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Echinococcus Antigens
IRVING G. KAGAN 1 & MOISES AGOSIN 2 3

Much of the work on immunology of hydatidosis has so far been devoted to the develop-
ment of suitable methods for serological diagnosis. The precise nature of hydatid antigens
and their chemical characterization has still not been worked out, largely because of the
complex life-history of the parasite and the difficulties of in vitro cultivation. The most
widely used antigen for routine serological testing in hydatidosis caused by Echinococcus
granulosus is fluid taken from the cyst. This fluid is, however, a complex mixture of sub-
stances and contains several protein and carbohydrate fractions as well as end-products of
carbohydrate and protein metabolism. The cyst fluid from different sources is variable in
its antigenic properties, and the fluid from sterile cysts is especially lacking in antigenic
activity. Antigens from tissue extracts of hydatid cysts appear to have greater specificity.
Cyst extracts of E. multilocularis, the cysts of which contain relatively little fluid, have
also been used but are poor antigens, and contain measurable amounts of host protein.
Antigens prepared from other cestodes and metabolic antigens are also reviewed.

Biochemical analysis of Echinococcus antigens covering polysaccharides, proteins,
lipids, and blood-group substances is considered, together with the characterization of
antigens by electrophoresis, column chromatography and gel-diffusion methods. The prob-
lems associated with the standardization of antigens are discussed. Recent data on the
character and reactivity of antigens employed in Echinococcus studies are summarized.

As Smyth (1964) has pointed out, much of the work
on the immunology of hydatidosis has been devoted
to the development of suitable methods for sero-
logical diagnosis. As a result, basic research in this
field has been somewhat neglected. The study of the
immune phenomenon and the mechanisms involved
is further hampered by the complex life-cycle of these
organisms, by the difficulties involved in their in vitro
cultivation, and by the fragmentary knowledge of
their basic biochemical processes. Precise informa-
tion concerning antigenicity of the parasitic material
is still not available and much work remains to be
done on the chemical characterization of potential
antigenic components of Echinococcus, such as pro-
teins and carbohydrates. It should be emphasized
that, to be properly evaluated, a reasonable know-

1 Chief, Parasitology Section, National Communicable
Disease Center, US Department of Health, Education, and
Welfare, Public Health Service, Atlanta, Ga. 30333, USA.

2Professor of Chnliistry, School of Medicine, University
of Chile, Santiago, Chile.

' The work of the author cited in this paper has been sup-
ported by grant Al-01867 (No. 1-9) of the Public Health
Service, US Department of Health, Education, and Welfare,
and by a grant from the World Health Organization.

ledge of the chemical structure of antigens is desir-
able. The induction of antibody formation, and the
induction or selection, or both, of specificity of the
antibodies formed are two distinct functional pro-
perties of antigens which are a reflection of their
chemical structure. Kabat & Mayer (1961) have
summarized the nature of antigenic determinants.
However, many of the factors which confer anti-
genicity to a molecule or to part of a molecule are
still unknown. It is interesting to note that antibodies
against nucleic acids can be experimentally obtained
(Phillips, Braun & Pleseid, 1958). This is particularly
relevant in view of recent work by Agosin & Repetto
(1966) on the species specificity of sRNA in E. gra-
nulosus. Polysaccharides and carbohydrate residues
attached to proteins, peptides or lipids possess anti-
genic determinants due to the sugar residues. Kent
(1963) has emphasized that many antigen fractions
isolated from helminths are indeed heteroproteins,
often complexed with carbohydrates (frequently gly-
cogen). However, it should be pointed out that
protein antigens differ from carbohydrate antigens
in many respects. Immunization with synthetic pep-
tides occurs only when two or more amino-acids are
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present in the polymer, and while many such poly-
mers of L-amino-acids are antigenic, those of D-
amino-acids tested so far are not (Maurer, 1963).
Thus, antigen specificity of proteins can be at present
attributed to peptide sequences, and hence, to secon-
dary, tertiary or even quaternary structures.

Studies of hydatid cyst elements have shown that
whole hydatid cyst fluid, most widely used as antigen
for routine serological tests, contains several electro-
phoretically separable protein fractions (Kagan &
Norman, 1963a, 1963b), at least two types of poly-
saccharide (Agosin et al., 1957; Kilejian, Sauer &
Schwabe, 1962), and several end-products of carbo-
hydrate and protein metabolism (Agosin, 1959).
Somatic or structural antigens-materials extracted
from membranes and protoscolices-have also been
investigated to a degree, but metabolic antigens, that
is, exogenous antigens, have received little attention,
if any.

SOURCES AND REACTIVITY OF CRUDE HYDATID

ANTIGENS

Echinococcus granulosus hydatid fluid

Hydatid fluid from cysts in a variety of mammals
(man, sheep, cows, pigs, camels, donkeys) has been
a convenient source of antigens for diagnostic tests.
Whole hydatid cyst fluid has been recognized as a
complex mixture of substances, some attributed to
the host, others to the parasite metabolizing in the
cyst. The fluid has also been found reactive in a
variety of immunological tests. Variations in potency
of different cyst fluid antigens have been reported.
Some investigators have associated the variability in
antigenicity with the animal host, suggesting, for
example, that bovine hydatid fluid is less antigenic
than human or porcine hydatid fluids. Others, find-
ing as much variability from cyst to cyst (Carbone &
Lorenzetti, 1957) as from host to host, have attri-
buted the variations to the fertility and development
of the cyst. Fairley (1922) correlated the presence of
many protoscolices with the antigenicity of sheep
hydatid cyst fluid in Casoni and CF tests. As a result
of his work, fertile cysts have generally been selected
for serological antigenic material. However, Bensted
& Atkinson (1953), in their experiments with stan-
dardization of reagents for the CF test, were not able
to quantitate the number of protoscolices in a fluid
with the CF titres of the antigen as long as the cysts
had many protoscolices. Fluids deficient in, or lack-
ing, parasites were poor antigens. Hariri, Schwabe &

Koussa (1965) measured the differences in titres of
bovine hydatid cyst fluid taken from fertile and non-
fertile cysts and also examined the protoscolex-free
secondary cysts of E. granulosus in mice. They found
that some of the mice cysts with healthy germinal
membranes but no scolices were antigenic and con-
cluded that, while non-fertile bovine cystic fluid was
only poorly antigenic, " antigen-producing cells in
E. granulosus are not limited to the hydatid scolices
Pauluzzi (1964) showed that hydatid sand, cystic
membranes, lamellar and germinative membranes
either with or without scolices are rich in antigens
active in the CF test.
Magath (1959), summarizing the work with Echino-

coccus antigens used at the Mayo Clinic in the CF
test, reported that fluids from human cysts were usu-
ally more potent in spite of the variations in lots of
fluid. Fischman (1965) came to the same conclusion.
Since sterile cysts in man are reputedly quite rare, the
relative superiority of human cyst fluid cited by
Magath (1959) and Fischman (1965) may be asso-
ciated with the fertility of the cysts. However, the
possibility of interference due to nonspecific com-
ponents in the fluid obtained from other sources
cannot be overlooked.

Hariri, Schwabe & Koussa (1965) have attempted
to clarify the problems of antigenicity by measuring
the reactivity of several lots of cyst fluid collected
from fertile cysts in man, sheep, donkey, cattle, camel,
and gerbil as antigens in the indirect haemagglutina-
tion (IHA) test. Except from the donkey and camel,
the fluids collected were antigenic. The highest con-
centration of antigen was found in cyst fluids from
the livers of sheep.

In the laboratory of the National Communicable
Disease Center, lots of bovine hydatid cyst fluid
(probably non-fertile) have been the least antigenic
of those from man, pig, sheep and cattle when used
in the IHA test, bentonite flocculation (BF) and gel-
diffusion reactions (Kagan, 1963a). The human and
porcine cyst fluids contained scolices.
To elucidate the role of host antigens in hydatid

fluid, Kagan (1961, 1963b), Kagan & Norman (1961,
1963a, 1963b), Kagan et al. (1960), Norman, Kagan
& Chordi (1964), Chordi & Kagan (1965), Norman
& Kagan (1966a, 1966b) have tested fluids from
human, bovine, porcine, and ovine hosts by means
of gel-diffusion and immunoelectrophoretic methods.
Hydatid-fluid globulins have been identified with host
serum globulins and hydatid albumin with host serum
albumin (Kagan & Norman, 1963a). Analysis of
sheep hydatid fluid (Chordi & Kagan, 1965) revealed

14



ECHINOCOCCUS ANTIGENS

that 10 of the 19 bands developed by the reaction of
sheep hydatid cyst fluid and its homologous anti-
serum could be identified with sheep-serum compo-
nents and could be removed by appropriate absorp-
tion. None of these host elements appeared to be
involved in specific hydatid disease serology; how-
ever, their importance as nonspecific antigens in some
tests is suggested. A recent report by Novoselska-
Teoharova (1964) confirms the existence of host pro-
teins in bovine hydatid-fluid membranes and scolices
by agar-gel analysis.

Echinococcus granulosus: tissue extracts

A second source of crude antigen from E. granu-
losus is found in the membrane layers of the cyst wall
and in the protoscolices. Bozicevich (1951) reported
that antigens made from germinal layer and hydatid
sand were preferred for use in the CF test because of
their increased specificity. Morellini, Ferri & Romeo
(1957) described an extract of cyst membranes. This
antigen was found sensitive and specific in the CF
test.
Kagan, Norman & Allain (1960) reported that

extracts of protoscolices could be used as antigens
in the IHA and BF tests, but Hariri, Schwabe &
Koussa (1965) have found such extracts unsatisfac-
tory in their IHA test. They also observed that when
scolices were homogenized with highly antigenic
hydatid fluid, the antigenicity was completely re-
moved. Antigens prepared from scolices have been
reported by Pirosky, de Pirosky & Yalov (1949),
Pautrizel & Sarreau (1947), Senekji (1941) and Sorice,
Castagnari & Jolu (1966).

Echinococcus multilocularis: cyst materials

E. multilocularis cysts yielded relatively small
amounts of hydatid cyst fluid. It has been tested by
Magath (1959) in the CF test, by Kagan, Norman &
Allain (1960) in the IHA and BF tests and found to
range from weakly antigenic to non-reactive. The
very large quantities of host components in the E.
multilocularis cyst fluids may contribute to its poor
reactivity (Kagan & Norman, 1963b). Extracts of
cysts (including cyst wall, hydatid fluid and proto-
scolices) are also poor antigens. They contain mea-
surable amounts of host proteins even when grown
as secondary cysts in the peritoneum of gerbils or
cotton-rats (Norman & Kagan, 1961). However, the
large amount of material makes such infections a
practical source of antigen for fractionation and puri-
fication (Norman & Kagan, 1966b).

Materials from other cestodes
Interest in the reactivity of antigens prepared from

cysts or cyst fluids from other cestodes has persisted
to a degree since Chung & T'ung (1939), Culbertson
& Rose (1941), and others demonstrated the presence
of group-specific antigens that could be used for
testing. Taenia taeniaeformis (Rose & Culbertson,
1940), T. solium, T. saginata (Angel Etcheverry, 1940;
Pautrizel & Bailenger, 1961), T. pisiformis, Monezia
expansa and T. hydatigena are among those having
common antigens which are reactive in serological
tests for hydatid disease. Hariri, Schwabe & Koussa
(1965) compared the antigenicity of T. hydatigena
cyst fluid with E. granulosus. They found in the
IHA test the titre of the two fluids to be very similar.

Metabolic antigens
Kagan & Norman (1961) speculated that meta-

bolic products produced by hydatid-cyst scolices
accumulate in the cyst fluid and are responsible for
the serological activity of these antigens. This would
explain the lack of antigenicity of sterile cyst fluid.
Although attractive, this possibility has not been
submitted to experimental test. An interesting pos-
sibility seems to be the role of purified enzymes as
antigens. Purification of enzymes from these orga-
nisms does not seem to be an insurmountable task
(Agosin & Aravena, 1960a, 1960b). It should be
recalled that naturally occurring human antibodies
to streptococcal enzymes have been reported
(Halbert, 1963). The use of agar-gel techniques
should prove useful for characterizing such type of
antigens. No doubt these enzymes will have anti-
genic properties, but whether they will be of diag-
nostic value will have to be established.

BIOCHEMICAL ANALYSIS OF ECHINOCOCCUS ANTIGENS

Information concerning the chemical composition
of hydatid fluid and Echinococcus parasites has been
reported by a large number of workers; therefore,
the information pertinent to the study of antigens
must be gleaned from many sources. Good reviews
of the subject are found in Von Brand (1952),
Kilejian, Sauer & Schwabe (1962), and Smyth (1964);
and Agosin et al. (1957) listed some of the organic
compounds possibly associated with the metabolism
of the organisms. In the last 10 years, Agosin and
co-workers in Chile (Agosin, 1957; Agosin et al.,
1957; Agosin & Aravena 1959, 1960a, 1960b; Agosin
& Yalanda, 1963), Kilejian, Schinazi & Schwabe
(1961, 1962), Schwabe (1959), Schwabe & Abou-
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Daoud (1961) and Schwabe, Koussa & Acra (1961)
in Beirut have been actively investigating Echino-
coccus and another cestodes.

Polysaccharides in Echinococcus antigens

There is much question whether glycogen, the main
polysaccharide found in Echinococcus and many
other helminths, has antigenic properties. The yield
of antigenic material during isolation of polysaccha-
rides is so large that the assumption of the active
polysaccharide consisting mainly of glycogen seems
unavoidable. Heidelberger, Aisenberg & Hassidi
(1954) used carefully prepared and highly purified
samples of glycogen from Ascaris and found them
definitely antigenic. Of five fractions obtained by
column chromatography with diethylaminoethyl
(DEAE)-cellulose from Ascaris extracts, only those
that had bound carbohydrate were antigenic (Kent,
1963). No use of the above modem technique for
determining antigenicity seems to have been carried
out with Echinococcus polysaccharides, and work on
these lines should prove rewarding.

Cmelik (1952) isolated from the laminated mem-
brane of Echinococcus cyst active polysaccharide-
containing fractions. The purest fraction consisted
of unidentified aldohexoses, deoxypentoses, and
glucosamine; it contained but little phosphorus and
had antigenic properties. This fraction apparently
resembles the galactose- and glucosamine-containing
polysaccharide described by Agosin et al. (1957). No
evidence for glycogen in polysaccharide isolated from
the laminated membrane by emelik's procedure was
found by Kilejian, Sauer & Schwabe (1962). Anti-
genic polysaccharides, isolated from hydatid tissues
and cyst fluid by various workers may correspond,
however, to at least a mixture of glycogen and
galactose- and glucosamine-containing polysaccha-
ride (Hariri, Schwabe & Koulla, 1965). It is pos-
sible that modem physicochemical methods, such as
those used by Bueding & Hawkins (1964) may yield
antigenic polysaccharides with high purity and more
closely in their native state.

Proteins in Echinococcus antigens

There are many proteins in hydatid fluid and tissue
extracts. Some have been identified with host serum
proteins, (Kagan, 1963; Kagan & Norman, 1961,
1963a, 1963b; Norman & Kagan, 1966a, 1966b).
The antigens prepared by trichloroacetic acid pre-
cipitation (Dennis, 1957; Kilejian, Sauer & Schwabe,
1962) are proteins or protein complexes.

Kilejian, Sauer & Schwabe (1962) analysed hydatid
fluid, the Dennis-type antigenic fraction prepared by
precipitation with trichloroacetic acid, the germinal
layer of fertile cyst walls, the laminated membrane
and protoscolices. Infrared spectra of samples before
and after various fractionation treatments were re-
corded and compared as well as electrophoretic pat-
terns obtained by paper electrophoresis. Although
the authors warned that interpretation of infrared
spectra of biological substances must be done with
caution and that the patterns of proteins are parti-
cularly difficult on these complex materials, they have
been able to present strong evidence that the lami-
nated membrane contains, as a major constituent, a
non-glycogen polysaccharide-a mucopolysaccha-
ride. Materials with similar infrared spectra were
present in hydatid fluid and protoscolices. However,
the electrophoretic mobility of the scolex-mucopoly-
saccharide was quite different from the other two. A
large amount ofglycogen has been shown to be in pro-
toscolices and only a trace in the laminated membrane.

" Hydatina " is an antigen prepared from frozen
cyst fluid (Perez-Fontana & Scaltritti, 1941). Fol-
lowing thawing, the first 40% aliquot represents an
antigen high in proteins and salts. The remaining
60% contains carbohydrate. The protein fraction is
active in the CF test, whereas the 60% fractionis
not (Perez-Fontana, 1946). Hydatina was active in
the intradermal test (Perez-Fontana, 1941). This
antigen was evaluated by Moya & Santamarina (1963)
in the intradermal test and it was not any more
specific than whole cyst fluid. Babos (1962), em-
ploying the top 20 ml from 5000 ml of frozen cyst
fluid, obtained positive results in the CF test. Babos
& Nemath (1962), however, found this antigen un-
satisfactory for diagnostic purposes. Nobili, Cosen-
tino & Rizzo (1963) employed a freezing and centri-
fuging method to prepare antigen for the CF test
with excellent results.

Sorice & Castagnari (1965) evaluated a fraction
of hydatid fluid prepared by ammonium sulfate pre-
cipitation. The " globulin" antigen (Lorenzo, 1960)
was active in the CF test. The trichloroacetic acid
precipitate antigen prepared by Dennis (1937) has
proved to be very useful in the diagnosis of hydatid
disease. Ymaz-Apphatie (1937), Senekji (1941),
Perez-Fontana (1946), Deschiens & Poirier (1948),
Cmelik (1952), Kagan, Norman & Allain (1960),
Kilejian, Sauer & Schwabe (1962), and Hariri,
Schwabe & Koussa (1965) have prepared trichloro-
acetic acid precipitin antigens from hydatid fluid and
scolices with excellent results.
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Lipids and other substances

Agosin et al. (1957) reported that 13.6% of the dry
substance in protoscolices of E. granulosus was
lipoidal. Lipoproteins were demonstrated by Chordi
& Kagan (1965) in sheep hydatid fluid by staining
of bands developed in immunodiffusion slides.
Kilejian, Sauer & Schwabe (1962) characterized the
lipids in hydatid fluid as lecithin in association with
cholesterol. Lemaire & Ribere (1935) reported
creatine, lecithin, and ammonium salts.
A variety of other materials has been demonstrated

in hydatid fluids. Coudounis & Polydorides (1936)
found uric acid and urea; Latif & Elkordy (1946)
found various vitamins such as thiamine, nicotinic
acid, and vitamin C; Cmelik & Briski (1953) report
glucose, galactose, glucosamine and toxic substances,
Perez (1951), Pozzi & Pirosky (1953) and Cmelik
& Briski (1953) separated free amino-acids by
chromatography before hydrolysis.

Blood-group substances in hydatidfluid

Meritt & Hardy (1955) and Russo & Purpura (1959)
reported anti-P antibody in the serum of patients
with hydatid infections. Cameron & Staveley (1957)
and Staveley & Cameron (1958) reported the pre-
sence in hydatid fluid of a substance that specifically
inhibited anti-P1 and partially inhibited anti-P+ P1
serum. They also reported activity in hydatid fluid
which inhibited anti-Tsa serum. Only fertile cysts
appeared to produce this substance. It is stable and
withstands boiling. Morgan & Watkins (1964) and
Watkins & Morgan (1964) extracted and concentrat-
ed the P1 active substance in hydatid fluid and
identified the blood group material as a mucopoly-
saccharide with properties resembling water-soluble,
human-blood-group-specific substances obtained
from secretions and tissue fluids. Examination of the
fraction by ultracentrifugation showed it to contain
two components. Further chemical analysis has
convinced them that P1 substance in sheep and human
hydatid cyst fluid is a mucopolysaccharide with
properties resembling in many ways some of the
human-blood-group-specific substances. P1 sub-
stance in hydatid fluid does not produce anti-P1
agglutinin in rabbits, rats, chickens, and dogs (Prokop
& Oesterle, 1958). Kerde et al. (1960) immunized a
goat with pig hydatid fluid and produced high-
titred anti-P1 serum. By exposing tanned P2 cells to
hydatid cyst fluid and using them as immunizing
antigen, Levine, Celano & Staveley (1959) produced
anti-P1 sera in rabbits. When the antigen is con-

jugated with the 0 somatic antigen of Shigella
shigae, anti-P agglutinins can also be stimulated in
rabbits (Watkins & Morgan, 1964). The crude
hydatid P1 substance and the purer fractions inhibit
haemagglutination with anti-P1 and an a-D-galactose
unit plays an important part in P1 specificity.
The anti-P1 titres in some of the cases of hydatid

disease tend to disappear after surgery (Meyer de
Tapia, 1964). The presence of anti-P1 in the blood
gives false positive CF reactions when hydatid fluid
is used as antigen, and the injection of hydatid fluid
as a skin-test antigen in the Casoni reaction in normal
individuals leads to the development of anti-P1 anti-
body in group-P1-negative people. The patients who
developed anti-P1 antibody all had carcinomas
(Norris, 1965).

CHARACTERIZATION OF THE ANTIGENS
BY ELECTROPHORESIS

The electrophoretic separation of the elements in
crude antigens has been useful in characterizing the
components. Separation of hydatid fluid and tissue
extracts by paper electrophoresis has shown simila-
rity of hydatid cyst fluid and host serum (Goodchild
& Kagan, 1961). Magath (1959) found that antigens
reactive in the CF test moved with the gamma-
globulin, but were not gamma-globulins. Kent (1963)
has used electrophoresis to help identify fractionated
components. Morellini & Ferri (1960) found that the
antigenicity of membrane extracts was limited to the
two bands appearing between the fast (albumin) and
slow (globulin) components. The antigen (hydatins)
separated by freezing from cyst fluid by Fontana and
his co-workers appears to be predominantly from the
,B and y globulin zones (Paulete-Vanrell et al., 1964).
Agosin et al. (1967) reported that 14.8%+1.17%

of the wet weight of protoscolices was dry substance
(as compared to 1.3% in hydatid fluid reported by
Lemaire & Ribere (1935); 13.6% of this dry substance
was identified as lipids, 62.5% as proteins and 19.8%
as polysaccharide. They separated the polysaccha-
ride by electrophoresis into 2 bands, one of which
moved like glycogen. The second was recognized as
having a base of glucosamine and galactose.

In Table 1 are summarized reports of some of the
antigenic components isolated from crude Echino-
coccus material, the correlated chemical identification
of these antigens and their reactivity in serological
tests. It appears that while the predominantly poly-
saccharide type antigen may be allergenic and pro-
duce intradermal reactions, its usefulness in sero-
logical tests is questionable.
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TABLE I
CHEMICAL IDENTIFICATION OF ANTIGENIC COMPONENTS IN ECHINOCOCCUS ANTIGENS

Source Author Method Chemical Method Immunological reactions
of material a of preparation identification of identification ID CF IHA Other

Hiles (1926)
Dennis (1937)
Ymaz-Apphatie

(1937)
Senekji (1941)

Pirosky et al. (1941)

Perez-Fontana &
Scaltritti (1941)

Pautrizel &
Sarreau (1947)

Pirosky et al.
(1949)

Cmelik (1952)

Eg-membranes Morellini & Ferri
(1960)

Eg-HCF Magath (1959)

Monti &
Picciocchi (1959)

Lorenzo (1960)

Kagan et al. (1960)

Kent (1963)

Hariri et al. (1965)

Sorice &
Castagnari
(1965)

Abou-Daoud &
Schwabe (1964)

Alcoholic extract
TCA precipitation
TCA precipitation

Acetone extract,
protein removed
from TCA

Freezing and
thawing

Digestion with
pepsin and
trypsi n

Freezing

Electrophoresis
and elution

Acetone/ether
precipitation

Saline extract
lyophilized
membranes

Freezing and
precipitation
with ammonium
sulfate

TCA precipitation

TCA precipitation

Chromatography

TCA precipitation

Dialysis and
pervaporation

Alcohol
precipitation

TCA precipitation.
Dialysis and
pervaporation

Saturated
ammonium
sulfate

Lipoidal
Protein
Protein and
polysaccharide

Polysaccharide

Polysaccharide

Protein,
carbohydrate

Glycolipid glyco-
protein
polysaccharide

Polysaccharide

Protein
Polysaccharide

Protein

4 fractions in
v-globulin,
albumin, and
a, zones

1 insoluble
(protein-free)
2 soluble

Globulinoid
proteins:
A (alb)
B
C
D (glob)

Proteins 8.3 %,
reducing sugar
0.23 %
cholesterol

Protein v-globulin

Dennis-type
protein

Dennis-type
protein

Protein (albumin)

Globulinoid
protein

4 bands

Globulinoid
protein, 5 bands

Protein
(globulinoid)

Mucopolysaccha-
ride

a HCF = hydatid cyst fluid. Eg. = E. granulosus; Em = E. multilocularis.
b Positive reaction with immunized rabbit serum.

Negative biuret
and Millon tests.
Molisch positive

Negative protein
test, hydrolysis
reducing sugar

Negative biuret,
positive Molisch

Electrophoresis

Electrophoresis

Immunoelectro-
phoresis and
infrared analysis

Immunoelectro-
phoresis and
infrared analysis

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
+

Precipita-
tion un-
satifactory

-c

+c
_c

+

c Gel-diffusion bands.
d Bentonite-flocculation test.

Eg-HCF-
scolices

Eg-HCF
Eg-HCF

Eg-scolices

Eg-HCF
Eg-membranes
Eg-scolises
Eg-scolices
Eg-membranes
Eg-scolices

Eg-HCF
Eg-scolices
Eg-membrane

Eg-membranes

Eg-membrane

Eg-HCF

Eg-HCF

Em-cysts

Eg-HCF
Eg-scolices
Eg-HCF

Taenia
hydatlgena

Eg-HCF

Eg-HCF
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IMMUNOCHEMICAL ANALYSIS OF ECHINOCOCCUS
ANTIGENS

There are difficulties inherent in studies of the
physicochemical characteristics of complex hydatid
antigens in terms of their immunological properties.
Not only precise chemical analysis but also evaluation
and standardization of a variety of serological pro-
cedures are involved. In the past decade, attention
has been directed toward the purification of the
antigens either by removal of nonspecific materials
in the antigen mosaic or by the isolation of reactive
elements. In addition to simple electrophoretic or
chemical and chromatographic separation (Dennis,
1937; Bono & Pellegrini, 1956; Magath, 1959; Kagan
& Goodchild, 1961; Jimenez-Millan, 1960; Kilejian,
Sauer & Schwabe, 1962; Mazzocco, 1923; and Pozzi
& Pirosky, 1953), column chromatographic methods
have been used (Kent, 1963; Kagan & Norman,
1963a, 1963b; Norman & Kagan, 1966a, 1966b).
Both ion-exchange chromatography and Sephadex-
filtration l have been reported.
The plan of fractionation designed by Kent (1963)

included dialysis or Sephadex-filtration to remove
small molecular components (usually non-antigenic
or poorly so) and to equilibrate the remaining anti-
gens in any buffer system selected for anion exchange
chromatography. DEAE-cellulose or DEAE-Sepha-
dex columns were charged with equilibrated hydatid
cyst fluid or cyst extracts and eluted with a sodium
chloride concentration gradient. The fractions mea-
sured as " protein peaks " in the recorded chromato-
graphic profile were concentrated and identified by
their electrophoretic mobilities. Antigenicity was
determined in the skin and by precipitation in agar
diffusion plates. Two E. granulosus fractions (Eg-
III from hydatid cyst fluid and Eg-VIc from cyst
extract) were reactive in intradermal tests and were
identified as proteins with immunoelectrophoretic
mobilities coinciding with that of serum albumin.
Only the Eg-III fraction produced a band in the
Ouchterlony plates charged with antiserum from
human infection.

After Goodchild & Kagan (1961) demonstrated by
electrophoresis the similarities between hydatid fluid
and host serum, they continued their investigations
by fractionating human, bovine, pig, and sheep
hydatid fluids on DEAE-cellulose columns (Kagan
& Norman, 1963a). The step-wise elution method

1 The use of trade names is for identification only and
does not constitute endorsement by the Public Health Service
or by the US Department of Health, Education, and Welfare.

designed for separation of blood-group antibodies
(Abelson & Rawson, 1959) was employed. In this
type of fractionation, serum globulin is not absorbed
and is collected in the first sample (A), while serum
albumin is eluted with the third (C) and later con-
centrations (D, E) of buffers. By means of double-
diffusion reactions in tubes and plates, hydatid cyst
fluid fraction A was identified with its homologous
(host) serum gamma-globulin and fractions D and
E with host albumin. The serological reactivity was
concentrated in the D samples (Kagan & Norman,
1963b; Kagan, 1963a).

Further investigations by these workers (Norman
& Kagan, 1966a, 1966b) on the efficiency of column
chromatography as a method of isolation of specific
Echinococcus antigens showed that much of the non-
specific material could be removed from E. granulosus
hydatid cyst fluid and E. multilocularis cyst extracts
by first filtration through a Sephadex G-50 column.
The antigenic material and nonspecific proteins were
present in the first peak to be collected from the G-50
column, and small molecular substances were dis-
carded in the following samples. Sample I was then
concentrated and cycled through a Sephadex G-200
column. Antigenic material again appeared in the
first fractions collected. Gel-diffusion analysis re-
vealed that some of the nonspecific antigens were
still present. The partially cleaned fractions were
reactive in the IHA and BF tests. When one aliquot
of the reactive fraction was recycled through G-200
Sephadex, a very small fraction that gave two specific
bands in the Ouchterlony plate and was reactive was
collected (Norman & Kagan, 1966a).

In Table 2 are summarized the results of most of
the reported data obtained by fractionation of Echi-
nococcus antigens by column chromatography. It is
evident that further work is required to characterize
fully these antigens. Once adequately pure fractions
are obtained in good yield, it would appear desirable
to study their structure by chemical, physicochemical
and enzymatic methods. Blocking of groups and
characterization of smaller active pieces should also
be rewarding. It should also be possible to add on
components of known structure and study their
influence on antigenicity and specificity. With this
approach, the possibility would not seem too remote
of using chemically defined or entirely synthetic
antigens.

GEL-DIFFUSION TECHNIQUES IN ANTIGEN ANALYSES

The use of gel-diffusion techniques has contributed
greatly to the analysis of parasite antigens. Double
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diffusion in tubes (Kagan & Norman, 1963b) and in
plates (Norman, Kagan & Chordi, 1964) reveals
several kinds of data. (1) With patients' sera it indi-
cates the presence of specific components in crude or
purified antigens (Magath, 1959; Kent, 1963; Kagan,
1963a). (2) With homologous immunized antisera it
demonstrates members of antigen-antibody systems
both before and after fractionation (Kagan, 1963b;
Kagan & Norman, 1963a; Norman & Kagan, 1966a,
1966b). Thus, of 23 different bands found in the
E. granulosus antigens (Kagan & Norman, 1963b),
4 bands were of parasite origin, 6 of host origin, and
13 of undetermined origin. E. multilocularis showed
27 bands of precipitate; 4 of these were identified as
parasite and.7 as host components. (3) With antisera
to specific host proteins, it identifies these elements
in mixtures of antigens and elucidates cross-reactivity
(Kagan, 1963a, 1963b). (4) It aids in preparing
standard patterns for comparison of lots of antigen
(Norman & Kagan, 1966a). (5) It acts as a means of
identifying the same parasitic antigens in different
source materials. For example, 2 of the 3 parasitic
antigens shown in E. granulosus hydatid cyst fluid
were identified in E. multilocularis cyst extract
(Norman & Kagan, 1966b).

Because lines are often superimposed in Ouchter-
lony gel-plates when multiple antigen-antibody sys-
tems are present, immunoelectrophoretic analysis
has revealed additional antigens in hydatid cyst fluid
(Biguet et al. 1962; Chordi & Kagan, 1965). Gel-
diffusion demonstrated 10 compounds in a sheep
hydatid fluid antigen; 3 of these were major parasite
components (Norman, Kagan & Chordi, 1964). Im-
munoelectrophoretic analysis of the same antigen
showed 19 compounds, of which 10 were identified
as sheep-serum proteins by absorption studies
(Chordi & Kagan, 1965). Grozdea & Benegmos
(1964) demonstrated a specific precipitin band in the
blood of patients with hydatid disease by immuno-
electrophoretic analysis. Immunoelectrophoresis is
a particularly effective way of showing the results of
absorptions, expecially when the reactants are strong.
Gel-diffusion methods can give precise and reliable
information to the person analysing antigens as long

as the reactants are used in nearly equivalent con-
centrations.

STANDARDIZATION OF ANTIGENS

Standardization of antigens for use in immuno-
logical tests for the diagnosis of hydatidosis has been
limited to the titration of crude antigens against a
known positive antiserum (Norman, Sadun & Allain,
1959). Antisera from human cases appear to be
stable for long periods. The presence of various
antibodies has been demonstrated by gel-diffusion
and it is evident that all lots of antisera need not be
quantitatively the same. The standardizer is therefore
limited to quantitation of a certain antigen-antibody
complex as measured by a certain test. The differ-
ences encountered by those attempting to standardize
IHA tests show the effect that variations in techniques
employing slightly different reactants have on quan-
titation.
Although several authors have identified the frac-

tions they have used in the intradermal test as " poly-
saccharide " or " protein ", little effort has been
made to standardize the Casoni test by' nitrogen,
protein, or carbohydrate concentrations. Kagan et
al. (1966) discussed the standardization of intra-
dermal tests and reported that they obtained good
correlation between specific reactivity in the skin and
nitrogen content of the antigen.

Perez-Fontana, Saenz & Paulete (1963) standard-
ized their lots of Hydatina separated by fractional
thawing of frozen cyst fluid colorimetrically since
the bleaching of gentian violet by the antigens is
quantitative.
The quantities of parasitic elements separated

by chromatography are small, but quantitation by
gel-diffusion methods seems to be feasible.
Although several methods have been used for the

evaluation of antigen fractions in Echinococcus, all
tests used must rely, by necessity, on the purity of the
antigens used. It would appear that unless Echino-
coccus antigens are fully characterized, all immuno-
logical diagnostic procedures may be subjected to
criticism.

RE-SUME

La presente revue des travaux consacres i l'etude des
antigenes d'Echinococcus porte sur une centaine de
publications.
Bon nombre des recherches immunologiques sur

I'hydatidose ont eu pour objet la mise au point de

methodes applicables au diagnostic serologique. La
nature exacte et les particularites des antigenes hyda-
tiques sont cependant encore loin d'etre elucidees en
raison de la complexit6 du cycle du parasite et des
difficult6s de la culture in vitro. Le materiel antigenique le
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plus frequemment utilise en serologie de l'hydatidose est
le liquide complet de kyste (surtout d'E. granulosus) qui
est en fait un melange complexe de substances provenant
de l'h6te et du parasite lui-meme. L'antigenicite de ce
materiel varie suivant I'animal infecte et le degre d'acti-
vite du kyste. Les extraits tissulaires de kystes d'E.
granulosus font preuve d'une grande specificite. Quant
aux kystes d'E. multilocularis, ils ne contiennent qu'un
volume relativement faible de liquide dont la reactivite
est inhibee par la presence de grandes quantites de
proteines provenant de l'h6te. Des antig6nes de groupe
ont e obtenus a partir de cestodes apparentes comme
Taenia taeniaeformis, T. solium, T. saginata, T. pisiformis,
Moniezia expansa et T. hydatigena. Le r6le des antigenes
metaboliques doit encore etre precise.
La nature biochimique des antigenes d'Echinococcus a

donne lieu a de nombreuses recherches. La question de
l'antigenicite des fractions polyosidiques, et en particulier

du glycogene, est encore controversee. De nombreuses
proteines ont ete extraites du liquide ou de la paroi
des kystes. Ici encore, on note des divergences selon les
auteurs en ce qui concerne le pouvoir antigenique des
fractions obtenues. Enfin un grand nombre d'autres
substances ont e egalement isolees du liquide de kystes
hydatiques: lipides, acide urique, uree, vitamines, etc.

L'article decrit ensuite les methodes utilisees pour
caract6riser les antigenes: separation par electrophorese,
chromatographie sur colonne, diffusion en gel. Les
resultats obtenus sont present6s sous forme de tableaux.
Les problemes relatifs a la normalisation des antigenes
sont examines. La valeur des differentes techniques
d'etude repose en demiere analyse sur l'emploi d'un
materiel suffisamment purifie. Tant que les antigenes
d'Echinococcus ne seront pas davantage caract&ises,
l'application de ces techniques au diagnostic serologique
de l'hydatidose pretera le flanc a la critique.
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