
Research needs in taeniasis-cysticercosis
(Memorandum) *

This Memorandum discusses the epidemiology of taeniasis-cysticercosis, particularly
the survival of taeniid eggs in nature, and goes on to consider diagnostic procedures
(parasitological and serological), resistance to infection, pathogenesis and clinical path-
ology, chemotherapy, and the economic and social consequences of infection. Topics re-
quiring further research are listed, and recommendations are made concerning the approach
to the problem.

The two parasites of major importance in taenia-
sis-cysticercosis are the tapeworms Taenia saginata
and T. solium, both of which are obligatory parasites
of the intestinal tract of man. They are large,
reaching several metres in length when fully devel-
oped, they usually occur singly (though multiple
infections have been recorded), and in the absence of
treatment they may persist in the digestive tract for
several years.
Both parasites, and the infection caused by their

larval stages (cysticercosis), are widespread through-
out the world. In 1947 Stoll (1) estimated that about
39 million people were infected with T. saginata and
2.5 million with T. solium, but there is a general
dearth of epidemiological information about the
present status of these infections. However, it is the
prevailing opinion that taeniasis-cysticercosis is in-
creasing in many countries. Factors contributing to
this may include intensification of animal produc-
tion, development of meat industries in several de-
veloping countries, an increase in the world meat
and live animal trade, large-scale inter-country
migration of agricultural and other workers, the
" camping explosion " in some countries with an
associated increase in promiscuous defaecation,
other breakdowns in sanitary standards, sewage
farming, the increasing preference for raw beef in the
more affluent countries, consumption of under-
cooked beef by tourists visiting highly endemic areas
of infection, and fraudulent substitution by butchers
of ground or chopped beef for more expensive lamb
or goat meat in countries where the latter are
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preferred. These impressions all require verification
through specific investigations.

EPIDEMIOLOGY

Infection is acquired by the ingestion of raw or
undercooked meat containing the cysticercus, which
in the case of T. saginata develops in the muscles of
cattle and in the case of T. solium in the muscles of
pigs. These animals become infected by the ingestion
of eggs contained in, or disrupted from, segments
(proglottids) of the tapeworm passed in the stools of
infected persons. In the case of T. solium man may
also be infected with the larval stage and this may
lead to cerebral cysticercosis with severe, and some-
times fatal, results.
Although isolated reports have indicated the oc-

currence of cysticerci of the two tapeworms in other
species of animal, there is insufficient evidence to
conclude that they play a part in transmission.

Biology of taeniid eggs
An important yet insufficiently investigated aspect

of epidemiology is the survival of the eggs in nature.
Infection in animals commonly occurs by the inges-
tion of eggs following the direct contamination of
herbage by promiscuous defaecation of infected per-
sons, but indirect contamination of pasture by
insufficiently processed sewage is important. The
dissemination of eggs from such sewage by birds
may also be significant. There is a need for studies
on the longevity of eggs under defined and con-
trolled conditions, as well as for grazing trials with
susceptible animals in various ecological situations.
The in vitro hatching and activation technique of

Silverman (2) has provided useful data that define
some of the factors limiting or supporting the sur-
vival of eggs. However, real difficulties exist in
making deductions on the infectivity of eggs from
studies on activation rates in vitro. Studies with other
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taeniid species suggest that eggs in proglottids are
usually at different stages of development and that,
when maintained under defined conditions, there is a
wide variation in the survival time of individual eggs.
Similarly, there is a marked variation in the propor-
tions of competent and senescent eggs in each seg-
ment. These factors may have an important bearing
on the infective pattern of larval cestodes under the
various natural conditions in which cattle and pigs
ingest the eggs of T. saginata and T. solium. For
example, it has been postulated that the ingestion of
senescent eggs may produce an abortive infection
and immunity against a subsequent infection. This
may explain in part why the upper asymptote of the
prevalence rate rarely reaches 10% even in highly
endemic regions.

Adequate processing of sewage has been reported
to kill the eggs of T. saginata within a few days (3).
However, extended survival of eggs has been noted
in soil fertilized with sewage (4). It is now considered
that egg survival is not necessarily handicapped by
contemporary sewage treatment procedures. There is
a need for research on chemical and physical agents
that would have an ovicidal effect in sewage proces-
sing.

Other factors in transmission
There is a lack of systematic epidemiological

investigations of the transmission of these infections
under different environmental, social, and husband-
ry conditions. The few detailed studies published
have been limited, for the most part, to outbreaks of
bovine cysticercosis under feedlot conditions. Simi-
lar data on T. saginata in different epidemiological
situations, or on T. solium, are almost completely
lacking. Only in a few countries has long-term
surveillance been carried out by means of procedures
yielding comparable prevalence data. Generally, the
prevalence information is limited to episodic surveys
in slaughterhouses. The reporting of diagnosed cases
of human infection is notoriously incomplete.

Little is known about the circumstances that
favour the transmission of taeniid infection of man.
Collaborative research efforts by epidemiologists,
parasitologists, and medical anthropologists could
be expected to yield important results in most coun-
tries.

DIAGNOSTIC PROCEDURES

Parasitological diagnosis
Because the adult parasites are associated with

relatively little discomfort in the majority of cases,

the infection may be carried unwittingly for long
periods. Although infections are frequently self-
diagnosed from the presence of segments in the
stool, neither routine stool examination procedures
nor the adhesive cellulose tape anal swab method
detect all infections, even when used together.

Cysticercosis of cattle and pigs is rarely detectable
except at slaughter and during the inspection of
meat. Even then, inspection by incision is limited to
certain muscles so as not to detract from the com-
mercial value of the carcase. Apparent changes in
the prevalence of animal infection in some countries
have been associated with modifications to meat
inspection procedures.
The most reliable diagnostic procedure for human

cysticercosis is biopsy of muscle cysticerci. Young
cysticerci in cerebral cysticercosis are transparent to
X-rays but become visible on calcification.

Histological identification of degenerated cysts on
post-mortem examination has been proposed (5).
Similarly, racemose cysticerci in the brain may be
differentiated from coenurus and hydatid cysts (6).

Serological diagnosis
The adult parasites induce an antibody response

that may be detected, for example, with indirect
haemagglutination and intradermal tests (7). How-
ever, such tests have not been used extensively for
the diagnosis of infection.

Several serological methods have been employed
for the diagnosis of animal cysticercosis. These
include complement fixation, latex, indirect haemag-
glutination, immunofluorescence, and gel diffusion
techniques. In areas where there has been a limited
outbreak they have shown promise of affording
ante-mortem diagnosis (8), but in other areas these
serological techniques lack sensitivity and specificity
in detecting light infections (9; Grossklaus, D. &
Walther, M., unpublished observations, 1975). Anti-
gens currently employed in the diagnosis of cysticer-
cosis will detect antibody to echinococcosis and a
number of other parasitic infections (10, 11). In
human echinococcosis, major progress has been
made in diagnosis by the use of immuno-electro-
phoresis; a precipitin arc (band 5) is specific for this
infection (12). Similar studies employing antigens
from all stages of the life cycles of T. saginata and
T. solium should be undertaken in an attempt to
detect specific components for the diagnosis of cysti-
cercosis. There is evidence from other Taenia species
that sensitive antigens for the intradermal test can be
obtained by the in vitro culture of oncospheres.
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Likewise, more recent techniques of immunodiag-
nosis employing enzyme-linked immunosorbent
assay (ELISA) (13, 14) and the soluble antigen
fluorescent antibody (SAFA) test (15) require evalua-
tion for cysticercosis. Such tests are highly repro-
ducible and can be automated to process several
thousand samples per day so that mass diagnosis of
various infections (e.g., trichinosis in swine, hog
cholera, and bovine brucellosis) is possible.

Serological examination of serum and cerebro-
spinal fluid is important for the early diagnosis of
human cerebral cysticercosis. Complement fixation,
ring precipitation, and intradermal tests are com-
monly employed, using antigens prepared from cys-
ticerci of pig. Although a close correlation between
positive immunodiagnostic tests and the presence of
cerebral cysticerci is claimed (16), verification of the
results by surgical or post-mortem demonstration of
cysticerci has occurred only in a limited number of
instances (17). The development of more specific
antigens and more sensitive procedures for the detec-
tion of cerebral cysticercosis is needed.

RESISTANCE TO INFECTION

Natural resistance
Little is known of the factors that determine the

specificity of T. saginata and T. solium in the defini-
tive and intermediate hosts. For the adult stages, the
environmental conditions of the digestive tract of
man, as with other cestodes of animals, are deter-
mining factors for the evagination and establishment
of cysticerci (18). Research on cysticercosis caused
by these species would be greatly accelerated by the
development of more suitable animal models than
bovines, swine, and man. Some progress has been
made in adapting T. solium to hamsters by the use of
immunosuppressive drugs (19), and with other ces-
todes the larval stages have been adapted to other-
wise refractory hosts by interference with immunolo-
gical effector mechanisms.

In non-endemic areas of bovine and swine cysti-
cercosis, there is as yet little evidence that age
resistance plays a part in infection; animals of all
ages appear to be susceptible to infection (20).

Survival of cysticerci
Whereas early studies (20) suggested that cysti-

cerci of T. saginata do not survive in mature,
infected cattle for more than 9 months, there is now
experimental evidence demonstrating that a propor-
tion of cysticerci may survive for several years (21).

Under field conditions in endemic areas, viable
cysticerci may be found in adult cattle of all ages
(22). Such observations suggest that a proportion of
cysts derived from a primary infection may survive
for the useful lifetime of some animals. The age at
the time of first infection may modify the survival
rate of cysts. Calves infected neonatally fail to
destroy their initial burden of cysticerci and gener-
ally fail to resist a challenge infection given at nine
months of age (23). Nevertheless, Gallie & Sewell
(24) found that calves given serial infections after a
neonatal infection were strongly resistant to reinfec-
tion, although a proportion of the cysticerci derived
from the neonatal infection remained viable. It
seems that small but epidemiologically significant
numbers of viable cysticerci persist in cattle that
have become strongly resistant to reinfection (25).
Further work is required on early post-natal infec-
tion and immunity.
The survival of cysticerci of T. solium in pigs has

also received little study. It is probable that many
survive the useful life of the animal. Clearly, a great
deal more work is required to separate the nmany fac-
tors involved in the persistence of viable cysts in other-
wise immunologically competent animals. One such
factor in all animals may be the intensity of tissue
reaction to the cyst, which differs in different organs.
For example, heart muscle and liver react more
vigorously than skeletal muscle and the cysticerci in
these two locations are destroyed and resorbed rela-
tively quickly (glais, J., personal communication).

Duration of immunity
In bovines, epidemiological and experimental

evidence indicates that strong resistance to super-
infection develops following the infection of immu-
nocompetent animals (26). The duration of resis-
tance to superinfection in the absence of impinging
infections is unknown and requires investigation.

Active immunization

The intramuscular injection of hatched onco-
spheres of T. saginata into calves has reduced ex-
pected challenge burdens substantially (27). This
procedure, however, may result in the development
of a local focus of viable cysticerci at the site of
injection. Occasionally, cysticerci derived from the
immunizing injection are dispersed in the body (28).
Immunization by the use of attenuated (X-irra-
diated) eggs of T. saginata given orally or intra-
rumenally has reduced expected challenge burdens
by up to 90°O (29).

69



MEMORANDUM

Dead eggs, dead oncospheres, and non-viable
strobilae from adult tapeworms have generally failed
to induce immunity in bovine cysticercosis, or in
other larval cestode infections of domestic animals
(30). Antigens derived from in vitro cultures of
cysticerci of T. ovis and T. hydatigena, combined
with Freund's complete adjuvant, have induced sub-
stantial levels of immunity to T. ovis infection in
sheep (31). Similarly, secretory antigens produced in
vitro from adult Echinococcus granulosus have been
shown to immunize dogs against challenge by E. gra-
nulosus protoscolices. Such antigens are believed to
be derived from the rostellar gland of the scolex and
to be lipoprotein in nature (32).

Cross protection studies in sheep have shown, for
example, that the intramuscular injection of hatched
oncospheres of T. hydatigena, T. ovis, and E. granu-
losus may induce some immunity to the heterologous
cestode (33). Indeed, it seems that hatched onco-
spheres of T. hydatigena will induce some immunity
to T. saginata in cattle (27).

In summary, encouraging results have been ob-
tained in active immunization against bovine cysti-
cercosis using homologous and heterologous mate-
rials such as locally implanted activated embryos,
orally administered attenuated eggs, and injections
of cultured organisms. Progress on these aspects
should permit studies to be carried out under field
conditions.

Passive immunization

Passive immunity, both in utero and by colostrum,
is well known in metacestode infections in labora-
tory rodents (34). The transfer of a degree of resis-
tance to the metacestodes of T. hydatigena and
T. ovis with colostrum from hyperimmunized ewes
was reported by Gemmell et al. (35) and Rickard &
Arundel (36), respectively.

Hitherto, it has been difficult to demonstrate
passive immunity either by serum or colostrum in
bovine cysticercosis (25, 29). Recent studies with
bovine cysticercosis using orally administered serum
immunoglobulins or colostrum from locally (mam-
mary gland) immunized cattle have demonstrated
some protection of neonatal calves against infection
with eggs of T. saginata (Lloyd, S. & Soulsby,
E. J. L., unpublished observations). Further investi-
gations are required to determine whether passive
protection is relevant to the field situation.
Knowledge of the immunoglobulin class of the

antibodies concerned in passive immunization would
contribute greatly to an overall understanding of

immunity to larval cestodes in cattle and pigs. In
rodents IgG (IgG2a) of serum confers protection
against T. taeniaeformis in rats (37) and IgA of
colostrum appears to be the immunoglobulin con-
cerned in this infection in mice (38).

PATHOGENESIS AND CLINICAL PATHOLOGY

Adult infections
The clinical pathology and symptomatology of

human taeniasis are still insufficiently known.
T. saginata affects gastric secretion, and a lowered
volume and acidity of gastric secretion is observed in
about half of T. saginata carriers (39). Significantly,
increased levels of serum IgE have been observed in
some T. saginata carriers, and these levels fell signifi-
cantly following therapy (40). Studies on the " debili-
tating " effect of human taeniasis among undernour-
ished populations (with special reference to children)
may be very helpful in an objective evaluation of the
pathogenic role of human taeniasis.

Larval infections
Adequate descriptions of the morphogenesis of

cysticerci of T. saginata and T. solium have been
published for the later stages of development (2-4
months after infection) (6). However, there has been
little histological study of the early developmental
stages from the time of invasion of the oncosphere to
the time when it is first evident to the naked eye in
the musculature (10-20 days after infection). His-
tological and other studies are needed to develop
criteria upon which potential viability can be asses-
sed in such early developmental stages. Such studies
would also assist in the identification of organisms
believed to be prenatally acquired cysticerci.

Central nervous system or eye involvement are the
serious consequences of human cysticercosis; skele-
tal muscle involvement, as in cattle and pigs, does
not produce overt symptoms of disease. The clinical
response to CNS involvement is unpredictable, rang-
ing from general malaise to epilepsy of the Jack-
sonian type (41). In the eye, cysticerci most often
occur in the vitreous body and the subretina, but
some may be found in the anterior chamber.

CHEMOTHERAPY
Adult parasites

Niclosamide is a safe drug for the treatment of
tapeworms in man. Numerous trials have demon-
strated the high curative efficiency of niclosamide in
infections with T. saginata, T. solium, Diphyllobo-
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thrium latuin and Hymenolepis nana (42). However, in
almost all of these trials, it has been found that in
some people tapeworms are not removed by one or
more treatments.
A number of drugs are under intensive investiga-

tion for use against tapeworms of man and animals.
Preliminary results have shown that some of these
are highly specific against E. granulosus, T. hydati-
gena and T. ovis in dogs at very low dose rates and
that others have a wide spectrum of activity against
other helminths. For example, praziquantel has been
found to be highly specific in action against E. gran-
ulosus at a rate as low as 5 mg per kg of body weight.
In addition, it eliminates large tapeworms such as
T. hydatigena at a dose rate of 1 mg/kg. So far, no
toxicity has been observed following its continuous
use in dogs at high dose levels. It seems possible that
this compound may prove to be very useful against
tapeworm infections in man. The possibility that it
may kill cysts in situ is being investigated.
With certain chemical groups, it has been found

that particle size greatly modifies efficiency. In this
regard, both micronized mebendazole and nitro-
scanate have been shown to have a wide spec-
trum of activity against helminths, including ces-
todes. It may be shown that these, as well as other
drugs, can be used successfully in areas where several
helminthic zoonoses co-exist.

Whilst great caution is required, the possibility
exists that some of these compounds may prove to
be sufficiently safe for the mass treatment of human
populations for a wide range of parasites. Further
work is required, however, on basic pharmacologi-
cal, pathological, and toxicological effects in man
and animals, and these types of study should be
extended to field trials at an appropriate time.

Larval parasites
Scolicidal and cysticidal activity have been shown

in vitro and in vivo by a number of drugs, and
proguanil has been given for the post-operative
management of secondary echinococcosis. There is
an urgent need for cysticides for use in both man and
animals, and particularly for the treatment of human
echinococcosis and neurocysticercosis caused by
T. solium larvae. There may be limits to the general
use of cysticides for control of the larval phase in
animals because of carcinogenic, teratogenic, and
other effects. The sequential use of several drugs may
obviate this problem in man. Encouragement should
be given to the development of appropriate screening
programmes and models.

ECONOMIC AND SOCIAL CONSEQUENCES

The subject of this Memorandum relates also to
the overall WHO research programme on the socio-
economic consequences of zoonoses. This pro-
gramme is concentrating on the development of
appropriate methodologies for undertaking cost-
benefit and similar studies intended to provide more
accurate estimates of the real economic burden of
zoonotic infections of man and animals, and to
provide a basis for the choice of suitable control
methods as well as to show the economic benefits of
control.
Even in the absence of accurate epidemiological

and economic data, the cost of cysticercosis-taenia-
sis is obviously very high in countries such as those
of East Africa. These countries already have large
cattle populations and rapidly growing modern meat
industries for both domestic consumption and
export. It has been estimated that at least 25%Y of
cattle are infected with cysticercosis in these parti-
cular countries.

Further work using methods already tested is
required in countries having different types of animal
husbandry and economy.

TOPICS FOR RESEARCH

1. Purification and isolation of species-specific anti-
gens and their evaluation with techniques such as the
enzyme-linked immunosorbent assay (ELISA), the
soluble antigen fluorescent antibody test, immuno-
electrophoresis, and counter current electrophoresis.
2. In vitro culture of various developmental stages
for the production of diagnostic and immunizing
agents.
3. Differentiation of taeniid eggs.
4. In vitro or laboratory animal model techniques to
assess the infectivity of eggs of T. saginata and
T. solium.
5. Factors that modify the survival of eggs.
6. Chemical agents that have an ovicidal effect
during the processing of sewage.
7. Laboratory animal models for the adult and
larval stages of T. saginata and T. solium.
8. The contribution of prenatal and neonatal infec-
tion to the survival of cysticerci in cattle.
9. The prevalence of antenatal infection in endemic
areas.

10. Factors involved in the survival of cysticerci.
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11. Active immunization by means of homologous
and heterologous species of cestode.
12. Passive immunization with locally induced anti-
body in the mammary gland.
13. Symptomatology and clinical pathology of
T. saginata and T. solium taeniasis in man.
14. Screening programmes and models for testing
chemical cysticides.

RECOMMENDATIONS

1. Centres should be created in endemic areas,
where only limited resources are available at present,
to deal with the enormous problems of taeniasis-cys-
ticercosis and echinococcosis-hydatidosis. This
should be done by training and equipping local
research workers, by providing research teams, or by
seconding experienced research workers from insti-
tutions in developed countries.
2. A collaborative assay of a standardized antigen,
such as that prepared by the Institute of Veterinary
Medicine, Berlin, should be undertaken. This Insti-
tute should also be requested to set up an antigen
bank for the supply of Echinococcus and Taenia
(including cysticercus) material to research workers
on request.
3. Encouragement should be given to governmental
veterinary and public health services in all countries
for the establishment of at least minimal surveillance
programmes for taeniasis-cysticercosis and echino-
coccosis. More detailed epidemiological follow-up
studies are required to determine the circumstances
of infection with these parasites (e.g., different en-
vironmental, husbandry, or social conditions). Con-
version of these epidemiological data into economic
terms is also needed.

4. There should be periodic and realistic reassess-
ment of those meat inspection and meat trade
regulations that tend to reflect aesthetic rather than
public health considerations. In some countries,
valuable animal protein currently condemned as
unfit for human consumption could easily be pro-
cessed into acceptable forms.
5. The mass treatment of human taeniasis may
create some medical and technical problems. Statisti-
cally designed and supervised field studies are recom-
mended in order to evaluate the role of chemother-
apy in the control of T. saginata infections before
mass treatment is undertaken.

* *
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Agriculture Organization of the United Nations,
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