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ABSTRACT

The object of this investigation wae to study under as nearly

standard conditionsas possible, various b101ogLcal, physical and

ohemical properties of the antigenic material which is active in the

indirect hemagglutination teet for hydatid disease.

It was found that the host souroe of antigen is of no signifioanoe

in the indireot hemagglutiuation test as long as the cyst fluid is

obtained froID highlyf'ertlle, hea.l thy cysts.

Large infertile cy'ete in oattle were, in all probability,

originally fertile but the sco110es had subsequently degenerated. Fluids

fro,1n such cysts were non-antigenic or gave very low serum titera.

Illfertile cyst fluid trom secondary infections of mice where the scolices

had not yet fO'rrned were sometimes antigenic, suggesting tha.t maybe

certai!} cells of the germina.l membrane had become differentiated to

ant en producing cella. l1 erhape differentiation had not yet taken

place in the case of SOffie such pools ~lich were not antigenio.

oHeating the hydatid oyst fluid for 25 minutes at 56 C and

70°C did not inactivate the cyst fluid in the indirect hema.gglutination

test. oHeating it for 25 minutes at 80 C gave doubtful results, while

heating for 5 minutes at 80°0 reduced its antigenic activity. Heating

hydatid cyst fluid at 100°0 for 5 minutes inactivated it completely.

Filterin;g the hyde.tid cyat fluid through Seltz tilters or

exposing it to Seitz filter pads inactivated the fluid in the indireot

hemagglutination test indicating adsorption rather than filtration

loss.
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Saline eXirEtcte ot the soolic•• d1dnot po••••• any

antigenicity when teate4 by the 1ndirect hemagglutination teat

arut did uotadaorb an:t1bodl trom tfh6 e'tEuldard aeru. In add1 t1ol'1,

1 yeins; th••colic•• within b1ghly l\tlt1genic hydatid 0181;; fluid in

an effon t.o enbEulce 1 te a.nti«en1c t1ter eurpr181,n?lr dea'troyed the

antigenic aot1vi t.1 aireaell pOlu,•••ed by the fluid. This suggested

the poaa1b11itl that tbe 80011ce. had rel.aeed non-epeolf1c substance.

whioh, however, were competitively ad.8orbed with the antigen on the

erythroC:1'tesd'urln.geena1t1zstlon. I.:v'j"dence in support of "hie

hypothesi.e was obtained b1 u•• of non-antigenic protein 801utlono

aa antl,en diluent8.

Reaul te ot the indireot beaagglu.t1nJAtion t, •• t on lyoph111i.1.ed.

fraotions ot J..';ch1nogocgu8 srf\pul08U, were that the dial,s1. 1'1"'801;;1ta:te,

and trichloroaoetic acid precip1tate proved to be active but not as

act.ive na the original hyd..at1d C)~.t fluid. The alcoholprecip1tate

wae lnaet1ve indicatlue~ ths t the antigen 18 not a r.al.lcopollsacenarl<le.

18 :tre. from. hydatid mucopoly88.cciu',r1de wa$ equally antigenic in the

1nd1rec~ hemag,lut1r~tlon test.

In taot, one ot the Moat 1nt8reet1ng find1ng in th1. etuQl
.

W88 thatihe ind.irect hemal'r;;lut1nat1o{,: antigen i8 croup speoific in

that Tgen1a hl91tiseu fluids 8ubet1tuted for hydatid cyst t'1u,1ds

1n the teet.
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i3incJe i ill in !~rodi.lctlor~ b.i' Gar&bedia.n .u. £1. (19510.) J the

i.nd1rect fJemagrlutina.tion t$~;;'t. tor h1110. t1d diaeo.a& ntiS seen

eyer iner.aG1ng use. there have been t." studies, hOYlr0ver, on

'the phy·e.ica.l properties k~r)d chemical characteristic. of tbe

antit~en for this test. Several investigation.s (G~r'Ab.d18.r; .l1.1!.,

1957~b, 1959. ..n1eri!:! tu.d Iii.edmann, 1962; Iagt.l.u ll.l! 19~9)

ll.s,ve shown tbe indirect he.wagglut1n(ltion teet 'to be mJ!·. speci:fic

ana 8enel t1ve than the oo:a}Jlet~j..nt r1X!~1i.on aud. preci}J1 tin test.,

and in 80me instancea, than tbo C{180n1 1ntl'"a.cierx!\al test. In

addition. it 1a cheap t~nd relr1.t1vely al1-uple to perforrn. Wel"'t) the

8kHltc1fic antigen isolated and 14entlt1ed and 1ts chemioal lu~d

physicel pl"oport1ee mown, 11, 18 11ke1l tuat the indirect

tleinF.l~.Klut1na"ion teat 'Would be evett more useful in the d1.s.gnof3is

of hydat1d d.isef1ae thtsil I:\t preeen,t. ,~{08t aero-dia,;;cj.(H:i"l,ic wurk on

llol.m'nthi...es 18 plaguttd b, the crude nature of EUlt1geus em.ployed

(Kellt 1963).

In this study tne llnt1i~eu.10 ac:·t11fitiej of hydatid C18t

fluid from vax'iouo i~Ia.mm..11an eourc:ee .ere eQmpF.~r6Ci &.~d .ttempta

were ;;rJ$de to truction.l!'.te tllem 1ntc, acti...~ ar.(i inactive c,potti(HlS.

~ac.l.lt'4on.t\1 8tudios were done to de,rine. in part, t.h.• ehe;:d.cal

tHld phJ' 610a1 properi.iea o;t' the indireot n.mal$~~1\ltil.Aat1on te'St

a..cl1gen.
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dtuscrlbed since ancient times (LOE.lppli, 1959).

1tsel.f in 'the i.'orra of t1. contin\l81ly growin.g h3dat1d cyst ill. V£llr:l;JUa

per "ni, hotvever, n.~an in!'ect1on i8 nlws.)'iI mu.ch leas (GeI:1i::1ell 1 '\
l ..

rror.... 1.; to 6 nml and are ueu.ally cOl11poeed of f.1.ve parts: tIit: ~w 01 ex

consi sting almost ent1rely of a uterus diat.ex:!.ded wi'toh uggtl.

in the teee" oftheae ar11aw.lo ei'tluar ~Iti"th tile gravid tiroglottid (;'1'

free following rup'ture of the gravid j)l'oglotttd in tbe 1ntentines.

Iftn,e egga are 1ngeatedbl a suitable intermedlateLo8't (cs:ttlf3,

duodeuum 11b&ratlnt.~ .filo'tile oncosphere. (Meymarinrl 1961) which penetrate

the int••tinal mucosa &lid el':lter the blood atrea:n. They are usu.ally

filtered oat and devel(Jp in the liver (app:rox1mutell 50-69 p.~r~'c8n;t')

I
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or luags(approximately 7.4 - 11.9%) but may ocoaaionally appear in any

tissue.

!.be oneoaphere 1mbibe. water and forme a small cyst cQns1s't1ng

of germinal aambrane composed of one layer of cellst and a thick,

elastic outer laminated membrane. The host attempts to t.alate the

CTII' by lq1ng down in moat orlc~n8 a thick :tlbrous membrane gradual17

merg1ng into normal t188ue. The entire cyst ia filled '11th fluid

and grows eontinuou81y by imbibition of water. When the oyat 1e

approximately one em in d1uffter. brood capsules torm. 011 the germinal

membrane, within each of which up to 20 to 40 80011c8. form.

Thes. soolices are lng••ted bl suitable carnivore. when they

teed on the viscera of infected animal.. The cycle 18 oomplete4wben

the scolices 8vaginate and grow to maturity within the amall inte.tine

of the Cnrn1Yore.

S1mpto•• are usuall1 lacking in domeet1ceanil'aals due to their

ahort lit. span 88 eOllpared to the uBual11 long period required for

develop.eni of a hydatid orst to large size. In human be1nga cyats

may go undeteoted for Ed' long ae 5 to 20 years, or until theyreaoh

a 81.8 whlch interfere. with the function of a vital organ.

D1e.gnostio methode d1ft.rd.epending upoa the organ infeoted and

the looation and size of the c1et. X-r8.18 contribute.o." to diagrlcueis

of bJdat1d cystl in lungs ana bon_.. Serologioal teat. which have

been used 1,n. diagno8is include a prec1p1tin teat and a coaplemen't­

fixation test. ~lnd £lore recently an indirect h.llagglut1ns~ion tesi t

a bentonite flooculation teat and a polyet7rene latex test. An

intradermal teat 18 also used.
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onll presently available treatment 18 th~ complete

excision of the cyst. This is not po o~ sueaesufal, of course,

.. "
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B. Cbelucal Composition ~ HYdatid~ 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, amino acids, fatty acids and various other chemical

components.

Other investigators, Lemaire and Bibere (1935), found the

concentration of cholesterol was not constant in hldatid fluid, it

appeared to be greater in hepatic hydatid cyst fluids than in cysts

from other 81tea. They also 8uggested that cy'st fluid albumin was

probably lost during their assa,y procedure b~y proteolytic fermentation.

In later investigations on the a.lbwn1n content of hydatid

cyst flUid, COlI.dounis and.Polydorides (1936) found a low content of

a.I'bumin wh.ioh waG in.dependen t of the organ conta,ining the cyst. In

con trust they found the sugar content varied greatly depending on the

O:cgan in which the cyst was located. They postulated that sugar could

pass from the liver through the cyst membrane and into the hydatid

cyst fluid.

The work ot- Schwabe (1959) and Schwabe, J!1.!!. (1961) on the

permeability of the hydatid cyst wall has shown it to be freely

permeable to SIiJ8.11 molecules Buch a.s sugars. In add! tionto protein

of urlCertail.i. origin Bud certain ions s.nd small molecules whicbmay be

contributed to the cyst fluid by the host rather than by the parasite,

few metabolic products of cJ/at origin hE-tve been identified. llhe only

~
~-----------------------
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such productw.l:.i.ioh. has been a:t all ohA.racter1zed chtima.1cally 18 a

galtl(} 't~)8e-t;,nd t:;luocos~.mine-cont8.1n1n5S ~nucopo11.8ccbar1de (Kilej ian

n Jil, 1961, 196~~; Schwabe and Kou8a., rmpllbl1ab.ed niud1es).

(19!>9) a!ld G16Od;cbl1d" .Kagl:ln ( 961) tound that

eo.r-.eentrated hydatid. cyst flu1d tro. vf.jlr1ous .our-ces gave !Ul

electrophoretic pattel"ll t"or pro'te1n 80mewbat sim.ilar to tt~8t of· serwa.

t\:>Uf' dis tine'i protein oomponen~a have been obtained b1 Schwabe anci

K.otUlsa.:. (Urlpubli8hed work), two of which cot"respoud in elec'trophoretle

.~lb19il1'tl to serum albtain arld gamfr... globulin. AocordiDg to j',agan

(per.onal cOlIZnurlic~tio118)someof 'this protein is of host origin.

Biocea and Loreneettl (1960) reported higher protein oontent in

fertile than in untert11e c18ta.
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o. Chemical Compost tioX\ .,g;t Hldatid .£u.1 Tig8U'S

Hydatid ti8sues have been more tboroughly studied cbem.lc~llly.

Cameron (1926) demonstrated a diastase in the oy8t walls and traces

of proteolytic anzymes and lipa.se. He suggested that the presence of

glycogen 18 an ~tl.portant factor in the m.et9.r~lo11.m of the parasite.

~melik (1952a) showed that the unsapon1f'iable fraotion ot oj1,tic

meil10r&rles of 82hinocOlcue &£@nulo8us from pig li.vers we.. oholesterel.

Half' of the fatty acids were not soluble in wnt\\1r and assumed to be

oleic acid. ,K11ejian.!!.!J.. (1962) suggested the presence of both

cholesterol 11Uo. lecithin 1nextracts .of' the cyet wall. Frayha B,'no. Durr

(unpublished work), have since enown that the.oholesterol of the

parasite is of host origin and 1s not synthesized by the parasite

from fleeta te.

In further investiga.tiona on the membranes, ~me11k and,EJr1ek1

(1953) found a nucleoprotein whoe.nucleic aoid contained neither

ribose no desoxyr1bose but 1netead a hexose. D1fferen't nucleoproteins

were obtained from the scolices and also a g11coprote1n. Tbe SQute

or aniJther protein-containing polysaccharide €xtra.cted fro:m 9colicee

conta1ned as 1t. 8ug.ar oomponents gluc08e, galilotoee and glucosum1ne.
,

Histoch••ical obserTeiione on the hydatid oyst wall demonstrated

'that the lam1n&ted membrane oontains a periodio acid 801ff-positive

SUbetfulce other then glycogen, e,11d that 1 t 18 also present ill the

gerCl1nal mem.brane and 8001106S (K11ej1an !1.1!t 1961). These workers,

in contrast t~..) l:me11k, found. histoohemical eviderloe of D!~A in the

ger~~nal ~embrane nuolei.
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Agos1n tl.!l (1957) obtained two types of "polyeaccharides H

from l!ohinoc9.,.0cus granuloeus 8001ioe8. One was glycogen whioh

accounted for nearly 20pe:r,eeJ:li of the dry weigbt ot the scolices.

Tbe other was com.posed of galaotose and glucosamine ar'ld possibly

glucose. Kilejian!.1.IJ:. (1962), using in.frared spectrophotometry,

disclosed glycogen in the membrane ot Mul tioeps mult1ceps ~lnd Taenia

hldatigena, while the laminated membrane of Echinoca:g:us .&r.anuloeus

indicated a different polyeacchariae. This was shown by electrophoretio

and chromatographic studies to be a n1.ucopolysaccharide, contalniU8

galactose and glucosamine as its only sugar components. It Vias fOUI.ld

alao in the scolices and cyst fluid and was no doubt identical to the

second "polysaocha.ride" froIn sco11ces of Agosin ll.!1. (1957). Lorvik

and hiioricon1 (1956) had also reported a neutral mucopolysaccharide

in the cyst membranes of echinocoocus cysts.
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Antibodies are con81dereo to be proteius or 1naeparnbly

associated with proteine. They are loaaiea. in tbe S;lobu11n fraotion

of the 'blood. Theforw.atlon or 8.tltibo·diee occurs in v8.r1{)us Qrga.tL8,

par'ic'ularly the spleen, liver, bone In.arrow tU1d l,nrpb nodee. An

an1l1bod118 capable of Qombining 01111 with the Il£lnt1gen whioh stimulated

1 ts produotion o,r some veriI' closely r.l~'t.d type of antlgen.rh18

speo1:rlc1ty 1s rem1n18cent of the specificity ohown by en.rass for

their substrate.

Antigens areuBualll prot.iWl but some poly'saooharides can s.ct

&8 complete antigenic agent.. A few proteiniS of relatively low molecu,ls.r

weight pOlUS••• little or no a.ntigenic1ty. Starchea, dextrine 8!ld

g1100gena have been reported. to be non-antigenic under nt)'rllal COl1<11 tiona,

but sometime. a p01¥8accbarlde attaohed to a {,rot.in m6.11nfluence the

serological speoificitl of 'the pro'tein. lipids and nucleic acids are

antigenic only' when combined. with protein. Dena'turat1on diminishes or

comple'.ly de.troys the antigenio activit, of most proteins.

Some en1mal and. bacterial lipide and polysaocharides are found

to be serologioally aet1ve in the teat tUbe, but do not induce the
,

formtl't1on ot &.ntlbod1ee when 1njected1nto atl1mals. Such. eubsta!lc•• are

known as haptene.. The•• are further divided into oomplex arld simf'l.

hapten.e. Complex haptenes are those which combin.e 8pecific~l\11y with

antibody prepfirat10ns to yield a !~rec1p1 tate or other visua.l reaction.

Simple h.aptenes do not react vis.iblywitb antibody prel~ifllr&tionQ, but

somehow combine with the antlbodysl1Q prevent its consequent precipitation
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The reaction betw0efl&n-t1gens e.nd. antibodies, enn be detected

'01 agglu.tirl!£~t1on, pree1pi ta'tiQil. l;tsis,. com,l~raent f1xe'ti0n fUlo.

1"'eacti'JlU:J or by an anaphylact10 ~reaoti01l in th~~l i V1l11l Qllim1il (

1 '.$56, H~lrd1Jl 1961).
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E.Se;:o-i?).ti.,gnoe1! 9L AI4g.t&!! Di.,al!

Several 'iea'. have been proposed for the diagnosi8 of h1dat1,d

disease. One ofT..he simplest of' thee. is the1ntradermal test. It

was introduced. bl Cason1 in 1911. It consists ot injecting the

infected indiv14ue.l lu,radermally with 0.5 co of bacteriologically

sterile fluid from fertile hydat1d cysts to which hae been added one

drop of phenol per 20 co of the flu.1d. A control 18 used oODs1.s",1ng

of all i.atonic IfaCl solut1on wl th the same allloUAt ot phenol added..

The reaotion 18 read three to twelve bours later and 'he presence of a

red wheal at the site of the injection indicate. a positive reaction

while the oontrol giv•• no reaction. Magath (1959) modified Casoni's

test a11ghtlyolpr••erv111g 'the fluid with merthiolate and ... a control

used mer'th101ated ealine solution. The typical reeponse wae ab••ned

1n tive to fifteen minute. ualng laalter quantities of h1da.t1d cyst fluid.

The preoip1t1n te.t wa. introduced by Flei. and LlsboDne (1901).

In the preo1p1tin test the antigene are prepared in the Sa,lfl. manner as

for Ca8on1 t s test except phenol 1$ not added. The serWB trom the

patient 18 used without dilution or hea'ting ftnd must becryetal olear.

the ani1,en 1s aerially diluted. The serum. 12 carefully introduced onto

capillary tubes &ne the ant1t~en801ut1on 1$ then carefully layered onto

the Burtace of' the ••rum. If the serum is very actlYe a precipitate

appears at the interface alnost tame41ately. Preciplta'1on 18 usually

comple'ie by the end ot two hou.rs at room temperature, or overnight 1n

the retr1geramor.

fhebenton1 te flocculation teat .'8.S first. described bY' Bozicevioh

.!1..1! (1951) for use in diagnosing 'trichinosi8. Ifhi8 technique was adapted

~ JI
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for the dlagnoa18 of bydat1d di.ease in aan and an1t~8.1. b1 Norman II .!!

(1959). Piechman (1960) deacr1bed this tea't au follows: to each ot~

several serial d11utiona of the serum in ph18101ogical 80line 1. added

one drop of • auspension of antigen-eene1t1zed b.t~tonlte. After

mixing, a portion 18 'raneterrcd to a slide tor a1crosQopic examination

tor t'"loaculat1on. It. known positive serum and a negative consrol are

tested 8imul~.taneou811. 'fhe test 18 graded 4+ 1f all the part1cl"e are

clUL"lj)EHl into separate floes, '+ it three quarter. are clWllped, 2+ if

hnlf, 1+ it one qU8.~rter ~nd 0 it non-01UJ11pe4. Only 4+ and'... are

consideredpo81tive while 2+ or .l••• are considered negative.

)

con

a of hyd~t1d disesC5l'. Sera are cleared

dilution. The tubes of the ~lxtures are incubated at 37° C for

The next da.y tlu: tu.bes

8,:rI.( in€: control are te~ted concurrelltly. A heavy depos1"t 1udioa.tee

in c1 ear ftrld the resuspendad floes large. A weak
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or with a small depo81teae111 41eper••d bl tapping. Ooc&81ona.lly,

teeta appear doubtful it ,raded on the appearance of the dep081' only.

!heee are oona1derednecat1ve it on r ••U8pension no ~lQo8 are visible

to \be unaided .,••

Bemollsis of red blood cell. Dl .erum in a t ••t tube was first

re~o.rt.4 by Borde" in 1898, althoU&h Lando1. 1n 1816 had previou811

observed natural hemolysis 01 ••naa. In 1901, BOrGet and GeDiou performed

the fire' com~lem.nt tixation test to .ettle an &rlument with Ehrlich

about the unitY' or mult1pl1c1t7 ot complement. In the sue ,ear Widal

and L••ourd applied coap.leaent fixat10n tor the dolaano.1aof t7Pho1d

and tuberculosis. Later, Wasserman. le18.er and Bruch publiahed tb.

resulte ot their work using complement t1xet1on tor the diagnos1. of

"philli. in monke,.. In theper10d 1905-1906. Muller and Openhetaer

applied the Goaplement tlxat1011 test tor gonorrhea and. Ghed1nl a4apted

1t for hydatid d1.8••• in 1906 (Bee Kolmer, 1928).

Complement fixation haa been defined. .11 the fixation, adsorption

or inactivation ot comple.ent by an interaotion 'between an allt1gen and

an an\1bo41. When a coaplement 18 fixed in this manner it 1. not

available ror the 11818 of other eX'7throc7te-an't1bo41 81stem8. 'lhe

complement fixation teet depends upon two reactions. Piret, l' 1nvolv8s

an antigen-antibody .,st•• plus a t1xed aao\U'1t ot prev1ouel1 t1tra"."

oomplem.ell"t. I:t the antigen and antibody are .peoific for one anot-her,

they will combine and. thie combination will fix the ooaplemen't. the

.eooM reac'tion ie to.ting tor the tree co.ple••nt. !his 1, accoJap11ehe4
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by tb~ addition of erythrocytes eens1t1zed by specific heroolysi.n.

If the complem.ent 18 f1xed by the ~ant1gen-antibod)" syster;' tben no

complement will be availAble t"'or the lysis of the sensitized

el"ythrocytes. It the antigen-antibody .ystem is not specifie or if

one of the components 1ft missing, than the eo~plem~nt remains free

to produce hemolysis of erythrocytes. Therefore, a positive COit!plenlent

:t,ixat1on test gives no bemolysis rind, conv@reely, 2. negnt1,,'e teat gives

hCHlolY81e. If either the antigen or antibody &lone~l1nd the co,;:a~)leta,ent

they are not auited for the oomplement fixation te8t~~nd are c~,Lllecl e,.o.ti-

complementary. In order to overcome this objection two contrale raust

be carried out wi th the teet, a seru.m control and an ';tnt it~en control.

The indirect hemagglut1na tion teat 'Wse introduced by Bc)y'den

(1951). Be was the first to use tSinn1c acid-treated sheep erythrocytes

for the Il.dtilorption of certain proteins suspend,ea in 8!?Jline. This

treatment of sheep erythrocytes wi th tannic fH~id brought about f3. ehangio

in the surface properties of these cells, rendering them c£::,pable ..:;;:f

adsorbing certain proteins.

T.be fact that tannic acid a;glutinates erythrocytes htiS:" b~en

known for .any years. Reiner and Fischer (1929) discussed the mechanism
,

of this effeot 8uggesting that tannio acid altere the surface propertiea

of the eryth'rocytes, changing thea :eroil a hydrophilic to a hydrophobic

state. heu.nd (1929) 8uggeated that tannic acid brings about p change

in the surface potentif.l of the cells, which in tbe preeerlce .J!

certain electrolyte. re;n.il ts in·their agglut1n~3.tlon. Thus, when a
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spee1fi.c antigen is ad sorbed b1 the tan:nie ao1d-'\reat.d cells the

erlthroeytea are 8ens1t1ze4 and ,when exposed to epeoi.fic iaMane seru.m,

hemagglu:t1tlation OOour8. Ingrahaz (1958) t ~oKenna (195"l Jand Cai,;l,n4~~S

(1960) used. the Sft.UUS general procedure but tre~ted. 'ttl{/!; cel,Lt wi th

t'ormaliu.

The indirect hemagglutination test was adapted oJ hedian

e! JJl. (1957.) to use human grou1.} 0, Rh negative olood. .1"0.1." the it3

of ll1da:tld dis8iS1.8e. Allain andf,tigaIJ (1961) reported. the .fuz'1;hor

~,dvantage8 of using torl~ta11z.d sheep cells, sen.1t1sed wi ttl tannic

acid alld coated with !f.Ib1;goqocc\i! antigen 1nste8.Q of 4421nt; :freehcells

irlthe hemagglu't1nat1on 'teat. This allowed the tor!(iall~(~d, ftrt'tlgeu­

coated cell. to be .tored at. 5°C tor two wea};·a and still rtt!: t~ltheir

atabili iy .1!hese oelle could b~ storeo for :Je.l"ioQ.sup t{J 6 ~uQnths it'

the temperature were lotterea to _'lOOt; or it' they v~er~ 1.ro pbl1i7t.eri

Rna stored at _20°0.
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\
I

or liver cyots witb h

possessed fewer scolioes J e poor

est.

properties, whereas totil e-looholic ~;nd tH'11ine e:;iCtraote of scolices H.r~

anti.f~en1ct Fairley did. not find them as potent ti.:l.uth.f! ..

ni;rnbea .1a,n ..!.i.at. (1957a). The fll.lid wu~ cons id@red atront;:ly ~.,tnt1een.1c

it
in the oomplement tixat.ton 'test 11/aho~ed a dil'...it1r;,r. t1 tel' of 1: 2 or

1: 2. Oarnbod1an.!i Al (1957b) used auch fertilo hyd~ tid O;w'et fluitts

stored at - 20°0 in seHle4 alJ.llruleB for ~.l. cO&:lpuriuQn oft 'the e1.':~.'l(HAcy

sera frOt;~ 16 infected :pereo:r~a the,)" rerported :pooi tive :r-eaul g in 61.75

per oent of the teata indireot

f'ixati,on test.
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that the indirect heU'lS.,/glut1na'tion test 1s more sene1t1ve and more

specifio tor the diu.gnosis ot hyd.a:tid disease 'than 1s the com.plemen.t

fixation me'thod. It was a.1so shown to be less expensive and easier

to perform.

In further work, Garabedian!.1..!l- (1959) used fertile hydatid

cyst fluids trom cattle to compare and correlate the indIrect

b"magglutintttion teat. the complement fixation. test and the intradermal

test for hydatid disease. Of '19patiente having hydatid disease 61

gave positive test. y;'ith complement fixation at titers of" 1:2 - 1:512 for

77.2 per cent accuracy; 69 gave positive tests w1th indirect

hemagglutination at titers ot 1:10 - 1:16',840 for S7.' per cent

acc.ru.raoy'; and 70 gave positive teeta with intradermal teats :for 88.6

per cent accuracy_

Knieril1 and li'iedznat.W. (1962) oompared the cOfJ1plement :fixation and

indirect hemagglutination teats using fertile cyst fluids from sheep

and hwuan cyets. They found that, ot 203 pat1er.lt8 wi"h h1dat1d

dieease, the indirect hemagglutination test was positive in 171

patients while the oOllplement fixtttion waa positive for 151 patients.

From th18 they concluded that the indirect bemagglutination teat was

the more sensitive and should be u.sed therefore all a routine hospital

'teat.

Fischman (1960) co.pared several of- the teet. u••d for detectl118

hydatid dieease. He used fertile eyet fluids from sheep c.vsts in the

coaplement fixation, latex and bentonite flooculation teets. In

oolll,parint: the complement fi,xation and the latex teats 29 cases of known
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hydatid disea.se were used. .Both tests ga.ve positive results in 27

cases for ~n e,ccuracy of 93.1 per cent. In comparing the eOlnpleiilent
tests,

fixation a:nd bentonite flocculation 'era of 33 knoV:.~ casee ot hydatid

disease were used. Both tests gave positive results in 30 cases for an

accuracy of 90.0 per cent. The titers ranged from 1:8 to 1:256 for the

latex test, 1:4 to 1:128 for tbe bentonite flocoulRtion test and 1:10-

1:60 for the complement fixation test.

in running water R.nd concentrated three fold by pervaporation also

cOlnpared several testa tor hydatid disease diagnoets. On 30 known hydatid

disea.se sera, the hemagglutination teet was 96.6 per cent eerlsit1ve

at titers of 1:20 -1:25,600 and the bentonite flocculation teat 90

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

gave only 36.' per cent positive reactions. Of 246 non- Echinococcus
4.

sera tested, 14.2 per cent gay. positive resul ts with the ind1.reet

hemagglutina.tion. test a.t titers of 1=50 - 1:100 while 10 per cent were

positive using the flocculation test.

Norman .!.t J1!. (1959) used two 81:1 tigene in the bentoni te .flocculation

test. Scolex antigen was prepared by saline extracts of ether-extracted,

dried "hydat:1.d sand". A hydatid cyst fluid antigen we.s concentrtlted

from pig, human and horse cysts,. or 413 t'symptomatic" cases compared,

the bentonite flocoulation teet pave 42 positive at titers of 1:5 -

1:2,560 for a total ot 10.1 per oent and the complement fixation test

gave 20 pOllitive fit -titers of 1: 4 .- 1: 128 for a total ()f 4.9 per ~ Leeo.t.

In 18 surgically proven CEH3es of' hydatid disease t the benton! te

..~
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flocoulation tea' gmve 18 positive at titers ot 1:10 - 112,560 wbile

cOl!1plemen f1xa'\lon gave 7 poe1tive at 'titersof 1: 4 1: 128. Two

hundred seventy sera trOtil lncl.!vldu(lila po.aibl)' exposed to 111datid

disease were 'U.aedto OOlUj)a.:.re the aens1 tivi 't1 of tht(~ bentonite

flocculation iest usi!li soolex aJ'lt1gen 8tldooneentre:ted. y~'hole cyst

fluid of porei.ne, buman and horae origin. 1,lhe 8en.it1Yityw~:l8 41.9

per oent fur scolex antigen, 9.6 per cent for porc1n.e f l luld ~nt.igen,

;.2 i)er oent for horse t'lu1d a:rlti~fUl and 4 per oent tor h'Ul:n:.~n fluid

:iu'1tigen.

Kt\!Qll !!..Il (lY60a) used alltiaera produoed b:¥ 1J1't'Ulli!.tng

rabbi ts wi til liver ex.tracts troll cotton rats, ham,stere, pigs alld ma.n.

The raubi t sera prodt.l.cedwere ehown 'to crose-react in the bento111te

floccul8.tlon and indirect hemagglutinatIon 'tests with hydatid cyst fluid

nd cyst membrllne an't1t~e.n8 of ~111r~ococcl\• .u:,nt41oeu8 trof~ pig 11ver.

Also the tests ero••-reacted with hydatid. :fluid and cj'st antigeJ:l of

EehinocoQOU8 ntult11oow.flr18 fro!1 ootton .at liver. The act:l:v1 t,j' WAJ3

e'trontrer wi tb Ech.noccu.a m\Jl <tiloc9laria than with i;sh~~9c,occus gran\.\lp,$u.8

and occurea more trequerltly in the indirect ha:t8.,glutlnatJ.on test than

in i~b. tJen'ton1te flocculation 'tea". The ~uth0.conolu.ded frOH\ th.t8

that hy'datid. C1Stf1\,.l1d contain$ an't1h:enic 8ubatanceo of host origin.

In add1t10n hUfWiU:l sera trort liver cirrhosis, nephrosis, ~nultipl.

=yclol_ crosa-reacted wi th liver h1dat1d cyet fluid llnt1~,:et.~, in both

the indirect hetnagglut1natlon ~nd bentonite flocou18t1()1'1 tests. ifhi.

reaction was considere4 by the autb~)r to be due 'to auto-autibo,~~ies

stixuulfl.'ted by liver' dege,ncration produots.
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Kagan a.nd Orltul;Q {.i961) analyzed various crude hydatid

antigen. b:l the agar double diffusion technique in mioro tubes and

plate.. llydatid cyst 1'luid t clst me~Hbr8ne and scolex antigens .re~'\eted

',:1 lh the hollol.og.tus,.tDS1 sex'a prepared in ra.bbi t showed at least 23

origin. Ee.n1noeoccu.sm;qlt11ooy.lario showed 27 bands of whic'). 4viere

of pa.ras1tic ori€~in and 7 of hoat origin. Al though scolex ~lnt.itte:ns

a.ntigene were not the ntost reactive tn the serological ter::tt;;" Hydti.t1d

cyst fluid wes proved to be the moet reactive in diagnostic seroloeica1

'tests. IThe uthors epecu.1a.ted that the host 811tibod;y' response in hydatid

disease 18 agair...st excretorY-iHlcretory produots ot the petr~.s.t tic rather

sheep hyd.at1tl cysts preserved in. 1: 10,000 l'Jerthiol,t\te aolutionteste4

fiXf,l,tion and intradermal ref;:ctiontJ w'ere negative in tb(;!E\(? 7<0 eeees.
were positIve

Or ,the 29 ver1,tied Hydatid ce.aea, 27 joy the 1ntraderma.l resction.

ThfJ resul t8 ot 'thee. com.p~1.rptive teste ere fl:i:ven 1.n '.r1able I.
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Table I. Com:)srieona of ::entlitiv1 '''1 of Serolo2':1cml Skin Tnsts in the n1a.gnosis of Hydatid Di~eaee

• ,\. T Jj. • .~":=

.tl.agoost1cIU1lber of POl~1tiVf!

fif!~f.et'.,nce ~ .AQl1Je::_ell .... _ ~__._ _ ..~_~_ ..__~__.~_. ~.__~____ tee"__ __ ___Ca1J..i.il ~ r's.c'tlona Titers

Fairley
(1922)

18:rabedian
~.!!l. (1957b)

Alcoh.ol and otl1ine extrfHlt10n of sco] ices and
IIe:nbran,a ...._ .• ,_'W • ..... C.-F. 8:2 8~.'~~ -__
A$pira.ted, fUtered fertile hydatid f'1-u1d I.H. 16 81.25::-
frort~ cysts o~ ca~tle liver &,lld lU~:8 C.F." 68.15:~

• II • .:;1-. ~_..._.

Garabedian
.!! Jl! (1959)

Fertile cyst fluid from hJdat1.d Cy~t8 of'
ce:ttle

I "l:l.......,.
r"'",
V • .;1;' •

I._D.

79
fI

n

87.
77.
8a.

1 : 10-1 : 16',2340
1:~~1 -1:512

Knierim and Fertile cyst fluid from sheep and human c70te
Niedmau (1962)

I.H..... 20'
n

84"(
74'~

•• II ,II:..."... •. it .,-ry- «, .. ..... II " Ii

P1$ChDl1.itl

(1960)
l¢ertile cysttluid froIlt eheep cyst

C.1'}.

29
n

"
93.

?~

90,,9")}"

1;10 - 1:60
1.:8 -,: 256
1: 4 -1 : 12Es

1;:; •.~~.
________________________,, ,~ II • ,Mi(,- ... 'II -_.~~ __~

ltagan et a1
(1959)--

loman.!l A!
(1959)

.Bensted and
Atkinson (1353)

H1{1f"tid flu.id f'roa pig cysts di81yzed 11'1 running
Viater ~nii concentrated by perv$1poration

Seol~x antigenbl sfIl11ne extracts of ether­
extrncted, dried hyd-s.,tid sand h1d2~tid fluid
antigen concentrated trom. hog, human., horse cysts

ert11e cya't flu.id fI'om sheep

< .,~

.i,.j. J1 •

l.a.

'" .
C..if.
t'J 1Pv ..... .
F"!v ••

1.;;.

30
h

413
s1-ptome.."tie

18
proven

29
29

'6.6~:~

10.1'
4.

39:'"
100/

93.
86.

1=; - 1:2,560
1:20- 1:25,600

1:5 - 1;2,560
1: 4 - 1: 128
1=4 - 1: 128
1: 10- 1 ~

c••• Co~plement f1xation
L. • • Latex flocculation
I.f'l •• Ind1rec't hemag[:;lutint~t,ion

I.D. == Intrader~l

£.£•• Bentonite flocculation
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eeriou~ inv.utlg8~ora have att&~pted to isolate tho apec

these VBrlou~ teeta.

tid c18ts extrBct~d

wi.th e1 thar absolute alcohol or tHtli.n€ £;;olution (~iS flll 1u

co~ple~ent fixation 'est. He found them all to be potent. eo

thUTlght i i was lipoidal in nature.

test cnd pr~cip1tin teet. i'noth€>T t1.ct:1:ve preparation WlUll \t1ade bjf e.x:;racrti.nt

the oCGlic6a for J.H3 hours with .ti/4- tri.clhloroact:f'tic acid. 'the ~uparnat~u,rt

li;,~uid was nautrf~lized w,1 t,htl;',l.OH eir.id the p~~ecipit€:;.te eeparHte;'l, 'f¥tlSbed,

with absolu teeloohol j w~u7.Jb.ed with e'ther. dr1ed and used in the Same

WBO soluble in acid.,

!:l)fdroly Bls.
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Culoer'tson flnd ose (1941) deriyed antigens suitable for

eliciting sJtin reAotion. in ptltil:'H'!te wi th hydatid d1ll8E;;ee from

several difl~erent Cfu3todee, ;1"nclud l&M"ol etftgee of J~~,hin,ococou.8

srtot.uul08\4@.., t~enim ..'t\it..rl~i -&6, 'ft.niB. ~..rea$1c9.1118, ~;lrnen~C!);€p is

q,eslicillu,e and in both the 8dult and sparganum of l2ipb,tllo..bothrtum

n14Iloonoid..e..!_ The (~ot1ve substances Yilere 8&line extracts prep!itred

tro:m dried. ground cestodee. In addition to the whole ~orm. :+l

prc:iteln-f'r.. ~! poly ae.cchsri.de" o..:r1vea :from !-len..!!. ttl!$1eolJ.i..~ \\fSe

pcepared by Culbex-i8on ~\od Hose ~fter the 111ethod of {)t;ul1pbell (1939).

In this prooedut'e &1'l alcoholic ,IJrecipi tate was prepared 1.1:'1 acetic acid

solution. The absenoe of proteins Vi~~ shown by negat1Vfe P·it.tret te6t,

no pre-cl'pi tate w1-th phosphotWlg8tio acid ~U'1d. no n1trage!! by

{ienslerizatioll of the hydrolos,ite. This "polysaccharide" extr.n.ot

elicited fA akin re.ci1on even v,ben the staok sol·u.t1on" 't1hich

cont$:111'lEUi 10 rJ1g1l/0.1 co waS diluted a hundred t1mes.

1>1roaky .!! !:! (1941) uwedoyet fluid. rnftmbra~nes PH.d! Hh.Jldt·~.tici

f:u:"nd" \0 extract a "polys.j,.ceb~l.r1d.u antigen. The fluid wac :fl1 terf}d

through 8. bacterial filter, dial;>'zed f;lnd the proteins preo1pl tated

with oaturated r~aCl. The rexna1n1ng liqu.1d whi,ch did tJ.ot cOMta1n

trichloroaoetic prec1p1tableMterilU8 or hea.t ooag'.11f.-Jte.bl~~

substaneell, W•.• treated wi':n alcoh.ol to obtain the antigen. iJ~h.

membr~lne8 were extracted with Sf'i,11:ne .for 4fj hours in the c()ld, treed

tront protein by preclpi'tation e.:nd tho 8Ui)(~rnQt!!lllt liquid used.. Tlle

tthydat.l.d sand" wae ce,ntr1fuged, .riahed e,rUl trea.ted in tbe Sfj,,:i.e ri18l'lner

•
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tor three hQur.

Vila polysaccharide were pre.en".

~~e11k (19520) ex'tracted n "pfJl.yaaooharideu ant,1Ren :from tbe

to

l

to 4.0 • ;70 C,the
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solution was dialyzed and the procedur i \ with acetone followed ae in

the tr1chloroacetic acld extraction.

In the oombined digestion,,! ttl pepsin Bnd trypsin thei:ncubation

was first carried ;~ut at pH ;.5 and then again at pH 7.6. Afterfilter1ng

through 8. glass filter a "polysaccharide H was' 0 bte.1.ned. It 18 of

interest to no"e that K11eJ1an.t1J!! (1962) followed this latter

prooedure in an attempt to isolate polysaccharides from the laminated

me~n'brane, bu.t grosB bacter1algrowth at the neutral pH for the trypsin

digestion made the procedure impractical in tbeir hands.

tfhe presence of prote1usub8tancea and amino acids in these

products wes tested .for by ~iaelik using 8ulit:losa11cy110 acid, :B1uret' s

reaction fittd ninhyd.rine, wh11efor the detection of sugar thQ reaotion

of.l,011schwas elllployed. Tbe presence of desoxypentoee. "vas proven

by the reaction of .Disch.. Tbe reactions for petltoaes were followed

after Tolleus and ::Sial and :t"or ketoses after Geliw611oft. Glucoeamine

was proven to be in tn e hydI-ol,sate using the proceaure of ~lson and

~organ. The results of these teste are summarized in Table II for the

various extracts.

The complement fixation elld 1ntraG(:rn1.al tests were usedbl

Cmelik (l952b) to deterla1nc the ~~cti"1ty ot' thea. various extracis.

IJ;:i he 8Y purest polyaaceharide H obtained by comb1luddigestion wi th pepsin

and trypsin did -not fix complemeu"t in guinea-pig. sensitized with the

lua:terial. On the other band, tbis produot gave a te1uporary a.nd a Ct)natant

positive skin-reaction in Ecll1nococcul oarrier·s.
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Cheneal Reaction. ot·;~:'rodout·. Obtained by KxtI'6ct1on of
Hydatid CY8t jJembranes (After ~mEilik, 1952b)

,,!II! I I .""'= "Ii::: r: r :

oulpho-
.-11.qy11<: Nintwdx'- .t~?- .Elson

~Xlt.I·"C£S r acari . !ne . B!Ytr£.'t )L211!ch pisch. Q~.q),.leqll ...B1al If-AQr! Mgrgn

'f,l"1ct.. lDre­
acetic
f:toid

l?eps:ln

PeplJin
,10.

trypsin

+

+

+ +- ++

++

++ ++

++

++

++

(-+4-) indi.oatee atr<)ngly pos1t1ve,

(-) neg€i.tive.
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Another worker, Ragath (1959), reported that the antigenic

property of hydatid ayst fluid was in the protein-tree, acetone-ether

insoluble portion using the complement-fixation test, but he noted

that this active fraction moved electrophoretieally with gamma globulin

like proteins of cyst fluid.. It could, however, be separated fro.

the proteins by protein precipitation a.nd still retain ita activity.

MacNab (1948) prepared an active "polysaccharideu fraction

which he used as an antigen in the precipitin test for a patient having

a. pulmonary hydatid. cyst. lio method c>f preparation was incLicated.

J?irosky .!! 1!1 (1 }49) used val"ious preparations of 8J3 antigens

in the complement fix&.tion tes<t. The 4 materials used ~ (1) the hydatid

cJst f'luid, (2) water soluble fractions of hydat1o. liisaues, (3) organic

solvent soluble :frfto'tiona of hydatid tissues and (4) a so-called H ant1geno

~nte&ral~!. This latter wae a suspension in physiological saline of

cystic Inembranes. I t contained one per oent organic substances. C~St8

from cattle liver were used as the source for all the material.

The water soluble material was separated into different fractions

containing proteins and polysaocharide. The protein from the fluid was

precipitated with saturated sodium. chloride at pH 3.2, dialy~;ed,

centrifuged end red.1sso1ved.. ~'h18 prooess was repeated several times

and the product was fina.lly dissolved in physlo1ogice,1 saline at p'H

7 .6. il'his fraction contained 2.427 grruna ni~08" per 1000 gram.s of"

pro"teiu. The scolices were ground in a aring Blandor a.nd a rnethod

simila.r to tha:t f'orthe i'luio fol1oVlJed. l 'he final pr6c tate conta.ined

0.5 grams of nitrogen per 1000 gr~~s ot protein. The cystic Membranes
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were first ground in a Waring Blendor contain.er previously chilled

to -40°0. This was follov/ad by extraction in sterile distilled water

for 48 hours. The resul ting sol"ution WQS, t'il tered ttr~d the liquid

8ubj()oted to essentially the same procedure as that for. fluid.

!the product was a p:t~otein containing 4.35 grams of n1 trogen: per 1000

grams of protein.

The deproteinlzed liquid-froth the hydatid. cyet fluid ,menJbranes

and scol1c88 was treated with 5 peroex:t trichloroacetic acid for 24

hours, centrifuf" ed, made u.oid to pH. 5.5 and an equal volume at'" 96 per cent

alcohol in e buffered solution added. Saturated sodium chloride wes

added and a precipitate formed. The polysaccharide was dissolved and

reprecipitated with alcohol. It gave a negative test with Biuret, a

lJ'trongly posi t1ve £110118011 test, negative Selil~'anoff and a poe!tive teet

with levulin1cacid. It contained 2.55 per oent nitrogen. The organic

solvent fractions Viere prepared by using alcohol, acetone, ether and

various comt)1natio!ls of 'these a8 extracting agent.. Theae authors

found that the complement fixation property depended on the protein

content. Of the water soluble material, only the yro\e1n part

reaoted with the corresponding antibody. this ,Protein part and the

hydatid cyst fluid were specie8-specific when tested against sera

from, patients with hydatid disease. Tlen1a ~...il infection and

aeveraltacter1al infections. In the organic soluble matefial group

specificity wac-s observed for taeniid tapeworms at certain concentrations.

The hydatid ant1i!no in'tegrR:l \Vas capable of' fixing complement but no

defini teconclus1one cou.ld LHJ dre:wn.
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The author concluded that the protein fraction- by speoificity

and seue1tivity- was the .ost appropr~ate antigen for complement

fixation test.

Dennis (1937) precipitated the UproteinH from hydat1.d cyst

fluids of livers end lunge of cattle and sheep using 5 per cent

trichloroacet1c acid. He found that 3 per cent trichloroacetic acid

did not give a preoipitation of all the active material and that 8 per oent

gave little increase. The precipi ta:ted protein was washed and

redissolved in phyaiological saline, repreoipitated, washed and again

dissolved in physiological saline and finally subjected to Seitz

fil tratlon. This material \vas shown to be active using tee complement

fixation teet, the preoipitin teet and the Casoni test for hydatid

disease.

Pautrizel and Sarreau (1947) prepared three different products

from hydatid 800lice8 and all were found to be good antigens when

tested 1ntradermally. These fraotions were: a glycolipid complex

prepared by trichloroacetic acid precipitation, a glycoprotein-complex

made by precipitation with absolute alcohol ~ld ether and a polysaccharide

fraotion prepared by precipitating the proteins with phosphotungstio

acid and then precipitating the supernatant with absolute alcohol.

!lorman ..!l..l!. (1959) obtained three materials from t!hydat1d sand H
•

For one the u.and t1 wae extraoted with physiological aaline for 24 hours

in the cold. In another, lyophilized "sand" was used aod. for the

third product a fat-free antigen was prepared by extraoting the lyophilized

"sand" with ether. All three antigens were shown t" be active using the

bentonite flocculation teet and the complement fixation test.

-~
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Kasan .!1.il (1960b) ill studying the beet antigen in the indirect

1r1'1" ected cotton rats al~d gerbila. Thee. crude antigens were te.ted

w1'tb. speoific antisera prepared 1:n rahblts f.t,galnet ee.ch ~laterial t~nd

also agt11nat serB :t'rofJ. ind1vidual. wi 1h previous hydatid di~HJti.Se..

Crose-reactions between ve,r1ou8 al:rtigel1fS a.nd antisera Viere obtE11ned

whente$~G were ruade with ftlltigera of immunized rabbits. 'I1heae ero~~s-

ree,ctions were wore evident i,n c~;ca't eliC scolex antigens o:e both

species 'than in by'datid fluid or faembrane a,nt1gens.

Hydatid oyst fluid wa. the best allt1~~en \ttl'th sera fraIn. pat.1exlte

~r1chloroaQ.t10 acid was used ~o

prec1pitate Uflu1d" oDta1ned from Eghinqeoccus mulS\lock\larla cysts as

frac\1ons had no advantage over crude hldaiid cyst fluid, whereas

unfractions:t.' material in the~erolog1ca1 test. TIley suggested tha't
,

~ more 8,ct1ve ant1·iGn migh 1'.. be obtained it a lliethod. were founa for

extraQt1ngth.e l1po-prote1n-polyaaccharide complexes an.d that the

!{ctive ant1tsen1c oOIlponent in the iruiirect hemagglu.ti.nation test !:..1ght

be a protein.

Dono and l'ellegr1n1 (1956) separated hydatid Cj"st fluid proteins

eleetrophoretically. \Nhen oattle origin atldsneep origin tracti,ons
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were com.pared., theJ' allowed 11ttle var1et1{)'o in their electropi'1oretie

patter~8. However, the fluid proteine from cysts from d1fferent

prote1ns separ.~ed

T'ates of ra1gr8.t1oll depelldlng on the1 l"" origin in fer't11e or un.fertile

cysts.

layer of' eeh1nocoecal cyats from the liver and lunge of Qatt.lfJ were

also eleetrophoretloall1 fra.c tiona ted b,. hlorellln1 ~H'ld Ferri (1960).

The extracte we:r-e prepe,red by meo.h.an1cs.l1y tr1turat1ng the ~ata terial

at -40°C in a special apparat\ua. After' grinding, it waD uhfolkan rat

o4 C ill a cold room tor 24 hour.. oentrifuged lind tbe auperne:t~111t

removed. Upon 1)opbillj;,at1on of the eupern£ltant 11f'~uid a v~L1 te water-

801ub1e precipitate waa obialru·t4 and th!. t!i'.ater1al used. They f'OU11d

tour proteins that migrated differently end, ot thfJSe, 01'11;)' the

.fixation test. Tbei'$t rather pure extreo",o, when injected. into ra'b i.J1te.

not give any croa.-re~ct1f:)rl against Q.nt1gene prepared from other

that t.:.b.mer;tbr~r.u.8 containea about 6,000 t1zlJ.<ts m~or. of the ~Jntigen1c

proteitt tor till. test than did tl1el h7dstid cyst fluid.

In so fal' 68 tbe 1rltrader!fle.1Glnd complement fixe:t1.o::tl teste are

concerned t these findings Bre summarized in Tables III cslnd IV.

11
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Table III. -to\1.. Ant1l~en.81n the Cason1 Sk1n T.a\ tor l-i)rd~tid Disease

Source

t~7dat1d

oyst
scolices

An\lgen

po1188c~haride

IdeDtltlcat10D

1.potJ1tlve ~ol18ch 'test
2.negat1ve "Siure" arld J;(til~ns, 'esta
3. reduction ot .Beae4ic'. after b1drol;r81e

Eesulte

,';.c1.1..,8

Reference

!~e:nekj1 (1941)

~1!D11 po118acebk~rid.

SIJ!ft!.'". .' co:l:i.B. - ... - -.- - ,-.

Hydetid polyeaceber1de
018t f'luid,

hj~dtif.t1d

eaud

1. l1el_\1•• Bluret tea"
2. no precipitation with ph08phot\.m€stic acid
,. no n1lrotJea. 01 J •••lerization of tile hy4roloGau

1. neeatiy. Fehling. 1..at
2 .negative 111uret ar.ud ledine tests
3. hld rol:l' 81e vith COilC. HClgu.ve a re~ct.1;Jn with

1ev"11n1c acid
4. h¥drolj's18 for; hour. ga.ve tl redut1rag eugar

wti.ch gave a gl11oo.,un.. Yti th phei~llJ.ydra£1ne

active

aetiv.

Culbertson
Rose (1941)

Ptroaky (1941)

., iii r _ I J • T ( lI" ~

lamina"ted polyeaccharide
membre..nes
of hldatiel
cysts

1. r.egat1"..tUtoaallcy11e acid teet
2. nega1,1ve n1Dhldrin "-at
,. negative Dluret teet
4. positive Koliseb te8~

5. positive Diaelle 'test
6. neeat1... 1"ollen's 'test
1. negative Btal'. te1'\
8. neaa:\ive Se11wttDoft tea't
9. poaitiye Elaon ~rged1 "tee'

~ctj,Ye ~~JfJlik (1952)

Scolices
of h.)'datid
c3sts

1.glyco11p1d
2.g1yeoprotein
'3. pollsaeehl'ir1de

!active l"alltr1zel
Sarresu (1~J47

• R J P-,--'. 44 .fi~~_.

n,datid
Cle 't
fluid

protein active

~

• IiC • • *-"._ 4 ._ ...... '* "III ,~~~~~
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fable IV. Active Antigen. in the Complement P1xat1oD Test for B1d.\14 Die••••
iouree t:tlgen ideni!?rcaiTon 'R8eu!t. i W.ferenee .
H1clat1d cyst
flu1d

Protein free.ftcetone-ether
i8soluble portioD

active ti.aga'th (1959)

rq4a\id cyst
tl\l14 ,membrane
and hydati.d
aand

Poly8accharide aetive on1l
in rabbit.

Piroaky (1941)

Laminated Polysaccharide 1. negative 8ul~a.~lic111e acid te8~ negat1ve 1.
Mem.branes of 2. ne«atlven1ah1driu. teart Bene1tized
1'qdat1d cyst. 3- negative :Biuret '.st guinea pigs

4. p081tive 1lo118cn test
5. poattive Dische ten~

6. negQtive TOllen's teet
1. negative Eial's test
8. negative Seliwanoff test

___._..~_. .~ .sL.~Jl131D_.~~.oli.JAQJ1g3~ __t.~$.:L_ ._~_.

~.me11k (1952)

nU1d.6eoll(~e. Polya.accl1aride· 1. negaLive Biuret teat
and me_brule. 2. positive ~ollaob ~.s,

ot hldat1d ,. n•.ge:ttve Seli_enoff teet
c~.sta.. ~ ~__.__.~~_~._~ ._._~__. ~. ~J!j).1t1ve 'teat .it..b._~:l~vtml~_'-J:.__~c_l"_~_

nega't1ve .Piroeky et a1
(1949) --

llu1d,.co11ce8 Protei. - active
and mem.brarlf'JS
~t'_~~4a.UJi_.1:.'L.1. ~ .._..~ ._~~._. ~._~~ ~ ._. .~.._._. __ ._ .. ...._ .__.._._. ~_

riroel~y e~ a1
(1949) --

PrQ'.1n
1174at14 cyet
lI.abraaee

H.tclatAd ex.' :Clu1d .P;rotIW ...- ac"'ive DcuUlie ..(12~1)
positive on]~ in

. the .2 ceDter r~jorel11n.1 f~,r1d
elec'trophore\lcall)' .... +1 #-.1· .... ll- .. (, a~n.. '\pro.en J..rae r,. ons ... err1- ,J.,~U\'.i j

I tB !Dck9Pl!0:rs&D!-
S,4at1d cyst l",ipoidel - aetiY. Hiles (1927)
,gol!g,. , A
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deteotable 01 'the various serological teats ava11abl e iatb'll4f1i fa,c~~d

i-

review ir! detail the literature on hydati.d c~cun1fJtry lJ!!.r A!..' it ts

ea£e to 8"1 that 'the ehe~tt1cal compost ti01l8 of hydatid o,"st fluid and

;;"&1\:1 different i.\letnods which have been followed in preparing tbe

var1,()ue ant1£.:en1c proQucta e,nd extracts used.

The purpose of the pI"••ent .'\ldy 'Uill to observe, under conditione

chelJ:lioal properties of the 8ntigen1c s1tater1al which 18 active in the



r
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A. Ia4irecj UIlM"1!l~~t1.o.J! 'l,.t .lJ..APi1!!.<t i2.

H:iJ1@,t1".4 12:tsiAII

.!1.!l (19511\) 'lias followed throughout this ftt~ud1 with thee,dditlol1

of n, block t1tratic:l}. method for the (..r;.t1gens studied. Four dilutions

Elwood , Gla$go~, Scotland. Tbe .~11D6-

co ~uboratorie., ~.truitt Michigan. All other factors were also kept

e,ry'throcytc" t::ft'H:1 tt.iG serurtl d11uents.
--

pool of" sera 0:1" 11 dif':ferent hyda:tid <11eeatut patients. APPx'oximately

four-tll'tti. ot' tli1a pool was contributed 'by one WOlJl8n and "88

collec",ed by the Lepar".erJt of Tropioal Heal tll tor the World Health

'the d1agnoaia of hydatid diaea.so. e titer ot this standard serum

¥HiS 1: 5,1.20 plu.s or min.us one serial 4 ilut10n ~'ben ueed against
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The donor of the cells used in these exp.r~ent8 was a non-

smok1ng, non-drinking individual 45 years of age who had previoue17

been teste(l by the indireot hemagglutination test and found to be

negative tor hydatid disease. Forty cc of blood were collected

weekly following a 12 hour fas' and divided into two .,ual portions.

One portion weD allowed to clo't and the serum removed and.8tored in

tbe twoaen state tor ua••• fa diluent. The other portion we. put

in mod1fiedAleever t
• solution and .tor.a at 4°0 until used. 1

The one variation in this procedure occurved during a few of

the late experiments wben, d,ue to the E'inem1c condition of the donor,

additional blood .ample. were obtained from. a similar male donor

theee cells were compared in

duplicate experiments with tho•• of the prinoipal donor without any

cbange in r ••ulte, .tarldar41zed against a standard hydatid cyst fluid

and theretore it may be safely assumed that th188ubet1t'ution had

nQ effect on the result. obtained. Each 8ubet1tut1on is indicated

in the reaulte, however.

1Mod1f1ed Aleeverts solutions

Dextro••
Sodium. citrate
Sodium ohloride
Citric acid
Distilled wa.ter q.:. e.

20. 50 gr;;,tlUe

8.00 gram.
4.20 gram.
0.55 grame
1000 ml
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!he fluids from. individuf1.1 hydatid cysts were 8aep't1cally

collected. by slringe in 100 tIll v1al$ flrJ.d 1unaedietely :f:roZetl aku1

stored. until use at -20°C.

fertile hydatid. cyats of the brflin, thigh ftudper1tOI~eaJ.. cay! ty t

e{c;,ch from a different patient in the American Un1vers1ty HOQp1 tal.

~UgU8t 1963.

were collected on "1, 196:=~, from t'ive cysts or aheep liver, five

of cattle liver. three cheep lungs ~ne of caitle lung. These

eysts were highly fertile. l'hese fl ;.~ids were tested in "July 196;.

6 and Ocrtober 2, 1963 -i'rom nine fOl'ti::'e c~at& in the livers '~l'

fln1n\H,ls purch.~,8ed frQUl farmers B.nd slBuf:l1tered at th~ t.mer-lean

University tarm. Th••e fluids were tested in July and October 1~63.

TneBe flu.ids wer6 tested in August. 1963tlnd April 1964.

e. ~£.bil (;.1111 F~J.1d8: ThEHl+e fl~..ld.. were aol1$ct~d in :)ctober
of

1963 trom ttlree fertile secondary hy'datld cysts :fro:ru toreo/./erbile

cysts were from the peritoneal cavity and were tested in October 1963.



in the 1~e1r\lt li\L.'t).1,eipal Abattoir. The fluids were teDt.d in lHlgust

196'.

prepnred by Mr. • l{oussft, following the proced.ure described ttl

et ~l
Y;ilej1an/Z1962). The fractions of iraenil bldatigena c1 8 t fluid

vwere prepared si.!::,,'~ilar11 by Nlr. • J,Ot.lU8S. Theee ma,er1nlo he,d been

o
lyophilized a.nd .tore' at -20 c.

For e:xtr~ctlon, 20 m111if;',rav18 of e~ch of the lyopbilized

precipitate, the dialysis precipitate, the trichloroacetic acid

precipitate, and the aloohol prec

five eo or .9 per cerlt laline ai~tcr homoge111~at1on in a Te:t:lon-

o4 c. ~l\be rtH3ulting 801ut10:!UII were centrifuged n.nd the eu.pt~:rnatant

tested at different dilutloAS.

In another prooedur'o, the eame tnater1Rle were reoQost1.tuted

bufter.

the~ hBd been prepared.

speetroacop~y
paper electrophoresie ftnd, in some instances,

chroma sagars.
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~eolex extracts were prepu.l'ed fX'om hydatid cyst fluids of'

tthe only m.odifioation wee that instoad Qt' dilut11'1g the extr2ct

the ser{t ot eattle waG applied to the!~ractiouationof bovine h.ydet1d

C;!£)t :t~luid. A voll.U'!f& or ;000 iU of tartlle hyd~ltid cyst fluid at I}U

7. 7wE:,o cool(~d to 0°0 a.nd 1685 00 of ~.O per cent ettu::..nol ,,;bieb h.~d.

previously been cooled to _20°C ••0 added to produce a flr~l ethanol

precipitate ~'ere made up to'the1r orig1nal yolwaes w1ih Ba,oto-

pl"ec1p1tate W8.8 examined eleQ~rophoreticalllhy Mr. Ut. Kousaa.

vaeked scolices to '0 cc ot fertile hyaat1u cyst fluid. thie fluid

liquid frozen until used_ In a replication of tnis procedure the

activ1 ty of tnt; scolex-fluid IUlt1gen .as deteryft,ir.led before freezing_
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A. 2oiUJ2'i.r!,onr.",op Aat.1getl3,g .~ctlvi.tl It£. I!bU!r~~n1

IfZdt\1d £yltl Lr.2.il m,§I.me :)re~ln., sJ.. i be §!U!8

,;!n1!M

The ind1reo't hema/~l~lut1nat10n test using standard human

antiserum wae perform.d on highly fertile h.yde,tid oyst flu.ids. A

.(U~l~,le wae taken troll eacb of five different cys"ts of the liver

one sheep a,nd ellon of five dirf.rent cyste of the liver of one cow.

The r ••ults of' the•• teate are eWlJlar1"ed in Table Vnnd VI.

From 'these tables it oan be aeen tb.at there was no appreciable

d1ft'er.-nce in the serum titer. obtained or in the antigenic

conoentration of hyc1at1d CJ~8t fluids froul highly fertile cyst-a r)f

'ttJ.C 88.ll'U! orge,n ortbe 88m.e ani.fdal.

B. 29mpl£de$QU L2t. ADlkglBlq AgttViiX .9l. Hxdai:3:d

cl8tll~id 1£2a Various AajllbB

A furth.er compal"1.son was done to see if the a"nt1gen 1nvolved

in the1w11reet bemagglutin$'"tlon teet, ttga1nmt'tbe ettelodard bwnen

ant1eer\l1Ait.'" d1ftered in hyda't1d CYflt :tluids t(lken from difterent

specie. of host animals. The8e re~ult$ are ~UDWlarized in Table VII

and shown graph1callj'~ in r1igure I.
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=:=1. I ,r i'
Sheep

:' ,a5 g;. 1:£\1=,:::: 1 :& = , 1'0 Q.=

Exper1aenl •

1

II

III

IV

v

1s51~O

,r5120

1:5120

1t5120

1:5120

1: 10240 1=5120 1:5160

11 ~120 1:5120 1 :6680

1:5120 1:5120 1: 4470

,l 5120 '1 : 2560 1: 4370

1 .. 10240 1~ 5120 1 : 5120"

1:80
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1:4 1:8

I

II

III

IV

v

ll10240

1t;120

1. ;120

1: 5120

1:5120

1:10240

1: 10240

1:10240

1:5120

1:5120

1:;120

1: 5120

1:5120

',: 1280

1: 1

1: 12BO

1:1280

so



bil-·
itoneal
ity
lets
rt11.)

g 9 '5 0
9 9.4 %=9.1 5.i =4.7 0 - 0- 9

x ::

9
x • 9 4 0

le liver 0
ste 0 i. 2
.-fertile) 6

o
Oi.2
6

,
9
9 i • 8.7
9
8
8

o
oi -2
6

8
8
8i.8
8
8
8

o
o i. 0
o

a
8
8 i. 8
a
8
a

o
OX:= 0
o

8.6
8
8.2 x -1.9
8
7.4-
7.4

2

* '1\114 from a a1ngle cY.~ uoe<1 for each exper1aent.

** Each value on this taDle which repre.ents a aax1mua antigen
titer 18 the aeaD ot five repllcatloaa.
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fable VII. Oomparison ot Fluid fro. Different Animals (E~xpressed in Tube luabe~:

Source and
Number of
Exper1ment* ~uted 1: 2

Antigen Dilut1ons**

1:8 1:16

Sheep
Liver
,- C eta
Fertile)

Sheep
Lungt elate
·'ertile)

-
9
9
9 - 9x •
9
9

9
9 - 9x •
9

10
9
9 i • 9.4
9
10

9 -, x=:9
9

9
9
9 i. 8.8
8
9

9
9 i • 9
9

9
9.4
8 .. 8 i • 9
8.6
9

4 -4 x == 3.7
3

Cattle
Liver

e ate
'ertile)

9 ­9% • 9

9 9 9 7
10 10 9 7
9 - 9.2 10 - 9.6 9 - 9 '1

..
'fx • x -= x • x = -

9 9 9 '7
9 10 9 T

Cattle
Lung
~;.'"

(Fertile)

Burro
Liver

C eta
Fertile)

..

..

9

5.8
5.8
7.8
7.4 i • 7.2
7
7.2
8
8
8

9

5.8
:5
2
3 i:= 5.2
7.6
:5
9
7.2
6.2

8.9

o
o
o
o -2 x = 1

o
4 ',
o

4

o
o
o
o ­Ox.. 0

o
o
o
o

Camel
Lung
8,Czate
(fertile)

Human
Hydatid 078"
Fluid

..

-

7 '1 ,
6 6.2 2
'7 6.2 2
6 - 6.6 ; 0x • - 2.6
7 '1 - 6.3 7

X ==x.
a 8 :5
6 '1 2
6 6 2, 9 9
ei.g 9

.-
9 9 - 9x • x •

9 9 9

o
o
o
o -, x • 0.4
o
o
o

9
9 i • 7.3
4'

2" "clats
t~Yi;A9""'J.t~i·.,.i+4tVfl;}~'tWM*rlf'ijnHt!?':fr"'.l}'fttt'lit,'1/#, sis:4'@':i±tf't")#.uVbeNAAMt'r' d ,'" ...... " ~"->2c"-._~_~,.~~~~.P'
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I Fertile hydatid cyst
fluid from sheep liver.

~ Fertile hydatid cyst
fluid from sheep lung.

DFertile hydatid cyst
fluid from cattle liver.

~ Fertile hydatid cyst
: fluid from cattle lung.

I Fertile hydatid cyst
fluid from burro liver. I

I Fertile hydatid cyst t
---sa II L13 fluid from camel lung. I
--- II Fertile hydatid cyst fluid
••• L...-_.I ---'-" ,.., ~ from human organs.

···S Ej ~:I ~ • Fertile hydatid cyst fluid
[ill from gerbil peritoneal

", I XXI I
cavity.

.-. xx
xx
xx ~ Cyst fluid from Taeniaxx
xx hydat-igena.xx
xx

..

1/4 1/8 1/16 1/32

ANTIGEN DILUTION

FLUID FROM DIFFERENT ANIMALS (expressed in tube number).

10

a: 9
L&.I
m
~ 8z
L&.I
m 7
~

~ 6
fil
~L&J 5
a:
~

~ 4
z
0

5 3.....
2i
~ 2
i
LIJ
en 1

0
1/2

FIG. 1. COMPARISON OF
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The rel~i.'t1oB.hip between tube number and d.ilution v~'tlu.~0

18:

tube number 1 6 1 9 10

d.ilution
v8,lue 20 40 80 160 320 640 1,280 2,5iO ',120 10,240

where 1 is the dilution value (1 ••• 1:20, 1:1280, etc.) and X 1~ the

log Y • X log 2 + 1.0

aence to convort ~:£. fracti(r!Hll tube number to d1.1~.J,tion value, 1t

for a tube number ot .26

ant110g 3.4863

Therefore the tu.ben\.UIDer 8.26 re:preeen't8 tit 1: 306; dilution.

Figure 11. Gives the graphical relB t1ol1eh1p between lru.be

nuaber and dilution value. The proper 101 411ut1011 value oorreepondtn,

to the tube number 18 found. the t!f.nttlo€ ot this gives the <1iluti~~n

value.

A e1m11tfr Iraph could be eon.;'ru(~ted on. ~&.m1-1og pape.r g1ving

the d.l1utiotlvaluea. directly w1thQut taking antilogs.
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5.0

3

8

2

9
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From tbee. d.ta 1 t appear'$3 that the boat.ourc. of aDt1gea

1. ot: 11ttl. 1t 8JlI 8ila1f1oanoe .e lor..g a8 tbe flu1d 1e obt.1lle4

troa bealth7. tertile OJ.tll. So••what lower serum t1"er. were

obta1xu.ld w1th cai11el and burro fluids. howe••r, than with the othGra.

On the other hand ,antl{{,en 111"tarB d1ffered flo••what trom C1'8t of

one hoe' eniidtkl to another. An intereeting flnd1n8 w... tbat

f8.rdl NAlt1'~11A Clst tluid was equally usetul ... a Bource of

an'lg.n for "he indireot hemagglutination. te.t. A .grOu.p ep••iflo

factor 111 tberetor. evicten'.

Infertile h.ydat14 01" flu14. po••••••4 little or no anti­

gea1cit7 DO ftla1'ter\Wbat boat the, .ere ob~aln.d from. The

.xo.~t1on W88 infertlle clst £1\114 fro••econdar:l infectionsl.

alee, wber. t:b.e oy_taweret allve 'but hact aot ,." 4e"elope4 .oolic.e.

In one 1n..1tanc$ the full eerua t1 ter"•• obtt:t1ned at an cU:.'1gen

titer of 114. aepeatinl -me procedure wlth three ot}:ler infeoted

m1ce, the 1atert11e flu1a.w•• poe1t1Te ... a r84ue.' ••rwa 't1ter

in one inert&f'loe and n81atlve in tile otber t.~ (.~2. Tall. '11I) I

fh••• cysts were examin•• under the di••ectinG scope to 1nsU%·.

th.t the tq4a114 c.v'at fluid••ere in tact infertile. Theae

re,lnllta 1Ad1cate4 "natb.1dat14 018". Mgln to produ.ce the indireot

heJJlagglut1,na:t1ng ant1«en even before scolic•• art•••
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Sel"\W. }J11t.lt1on Uainglnfertile ,dydatld C18't j1luidfroa
Seconthtry Infec'tion of h~.ioe.

a

.HI· ! • " II.' =p=

I

II

III

IV

1; 2

115120

1'2560

o

o

114

.. 1:10240

'It 1: 2550

o

o

1: 8

1: t30

1 ~,*

o
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Since .BttC1&il1upo (1925) reJ)cl:~ted t'n.~4t heating h,ydet1d C18"

f'luldfor five m.1nutee at 100°C did not d~'9'troy i te ~ntigenic

properties in tbe intradermal ana c<:g,;'lple.ment fixat1Qt'1 teats,

experimerlts YHire desit:':ned to teat the t ••perature inactivation

Knovmactive fluid trom cattle liver cysts l!i'a\sbe.'.d to various

tem.perature.tor different period8 ofttme. The activity was

tested .t'er rapid coo11ng to room 'temperature. For temperatures

'up to 80°C ten eo of' the fluid in .. teat ·tube was pieced in a

constant t ...perature wate:'" bath. For 80°0 the 10 co was divided

into two equal portions and placed in the water bath as above. ThiS

lI.mallar volume allowed the fluid te1'Ilperat.ure to reach that of the

WB:ter bath sooner 81nce "time is more cr1't1cal at elevated temperatures.

o
For 100 0 the fluid waB d,1v'lded into 1 OC port1oI1o and. tIle 8&1;10

prooedlll"6 followed.

The pool of fertile hydatid C18t fluid from oattle livers

had an or1i;irlfil a.nti~eu titer of 1: e (serum t1teI' 1: 5120) when CC1:~iJf.lred

to the etall\1ard bumr:tn an\ili&rum. H·f,u;~ting this i"luid to 56°0

titer of the 8H.\t1gel1 01" serum anu hence no 1088 of ti.cti:vi'ty. Uea.'ting

it to 70°0 for 25 minute. also produced flO change, while heating l'

at 80°C for 25 ~111nut•• gave Qo'U,bti"ul reealte. When t1~~e at 80°C -.a8

reduced to five a1al.lt•• the t1 ter of the antigen we.a I'educed to 1: 4.

A,t 100°0 for five llinutee the flu1(; lost its antlgenlo1t, completely' •

•
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!he Eftect o~ !eaperature on the Antigen
(In terme of Ant1bocl1 Titer)*

I

"

TGlnperature
maintained tor
25 :minut.e

An~1geD Dilutions

'=4 1:8 1:16 1: :52

1:511;'0 '.5120 1;640

1:5120

1.5120

**1:5120 115120

j4 it·

1:5120 115120

1:640

,,640

80°0

100°0

TeM.perf~ture
iQ.eintained for
, ainute8

o

1:5120

o

o

1:5120

o

o

.'.1: '20

o

:R & S U 11 T S

*. All experimente rep$ated two times wi th ident1ca.l reeul ts.

------'---------------~
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n. !l!.I. ElfIe.! .tL :':"'11tr,,,1o, .2!l Sil! t,n,\1g,l1\Siil 9:l.

!it"I '1d 9:1£ 'lfj1dl

One hundred cc of fertile hydatid cyst fluid from sheep livers,

who•• or1.1nal antigen titer was 1:8 (serum titer 1:5120) wben co.pared

to the standard. b:umatl ant1serwa, was .f11teredo tbroqB a Seit.z filter

of one micron por·oaity. The f~iltrate wes 'tested aiain 'to 4.termine

any cbange 111 the li.lltigen tlter, and the fil trate w'a;a towld to be.v.

lost i te act1vi t J cQfn~.J..etel'y. The sa.tae Seitz t"til tor pa,d waD then

kept ill "the refrig8ra1;or overnigl'riwi th ocoasional 8klakiTl«. It waS

th.en cetltr1.;,'uied a.ndthe soline 1;86t8d'oj' the indirect hem.a~~':glu:t1ne:t1on

teet. This gave ert't1rely negaiive rGlults.

Th1Ie1p~rialt;llt w,a.S refHi&.ted by taking 80 cC of fertile hlda'\1d

cyst f'lu,1d from sheep livers which aleo had a,n ant1.gent1.ter of 1:8 1n

t}le ind.ireot hem.alglu.t1n~Ktion teet when compared to the standard human

arltiaerura.. Thie;flu1d WlU~ ill tered through a ,Zeitz filter of the aaiite

}"orosiiJ' &:..;.d ag!Jln the antigenicity 'H1S lOll. The Se1'tz tilter paper

was returned this time to the fluid filtrate ~!ld left with occasional

ehak1ng overnight in tile refrigetrtrtor. I t was then centrifuged and

the aup'B!rnr:~tant tested. Again the reu,;l ts f.:tJt"e negative.

I;, fu.,rther experiment 1\'&,$ pfJl~'ror~u.d l~nere a new ;:,:01 tf: filter pt\d

WtiS added to Q jtl~~sk con'tB,ir.ting;thesame fertile hydatid cJ"st fluid.

The flu,id aUld ::11ter .pad ~ere allO\~tHi to otand overa1ght in t.he

refrigerator w1t11 occa6iont~1.lifd,~1r~g then centrlfugeo.. The

8upe:t".n,i;l~1;lu~t liquid. was teated usinti tnt) in.,\1rec't nemaggl\.~:"winat1on test

and the ref.tul.s~a) we:orE:; n,E:i;ati've. r:hisproved th~lt the tHltigen1c actirlt3'
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----------------_.--..~.."_..._-_.__.-._-----------
!oble X. fh.I~ffec' of Seltz 1#11tration on thfit Arltlgenicl ty Or" Ht4*tt1d

CJst :frlu14"" (In Terma of t.r~t1b\)dy ;'1 ter) •

::

Operations

; : : : ; • : j* iili I It t. i .;

Anticen Dilutions
1:4 1:3 1:16

Unfiltered 01st
:fluid

Filtered throUlh
Seitz filter

1:5120

o

1t;120

o

~ ..
1:5120

o

1: 40

o

Adsorption on Selt.
f 11tel' wi tbou.t til tr~l'Sion 0 o o o

'* Experiments :rep.ated twice ~i.th saJa. re IJults.
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Saline extracrtsof 8coll0•• trOftl ah••p and oattle Cjtffts

when t ••ted by the 1nd.1reet hemalllut1n.atlon tellt against standtlrd

human antiaerum, in dilutione of 1:10. 1:20 and 1:40 did not show

any af1t1gen1cl t.1'. nepeat1ng this teat w1 th four ditfertlnt sample.

of' 8colices ga.ve the aame negative refjUl't8 (See Table XI).

A1Bo, no change in the titer of the Btanderd human antiserum

W.&6 obtained when an attempt wallt ~aade to adsorb antlbod~7~ trcnn 1 co

of tbe 1:10 dilui10n of the."andard hWlaD antlserus by add1ng a

drop ot the soolex extra.crt. After incllbat1or~ a" room teft.perature

for halt an h!)u" this s~r\lm w~s re-teat.ed against a known ftl1ti~;;er1

Without 10•• of titer.

The activity of previously antigenic b.14at1d ey8i fluid

F. Elfle"l 2L he,line, Tha!1Q8 and I!"rol!m S!S2I-ag.8

.Qa. A.nj.g,nip eRal.nl !J!.Cl1l:iJnu1d@

The effects of repeated fr••z1ns and 'thawing end frozen stora.ge

by freezing a .~ple and then thawing and teet1ng it once every month.

;ja~ihple. tested in this manner tor fl ve months had I10i lost any iJf

ir activity_ (See Table XIII).
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Table XI. The Antigenic Activity of Scolex Extracts
(In Terms of Antibody !ite~).

Experiment No.
Scolex Extracts at Different Dilutions
1:10 1:20 1:40

* I 0 0 0

* II 0 0 0

III 0 0 0

IV 0 0 0

* The human 0 Rh+ erythrocytes~ b~ a different
donor.
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Table XII. An'tibodl 1:1ters Ob'tal11ftd fl"Om Seol:Lcea
Hyde.t 14 (.7at 11\.11d*

in tlle

I T ~.

HYG~t14 cls t
fluid

Hydstld cy'.t
fluid plug lyee.
soolices

1:5120 1:5120

o o

ot three r@pllcatlcns.

~-----.j
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~......., t' ,.~~_, - ,_,,_. ..'_. _

Tbe ~i.ftect of HelHu'lted lfreezilll lz\~d Thawing
~ltorf.""ge on thG! Ant1senie1 ty' of H,y'doiitid Cyst
(In Terme of A~~t1bo4y titer).

i g, - , • j = ' '!

,?rQlen

Date-
liovember21 ,1963

Febrw:rry 5,1964

April 6,1964

Aa:kirile I!11u"iOQ
1·~f61s2 1:4 1:8

'.'1:5120 1=5120 1:5120 '180

*1f~ 120 " 5120 115120 1:80

'*1:;120 1:5120 1 t 5120 1:80

*1:5120 1:5120 1:5120 1taO

*1«;120 1:5120 1:5120 1:80

* ••en. of three replications.
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G. 'rtC11Qn,t1on.2!. the W.lle.

Ileeults of' the indirect hemagglutination teet on difterent

lyopb.11ize4 fraction. of EQMA990COU~ iran~O.\l' follotll1llg the

procedure ot K.11e~ian J!1.!i (1962) are given belovl and in (Table XIV).

1. The freeze and thaw precipitate we8 negative.

2. The d1f2~ys1$ preoipita.te was active 1n d11ut10118 of 1'10,

1:20, 1:40 end 1:60 at a titer ot 1:2560.

,. Triohloroacetic 8cld precipitate. gave the Bame titers

ae the d1s,1,'81a precipitate, but as the 11e14 of trichloro­

acetic acid precipitate ( 295.5 l:1gme)exoeeded thtlt of

the 418.1Y818 precipitate ( .. 220.8 mgme) , its actual antiaenic

activity was 80fAewbat greater.

I. The supernatant liquid after preeipita"t'on witb triohloro­

acetic ao1d. pel: 41&1",,.18 t·o rem... 'he tr1chloroacetic aoid

gave a negat1vete.t.

5. The aloohol precipitate save a negative teat.

6. Supernatant liquid from the alcohol precipitate WQ8 a180

negative.

R.sults obtained fro~ lyophilized TaeniA Dr4.t1seBl fract10Da

gave the following reeults: (See table xv).

1. Pree ze an.d thaw preclp1tate was nels.tive.

2. ~he die-Iy.is prec1p1'ate was active in dilutions of 1:10

at a titer of 1:2560 and 1:20 at e. titer of 1:40.

3. The triohloroacetic acid preci'p1tate was active in dilution.

of 1:10 at a titer of 1:2560 and 1:20 at a t1ter of 1:40•

•• Alcohol precipitate "aenegative.

---~~J
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ble XIV. Antibody Titer8 Obtained with 1)1f'f'erent ii"raetions of
nyuatid CYi~t :Fluid

HI iH 1.== • !·I'.' " g , . n j

Fr~otion. tested 1=10 1:80

Jr•••• 8.r1d thaw
precipitate

Diall.i. preci­
pitate

'fr1ctJloroacetie
precipitate

A.lcohol
precipitate

o

1 t 2560

o

o

1: 2560

1=2560

o

o

1:2560

112560

o

o

'.* 1:2560

**1t 2560

o

* All exper1aenta repeated t_ice with aame results.

Mean of three replioation.
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Table IV. Antibody Titers Obtainad th 1)1fterent 1!ractlo118 of
Taena.! hldltlg~eMt Cyst llu1d'~

=•••==rm"' ====:=:'IlIll:IIIII======::=:UI':=In=:l':Il1 n-=_=~..::-==~=..====='==1=:=i=I.I=====~-===;:====lt=:==i ==rl=:==u===::;

teet 1:

A.ntigen Dilutions

1: 20 1=40__,------------~~'~-._....._._------------,-_._......__.-
}l$ree1H~ and thaw
1}rec1pj.tate **,

() o o

--------------_.'------------_....-
D1tll.Ys11
precipitate **1: 2560 1t40 o

, - ~..,~fj...I~_j ,P_.. .l'I. .. _..........._. _

Trichloroacetic
precipitate

AleobQl
precipittJ.te

*.~

1~2560

~*
OJ o

o

o

'. All experimente repetated twice w.1 th same resul ts

*i' J,1ean of -three replications
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1',enia 1:Zd,t1gena fluids were reconstituted to their original volumes

ane tested by the indirect hesaagglut1nat1on test, all gave negative

results. For this tefft the hUllan ORh.... erytJ1roc7tes were bye.

different donor.

Followin& a method 8inlilar to that ot He.s atld ])eutach (1948)

be active in d11'ut1ons of 1: 10. But if 1.t watf reconstituted to i te

original volume it gave negative results. ~he supernatant after

I'emoval of alcohol in a 1: 2 d.ilution ly.ed. the erythrocytes durlng

aenei t1za\lon, while a 1=4 dilution gave 8 titer at 1: 256{). T'he

ori~~inal fluid waa aetive at a dilution 118 at a titer of 1: 2560.

'f
1'1. :t-dI9[P~&.OP 9.L Y.Ar"e!=ll ~hl¥!.n.ll. ..2.1. 0 Rh ...

Eu14ro.Qli!,

Because rl'tthe unexpeoted results obtl,1ne4 with scolices l.ysed

in previously act!ve fluid. 1t w~s deeid':ed to test 'thy: effects of

addition of nOD-antigenio proteins to tb~ 81utem. ~o test if serum

~¥111 1n:te~.re 1n the adsorption of the, hldat1d eyet fluid on Fil+

human erythrocytes during ••ne,1t1Iurt1oa,ot ",\th~ .ells, 1J"~ dilutions

, \ huaaa
Jf the hydatid cylt tlu1d were p4e 118:1n« 1iI~' ••rue of blo'od gro'tlp

Jd) 08 diluent instead ot Bacto-81reptoly$.,in () buffer. A control

1: 2 dllut10n of tbe bldatid oyst fluid Was\ u.eed 81Inultaneous11 "with

.Baoto-streptollsin

, I.

\
\
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Another diluent was Wlea wtr1cbwf.j$ 30 per cent v/ v .gg

ftlou'm.in in lh:tc·to-8treptolY8in () buffer. A 1; 2 dilut,ion of the

hydatid CJ1st fluid wB..maele for -che oeufli"tlz9.tion (.If 0 Hhwt- llufAarl

erythrocyte.. Additional d11uti,orlS werep,rupared. by adding 9 co

of the hldatld CY8t and 1 cc of '0 per cent v/y esc albumin in

one tube &.nd 8 00 of 'the byua:ti4 0181; fluid and 2 00 ot 30 per cent

v/v egg albwain in t\ third tube. The control waG 1:2 d11utionot

the «Jame 'hydati4 0Y$t flu1d 'ue1ng Ba,cto-etrep'toly81n Duffer. All

teste \.ts1ng sera ot groups Ai blood QJld egg albumin as diluan'ta

gave negat1veroaul te "howing that non-antigenic proteitl could bloc'i(

an'tig,en a.dsorpt1onb)· .ensi ti.z.ed l~ed, blood cella.

-
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DISCUSSION AND CONCLUSION

It appears that the host source of antigen 1s of no s1sn1f1cance

in the indirect hemagglut1natiOll test for hydatid disease as long as

the cyst fluid 18 obtained from highly fertile, healthy cysts.

Concentration of the antigen does vary from fluid to fluid, bowever,

as was found by antigen titration. This was observed with hydatid cyst

fluids from various organs of sheep, cattle, burros, gerbils and Ulan.

Hydatid oyst fluids from oam.els and burro. gave inconsistent

titers against standard antiserum. Some cyst fluids gave a low titer,

while others gave the same titer as other hydatid cyst fluids. Although

ulese fluids were all from cysts containing at least some scolices,

perhaps this difference could be explained in that camels and burros

are usually slaughtered at older ages, and thus the oysts mal not be

as healthy a8 those ot other hosts.

Infertile hydatid cyst fluids from natural infeotion of cattle

and secondary infection of mice were also examined with interesting

results. Large infertile cysts in cattle represent cysts wh1chin all

probability were originally fertile bu.t in which the 8colices had

SUbsequently degenerated, resulting in an infertile oyst. Fluids from

such cyst. were oonsistently non-antigenic or gave very low serum titexs­

It was not known from these results, however, whether or not soo11c••

alone were involved in the production of antigen and its 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 eya"8. Soh'wane .11 A!. (1964) showed tb,at scolioee

seldom formed inaecondary eys'ta of rodtrnts whioh were les6 than 1 Ctt.

1.n diameter. Infertlle hydati<l cyst. 11u.id trom secondary infection

of fA1ce where theaco11ces bad not yet foraed was used theref()re, as

8 source of antigen. In four exper1aeJi'te, pooled 0;18'" :f'luids trom.

two rodents were found to contain antigenlcal11 aot1vetlu1d. Tbeae

two po.~.tl•• rcua·u.]:te could be explained. it" certain cella of the

germinal membran.e had. becom.e d1ff.rellti~~t.d \0 ant1gert;~roduc.1ng cells.

J;erha.P8 d.ifferentiation had not yet taken place in t.ne case the

other "two pools whioh were ant1genically nega,\!ve. :Further investigation

orA this eUbject 18 needed to ,,<.now the exaot .ltuet1on.

BaCigAlupo (1925) did not 1nact1vate the antigen 1nvolved in t.he

eOJnplement f1xation teet and the Ca8on1 intradermal test tor hydatid

4isea88 bl heat1D.g the hydatid c18tflu1d irS'» five minutes et 100°0.

In contraet to h1. f1ndinge, hea.'\1ng the t'lu.1d at 80°0 for :f"1ve

minut.. reduced it. actiV1t1 in tbe ind1rec", hemagglutinat1.on tea".

Beating it at 100°0 tor tive minute. completely inaotivated the f1''114.

'h1e would aeem to indioate that the a r'.t1,el1 involved in the1nd1reot

hemagglu'\inat1on teet 1. ob••.1culll, d1fferent' from thet1n tbe

oompl...nt t1x~tion an4 CaBon1 1ntr&4ermal t ••".

DeDllla (19'7) was able to ,obtain poe1tive Caeonl intradermal

testa, preoip1tin teate, and.oomplement fixation tests uaing a

tr1cbloroacet10 acid prec1:p1t~te of hydatid cyst fluid after Gteriliz1n~

lt~ by t11terlDg througb 1:1 Se1ts filter. Garab1:diBl1 ,n.a!. (1957a) noted,

however. that fil terins hyr.h'~tid oyst fluid through asbestos ~,:eitz til ters
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gave enti.rely u.naatistactory ant1i~en in the indireot hemalu~lut1r1B.tion

"el. Pellecrlno and iodricue. (1960) in testing the influence ot' f~ei·tz

filtration on the llCtiv1tyo! S9h.!1~9Io8D .algA! sault VUJrnl ant1,en

found it pro4uced. sunaller "ilea18 in the 1nt.rad.ermal teet a!ttJ1"'tratlt)n.

The nitrogen content wan drast1oallj" red.ueed aa & remul t reti1i)v1ng

most protein n1'ro~sexJ.. In this work 11 was found that tte antigen was

oOl!ipletell lacking in the cyat fluid fil trate Et:fter S.1tz '....11tratlorl.

In an 8.'ttelnptto elucidate those reeul ta, an:tlL.. en WfU.'l 0ui:)f,u,qu~ntly

exposed to aeits filter pade without f11'trat1on. This procedurta t~lso

o3.ysed a complete 1088 01' s~.ntigen1c J\ct1vi t1 indicating adsorption

ratkler than filtration loss. :rhoae results 8ugg••'ted further that a

che}~licf!l difference exist. between antigen for the in1fre,der1.ual and

complement flxation~est8 on the one hand and the indirect ha.nlagglu:t.infltion

teat ontbe o,ther.

In turther ex"}>er1mente 1t was found. that repeated t'I·f,~

the.wing and. tro.en storage did aot affect the antigerl10i ty o:t th.e hyde.tl.d.

cys' fluid for at lea.' 1'1 'V'. months. The ~.l.n"1g.n gave uniform resul ts

by the indireot hemalglut1nation test each mGnth it.ae tested.

XaBan Sial (1960b) extraeted the .col10•• obtained trom pig

oysts with saline. Tb1s extract waG used. 07 ,hem .a an antigen in the

indirect hemagglutination ",•• t in test1:ng sera of ••veral different

pa't1ente infection \l'Jith hydatid diaea$~;. l"Q8iti". results were obta1.n~d,

a1ihtfllP the tl~er8 ~Nerenot I\S h1€,b.ae tbose ob'ta1nedYilth 0"8t fluid

antigen. 'ollowing ~hp.~- metbod of extraotion exaotly, exoept that

cattle and sheep 80011089 werQ ueed L"\stead of pig scol10es, negative
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results.:ere obta1:ned bl the indireot hemagglut1naii ,,)n test .P.txtr&etiftl

four d1fterent sampl•• of .co110•• showed no antigenic aot1vit1 even

when ooncer.rtra\ed extraot. of th.• scolices were u8e4. 'fhis d1fferenoe in

retL,ulta oa.nnot be accounted for except possibly in the fnot that Ks.gan

used some sera w1th higher ,i1,era thall thes·tandard ant1eer\U! used in

·th1i.l stud:,". In fur'her experiments, antibody oould not be adsorbed

from the etan.clard ant1".rwa by scolex extracts augg••t1ng further that

8001ex extracts were laoking in antigenic activ1tJ.

In ~"" third a1:te.mpt todemon8tre.te an-tigen in 8col10es, 8co11cEU'

were ly••d vrl thin h1~hly tHlt1gen1c oyst fluid in an effort to enbance

it$ ~ntilen titer. 8urpr1eingly, ly~1ng ,the 8collc•• in aotive bydatid

cyst fluid de.troyed a..¥1t1genic ~lcti.Yity alr••dlPo8se8sed by the fluid

alone. One would have pred1eted tht\t the actiY1ty of the fluid would

either have rema.1ned t,he.a~. or hay. been enhanoed by Bubstanc••

relei:uuJd by the ecollee8. However, since tho fluid lost 1 t8 activity.

the po.a1bilit, had to be considered that the 8co11e8. had released

lar~:e q,uantit1ea of non-.pec1tic subztanee. wh1ch t bowever, were

oompet1t1vely ad80rbed with the e.nt1gen on the erythrocytes durin,;

sent;1 t1zlt'i.t1on. Thi8 eould in .f~fect block the .urfac. of 1Ju, er1tbroo7tee

tor 'the adsorption of theant1gen or tbe 17••' .0011ces could have

releaaed. substancee tb.atprecip1tated the antigen :trom the Ilu.ta, or

the released 8ubetance8 could have intertered in some oiher wR1 in tbe

agglu\1nation of the erythrocyte••

To te£Jt th.se vrj,riouB the(lrl ea, two different fo f'eign proteil'1s

non-antigenic in the h1~!at1d. eystem ,,'ere u••d ~.a <iiluente for the

hyda.tid oyst fluid antigen in plnce of the Daoto-$t.repiolYfJ1n (] butter.
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Egg albwa1n and noraal hwaan eeruaboth interfered in the indireot

heaagglutinat1ont••' l\nQ deatro1ed the nntigeni.c11:y of prev.iausly

a.ntigenic fluid.. This ~ould see.m. to indica;. tbat tbest1, proteina

lNere ad.sorbed on tbe bwnall er,jrthrocytes thus blockingttle s\u.:oface of

the oella for the antiien adsorption. Tbis same meoban.1em eould account

fOI~ 'the r ••ult8 obtained with the ly,.d .colicea.

In attempt. to free hydatid c1et fluid.• of non-spGcii"'1c

re1act1ve enlostanc8e t i't liae 's!lO"f;in that during dialysis of hydatid cyst

l.'lu.id tlle ~H,tivit;t'o:t' 'the fluid w&.s re't~illed. Tnie prO'ffHl thnt

inol."&an1c ion., and IUi1&ll moleculus \:1;'ti!'r'o r~t required f'or the f,i,otiv.i ty

i)l" tne fluid.. A preeip1t~ltE"1 whiofl f'oI'Jll4Jd during dialJtsia au.d wbicb

t)011aVftd as So prote1n on eleotrophoresis, was aotive by th.e iudirect

IlQ.mugglutinat1on test. nU"lt it WIU3 not as active as the fluid, becauae

wuen :\.twas reootult1 tuted to .its origina].voluae 80"1'Vi ty c()uldnot be

dfbmonetrated.

:rhe tr1chloroacet1a aoid precipitate pt~epared. £ollow:Lag the

me"t,.u,'>d of K11eJian .Ii. JW:. (1962) was B.ctive by the iniirect h.eft.agglutinnt1on

'teat. It. '\"~a8 more aoti.. than tlle dialysis precipitate, bu.t lea$ active

tn.all the wllole hydatic1 c18t fluid. Triohloroaoetic acid ia a protein

pl"ec1.pltant, ar.Q .inc. proteins are delicate they may have boen

deu~:'ui".d par'tlally dur1l1€ the t'rae·tiona t10n proCetul. Some evidenoe

:t'or this haa been obtitilled by SChwabe e.tJ.d ,houesiA (unpublished de.. ta).

i'artialdtHltl"turat1on oou.ld aCOOui1t for the loss actlvity observed.

The i:nf'rarod spactrwtlobta1ned bj' KileJian.ll...!!. (1962 ) with the

'tl"ichloroQcet1e ac1dpJ:~~J(}ip1tate indicated. its pI"ote1r.1 nature.
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The alcohol precipi'tate :£'z'om \tho supernatant 11q'u.1d of

trichloroac~t1c acid preoipit~,te ,~een sbOWtt to coruliat a

mucopol)r~8~H::.~har1de by K11eji~,n .!l~ ( 962). Thi8 pl"·ecil,~.tat0 g~rv.

negative results in the indirect in~tion test

that the ~lnt1.ge%l 1s not a ~lueopolYl'in1cc.tuari.d.. Th1i.iiB by

the fact that1'leu1aW:dg,'tlseP,f cyst fluid which has been shown 01

~:cbw~be and Kous8a (unpublished work} to be free trom hydatid

mucopolY$(>;ct~har1.det waa equally \uf,ef'ul at!; an fUlt1gen in tht; indirect

tl:a~,t the !1:'J,ct1ve fJ 1:lt1gen in tjli s tetlt irs px'otein arid 110t }~v.c(')pollsaectll\r1d••

o:t' the mo 8t interoating findings in this atuUj''ittlfIJ that

indirect htHfJa.gglut1:nut1ng is t,(roup Bpec1f'io in that. fi'91A

hXda;~s.P:f.\ fluids &ubat1t.utod for hydt1tid c;y&'t fluicls in the st.

i:,;;'V.Illo'lf'Hbe (unpubl1ehed data) had pr~~viou:elj''' shown that l'aen1aQ1ch~.t1gena

:rluid tl.lf3o reacted, wi th h1da~tid ~",nt1sara on agar gel d1f~.fusion. ~:am11ar

1:f()·i.'\hi11.i~eu fractions {)f ~qip. 1;qda..~1e.na \'¢ore tested by tbe indiI·eet

h0ruagglut1natioD teat.

trlchloro6.oe-t1e aoid

th~ dll1;lyf>io preoipitate and the

\';;e~:"e i'iLCti"8. il1bi$ !}O t1.v:i. ty, bO'lH'tYt:}l" t

WKt1 l(Hl8 th~Ul 'tnfil.'t 0 bt8irj,~d. .:erOtn ~loalogous frs:ot10ns of !9..h1B9£..9.1tc.l!f!,

f~1~fbnu19su8. fbi. reo\1oed ~.etivi"y oould oonoeiYably be due to tbe

that the TlsniA Bl4Ayi~er!l fractions were ~tored for on~ y~ar in

'the lyophil1.zed ai.nte be:rora use, ·ti1!lere~Cj,8 .j;~.~h1~ooo~c~, ~~loE:r\l.q

vlere t' reslllypre[Hired ..

-'~
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Us1ll8 the til-cob.ol trGctionE~tto:n ma~~hoQ described by Bess

Deutsch (1940) for protein in bovine sera, a vrotein traction of

tid oJ' at fluid W~,. ohtaillE.:d 'ihleh W$:t.8 80t1ve 1n tIle itui1r~ct

b.eJnag~;lut1r.t$i.,tio:u. test. Dut this a,ctivit.Y was 1....& ,hal... tJU:t:t ttlG

fluid, f1,nd t.he S'l'li/ernataut 11'1a1d alao posseased SO,f:lfJ

~:H:t.i"Vltl. !f'his indicated incomplete precipitation 01" the antigt:Hl (LC'

'p:~.rtial dens.tura,t·ion. l'oesibl" a hi.gher concentration ot: a.leohol

could result in a mere complote precipitat10n of the , but

t:-d.s also fiHay lead to den&tu.ratlon. Thl.s is a 8ubj ect f'o1:' furth~r

he at~ove disc\J.Q81otl it; ~H:em ·that the active antigen

lnthe lnd tract hemagglu:t1nat1on 'test ::L~s iirote1n in nat!lre t'ind that! t

1a ~ b'lred s't laast closely rel;'\t1id t~:l.peWor1:a8.. It 1£;£81:r1y stable

'tt, $'tora~~e, !ree~1ng thaw1rlg

tants- It difters in several

porties from the antigen T8$pOnalble for activity in the complement

fixation test, C;ftsoni 1nlratierttl,al tetltm.ttd pre-aip1tin tent. The

r18~~!.tltao ht~~ined by previous ""o:r),~tirs suggest thai the e.ntlgen in t,b4?:8e

1.~3:ti;,er teste ma1 be the mucopolYSBco.hg,r1d.eof h,'dai1d ol s t fluid and

________________________UII
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