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ABSTRACT

The object of this investigation was tc study under as nearly
standard conditionsas possible, various biologtcal, physicel and
chemical properties of the antigenic materiml which is sctive in the
indirect hemagglutination test for hydatid disease.

It was found that the host source of antigen is of no significance
in the indireet hemagglutinatiocon test as long as the cyst fluid is
obtained from highly fertile, healthy cysis.

Large infertile cysts in cattle were, in all probability,
originally fertile but the scolices had subseguently degenerated. Fluids
from such cysts were non-antigenic or gave very low serum titers.
Infertile cyst fluid from secondary infectione of mice where the scolices
had not yet formed were sometimes antigenie, suggesting that maybe
certala cells of the germinal membrane had become differentiated to
anti:en producing cells. Perha@s differentiation had not yet taken
place in the case of some such pools which were not antigenic,

Heating the hydatid cyst fluid for 25 minutes at 56°C and
70°C did not inac¢tivate +the cyst fluid in the indirect hemagglutination
test, Heating it for 25 minutes at 8000 ceve doubtful results, while
heating for 5 minutes at 80°C reduced its antigenic activity. Heating
hydatid cyst fluid at 100°C for 5 minutes inactiveted it completely.

Filterins the hydatid cyst fluid through Seitz filters or
exposing it to Seit:z filter pads inactivated the fluid in the indirect
hemagglutination tegt indicating adsorption rather than filtration

loes.



Galine extracts of the neolices did not possess any
antigenicity when tested by the indirect hemmgglutination test
and did not adeorb antibody from ihe standard serum. In additiosn,
lysing the scolices within highly antigenic hydatid cyst fluid in
an effort to enhance its antigenic titer surprisincly destroyed the
autigenic activity already possessed by the fluid., This suggested
the possibility that the scollices had relessed non-specific substences
which, however, were competitively admorbed with the antigen on the
erythroecytes during sensitization. Ividence in support of thie
hypothesis was obtained by uae of non-nntigenic protein solutions
as antigen diluentas.

Rewults of the indirect hemagglutination test on lyophiliied
frections of :chinogoccus granulogus were that the dislysis precipitate,
sand trichloroecetic acid precipitate proved to he mctive but not s
sctive as the original hydatid cyst fluid. The alcohol preciritate
wag insective indicating thet the antigen is not a mucopolysaccharide.
This is eupported by the fauct that Zaenis hydetigens cyst fluid whiech
is free from hydatid mucopolyseccharide was equally antigenic im the
indirect hemagglutination test.

In fact, one of the most interesting finding in this study
wes that the indirect hemagilutinating antigan'ia group specific in
that Taenia hydatigena fluids substitured for hydatid oyst fluids

in the test.
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IWTROIUCTLLN

Since ite in:roduction by Carsbedien gt al {195Ta;, the
indirect oLemays; iutinction teat for hydetid disemne lms seen
ever increasing use. There have been few studies, however, on
the physicel properties and chemical characteristics of the
antiyen for tuis test. Several investigations (Gerabedia: g% al,
155Teb, 1959; Knierim n:d Yledwans, 1962; Kagan st al 19%5)
have ehown the indirect hewagglutination test to be more specific
and sensitive than the complement Lixation and preecipltin testa,
and in some instances, than the Cusoni intradersai test. In
addition, it is cheap and relmtively asinple 1o perfors, Were the
gpecific antigen isolated and identified and ite chemical sand
physicsl properties snown, 1t is likely tuat tne indireci
nemagiylutination test would be even wore useful in the dizgnosis
of hydatid dipesse thun at precent, <ost sero-disgnostic work on
nelungnthieses 18 plagued by the erude aamture of asatigens expioyed
{Kent 1963).

In this study tae antigenic activities of hydstid cyast
tiuid fros various zmammalizn sourcer were compsred and sitenpts
were nade to fructionste tiem into metive and 1nac€ive ~portions,
catstronal studice were done to defline, in pmrt, the chenical
and physieal properties of the indirect semagulutineilion test

actigen,



A.liydetic Disenae

dydatid disempe i8 & sericus iafection of men cnured Ly the
larval stsge of ighinococeus grgnulosus. It has been known and
described since ancient tiues (Hveppli, 155Y9). This dipense unauilests
itself in the form of & continumliy growing hydatid cyst in variosus
orge a. The distribution of hydatic disense is nearly worid-wide
but is of greamtest luportmnce in aress where sheep-relsing is
extensive. 1n regions such as kew .eulund, ‘rgentina zod parts of
cagt Africa infecticn of the intermeuiate hosts reaches more thun 50

per cent; nowever, aAuwan infection is alwsys wmuch less (Gsmmell 1460},

The ndult worms of fchinococcus granulosusg vury in lengihk
frow .5 to & wm eud are usually coapossd ¢f Five parts: Lue scolex
whitch has four sucikers and a rostellusr with two rows of nooxs, a
alort neeck, a single immature proglottid, a single wature proglottid
which Ccontains the reproductive organa and a terninal gravid progliodtid
congiasting elmost entirely of a uterus distended wilh ezgu.

The adult worms arye ifound stincurd to the wall of inhe snall
intestine or dogs and several wlld ceurxnivores. Ths egge wrs pesced
in the feces of tnese snianals eitner with the gravid proglottii ur
Tfree following rupture of tue gravid progiottid in the intentines.
if the eggs mre ingested Dy & suitable intermediate Lost {cattls,
sheep, pigs, horses, camels, noose, dJdeer or man), they hateh in tie
duodenua liberating motile oncospheres (Yeymarisn 1961) which penetrate
the intestinal muccsa mnd enter the blood strean, They are usually

filtered out and develcp in the liver (approximately 50"69b5r‘ﬁbnt)
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or lungs(approximately 7.4 - 11.9%) but may occasionally appear in any
tissue.

The oncosphere imbibes water and forms a small cyet consisting
of germinel membrane composed of one layer of cells, and a thick,
elastic outer leminated membrane, The host attempts to isolate the
cyst by lsying down in most orgins a thiek fibrous membrane graduslly
merging inio normal tiesue., The entire cyet is filled with fluid
and grows continuously by imbibition of water. %hen the ¢yst is
approximately one cm in diameter, brood capsules form on the germinal
membrane, within each of which up to 20 to 40 mcolices form.

These scolices are ingested by suitable carnivores when they
feed on the viascera of infected snimels, The eycle is completed when
the scolices evaginate and grow to maturity within the small intestine
of the carnivore.

Symptoms are usumlly lscking in domestlce animsls due to theilr
short life span as compared to the usually long periocd required for
development of a hydatid cyst to large size. In human beings cysts
nay go undetected for as long as 5 to 20 years, or until they reach
2 size which interfered with ihe function of & vital orgen.

Diagnostic nmethodes differ depending upon the organ infected and
the location and size of the cyst. X-rays contribute most io disgnosis
of hydatid cystes in lungs and bones. Serologlical Yests which have
been used in disgnosis include a precipitin test and a complement-
fixation test, and more recently an indirect hemagglutinstion test,

a bentonite flocculation test and a polystyrene latex teat. An

intradermal test is also used.



The only presently available {treatuent is the complete
excision of the cyst. This 18 not pozsidle or successful, of course,
in ail locations,

‘nfscetion can b controliled by preventing the carnivorous hoets
fros eating infected viscers. In ecdemic aress, dogs which are the
prineiple source of infeuﬁiun 1o nun, should be pericdieslly examined

#0G treated for tapewornus.
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Bs Chemical Composition of Hydatid Cyst Fluid

The chemical composition of hydatid cyst fluid and tissues
of the parasite have been the subject of several investigations.

As early as 1923, Mazzacco analyzed bovine hydatid cyst fluid by
clinical chemical tests for serum, and found glucose, protein,
cholesterol, awino acids, fatty acids and various other chewical
compyonents.

Other investigators, Lemaire and Ribére (1935), found the
concentration of cholesterol was not constant in hydatid fluid; it
appeared to be greater in hepstie hydstid cyst fluids than in cyste
from other sites. They also suggested that cyst fluid albuuin was
provably lost during theilr assay procedure by proteolytic fermentation.

In later investigations on the albumin content of hydatid
cyst fluid, Comdounis and rolyderides (1936) found a low content of
slbumin which wss independent of the organ containing the cyst. In
contrast they found the sugar content varied greatly depending on the
orzan in which the cyst was located. They postulated that sugar could
pass from the liver through the cyst membrane snd into the hydatid
cyst fluid.

The work of Schwabe (1959) and Schwabe, et sl (1961) on the
permeability of the hyduatid cyst wall has shown it to be freely
pernesble to suell wolecules such a3 sugers., In addition to protein
of uncertsin origin aud certein ions snd emall nmolecules whiech may be

contributed tov the cyst filuid by the host rather than by the parasite,

few metavolic products of cyst origin have been identified. “he only
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such product which hag been ut sll charscterized chesically is s
galectose-ond gluocosamine-containing mucopolysaccharide (Kile}i&n
&t sl, 1361, 1962; 3chwabe and Xoussa, unpublished studies).

Magath (19959) and Geodchild. @né Xagen (1961) found thet
coucentrated hydatid eyst fluid from verious sources gave an
electrophioretic pattern for protein somewhat similar tc tist of serum.
Pour distinet proteisn components have been obtained by Dchwabe and
Xouasa (unpublished work), two of whnich correspoad in electrophoretic
=bbitity to serum slbwain and gamme globulin, According to Lregan
(personal communicustions) some of this protein is of host origin.
Hiocea and Lorensetti (1960) reported higher protein content in

fertile than in unfertile cysts.



C. Chemical Composition of Hydetid Cyst Tissues

Hydatid tissues have been more thoroughly studied chemically.
Cameron {1926) demonstrated = diastase in the cyst walls and traces
of proteolytic anzymes and lipase, He sugpested that the presence of
glycogen is an important factor in the metmboliem of the garusite,
Umelix (1952a) showed that the unsaponifiable fraction of cystic
menbranes of Bchinocoocus granulosus from pig livers was cholesterel.
Half of the fatty acids were not soluble in water end assumed to be
oleic acid.  Kilejian et sl (1962) sugpested the precence of boik
cholesterol nnd leecithin iu extracts of the cyst wall, Frayhs and Durr
(unpublished work), have since mnown that the cholesterol of the
parasite is of nost orizin and is not synthesized by the parasite
from zcetate,

In further ianvestigations on the membranes, drelik and Eriski
(1953) found a nucleoprotein whose nucleic mcid contained neither
riboge no desoxyribose but instead a hexose. Different nucleoproteins
were Obtained from the scolices and nleo a glycoprotein, The snue
or another protein»containing polyeaccharide extracted from scolices
contained &8 its sugar componenis glucose, galanotose and gluecossumine.

Histochemical observstions on the hyd&tid cyst wall demonstrated
thst the laminsted membrane contains a periodic acid Beiff-positive
suvstance other than glycogen, snd that it is also present in the
germinal wembrane and scolices (kilejian et al, 1961). These workers,
in contrast to &melik, found hiatochemical evidence of DA in the

germinal wembrane nuclel.,
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1 {1957) obtained two types of "polysaccharides®

et

Agosin g1

from Echinocgecus granulosus scolices. OUne was glycogen which

sccounted for nearly 20per cent of the dry weight of the scolices.
The other was composed of galactose and glucosamine and possibly
glucose, Kilejian et al (1962), using inirared spectrophoioneiry,

disclosed glycogen in the membrane of Muiticeps multiceps =nd Zepeniag

hydatigena, while the laminated mewbrane of sehinocgecus granulogus
indicated a different polysacchariade. This wss shown by electrophoretic
and chromatographic studies to be a mucopolysaccharide, containing
galactose aud glucosamine es its only suger components. It wags found
also in the scolices and cyst fluid and was no doubt identical to the
second "polysaccharide" from scolices of Agosin et a1l (1957). Iorvik
and ioriconi (1956) had also reported a neutral nucopolysaccharide

in the cyst membranes of echinococcus cysts.
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D. L. ture of Antigen-Antibody Eelstionships

Antibodies are considered to be proteins or inseparably
associated with proteins. They are located in the globulin freseticn
of the blood. The foruation of antibodies occurs in varicus orgaus,
particularly the spleen, liver, bone marrow and lysph nodes. An
antibody is capeable of combining only with the sngigen which stimulsted
it8 production or some very closely relsted type of antigen. This
speciricity is reminiecent of the specificity shown by enzymes for
their subgtirate.

Antigens are usually proteins bhut some polysaccharides ean act
a8 complete antigenic agenta., A few proteins of relatively low molecular
weight possesa little or no actigenicity. Starches, dextring and
glycogens have been reported to be non-antigenic under normal conditions,
but sometimes a polysaccharide attached to & .rotein msy influence the
serological specificity of the protein. .:ipids mnd nucleic acids ere
antigenic only when combined with protein. Jenaturation diminishes or
completely destroys the antigenic activity of most proteins,

Eome snimal and bacieriasl iipids and polysaccharides are found
to be serologically sctive in the test tube, but do not induce the
formation of antibodlies when injected into enimals. Such substences are
¥nown as haptenes, These are further divided into coaplex and simple
haptenes. Complex haptenes are those which cozmbine ppecifically with
asntibody preparstions to yield s precipitate or coiher visual reaction.
Simple haptenee do not reasct visibly with antibody preparations, but
sonehow combine with the antibody snd prevent its conseguent precipitation

by the coaplete antigen.



The reaction betwesn antigens and sntibodies, onn e detected
by agglutination, precipitation, iysisycon lement fixeticn ang other
reactions or Ly un anaphylsetic reactlon in the liviog aolonl {Carmmter

1556, Hardin 1361),
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E. Sero-Di:gnosis of Hydatid Disease

Several tesis have been proposed for the diesgnosis of hydatid
diseanse, One of the simplest of thege is the intradermal test., It
was introduced by Casoni in 1911, It consists of injecting the
infected individuel in redermally with 0.5 cc of bacteriologically
sterile fluid from fertile hydatid cysts to which has been added one
drop of phenel per 20 ce of the fluid. A control is used consisting
of an isotonic NaCl solution with the same amount of phenol added.
The reaction is read three to twelve houre later and the presence of a
red wheal at the site of the injection indicstes a positive resction
while the conirol gives no reaction. Magath (1959) modified Casoni's
test slightly by preserving the fluid wiib merthiolate and as a control
used merthiocleted saline seolution. The typical response wes aobserved
in five to fifteen minutes using lesser guantities of hydatid cysi fluid.

The precipitin test was introduced by Fleig and Lisbonne (1907).
In the precipitin test the antigens are prepared in the same manner as
for Casoni's test except phenol is not added. The serum from the
patient is used without dilution or heating and must be crystal eclear.
The antigen is serially diluted. The serum is carefully introduced onto
capillary tubes and the antigen solution is then cmrefully layered onto
the surface of the serum. If the gerum is v;ry active a precipitate
appears at the inter’ace alsost immediately. Frecipitation is usually
complete by the end of two hours st room temperature, or overnight in
the refrigerador.

The bentonite flocculation test was first described bY Bozicevich

et al {1951) for use in diegnosing trichinosis. This technique was adapted
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for the dlagnosis of hydatid disense in man and anlnels by Norman gt al
(1959). Pischman (1960) described this test as follows: to each of
peveral serial dilutions of the serum in physiclogical ssline is added
one drop of a suspension of antigen~genslitized bentonite., After
mixing, a portion is transferred to a slide for microscopic examinmtion
for floceulation. A known poszitive serum and = negative conirol are
tested simuletaneously. The teat ia graded 4+ if all the particles are
clunped into geparate floce, 3+ if three quarters ere clumped, 2+ 1if
nelf, 1+ if one quarter and 0 if non-clumped. Only 4+ and 3+ are
considered positive while 2+ or leass are considered negative.

The polystyrene lntex tezt was first enmployed by Sinver and
Tiote (17956 for the dingnosic of rheunmatoid arthritis, Plaschuwer (1960}
gdepted 1% to the disgnosis of hydmtid disenpse. Sera are clesred by
cantrifugation, if necessary. The most concentrated dilution of persa
i 1:4 with sach suceeszive dilution having double the volume of saline.
The mazne voluase of a guspension of antigen-sensitized latex is added to
gach dilution. Thes tubes of the rixtures are incubsted gt 373 C for
40 ninutes end thea kept overcight at 4%.  The next duy the tubes

are esnirifused nrd read by the unaided sye. A knewn posliive seorum

1

"

and ool lne gontrol are tested concurrently. A heavy deposit indloutes
vonitive test. Tappins the tube nroduces suspended flucs that are
emuily vislble, The test 1n coneldered etrongly positive whuen the
auLerastrnt liouie is clear and the resuspended floes laryze. A weank
vest osoours 1 sho sureraatent liquid ie elightly hazy and the [loos

gianaier. A negative test is opague in appearance, elthner without deposit
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or with & small deposit emsily dispersed by tspping. Occasionally,
tests appear doubtful if graded on the appearance of the deposit omly,
These are considered negative if on resuspension no flocs are visible
to the unsided eye.

Hemolysis of red blood cells by serum in a test tube was first
reported by Bordet in 1898, although Landois in 1876 had previously
observed natural hemolysis by serum. In 1901, Bordet and Gengou performed
the firat couplement fixation test 1o settle an argument with Ehrlich
about the unity or multiplicity of complement, In the same year Widal
and Lesourd applied complement fixation for the dlagnosis of typhoid
and tuberculosis., Later, Yasserman, Neisger and Bruch published the
resulte of thelr work using complement fixation for the diagnosis of
syphillis in monkeys. In the period 19505-1906, Muller and Openheimer
applied the complement fixation test for gonorrhes and Ghedini adapted
it for hydatid disease in 1906 (see Xolmer, 1928).

Complement fixation has been defined as the fixation, edszorption
or inactivation of complement by an intersction between an antigen and
en antibody. ¥hen a complement is fixed in this manner it is not
availaeble for the lysis of other erythrocyte-antibody systems. The
complement fixation teet depends upon two readétions. First, it involves
an antigen-antibody system plus a fixed amount of previously titrated
complenent, If the antigen and antibody are speoific for one another,
they will combine and this combination will fix the complement. The

second reaction is testing for the free complement. This i2 accomplished



by the addition of erythrocytes sensitized by specific hemolysin,

1f the complement is fixed by the untigen-antibody syste~ then no
complenent will be available for the lysis of the sensitized
erythrocytes. If the antigen-antibody systewm is not specific or if

one of ithe components is miasing, then ihe ecomplem.nt resains fres

to produce hemolysis of erythrocytes. Therefore, a positive cowplement
fixation test gives no hemolysis and, conversely, =z negative test gives
hewolysis. If either the antigen or antibody slone Bind the cosylenent
they are not suited for thé complenent fixation test wnd are colled anti-
complementary. In order to overcome this objection two controlc nust

be carried out with the test, e serum control and an antigen control.

The indirect hemsgglutination test wee introduced by Zoyden
(1951), He was the first to use tannic acid-treated sneep erythrocytes
for the adsorption of certain proteins suspended in szline. This
treatment of sheep erythrocytes with tannic mcid brought about a change
in the surface properties of these cells, rendering them capable of
adsorbing certaln proteins,

The fact that tanaic aecld & olutinates erythrocytes has been
known for many years. Reiner and Pischer (:929) discussed the mechanism
of tuis effect suggesting that tannic acid alte}a the surface properties
of the erythrocytes, changing them from a hydrophilic to a hydrophobic
state. PFreund (1929) suggested that tannic acid brines about s change
in the surface potential of the celils, waich in the preserce of

certain electrolytes results in their agglutination. Thus, when a



gpecific antigen is adsorbed by the tannic acid-treated cells the
erythrocytes are sensitized and, when exposed to specilice immune serunm,
nemaizglutinetion veccurs. Ingranam (1358), worenna (19%7) and Csiznas
{(1960) used ihe same penersl procedure but treated the celis with
foraalin,

The indirect hemsgglutination test was adespted b, Sursbedian
et 651 (195T7a) to use human grou; 0, Kh negative blood for the dimguonis
of nhydatid diseunse. Allein and ragan (1961) reported the furiner
sdvantayes of using foruslized shieep cells, sensitized with tannie
mcid and coated with Echinogoccus antigen instend of wsing fresh cells
in the aemagglutination test. This allowed the formaliwed, antigen-
coated cells to be atored at SGC for two weels and still retoin their
stability. These celle could e stored for periods up to 6 months if
the temperature were lowered to —700ﬁ or 17 they were lyophilized

and gtored at -ZOQG,
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P, Specificity snd sensitivity of 2

For the complement . fixatiom test, Prirley {(1902) foune ihet

hydrtid eyst fluld frox sheep lung or liver eyote with hish seolex
content wag an effeciive anligen, wiile Fluld Jrou sove hunain cysie
wiick possesged Tever scolices proved 1y be ¢ poor antioeu. Fluidue
ctteined from non-fertile cystis which did uot eonlsin any scolices did
net Zave any antigenic property for tudes mest. Leline end slecholie
extracts of living or degenereting daughter ¢)ysts had no gnvtigzeuice
roperties, whereas hotn elecholic and ssline extracts o senlices wwre
potent antigen. Although eleoholic extraete of the e¢yst Tluid were
antigenic, Fairley did not fird ihen as potent «s the originsl f£luid,
Hydstid eyst fluids from fertile cysts of cettle liver and
lunge were filtered through cotton =and jeuze nid used es snti-ens Uy
Gsravecien et al (1957a). The fluid wuis considered stronly wciatigenic
it
in the coaplement fixation test if/suowed s dilutiosn titer of 1:2 or
114, or if in the indirect hemagplutination methoed it hnd & titer of
1:2, Garanbedian et al {1957b) used such fertile hydatid oyot fluils
stored at - 20°C in seuled aunpules Tor a compsrisen of the elilescy
and the complenment fixelion and indired hemegglutinstion tests. Vaing
gers froem 16 infected personne they reported péaitive reaul’'s in 83.7%
per cent of the tests uolug indirect heragglutinetion and 68.7% ver ceut
with the complexent fixation test, Jsrum from 34 people unot infected with
hydstid disease produced conglstently negestive resulies with the indireet
henerglutination and 5.8 per cent poeitive resulis with the compleament

fixstion test. Un the besde of tueme resulte the suthore conciuded
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thet the indirect hema ylutination test is more sensitive and more
specific for the diagnosis of hydatld disesnse than is the complement
fixstion method. It was also shown to be less expensive and easier
tc perform.

In further work, Garsbedien et sl (1959) used fertile hydatid
cyet fluids from cattle to compare and correlate the indirect
hemagelutination test, the complement fixation test and ithe intrsdermal
test for hydatid diseamse. OUf 79 petients having hydatid disease &1
save positive tests with complement fixation &t titers of 1:2 - 1:512 for
T7.2 per cent accuracy; 69 gave poeitive tests with indireet
nemegglutingtion at titers of 1:10 - 1:163%,840 for 87.3 per cent
accouracy; and T0 gave positive teats with intradermal tests for 88.6
per cent acourscy.

Knierim end Niedmann (1962) compared the couplement fixation and
indirect hemsgglutination tests using Yertile eyst flulds from sheep
and human cyets. They found thet, of 203 patients with hydatid
disease, the indirect hemagglutination test was positive in 171
patients while the complement fixetion was positive for 151 patients.
From this they concluded that the indirect hemagglutination test was
the more sensitive and should be used therefo;e a8 & routine hospital
test.

Fischman (1960) compared meveral of the tesis used for detecting
hydatid disease. He uased fertils cyset flulds frox sheep cysts in the
complement fixation, latex and bentonite flocculation tests. In

comparing the complement fixation and the latex tests 29 cases of known



hydatid disease were used. Both tests gave positive results in 27

cases for an sccursey of 93.1 per eegt.t In coamparing the complenent
fixation and bentonite flocculation é::aaéf 33 known cases of hydatid
disesse were used. JBoth tests gave positive resulits in 30 csses for an
accuracy of 90.0 per cent. The titers ranzed from 1:8 to 1:256 for the
latex test, 1:4 to 1:128 for the bentonite floceculation test and 1:10 =
1:60 for the complement fixation test,

Kagan et al (1959) using pig hydatid .oyat fiuid that was dialyzed
in running water and concentrated three fold by perveporation also
compared several tests for hydatid disease diagnoeis. On 30 known hydatid
disease sera, the hemagglutination test was 96.6 per cent sensitive
at titers of 1:20 «1:25,600 and the bentonite floceulation test 90

per cent sensitive at titers of 1:5 - 1:2,560. Complement fixation

gave only 3%6,% per cent positive resctions. Of 246 non- fSchinococcus

sera tested, 14.2 per cent gave positive results with the indirect
henmagglutination test 2t titers of 1:50 = 1:100 while 10 per cent were
positive using the flocculation test,

Norman et g1 (1959) used two autigene in the bentonite flocculation
test. Scolex antigen was prepared by saline extracts of ethere-extracted,
dried "hydatid sand", A hydatid cyst fluid aétigen wes concentrated
from pig, buman and horse cysts,.df 413 "symptomatic" cases compared,
the bentonite flocculstion test ;ave 42 positive at titers of 1:5 -

1:2,560 for a total of 10.1 per cent and the complement Tixation test
cave 20 positive at titers of 1:4 - 1:128 for a total of 4.9 per zent,

In 18 surgically proven cases of hydetid disease, the bentonite
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flocoulztion test gave 18 positive nt titers of 1:10 - 1:2,560 wiile
complemen. fixation gave 7 pusitive st ititers of 1:4 ~ 1:128, Two
hundred seventy sers fron ilndividuasls possibly exposed to hydatid
dicense werc used 1o compare the sensitlivity of the ventonite
flocculation test using scolex antigen snd coneentrated viaole cyst
fluid of porcine, human and horse origin. The sensitivity was 41.9
per cent for scolex antigen, 9.0 per cent for porecine Plulid antigen,
5.2 per cent for horse fluld antigen and 4 per cent for hum:n fluid
antigen,

Eagan g3 gl (1560a) used antisera produced by im-unizing
rabbits with liver extracts from cotiton rate, heamsters, plge snd wsan,
The racbit sera produced were shown to cross-reaset in the ventonite
flocculetion and indirect hemsgglutination teste with hydetid ecyst fluid

rud oyst membramne antigens of Lehinoeoccus granulosus rou pig liver,

Alsmo the testis cross-reacted with hydatid fluld and eyst satigen of

schinoeogeus nultilocularis froa cotton pat liver. The activity was

stronger with Zchinoccus multilocularis then with Echinogoccus granuiosus

and ocoured more frequently in the indireet hacnsgglutination test then
in the ventonite flocculation teat. The suthersconcluded from this
that nydatid eyst fluld containg anti.enic substances of host origin.
In sudition human sers fron liver cirrhosis, nephrosis, multiple
mycloum cross-reascted with liver hydatid cyst fluid entigex iu noth
the indirect hemagglutinetion and bentonite floceulstion tests. Yhis
reaction wes conaidered oy the author to be due to auto-mntibvonies

stimulated by liver degencration products,.
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Kagan and Lorwan (1961) analyzed various erude hydetid
entigens by the ager double diffusion technique in micro tubes and
plates, Lydatid cyst fluid, cyst nesubrane sud scolex antigens reacted
wilh thehomologous axti sera prepared in rabbit siowed at least 3%
precipitin bands, 4 of wulch were of parasitic origin acd & of nost

origin. Zeninococcusd multilocularis showed 27 bands of which 4 vere

of perasitic origin and T of host origin. Although scolex asutigens
were compoved slumost entirely of parasitic sntigenie components, these
antigens were not the most resctive in the serologileal tects. Hydetid
cyst fluld wes proved to ce the wost resctive in dingnostic serolosical
vests. Toe utiiorSspeculrsted that the nost ansibody reeponse in hydatid
dipense 18 agalust excrefory-sccretory products of the parcsitie rather
than against somatie antigeuns of the parasite.

Bensted mnd Atkioson (1553 uzing as san antigen fluids from
shieep bydatld cysis preserved in 1:10,000 uerthiolste solution tested
45 patlents of ‘hich 20 were noun~-hydatid., Hoth the couplerent
fixation and intradermel recctivns were negative in these 70 crses.

were positive
Vi the 2% verified uydetid ceses, 27T Ay the intraderasl resction.

The results of these compar=tive teste are given in Table i,



Table I.

Compariecas of Zencitivi.y of Serolorical and Skin Teests in the Niagnosis of Hydstid Direace

"'"' ) o T B Dingaostic Yumber of  rFositive
Reference Antigzen test cnoes reasctions Titers
Fairley Alcohol agnd seline extrretion of scolices snd
{3922} menvraaes C.F. 83 83,37 -
Perabedian beoirated, Tiltered fertile hydutid fliuid I.1. 16 81,25 -
et 81 (19%7b) fron eyets of cattle liver and lungs CoF. " 63,757
Garabedian Fertile oyst fluid from hydatic cystis of I.4, 78 7.3 1:10-1:163%,340
et al (1959) cattle C.¥. " T2 1:7 =1:512
1.0 " 88.6°
Knierim and Yertile cyst fluid from sheep nnd human cysts 1.H. 203 g7 -
Niedmsn (1962) 747 -
Fischman Yertile cyst fluid from sgheep cyst Vele 23 §3.1" 1010 - 1:60
(1960 " R - R R
Colf 33 90.97 1:4 = 1:128
Xsgan et al Hydetid fluic fron pig cysts dislyzed in running “e¥e 30 90 . 1:5 - 1:2,560
(1959} water zwi concentrated by perveporstion 1.1, 4 96 .67 120= 1:205,600
Horman et al Seclex aatigen by saline extracis ¢f ether- Haity 413 36.12 tS - 132,560
(19%3) extreected, dried hydsild sand hydstid fluid S.4,  pysptometie 4.2 4~ 1:128
antigen concentrated from hosz, human, horse cysts C.7. 18 39 34 - 11128
LR, proven 1007 0= 1: 2550
Bensted end  rertile cyst fluld from sheep C.v. 29 93.2% -
Atkinson {1953/ <2 29 86,4

Co¥a
Lete
I‘E.
T -
iee

T ag
Lo N 4

Complement fixation
Latex f{locculation
Indirect henmag. lutination
Intradersal

Bentonite flocculntion
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G, Lntigen . repsraticn Jor Lie Lerg-iid
Digence

Sericus investlgators have sattempled to isolete the gpecitic
chenicals azents in hydsatid materisl wihieh are recponsible for the
forintion of the entibodies desonuiretle by these varlows tesis. Fairley
{1322) used tne powdered reubranes of hydatid cysts extracied for
seversl days with absolute alcohol wnd powdered meunlices extrascted
with either absolute alcokiol or asaline sclution sw entliyens iu ithe
complezent fixation test. He Iound tsnem all to be potent. :lilce
{1527) uced alconolic extrscis of hydatid scolices snd fuune they
were more potent ithan bydatid ¢eyei fluid in the complement fixallion
test, precipition test aud Cesoni leet, le Lelioved that ihe antijgenic
factor was sleoucl~solublo rather than seline-or acetones soluble nnd
thuaght 31 wae malnly lipeddal ia nature.

In later work, cenekji (1941, isolsted & “polysmccharide" ay
extracting scolices with four volumes of acetone overnight, The scetone
fraction when dried gave s powder wiich was sctive usin: the Casoni
tegt and precipitin test. Ancther sctive preparation was aade by exjracting
thie peolices for £8 houre with 5/4 triochloroascetic acid., The supsrnataat
liguid was neutraliged with HaOH and the p?eeipitats gerarates, washed
with asbsolute sleohol, washed with ether, dried and used ia the sume
tests Tor hydatid disease, This antigen wes soluble in meids,
procizitated im alzsiine soluiions, gave & stroung Molisel tesi for
carbohydates but did not react with Hiuret's or ‘illon'’s test Tor

protveins. 1t recuced Yenedict's solutivs only ofter hydrolysis,



Culovertson snd ose (1941) derived antigens sultable for
eliciting piin resctions in patients with hydatid disesse {rom
severel different cestodes, includin lervel steges of ichinococgus

graunulosus, Tsenie saglneta, Tnenis cressicollis, Hywenclepis

cesticillug and in both the sdult and sparganum of Diphyllovothrium

penoonvides. The sotive substances were ssline extractg prepared
from dried, ground cestodes. In addition to the whole worm, =
protein-free "polyssccharide” derived from Teenie eressicollis was
prepared by Culbertson and Rose after the wmethod of Campbell (1939).
In this procedure sn alcoholic srecipitate was preprred in acetic eseid
solution., The abgeunce of proteins wae ghown by negative Tiuret test,
no precipitete with pnoasphotungstie scld and no nitrogen by
Nesglerization of the hydrologate. Thias "polysaccharide™ extruct
elicited a skin reaction eveu when the stock solution, which
contained 10 agm/0.1 ce was diluted a hundred tinmes.

1 (1941) umed cyst fluid, menbranes n:ud "hydetis

firosky et
pand” to extract a "polysscchsride” antigen, The fluid was filtered
through & bacterial filter, dimlyzed and the proteins precipltated
with saturated LaCl. The remaining liquid which did not contain eny
trichloroscetic precisitable naterials or heat coagulstable
substances, was treated wi'n alechel to obtein the antigen. The
membrunes were extracted with ssline for 48 hours in the cold, freed
frow protein by precipitstion and the supernetent liquid used., The

*hydatid sand" wee centrifuged, wesshed n:nd irested in ithe caue¢ nanner
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ug the m&mpruuu&. This antiyen wes sn sworphous wilte powder,
inpolublie in water wud organic solvents. It gave g negative test
with Fehlings, Fluret or icdine solutions. It coniained £.5% per cent
nitirogen =nd hydrolysis with concentrated HOl wave the resction of
levuiinic acid while nydrolysis with ¥ per ecent 0L for three hours
gave g roducing sugar wilch with phenylhydrazine gave a zlugosone.
Iunis antigen was setive in the Cesuni intradernpl test, Compleneni-
Tizxiong antivodies were demonstrated when $him polyssccharide was
injected subcutanecusly into rabbits, but in humans having hydatid
digease 1% wag ungertain that complesent=fixing antibodles ageinet
this polysaccharide were present,

Cmelik (1952b) extracted = "polysaccharide” antigen from the
meusranes of plyg liver cysts using four different extraection procedures;
extracotion with water, extraction with trichloroscetic acid, enzymatie
hyarolysis with pepsin and a cowbisned nydrolysis with pepsin and
tr; nein. Tne extruction with water invelved adjusting the 34 to
ZeH with acetic seiw and aielyzing. Alcohol was added to the solution
%0 give an aloohol coacentration of THperisent and the precicitate
wengoed and dried, In the second sethoed, the fresh se brones were
extraoted with Tive per cent trichioroacetie m;id for 24 hours in tue
gold, After centrifuging, the solution wes dislysged snd scevone added
to an scetone goxacentration of 7O per cent. The resulting vreecipitate
was purdfied by reprecipiteting, we hed aud dried. for the peprsisn
digemtion, the nmembrenes sere ground ain water rud ihe pi aajusted

o o - g P » O ~y
to 4,0 using normsi Cl. after 24 nours incubasion at 37 °C, the



solution wus dimlyzed sndthe procedurs with acetone followed as in
the trichlorocacetic acid extraction.

In the combined digestion with pepsin end trypsin the incubation
was first cerried out at pi 5.% and then sgain at pH 7.5, 4fter filtering
through a glass filter a "polysaccharide” was obtmined. It is of
intercvst to note that Kilejian et al (1962) followed this latter
procedure in an attewpt to isolate polysaccharidee froum the laminated
nembrane, but gross bacteriasl growih at the neutral pH for the trypsin
digeetion made the procedure impractical in their hands,

The presence of protein substances and amino acide in thess
products wes teszted for by Emelik using sulphosalicylic meid, Hiuret's
reaction and ninhydrine, while for the detection of sugar the reaction
of .olisch was ewployed. The presence of desoxypentoses was proven
by the reaction of Pische. The reactions for peutuses were Ivllowed
after Tollens and Bisl and Tor ketoses after seliwanoff, Glucosamnine
was proven to be in tne hydrolysate using the procenure of zlson and
~organ. The results of these tests are summarized in Table 1I for the
verious extracts.

The complement fixation anu intradcrmai tegts were used by
Crelik (1952b) to determine the activity of these various extracts.

The purest polysacchnaride" obtained by combineddigestion with pepsin
and trypsin did not fix complement in guineas-pige seneitired with the
materiul. OUn the oiher hand, this croduct gave a tewporary snd a constant

positive siin-reaction in _echinococcus carriers.
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Table 1I, Chemical Rezctions of ‘rocdeuts Cbtained by Lxtraction of
Hydatid Cyat ﬁombranec (Atter Emel;k, 1952b)

kulﬁhc-

sligylic Niohydr- Celiw- Elson
Extracts scid ine Biuret Molisch Dische Tollens Bial snoff Horgan
¥nter + + o 4 - - - - -+
Trigh loro-
acetic
agid - - - 4+ - v - - ey
Yepsin + o - ++ ++ - - - s
Fepgin
o
trypein - - - ++ -+ - - - +t

(++) indicates strongly positive,
(+3 poesitive,
(+=) weakly positive,

(=) negetive.
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Another worker, bYagath (1959), reported that the antigenic
property of hydatid cyst fluid was in the protein-free, acetone-ether
insoluble portion using the complement~fixation test, but he noted
that this active fraction moved electrophoretically with gamma glbbulin
like proteins of cyst fluid., I% could, however, be separated from
the proteins by protein precipitation and still retain its activity.

Maciab (1948) prepared an active "polysaccharide" fraction
witieh he used as an antigen in the precipitin test for a patient having
a pulmonary hydatid cyst. No method o1 preparation was indicated.

Pirosky et al (ifﬁ?} used various preperations of as antigens
in the complement fixation tesi. The 4 materials used: (1) the hydatid
cyst fluid, {2, water solubie fractions of hydatia fissues, (3) organic
solvent soluble fractions of hydatid tissues and (4) a so-called "antigenc
integral”. This latter was a suspension in phyesiological saline of
cystic membranes, It contained one per cent organic substances. Cysts
from cattle liver were used as ihe source for ail the material,

The water soluble naterial wes separated into different fractions
containing proteins and polysaecharide, The protein frox th&‘fluid WES
precipitated with satursted sodium chloride af pH 3.2,‘dialyzed,
centrifuged and redissolved. This process was repeated several times
and the product was finslly discolved in physiological saline at pH
746+ This fraction contained 2.427 graus nitpqgnn.per 1000 graums of
protein, The scolices were ground in a ¥aring Blendor and a metnod
similar to that for the fluiu followed. <+he final precipitate contained

0.5 grame of nitrogen per 1000 graus of protein., The cystic wembranes
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were first ground in a Waring Blendor conteiner previously chilled
to -4000. This was followed by extraction in sterile distilled watex
for 48 hours. The resulting solution was tiltered mné the ligudd
subjocted to essentially the same procedure as that for hydstid Tluid.
The product was & protein containing 4.3% graus of nitroger per 1000
graus of protein.

The deproteinized liquid fron the hydatid cyst fluid, ueubrznes
and seolices waug treated with 5 percert trichloroacetic acld for 24
hours, centrifured, wade ucid to pH 5.5 and an equal volume of 96 per cent
alcohol in e buffered solution added, Saturated sodium chloride wes
edded snd a precipitate formed. The polysaccharide was dissolved snd
reprecipitated with alcohol., It gave a negative test with Biuret, a
strongly positive Holisch test, negative Seliwanoff and a positive test
with levulinie aeid. It contained 2.5% per cent nitrogen. The organic
solvent fractions were prepared by using alcohol, acetone, ether and
various comvinations of itnese as extracting agents. These authors
found that the complement fixatidu property depended on the protein
contont.‘ Of the weter soluble material, only the protein part
reacted with the corresponding antibody. This protein part and the
hydatid cyst fluid were species-specific when tested against sera
from patients with hydatid disease, Teeniu segipats iafection end
several bacterial infections. In the organic soluble metefial group
specificity was observed for taenigd tapeworms at certein concentrations.

The hydatid antigeno integrsl wes capable of fixing complement but no

definite conclusions could be drawn.
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The author concluded that the protein fraction- by specificity
and sensitivity- was the most approprdate antigen for complement
fixation test.

Dennis (1937) precipitated the "protein” from hydetid cyst
fluids of livers end lungs of cattle and sheep using 5 per cent
trichloroacetic acid. He found that 3 per cent trichloroacetic azcid
did not give a precipitetion of all the zctive material and that 8 per cent
gave little increase. The precipitated protein was washed and
redissolved in physiological saline, reprecipitated, washed and again
dissolved in physiological saline and finally subjected to Sesitz
filtration, This material was shown to be active using the complement
fixation test, the precipitin test and the Casoni test for hydatid
disease.

Pautrizel and Sarreau (1947) prepared three different products
from hydatid scolices and all were found to be good antigens when
tested intradermelly. These fractions were: a glycolipid complex
prepared by trichloroacetic acid precipitation, a glycoprotein-complex
made by precipitation with sbsolute glcohol and ether and & polysaccharide
fraction prepared by precipitating the proteins with phosphotungstic
acid and then precipitating the supernatant with absolute alcohol.

Norman et al (1959) obtained three materials from "hydatid sand’.
Por one the “gand" wes extracted with physiological saline for 24 hours
in the cold. In another, lyophilized "sand" was used and for the
third product a fat-free antigen was prepared by extracting the lyophilized
"gand" with ether. All three antigens were snown to be active using the

bentonite floecculation test and the complement fixation test.
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Kagan gt sl (1960b} in studying the best sntigen in the indireet
nemegylutinstion test, used hycsitid eyst fluild snd saline extrmots of

dried scolices =nd cyst membraaes of Lehinococcus granulosue obtained

from pig liver cysts. Also, they used "fluid", scolices snd whole
eyst material from _chinoeoccus multilocularis of experimentally

int seted cotton rets sand gerbils., These crude antigens were tested
witnh specifie antisers prepared in rabvits cgalnst esch zaterial and
alsc mgeinst sera frow individusie with previous hydatid disesse.
crossereactions between varicus sntizens and antisera were obtained
when teste were anade with antisera of immunized rabbits, These crovg-
resctions were uore evident in c gt and scolex antigens of hoth
species then in hydatid fluld or neabrane antigens.

Hydstid oyat fluid was the test sntisen with sers from patients
with Zg¢hinococcus granulosus. Trichloroscetic acid was used to
precipitete "fluid™ outained from Zchinococcus multilocularis cysts as
well ae from Lghinogoccus granulosus. The ichinocgecus granulosus
fraetions had no advantage over erude hydatid cyst fluid, wherens
fractions of Eehinogoccus multilocularis were superlor to the
unfractionated naterial in ihe merologicsl test. They suggested that
&« more metive sntigen might be obtalned if a ﬁethod were found for
axtracting thne lipo-protein-polyseccharide couplexes and that the
sctive antigenie ccmponent in ihe indirect hemagglutinsgtion test ~ight
he a protein.

Lono and :rellegrini (19%6) separated hydatid eyst fluid proteins

electrophoretically. %hen cettle origin and sheep origin fractions
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were compared, they showed little varietiosn in thelir e¢lecirophoretic
patterng, However, the fluild proteins frow cysts frow different
organ locations gave slightly different retee of migrstion. The
proteins separsted all moved towerd the wnode and mune Had dilferent
rates of wnigration depending on thelr origin in fertile or uanfertile
cysts.,

frotein extructs of the leminsted me brane aund germinetive
layer of eehinococecal cysts from the liver and lunzs of catile were
also electrophoretically fractionsted by Horellini unc Perri (1960).
The extracts were prepsred by mechsnically triturating the meterial
at -40aC in & apeclel apparatus. After grinding, 1t was sheaken =zt
4°C in & cold room for 24 hours, centrifuged and the supernetant
removed. Upon iyophilization of the supernatant liguid a white water-
soluble precipitate was obtained and this meterial used. They found
four proteins thet migrated differently end, of thege, ouly the
certer two proteins possessed mntigenic aciivity using the complement
fixetion test. These ratier pure extrects, when injected inte reviits,
produced antibodiesn which were specific agsinaet that antigen and did
not give guy crops-~resction egsinst entigens prepared frox other
species ns evidenced by the complenent fixation test. They estinsted
that ine membrenes contained about 5,000 times more of ihe antigeanie
protein for tunis test than did the hydatié cyst fluid,

in 80 far se the intradermal snd complement firation tests are

concerned, these findings are summsrized in Tables II1 and 1V.



Table 11,

hetive Antizene in the Casoni Skin

Teat for lydetid Disease

B e e e e e e e e e e e s et e A e A e oo d

Source Antigen Identificmtion Hesulte Heference
Bydatid polysaccharide T.po8itive Holisch test aetive fenekiil (1%43}
cyet 2. negative Piurets and =illgns .- tests
scolicee 3. reduction of Henedicts after hydrolysis
Sesenis polyeaccharide 1. negetive Biuret test setive Culbertson znd
grassicolis 2. no precipitation with phosphotungstic acid Fome (1941)

3. no nitrogen vy NHesslerization of the hydrolosate
Hydetid polysaccheride 1. negative Fehliings test
eyst flulg, 2. nagative Biuret and iodine tests
menbrines %. hydroliyeie with conec. HECL gave & resciion witn active Pirosky (z941)
suG hydstid levulinic seid
sand 4. hydrolysls for % hours gave a redugiag sugar

whdch gave & zlucosone wiih pheuylhydrazine

laminsted polysaccharide 1. negative pulfosalicylic acid lest sciive Eaelix (1352
mesbrenes 2. negative ninhydrin test
of hydstid 3. pegative Iiuret test
oysts 4. positive ¥olimsch test

5. positive Dische test

6. negative Yollen's test

T. negative Bial's tent

8. negative Seliwsnoff teat

Jo positive Elson sorgzasn test
Seolices Teglycolipid - sctive rautrizel ard
of hydatid Z.glycoprotein - Sarveau (1947
eysts Z.polysaccharide -
flydatid protein - setive Dennis (1937)
cyst
fluid




%able 1y, Active kﬁtigana 1n the Cegplement Fization ?est for Bydatid ﬁisen&a

o ure' — —— ,l gea I T ’_ 1, xS y o - - ‘ y > 1 . - 'V' erence
Hydatid cyst Protein free,mcetone-cther - active Hagath (1959)
fluid insoluble portion

Hydatid cyst Polyssecharide 1.négative Fehlings test active only Firosky (1941)
fluid,menbrane 2.negative Bluret and iodine tests in rabbits

and hydetid I.hydrolysis with con. C1l gave a reacticn

sand with levulinic seid

4.hydrolysis for % hourz gave a reducing
sugar which geve a glucosone with

phenylhydrazine
Laminated Pglysacchiaride 1. negative sulfaselicylic seid test negative in Brelik (1952)
mnembranes of 2. negative nimhydrin tesi sensitized
hydatid cysts 3. negative Biluret test guinea pigs

4. positive Holisch test

5. positive Dische tezt

6, negative Tollen'’s test
7. negative Bial's test

8, negrtive Seliwanoff test

9. positive Elson Morgan test

Fluid,scolices Folyseccharide - 1. negaiive Biuret test negative “irosky et al
and membranes 2. positive Molisch test {1949)

of hydsatid 3. nagative Seliwanoff teat

eysts 4. popitive test with levunilic id

Fluld,scolices  Frotein - active Yirosiy et al
and membranes (1;49}

of hydstid gysts

Hydatid cysy f1uid ZIrotein - active Dennis (1937}

positive only In

: iii::i:a:ygt Frotein electrophoretically the 2 center “orellini ﬁgé
f protein fractions Ferri (1960
‘ , g ) B )
Hydatid cyst Lipoidel - active Hiles (1327}
- gcolices
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Sumsgry
Any investigstion into the antigenic faetore regponsible
for the production of santibodies in hydatid dimesse which sre
detectablie Dy the various serological testis avalliable is thaue Teeed
witn » considurable literature that is in many reepects confuuing
and oftern confliicting. Altuough no sattenpt has beern asde here to
revievw in detail the literature on hydatid cheadstry jer se, it is
safe to say that the chenical compositions of hydatic cyst fluid end
tissues are nol, even now, very well kaown. Huch of the existing
sonfusion in hydatic immunochemistry comes from different methods
of tesiing for antigenie setivity by different authors and sleo from the
zany different methods which have beern followed in preparing ihe
various antigenle products and extracts used.
The purpose of the present study was to observe, under conditions
aa nearly stendard ss possible, various biolegical, physical and
.
chemsical properties of the antigenic smaterial which is active in tue

indireect hemagglutination test for hydetid disease.
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KATERIALS 23D HETHCDS

A. lopdirect lemagglutinetion Test as Applied to
Hydatid Nisease

The indirect hemagglutinstion metiod described by Usrsbedian
et 5l (1957a) was followed throughout thils study with the szodition
of & block titraticn method for the nutigens studied. PFour dilutions
of rutipen were usged in eacelh experimsnt., with the excepiicn of the
antigen, all other vdriables in ithe satigen~-antivoedy zyster were
geut constant, Thus the tannic ecid uszed wuws from a singie bstek
of tyse 33 fiulfy lLyewgod BBremuod, Glasgow, Seotland., The saline-
piavgpnute buffer wes Bucto-streptolysin U buffer (code 05%16) fron
LDifeo suborstorieas, vetroit, fiichigen. All other factore were also kept
coustent througiwut Lue experiments ss indicated below. These frotors
inciuded the human pugitive sntiserunm, the huzan type C e’
erytorocytes and ine serun déluants.
1. Zhe .tanderd ‘atiserum

The serus used throughout these experiments wss teken frow w
pool of sers of 11 different hydatid disesuce patients., Approximately
four-fifth of ituis pool was coumiributed by on; woman ané wss
collected by tne Lepartment of Tropical Health for the %orld ‘Health
Organization to be used as an internationsl Svendard avtiserusn for
the diagnosis of hydatid diseasse. 2The titer of this stsndard cerunm

was 119,120 piue or minue one perial dilution when used sgainst

Bighly Jertile hycatid eyst fiuld frou sheep as the antigen,
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2. Human type O Bh* Erythrocytes

The donor of the cells used in tiese experiments was a non-
spoking, non-drinking individuel 45 yesre of age who had previously
been tested by the indireet hemamgelutination te=st and found to be
negzative for hydatid disease. Forty cc of blood were collected
weekly following a 12 hour fast and divided into two equal portions.
One portion wag allowed to clot and the serum removed and stored in
the tvosen state for use gg 2 diluent. The other peption was put
in modified Alsever's solution and stored at 4°C until uaed.1

The one varistion in this procedure oceurrad during a few of
the lete experiments when, due to the snewie condition of the donor,
additional blood sarmples were obtained from a similar male dounor
whose blood was of the saune type. These cells were compared in
duplicate experiments with those of the principal donor without any
change in results, standardized against a standard hydatid cyst fluid
and tiierefore it mey be safely assumed that this substitution hed
no effect on the results obtained. Bach substitution is indicated

A

in the results, however,

1éﬁodified Alsever's solution:

Dextrose 20.50 graus
Sodium citrate 8,00 grans
Sodium chloride 4,20 grame
Citric acid 0.%5 grams

Distilled water gq.s. 1000 ml
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3. Hydatid Cyst Pluidg for Coaparisons of Antigen fource

The flulds from individuanl hydatid cysts were msepiicalily
colliected by syringe in 100 xl vials snd immediately frozen wnd
stored until use at -20%¢.

a, Humayn Cyst Fluidg: These fiulds were collected from

fertile hydatid cysts of the brain, ithigh snd peritonesl cavity,
exch Trom a different patient in the Americau University Hompital.
They were collected during tue monith of April 1963 and used in
August 1963.

be Sheep nud vuattle Cyst Fluidg: These individuasl flulds

were coliected on iny T, 1956% from five cysta of sheep liver, five
of ecattle liver, three cheep lungs znd dne of cattle lung., These
aniuzls were slsughtered 1r ine Beirut Junicipel Abattoir. All

eyats were highly fertile. Ihese fluids were tested in July 1263,

c¢. Burrg Cyst Zluids: These {lulde were collected op :arch

6 and October 2, 196% from nine fertiie oysts in the livers oy
anirsls purchesed Irom fermers and sleuchtered st the frmericen
University fern. These fluide were tested in July and CTctober 1463,

d. Cane Cyst Fluids: These flulds were collected on July 5,

v

1963, awnd Kearch 4, 1964 from eight fordile eysis in tne lungs of
sninals slaughtered in the Munlcipval Abattoir of Demarcus, Syria.
Thege flulds were tested in Auguet 14963 and April 1364.

es foprdil Cyet Flulds: These flulde were collected in Detober

of
1963 from taree fertile secondary hydatid cyats from tares/ cerbils

{Serbillus werbé}lua}. Shesp were the original zcolex source. All three

cyois were from the peritounenl cavily =znd were tested in Uctober 1963,



Pnese flulds were collected in August 1963 frow six Tgenis
hydatigena cysts trom the peritonesl cavities of sheep gl dughtered
in 1be Beirut lMunicipal Abattolr. "he fluide were tested in Aupust

1963.

£. Fractions of Cystig ¥luide

Pructions of 3ghinococcus grenulosus hydatid eyst fluid were
prepared by Hr. . vougse following the procedure deseribed ia
?Tilejia:}i?;ﬁﬁ. Pne fractions of Taenis hydatigena cyst fluid
were prepared sinilarly by ®r. 2, roussam. These materinls had been
iyophilized and stored at -20%¢.

For extraction, 20 miliigsrans of ezch of ine iyophilized
sprotions was taken, These fractiuns were the freeging-ihawing
srecipitate, the dialysie precipitate, the tricnloroacetic acid
precipitate, znd ioe glechol precipitante. dach wae extracted %Lth
five cc of 0.7 per cent saline after homogenization in a Teflon-
p£le g tissue grinder then left overuisht in the refrigerstor st
4°C. The prevulting solutions were centrifuged nnd the sunernatant
tested at different dilutiocas. .

In another procedure, the same naterinls were reconstituted
40 their origzinal fluild volunes ueing Lncto-streptolysin valfer,
The antigenic setivity cr the fructione by each of these progedures
were then compared to that of the original cyst fluld fros which
they had been prepared.

sech frection was exasined by Br. M, Zoussa by infra-red
gpectropcopy and paper ¢lectrophoresis and, in some ingtances, bh: paper

ehromatosre pily £OY waino aelde and sugars.




C. uegolex nxtrnets

Jeolex extrscis were presared rom hyuatid cyat fluids of
both cattle und sheep using the procedure of Hagan et al (1550b,.
The only moditication was that instesmd of diluting the extract
1:400 e iagan did,the extracl woz diluted only 1:40.

The metnod of Hess -~ad Deuisch (1948 for the fractionation of
the gera of cattle wrg applied to the fractionation of bovine hydstid
eyat fluid, A volume of 3000 al of fertile hydutid eyst fluid =t pl
7.7 wna cooled to 0%C end 1685 ¢c of 50 per cent ethanol whiech had
praviocusly been cooled to -20% sge ndded to produce a Tinal etharcl
enneantration of 18 ver cent., The resuliing precipituste wus ceoutrifuged
and lyophilized to yleld 212 mg of dry materiel. Twenty mg of this
vreeipitate wan extracted with % co ssline overnight in the refrigerator
ut 408. aad centrifured. The supernatsnt liquid wes made up to 1:10
snd 1120 dilutione using Escto-strestolyein O bulffsr. Aliquots of the
precipitete were made up to thelr original volumes with Zucto-
streptolysin O buffer sud tested for antigenic sesivity. This
precipitate was exnnined electirophoretically by Hr. H. roussa.

Another scolex~fluid antizen was prepared by adding 2 cec. of
pacred scolicea to 30 cc of fertile hydatia cyst fiuid., This fluid
r4 tested originelly for a gerum titer of 1:5120 snd an antigen titer
0£:.118yi The seolex cyst fluid sixture wews uowmogenized ueing a Teflon-
giaes tiosue grinder. Jne fluld contelining lysed gcolices was left
évernight in tne reirigerator st éaﬁ, centrifured and the supernstent
liguid Trozen until used., In & repiicarion of tnis procedurs the

activity of the scolex-fluid mntigen was determined before freezing.
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REBU.TS

A. Couprrison for Antigeuic AcLivity of Differont
Hydatid Cysts from the Same crgan of the dame
Antual

The indirect hemsgslutination test using stendard huaman
antiserum waa performed on highly fertlle hydatié cyst fluids. A
sanzle was taken from each of five different cysts of the liver of
one sheer and each of five different cysis of the liver of one cow.
fne results of these itests sre summerized in Table V and vi.

Prom thesa tables it can be seen that there was no appreciable
difrersnce in the serum titers obtained or in the antigenic
concentration of hydatid eyst fluide f{rom nighly fertile cystis of

the same orgen of the same animal.

B. Comparison for Antizenic Activigy of Hydetid
cyst Fluid from Various Animels
A further comparison was coue to pee if the antigen involved
in the indirect hemagglutination test, sgainst’ the etand@rd human
antiserum, , differed in hydatid cyst flulds teken from different
species of host animsis. Thess resulie are sumasrized in Teble VII

aud shown graphically in FPigure i,



Table V. Antibeﬂy Titere Obt&inﬂa fram Pive Cyste of Cne uheep

Antigen Dilutione

Exveriment Ho. 1:2 1: 4 1:8 1:16 11%2
1 115120 1:10240  1:5120 115160 1180
11 115120 115120 115120 1:6680 -
111 115120 1:5120 1:5120 1: 4470 -
v 1:5120 1:5120 1:2560 1:4370 -

v 1:5120 1:10240 115120 1:5120 -
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Table VI, Antibody Titers Obtailned Yrox Pive Cysts of “ne Tow

Tt e e i b S

Antigen Silutions
1:4 1:8

Experiment do, 1: 2 1116 1:%2
I 1:5120 1:5120 115120 RPN -
ix 11102406 1: 10240 1:5120 111280 -
111 1: 5120 1110240 1:5120 111280 -
v 115120 1: 5120 115120 11 1260 -

v 115120 1210240 1:5120 1: 1280 -




bil

itoneal 9 9 - 5 - 0 -
it - 9 - 9.4 x=9.1 5.x =4.7 0x=20
Y X = 9

9 9 4 0
Ists
rtile)
le liver O 0 0 0 0
stg 0OX=2 O0X= 2 0X =2 0x=0 0x= 0
~fertile) 6 6 6 0 0
da 9 8 8 8.6
tigena 9 - 9 _ 8 _ 8 _ 8 -
'8ts ¥X=9 9X=87 8X=8 8X=8 8.2 X = T.9
‘tile) 9 8 8 8

8 8 8 T.4

8 8 8 T.4

* Fluid from a single cyst used for esch experiment.

** Each value on this table which represents a maximum antigen
titer is the mean of five replications.

e ————r v -



I&E},R»ﬁib&-

- 43 =

Table VII. Comparison of Fluid from Different Animals (Expressed in Tube Kumber)

Source and Antigen Dilutions*¥

=, 7 Humber of
o Experiment®  undiluted  1:2 1:4 1:8 1:16 1:32
Sheep 9 i0 9 9
Iiver - 9 - 9 _ 9 _ 9.4 -
5 Cyets x=9 9 x = 9.4 9 x= 8,8 8.8 x= 9 3
Fertile) 9 9 8 8.6
g 10 9 9
Sheep 9 _ 9 _ 9 _ 4 _
Lung - 9x=9 9x=9 9x=9 4 x = 3,7 -
Cysts ' 9 S 9 3
i?ertiie)
Cattle 9 9 9 7
Liver 9 =9 10_ 10 _ I _ T .
Cyate 9 9 x = 9.2 10 x = 9,6 9x =9 Tx=1T -
E?ertne) 9 9 9 i
] 10 9 K
Cattle
Lung -
C Et:» - 9 9 809 4
zyertue)
5.8 5.8 0 0
Burro 5.8 3 0 ]
Liver - T.8 _ 2 - 0 0
Cygts Ted x = 7.2 3 X = el O = C -
i?ertile) 7 7.6 2 X =1 o*=0 -
Te2 3 0 0
8 9 4 0
8 T2 3 0
8 6.2 0 0
Camel 7 T 3 0
Lung - 6 6.2 2 0
8 Cysts 7 - 6.2 2 0
(Fertile) g X = 6,6 3}3 6.3 'C{) % = 2.6 g T = 0.4 -
8 8 3 0
6 7 2 4]
6 6 2 0
Human 9_ 9 _ 9 _ 9 _
Hydatid Cyet 9x =9 9x=9 9x=9 9 xmT.3 -
Fluid - 9 9 9 4

2 cyets _
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Fertile hydatid cyst
fluid from sheep liver.

Fertile hydatid cyst
fluid from sheep lung.

Fertile hydatid cyst
fluid from cattle liver.

Fertile hydatid cyst
fluid from cattle lung.

Fertile hydatid cyst
fluid from burro liver.

Fertile hydatid cyst
fluid from camel lung.

Fertile hydatid cyst fluid
from human organs.

Fertile hydatid cyst fluid
from gerbil peritoneatl
cavity . ‘

Cyst fluid tfrom Taenia
hydatigena. -

FIG. 1. COMPARISON OF FLUID FROM DIFFERENT ANIMALS (expressed in tube number).



The relationship Letwesn tudbe number gnd dilution value

is:

tube number 1 2 3 4 % & T a8 9 10
dilution

value 20 40 80 160 %20 640 1,280 2,580 5,120 10,240

which represents a logarithmic funztion. The asthemsiinal Tormuls is:

Y= (10) (2)*
where Y 1s the dilution value (i.e. 1:20, 1:1280, etc.) and X is the

tule number. This can be written in logarithmie fora es:

log ¥ = X log 2 + 1.0

Hence %o convert a fraectional tube number %Yo dilution vnlue, it
is multiplied by 0,301 {the 1oz of 2)3 1.0 is ndded &:d the antilog
found., For exsauplet

for a tube number of &,26

(8.26) (0.301) = 2.4863

2.4863 + 1.0 s 3.4863

antilog 2.4883 = 3.06%

Therefore the tute number 8,26 represents = 1:3065 dilution,

¥Yigure 11, UGives tha graphical relatignship between tube
vumber and dilution value. The proper log dilution value corresponding
to the tube number is found. The antilog of this gives the dilution
value,

A eimiler graph could ve constructed on semi-log paper giving

the dilution values directly without texing antilogs.



TUBE NUMBER

o 1 . 1 ‘ ‘ 1 |

1.0 20 . 3.0 4.0 5.0
LOG DILUTION VALUE

FIG. 2. RELATIONSHIP OF DILUTION VALUE TO TUBE NUMBER.




FProm themse deata it appesrs that the host source of antigen
is of little if any significance as long ss the fluid ie obtsined
from healthy, fertile cyets. Uomewnat lower serum titers were
obtained with cemmel snd burro fiuide, however, thsn with the others.
On the other hand, sntigen titsre differed somewhat from cyst of
one host eniunel to another. An interesting finding wes that
Tsenig hydsatiyena cyst fluld was equally useful as = source of
antigen for the indirect hemmgglutination test. A group speeifie
factor is therefore evident,

Infertile hydatid oyst flulds possessed little or no sunti-
genicity no matter what host they were obtained from. The
exception was infertile cyst fluid from secondary infections in
mice, where the cysts wers slive but had not yet developed scolices.
In one instance the full serum titer was obiained at an antigen
titer of 114, Repeating the procedure with thres other inlected
mice, the infertile fluid was positive at a reduced serum titer
in one instsice and negative in the other two (sce Table VIII),
These cyste were examined under the dissectlng scops to inuu&e
that the hydatid cyst fluids were in faet infertile, These
results indicated that hydetid cysts begin to produce the indireet

bemagglutinating antigen even before secolices erise,



Table VIII, Serum Lilution Using Infertile sydatid Cyst iluid from
Secondary Infection of slce.

Anticen Dilution
sxperiment So. 1: 2 114 1:8
i 115120 * 1110240 1280
II 112560 * 1:2560 1130
111 0 * 0 0
Iv 0 0 0

¥ Menn of three replicatiuns



Ce The Effect of Temperature on the Antigen

Since Pucigalupo (1925} reported that heating hydetid cys$
£fluid for five minules at 100%¢ ¢id not deatroy ite sntigenic
properties in the iniradermsal &nd complement fixetion tests,
experimonts were desiyned to test the temperature inwsctivation
of hydetid cyst fluid using the indirect hemegglutinetion test.
¥nown active fluld from catile liver cyste was heated to various
temperatures for different periods of time. The activity was
tested after rapid cooling to room temperature. For teuwperatures
up to 30°¢ ten c¢ of the fluid inp & teat tube was pleced in s
constant teamperature water vath. For EOQC the 10 cc was divided
into $wo equel portions sad placed in the water bath as above., This
smaller volume gllowed the fluld teuperature ¢ reach that of the
water bath sooner since time ié more critical at elevated temperatures.
For 1OG°C the £luld was divided into 1 ¢c portions and the saunc
procedure followed.

The pool of fertile hydatid oyst Tluid from cattle livers
had sz original aniigen titer of 1:8 (serus titer 1:5120) when compared
t0 the standard humen autiserum. Heating ibis fiuid to 5606 Jor
2% minutes uond again testing the titer of the Ffluld aguinsi ibhe
standard humsn antiserum, suowed that there was no decrease in the
titer of the antigen or serum aud hence no loss of sotivity. Heating
it to 7000 for 2% minutes mlso produced no change, while hesting it
at 8003 for 2% wminutes gave doubiful reesults. “hen time at 80°C was
reduced to five minutes the titer of ihe antizen was reduced to 1:4,

At 100°C for five ainutes the fluic lost its antigenicity completely.

These Goits sre summarized in Table 14,
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Table IX. The Bffect of Temperature on the Antigen

Tenperature N s

maintained for Antigen LDiluiions

2% ninuies 1:2 1:4 1:8 1: 16 1:3%2

21% w

{room tempersture) 113120 1:5120 115120 1:640 -
* %

56% 1:5120 115120 115120 1:640 -
*w

10°¢ 115120 115120 1:5120 11640 -

a0%¢ DOUATPUL RESULTES

o e B

100°%¢ 0 0 0 - -

Temperature

asintesined for

5 minutes

. O ’ 1S 3

33°C 1:5120 1:5120 1:320 - -
A .

100°¢ 0 o 0 - -

* All experiments repeated two times with identical results.

*%* Mesn of three replientions,
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D. The Effect of iiltration on the Angigenicity of
Hydetid Cyst Fiuids

One hundred cc of fertile hydatid cysi fluid from sheep livers,
whose originsl antigen titer wasg 138 (gerum titer 1:5120) when compared
to the standard humsn antlserun, wag filtered through a Seitz filter
of one micron porosity. The filirate wes tested again %o deternine
any chenge in the antigen titer, and the filtrate wes found to heve
ilogt its activity completely. mne same Seitz filter pad was then
placed in au [iasi containing 100 co 0.5 per cent ssline soluticn and
kept in the refrigerator overnight with oceasional snaking. It was
then centri.uged and the esline tested by the indirect hema glutination
test. Thie geve entirely negative resuits.

This expsriment wes repestsd by ltaking 80 ce of fertile hydatid
cyet tiuia from sheep 1ivers which also had an antigen titer of 1:8 in
the indirect hemagglutinstion test when compared to the standerd human
antiserum. This fliluld wes filtered through a beitz filter OU the mane
sorosity and egain the antigenicitiy was 1o8b. The Seitz filter paper
was returned this time to the fluid filtrate end left with oseeasional
suaking overnight 1o the refrigerator. It wes then centrifuged end
the supernntant tested. Again the renuitls were negative.

5 fuprtiher sxperiment waas perforued &ﬁéra a new seitz filter ped
wan added to a flass contalning the ssae rertile hydatii cyst fluid.
The fiuid and filter prd were «llowed to otand overaight in the
refrigerator wita sccoasional shsiing sud then centrifugec. The
gupernstant liguid wes testved using ine indirsct hemaggpluiination test
and the resuiis were negaiive. This proved that itne gutigenic sctivity
wius Llost by mdsorpiicn by he vilier pad and not by filtration

(hes table A).
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Table X, The Effect of %eita ¥iltration on the Antigenicity of Hydatid
Cyst ¥luid®  (In Terms of intibody Titer).

e,

Autigen Dilutions

Uprerations 1:2 1:4 1:8 1:16
Unfiltered cyst ‘e
rluid 115120 115420 1:5120 1:40

Filtered through %%

ceitz filter 0 O Y 0
Adsorption on Seits .
filter without filtration O 0 0 0

* Bxperiments repeated twice with same results.

¥ desn of three repilomtions.
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E. Antigemic Activity of Scolex Extracte

Saline extracts of scolices from sheep and cattle cyets
when tested by the indirect hemagglutination test againet standard
human antiserum, in dilutions of 1:10, 1:20 and 1:40 d4id not show
any entigenicity. Hepeating thls test with four different samples
of scolices gave the sane negative results (see Table XI).

Almo, no chunge in the titer of the etanderd human sntiserum
wes obtained whnen an atteupt was mede to adsorbd sntibody from 1 ce
of the 1:10 dilution of lhe standard humsn sntiserum by adding a
drop of the scolex exiract. After incubetion at room tesmpersiure
tor half an hou this serux wes re~tested against a known antigen
without loss of titer.

The activity of previously antigenic hydatid cyst fiuid
was completely lost when scolices were lysed 4in 1t, and the super-

netant used after cectrifuzation (Table XII),

¥, Effects of Freegzing, Thawing and Frozen itorage
o8 Antigenic Content of Cyst Fluids
The effects of repeated freezing and thawing aud frozeu ztorage
st -20°C on the activity of the fertile hydatid eyst fluid was investignted
by freezing a sauple and then thewing sud testing it once every amontih.
Sawples tested in thie manner for five months had not lost any of

their activity. (See Table XIII),
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Table XI. The Antigenic &ctivity of Scolex Extracts
(In Terms of Antibody Titer).

o

Scolex lxtracis at Different Dilutions

Experiment Ko, 1:10 1:20 1:40
* 1 0 0 0
* 11 0 0 0
111 0 0 0
v 0 C 0

* The human O Rh* erythrocytes were by a different
donor.,



Table XII. Antibody Titers bialned Iyrom Deolices Lyssd in the
Hydetid Cyst Fluig®

Uperations 1:2 1:4 1

L]
&

Hydatid cyst
Fluid 1: 5120 1: 5120 1:5120

Hydstid cyet
fiuid »lus lysed
scolices 1t 0 0

¥

“ean of three replicsticns,
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Tavle XIII., The iffect of Repeated Freeszing and Thawing and Frozen
Storage on the Antigenielity of Uydsatid Cyst Fludd
(In Terme of Antibody Titer).

e i VB85 R A 2, 1 Al A s~ AN A S - A

Pate 1:2 1:4 ‘ : 1:8 1: 16
November 27,1963 1:5120 1:5120 *1:5120 1180
Janusry 2,1964 118120 1:5120 " 115120 1:80
February 5,1964 1:5120 115120 " 415120 1180
liarch 1,1964 1:5120 1:5120 118120 1180
April 6,1964 115120 1:5120 115120 1:80

* Menn of three replicatiuns.
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G. Practionstion of the Antigen
Hesults of the indirect hemepggzlutination test on different
lyophilized fractions of Lghinogoccus granulosus following the
procedure of Kilejian et gl (1962) are given below end in (Table XIV),

1. The freeze aad thaw precipltate was negative.

2. The dielysis precipitate was active in dilutions of 1:10,
1:20, 1:4C and 1:80 at & titer of 1:25%560,

3. Trichloroacetic seid precipitates gave the same titers
as the dielysis precipitate, but as the yield of trichloro-
acetic acid precipitate ( 295.5 mgus) exceeded thet of
the dialysis precipitate (. 220.8 mgms),>1£s actual antigenic
activity wes somewhst greater,

4., The supernatant liguid after precipitatéon with trichloro-
acetic acid gnd dialysis to remeve the trichloroacetic acid
gave a negavive test,

5. The alcohol precipitate gave a negative test.

6, Supernatant liquid from the alcohol precipitate was also
negative,

Results obtained from lyophilized Taenia hydmtigena fractions

gave the following results: (See table XV).

1. Preeze and thaw precipitete was negative.

2. The dislysis precipitste was active in diluiions of 1:10
at a titer of 1:2560 and 1:20 at & titer of 1:40.

%. The trichloroacetic acid precipitate was active in diluiions
of 1:10 at a titer of 1:2560 and 1:20 at a titer of 1:4C,

4, Aleohol precipitate was negative.



Table XIV, Antibody Titers Ubtained with Different Freetionz of

Antigcen dilutions

Fructions tested 1: 10 1: 20 1:40 1:80
Freeze and thaw *w
precipitate O 0 0 0

Dislysis preci-

e
pitete 1:2%60 1: 2560 1: 2560 1: 2560
Tricinloroscetic *%
precipitate 112560 1:2%60 1: 2560 1: 2560
Alconol *x
precipitate o G ¢ 0

#* A1l experiments repsated twice with saxe results,

%
#Bean ol three replications
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Teble iV, Antibody Titers Obtained with Different Yraetious of
Taenis hydeticsena Cyst Fluid*

e iy 2R3y 2P A Ao e e N el e

Frections Antigen Dilutions

teet 1:10 1120 1140
Presze and thaw "o

precipitate 0 4] 4]
Pialysis *n

precipitate 112560 1:40 O
Trichloroacetic *x

precipltate 1: 2560 1140 o
£leonol "

precipitote 0 0 G

® A1l experiments repectec twice with pame results

** Mean of three repiications
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‘hen the above fractions 5f Echinocovcus granulopus sand
fpenia hydatigens fluids were recoustituted to their originsl volumss

and tested by the indirect hemsgglutination test, all gave negaiive
resul ts. For this test the huaman O rn" erythrocytes were by a
different donor,

Following a method similar to that of less and Deutsch (1%48)
hydatid cyst fluid was freuctionated und the precipitate we. foumd 1o
be active in dilutions of 1:10. But if it gge © reconstituted to its
original volume it gave negative results. The supernatant aftfer
removal of aleohol in a 1:2 dilution lysed the erythrocytes during
sensitization, while a 1:4 dilution gave a titer of 1:2560, The
original fluid was active st a dilution 1:8 at a titer of 1:2%60.
H., Adgorption of Varicus Diluents on C Hn'

Because of the unexpected results obtained with scolices lysed

iz previously mctive fluid, it wne decided to teet the effects of
addition of non-antigenic proteins to thé systemn. %o test 1 serum
will interfere in tue adsorption of the hydatid cyst fluia on o BV
human erythrocytes during senaitisqtien of: the cells, 1:2 dilutions
2f the bydetid cyst fluié were made uaing a/‘“'gghm of blaad grouyp
4% ps diluent instead of Racta-stroptolyﬁin O buffer. ~ cantrnl
1:2 dllution of the hydatld cyst fluiﬁ wae. ‘used sinultaneously’ with

Baoto-gtreptolysin O buifer as a dilqant.
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Anocther diluent was used which was %0 per cent v/ v egy
slbunin in fucto-streptolysin O buffer. A 1:12 dilution of the
hydatia eyet fluid wae made for the seusitization of U ih™ human
erythrocytes. Additional diluiions were prepared by adding 9 ce
of the hydatid cyst and 1 ce of 30 per cent v/v egg albumin in
one tube and 8 ec of the hydatid cyst fluid andé 2 ce of 30 per cent
v/v egg albumin in s third tube. The control was 1:2 dilutioa of
the pame hydatid cyst fluid usiag Bacto-streptolysin U buffer. ALl
teste using sers of groups AE blood and egg albumin as dilusnis
gave nﬁgstive regul t8 showing that non-antigenic protein could vlocx

antigen adsorption by sensitized red blood cells.
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DISCUSSION AND CONCLUSION

It appears that the host socurce of antigen is of no significance
in the indirect hemagglutination test for hydatid disease as long s=s
the cyst fluid is obtained from highly fertile, healthy cysts.
Concentration of the antigen does vary from fluid to fluid, however,
as was found by antigen titration. This was observed with hydatid cyst
fluids from various organs of sheep, cattle, burros, gerbils and man.

Hydatid cyst fluids from camels and burrow gave inconsistent
titers against standard antiserum., ®Bome cyst fluids gave & low titer,
while others gave the same titer as other hydatid cyst fluids. Although
thege fluids were all from cysts containing at lesst some scolices,
perhaps this difference could be explained in that camels and burros
are usually slaughtered at older ages, and thus the cysts may not be
a8 healthy as those of other hosts.

Infertile hydatid cyst fluids from natural infeection of cattle
and secondary infection of mice were also examined with interesting
results. Large infertile cysts in cattle represent c¢ysts which in all
probability were originally fertile but in which the scolices had
subsequently degenerated, resuiting in an infertile cyst. Fluids from
such cysts were consistently non-antigenic or gave very low serum titers
It was not known from these results, however, whether or not scolices
alone were involved in the production of antigen and ite release into
the fluid. The possibility remained that the germinal membrane could

also be involved in the production of antigen even before the scolices
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developed within cyste. Schwabe gt al (1964) showed that scolices
seldom formed in secondary cyste of rodents which were lesg than 1 oo,
in diesneter. Infertile hydatid cyst fluid from secondary infeetion

of mice where the scolices had not yet foraed was used itherefore, as

& source of sntigen. In four experimente, poocled cyst fluids from

two rodents were found to contain antigenieslly metive fluid., Thege
two positive results couid bve explained if certain cells of the
gerainal menbrane had become differentinted to antigen roducing cells.
terhars differentiation had not yet tsken place in the case of the
other two pools which were antigenically negative. Further ilnvestigation
on this subject is needed to -now the exset gituation.

Bacigalupo (1925, did not inactivate the antigen involved in the
complenent fixetion test and the Casoni intradermal test for hydatid
diseasge by heating the hydatid cyst fluild fop five miputes et 1@090.
in countrast to his findinge, heating the fluid at 8600 for five
minutes reduced its activity in the indirect hemsgglutination test.
Beating it at 100%¢ for Tive minutes completely inmetivated the fluid,
This would seem to indicate that the antigen invoived in the indirect
hemagglutination test is chemically different from that in the
complement fixution and Cesoni intredernal test.

Dennis (1937) was able to obtain positive Caponi intraderaal
tests, precipitin tests, and complement fixation tests using &
tricnloroacetic acid precipltate of hydatid cyst £1uild after sterilizing
it, by filtering through a Seits filter. Gearsbodimn st gl (1557a) noted,

however, that filtering hydntid cyst fluld throupgh asbestoe Ueitz filters
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gave entirely unsatisfectory antigen in the indireet hemagglutination
tes. Fellegrino and Rodrigues {1960) in teating the influence of Seits
filtration on the sotivity of Schistogome mangoni adult worm antigen
found it produced smaller whesls in the inirasdermal test after filtration.
The nitrogen conitent was drastically reduced as a result of rewoving

mnost protein nitropen, In thias work 1t was found that the antizen was
conpletely laciing in the cyst fluld filtrate after Leitz filtration.

In an attenpt to elucidste these results, antl en wag subseguenily

exposed to Seitz filter pads without filtratioa. This proceaure also
caused a complete lose of sntigeaic nmetivity indieating adsorption

rather than filtration loss. These results sugrested further that a
chenical difference exists beiween antigen for the intradernal and
complement fixation tests on the one nand and the indirect hemsgglutination
test on the other.

In further experiments it was found that repested freeging =a.d
thawing and frozen storaze did not affect the antigenicity of the hydatid
cyet fluid for at least five wonths. The antigen gave uniform resulte
by the indireot hemagglutination test each month it was tesied.

Kagan gt al (1960b) extracted the scolices obiained from pig
cyste with saline, 7This extract was used by them as axn antigen in the
indirect hemsgglutinstion test in teating sera of seversl different
patients infection with hydatid disesev. Iositive resulis were obtained,
although the titers vwere not as high as ticse obtained with cyst fluid
sntiFen. Pollowing ‘thei™ wmethod of extraction exactly, except that

cattle and sheep scolices werc used instead of ply seclicee, negative



results were obtesined by the indirect hemagglutination test. Dxtrascting
four different sampleg of scolices showed no antigenic setivity even
when concentrated extracts of the scollees were used, This difference in
resulis cannot be accounted for except possibly in +the foct that Esgan
used some sers with higher titers than the standard antiserum uged in
thic study. In furgher experiments, auntibedy could not be adsorbed

from the standard antiserum by scolex exiracts suggesting Turther that
soolex extracts wers lacking in sntigenic activity.

In o third attempt to dewmonstrste antigen in scolices, scolices
were lysed within highly sntigenic cyst fluid in an effort to enhance
itz sntigen titer. OSurprieingly, lysing the scolices in sotive hydsiid
eyst fluid destroyed antigenic activity alreedy possessed by the fluid
slone, One would have predlcted that the setivity of the fluié would
either have remeined the same or have been enhanced by substances
releseed by the scolices. However, since the fluid lost its uctivity,
the possibility had to be ecnsidered that the scolices had released
large quantities of non-specific substances which, however, were
competitively sdsorbed with the mniigen on the erythrccytgs during
sengsitizntion, This could in effect bloek the surface of the erythrocytes
for the adsorption of the antigen or the lyaeé seolices could have
relepsed gubstances that precipitated the antigen Ifrom the fluild, or
the relessed substances could have interfered in some other way in the
agslutination of the erythroeyies.

To test these wvarious theories, two different foreign proteins
non-antigenic in the hyiatid eysten were used na diluente for the

hydatid cyst fluld antigen in place of the Bacto-streptolysin O buffer.



bgg elbumin and normel human serum both interfered in the indirect
nemesgglutination test and destroyed the antigenieity of previcusly
antigenic flulds. This would seem to indlcamte that these proteins
were sdsorbed on the humsn erythrocytes thus vleocking the surface of
the ¢ells for the antigen adaorpiion. This same mechsniem could account
for the results obitained with the lysed scolices.

In attempts 10 free hydatid cyst fluids of non-specific
reactive substances, 1t was shown that during dislysis of hydatid cyst
Ciuid the wotivity of the fluld wes retsined, Tais proved thnet
inorganic ions, and swell wmolecules were rsi reguired for the activity
wi twee fluld. 4 precipiiste wolen forged during dislysis sud whieh
velsved a¥ a proiein on eleciropuoresis, was active by vhe indirect
neasggivticatlion test. Dul it was not as active as the fiule, because
wien it wee reconstiiuied to its original volume metivity could not bhe
caonstrated.

The trichlorogecetic wmcid precipilete prepared followiny the

metsod of Kilejian et sl (1962) was sctive by the indirect hemagglutination

| teusi. 4% was more active thaun the dislysis precipitate, but lese active
tnan the waole hydatid cyst fluid., Trichlorcacetic acid is a protein
precipitant, snd since proteins are delicate they nay have been
denetured partially during the fractionsztion procesas. Some evidence
tor this hag been obtuined by Scuwabe und houssa (unpublighed deta),
fartial densturation could aceount for the loss of activiiy observed.
The inirercd spectrun obieined by Kilejisn et al (1962) with the

trichioroacetic nelid progipitate indlcated ita protein nature.
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The alecohol precipitate from the supernatant liguld of she
trichloroacetic acid precipitsie hms veen shown to copalst of &
rucopolyssccharide by Filejisn et sl {L962)., This precipitate gave
negeiive results in the indireet nemspglutineilon test indicsting
that the unitigen is not & mucopolyssecheride, This is supported by
the Tect that Isenia hydatigena cyst fluid waich has beer shown by
Cchwebe ané foussa (unpubiisgied work) to be Zree from hydatid
mwucopolyenccharide, was equally useful as an antigen in the indireet
nenggglutinstion test for hydatid disesse. These cbservations indicete
thet the wctive sutigen in this test ls protein and not mucopolyssccharide,

dnsz of the moust interseting findinge in this study wae thet ithe
indirect hemagglutineting eniigen 18 group specific in that Jeaenis
hydetigens Llulds substituted for hydutld cyst fiulds in the test,
Gehweoe iuppublished data) had previously shown that Taenis bydsticena
Fluid sleo rencted with hydetld antisers on agar gel diffusion., Similer
lyoppiliced fractions of Ypenle bydatizens were tested Ly the indireet
nemegglutinetion test. Ooth ¢he dislysis preeiritate and ihs
trichlorosecetic sold precipiiate wers wotive., This setivity, bowever,
wee less than toat obiained from anaiogous fractions of Eehinocogcugr
grenulosus. This reduced acilvity could couceivably be due to the
Tact that the Igenis hydatisens fractions were siored for one ycar in

the lyophilized atnte before use, wieress Lelinococeus Zranuiopun

S

fractions were Treaily prepared.
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Using the sleohol fraetlonstion meshou dzscridbed by liese
ond Deutseh (1948) for protein ia bovine sers, & protein [raction of
nyantid cyst fluid wes obtained wiich wug sctive in ine indiresct
remagglutingtion test. Lut this sctivity was less than that of the
originei fluid, and the supernatant 1iguid also possessed soue
sciivity. This indicetec incomplete precipitation of the sutigen or
purtial densturstion. lrogsibly a higber concerntration of sleohol
sould result in & more complete precipitation of the antigen, butl

{710 also amny lead to denasturation. This i = subject for furtaer

vpon he above discussion ii would seem tnat the active antigen
in ihe indirect haemagglutination teat isz yrotein in nature and that it
1% shared oy at least closely related tapeworus. It ig fairly stable
w8 evidenced by its resistesce t0 heut, storage, freezing «ud thawing
snd variow chemical protein precipltantis. Tt differs in sgeversl
properties from tioe antigen respoadivle for activity in the complenment
fixation test, Cusonl intraderwzal tesi and preeipitin test. The
rasults o-tained by provious woriaers suggest that the antigen in these
latter teste may be the mucopolysaccharide of hydatid cyst Tiuld and

til82088.
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