a condemned prisoner with cysticerci from pigs and at
subsequent autopsy found ten young adult Taenia. The lifecycle of T.solium is shown in Figure
1) ¥

Much more detail has subsequently been added to this general picture. The basic biology,
relationship of the host with the parasite, epidemiology and dynamics of these organisms in
nature as well as aspects of their control have received much attention and will be briefly

reviewed here.

The adult of both species tends to attach via the scolex in the jejunum (Pawlowski, 1985) in
T.saginata about 40 - 45 cm below the duodenojejunal fissure (Prevot et al, 1952) but is active,
often moving against the peristaltic contractions of the host's intestine. The posterior end of the
body may reach the ileum.

Infection occurs on ingestion of meat containing viable cysticerci. These evaginate in response
to exposure to digestive secretions, attach and begin to develop. The scolex itself attaches to
the intestinal mucosa and the region directly behind this, the "neck" referred to earlier, begins
a process of mitotic division which is maintained throughout the life of the worm. The
proglottides thus formed develop to increasing sexual maturity as they move away from this
region.

Each proglottis contains a full set of reproductive organs. Work on the related parasite of dogs
Taenia hydatigena (Featherston, 1969) has illustrated the typical developmental pattern of the
worm, from initial infection to maturity. In human taeniases the last 30 - 50 segments of a fully

developed worm contain mature ova (Silverman, 1954b).



Fig. 1.1. Taenia solium lifecycle.

The lifecycle of this parasite goes through man and pigs. Centrepeice opposite shows pigs
running free through a village in Guatemala where people defecated in the open.

1. The adult tapeworm, several metres long and consisting of many hundreds of proglottides is
found in the small intestine of humans. The example shown opposite was been recovered by
chemotherapy.

2. Gravid proglottides are shed in faeces.

3. The gravid proglottides contain many thousands of Taenia eggs.

4. These eggs contaminate the environment. The example shown opposite is an open air toilet
located in a pig pen in Gansu, China (pig in foreground). (Photograph courtesy of Dr P.S. Craig).
5. Ifingested by a pig the oncospheres hatch, penetrate the intestine and locallise in the tissues,
forming cysts. This example is the heart from a heavily infected pig recovered in Mexico.

6. The cysts, small fluid filled bladders, each contain a single scolex (seen here as white dots
within the cysts).

7. If ingested by a human the scolex evaginates and attatches to the small intestine. The region
directly behind the scolex begins rapid mitotic division and the tapeworm begins to develop into
the adult stage.

The particular human health problem related to T.solium is cysticercocis.

a. Subcutaneous cysts seen in a patient from China (photograph courtesy of Dr P.S. Craig).

b. Neurocysticercosis (cysts appearing as dark circular shapes in a CT scan from a Guatemalan

patient.)
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Several voluntary infections with T.saginata have taken place, the first gravid proglottides are
reported as present in the faeces at around day 87 to 97 p.i. (Proctor, 1972, Streba, 1983,
Kirichek et al, 1986). Gravid proglottides are normally shed singly but can often be discharged
in chains and if this results in a large proportion of the gravid proglottides being discharged at
once expulsion may cease for several days. Taenia solium infections are reported to become
patent at around day 62 - 72 p.i. (Marazuk et al, 1979). Unlike T.saginata infections there is
usually no active migration of gravid proglottides, which leave the host in faeces, very often in
short chains of about five each day (Herd and Pullen, 1979).

In both parasites the total number of eggs released on a daily basis is very high. In T.saginata
the figure is around 750 000 (Herd and Pullen, 1979) whilst in T.solium infections the figure is
somewhat lower at 250 000. The eggs released from gravid proglottides are not all mature.
There is considerable variation in the exact figure but it tends to be in the region of 50%
(Silverman, 1954b). A proportion of the immature eggs may mature outside the definitive host.
Release of eggs into the environment can continue for many years as the parasites are very long

lived in their definitive hosts (Pawlowski, 1985).

Experimental studies on the dispersal of taeniid eggs from the initial site of contamination have
shown that this can be rapid and often over quite considerable distances (Gemmell and
Johnstone, 1977, Gemmell and Lawson, 1982, Lawson and Gemmell 1983). The soil fauna has
been demonstrated to play an important role in this process (Lonc 1980a, Lonc 1980b)and the
greatest egg concentration has been found within 100m of the site of initial contamination.
However eggs have been found up to 10km away from source and various means have been
suggested for this dispersal pattern (Lawson and Gemmell, 1983).

One strong possibility is that this longer range dispersal is the result of various species of insect
which feed on faecal material. Flies have been implicated in the dispersal of taeniid eggs in
Kenya (Shircore, 1916, Round, 1961). Later studies have confirmed this finding (Lawson, 1982,
Lawson and Gemmell, 1985, Lawson and Gemmell, 1990). Other work also implicates birds
which feed on sewage in this pattern (Crewe 1967, Crewe, 1969). Sewage sludge, either used

as a fertilizer or contaminating an area can also present a means for the transmission of eggs



(Crewe and Owen, 1983).

Once Introduced into the environment the major physical factor that appears to control the
continued viability of the taeniid egg Is desiccation (Laws 1968). The actual infectivity of eggs
in the environment depends on their stage of development. The ageing process is more rapid
at higher temperatures (Gemmell, 1977). The effect of the relative maturity of the egg on it's
infectivity is shown diagrammatically at Figure 1.2 (from Gemmell et a/, 1987). This will be
discussed further with reference to the development of immunity in the intermediate host

population.
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Fig. 1.2. The relationship between taeniid egg age and infectivity (from Gemmell

et al, 1987)

If the eggs are ingested by the intermediate host studies indicate that their hatching and
activation involves two stages.

Firstly there is disaggregation of the embryophoric blocks which make up the egg shen by the
action of proteolytic digestive enzymes (Silverman, 1954a). The oncosphere itself remains
essentially dormant and non-motile until the action of bile salts modify the composition of the
oncospheral membrane. After this process has occurred the six oncospheral hooks become
active, penetrating the oncospheral membrane and liberating the oncosphere (Lethbridge, 1980).

The penetration of the oncosphere into the intestinal mucosa and it's subsequent migration via



the circulatory system to the site of larval development initially involves vigorous burrowing by
the hooks and perhaps also secretion of the contents of the penetration glands. The excretory -

secretory products of the oncosphere, in particular from these glands, need not necessarily be
assisting in penetration and, although they are released at this time, their role is still unclear
(Lethbridge, 1980). It is these ES products however which appear to be highly immunogenic in
the intermediate host, playing an important role in the development of protective immunity. This

aspect will be dealt with in greater detail later.

Migration of the oncosphere through the intestinal mucosa and into the tissues appears to be
quite rapid (Barker, 1970, Heath, 1971). Because of the finite resources available for penetration
Lethbridge (1980) states "The establishment of the infection in the intermediate host is essentially
a race against time in which the oncosphere must quickly penetrate or perish."

After penetration the oncospheres migrate via the vascular system to the site of larval
development. Heath (1971) suggested that there may be some tissue-specific cues to eventual
site selection, although this hypothesis has not been tested.

Both Taenia saginata and Taenia solium cysticerci tend to predominate in the muscle tissue of
their respective hosts. The development from the oncosphere to the infective larvae is reviewed
by Ubelaker (1983). Basically the healthy infective cysticerci of either species appear as small
pea shaped fluid filled sacs containing the invaginated scolex. These are in turn surrounded by
the "host capsule" formed by the thickening of the lymphatic capillaries and accumulation of
histocytes around the larvae (Machnicka et al, 1971, Slais, 1980).

Taenia saginata cysticerci are believed to become infective to man at around 10 - 12 weeks post
infection (Pawlowski and Schultz, 1972) and when mature are around 7 -10 mm long by 4 - 6
mm broad. A similar period from initial infection to maturity is found in T.solium infections of pigs
(WHO, 1983). T.solium cysticercosis of the human central nervous system can give rise to cysts
of the so called racemose type which has a quite different appearance from the usual "cellulose"
type. Indeed this type of cyst, which is usually acephalic, can measure 10 - 20cm and contain
60ml of fluid (reviewed by Rabiela et al, 1989).

The cysts of both species tend to degenerate with time and eventually become calcified. This

phenomenon seem to be dependent on the tissue infected, number of cysts present and the



status of the intermediate host at the time of infection. For instance in bovine cysticercosis
(sometimes referred to as Cycticercus bovis, although the term has no taxonomic significance)
cysts can be seen to degenerate within a few weeks of infection and large numbers will have
been destroyed 10 - 12 months after infection (Penfold, 1937). It is not uncommon to find
calcified and viable cysts present in the same host simultaneously (Pawlowski and Schultz,
1972).

Long term survival of the cystic stage in the tissues may be related to neonatal infection (Gallie
and Sewell, 1972). Prenatal infections with bovine cysticercosis have been recorded but this is

not the case in porcine cysticercosis (WHO, 1983).

1.2 Pathology and Impact

Infection with the adult of either species is not life threatening and can often go unnoticed.
Pawlowski and Shultz (1972) review the symptoms reported by patients infected with Taenia
saginata. These range from abdominal pain (35.6%) to excitation (3.4%) and include headache
(15.5%), weight loss (21%) and several others. Pawlowski (1983) found statistical cluster analysis
useful in analyzing symptoms. Gastric hyposecretion is a commonly observed feature of
taeniasis, it is also known to cause pathomorphological changes to the jejunal mucosa as well
as various functional disorders (Pawlowski, 1986). Lowered gastric secretion was found in 70%
of patients (Pawlowski, 1983).

Many of the symptoms reported may be at least partly psychological in nature as individuals
who are not aware of their infection do not report them. Due to the passive discharge of

T.solium proglottides it is more likely that infection with this species will go unnoticed.

Infection with the larval stage, causing the condition known as cysticercosis, is quite different
pathologically. In particular human neurological infection with the cystic stage of Taenia solium
(neurocysticercosis) can be extremely serious. It is the larval and not the adult stages of each
of these parasites which account for their great economic and medical impact globally.

Although most commonly located in the muscles the cysticerci of T.saginata can locate in
practically any tissue (Viljoen, 1937), although the infection is rarely fatal unless the cysts are

present in an unusual location. Massive infection of cattle experimentally infected with T.saginata



has caused emaciation, rapid pulse, raised temperature, decreased appetite and a number of
other symptoms (reviewed by Viljoen, 1937). Normally, however, natural infections with this
parasite are not regarded as heavy and may produce no clinical signs in infected bovids.
Similarly pigs infected with T.solium cysticerci can appear quite normal. Infections with this
parasite can often be extremely heavy, involving thousands of cysticerci and practically every
tissue. Palpation of the pigs tongue, a technique used for many centuries as mentioned earlier,
is commonly used as a means of diagnosing the infection in live animals although it does not
pick up all cases.

Of the two parasites Taenia solium is medically the most significant due to human infection with
the larval stage. The cysts, if localised in the skeletal muscle, can cause muscular pain and,
particularly in heavy infections, be extremely debilitating. The involvement of the central nervous
system in the infection (neurocysticercosis) is the most severe form of the disease. CNS
involvement is common in cases of cysticercosis, Gang Zhi et al (1988) reported 67.7% of all
cases of cysticercosis in a study in China had cysts in their brains whilst Hernandez (1989)
showed 81.5% of all cases of cysticercosis diagnosed in Guatemala had CNS involvement.
The brain itself can be invaded by one to over two thousand cysts (Trelles and Trelles, 1978).
Ocular involvement occurs in up to one fifth of cases of neurocysticercosis (Pawlowski, 1985)
and can cause various disorders such as retinal detachment (Messner and Kammerer, 1979).
The cysticerci in the brain are mainly located in the cortex and meninges, in the cerebral
ventricles and the white matter of the cerebrum. If present on the surface they cause flattening
or compression of the convolutions. Inflammatory and later fibrotic changes occur in the
leptomeninges. Lesions in the white matter are caused mechanically or by inflammation
depending on the size and status of the cysts (Pawlowski, 1985).

Healthy cysticerci do not tend to cause much host reaction since they are surrounded by a
fibrous capsule surrounded by neutrophils and eosinophils and later lymphocytes, plasma cells
and giant cells. Dying cysts on the other hand provoke an acute inflammatory response

(Pawlowski, 1985).

The condition most commonly associated with neurocysticercosis is epilepsy. Various studies

have shown a strong association between the conditions in areas endemic for 7.solium (Dixon



and Lipscomb, 1961, Powell et al, 1966, Dinakar et a/, 1970, Arseni and Cristescu, 1972, Chopra
et al, 1981). Indeed it was shown to be the major cause of epilepsy in British soldiers in India
(MacArthur, 1934). This study also showed that the onset of symptoms could be delayed for up
to thirty years.

Generally the symptomatology of neurocysticercosis is diverse and many cases may indeed be
asymptomatic. The onset can be insidious due to rising intracranial hypertension or abrupt due
to the sudden blockage of the cerebrospinal fluid by a floating cyst (Pawlowski, 1985). Dying
cysts cause an inflammatory response and improvements in the clinical condition of patients
treated with steroids suggest that this allergic or inflammatory condition may be important in the

clinical state of the disease (WHO, 1983)

The incidence of human cysticercosis is difficult to calculate world wide due to problems of
diagnosis which will be discussed in greater detail later, but in some communities with extremely

high prevalence it may reach 30% (Muller et al/, 1987).

These two taeniases are widely distributed globally. In the case of T.saginata Pawlowski and
Schultz (1972) divided areas up on the basis of the prevalence of the adult infection. They used
three groups, high prevalence, where infection was greater than 10%, moderate prevalence and
low prevalence where less than 0.1% were infected. Large areas of Central and East Africa, the
Caucasian and south cental Asian republics of the USSR, and the Mediterranean (Syria,
Lebanon, Yugoslavia) fall into the first category. In some parts of Serbia and Montenegro
infection among children may be as high as 65% (Petrovic et al, 1982)

Large parts of Europe fall into the moderately prevalent category along with Thailand, India,
Vietnam and the Philippines. The United States, Canada, Australia and some west Pacific
countries fall into the last category.

Further classification, this time of the type of transmission occurring has again used three
categories (Pawlowski, 1982). Firstly endemic pastoral type such as the situation found in Kenya
where the high prevalence in humans and cattle is due to the close spatial and temporal
relationship between nomadic pastoral people and their cattle. The actual infection rate in cattle

is usually below 50%, probably due to some immunological factors caused by the high exposure
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rate.

The second category is endemic urbanised which is the situation found in most of Europe. This
involves a small number of human carriers, wide dispersal of eggs in the environment and
moderate levels of low intensity bovine cysticercosis.

Lastly there is the epizootic type typically in feedlots where adult carriers from endemic areas

cause epidemic outbreaks in non immune cattle.

Taenia solium is a particular problem in Latin America, South Africa, China, the USSR and non
Islamic South East Asia and occurs sporadically in countries such as Spain and Poland. (WHO,
1983).

Figures for the relative amount of taeniasis caused by either species are difficult to obtain due
to difficulties with species specific identification but recent studies in Latin America have shown
that levels vary widely throughout the region. For instance figures for Costa Rica over the ten
year period 1978 to 1987 show an average prevalence of taeniasis of only 0.05% in over 1.1
million faecal examinations and a level of cysticercosis of 0.25% by autopsy in 1987 (Arroyo,
1989). On the other hand figures for Guatemala for 1986 showed widely varying prevalence
depending on the area surveyed; one Department of the country had 11.6% taeniases whereas
the capital had 0.3% (Gonzalez, 1989). Figures from routine autopsy in Guatemala record
neurocysticercosis in up to 9.4% of all cases between 1985 and 1986 (Hernandez, 1989). This
finding is similar to that obtained from data from 15,000 computerised tomography scans which
recorded neurocysticercosis in 8.9% of all cases from the same country (Arredondo, 1989)
although this latter figure is obviously biased by the fact that the population surveyed consisted
of those with suspected neurological conditions. Similar data from abattoirs for the period 1959
to 1961 over the whole of Central America including Panama show 2.13% of the total pigs
slaughtered were condemned due to cysticercosis, 68% of all condemnations (Acha and
Aguillar, 1964). The Pan American Health Organisation recently estimated that the prevalence

of T.solium cysticercosis in the 250 000 pigs in Panama was around 1.4% (Garcia, 1990).

These levels of infection, particularly with T.solium, impose an enormous medical, social and
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economic burden in the areas effected. Flisser (1988) states that $14.5 million was spent in
hospital care of only 2700 newly hospitalized neurocysticercosis cases in Mexico in 1986. The
cost in terms of losses of pig production in 1980 in the same country was $43 million, 68.5% of
the total investment.

The vast majority of cases of neurocysticercosis occur in individuals of productive age who are
frequently unable to work because of the symptoms (Flisser, 1988), 29.2% of cases recorded
by Hernandez (1989) were between 20 and 29 alone. This can have an extremely serious effect

on individuals and their community.

Losses due to Taenia saginata are largely economic through damage to livestock and restriction
of potential export markets, although in some communities the psychological effect of having
an adult worm may play a role. Estimates of the losses in the UK alone, not noted for it's levels
of bovine cysticercosis, are put at over half a million pounds per year through condemnation of
carcasses (Crewe and Owen, 1978). Epidemic outbreaks in feedlot situations, where more than

50% of the cattle can be infected, can be disastrous (McAninch, 1974).

1.3 Host Immunity

Control of these two diseases can therefore be seen to be of particular importance. Before
discussing the measures taken by man to undertake this it is first worth considering aspects of
the natural population regulation of these parasites. Perhaps central to which is the role of
immunity in both the intermediate and definitive host populations.

Anderson and May (1985) state that "Acquired immunity (to helminths) seems to be
characterized generally by a marked dependence on the degree of antigenic stimulation (the
accumulated experience of infection over time), an ability to provide only partial protection
against reinfection and transient efficacy. Host responses seem to be most effective against the
invading larval stages of helminth parasites and, as such, act to decrease the rate of parasite
establishment in the host." This situation is demonstrated in the taeniases and is extremely
important in that the interplay of the numbers of parasites in the population, in particular the
number of oncospheres, and hence the amount of antigenic stimulation of the intermediate host

population plays a key role in determining the levels of cystic infection.
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In some cestodes such as the Hymenolepididae which use arthropods as intermediate hosts
immunological regulation of the parasite population by that of the hosts is primarily directed at
the adult stage in the definitive host (Gemmell, 1978). In general this is not the case with the
Taeniidae, where immunological regulation of the larval stage in the intermediate host appears
to be the rule. There may be exceptions to this in the genus Echinococcus, where asexual
reproduction occurs in the intermediate host and immunological regulation may also act against
the adult stage (Gemmell, 1978). Despite this, however, immunosuppression of animals which
are not the normal host for adult taeniids has been shown to allow them to become infected
(Verster, 1971, Verster, 1974, Kamiya and Sato, 1990).

Much work has been done on the immunological consequences of different infection pressures
by oncospheres on the immune status of the intermediate hosts in a number of taeniid
infections. Additionally some interesting work has been done on innate factors which may

operate in determining the infectivity of the oncospheres to the host.

Bile has been shown to play an important role in the ability of the eggs to hatch. Berberian
(1957) observed that E.granulosus eggs hatched less readily in intestinal juices containing dog
bile than in those containing human or sheep bile; this parasite only very rarely infects dogs with
the cystic phase although dogs are the definitive host, whilst man and sheep are much more
commonly infected with the cystic phase. Musoke et al (1975) showed that lack of certain
proteolytic enzymes in the intestine of a rat prevented hatching of Taenia taeniaeformis eggs.
The structure of the hosts intestine also appears to be a factor in determining the infectivity of
oncospheres. Heath (1971) showed that Taenia pisiformis oncospheres penetrated the intestine
of rabbits only in specific areas despite inoculation of ready hatched oncospheres throughout
the intestinal lumen.

These so called innate factors in combination with others probably play an important role in
determining the host range of any particular taeniid species (Lethbridge, 1980). Immunological

factors are of course superimposed on this.

As it has been shown the oncosphere is involved in a "race" to become established within the
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