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ANTI-ONCOSPHERAL MONOCLONAL ANTIBODY
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Department of Parasitology, Liverpool School of Tropical Medicine, Pembroke Place,
Liverpool L3 5QA, United Kingdom and African Medical and Research Foundation,
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Abstract.

A relatively simple and specific test has been developed to distinguish eggs

of Echinococcus from those of other morphologically identical taeniid species. A specific
anti-Echinococcus oncosphere monoclonal antibody was produced which binds in an in-
direct immunofluorescence test to egg-derived oncospheres of E. granulosus but not to
those of other taeniid species, such as Taenia hydatigena, T. saginata, T. pisiformis, T.
ovis, T. multiceps, or T. taeniaeformis. Specific fluorescence was obtained with oncospheres
of E. granulosus derived from either hatch/activated viable eggs using artificial intestinal
fluid or from hypochlorite/detergent treated eggs. The potential use of this test in the study
of the transmission of Echinococcus in Turkana, Kenya, is discussed.

Hydatidosis of humans and domesticated an-
imals caused by infection with the taeniid meta-
cestode of Echinococcus granulosus is of signif-
icant public health and economic importance in
many temperate and tropical areas."? The do-
mestic dog is the main definitive host for the
adult Echinococcus tapeworm and is thus re-
sponsible for the majority of environmental con-
tamination with the infective and highly resistant
egg stage. In addition, the dog may act as defin-
itive host to other taeniid tapeworms and infec-
tion with more than one species is common.
However, all mature eggs from tapeworms in the
family taeniidae (which includes Echinococcus)
are morphologically identical under light mi-
croscopy, thus sampling eggs from suspected
Echinococcus transmission sitcs can give only
limited information about gross taeniid contam-
ination. The ability to distinguish eggs of Echino-
coccus from other common taeniids would be
very useful in epidemiological studies on
echinococcosis® particularly in the Turkana Dis-
trict of Kenya which has one of the highest prev-
alence rates of human hydatidosis* * and where
a pilot control project has been initiated.® A pre-
vious study in this semi-arid Turkana region has
shown that well water and sand from Turkana
living areas are contaminated with significant
numbers of taeniid eggs.”

Accepted 8 August 1985.

Any method of distinguishing Echinococcus
eggs from those of other taeniids should be highly
specific, appropriate for identifying very small
numbers of eggs and ideally amenable to use in
a field laboratory. Immunofluorescence studies
on the egg-derived oncosphere using specific
polyclonal antisera has been shown to be a simple
and rapid technique for the immunodifferentia-
tion of eggs of T. hydatigena and T. pisiformis
in a model system.® The present report describes
the preparation of a species-specific anti-Echin-
ococcus oncosphere monoclonal antibody to
identify oncospheres of Echinococcus in an in-
direct immunofluorescence test.

MATERIALS AND METHODS
Parasites

Adult Echinococcus granulosus tapeworms
were obtained postmortem from naturally in-
fected dogs in Turkana. Dogs were killed by in-
jection with sodium pentabarbitone and their
small intestines removed, washed in tap water
and opened longitudinally. Intestines containing
Echinococcus tapeworms were soaked for 2 hr
in saline (0.85% NaCl) at ambient temperature
(30°C) to allow the majority of worms to drop
off.? Whole worms and free proglottids were re-
peatedly washed in saline by sedimentation and
decantation'® and stored in saline containing
0.02% merthiolate.
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Mature 7. pisiformis and T. hydatigena tape-
worms were obtained from dogs in Liverpool by
purgation with arecoline acetarsol 12-15 weeks
after experimental monospecific infection. Tape-
worms of T. ovis and T. multiceps also were ob-
tained after arecoline purgation, from naturally
infected farm dogs in North Wales. A T saginata
tapeworm was obtained from a patient in the
UK after treatment with niclosamide followed
by a saline purge. Eggs of T. taeniaeformis were
kindly given by Dr. L. Harrison (Centre for Trop-
ical Veterinary Medicine, Roslin, Scotland).

Protoscoleces of E. granulosus were taken un-
der sterile conditions from sheep hydatid cysts
obtained from a UK abattoir and processed fresh
or stored in cyst fluid at —30°C.

Echinococcus oncosphere preparations

Approximately 50,000 Echinococcus tape-
worms (plus free gravid proglottids) were washed
in saline and incubated by continuous rotation
in a solution of 1% pepsin and 1% HCI in saline
(pH 2.0) (artificial gastric fluid [AGF]) for 2 hr
at 37°C. Pepsinized material was centrifuged at
1,000 x g for 5 min, the pellet resuspended in
0.5 ml saline, layered onto neat Percoll and left
for 5 min to allow dense debris and grit to sed-
iment under gravity. The upper layer of eggs and
pepsinized tissue was transferred to 5 ml of warm,
filtered, artificial intestinal fluid (AIF), consisting
of 1% sodium bicarbonate, 0.2% trypsin (Difco),
0.5% sodium choleate (Sigma), 0.4% sodium tau-
roglycocholate (BDH), 0.04% cholesterol (Sig-
ma) and 5% whole sheep bile, in distilled water
and incubated for 1 hr at 37°C with continuous
rotation. This procedure resulted in a 50%—60%
hatch (many immature eggs were present) and
about 60% activation, i.c., freeing of the onco-
spheral membrane. The AlF-treated suspension
was washed three times by centrifugation in 0.15
M phosphate buffered saline (PBS) pH 7.4, di-
vided into 0.5-ml aliquots, layered onto 1-ml
volumes of neat Percoll and centrifuged at
2,000 x g for 30 min at 4°C."' Oncospheres and
immature eggs were carefully removed from the
PBS-Percoll interface (the pellet consisted main-
ly of embryophoric blocks, hooks, unhatched eggs
and some debris) and washed twice in PBS by
centrifugation (1,000 x g 10 min). Aliquots of
this suspension were frozen whole at —30°C for
use in immunofluorescence tests, or frozen and
thawed then sonicated on ice using a 3-mm probe
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(MSE) in 6 x 20 sec bursts (to give 95% disrup-
tion), allowed to stand for 2 hr at 4°C then stored
frozen in aliquots (designated EgO) for use in
hyperimmunization of mice.

Taenia oncosphere preparations

Egg suspensions were obtained from gravid
proglottids of the large tapeworms 7. hydati-
gena, T. pisiformis, T. saginata, T. multiceps and
T. ovis by sieving (80 um) proglottis macerates
to separate eggs from worm tissue.'? Hatching
and activation of eggs in AGF (1 hr) and AIF
(30 min), and separation of oncospheres from
unhatched eggs and embryophoric blocks by cen-
trifugation on Percoll was carried out as above.
Whole oncospheres were stored in PBS at —30°C.

Hypochlorite/detergent treatment
of taeniid eggs

Oncospheres of E. granulosus, T. hydatigena
and T. pisiformis were also obtained from eggs
by chemical means, using sodium hypochlorite
solution'* ' that did not rely on egg viability and
enabled fluorescence to occur with the onco-
sphere still within the oncospheral membrane
(nonactivated). The oncospheral membrane has
previously been shown to fluoresce nonspecifi-
cally,'s and provide a barrier to fluorescence of
the oncosphere itself.'® The dissolution of egg
embryophores was achieved by incubating egg
pellets in 1 ml of a solution of sodium hypo-
chlorite in distilled water (to contain 1% avail-
able chlorine) by continuous pipette mixing for
2-4 min at room temperature and observing
samples microscopically. When optimal num-
bers of eggs had disrupted to release oncospheres
still within their oncospheral membranes but be-
fore the oncospheres themselves were affected,
20 ml of distilled water was added to stop the
reaction and centrifuged at 500 x g for 5 min.
Oncosphere pellets were purified by centrifuga-
tion on Percoll and washed as above and incu-
bated in a 1-ml solution containing 1% w/v so-
dium deoxycholate (DOC) in 0.1 M Tris/HCI
pH 8.3 for 1 hr at room temperature (C. Bursey
and P. Craig, personal communication). The
DOC-treated intact oncospheres were washed in
distilled water and used in immunofluorescence
tests.
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Echinococcus protoscolex preparation

About 30,000 protoscoleces (nonpepsinized)
were washed by rotation over 4 hr in several
changes of 0.2 M glycine/HCI pH 2.8 to disso-
ciate bound sheep immunoglobulins. Protosco-
leces were further washed in 0.1 M Tris/HCI pH
8.3 then resuspended in Tris/HCI containing 1%
DOC and mixed overnight at room temperature,
after which time all protoscoleces were lysed and
showing tegumental damage. This suspension was
sonicated on ice for 2 min, left overnight at 4°C
and centrifuged at 2,000 x g for 30 min at 4°C.
The supernatant was designated EgP and used to
hyperimmunize mice, and as antigen to detect
circulating antibodies in murine antisera.

Anti-oncospheral indirect
immunofluorescence test

Anti-oncospheral antibodies that bound with
whole oncospheres, were detected using an in-
direct immunofluorescence test (IFAT). Onco-
spheres (AGF/AIF or hypochlorite/DOC-treat-
ed) were washed in distilled water and air dried
overnight onto Teflon-coated multispot slides
(Hendley-Essex, UK) at the rate of 20 per spot
(in 15 gl vol). Murine antisera or hybridoma
ascites fluid diluted in PBS with 0.05% Tween
20 (PBS-Tween) or neat hybridoma supernatants
were incubated (15 ul/spot) with the unfixed
oncospheres for 30 min at 37°C in a humidified
box. Controls consisted of normal mouse serum,
myeloma cell (X63) supernatants, neat fetal calf
serum (FCS), and X63 myeloma ascites fluid.
Slides were washed by soaking in PBS-Tween for
10 min, drained and incubated with fluorescein-
conjugated sheep anti-mouse whole immuno-
globulin (Ig) or anti-IgG, anti-IgM or anti-IgE
diluted 1:60 in PBS-Tween (10 ul/spot) for 30
min at 37°C as above. Slides were finally washed
in PBS-Tween, drained and then examined un-
der glycerol (with 10% PBS added) using a Zeiss
microscope with epifluorescence attachment.

Enzyme-linked immunosorbent assay (ELISA)

The Echinococcus protoscolex extract (EgP) was
used as antigen to assay for specific antibodies
in murine antisera (diluted 1:50) and hybridoma
supernatants using a peroxidase-ELISA as de-
scribed previously.'®

Hyperimmunization of mice

Each of 5 BALB/c mice was injected intra-
muscularly, subcutaneously and intraperitoneal-
ly with 50 ul of EgO sonicate (represents products
of 900 oncospheres per mouse) in 50 ul of in-
complete Freund’s adjuvant (IFA). Mice were
boosted at 2-week intervals, exactly as above in
IFA for the first boost, and without adjuvant for
a subsequent 2 boosts. Mice were bled 1 week
after the last boost and individual serum samples
assayed for anti-oncospheral antibodies using
IFAT with AGF/AIF hatched whole onco-
spheres, or by ELISA using “‘soluble™ EgP ex-
tract. The two highest antibody reactors were
given final boosts of 100 ul EgO intravenously
and killed 3 days later to be used as spleen cell
donors for hybridoma production.

Five BALB/c mice were also hyperimmunized
using EgP extract (100 pg protein/mouse) and
serum samples assayed similarly.

Hybridoma production and screening

The X63 Ag8.653 myeloma cell line (Flow
Laboratories, UK) was cultured (5 x 10% cells/
ml) in Dulbecco’s modified Eagle’s medium
(DMEM) (plus 20 mM Hepes buffer) with 15%
FCS, 2 mM glutamine, | mM sodium pyruvate,
0.075% sodium bicarbonate and 0.2% genta-
mycin (DMEM/15% FCS). Donor spleen cells
from an “anti-EgO” mouse were washed twice
in DMEM mixed with 3 x 107 myeloma cells
(grown up over the previous 2 days) and pelleted
together at 400 x g for 8 min. Fusion was per-
formed by adding 1 ml of 50% polyethylene gly-
col 4000 (PEG) containing 5% dimethylsulphox-
ide in PBS at 37°C, over 1 min shaking
continuously. Cells were allowed to stand in PEG
for 90 sec at 37°C and were then diluted over 3
min with 20 ml of DMEM. The fusion mixture
was centrifuged (400 x g 8 min) and the pellet
resuspended in 50 ml of DMEM/15% FCS and
dispensed in the wells (4 drops/well) of 96-well
microtiter trays and allowed to incubate over-
night at 37°C in a humidified CO, (7%) incu-
bator. An equal volume of DMEM/15% FCS
with optimal concentrations of hypoxanthine,
aminopterin and thymidine (HAT) was added to
each well (double strength for first addition) and
this feeding procedure was repeated at least twice
over the next 10 days.'”

Supernatants from wells showing cell growth
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after 7 days were assayed by IFAT with fluores-
cein-conjugated anti-mouse Ig using E. granu-
losus oncospheres. Positive wells were re-
screened by IFAT using 7. hydatigena and T.
pisiformis oncospheres in addition and specific
E. granulosus oncosphere reactors transferred to
24-well trays and grown up in DMEM/15% FCS/
HT containing 5% ascites from a X63 mouse
myeloma (P. Bond and M. Hommel, personal
communication). Selected hybridomas were
cloned by limit dilution in the same medium
using 96-well cloned microtiter plates. Super-
natants from wells showing single cell colonies
were reassayed 1o determine specific immuno-
globulin isotype and then expanded to DMEM/
15% FCS into 24-well trays and ultimately into
200-ml tissue culture flasks.

Hybridoma media containing monoclonal an-
tibody (Mab) from bulk culture was concentrated
( x40) under pressure through an M, 30,000 filter
using an Amicon stirred cell (Amicon Corpora-
tion).

Expanded clones were also inoculated into
Pristan-primed BALB/c mice for production of
ascites fluid.

RESULTS
Antibody responses in hyperimmunized mice

The anti-EgO fluorescent antibody responses
of individual mice varied from titers of 1:10 to
1:60 (2 mice) and were not Echinococcus onco-
sphere species-specific as fluorescence also oc-
curred with oncospheres of 7. pisiformis, T. hy-
datigena and T. saginata. Murine anti-EgO
responses were also detectable in ELISA using
EgP extract, and correlated with the high flu-
orescent antibody reactors, though ELISA re-
sponses were significantly below that obtained
with the homologous anti-EgP group (Fig. 1). In
addition, mouse anti-EgP hyperimmune sera
bound very well to whole Echinococcus onco-
spheres, though again this was not a species-spe-
cific response.

Screening of anti-Echinococcus
oncosphere hybridomas

The rate of hybridoma colony production was
about 30%-40% over 6 separate fusions, and 5%
of these were positive antibody secretors when
assayed with the Echinococcus oncosphere-IFAT.
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Figure 1. Binding of murine anti-protoscolex
(@ — —®) and anti-oncospheral (O- — —=O) antibody
(IgG)in ELISA (mean OD = SE) to an extract of Echin-
ococcus protoscoleces (EgP). Normal mouse serum,
O~ - 0. No antigen controls @, O, OJ.

However, under binding selection pressure in
IFAT using Echinococcus, T. hydatigena and T.
pisiformis oncospheres, only one hybridoma was
identified that secreted “‘species’-specific anti-
Echinococcus oncosphere antibody, and was des-
ignated EgOH6.4E5. The EgP-ELISA did not de-
tect any of the IFAT-positive anti-Echinococcus
oncosphere antibody secretors.

Activity and specificity of
anti-Echinococcus Mab

The Ig isotype secreted in bulk culture (or in
ascites) from two active clones B-1 and C-7 of
EgOH6.4ES5 was IgG,. This Mab gave bright uni-
form fluorescence, both somatically and over the
surface of oncospheres hatched from AGF/AIF-
treated Echinococcus eggs. Negative fluorescence
of oncospheres of the heterologous species tested
was typified by a dull green, while nonspecific
fluorescence appeared as a faint speckled pattern
that occurred with the fluorescein-conjugated
anti-mouse Ig alone (particularly with onco-
spheres of 7. hydatigena). Thus the selection of
Mab 4E5 during screening was already based on
specificity of binding in IFAT to oncospheres of
Echinococcus and not to those of T. hydatigena
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FIGURE 2.

or T. pisiformis (Fig. 2). The specificity of the
Mab was reaffirmed using Amicon concentrates
(whole or ammonium sulphate fractions) of bulk
culture media. In addition, no specific binding
was evident in IFAT with oncospheres derived
from eggs of T. saginata, T. ovis, T. multiceps
or T. taeniacformis (data not shown). Specific
fluorescence was obtained only with AGF/AIF-
hatched Echinococcus oncospheres that had bro-
ken free of their oncospheral membrane (OM).
A degree of nonspecific fluorescence was asso-
ciated with the OM itself. However, it was also
demonstrated that specific fluorescence of some
(=>60%) OM-bound oncospheres could be
achieved after hypochlorite hatching of Echi-
nococcus eggs, by preincubation of oncospheres
in 1% DOC in TRIS/HCI pH 8.4 (Fig. 2e).
When 4E5 Mab was tested in an IFAT with

a and b. Specific fluorescence of Echinococcus oncospheres (AGF/AIF-hatched) with Mab 4E5.C-7
as the primary unlabeled antibody in an IFAT. c. Oncospheres of Taenia hydatigena incubated with Mab 4E5.C-7
in IFAT. d. Oncospheres of T. pisiformis incubated with 4E5.C-7 in IFAT e. Oncospheres of Echinococcus
*hypochlorite-hatched™ and incubated in 1% DOC prior to 4E5.C-7 Mab incubation in IFAT; note swollen
oncosphere fluorescing, f. Oncosphere of Echinococcus (under phase contrast) within oncospheral membrane
(OM). g. Oncosphere of Echinococcus within oncospheral membrane after incubation in 1% DOC (phase contrast).

air dried whole protoscoleces of E. granulosus
some faint fluorescence was observed on the out-
er tegument but not within the protoscolex syn-
cytium.

DISCUSSION

Eggs of Echinococcus are morphologically in-
distinguishable from other taeniid eggs at least
under light microscopy. The ability to reliably
and practically differentiate not only Echinococ-
cus but other taeniid eggs of public health im-
portance (e.g., T. solium and T. saginata) would
be very useful in epidemiological studies of these
helminths. Previously the identification of
Echinococcus eggs, (without resorting to in vivo
infections) was possible only by the lengthy and
skilled in vitro culture of oncospheres from ar-
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tificially hatched eggs to their characteristic early
metacestode stages.* Analysis of the parasite
isoenzymes and DNA are already being applied
to the problem of Echinococcus strain differen-
tiation'¥ and may be assessed for taeniid egg
identification, though both these techniques
(particularly the former) may have considerable
problems in analyzing small quantities of eggs.
The ideal test should be able to identify small
numbers of eggs directly and it was considered
that a specific immunological probe might be
applicable. Specific monoclonal antibodies have
already been shown to distinguish between New
World species of the protozoan parasite Leish-
mania."®

The embryophoric blocks of the taeniid egg
embryophore appear to be of low antigenicity,®
and therefore the oncosphere within the egg which
is known to be highly immunogenic®® was the
target for production of a specific anti-Echino-
coccus oncosphere Mab. An anti-oncospheral
polyclonal antisera has been used previously in
an immunofluorescence test to distinguish be-
tween egg-derived (AGF/AIF-hatched) onco-
spheres of T. hydatigena and T. pisiformis.® In
the present study an Echinococcus anti-onco-
spheral Mab was produced that specifically
bound, in an IFAT to oncospheres of Echino-
coccus and not to oncospheres obtained from
eggs of 6 other taeniid species. Any effective im-
munodiagnostic test to identify eggs of Echino-
coccus which is based on specific oncospheral
binding of antibodies, may be limited to iden-
tifying viable mature eggs unless oncospheres can
be obtained intact from biologically inactive (but
mature) eggs. The use of “chemical hatching™ to
remove the embryophore from taeniid eggs using
hypochlorite solutions is not new.'? However,
specific fluorescence appears to be associated with
liberated oncospheres and not those still enclosed
in smooth OM. The ability to obtain oncospheral
fluorescence of OM-bound hypoclorite-hatched
oncospheres after DOC incubation in the present
study may be useful. It is likely that incubation
of OM-bound oncospheres in 1% DOC caused
partial disruption or lysis of the oncospheral
membrane to allow penetration of labeled or un-
labeled anti-oncospheral antibodies. Microscop-
ically, oncospheres incubated in DOC were ob-
served to swell significantly within the OM which
itself becomes expanded and more round (Fig.
2f, 2g). Hypochlorite/DOC treatment of taeniid
eggs may be appropriate in practice for testing
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small numbers of eggs from fecal or environ-
mental samples.

Protoscoleces from the mature metacestode
(hydatid) of E. granulosus were investigated as
a potential safe and relatively easily obtained
source of putative specific antigens(s) for the de-
velopment of a specific anti-Echinococcus on-
cosphere antibody reagent. Common antigens
between the oncosphere and mature metacestode
stages of taeniids have been demonstrated di-
rectly by immunoprecipitation techniques in 7'
taeniaeformis®' and indirectly by ELISA using
DOC extracts of T. hydatigena and T. ovis.?? In
the current study although both oncospheres and
protoscoleces of E. granulosus appear to share
some antigenic determinants, as mouse anti-EgP
bound well in an IFAT to Echinococcus onco-
spheres, the EgP-ELISA did not detect any of the
anti-Echinococcus oncosphere IFAT-positive
hybridoma supernatants. However, 4E5 Mab did
bind to the tegument of nonliving protoscoleces
of E. granulosus, and thus may not be totally
stage-specific as suggested by the result of the
EgP-ELISA screen. The IFAT may be more sen-
sitive than ELISA in detecting a low level of
interstage cross-reaction of 4E5 Mab with the
protoscolex tegument.

In conclusion, a species-specific anti-Echino-
coccus monoclonal antibody has been produced
which binds specifically under indirect immu-
nofluorescence to oncospheres of E. granulosus
and not to those of six other taeniid species. This
test is potentially amenable to specifically prob-
ing oncospheres derived from small numbers of
eggs (<20) and will be assessed for the analysis
of taeniid egg samples from suspected Echino-
coccus contamination/transmission sites in Tur-
kana such as water holes,” and also in direct ex-
amination of dog feces for Echinococcus eggs.

ACKNOWLEDGMENTS

We are grateful to G. Muchemi, N. Mellor, Dr.
J. Harvula, Caroline Macpherson, Z. Sigira and
E. Lundu for help in dog collection and Dr. B.
Allsopp for providing free piloting. Drs. Nelson
and Craig were supported by a grant from the
Wellcome Trust and the EEC.

REFERENCES

1. Matossian, R. M., Rickard, M. D., and Smyth, J.
D., 1977. Hydatidosis: A global problem of in-
creasing importance. Bull. W.H.O., 55: 499-
507.




158

2

H,

CRAIG, MACPHERSON, AND NELSON

Eckert, J., Gemmell, M. A_, and Soulsby, E. J. L.,
eds., 1981. FAOQ/UNDP/WHQO Guidelines for
Surveillance, Prevention and Control of Echi-
nococcosis/Hydatidosis. World Health Organi-
zation, Geneva.

. Smyth, J. D, 1979. An in vitro approach to taxo-

nomic problems in cestodes, especially Echi-
nococcus. Pages 75-101 in A. E. R. Taylor and
R. Muller, eds., Problems in the ldentification
of Parasites and their Vectors. Symp. Br. Soc.
Parasitol. 17. Blackwell Scientific Publications,
London.

. French, C. M., Nelson, G. S., and Wood, M., 1982,

Hydatid disease in Turkana District of Kenya.
I. The background to the problem with hypoth-
eses to account for the remarkably high preva-
lence of the disease in man. Ann. Trop. Med.
Parasit., 76: 425-437.

. French, C. M., and Nelson, G. S., 1982. Hydatid

disease in the Turkana District of Kenya. II. A
study in medical geography. Ann. Trop. Med.
Parasit., 76. 439-457.

. Macpherson, C. N. L., Zeyhle, E., and Romig, T.,

1984. An Echinococcus pilot control pro-
gramme for north-west Turkana, Kenya. Ann.
Trop. Med. Parasit., 78: 188-192.

. Stevenson, P., and Macpherson, C. N. L., 1982.

The recovery of cestode eggs from water and soil
in Turkana District, Kenya. /n P. M. Tukei and
A. R. Njoza, eds., Current Medical Research in
Eastern Africa with Emphasis on Zoonoses and
Waterborne Diseases. Africascience Interna-
tional Publishing Ltd, Nairobi.

. Craig,P.S.,1983. Immunodifferentiation between

eggs of Taenia hydatigena and T. pisiformis.
Ann. Trop. Med. Parasit., 77: 537-538.

. Thompson, R. C. A., and Eckert, J., 1982. The

production of eggs by Echinococcus multilocu-
laris in the laboratory following in vivo and in
vitro development. Z. Parasitenkd., 68: 227-
234.

. Macpherson, C. N. L., French, C. M., Stevenson,

P., Karstad, L., and Arundel, J. H., 1985. Hy-
datid disease in the Turkana District of Kenya.
IV. The prevalence of Echinococcus granulosus
infections in dogs, and observations on the role
of the dog in the lifestyle of the Turkana. Ann.
Trop. Med. Parasit., 79: 51-61.

Rajasekariah, G. R., Rickard, M. D., and Mitchell,
G. F., 1980. Density-gradient separation of
Taenia pisiformis oncospheres. J. Parasit., 66:
355-356.

12.

20.

22

Coman, B. ], and Rickard, M. D., 1975. The
location of Taenia pisiformis, Taenia ovis and
Taenia hydatigena in the gut of the dog and its
effect on the net environmental contamination
with ova. Z. Parasitenkd., 47: 237-248.

. Laws, G. F., 1967, Chemical ovicidal measures

as applied to Taenia hydatigena, Taenia ovis,
Taenia pisiformis and Echinococcus granulosus.
Exp. Parasit., 20: 27-37.

. Stevenson, P., 1983. Observations of the hatching

and activation of fresh Taenia saginata eggs.
Ann. Trop. Med. Parasit., 77: 399-404.

. Machnicka, B., 1973. The indirect immunofiu-

orescence test with Taenia saginata oncospheres
to diagnose Cysticercus bovis infection in calves.
Bull. Acad. Pol. Sci., CLII. Ser. Sci. Biol., 21:
743-746.

. Craig, P. 5., 1984. Circulating antigens, antibod-

ies and immune complexes in cxperimental
Taenia pisiformis infection of rabbits. Parasi-
tology, 89: 121-131.

. Craig, P. S., Hocking, R. E., Mitchell, G. F., and

Rickard, M. D., 1981. Murine hybridoma-de-
rived antibodies in the processing of antigens for
the immunodiagnosis of hydatid (Echinococcus
granulosus) infection in sheep. Parasitology, 83:
303-317.

. McManus D. P., and Macpherson, C. N. L., 1984,

Strain characterization in the hydatid organism,
Echinococcus granulosus: Current status and new
perspectives. Ann. Trop. Med. Parasit., 78: 193—
198.

. McMahon-Pratt, D., and David, J., 1981. Mono-

clonal antibodies that distinguish between New
World species of Leishmania. Nature, 291: 58 1—
585.

Williams, J. F., 1982. Cestode infections. Pages
676-710 in S. Cohen and K. Warren, eds., Im-
munology of Parasitic Infections. Blackwell Sci-
entific Publications, London.

. Bowtell, D. D. L., Mitchell, G. F., Anders, R. F,,

Lightowlers, M. W., and Rickard, M. D., 1983.
Taenia taeniaformis: Immunoprecipitation
analysis of the protein antigens of oncospheres
and larvae. Exp. Parasit., 56: 416-427.

Craig, P. S., and Rickard, M. D., 1982. Antibody
responses of experimentally infected lambs to
antigens collected during the in vitro mainte-
nance of adult, metacestode or oncosphere stages
of Taenia hydatigena and Taenia ovis with fur-
ther observations on anti-oncospheral antibod-
ies. Z. Parasitenkd., 67: 197-209.



https://www.researchgate.net/publication/19649666

